TE SERVICE Part No.: 070-6097-00
MANUAL Product Group 26

2754/2754P
SPECTRUM ANALYZER

VOLUME 1

WARNING

THE FOLLOWING SERVICING INSTRUCTIONS
ARE FOR USE BY QUALIFIED PERSONNEL ONLY.
TO AVOID PERSONAL [INJURY, DO NOT
PERFORM ANY SERVICING OTHER THAN THAT
CONTAINED IN OPERATING INSTRUCTIONS
UNLESS YOU ARE QUALIFIED TO DO SO. REFER
TO OPERATORS SAFETY SUMMARY AND
SERVICE SAFETY SUMMARY PRIOR TO
PERFORMING ANY SERVICE.

Please Check for CHANGE INFORMATION at the Rear of This Manual

First Printing JUL 1986

Qservice ----- This Document is a complete scan from the Original Tektronix Manual ----- Qservice

Tektronix

COMMITTED TO EXCELLENCE



Copyright © 1986 Tektronix, Inc. All rights reserved.
Contents of this publication may not be reproduced in
any form without the written permission of Tektronix, Inc.

Products of Tektronix, Inc. and its subsidiaries are
covered by U.S. and foreign patents and/or pending
patents.

TEKTRONIX, TEK, SCOPE-MOBILE, and @ are
registered trademarks of Tektronix, Inc. TELEQUIP-
MENT is a registered trademark of Tektronix U.K.
Limited.

Printed in U.S.A. Specification and price change
privileges are reserved.

Tektronix, Inc.
P.O. Box 500
Beaverton, Oregon 97077 Serial Number



2754/2754P Service Vol. 1

PREFACE

This manual contains service information for the
TEKTRONIX 2754/2754P. The information is located in
two volumes. Volume 1 contains the text and Volume 2
contains the diagrams and parts lists. The Table of
Contents in each volume lists the contents of both
volumes.

Manuals that describe other aspects of the product
are:

@ Operator's Manual
@ Operator's Handbook

& Programmer's Manual

Who Should Use This Manual?

This manual Is intended for electronic technicians
with experience in servicing digital, analog, and rf circu-
itry. Circuit analysis is mostly functional and should
help isolate most malfunctions to a board or block of
circuitry. The technician should then be able, with the
aid of test equipment, to isolate the malfunction to a
specific component or components.

This instrument contains firmware that provides a
thorough instrument check during power up and during
operation, and if needed, guides the user through an
abbreviated front-panel calibration procedure. If cali-
bration cannot be achieved, a diagnostic test detects
and isolates most problems to the system, such as 1st
LO. The technician can then run troubleshooting diag-
nostics to further isolate the problem to the board or
block of components. Refer to the Maintenance section
for diagnostics information.

Documentation Standards

Most terminology and graphics follow ANSI stan-
dards. A glossary of terms is provided as an appendix.
Refer to the following standards:

® ANSI Y1.1 — Abbreviations
® ANSI Y32.2 — Graphic Symbols
® |EEE 91 — Logic Symbols

Change/History Information

Sometimes instrument changes occur or manual
errors are found that make some of the information in
the manual inaccurate. When that happens, Manual
Change Information notices are inserted at the rear of
the manual. This helps ensure that the manual contains
the latest and most accurate information available when
the product is sold.

History information, with the updated data, is
integrated into the text or diagrams. When a text page
is updated, the revised pages are identified by a revi-
sion date in the lower inside corner of the page. When
a diagram is updated, the revision date is placed at the
lower center of the diagram. History information is
shown with a gray tint. When a component value is
changed, the designator on the drawing is boxed with a
grey outline. When a circuit is deleted or changed, the
original configuration is shown in grey, drawn either at
its original location or to the side of the drawing.

If you have a manual other than the one that came
with your instrument it may contain revisions that do not
apply to your instrument; however all history informa-
tion that pertains to the earlier instruments is retained.
When a major modification has been made to an
assembly or circuit board, the data for the replaced
assembly will follow the new information and will be
identified with appropriate titles or headings such as
instrument serial number range or the assembly or
board part numbers,

Also, if your instrument has an assembly replaced
with a newer version, documentation for the newer
assembly may be supplied. Contact any Tektronix Ser-
vice Center for information.
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SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY

Do Not Service Alone

Do not perform internal service or adjustment of this
product unless another person capable of rendering
first aid and resuscitation is present.

Do Not Wear Jewelry

Remove jewelry prior to servicing. Rings, neck-
laces, and other metallic objects could come into con-
tact with dangerous voltages and currents.

Use Care When Servicing With Power On

Dangerous voltages exist at several points in this
product. To avoid personal injury, do not touch
exposed connections and components while power is
on.

Disconnect power before removing protective
panels, soldering, or replacing components.

Power Source

This product is intended to operate from a power
source that will not apply more than 250 voits rms
between the supply conductor and ground. A protective
ground connection by way of the grounding conductor
in the power cord is essential for safe operation.

X-Radiation

X-ray emission generated within this instrument has
been sufficiently shielded. Do not modify or otherwise
alter the high voltage circuitry or the crt enclosure.

TERMS

In This Manual

CAUTION statements identify conditions or prac-
tices that could result in damage to the equipment or
other property.

WARNING statements identify conditions or prac-
tices that could result in personal injury or loss of life.
As Marked on Equipment

CAUTION indicates a personal injury hazard not
immediately accessible as one reads the marking, or a
hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immedi-
ately accessible as one reads the marking.

SYMBOLS

In This Manual

This symbol indicates where applicable cau-
tionary or other information is to be found.

As Marked on Equipment

; DANGER — High Voltage.
@ Protective ground (earth) terminal.

A ATTENTION — Refer to manual.

@ Refer to manual.

Grounding the Product

This product is grounded through the grounding
conductor of the power cord. To avoid electrical shock,
plug the power cord into a properly wired receptacle
before connecting to the product input or output termi-
nals. A protective ground connection by way of the
grounding conductor in the power cord is essential for
safe operation.

Danger Arising From Loss of Ground

Upon loss of the protective ground connection, all
accessible conductive parts (including knobs and con-
trols that may appear to be insulating) can render an
electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for
your product.

Use only a power cord that is in good condition.

For detailed information on power cords and con-
nectors see Section 1.

xiii
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Section 1 — 2754/2754P Service, Vol. 1

GENERAL INFORMATION

Product Description

The 2754 and 2754P (programmable) instruments
are high performance, benchtop spectrum analyzers.
Microcomputer control of most functions simplifies and
enhances operation.

The analyzers feature:
® single and delta marker modes
® synthesizer frequency accuracy
® precise amplitude measurement
o digital storage display

® bhattery-operated memory for front-panel settings
and displays

o diagnostic crt messages
® keypad entry and menu selections

The frequency range is 50 kHz to 21 GHz. Resolu-
tion bandwidth is 1 kHz to 1 MHz. Digital storage pro-
vides flicker-free displays pius functions to compare
and subtract displays, and save maximum values. In
addition, up to nine separate displays with their
readouts can be stored in battery-powered non-volatile
memory, then later recalled for additional analysis and
comparison. Up to ten different front-panel control set-
ups can also be stored for future recall.

Select center frequency either by the front-panel
tuning knob or by the Data Entry keypad. When using
the keypad, it is not necessary to alter the Span/Div
setting regardless of the frequency selected. Other
parameters, such as vertical display and reference
level, are also keypad selectable.

Marker functions provide direct readout of fre-
quency and amplitude at any point along any displayed
trace. Relative (delta) frequency and amplitude informa-
tion between any two points along any displayed trace
is also available. The tuning knob moves the markers,
and it can also move the display with a stationary fre-
quency marker. It is possible to fix the marker to a
position on the display and use the knob to move both
the spectrum and the marker at the same time. Refer
to Using the Markers Feature in Section 6 of the Opera-
tors Manual.

The programmable (P) version of the instrument
adds remote control capabilities to the manual instru-
ment features. The front-panel controls (except those
intended exclusively for local use, such as INTENSITY)

can be remotely operated through the GPIB port. This
allows the spectrum analyzer to be used with a variety
of systems and controllers. Refer to the Programmers
Manual for additional information.

Conformance to Industry Standards

This spectrum analyzer complies with the following
Industry Safety Standards and Regulatory Require-
ments:

Safety

CSA — Electrical Bulletin

FM — Electrical Utilization Standard Class 3820
ANSI C39.5 — Safety Requirements for Electrical
and Electronic Measuring and Controlling Instru-
mentation.

IEC 348 (2nd edition) — Safety Requirements for
Electronic Measuring Apparatus.

Regulatory
VDE 0871 Class B — Regulations for RFI
Suppression of High Frequency Apparatus and
Installations.

Product Service

To assure adequate product service and mainte-
nance for our instruments, Tektronix has established
Field Offices and Service Centers at strategic points
throughout the United States and in countries where our
products are sold. Several types of maintenance or
repair agreements are available.

For example, for a fixed fee, a maintenance agree-
ment program provides maintenance and recalibration
on a regular basis. Tektronix will remind you when a
product is due for recalibration and perform the service
within a specified time.

Tektronix emergency repair service provides
immediate service when the instrument is urgently
needed.

Contact your local Tektronix Service Center,

representative, or sales engineer for details regarding
product service.

1-1
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Instrument Construction

Modular construction provides ready access to the
major circuits. Circuit boards containing sensitive cir-
cuits are either mounted on metal castings, each of
which provides shielding between adjacent modules, or
they are mounted within honeycomb-like castings, with
feedthrough connectors through the compartment wall.
All boards and assemblies plug onto a common inter-
connect board. Most adjustments and test points are
accessible while the instrument is operational and with
the modules or assemblies secured in their normal posi-
tion.

Extenders are available in an optional Service Kit
(see Maintenance section under Service Fixtures and
Tools for Maintenance). Any module or board can be
removed without disturbing the structural or functional
integrity of the other modules. The extenders allow
most circuit board assemblies to function in an
extended position for service or adjustment. The circuit
boards mounted on the metal casting can be removed
by removing the securing screws. All other circuit
boards (which should require minimal service) are
accessible by removing a cover plate over the assembly
or module.

NOTE

Disassembly of some modules may require
special tools and procedures. These pro-
cedures are located in the Maintenance
section.

Circuits ‘are isolated in shielded compartments to
obtain and maintain the frequency stability, sensitivity,
and EMI characteristics. While shielding helps ensure
spurious-free response, the closeness of the circuits
minimizes losses and interactions with other functions.
Compartments are enclosed on both sides by metal
plates and interconnections between compartments are
made by feedthrough terminals rather than cables. If
the compartments are opened, be sure that the shields
and covers are properly reinstalled before operating.

Installation and Preparation for Use

The Installation section of the manual provides
unpacking information and the procedures to prepare
the instrument for use. It also includes repackaging
information.

Changing Power Input Range

The procedure for changing the input voltage range
is described in the Installation section. Details on how
to change the line fuse are also given.

The power cord that is supplied with the instrument
and the instrument power voltage requirements depend
on the available power source (see Specification sec-
tion). Power cord options are described in the Options
section.

Replacing Fuses

Refer to the Installation section for line fuse replace-
ment and the Maintenance section for replacing the
power supply fuses.

Selected Components

Some components are selected, matched, or pre-
conditioned to meet Tektronix specifications. These
components are shown in the parts list and may carry a
Tektronix Part Number under the Mfr. Part Number
column.

Selected value components are identified on the cir-
cuit diagram and in the parts list as a "SEL" value. The
component description lists either the nominal value or
a range of values. Selection criteria is included in the
Maintenance section. Selection procedures are
included in the Adjustment Procedure or Maintenance
sections of the manual as needed.

Assembly and Circuit Numbering

Each assembly and subassembly are assigned
assembly numbers. Generally, each component is
assigned a circuit number according to its geographic
location within an assembly. The Replaceable Electrical
Parts list prefixes these circuit numbers with the
corresponding assembly and subassembly numbers.

EXAMPLE: R2080 on assembly A20
becomes A20R2080.

EXAMPLE: U1044 on subassembly A1 of
assembly A36 is found in the electrical
parts list as A38A1U1044,



Power-up Messages

During the power-up cycle, the firmware version
appears on the screen for a short time. Also, when a
diagnostic routine fails, a message comes on screen
describing the error and what can be done to bypass
the problem if it can not be immediately corrected.
Options

The Options section of this manual contains detailed
information on all the options currently available for the
spectrum analyzer.
Accessories

The Replaceable Mechanical Parts list in the Service
Manual, Volume 2, contains the part numbers, descrip-
tions, and ordering information for all standard and
optional accessories offered for the spectrum analyzer
at this time.

The following list includes all standard accessories
currently shipped with each instrument.

® 72 inch, 500 coaxial cable (n to n connector)
e 18 inch, 500 coaxial cable (bnc to bnc connector)
e Adapter (n male to bnc female)

® 4A fast-blow fuse (2 each)!

® Power cord

e Cord clamp

® Amber crt light filter

® Grey crt light filter

® Crt mesh filter

® Operators Manual

e Service Manual, Volume 1

® Service Manual, Volume 2

® Programmers Manual (2754P Only)

it the Instrument is wired for 220-240 V operation (Options A1,
A2, A3, A4, AS) or if Option 52 is installed {(North American
conflguration for 230 V with standard power cord), 2A slow-blow
fuses are used.

General Information — 2754/2754P Service, Vol. 1
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Section 2—2754/2754P Service Vol. 1

SPECIFICATION

This section includes the electrical, physical, and
environmental characteristics of this instrument. Any
instrument specification changes due to options are
listed in the Options section of this manual.

ELECTRICAL CHARACTERISTICS

The following tables of electrical characteristics and
features apply to the spectrum analyzer after a 30-minute
warm up and after doing the front-panel CAL adjust-
ments, except as noted. The Performance Requirement
column defines some characteristics in quantitative terms
and in limit form. The Supplemental Information column
explains performance requirements or provides perfor-
mance information. Statements in this column are not
considered to be guaranteed performance and are not
ordinarily supported by a performance check procedure.
Procedures to verify performance requirements are pro-
vided in the Performance Check portion of his manual.

The instrument performs an internal calibration check
each time power is turned on. This check verifies that the
instrument frequency and amplitude performance is as
specified. An Instrument Check Out procedure, which
does not require external test equipment or technical
expertise, is provided in Section 4. This procedure will
satisfy most incoming inspections and will help familiar-
ize you with the instrument capabilities.

Verification of Tolerance Values

Perform compliance tests of specified limits, listed in
the Performance Requirement column, only after a 30-
minute warm-up time (except as noted) and after a doing
the front-panel CAL procedure. Use measurement instru-
ments that do not affect the values measured. Measure-
ment tolerance of test equipment should be negligible
when compared to the specified tolerance. If the toler-
ance is not negligible, add the error of the measuring
device to the specified tolerance.

Table 2-1
FREQUENCY RELATED CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Center Frequency
Range
Internal Mixer

50 kHz~21 GHz

Tuned by the CENTER/MARKER
FREQUENCY control or the DATA
ENTRY pushbuttons

Accuracy (after front-panel CAL
has been performed)

Initial (start of sweep)
Bands 1 & 5 with SPAN/DIV
>200 kHz, and Bands 2-4
with SPAN/DIV >100 kHz

(1st LO unlocked)
greater

20ver the operating temperature range this term is (CF x 1.5 x 10°5)

+{20%D + (CF x 10%)}2+ 15N kHz

Where:
D = SPAN/DIV or RESOLUTION

BANDWIDTH,

CF = Center Frequency
N = Harmonic Number

Center Frequency Accuracy is
specified by two characteristics:

@ initial accuracy
® center frequency drift during
the sweep

Refer to IF, LO Range, and Harmonic
Number specification later in this
table for the N value

whichever is Allow a settling time of one second
for each GHz change in CF within a
band. In bands 4 & 5, divide the CF

change by N.
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Table 2-1 (Continued)
FREQUENCY RELATED CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

Initial Accuracy (Continued)
Bands 1 & 5 with +{(20%D) + (CF x 10-5)ja Hz
SPAN/DIV €200 kHz, and Where:

ia;“o%skzl_l‘: with SPAN/DIV D = SPAN/DIV or RESOLUTION
< BANDWIDTH,  whichever s
(1st LO locked) greater

CF = Center Frequency

With constant ambient temperature
and fixed center frequency (any error
is observed during sweep time)

After 30 minute warm up <(25 kHz)N per minute of sweep

Bands 1 & 5 with time
SPAN/DIV > 200 kHz, and
Bands 2-4 with SPAN/DIV
>100 kHz

(1st LO unlocked)

Bands 1 & 5 with <150 Hz per minute of sweep time
SPAN/DIV <200 kHz, and
Bands 2-4 with SPAN/DIV
<100 kHz

(1st LO locked)
After 1 hour warm up < (5 kHz)N per minute of sweep time

Bands 1 & 5 with
SPAN/DIV >200 kHz, and
Bands 2-4 with SPAN/DIV
>100 kHz

(1st LO unlocked)

Bands 1 & 5 with <50 Hz per minute of sweep time
SPAN/DIV <200 kHz, and
Bands 2-4 with SPAN/DIV
<100 kHz

‘O\éer the operating temperature range this term is (CF x 1.5 x
107).
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Table 2-1 (Continued)

FREQUENCY RELATED CHARACTERISTICS

Performance Requirement

Supplemental Information

Readout Resolution

< 10% of SPAN/DIV to minimum of
1 kHz. 100 Hz in delta mode.

Residual FM

Short term, after 1 hour warm up

Bands 1 & 5 with SPAN/DIV
>200 kHz, and Bands 2-4
with SPAN/DIV >100 kHz

(1st LO unlocked)

<£(7 kHz)N total excursion in 20 ms

Bands 1 & 5 with SPAN/DIV
€200 kHz, and bands 2-4
with SPAN/DIV €100 kHz

{1st LO locked)

<(10+2N)Hz total excursion in 20
ms

Resolution Bandwidth (6 dB down)

Within 20% of selected bandwidth

1 kHz-1 MHz in decade steps

Shape Factor (60 dB/6 dB)

7.5:1 or less

Noise Sidebands

At least —75 dBc at an offset of 30x
resolution bandwidth

Video Filter
Narrow

Reduces video bandwidth to approxi-
mately 1/300th of the selected reso-
lution bandwidth.

Wide

Reduces video bandwidth to approxi-
mately 1/30th of the selected resolu-
tion bandwidth.
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Table 2-1 (Continued)

FREQUENCY RELATED CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Frequency Span/Div
Overall Range
With SPAN/DIV control

200 Hz-1 GHz (in a 1-2-5 sequence)

With the DATA ENTRY push-
buttons

200 Hz-1.2 GHz (to two

significant digits)

Minimum Span/Div

200 Hz in all bands

Maximum Span/Div

Band 1 (50 kHz-4.2 GHz)®2
Band 2 (1.7-5.5 GHz)
Band 3 (3-7.1 GHz)

Band 4 (5.4-18 GHz)
Band 5 (15-21 GHz)

With SPAN/DIV
Control

With DATA
ENTRY
Pushbuttons

200 MHz
200 MHz
200 MHz

1 GHz
500 MHz

410 MHz2
370 MHz
400 MHz

1.2 GHz
590 MHz

in addition, MAX SPAN sweeps
across an entire band and ZERO
SPAN provides a 0 Hz display.

8For Option 01 Instruments, band 1 is 50 kHz-1.8 GHz, and the
Span/Div range with the SPAN/DIV control is 100 MHz and with the

DATA ENTRY pushbuttons is 170 MHz.

Measured over the center 8 divisions



Specification — 2754/2754P Service Vol.1

Table 2-1 (Continued)
FREQUENCY RELATED CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

Frequency Response Measured with 10 dB RF attenuation
and peaking optimized for each
center frequency setting (when appli-
cable)

Response is affected by:
@ input VSWR
@ harmonic number (N)
@ gain variation
® mixer
@ preselector (Opt 01)

Digital storage typically increases
errors by +0.5%.

Display flatness is typically 1 db
greater than frequency response.

Coaxial (direct) Input About the mid- Refer to the Options section of this
point between manual for variations in this
two extremes Referenced specification.

to 100 MHz

Band and Freq Range
1 (50 kHz-4.2 GHz)® +1.5dB
2 (1.7-5.5 GHz) +1.5dB +25dB

3 (3.0-7.1 GHz) +1.5dB +2.5dB

4 (5.4-18.0 GHz) +2.5 dB +3.5dB
5 (15.0-21.0 GHz) +3.5dB +5.0 dB

®For Option 01 instruments, band 1 is 50 kHz-1.8 GHz.
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Table 2-1 (Continued)
FREQUENCY RELATED CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

IF Frequency, LO Range,
and Harmonic Number (N)

1stiF LO Range
Band and Freq Range {MHz) (MHz)

1 (50 kHz-4.2 GHz)2 2072 2072-6272
2 (1.7-5.5 GHz) 829 2529-6329
3 (3.0-7.1 GHz) 829 2171-6271
4 (5.4-18 GHz) 829 2072-6276
5 (15-21 GHz) 2072 4309-6309
Marker(s) When activated, the marker is a
bright dot positioned by the
CENTER/MARKER FREQUENCY
control or the DATA ENTRY pushbut-
tons.
Normal Accuracy Identical to center frequency accu- | For the live trace
racy.
A MKR Accuracy 1% of total span For the live trace.

AMKR activates a second marker at
the position of the single marker on
the trace. Parenthesis appear on the
marker display line indicating that the
delta mode is active. The display
shows the difference in frequency
and amplitude. 1—~MKR—2 selects

8For Option 01 instruments, band 1 is 50 kHz-1.8 GHz, and the LO
Range is 2072-3872,
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Table 2-2

AMPLITUDE RELATED CHARACTERISTICS

Performance Requirement

Supplemental Information

Vertical Display Modes

10 dB/Div, 2 dB/Div, and Linear —
any integer between 1-15 dB/Div
can also be selected with the DATA
ENTRY pushbuttons.

Display Dynamic Range

Display Dynamic Accuracy
10 dB/div Log Mode

+1.0 dB/10 dB to a maximum cumu-
lative error of £2.0 dB over 80 dB
range

80 dB maximum (Log Mode)
8 divisions (Linear Mode)

2 dB/div Log Mode

+0.4 dB/2.0 dB to a maximum
cumulative error of =1.0 dB over 16
dB range

Linear Mode

+5% of full scale

Reference Level
Range
Log Mode

Top of the graticule.

From ~117 dBm to +40 dBm;
+40 dBm includes 10 dB of IF gain
reduction (+30 dBm is the maximum
safe input). Alternate reference levels
are:

@dBV (—130 dBV to +27 dBV)

edBmV (—70 dBmV to +87 dBmV)
@dBuV (—10 dBuV to +147 dBuV)

Linear Mode

39.6 nV/Div-2.8 V/Div
(1W maximum safe input)

Steps
10 dB/div Log Mode

10 dB for the Coarse Mode
1 dB for the Fine Mode

2 dB/div Log Mode

1 dB for the Coarse Mode
0.25 dB for the Fine Mode

Linear Mode

1-2-5 sequence for Coarse Mode
1 dB equivaient steps for Fine Mode

Set with DATA ENTRY push-
buttons

Steps correspond to the display
mode in coarse; except, for 2 dB
when the steps are 1 dB.

In Fine Mode:

1 dB when the mode is 5 dB/div or
more

0.25 dB for display modes of
4 dB/div or less (referred to as

2-7
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Table 2-2 (Continued)
AMPLITUDE RELATED CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

Reference Level (Continued)

Accuracy Dependent on the following charac-
teristics:

®RF Attenuation Accuracy
O®IF Gain Accuracy
®Resolution Bandwidth
®Display Mode
®Calibrator Accuracy
®Frequency Band
®Frequency Response

® <SHIFT> CAL routine reduces
error between resolution
bandwidths at -20 dBm REF
LEVEL. Other reference levels may
have larger errors.

®Ambient Temperature Change
(£0.15 dB/°C maximum)

RF Attenuator
Range 0-60 dB in 10 dB steps
Accuracy

Dc-1.8 GHz Within 0.5 dB/10 dB to a maximum
of 1 dB over the 60 dB range

1.8 GHz-18 GHz Within 1.5 dB/10 dB to a maximum

of 3 dB over the 60 dB range

18 GHz-21 GHz Within 3.0 dB/10 dB to a maximum

of 6 dB over the 60 dB range

Marker(s) When activated, the marker is a

bright dot positioned by the

CENTER/MARKER FREQUENCY

control.

Accuracy (Normal or Delta Identical to REF LEVEL accuracy

Mode) plus cumulative error of display scale

(dependent on vertical position)

AMKR activates a second marker at
the position of the single marker on
the trace. Parenthesis appear on the
marker display line indicating that the
delta mode is active. The display
shows the difference in frequency
and amplitude. 1—MKR—2 selects
which marker is tuned.
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Table 2-2 (Continued)

AMPLITUDE RELATED CHARACTERISTICS

Performance Requirement

Supplemental information

Gain Variation Between Resolution
Bandwidths

Measurement conditions:
®measured at —20 dBm
®Minimum Distortion Mode
®at 25°C ambient temperature

®after CAL adjust-
ments

front-panel

With respect to 1 MHz Filter

Between Any Two Filters

IF Gain
Range

87 dB of gain increase, 10 dB of gain
decrease (MIN NOISE activated), in
10 dB and 1 dB steps

Accuracy
1 dB Step

At least 0.2 dB/dB step to
0.5dB/9dB steps except at the
decade transitions

Decade Transitions
—29to —30 dBm
-39 to ~40 dBm
—49 to —50 dBm
—59 to —60 dBm

0.5 dB or less

Maximum 1 dB cumulative error over
10 dB, measured in MIN NOISE
mode.

Maximum Deviation over the
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Characteristic

Table 2-2 (Continued)

Performance Requirement

AMPLITUDE RELATED CHARACTERISTICS

Supplemental Information

Differential Amplitude Measurement

Delta A Mode provides differential
measurements in 0.25 dB incre-
ments.

(This is not related to the Delta
Marker Mode.)

0 dB above to 48 dB below the refer-
ence level established when the
Delta A Mode was activated.

DO NOT USE Delta A Mode outside
the =117 dBm to +30 dBm reference
level range.

Accuracy

Difference Steps Error

0.25 dB 1
2dB 8
10 dB 40
48 dB 192

0.15dB
0.4 dB
1.0dB
2.0dB

Spurious Responses

Residual

—100 dBm or less

No input signal, referenced to the
internal mixer input, and fundamental
mixing for Bands 1-3.

3rd Order intermodulation
Products

50 kHz-21 GHz

(Bands 1-5)

—70 dBc or less from any two on-
screen signals within any frequency
span.

Refer to Option 01 in the Options
section for alternate specification.
In Minimum Distortion Mode.

Harmonic Distortion
50 kHz-21 GHz
(Bands 1-5)

—60 dBc or less

Measured at —40 dBm input level in
Minimum Distortion Mode.

LO Emission

2-10

Less than —10 dBm to 21 GHz

With 0 dB RF Attenuation
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Table 2-2 (Continued)
AMPLITUDE RELATED CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

Equivalent maximum input noise
Sensitivity Equivalent Input Noise in dBm without internal preselection for
versus Resolution Bandwidth each resolution bandwidth for fre-
Band and Frequency Range | 1kHz | 10 kHz | 100 kHz® | 300 kHz2 | 1 MHz | quency bands 1-5 (50 kHz-21
GHz). The NARROW Video Filter is
activated for resoiution bandwidths

1P (50 kHz-4.2 GHz) -115 | -—105
283 (1.7-7.1 GHz) ~115 | —105 of 1 kHz or less and the WIDE
4 (lower part) (5.4-12.0 GHz) -100 Video Filter for resolution
4 {upper part) (12.0-18.0 GHz) bandwidths above 1 kHz. (See
5 (15.0-21.0 GHz)

2 Option 07 replaces the 100 kHz fifter with a 300 kHz filter.
bEor Option 01 instruments, band 1 Is 50 kHz-1.8 GHz.

2-11
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Characteristic

Table 2-3
INPUT SIGNAL CHARACTERISTICS

Performance Requirement

Supplemental Information

RF INPUT

Type N female connector, specified
to 21 GHz.

(See Option 07 in the Options sec-
tion for supplemental specifications
concerning an additional 75 € input.)

Impedance

50 0

VSWR with 10 dB or more RF
Attenuation
50 kHz-2.5 GHz

1.3:1 (typicaliy 1.2:1)

2.5-6.0 GHz

1.7:1 (typically 1.5:1)

6.0-18 GHz

2.3:1 (typically 1.9:1)

18-21 GHz

3.5:1 (typically 2.7:1)

VSWR with 0 dB RF
Attenuation

50 kHz-2.5 GHz

Standard measured within 3 MHz of
center of preselector band for Option
01 (does not apply in Band 1).

Typically 1.9:1

2.5-6.0 GHz

Typically 1.9:1

6.0-18 GHz

Typically 2.3:1

18-21 GHz

Typically 3.0:1

Maximum Safe Input
(With 0 dB RF attenuation)

+13 dBm (Input Mixer Limit)
1 W with 20 dB attenuation

1 dB Compression Point
(Minimum)

Bands 1-5

(50 kHz-21 GHz)

With no RF attenuation, in Min Dis-
tortion mode.

Optimum RF input Level
for Linear Operation

2-12

—30 dBm, referenced to the input
mixer

This is achieved in Minimum Distor-
tion mode when not exceeding full
screen display.
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Table 2-3 (Continued)
INPUT SIGNAL CHARACTERISTICS

Performance Requirement

Supplemental Information

HORIZ/TRIG (Rear Panel)

Dc coupled input for external hor-
izontal drive (selected by the EXT
position of the front-panel TIME/DIV
control) and ac coupled input for
external trigger signals (selected at
other positions of the TIME/DIV con-
trol).

Sweep Input Voltage Range

0 to +10V (dc + peak ac) for full
screen deflection

Trigger Input
Voltage Range
Minimum

At least 1.0V peak
from 15 Hz-1 MHz

Maximum
dc + peak ac

50V

ac

30V, m-10 kHz, then derate linearly
to 3.5V, at 100 kHz and above.

Pulse Width

0.1 us minimum

MARKER/VIDEO (Rear Panel)

External Video input or External
Video Marker input, switched by pin
1 of the J104 ACCESSORIES con-
nector.

Marker Input Level

0 to —10V

Interfaces with Tektronix 1405 Side-
band Adapter.

Video Input Level

0 to +4V for full screen display with
pin 1 of the ACCESSORIES connec-
tor low.

J104 ACCESSORY (Rear Panel)

25-pin connector
{Not RS-232 compatible)

Provides bi-directional access to the
instrument bus. Also provides exter-
nal Video select and external
preselector drive. Except for the
external preselector drive output, all
lines are TTL compatible.

Maximum voltage on all lines is
+15V.

External Video Select

Low selects External Video input.
High (default) selects Video Marker
Input.

External Preselector — Drive signal
for an external preselector. Output
voltage is proportional to frequency
{(only Option 01 and in bands 2-5).

External Preselector Return —
Ground return for the External
Preselector signal.

2-13
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Characteristic

Table 2-3 (Continued)
INPUT SIGNAL CHARACTERISTICS

Performance Requirement

Supplemental Information

J104 ACCESSORY
(Continued)
Pin 4

Internal Control.

High (default) selects internal control.
Instrument bus lines are output at
the J104 ACCESSORIES connector.

Low selects External control. Instru-
ment bus lines at the J104 ACCES-
SORIES connector accept input from
an external controller.

Pin 5

Chassis Ground

Pins 6-132

Instrument Bus Address lines 7-02

Pini42

Instrument Bus Data Valid signala

Pin 15

Instrument Bus Service Request
signal®

Pin 162

Instrument Bus Poll signal®

Pin 17

Data Bus Enable input signal for
external controller.

High (unasserted) disables external
data bus.

Low enables external data bus.

Pins 18-25

2Qutput when internally controlled (pin 4 high) and input when

externally controlled (pin 4 low).

2-14

Instrument Bus Data lines 0-7

Active when external Data Bus
Enable (pin 17) is low.
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Table 2-4
OUTPUT SIGNAL CHARACTERISTICS

Performance Requirement

Supplemental Information

Calibrator (CAL OUT)

—-20 dBm +0.3 dB
at 100 MHz =10 ppma

100 MHz comb of markers provide
amplitude calibration at 100 MHz and
markers for frequency and span cali-
bration to 1.0 GHz.

1st LO and 2nd LO OUTPUTSs

Provide access to the output of the
respective local oscillators.

THESE PORTS MUST BE TER-
MINATED IN 50 Q AT ALL TIMES.

1st LO OUTPUT Power

+7.5 dBm to +15 dBm

2nd LO OUTPUT Power

—22 dBm to 0 dBm.

VERT (OUTPUT) (Rear Panel)

Provides 0.5V +£5% (open circuit) of
signal per division of video that is
above and below the centerline. Full
range —-2.0V to +2.0V. Source
impedance is approximately 1k .

HORIZ (OQUTPUT) (Rear Panel)

Provides 0.5V/Div (open circuit)
either side of center. Full range
—2.5V to +2.5V. Source impedance
is approximately 1k§.

PEN LIFT (Rear Panel)

TTL compatible, nominal +5V to lift
plotter pen.

10 MHz IF (OUTPUT) (Rear Panel)

2 Over the operating temperature range this is +15 PPM.

Provides access to the 10 MHz IF
signal. Output level is approximately
—5 dBm for a full screen signal at
—30 dBm reference level. Nominal
impedance is approximately 500Q.

2-15
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Characteristic

Table 2-4 (Continued)
OUTPUT SIGNAL CHARACTERISTICS

Performance Requirement

Supplemental Information

IEEE STD 488 PORT

(P version)

(Non P version)

In accordance with IEEE 488-1978
standard and Tektronix Codes and
Formats standard (version 81.1).

Implemented as SH1, AH1, T5, L3,
SR1, RL1, PP1, DC1, DT1, and CO.

See Programmers Manual.

Implemented as SH1, AHO, T3, LO,
SRO, RLO, PPO, DCO, DT0 and CO.

PROBE POWER (Rear Panel)

Outputs
Pin 1

Provides operating voltages for
active probes.

+5V at 100 mA maximum

Pin 2

Ground

Pin3

—15V at 100 mA maximum

Pin 4

+15V at 100 mA maximum

J104 ACCESSORIES (Rear Panel)

Characteristic

Table 2-5
POWER REQUIREMENTS

Performance Requirement

All inputs and outputs are listed in
Table 2-3 INPUT CHARACTERIS-
TICS.

Supplemental Information

Line Frequency Range

47-63 Hz

47 Hz to 440 Hz. Operation over 63
Hz exceeds protective grounding
conductor leakage current of 3.5 mA.
A redundant protective grounding
means is essential to protect against
electric shock.

Line Voltage Range

90 V,, t0 132 V,,

115 V nominal

180 V,, to 250 V,,

230 V nominal

Line Fuse
115V Nominal

4A

230V Nominal

2A Medium-Blow

Input Power

210 W maximum (3.2A)

At 115V and 60 Hz

Leakage Current

2-16

5 mA maximum
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Table 2-6
GENERAL CHARACTERISTICS

Performance Requirement

Supplemental Information

Sweep

Triggered, auto, manual, and exter-
nal

Sweep Time

20 us/Div-5 s/Div in 1-2-5 sequence
(10 s/Div available in AUTO)

Accuracy

+5% over center 8 divisions

Triggering

INTernal, EXTernal, FREE RUN, and
SINGLE SWEEP

Internal Trigger Level

2 divisions or more of signal

External Trigger Input Level

1.0V peak, minimum

EXTernal is ac-coupled (15 Hz-1
MHz). Maximum external trigger
input is 50V (dc + peak ac).

Crt Readout

Displays all parameters listed on the
crt bezel, plus help and operating
messages.

Battery-Powered Memory

Instrument settings, displays, cali-
bration offsets, and peaking codes
for each band are stored in battery-
powered non-volatile RAM.

Battery Life

At +55°C Ambient Tempera-

ture

1-2 years

At +25°C Ambient Tempera-

ture

At least 5 years

Temperature
Retaining Data
Operating

Range

for

0°C to +50°C

Non-Operating

—30°C to +75°C
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Table 2-7
ENVIRONMENTAL CHARACTERISTICS

Meets the following MIL T-28800C, type Il class 5, style E specifications:

Characteristic

Description

Temperature

Operating

0°C to +50°C

Non-operating®

—40°C to +75°C

Humidity
Operating

95% +5% below +30°C.
75% ==5% above +30°C.
45% +5% above +40°C.

Altitude
Operating

10,000 feet (3050 meters)

Non-operating

40,000 feet (12000 meters)

Vibration, Operating (instrument secured to a vibration
platform during test)

MIL-Std-810, Method 514

Procedure | (modified).

Resonant searches along all three axes at 0.013 inch dis-
placement, for 15 minutes. Dwell for an additional 10
minutes in each axis at the frequency of the major reso-
nance or at 33 Hz if none was found. Resonance is
defined as twice the input displacement. Total vibration
time is 75 minutes.

Shock (Operating and Non-operating)

Three 30g, one-half sine, guillotine-type shocks, 11 ms
duration in each direction along each major axis; total of
18 shocks.

Electromagnetic Interference (EMI)

Conducted Emissions

Meets requirements described in MIL-Std-461B Part 4,

except as noted.

Test Method

Remarks

CE01—60 Hz to 15 kHz

1 kHz to 15 kHz only

CE03—15 kHz to 50 MHz
power leads

15 kHz to 50 kHz, relaxed
by 15 dB

Conducted Susceptibility

CS01—30 Hz to 50 kHz
power leads

Full limits

CS02—50 kHz to 400 MHz
power leads

Full limits

CS06—spike power leads

Full limits

Radiated Emissions

Test Method

Remarks

RE01—30 Hz to 50 kHz
magnetic field (measured at
30 cm).

30 — 36 kHz exceptioned.

RE02—14 kHz to 10 GHz

Full limit

Radiated Susceptibility

2-18

RS01—30 Hz to 50 kHz

Full limit

RS02—Magnetic Induction

To 5 A only, 60 Hz

RS03—14 kHz to 10 GHz

Up to 1 GHz, 1 V/m
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Table 2-8
PHYSICAL CHARACTERISTICS

Characteristic Description

Waeight 50 Ibs maximum

Including standard accessories, except manuals.

Dimensions
(See Figure 2-1)

Without handles or feet 7 x 17 x 24 inches

(17.78 x 43.18 x 60.96 cm)

TOP VIEW

u 1]

la———— 17 in. (43.18 cm) ————»~ R 24 in, (60.96 cm) —_—
=40 00060600 | 7 in. (17.78 cm)
3 == l
—_—————— -
REAR VIEW SIDE VIEW

6032-36

Figure 2-1. Dimensions.
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Section 3 — 2754/2754P Service, Vol. 1

INSTALLATION

This section describes unpacking, installation,
power requirements, storage information and repackag-
ing for the 2754/2754P Spectrum Analyzer.

UNPACKING AND
INITIAL INSPECTION

Before unpacking the spectrum analyzer, inspect
the shipping container for signs of external damage. If
the container is damaged, notify the carrier as well as
Tektronix, Inc. The shipping container contains the
basic instrument and its standard accessories. For a
list of the standard accessories, refer to Section 1 of
this manual (or, for ordering information, refer to the list
following the Replaceable Mechanical Parts list in the
Service Manual, Volume 2).

If the contents of the shipping container are incom-
plete, if there is mechanical damage or defect, or if the
instrument does not meet operational check require-
ments, contact your local Tektronix Field Office or
representative.

Keep the shipping container if the instrument is to
be stored or shipped to Tektronix for service or repair.
Refer to Storage and Repackaging for Shipment later in
this section.

The instrument was inspected both mechanically
and electrically before shipment, and it should be free
of mechanical damage and meet or exceed all electrical
specifications. The Operation section of the Operators
Manual contains procedures to check functional or
operational performance. Perform the functional check
procedure to verify that the instrument is operating
properly. This check is intended to satisfy the require-
ments for most receiving or incoming inspections. (A
detailed electrical performance verification procedure in
the Performance Check section of this manual provides
a check of all specified performance requirements, as
listed in the Specification section.)

The instrument can be operated in any position that
allows air flow in the bottom and out the rear of the
instrument. Feet on the four corners allow ample clear-
ance even if the instrument is stacked with other instru-
ments. The air is drawn in by a fan through the bottom
and expelled out the back. Avoid locating the instru-
ment where paper, plastic, or any other material might
block the air intake.

The spectrum analyzer is equipped with a flipstand
to adjust the viewing angle.

WARNING

Removing or replacing the cabinet on the
instrument can be hazardous. Only
qualified service personnel should attempt
to remove the instrument cabinet.

Refer to the Options section of this manual for rack-
mount installation instructions.

CAUTION

If the rackmount instrument is extended out
of the rack and tipped up to gain access to
the bottom or back panels of the cabinet,
securely hold the instrument so it cannot
fall back into the rack. Use care when
doing this to avoid damaging the instrument
front panel or equipment that may be
mounted above the instrument.
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CONNECTING POWER

Power Source and Power Requirements

WARNING

Changing the power input can
be dangerous.

e Work safely
@ Know the intended power source

@ Set the instrument for the power
source

e Check the fuse for proper ratings

e Use the power cord and plug intended
for the powser source

The spectrum analyzer operates from a single-
phase power source that has one of its current-carrying
conductors {neutral) at ground (earth) potential, Do not
operate the spectrum analyzer from powser sources
where both current-carrying conductors are isolated or
above ground potential (such as phase-to-phase on a
multi-phase system or across the legs of a 110-220 V
singie-phase, three-wire system). in this method of
operation, only the line conductor has over-current
(fuse) protaction within the unit. Refer to the Safety
Summary at the front of this manual.

The ac power connsctor Is a three-wire, polarized
plug with the ground (earth) lead connected directly to
the instrument frame to provide electrical shock protec-
tion. If the unit is connected to any other power source,
connact the unit frame to an earth ground.

Operate the spectrum analyzer from either 115 Vac
or 230 Vac nominal line voitage with a range of 90 to
132 or 180 to 250 Vac, at 48 to 440 Hz. Power and vol-
tage requirements are printed on a back-panel plate
moutited below the power input jack,

Input power requirements are changed with a switch
on the back panel (see Figure 3-1) and by replacing the
input line fuse. The instrument uses a 4A fast blow
tuse for 115 Vac operation, and a 2A slow blow fuse for
230 Vac operation.

Remove the protactive cover and set the line select
switch for the appropriate voltage range.
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Figure 3-1. Input power selector switch and fuse.
Remove the fuse holder and replace the line fuse
with the appropriate fuse for the voltage range selected.

The international powser cord and plug configuration
is shown In tha Options section of this manual.

STORAGE AND REPACKAGING

Storage

Short Term (less than 90 days) - For short term
storage, store the instrument in an environment that
meets the non-operating environmental specifications in
Section 2 of this manual,




Long Term — For instrument storage of more than
90 days, retain the shipping container to repackage the
instrument. The battery in the instrument does not
require removal. Package the instrument in a vapor
barrier bag with a drying agent and store in a location
that meets  the non-operating  environmental
specifications in Section 2 of this manual.

If you have any questions, contact your local Tek-
tronix Field Office or representative.

Repackaging for Shipment

When the spectrum analyzer is to be shipped to a
Tektronix Service Center for service or repair, attach a
tag that shows the owner and address, the name of the
individual at your firm that can be contacted, the com-
plete instrument serial number, and a description of the
service required. If the original package is unfit for use
or not available, use the following repackaging informa-
tion.

1. Use a corrugated cardboard container with a
test strength of 375 pounds (140 kilograms) and
inside dimensions that are at least six inches more
than the equipment dimensions (refer to the Physical
Characteristics in Section 2), to allow for cushioning.

2. Install the instrument front cover, and surround
the instrument with plastic sheeting to protect the
finish.

3. Cushion the equipment on all sides with pack-
ing material or plastic foam.

4, Seal the container with shipping tape or an
industrial, heavy-duty stapler.

Installation — 2754/2754P Service, Vol. 1
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PERFORMANCE CHECK
PROCEDURE

Introduction

The procedures in this section verify that the instru-
ment is performing according to the characteristics that
have limits and performance requirements as specified
under the Performance Requirement column in Section
2, Specification. Some of the non-specified parameters
and instrument functions are also checked. This check
verifies that the instrument is calibrated and will perform
as described. All tests can be performed without
removing the covers of the instrument.

Checks should be performed in sequence because
some tests rely on the satisfactory performance of
related circuits. Also, the procedures are arranged to
minimize test equipment setup. If a performance meas-
urement is marginal or below specification, an adjust-
ment procedure to optimize the circuit performance will
be found, under a similar heading, in Section 5, Adjust-
ment Procedure. After adjustment, recheck the perfor-
mance. We recommend adjusting only those circuits
that do not meet performance criteria.

If adjustment fails to return the circuit to specified
performance, refer to the Maintenance section for
troubleshooting and repair procedures.

Procedures that are unique to instrument options,
are described as a sub-part of the step within this sec-
tion.

Incoming Inspection Test

The Operators manual contains an operational or
functional check that checks all functions. This check is
recommended for incoming inspections because it
requires no external equipment or special expertise and
is a reliable indication that the instrument is performing

properly.

Verification of Tolerance Values

Compliance tests, of those limits listed in the Perfor-
mance Requirement column of the instrument
specifications, shall be performed after sufficient warm-
up time and completion of preliminary preparation steps
(such as front-panel adjustments).

Measurement tolerance of test equipment should be
negligible in comparison to the specified tolerance; and,
when not negligible, the error of the measuring
apparatus shall be added to the tolerance specified.

History Information

The instrument and manual are periodically
evaluated and updated. If modifications require
changes in the procedures, information applicable to
earlier instruments will be included within a step or as a
sub-part to a step.

Equipment Required

Table 4-1 lists the test equipment and calibration
fixtures recommended for the Performance Check. This
equipment is also applicable for the adjustment pro-
cedures in Section 5, Adjustment Procedure. The
characteristics specified are the minimum required for
the checks. Substitute equipment must meet or exceed
these characteristics. These fixtures are available from
Tektronix, Inc., and may be ordered through your local
Tektronix Field Office or representative.

Some checks may not be practical because some
characteristics may require sophisticated test equip-
ment and/or procedures to accurately measure them.
In those cases a compromise may be made in the pro-
cedures to facilitate checking the characteristic. When
that occurs, a statement or footnote to that fact is
added to the step. The more exact method of measur-
ing the characteristic can be supplied by your Tektronix
Service Center.
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Equipment or Test Fixture

Table 4-1
EQUIPMENT REQUIRED

Characteristics

Recommendation and Use

Test Oscilloscope

Vertical sensitivity, 50 mV/Div to 5
V/Div; Bandwidth, DC to 100 MHz

Any TEKTRONIX 7000-Series oscil-
loscope with plug-in units for real-
time display such as 7A11/7B50A,
and P6108 10X Probe

Time Mark Generator

Marker output, 5 s to 20 ns; accuracy
0.001%

TEKTRONIX TG 501 with TM 500-
Series Power Module (time/div and
span accuracy check)

Frequency Counter

0 to 200 MHz, 1 Hz resolution, 25 mV
sensitivity.

TEKTRONIX DC 503A with ™
500-Series Power Module (Calibra-
tor frequency measurement)

Prescaler

Compatible with TEKTRONIX DC 510

TEKTRONIX DP 501 with TM 500-
Series Power Module (Center fre-
quency measurement)

Function or Sine-Wave Generator

1 Hzto1 MHz; 0 to 20 V p-p

TEKTRONIX FG 503 Function Gen-
erator (external trigger and horizon-
tal input requirements check)

Signal Generator

10 Hz to 10 MHz, constant output

Hewlett-Packard Model 654A or
Model 3336C (used to check
attenuator and gain accuracy, and
frequency response)

Signal Generator

Two leveled generators, 500 kHz to 2.0
GHz. Output, —100 dBm to +10 dBm;
spectral purity 60 dB or more below
the fundamental.

TEKTRONIX SG 504, Hewlett-
Packard Model 8640A/B and Model
8614A generators (frequency
response, IM, and display accuracy
checks)

Low Loss (WL Gore) RF Cable

Flat to at least 21 GHz

Tektronix Part No. 006-7609-00
(used to check frequency response)

Crystal Detector

0.01—21 GHz

Hewlett-Packard Model 8473C
(used to check frequency response)

Sweep Oscillator

0.01 to 21 GHz; frequency response,
+1.0 dB, or 2.0 to 21 GHz (with 500
kHz to 2.0 GHz generators)

Hewlett-Packard Model 8350A with
Model 83595A Option 002 Plug-in;
or, 8620C and 86290B Option 40
Plug-in (frequency response check)

Power Divider

Dc to 22 GHz

Weinschel Model 1579B

Power Meter with Power Sensors

~60 dBm to —20 dBm full scale; 100
kHz to 26 GHz

Hewlett-Packard Model 435A or
436A with 8482A and 8485A Power
Sensors

Low-Pass Filter

Must have rolloff of 40 dB or more at
200 MHz

Texscan or Lark

UHF Comb Generator

Provide comb line to 18 MHz; accuracy
0.01%

TEKTRONIX Calibration Fixture
067-0885-00 with TM 500 Power
Module (frequency readout accu-
racy check)

Spectrum Analyzer

Frequency range, 50 kHz to 2.2 GHz

TEKTRONIX 2755, 492A, 494, or
7014 Option 39 (compression point
check)
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Table 4-1 (cont)
EQUIPMENT REQUIRED

Equipment or Test Fixture

Characteristics

Recommendation and Use

10 dB/50Q Attenuator

dc to 1.8 GHz; =1 dB accuracy

Hewlett Packard 33340A Option 10
(RF attenuator accuracy check)

20 dB/50Q Attenuator

dc to 1.8 GHz; =1 dB accuracy

Hewlett Packard 33340A Option 20
(RF attenuator accuracy check)

2 N Male to APC 3.5 Male Adapters

Maury Model 8023D (RF attenuator
accuracy check)

APC 3.5 Male to APC 3.5 Male Adapter

Maury Model 8021B (RF attenuator
accuracy check)

APC 3.5 Female to APC 3.5 Female
Adapter

Maury Model 8021A (RF attenuator
accuracy check)

Interconnect Kit2

For Hewlett Packard 8494B and 8496B | Hewlett Packard 11716A (RF
Step Attenuators

attenuator check)

500 Terminator

Tektronix Part No. 011-0049-01

Step Attenuator

GHz

Range, 0 dB — 12 dB, in 1 dB steps; dc | Hewlett Packard 355C (input
~ 1 GHz, accuracy +0.25 dB to 0.5 | compression check)

Attenuator (SMA Connectors)

3 dB, 500; dc to 20 GHz

Weinschel Model 4M. Tektronix
Part No, 015-1053-00

Two Attenuators (bnc connectors)

20 dB, 509; dc to 2.0 GHz

Tektronix Part No. 011-0059-02

(500 Coaxial Cable with sma connec- | 5 ns
tors)

Tektronix Part No. 015-1006-00

N Male to SMA Male Adapter

Tektronix Part No. 015-0369-00

N Male to BNC Female Adapter

Tektronix Part No. 103-0045-00

BNC T Adapter

Tektronix Part No. 103-0030-00

Two 500 Coaxial Cables

Firmware Version

During initial power-up cycle, the instrument type
and the front panel processor firmware versions are
displayed on the crt for approximately two seconds.
The Replacement Parts List in the Service manual, lists
the ROMs used for each version. The service manual
also lists the firmware operating notes associated with
each firmware version.

Error Message Readout

If the microcomputer detects a hardware failure, a
failure report will come on screen and remain for about
2 seconds. A status message will then appear and
remain for the duration of the failure. Press <SHIFT> .
to bring error messages to the screen.

& The 10 dB step attenuator, 1 dB step attenuator, and intercon-
nect kit must be calibrated together as a single unit, using pre-
cision standard attenuators such as Weinschel Model AS-6 at-
tenuator.

Tektronix Part No. 015-1006-00

if the microprocessor cannot set the oscillator fre-
quency, due to a hardware failure, it will continue to try
each sweep. The sweep hold off time will increase sub-
stantially as it tries. To disable attempted oscillator
corrections, press <SHIFT> and then 7. Center fre-
quency accuracy specifications will not be met in this
mode. Pressing <SHIFT> 7 again will re-enable oscil-
lator correction routines. Another failure message will
appear if the failure has not been corrected.

4-3



Performance Check Procedure — 2754/2754P Service Vol. 1

Initial Power-Up

a. Connect the spectrum analyzer power cord to an
appropriate power source (refer to "Power Source and
Power Requirements" in Section 3, Installation) and
switch POWER on.

b. When POWER is switched on (power up), the
microprocessor runs a memory and /O test. If no pro-
cessor system problems are found, the power-up pro-
gram will complete in approximately 10 seconds, and
the instrument will be ready to operate. After the
power-up routine, the crt will initialize as shown in Fig-
ure 4-1.
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Figure 4-1. Crt display at initlal power-up.

NOTE

If a problem exists within the instrument, a
failure message will appear on screen. To
bypass the failed test and attempt to use
the instrument, press the pushbutton as
directed in the error message. However,
performance may not be as specified.

¢. The operating functions and modes should initial-
ize to the following "power-up" state:

REF LEVEL 30DBm
CENTER FREQUENCY 900MHZ
MARKER FREQUENCY OMHZ
FREQ SPAN/DIV MAX

VERT DISPLAY 10DB/

RF ATTENUATION 60DB
FREQ RANGE 0—4.2 GHz

0—1.8 GHz (Option 1)
RESOLUTION BANDWIDTH 1 MHz

READOUT On

TRIGGERING FREE RUN

AUTO RES On

DIGITAL STORAGE VIEW A/VIEW B on

THRESHOLD AUTO
All other pushbuttons Inactive or off

d. Set the MIN RF ATTEN dB control to 0 (NORM)
and the PEAK/AVERAGE control fully counterclockwise.
Set the TIME/DIV control to AUTO and the REF LEVEL
to read —20 DBM, and adjust the INTENSITY control for
the desired brightness. Note that the RF ATTENuation
readout is now 10 dB.

e. Connect a 500 coaxial cable and a N to bnc
adapter between the CAL OUT connector and RF
INPUT to apply the CAL OUT signal to the RF INPUT
connector.

f. A dot marker will appear in the upper portion of
the screen in the MAX SPAN/DIV frequency mode. This
marker indicates the location on the display to which
the spectrum analyzer frequency is tuned. With a fre-
quency readout of 0.00 GHz, the marker will be in the
upper left portion of the screen. Rotate the
CENTER/MARKER FREQUENCY control and watch the
dot marker move across the display. Notice that the
Center FREQUENCY readout (top line) remains at 900
MHz, and that the MARKER FREQUENCY readout
(second line) changes according to the position of the
marker (dot).

g. Harmonics of the 100 MHz calibrator signal will
be displayed as shown in Figure 4-2. To select 100
MHz center frequency, press the pushbutton sequence
of FREQUENCY 100 MHz.

h. To change the FREQ SPAN/DIV readout to 100
MHz, press the pushbutton sequence of SPAN/DIV 100
MHz. The dot marker is now horizontally centered, and
the 100 MHz calibrator signal is at center screen.
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Figure 4-2. Typlcal display of callbrator signal In Max
Span/Dlv.

Calibrate Position, Center Frequency, Reference
Level, and Dynamic Range

NOTE

When the <SHIFT> CAL sequence is
pressed, the microcomputer performs a
center frequency and reference level cali-
bration. Prompts appear on the screen to
guide the user step-by-step through the
procedure. This calibration should be done
at regular intervals. It must be done before
the instrument will meet its center fre-
quency and reference level accuracy perfor-
mance specifications. It should also be
done any time the instrument ambient tem-
perature is substantially different from the
last calibration. An explanation of refer-
ence level accuracy with respect to ambient
temperature is described in  the
Specification section of the spectrum
analyzer Operators Manual.

Performance Check Procedure —— 2754/2754P Service Vol. 1

To observe the results after the microcom-
puter has completed a calibration routine,
press the <SHIFT> 1 sequence. A mes-
sage will appear on the scréen that shows
the correction factor used by the microcom-
puter to center the resolution bandwidth
filters to produce a calibrated center fre-
quency. It also shows the correction that
was required to bring the amplitude level
within 0.4 dB of the 1 MHz filter.

Press the <SHIFT> CAL sequence to start the cali-
bration routine. A prompt message on the screen will
guide you through setting the four front-panel adjust-
ments of vertical and horizontal POSITION, and AMPL
and LOG CAL. This sets the absolute reference level
for the 1 MHz resolution bandwidth filter. An automatic
calibration is then done, which measures and corrects
for absolute frequency and amplitude (relative to 1 MHz)
errors of the filters. This takes approximately 60
seconds. If a message appears on the screen, refer to
Error Message Readout earlier in this section. The
correction factors are held in memory. Press FINE to
continue calibration as instructed or <SHIFT> to exit
the routine.

If any amplitude correction factor, at room tempera-
ture, for a filter is greater than 1 dB, the filter in the VR
assembly should be readjusted. Refer to Section 5,
Adjustment Procedure.
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PERFORMANCE CHECK PROCEDURE

1. Check Center Frequency Accuracy

This is a two part procedure; Part | checks center
frequency accuracy without the 1st LO phase locked,
Part |l checks accuracy with the 1st LO phase locked.
A settling time of 1 s/GHz change in center frequency
divided by "N" must be allowed before checking accu-
racy. A front panel CAL should be done before per-
forming this check.

Center frequency accuracy is a function of how
accurate the center frequency is set between sweeps
and the amount of frequency drift during the sweep.
Frequency drift can be significant during the first 30
minutes after turn-on or when the ambient temperature
changes. With a span/div of 200 Hz and 1 kHz resolu-
tion bandwidth, the sweep rate is slow enough that fre-
quency drift can be noted if the warmup time is
insufficient or the ambient temperature is changing. "N"
is the 1st LO harmonic number used for the first conver-
sion (see Table 2-1 for the value of N).

Part 1 - 1st LO not Phase Locked

Accuracy for Bands 1 and 5 with Span/Div
>200 kHz, and bands 2 through 4 with Span/Div
>100 kHz is £{(20% of the Span/Div or Resolution
Bandwidth, whichever is greater) + (CF x 10-5)j2 +
(N x 15 kHz) .

(1) Use a Frequency Counter and a Prescaler to

measure the fundamental output frequency of the Comb

Generator (Comb Generator source output excluding
the Comb Generator Module).

(2) Make a note of the measured frequency, which
is approximately 500 MHz. This is the fundamental fre-
quency referred to in Table 4-2, and will be used to
determine each center frequency checked.

8 QOver the operating temperature range, this term is x 1.5x10'5)

(3) Connect the test equipment as shown in Figure
4.3,

(4) Set the Spectrum Analyzer controls as follows,
using the Data Entry keypad when appropriate:

REF LEVEL -10dB

FREQ SPAN/DIV 210 kHz
RESOLUTION BANDWIDTH 10 kHZ
VERTICAL DISPLAY 10 dB/DIV

MIN RF ATTEN 0dB
PEAK/AVERAGE Fully Clockwise

TIME/DIV AUTO

(5) Use the Data Entry keypad to set the FRE-
QUENCY to the fundamental frequency noted in part (2)
(rounded off to the nearest kHz).

(6) Check that the displayed signal is within 0.295
divisions (62 kHz) of center screen.

(7) Continue checking frequencies as indicated in
Table 4-2 as per the following example:

Check Center Frequency Accuracy at 18.5 GHz

Fundamental indicated by frequency counter =
499.99831 MHz.

Determine Center Frequency to the nearest kHz:
Fundamental x 37 (from Table 4-2)

Use Data Entry keypad to set FREQUENCY to

18.499926 GHz. 1%.4944 37

Check that the displayed signal is within 1.152 divi-
sions (272 kHz) of center screen.

NOTE

If a particular check should fail, measure
the fundamental frequency and recheck.
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TM 500 Main Frame

Spectrum Analyzer Under Test

Comb Generator
Source

- 0 — ]
= GlEEE
.O © FMCPulse ) U
O

o O O

o e

Comb Generator Module

6032-01

Figure 4-3. Test equipment setup for checking center frequency accuracy.

Table 4-2
CENTER FREQUENCY ACCURACY CHECK POINTS
{1st LO UNLOCKED)

Approximate Keypad Entry Frequency
Frequency CENTER FREQUENCY - Span/Div Maximum Error

0.5 GHz Fundamental 210 kHz +0.295 (+62 kHz)
1.0 GHz Fundamental x 2 210 kHz +0.319 (67 kHz)
1.5 GHz Fundamental x 3 210 kHz +0.343 (£72 kHz)

2.0 GHz Fundamental x 4 110 kHz +0.518 (=57 kHz)
3.5 GHz Fundamental x 7 110 kHz +0.655 (+72 kHz)
5.0 GHz Fundamental x 10 110 kHz +0.791 (£ 87 kHz)

6.0 GHz Fundamental x 12 110 kHz +0.882 (97 kHz)
6.5 GHz Fundamental x 13 110 kHz +0.927 (102 kHz)
7.0 GHz Fundamental x 14 110 kHz +0.973 (£107 kHz)

7.5 GHz Fundamental x 15 110 kHz +1.291 (142 kHz)
12.5 GHz Fundamental x 25 110 kHz +1.745 (£192 kHz)
18.0 GHz Fundamental x 36 110 kHz +2.245 (£247 kHz)

18.5 GHz Fundamental x 37 210 kHz +1.295 (£272 kHz)
20.0 GHz Fundamental x 40 210 kHz +1.367 (+287 kHz)
21.0 GHz Fundamental x 42 210 kHz +1.414 (£297 kHz)
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Part Il - 1st LO Phase Locked

Accuracy for Bands 1 and 5 with Span/Div
<200 kHz and bands 2 through 4 with Span/Div
<100 kHz is *={(20% of the Span/Div or Resoln
Bandwidth, whichever is greater) + (CF x 105} Hz.

(1) Apply the CAL OUT signal to the RF INPUT.
(2) Set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz
REF LEVEL —20 dBm
MIN RF ATTEN 0dB
FREQ SPAN/DIV 200 Hz
TIME/DIV AUTO
VERTICAL DISPLAY 2 dB/DiV
AUTO RES On
TRIGGERING FREE RUN

Reset the REFERENCE LEVEL to bring the top of
the signal below the dot marker. Use of the calibrator
causes the CF x 105 to drop out.

(3) Check 100 MHz center frequency accuracy by
measuring the deviation of the 100 MHz signal from the
dot marker. Error must not exceed +(20% of the reso-
lution bandwidth) or +200 Hz (+1.0 minor division).

(4) Repeat this procedure to check the center fre-
quency accuracy to 1.8 GHz in 100 MHz increments.
Reset the REF LEVEL as necessary to observe the
comb of 100 MHz markers at the upper end of the
range.

2. Check Residual FM

Within 7N kHz over 20 ms, with FREQ SPAN/DIV
greater than 200 kHz for bands 1 and 5 and greater
than 100 kHz for bands 2 through 4.

a. Apply the Calibrator signal to the RF INPUT.
b. Set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz
FREQ SPAN/DIV 1 MHz
RESOLUTION BANDWIDTH 100 kHz
VERTICAL DISPLAY 2 dB/DIV
MIN RF ATTEN 0ds

REF LEVEL —23 dBm
TIME/DIV AUTO
TRIGGERING FREE RUN
VIEW A and VIEW B On

c. Disable the 1st LO synthesis and phase lock by
pressing <SHIFT> 7. A message "FREQUENCY
CORRECTIONS DISABLED: PRESS 7" will be displayed
on the CRT.

4-8

d. Decrease the SPAN/DIV to 100 kHz while keep-
ing the 100 MHz calibrator signal centered on screen
with the CENTER FREQUENCY control.

e. Set the VERTICAL DISPLAY to LIN. Position the
signal so the slope (horizontal versus vertical excursion)
of the response can be determined as illustrated in Fig-
ure 4-4A. Slope determination may be made easier by
switching VIEW B off, and using SINGLE SWEEP and
SAVE A to freeze the display at a convenient position
on the graticule. The slope should calculate to approxi-
mately 8 kHz/division.
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Figure 4-4, Typlcal display for measuring residual FM.




f. If SAVE A was used in part d, de-activate SAVE
A. Activate ZERO SPAN, set TIME/DIV to 20 ms, and
set CENTER FREQUENCY control to position the
display near center screen as shown in Figure 4-4B.
Use SAVE A to freeze the display for ease in measuring
FM. The peak-to-peak amplitude of the display per any
horizontal division, scaled to the vertical deflections
according to the slope estimated in part d, is the FM.
Residual FM must not exceed 7 kHz for 20 ms or
7 kHz/division.

g. Press <SHIFT> 7 to re-enable the phase lock.

3. Check Frequency Span/Div Accuracy

(£5% of the selected span/div over the 8 center
divisions of a 10 division display)

Span accuracy is checked by noting the displace-
ment of calibrated markers from their respective grati-
cule lines over the center eight divisions of the screen.
The frequency span/div accuracy is checked, for all
FREQ SPAN/DIV settings on band 1, at 100 kHz/Div on
band 2, (2nd LO check) and at 500 MHz/Div on band 4.
The accuracy of the 1 GHz, 2 GHz, 5 GHz, and 10 GHz
span/div of the upper bands is directly related to the
100 MHz/Div and 200 MHz/Div spans. Therefore, the
1 GHz/Div, 2 GHz, 5 GHz, and 10 GHz/Div spans are
not included in this procedure.

a. Set the Spectrum Analyzer controls as follows:

FREQUENCY 1 GHz
FREQ SPAN/DIV 100 MHz
RESOLUTION BANDWIDTH AUTO
REF LEVEL =30 dBm
TIME/DIV AUTO

VERTICAL DISPLAY 10 dB/DIV

b. Apply the CAL OUT signal to the RF INPUT and
set the FREQUENCY to align the 100 MHz markers so
the 100 MHz/div accuracy can be measured over the
center eight divisions of the display. It may be neces-
sary to change the REF LEVEL to obtain adequate
marker amplitude. Maximum deviation (see Figure 4-5)
must not exceed 5 MHz.

¢. Remove the CAL OUT signal from the RF INPUT
and set up the test equipment as shown in Figure 4-6.
Set the FREQUENCY to 10 GHz, (band 4, 54 to
18 GHz) FREQ SPAN/DIV to 500 MHz, RESOLUTION
BANDWIDTH to 100 kHz, and REF LEVEL to —-10 dBm.
Press <SHIFT> PEAK MENU and select item 3, then
set REF LEVEL for the best marker definition. It may
also help to reset the CENTER FREQUENCY for better
marker definition.
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Figure 4-5. Typical marker display for measuring Span/Div
accuracy.

d. Tune a marker to center screen then check the
accuracy over the center eight divisions of the display.
Deviation must not exceed +25 MHz/Div.

e. Set the FREQUENCY to 2.0 GHz, FREQ
SPAN/DIV to 100 kHz, RESOLUTION BANDWIDTH to
1 kHz, TIME/DIV to 50ms, and REF LEVEL to
—20 dBm,

f. Modulate the Comb Generator signal with 10 us
markers, from the Time Mark Generator, by applying
the Marker Output to the Pulse Input of the Comb Gen-
erator as shown in Figure 4-6. Press <SHIFT> PEAK
MENU and select item 3.

g. Check FREQ SPAN/DIV accuracy. Error must
not exceed =5 kHz/Div.

h. Remove the Comb Generator signal from the RF
INPUT and connect the Marker Output of the Time Mark
Generator to the RF INPUT. Set the FREQUENCY to
100 MHz, FREQ SPAN/DIV to 50 MHz, RESOLUTION
BANDWIDTH to 100 kHz, REF LEVEL to 20 dBm, and
apply 20 ns time markers from the Time Mark Genera-
tor.
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Figure 4-6. Test equipment setup for checking frequency Span/Div and sweep Time/Dlv accuracy.

i. Reset the REF LEVEL for the best marker Table 4-3
definition, and the CENTER FREQUENCY to align the SPAN/DIV VERSUS TIME MARKERS FOR
markers so span/div accuracy can be checked for the SPAN/DIV ACCURACY CHECK
50 MHz/div (+5%). FREQUENCY Time Mark Generator
j- Reduce the FREQ SPAN/DIV to 20 MHz, and SPAN/DIV Marker Output
apply 50 ns (20 MHz) markers. 20 MHz 50 ns
k. Check the 20 MHz FREQ SPAN/DIV accuracy. 10 MHz RN
. Repeat the procedure and check the FREQ gm:::i g “:
SPAN/DIV accuracy from 10 MHz down to 200 kHz. 1 MHz ol
Use Table 4-3 as a guide to relate time markers to 500 kHz
FREQ SPAN/DIV settings. Reduce RESOLUTION 200 kHz
BANDWIDTH and CENTER FREQUENCY as each set- 100 kHz
ting is checked to maintain marker amplitude and 50 kHz
definition. 20 kHz
m. Change the RESOLUTION BANDWIDTH to 10 kHz
1 kHz. Repeat the above procedure to check the 5 kHz

100 kHz to 10 kHz FREQ SPAN/DIV selections. 2 kHz

n. Set the FREQUENCY to 100 kHz, RESOLUTION Lz
BANDWIDTH to 1 kHz, and REF LEVEL to 0 dBm.
Repeat the above procedure to check the 5 kHz to
200 Hz FREQ SPAN/DIV selections.
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4. Check Sweep Time Accuracy
(Within 5% of the rate selected)

a. Connect the output of a Time Mark Generator set
to 10 ms to the rear-panel MARKERNVIDEO input. Con-
nect pin1 of J104 ACCESSORY connector to ground
(connect pin 1 to pin 5).

b. Set the Spectrum Analyzer TIME/DIV to 10 ms,
and activate ZERO SPAN and INT TRIGGERING.

¢. Use the horizontal POSITION control to align a

marker on the 1st graticule line (see Figure 4-7), then

check the displacement of markers from their respec-
tive positions over the center eight divisions. Individual
marker displacement must not exceed 5% or 2 minor
divisions.

d. Check the accuracy of the 5 s to 20 us TIME/DIV
settings by applying appropriate markers for each

TIME/DIV setting and noting the displacement as
described in part d of this step.

e. Disconnect the test equipment, and the shorting
strap from pin 1 of J104 ACCESSORY connector.
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Flgure 4-7. Typical display for measuring Time/Div accuracy.




Performance Check Procedure — 2754/2754P Service Vol. 1

5. Check Pulse Stretcher
This is an operational check only.

a. With the equipment setup the same as step 3,
apply .1 ms time marks, from the Time Mark Generator,
to the RF INPUT. Set the Spectrum Apalyzer controls
as follows:

FREQUENCY 2.0 MHz
ZERO SPAN On
RESOLUTION BANDWIDTH 100 kHz
REF LEVEL 0 dBm
VERTICAL DISPLAY 10 dB/DIV
TIME/DIV A ms
VIEW A and VIEW B Off
TRIGGERING INT

b. Activate PULSE STRETCHER and note that this
mode extends the fall time of the markers.

¢. Remove the test equipment.

6. Check Resolution Bandwidth and Shape Fac-
tor

(6 dB bandwidth within 20% of the selected
bandwidth; shape factor is 7.5:1 or less)

a. Apply the CAL OUT signal to the RF INPUT. Set
the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz
FREQ SPAN/DIV 500 kHz
RESOLUTION BANDWIDTH 1 MHz

REF LEVEL —20 dBm
VERTICAL DISPLAY 2 dB/Div

MIN NOISE Activated
PEAK/AVERAGE Fully Clockwise
TIME/DIV AUTO

b. Measure the 6 dB down bandwidth (see Figure
4-8A). Bandwidth should equal 1 MHz £200 kHz.

¢. Reset the VERTICAL DISPLAY to 10 dB/DIV and
measure the 60 dB down bandwidth (see Figure 4-8B).

d. Check that the shape factor is 7.5:1 or less. The
shape factor is the ratio of —60 dB/—6 dB bandwidths
(see Figure 4-8).

e. Reset the RESOLUTION BANDWIDTH to
100 kHz, FREQ SPAN/DIV to 100 kHz, and VERTICAL
DISPLAY to 2 dB/DIV.

f. Check the resolution bandwidth and shape factor
of the 100 kHz filter by repeating parts b through d.

g. Check the resolution bandwidths and shape fac-
tors for the 10 kHz, and 1 kHz filters. Shape factor
should be 7.5:1 or less.
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Figure 4-8. Typical display for measuring bandwidth and
shape factor.

7. Check Calibrator Qutput
(~20 dBm £0.3 dB at 100 MHz) (100 MHz 1 kHz)

NOTE

In this check step, a power meter is used to
verify the output level of the reference sig-
nal. Harmonics of the signal generator
must be greater than 40 dB down from the
fundamental.



a. Apply a 100 MHz signal to the power meter
through a 3 dB attenuator. Set the generator output
ievel for a reading of —20 dBm on the power meter.
This sets up a 100 MHz reference signal.

b. Disconnect the power meter from the signal gen-
erator, and connect the reference signal established in
part a to the RF INPUT.

c. Set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz

FREQ SPAN/DIV 100 kHz
RESOLUTION BANDWIDTH 1 MHz

REF LEVEL —18 dBm
VERTICAL DISPLAY 2 dB/DIV
TIME/DIV AUTO
PEAK/AVERAGE Fully Clockwise

d. Set the spectrum analyzer VERTICAL DISPLAY
factor to the A A mode by pressing FINE. Set the REF
LEVEL such that the top of the signal is on a graticule
line near the top of the crt. Reset the REF LEVEL to
0.00 dB by pressing FINE twice. Store the display by
activating SAVE A.

e. Remove the reference signal from the RF INPUT
and connect the CAL OUT signal in its place using the
same cable that was used in part b of this step.

f. Activate VIEW B and VIEW A.

g. Check that the amplitude difference between the
VIEW B and SAVE A displays (CAL OUT signal and the
reference) does not exceed 0.3 dB.

h. Disconnect the CAL OUT from the RF INPUT,
and connect it to a frequency counter.

i. Check that the calibrator frequency is 100 MHz
+1 kHz.

8. Check Noise Sidebands

(-75 dBc or more at 30 times the resolution
bandwidth)

a. Apply the CAL OUT signal to the RF INPUT. Set
the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz
FREQ SPAN/DIV 10 kHz
AUTO RES On

REF LEVEL —40 dBm
VERTICAL DISPLAY 10 dB/DIV
TIME/DIV AUTO
WIDE VIDEO FILTER On

b. Check that the amplitude of the noise sidebands
are 55 dB or more down from the reference level at 30
times the resolution bandwidth (3 divisions away from
the center frequency position). See Figure 4-9.
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Figure 4-9. Typical display for measuring noise sidebands.

c. Decrease the FREQ SPAN/DIV to 10 kHz and the
RESOLUTION BANDWIDTH to 1 kHz.

d. Check that the amplitude of the noise sidebands
30 kHz away from the center frequency position is at
least 75 dB below the signal level or 55 dB below the
top of the screen.

9. Check Frequency Response

(Response, about the midpoint between two
extremes, measured with 10 dB of RF attenuation
and peaking optimized in the applicable bands for
each center frequency setting, is +£1.5 dB from 1.7
GHz to 7.1 GHz; 2.5 dB from 5.4 to 18 GHz; and
+3.5 dB from 15 to 2t GHz. Response with
respect to 100 MHz is +£2.5 dB from 50 kHz to 7.1
GHz; +3.5 dB from 5.4 to 18 GHz; and +5.0 dB
from 15.0 to 21 GHz. Response includes the effect
of input vswr, mixing mode (N), gain variation, and
preseilector or mixer. Digital storage typically
increases errors by 0.5%.)

The response at each check point, above band 1,
should be peaked by pressing <SHIFT> PEAK
MENU, and selecting item 3 (REPEAK).
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If the instrument is a rackmount version, with semi-
rigid cables to the rear panel (Option 31), frequency
response may degrade at the high end of the fre-
quency range by as much as 2 dB above 3.0 GHz.

a. Check frequency response from 0.01 GHz to

21 GHz (Bands 1 through 5).

(1) Connect the CAL OUT signal to the RF INPUT,
and perform the <SHIFT> CAL routine.

(3) Set the CAL AMPL adjustment for 5 divisions on
the Spectrum Analyzer display. This is the 100 MHz
reference. Activate SAVE A to save the reference.

(4) Connect the test equipment as shown in Figure
4-10.

(5) Set the sweep oscillator controls for a cw output
that matches the SAVE A display (output frequency
of 100 MHz and an output amplitude of approxi-

mately —20 dBm).
(6) Deactivate SAVE A. Reset the FREQUENCY to

(2) Set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MH2z A

FREQ SPAN/DIV 500 kHz :’AO;SXMHH;'LSM SPAN/DIV to 100 MHz, and activate
- RESOLUTION 1 MHz :

REF LEVEL -20 dBm (7) Reset the sweep oscillator controls for a sweep

VERTICAL DISPLAY 2 dB/DIV output from 0.01 GHz—1 GHz. Enable single

MIN RF ATTEN dB 0 sweep on the sweep oscillator.

TIME/DIV AUTO

PEAK/AVERAGE Fully Counterclockwise

TO EXT. ALC INPUT CONNECTOR ———

: SPECTRUM ANALYZER UNDER TEST
N [ — 1 ;
O 0 O O = 0'0..0
RF  EXT E‘ ' 3 =
OouUT ALC Loy ; .
olo o — L ]

SWEEP OSCILLATOR TO RF OUT CONNECTOR

CRYSTAL

N TO SMA ADAPTER C
DETECTOR

) 3 dB ATTENUATOR

LOW LOSS COAX CABLE WITH SMA CONNECTORS

6032-03

Figure 4-10. Test equipment setup for measuring 0.01 GHz to 21 GHz frequency response.
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(8) Check that amplitude deviation from the
100 MHz reference does not exceed +2.5 dB.

(9) Make a note of the highest and lowest peaks for
later comparison.

(10) Deactivate MAX HOLD, and repeat parts 6
through 10 for frequencies up to 4.2 GHz using the
values provided in Table 4-4,

(11) Calculate the halfway point between the
highest and the lowest peak from the peak data
noted in parts 9 and 10.

(12) Check that swept frequency flatness is within
+1.5dB in Band 1.

Table 4-4
FREQUENCY RESPONSE CHECK SETTINGS

Oscillator
Sweep Range Center Frequency Span/Div

1—2 GHz 1.5 GHz 100 MHz

2—3 GHz 2.5 GHz 100 MHz
3—4 GHz 3.5 GHz 100 MHz
4—4.2 GHz 4.1 GHz 20 MHz

(13) Switch the Spectrum Analyzer to Band 2
(<SHIFT> BANDA), FREQUENCY to 2.7 GHz, and
SPAN/DIV to 200 MHz.

(14) Reset the sweep oscillator controls for a
sweep output from 1.7 GHz—3.7 GHz. Enable sin-
gle sweep on the sweep oscillator.

NOTE

Before sweeping any range in Bands 2
through 5 in Option 01 Spectrum Analyzers,
set the FREQUENCY to the center of the
range; apply a cw signal at this center fre-
quency; and peak the response by pushing
the <SHIFT> PEAK MENU, and selecting
item 3 (REPEAK).

(15) Check that amplitude deviation from the
100 MHz reference does not exceed +=2.5 dB.

(16) Again, make a note of the highest and lowest
peaks for later comparison.

(17) Check frequency response in the range
3.7 GHz—5.5 GHz (FREQUENCY at 4.6 GHz and
SPAN/DIV at 200 MHz). Continue making notes of
the highest and lowest peaks for comparison later
on.

(18) Check Bands 3 through 5 according to Table
4-5. Be sure to make a note of the highest and
lowest peaks after each check.

Table 4-5
FREQUENCY RESPONSE CHECK SETTINGS FOR BANDS 3—5
Osclllator Sweep Range Center Frequency Span/Dlv Band No.
3—5.0 GHz 4.0 GHz 200 MHz 3
5—7.1 GHz 6.05 GHz 210 MHz 3
5.4—7.4 GHz 6.4 GHz 200 MHz 4
7.4—9.4 GHz 8.4 GHz 200 MHz 4
9.4—11.4 GHz 10.4 GHz 200 MHz 4
11.4—13.4 GHz 12.4 GHz 200 MHz 4
13.4—15.4 GHz 14.4 GHz 200 MHz 4
15.4—17.4 GHz 16.4 GHz 200 MHz 4
17.4—18.0 GHz 17.7 GHz 60 MHz 4
15—17.0 GHz 16.0 GHz 200 MHz 5
17—19.0 GHz 18.0 GHz 200 MHz 5
19—21.0 GHz 20.0 GHz 200 MHz 5
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(19) Calculate the halfway point between the
highest and the lowest peak from the peak data
noted in parts 16 and 17.

(20) Check that swept frequency flatness is within
+1.5dB in Band 2 and Band 3, within +2.5dB in
Band 4, and within +3.5 dB in Band 5.

b. Check that the amplitude deviation from the 100
MHz reference does not exceed +1.5 dB from 50 kHz
to 10 MHz (lower end of Band 1).

(1) Reconnect the test equipment as shown in Fig-
ure 4-11. Reset FREQUENCY to 10 MHz.

(2) Set the generator output for —20 dBm at
10 MHz, and set the Spectrum Analyzer controls as
follows:

FREQUENCY 10 MHz

FREQ SPAN/DIV 500 kHz

RESOLUTION BANDWIDTH 1 MHz

REF LEVEL —20 dBm

VERTICAL DISPLAY 2 dB/DIV

MIN RF ATTEN dB 0

TIME/DIV AUTO
PEAK/AVERAGE Fully Counterclockwise

(3) Manually tune the Signal Generator towards
50 kHz while simultaneously tuning the CENTER
FREQUENCY control to hold the signal at center
screen. Note amplitude deviation, and the highest
and lowest peaks.

NOTE

As the Signal Generator is tuned towards
50 kHz, the RESOLUTION on the Spectrum
Analyzer must be reset to 100 kHz when
the generator output frequency reaches
2 MHz. Also, at approximately 200 kHz, the
Spectrum Analyzer SPAN/DIV and RESO-
LUTION must be reset to 50 kHz and
10 kHz respectively to prevent the 0 Hz
spur from interfering with the signal.

Spectrum Analyzer Under Test

Signal Source (10 KHz-10 MHz)

00,0

o 1]

s O L_[ RF IN

50 Ohm Qutput

~—

N to BNC Adapter

6032-04

Figure 4-11. Test equipment setup for measuring 10 kHz to 10 MHz frequency response.
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(4) Check that amplitude deviation from the
100 MHz reference does not exceed +2.5 dB. Also
check that flatness is within =1.5 dB.

10. Check Display Dynamic Range and Accu-
racy

(80 dB in 10 dB/DIV mode, with an accuracy of
+1.0 dB/10 dB to a maximum cumulative error of
+2.0 dB over the 80 dB window; 16 dB in 2 dB/DIV
mode with an accuracy of +0.4 dB/2 dB to a max-
imum cumulative error of 1.0 dB over the 16 dB
window; Lin mode is +5% of full scale)

a. Connect the test equipment as shown in Figure
4-12, using the 10 dB and 1 dB step attenuators. Set
the Spectrum Analyzer controls as follows:
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FREQUENCY 100 MHz
FREQ SPAN/DIV 20 kHz

AUTO RES On

REF LEVEL +10 dBm

MIN RF ATTEN 0dB
VERTICAL DISPLAY 10 dB/DIV
NARROW VIDEO FILTER On
PEAK/AVERAGE Fully Clockwise
TIME/DIV AUTO

b. Set the attenuators for 0 dB attenuation. Set the
generator controls for a 100 MHz output frequency, and
carefully set the output level such that the signal peak is
at the top graticule line.

c. Add 80 dB of external attenuation in 10 dB steps
and note that the signal steps down in 10 dB steps.

SIGNAL SOURCE
+30 dBm to —80 dBm
100 kHz TO 10 GHz

SPECTRUM ANALYZER UNDER TEST

E@%@
a —
LC I O

CALIBRATED ATTENUATORS
10 dB AND 20 dB

= = v e e g = -

e o o em em b o -

CALIBRATED 10 dB and 1 dB STEP ATTENUATORS
OR SEPARATE 10 dB AND 1 dB ATTENUATORS

6032-05

Figure 4-12. Test equipment setup for checking display accuracy.

4-17



Performance Check Procedure — 2754/2754P Service Vol. 1

d. Check that the signal steps down in 10 dB
(£1.0 dB) steps as attenuation is added. Maximum
cumulative error should not exceed 2.0 dB over the
80 dB range.

e. Deactivate the NARROW VIDEO FILTER, return
the external attenuation to 0 dB, and change the VERTI-
CAL DISPLAY to 2 dB/DIV. Set the signal peak at the
reference (top) graticule line, with the generator output
control.

f. Add 16 dB of external attenuation in 2 dB steps,
and note that the display steps down in 2 dB steps.

g. Check the display accuracy as attenuation is
added. Error should not exceed +0.4 dB/2 dB step, or
exceed a cumulative error of +1.0 dB over the 16 dB
window.

h. Return the external attenuation to 0 dB. Change
the VERTICAL DISPLAY to LIN. Set the signal genera-
tor output for a full screen display.

i. Check that the signal amplitude decreases to
within 0.4 divisions of half screen as 6 dB of external
attenuation is added.

j- Check that the signa! amplitude decreases to
within 0.4 divisions of 1/4 screen or half the previous
amplitude as an additional 6 dB of attenuation is added.

k. Check that the signal amplitude decreases to
within +0.4 divisions of 1/8 screen or half the last
amplitude as an additional 6 dB of attenuation is added
(for a total of 18 dB).

I. Return the VERTICAL DISPLAY to 10 dB/DIV and
disconnect the generator from the RF INPUT,

11. Check Preselector Ultimate Rejection

This is a check of preselector operation, not a per-
formance requirement specification. This check applies
to the Option 01 instrument only.

a. Connect the test equipment as shown in Figure
4-12, omitting the step attenuators. Set the Spectrum
Analyzer controls as follows:

FREQUENCY 3.5 GHz (Band 2)
FREQ SPAN/DIV 10 kHz

AUTO RES On

REF LEVEL 0 dBm
VERTICAL DISPLAY 10 dB/DIV

MIN RF ATTEN 0dB

WIDE VIDEO FILTER On

TIME/DIV AUTO

b. Set the generator controls for a full screen
display output at 3.5 GHz. Peak the response by push-
ing <SHIFT> PEAK MENU, and selecting item 3
(REPEAK).
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c. Change the FREQ RANGE to band 3 (3.0-7.1
GHz).

d. Check that spurious signals are at least 100 dB
down from the level established in part b. Spurious sig-
nals above 100 dB down from the reference established
in part b indicate that the YIG-tuned preselector filter
could be defective.

12. Check RF Attenuator Accuracy (0 to 60 dB in
10 dB Steps)

(Within 0.5 dB/10 dB to a maximum of 1 dB over the
60dB range freom dc to 1.8 GHz; within
1.5 dB/10 dB to a maximum of 3 dB over the 60 dB
range from 1.8 to 18 GHz; and within 3 dB/10 dB to
a maximum of 6 dB over the 60 dB range from 18 to
21 GHz)

NOTE

This is a two part procedure. Part | checks
the first 30 dB (0—30 dB) range of the rf
attenuator, and Part |l checks the remaining
30 dB (30 dB—60 dB) range.

PART |

a. Connect the test equipment as shown in Figure
4-13. Set the Spectrum Analyzer controls as follows:

CENTER FREQUENCY Test Frequency
SPAN/DIV 200 kHz
RESOLUTION BANDWIDTH 100 kHz

REF LEVEL —30 dBm
MIN RF ATTEN 0dB

MIN NOISE On
VERTICAL DISPLAY 2 dB/DIV

NARROW VIDEO FILTER On

TIME/DIV AUTO
PEAK/AVERAGE Fully Clockwise
VIEW A and VIEW B On

b. Set the power meter controls as follows:

Mode Watts
Range Hold Out
Power Reference Out



¢. Disconnect the power sensor from the power
divider, and connect it to the the 1 mW/50 MHz refer-
ence output port through an appropriate adapter. Be
sure that the 50 MHz reference is turned off.

d. On the power meter, press Sensor Zero and wait
for the zero light to turn off. Repeat until a zero is
attained.

e. On the power meter, set the 50 MHz reference
on and set the Cal Factor switch to the 50 MHz refer-
ence. Set the power meter Cal Adj for a 1.000 mW
reading.

f. Turn off the 50 MHz reference on the power
meter, and reconnect the power sensor to the power
divider.

g. Reset the power meter controls as follows:

Cal Factor Test frequency
Mode dBm
Range Hold Out

h. Set the signal generator (HP 8350B/83595A) con-
trols as follows:

Frequency Mode CW
Frequency Test Frequency
Output Level =~5 dBm

i. Set the generator controls for a —15 dBm power
meter reading (approximately -5 dBm generator output
level).
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jo Tune the CENTER FREQUENCY control to bring
the signal to center screen.

k. The Spectrum Analyzer should be displaying a
signal of approximately —35 dBm.

l. Use the Spectrum Analyzer's AMPL CAL control
to position the signal peak at a convenient graticule line,
then activate SAVE A.

m. Establish a reference setting for the first 10 dB
increment by pressing dB{Ref} on the power meter.

n. Reset the MIN RF ATTEN dB control to 10 and
the REFERENCE LEVEL to —20 dBm. Reset the gen-
erator output level for a power meter reading of +10 dB
(10 dB increase in output level).

o. Check that the difference between the SAVE A
and VIEW B displays is less than 0.5 dB. Make a note
of the level difference between the SAVE A and VIEW B
displays.

p. To check the next 10 dB step, reset the genera-
tor for a 0 dB power meter reading, and replace the
20 dB attenuator with a 10 dB attenuator.

q. Repeat parts m through o, except that the next
MIN RF ATTEN dB setting will be 20 and the reference
level will be —10 dB (Table 4-6).

r. Repeat the procedure for the third 10 dB step
using Table 4-6 as a guide for setup information for the
third MIN RF ATTEN dB setting.
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Figure 4-13. RF attenuator test equipment setup.

Table 4-6
0 TO 30 dB RF ATTENUATOR TEST SETTINGS

Spectrum Analyzer
Reference Level

External Attenuator

Power Meter
dB(Rel)

Power Meter
dBm

—30 dBm

20 dB

0 dB=Ref

=—15 dBm

—20 dBm

20 dB

+10 dB

=—5 dBm

—20dBm

10 dB

0 dB=Ref

=—15 dBm

-10 dBm

10 dB

+10 dB

=-5 dBm

—10 dBm

0dB

0 dB=Ref

=—15 dBm

-0 dBm
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PART Il

a. The 30—60 dB range is checked in the same
fashion as the 0—30 dB range using different power
levels because of the output level limitation of the signal
generator.

b. Connect the test equipment as shown in Figure
4-13. Set the Spectrum Analyzer controls as follows:

CENTER FREQUENCY Test Frequency

SPAN/DIV 200 kHz
RESOLUTION BANDWIDTH 100 kHz
REF LEVEL —25 dBm
MIN RF ATTEN dB 30

MIN NOISE On
VERTICAL DISPLAY 2 dB/DIV

NARROW VIDEO FILTER On

TIME/DIV AUTO
PEAK/AVERAGE Fully Clockwise
VIEW A and VIEW B On

¢. Set the power meter controls as follows:

Mode Watts
Range Hold Out
Power Reference Out

d. Disconnect the power sensor from the power
divider, and connect it to the 1 mW/50 MHz reference
output port through an appropriate adapter. Be sure
that the 50 MHz reference is turned off.

e. On the power meter, press Sensor Zero and wait
for the zero light to turn off. Repeat until a zero is
attained.

f. On the power meter, set the 50 MHz reference on
and set the Cal Factor switch to the 50 MHz reference.
Set the power meter Cal Adj for a 1.000 mW reading.

g. Turn off the 50 MHz reference on the power
meter, and reconnect the power sensor to the power
divider.
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h. Reset the power meter controls as follows:

Cal Factor Test frequency
Mode dBm
Range Hold Out

i. Set the generator controls for a maximum power
meter reading, then reduce the generator output level
until the meter reads 11 dB less than the maximum.

j. Tune the CENTER FREQUENCY control to bring
the signal to center screen. The REF LEVEL may have
to be varied slightly to obtain a convenient on-screen
display.

k. Use the Spectrum Analyzer's AMPL CAL control
to position the signal peak at a convenient graticule line,
then activate SAVE A.

I. Establish a reference setting for the first 10 dB
increment by pressing dB{Ref} on the power meter.

m. Incease the MIN RF ATTEN dB setting by 10
and reset the REFERENCE LEVEL 10 dB higher than
the level set in part j. Reset the generator output level
for a power meter reading of +10 dB. Refer to Table
4-7 for setup information at each rf attenuator setting.

n. Check that the difference between the SAVE A
and VIEW B displays is less than 0.5 dB. Make a note
of the level difference between the SAVE A and VIEW B
displays.

o. Continue to check the second and third attenua-
tor steps using Table 4-7 as a guide for setup informa-
tion. Make a note of the level difference at each step
setting between the SAVE A and VIEW B displays.

p. Using the data noted in step o of Part | and
steps n and o of Part I, check that deviation over the
entire 60 dB range is less than 1 dB.
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Tabie 4-7
30 TO 60 dB RF ATTENUATOR TEST SETTINGS

Spectrum Analyzer MIN RF ATTEN dB External Attenuator Power Meter Power Meter
Reference Level Setting dB(Rel) dBm

—25 dBm 30dB 20dB 0 dB=Ref {(Maximum — 11 dBm)

—15 dBm 40 dB 20 d8 +10 dB (Maximum — 1 dBm)

—15 dBm 40 dB 10 dB 0 dB=Ref {(Maximum — 11 dBm)
~5dBm 50 dB 10 dB +10 dB {(Maximum — 1 dBm)
-5 dBm 50 dB 0dB 0 dB=Ref (Maximum — 11 dBm)
+5dBm 60 dB 0ds +10dB {(Maximum — 1 dBm)

Table 4-8
CORRECTION FACTOR TO DETERMINE TRUE SIGNAL LEVEL

dB Ratio
of Signal
Plus Noise

Deduct
Correction
Factor

13. Check IF Gain Accuracy FREQUENCY 100 MHz
F
(£0.2 dB/dB to a maximum of 0.5 dB/9 dB except REQ SPAN/DIV 10 kHz
= RESOLUTION BANDWIDTH 10 kHz
at the decade transitions of —29 dBm to — 30dBm,
REF LEVEL —-10 dBm
—39 dBm to —40 dBm, —49 dBm to —50 dBm, and
59 dB 60 dBm wh dditional 0.5 dB MIN RF ATTEN 0d8
N m to - m where an additional U. VERTICAL DISPLAY 1 dB/DIV
can occur for a total of 1 dB/decade. Maximum
o SR WIDE VIDEO FILTER On
deviation over the full 97 dB range is within £2 dB,
d in Min Noi d TIME/DIV AUTO
measured in Min Noise mode) SAVE A oft

NOTE b. Set the generator controls for a 100 MHz output

frequency, and a signal amplitude of six divisions.

¢. Activate MIN NOISE and note signal level shift.
Level shift must not exceed +0.8 dB, or 4 minor divi-
sions (attenuator plus gain accuracies).

This check requires calibrated attenuators
as the standard to check the 10 dB and 1
dB steps. When making signal measure-
ments within 10 dB of the noise floor, a

correction factor should be used to correct i
for the logarithmic addition of noise in the d. Set the output of the signal generator to re

system and analyzer, as shown in Table 4- position the signal level at the 6th graticule line.

8. e. Switch the REF LEVEL from —10 dBm to —20

in1dB i f i i
a. Connect the test equipment as shown in Figure dBm in 1 dB steps, adding 1 dB of external attenuation

4-12, using the calibrated 10 dB and 1 dB attenuators
{or connect the output of the generator directly to the
RF INPUT if individual fixed attenuators are to be used
as the standard). Set the Spectrum Analyzer controls
as follows, using the Data Entry keypad when neces-

sary:
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at each step. Note incremental accuracy and the 10 dB
gain accuracy. Incremental accuracy must be within
0.2 dB/dB. Maximum cumulative error must not exceed
0.5 dB except when stepping from the 8 dB to 10 dB
increment, where the error could be an additional
0.5 dB.



f. Deactivate MIN NOISE. Return the 1 dB step
attenuator to 0 dB, decrease the output of the signal
generator by 10 dB or add 10 dB of external attenua-
tion. Reset the generator output so the signal level is
again at the 6th graticule line.

g. Change the REF LEVEL from —-20dBm to
-30dBm, in 1dB increments, with the 1 dB step
attenuator, and note incremental and 10 dB step accu-
racies.

h. Return the 1dB step attenuator to 0 dB.
Decrease the signal level by 10dB with external
attenuation, or with the signal generator output level
control, then re-establish the signal reference ampli-
tude.

i. Check the —30 dBm to —40 dBm gain accuracies
as in part e.

j- Repeat the procedure checking gain accuracies
to —60 dBm.

k. Establish a signal reference amplitude of
—60 dBm, activate NARROW VIDEO FILTER, then
check gain accuracy to —70 dBm.

I. Decrease the RESOLUTION BANDWIDTH and
FREQ SPAN/DIV to 1 kHz. Re-establish a signal refer-
ence level of =70 dBm as described previously.

m. Check the —70 dBm to —80 dBm gain accura-
cies by repeating the process previously described.

n. Decrease the RESOLUTION BANDWIDTH to 1
kHz and FREQ SPAN/DIV to 200 Hz. Reestablish the
signal reference level and check the —80dBm to
—90 dBm and —90 dBm to —100 dBm gain accuracies.
These ranges are directly related to the —60 dBm to
—70 dBm check (part d-m).
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14. Check Gain Variation Between Resolution

Bandwidths

{Less than +=0.4 dB with respect to the 1 MHz filter
and € +0.8 dB between any two filters)

Before performing this check, do a front panel CAL
procedure by pressing <SHIFT> CAL and performing
the steps prompted by the spectrum analyzer.

a. Apply the CAL OUT signal to the RF INPUT, and
set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz

FREQ SPAN/DIV 100 kHz

RESOLUTION BANDWIDTH 1 MHz

REF LEVEL -18 dBm

MIN RF ATTEN 0dB

VERTICAL DISPLAY 1 dB/DIV (Use
Data Entry
Keypad)

MIN NOISE On

TIME/DIV AUTO

b. Activate the A A mode by pressing FINE.

¢. Reset the REFERENCE LEVEL control to position
the calibrator signal at the 7th graticule line (1 major
division from the top), then activate SAVE A to store the
1 MHz amplitude.

d. Change the RESOLUTION BANDWIDTH to
100 kHz and FREQ SPAN/DIV to 10 kHz.

o. Check that amplitude deviation from the 1 MHz
reference is no more than +0.4 dB.

f. Change the RESOLUTION BANDWIDTH to
10 kHz and the FREQ SPAN/DIV to 1 kHz.

g. Check that amplitude deviation from the 1 MHz
reference level is no more than =0.4 dB.

h. Change the RESOLUTION BANDWIDTH to 1 kHz
and the FREQ SPAN/DIV to 200 Hz.

i. Check that the amplitude deviation from 1 MHz is
no more than 0.4 dB.

j- Check variation between any two fiiters (0.8 dB)
by finding the filter that has the lowest amplitude, sav-
ing it it on the "A" trace, and comparing the other filters
to the saved trace.
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Table 4-9
SENSITIVITY
EQUIVALENT INPUT NOISE (dBm) VERSUS RESOLUTION BANDWIDTH?®

100 kHz

Band/Frequency

Band 1-3
50 kHz - 7.1 GHz

Band 4
5.4 -12.0 GHz

Band 4-5
12.0-21.0 GHz

15. Check Sensitivity
(Refer to Table 4-9)

NOTE

Sensitivity is specified according to the
input mixer average noise level. The Cali-
brator signal is the reference used to cali-
brate the display.

a. Remove the CAL OUT signal from the RF INPUT,
and terminate the RF INPUT with its characteristic
impedance. Set the Spectrum Analyzer controls as fol-
lows:

FREQ RANGE 0—4.2 GHz
FREQ SPAN/DIV MAX
RESOLUTION BANDWIDTH 1 MHz

REF LEVEL —50 dBm

MIN RF ATTEN 0dB
VERTICAL DISPLAY 10 dB/DIV
WIDE VIDEO FILTER On
PEAK/AVERAGE Fully Clockwise
TIME/DIV 1s

b. Check that the noise floor (level) is down 85 dB
or more as per Table 4-9 (35 dB down or more from the
—50 dBm REF LEVEL).

8 Equivalent maximum input noise (average noise for each resolu-
tion bandwidth with internal mixer).

b Option 07 replaces the 100 kHz filter with a 300 kHz fiiter.
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¢. Reset the RESOLUTION BANDWIDTH to
100 kHz.

d. Check that the noise floor (level) is down 95 dB
or more as per Table 4-9 (45 dB down or more from the
—50 dBm REF LEVEL).

e. Reset the RESOLUTION BANDWIDTH to 10 kHz,
and activate the NARROW VIDEO FILTER.

f. Check that the noise floor (level) is down
105 dBm or more as per Table 4-9 (55 dB down or
more from the —50 dBm REF LEVEL).

g. Reset the RESOLUTION BANDWIDTH to 1 kHz.

h. Check that the noise floor (level) is down 115
dBm or more as per Table 4-9 (65 dB down or more
from the —50 dBm REF LEVEL).

i. Repeat this procedure for the remaining coaxial
input frequency range (0 to 21 GHz)



16. Check Residual Spurious Response

(With no input signal, —100 dBm or less, with refer-
ence to the mixer input and fundamental mixing for
Bands 1-3)

a. Remove any signal connected to the RF INPUT,
and terminate the RF INPUT in 50 ohms. Set the Spec-
trum Analyzer controls as follows:

FREQUENCY 50 MHz
FREQ SPAN/DIV 10 MHz
RESOLUTION BANDWIDTH 10 kHz
REF LEVEL —50 dBm
MIN RF ATTEN 0 dB
VERTICAL DISPLAY 10 dB/DIV
TIME/DIV AUTO
PEAK/AVERAGE cew

b. Scan the frequency range of bands 1, 2, or 3 in
100 MHz increments. Note the amplitude of any spuri-
ous response. Spurii amplitude must not exceed
—~100 dBm. (Push <SHIFT> STEP SIZE. This allows
changing center frequency in 50 MHz increments by use
of the + STEP function.)
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17. Check Intermodulation Distortion

(Third order products at least 70 dB down from any
two on-screen signals, within any frequency span in
Band 1)

a. Connect the test equipment as shown in Figure
4-14, and set the Spectrum Analyzer controls as fol-
lows:

FREQ RANGE 0-4.2 (Band 1)

FREQ SPAN/DIV 5 MHz
RESOLUTION BANDWIDTH 100 kHz
REF LEVEL —-30 dBm
MIN RF ATTEN 0dB
VERTICAL DISPLAY 10 dB/DIV
TIME/DIV AUTO

b. Set the generator outputs approximately 2 MHz
apart within the frequency range of band 1, and set the
output levels for full screen signals.

c. Decrease the separation of the generator fre-
quencies to 1 MHz. Reset the FREQ SPAN/DIV to
500 kHz and RESOLUTION BANDWIDTH to 10 kHz.

d. Check that the third order IM products are at
least 70 dB down from the input signal level. See Fig-
ure 4-15,

NOTE

Use the Video Filter and very slow sweep
rates to help resolve these sidebands.

e. Decrease the signal separation and FREQ
SPAN/DIV settings and re-check for sidebands. Check
for IM products at other spans of the frequency range.
IM products should be =70 dBc or more.

SIGNAL GENERATOR #1

SPECTRUM ANALYZER UNDER TEST

5

O

SIGNAL GENERATOR #2

050
WF IN

! O

o

o]

] o 000

o

N TO BNC ADAPTER

20 dB ATTENUATOR

20 dB ATTENUATOR

BNC T-CONNECTOR

6032-06

Figure 4-14. Test equipment setup for checking intermodulation distortion.
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f. Change the FREQUENCY RANGE to Band 2 (1.7

- 5.5 GHz), FREQ SPAN/DIV to 50 MHz, and RESOLU-
TION BANDWIDTH to 100 kHz.
g. Reset the generator outputs approximately
2 MHz apart within the frequency range of band 2, and
ot =t 41, oo 1 set the output levels for full screen signals. Reduce the
! 2 - 2 1 FREQ SPAN/DIV and RESOLUTION BANDWIDTH so
\ Ay Ay / the noise floor is at least 70 dB down from the refer-
l ! ence level,
freq. fy fo » h. Check that IM products are at least 70 dB down
Third (3rd) Order Intermodulation Products 272715 from the input signal level or top of the screen.
Figure 4-15. Intermodulation products. 18. Check Harmonic Distortion

(—60 dBc or less from 50 kHz to 21 GHz, tested at
—40 dBm in MIN DISTORTION mode)

a. Connect the test equipment as shown in Figure
4-16, and set the Spectrum Analyzer controls as fol-
lows:

Spectrum Analyzer Under Test

Signal Source B fF‘——T O
-
o~

|
=)
[

Bandpass or Lowpass Filter

6032-07

Figure 4-16. Test equipment setup for checking harmonic distortion.
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FREQUENCY

FREQ SPAN/DIV
AUTO RES

REF LEVEL

MIN RF ATTEN
VERTICAL DISPLAY
WIDE VIDEO FILTER
MIN DISTORTION
VIEW A and VIEW B
TIME/DIV

same as the signal generator

5 MHz

On

—40 dBm
0dB

10 dB/DIV
On

On

On

AUTO

b. Adjust the generator frequency for maximum
amplitude and set the generator output level for a full

screen (—40 dBm) signal.

In Figure 4-16, the filter shown must have a
minimum of 40 dB rolloff to attenuate multi-
ples of the generator frequency, and the
frequency of the signal generator depends
on the frequency characteristics of the filter.

¢. Set the CENTER FREQUENCY to (2 X Input Fre-
quency), FREQ SPAN/DIV to 500 kHz, and the RESO-

LUTION BANDWIDTH to 10 kHz.

d. Check that the second harmonic of the input sig-
nal is at least 60 dB below the —40 dBm carrier.

e. Set the CENTER FREQUENCY to the 3rd har-

monic.

f. Check that the third harmonic of the input signal
is at least 60 dB down from the —40 dBm carrier.

19. Check LO Emission
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(=10 dBm or less to 21 GHz) (—70 dBm or less for

Option 01)

a. Monitor the RF INPUT with a high frequency

Center Frequency
Span/Div

Min RF Atten dB
Vertical Display
Time/Div
Triggering
Baseline Clip
Reference Level
Auto Resolution
View A and View B
Video Filter
Peak/Average

spectrum analyzer such as a 492A or 2755. Set the
test spectrum analyzer controls as follows.

2072 MHz
2 MHz

0

10 dB/DIV
Auto

Free Run
Oft

—-70 dBm
On

On

Wide

Fully Clockwise

b. Set the Spectrum Analyzer under test as follows.

CENTER FREQUENCY
REF LEVEL

SPAN/DIV

MIN RF ATTEN dB
PEAK/AVERAGE

0 Hz

—-30 dBm

100 kHz

0

Fully Clockwise

¢. Check for any indication of LO emission. LO

emission must be less than —10 dBm (—70 dBm for
Option 01),
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TO 10 MHz IF OUTPUT STEP ATTENUATOR

(REAR PANEL)

me

TEST SPECTRUM ANALYZER

RF INPUT

Wy

‘ { 1dB

RF INPUT
SPECTRUM ANALYZER
UNDER TEST

SIGNAL GENERATOR POWER METER

] -]

l I ; |
©000 Q) o © o

o

10dB

OUTPUT

POWER SENSOR

—]

1d8

STEP ATTENUATORS

6032-08

Figure 4-17. Test equipment setup for checking 1 dB input compression point.
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20. Check 1 dB Compression Point
{(—20 dBm Bands 1 through 5)
NOTE
Calibrate the power meter before making
this measurement.

a. Use the power meter to set the output level of a
signal generator to 0 dBm at 1.7 GHz. Be sure not to
disturb the output level setting of the generator.

b. Connect the test equipment as shown in Figure
4-17, using the generator with the calibrated output
level. Set the Spectrum Analyzer controls as follows:

FREQUENCY 1.7 GHz
FREQ SPAN/DIV 100 kHz
AUTO RES on

REF LEVEL ~30 dBm
MIN RF ATTEN 0dB
VERTICAL DISPLAY 10 dB/DIV
VIEW A and VIEW B On
TIME/DIV AUTO

c. Set the attenuators for 25 dB of attenuation.

d. Monitor the 10 MHz IF output on the rear panel
with a test spectrum analyzer through a 1 dB step
attenuator. Set this step attenuator for 0 dB of attenua-
tion.

e. Set the test spectrum analyzer controls as fol-
lows:

Center Frequency 10 MHz
Frequency Span/Div 1 MHz
Resolution Auto

Ref Level —20 dBm
Vertical Display 2 dB/Div
Time/Div Auto

Adjust the generator frequency to center the signal
displayed by the spectrum analyzer.

§
[Oki

f. Activate ZERO SPAN and set the CENTER FRE-
QUENCY control to maximize the 10 MHz signal on the
test spectrum analyzer display.

g. Reset the test spectrum analyzer reference level
for a four division excursion of the signal.

h. Increase the input signal level to the Spectrum
Analyzer by switching out 1 dB of attenuation between
the signal generator and the RF INPUT. Add 1 dB of
attenuation between the 10 MHz IF output and the test
spectrum analyzer.

i. Check that the 10 MHz IF output level on the test
spectrum analyzer display remains constant as 1 dB of
attenuation is removed from the generator output path
and inserted in the 10 MHz IF output path.

j- Continue to increase the input signal level to the
RF INPUT by 1 dB increments while increasing the
attenuation between the 10 MHz IF output and the test
spectrum analyzer until the signal amplitude decreases
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1 dB (0.5 division). This is the 1 dB compression point.

k. Check that the 1 dB compression point occurs at
—20 dBm or less (20 dB or less attenuation between the
generator and the RF INPUT).

21. Check Triggering Operation and Sensitivity

{(2.0 divisions or more for internal trigger, and 1.0 V
peak for external trigger (15 Hz to 1 MHz)}

a. Connect the test equipment as shown in Figure
4-18,

b. Set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz
FREQ SPAN/DIV 10 kHz
RESOLUTION BANDWIDTH 1 MHz
REF LEVEL —30 dBm
VERTICAL DISPLAY LIN
TRIGGERING INT
TIME/DIV 5ms
VIEW A and VIEW B Off

¢c. Set the signal source output amplitude for
—30 dBm, and an output frequency of 100 MHz. Note
that the signal source will be modulated by the function
generator.

d. Decrease the output of the signal source so the
display is half screen, then modulate the signal source
with a 1 kHz sine wave.

e. Activate ZERO SPAN and, if necessary, reset the
CENTER FREQUENCY control for maximum response.

f. Set the function generator output for a modula-
tion amplitude of two divisions.

g. Check the internal trigger operation in the 15 Hz
through 1 MHz frequency range.

NOTE

Because of deflection amplifier response,
the display amplitude will decrease at the
high frequency end. The triggering signal
can also be applied to the MARKER/VIDEO
connector on the rear panel if a jumper is
connected between pins1 and 5 (Video
Select) of the rear-panel ACCESSORIES
connector (Figure 4-19).
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FUNCTION GENERATOR

SPECTRUM ANALYZER UNDER TEST

el A

o T

T i = !

o J\L,iiﬁ — 7—;}7 ——7—J?‘"ﬁl

L _ - —1
RF IN

MODULATED RF

6097-01

Figure 4-18. Test equipment setup for checking internal trigger characteristics.

h. Reconnect the test equipment as shown in Fig-
ure 4-20.

i. Set the function generator output frequency at
1 kHz, and output level at 2 V peak-to-peak, as indi-
cated on the test oscilioscope.

j. Activate EXT TRIGGERING.

k. Check that the sweep is triggered over the fre-
quency range of 15 Hz to 1 MHz.

I. Return the TRIGGERING to FREE RUN and the
input signal level to 0 V.

22, Check External Sweep Operation

{0 to 10 V (dc + peak ac) =1 V for a full screen
deflection}

This is an operational check, not a performance
requirement.

a. Connect the test equipment as shown in Figure
4-20. Set the Spectrum Analyzer controls as follows:

VERTICAL DISPLAY 2 dB/DIV
TIME/DIV EXT
VIEW A and VIEW B off

b. Set the function generator controls for no output

o V).
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¢. Use the POSITION control to position the cit
beam on the left graticule edge. This establishes the
0 V reference.

d. Reset the function generator output frequency to
1 kHz, and increase its output level for a full 10-division
sweep on the Spectrum Analyzer.

e. Check that the function generator output level is
20 V peak-to-peak =2 V.
NOTE

A variable voltage source can be used in
place of the function generator to check
external sweep operation. If used, the
range would be OV to +10 V.

f. Disconnect and remove the test equipment.
Return TIME/DIV to AUTO.

23. Check VERT OUTPUT Signal

(0.5 V =5% per division of display from the center-

line)

This is an operational check, not a performance
requirement.

a. Monitor the VERT OUTPUT with a dc-coupled
test oscilloscope.



PROBE HORIZ | TRIG  MARKER | VIDEO
POWER o—1ov | 1vex 0-(=10V)] 04V
+15 V MAX

+50 V MAX +10 V MAX
. EXTIN J

TO AVOID ELECTRICAL SHOCK THE POWER C
CONDUCTOR MUST BE CONNECTED TO EARY
ENCLOSURE. REFER SERVICING TO QUALIFIE

CAUTION
Pin 1, Video Select ~

J104 ACCESSORY
Pin 5, Ground /
N V4

®| (@l TN @) (@ ¢

NOT R5232 COMPATIBLE

Place jumper between pin 1 and pin 5 to select

EXTERNAL VIDEO.
4416-27

Figure 4-19. External video select pins on ACCESSORIES
connector and input to the MARKER | VIDEO for signal to
check internal triggering.
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b. Set the test oscilloscope controls for a sensitivity
of 1 V/div and a sweep rate of 10 ms.

¢. Set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz
FREQ SPAN/DIV 100 kHz
RESOLUTION BANDWIDTH 100 kHz
REF LEVEL —20 dBm
VERTICAL DISPLAY 2 dB/DIV
VIEW A and VIEW B off
TRIGGERING FREE RUN
TIME/DIV AUTO

d. Apply the CAL OUT signal to the RF INPUT and
verify that the signal amplitude is full screen.

e. Check that the amplitude of the VERT OUTPUT
signal is 4V peak-to-peak +0.2V centered around
0 Vdc as displayed on the test oscilloscope. See Figure
4-21,

24. Check HORIZ OUTPUT Signal Level
(0.5 V/division 5% either side of center)

This is an operational check, not a performance
requirement.

a. Monitor the HORIZ OUTPUT with a dc-coupled
test oscilloscope.

Test Oscilloscope

Function
Generator
-

|
i

sl
ol

il
0]

ollllll
il

oL
d
d
u

Spectrum Analyzer Under Test
{Rear Panel)

6032-10

Figure 4-20. Test equipment setup for checking external triggering and horizontal Input characteristics.
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b. Set TIME/DIV to MNL, and vary the MANUAL

SCAN control for a five division beam deflection left and

right of center screen. Note the voltage sweep on the v ]
test Oscilloscope as the MANUAL SCAN control is 3
varied. %
c. Check that the output voltage varies 5V +10% [ 1
peak-to-peak, centered around 0 Vdc. 3
d. Reset the TIME/DIV to AUTO. Disconnect and \ —05 V/DIVISION OF DISPLAY
remove the test equipment. / \(4.0 V FOR FULL SCREEN) ov

5565-74

Figure 4-21. Test oscilloscope display of VERT output with a
full screen display on the Spectrum Analyzer.
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GPIB VERIFICATION PROGRAM

This verification program can be used with a TEK-
TRONIX 4050-Series Computer Terminal to check the
functional operation of the GPIB interface in the Spec-
trum Analyzer. All interface lines are verified as well as
all interface messages, except those for parallel poll. In
addition, the instrument interface is checked for opera-
tion on other primary addresses, as well as the talk-only
and listen-only modes.

The program is written in TEKTRONIX 4050 BASIC,
and is divided into individual tests, each for a specific
interface line, message, or function. The tests start on
even 1000 line numbers to allow easy modification of
the program.

The following describes the function of each test in
the program.

Lines 1-5000: Interfaces to user definable keys for
recovery from a failed test.

Lines 5000-8000: Inputs the primary address of the
Spectrum Analyzer under test (1 should be used).

Lines 6000-7000: ID query response test. The
instrument must be able to talk and listen, to send out
its ID? response and manipulate all eight of the DIO
lines for the test to be successful.

Lines 7000-8000: Local lock-out test. Tests correct
operation of the interface message that should disable
all programmable front-panel controls.

Lines 8000-9000: Go to LOCAL test. Tests correct
operation of the interface message that should enable
all front-panel controls.

Lines 9000-10000: Group Execute Trigger test.
Checks that a GET message does cause the Spectrum
Analyzer to abort the present sweep and re-arm the
trigger, causing a sweep to start and end, sending out
an End-of-Sweep SRQ. Thus, the SRQ line and GET
message are verified.

Lines 10000-11000: Selected Device Clear Test.
This test verifies that an SDC message resets the Spec-
trum Analyzer's GPIB output buffer clearing out it's ID?
response.

Lines 11000-12000: Device clear test. This test is
identical to the selected device clear test, except the
universal command DCL is used instead.

Lines 12000-13000: Addressed as listener, talker
test. This test checks that the microprocessor correctly
recognizes that the GPIA chip has been addressed to
listen or talk, and sends the appropriate character to
the crt readout (L or T).

Lines 13000-14000: Serial Poll test. This checks
correct operation of the serial poll enable (SPE) and
serial poll disable (SPD) interface messages. The

status byte is read, and if anything other than ordinary
operation is indicated, the instrument fails the test.

Lines 14000-15000: GPIB rear panel switch test. All
five primary address switches are checked for correct
operation. Three subroutines are called in the process
of testing one address switch. The first two send a for-
matted message to the 4050 display, and the third per-
forms the address switch test.

Lines 15000-16000: Line feed or EOI switch test.
Checks for correct selection of line feed as a termina-
tion when selected by this switch by sending an ID? ter-
minated only by a line feed.

Lines 16000-17000: Talk-only mode test. When
selected, this mode should cause the instrument to
send a SET? response and (optionally) a CURVE?
response whenever the RESET-TO-LOCAL button is
pressed. The string received from the instrument is
thus examined for existence of a portion of the correct
SET? response after the RESET-TO-LOCAL button is
pressed.

Lines 17000-18000: Listen-only mode test. When
selected, this mode will cause the instrument to
respond to any message on the bus, since it is always
addressed to listen. The command REF O is sent to the
bus without addressing the instrument, then the listen-
only mode is deselected and the instrument interro-
gated to see if it did respond to the REF command
while in the listen-only mode.

Lines 18000-19000: Interface clean (and Remote
Enable) test. This IFC line on the GPIB will unaddress
the instrument's interface. This is verified by noting that
the L is not present in the crt readout, indicating that
the IFC line worked; also the REN line will be
unasserted when the end statement is executed (except
for some early 4052 and 4054's). Thus, a front panel in
the local mode indicates that the REN line was success-
fully unasserted. (Evidence it was asserted is that the
instrument was able to execute commands sent to it by
previous tests.)

Lines 19000-end: Utility routines. Rear panel inter-
face switch test text routine puts headers on the inter-
face switch test display. The rear panel test text rou-
tine tells the operator what to do after changing the
address switches. Test address switch acquires an ID?
response from the instrument on its new address during
the address switch test. The SRQ handler will handle
SRQ's that occur, although none would be expected,
except the power-up SRQ. (The end of sweep SRQ
during the GET test is handled by another SRQ
handier.) Delay Generator generates delays for other
tests. The Failure Decision Handler allows the program
to be restarted with the user-definable keys if any test
fails.
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1 GO TO 5000

4 B2=1

5 RETURN

20 B2=5

21 RETURN

5000 REM *** 275XP GPIB VERIFICATION PROGRAM ***
5030 INIT

5040 ON SRQ THEN 19280

5050 DIM V$(400),W$(400)

5060 17=0

5070 PAGE

5080 PRINT "J J JENTER 275XP'S PRIMARY ADDRESS (DEFAULT = 1)
5090 INPUT T$

5100 IF T$<>"" THEN 5130

5110 A1=1

5120 GO TO 5180

5130 A1=VAL(T$)

5140 IF A1>0 AND A1<31 THEN 5180

5150 PRINT "J J JGERROR! “A1;" IS NOT A VALID ADDRESS";
5160 PRINT " ONLY 0 THRU 30 ARE VALID ADDRESSESKK'
5170 GO TO 5080

5180 PAGE

5190 REM

5200 REM

5210 REM

5220 REM

5230 REM

6000 REM ***"ID* QUERY RESPONSE ***

6010 PRINT "** "ID"* QUERY RESPONSE ***"

6020 PRINT @AT:"INIT;ID?;SIG"

6030 INPUT @A1:T$

6040 V$=SEG(T$,1,9)

6050 IF V$="ID TEK/27" THEN 6080

6060 PRINT "JJ J*** "ID" QUERY RESPONSE *** FAIL ***G"
6070 GO TO 19530

6080 WBYTE @32+A1:64,128,-127

6090 PRINT @A1:"WFM ENC:BIN;CUR?"

6100 PRINT @37,0:37,255,255

6110 INPUT %A1:T$

6120 WBYTE @64+A1:

6130 RBYTE R,R,R,T6

6140 WBYTE @95:

6150 IF R=>128 AND T6<128 THEN 7000

6160 PRINT *JJ J*** DIO8 TEST *** FAIL ***G"

6170 GO TO 19530

6180 REM

6190 REM

6200 REM

6210 REM

6220 REM

7000 REM *** LOCAL LOCK-OUT.............. LLO ***

7010 PRINT "*** LOCAL LOCK-OUT.......... LLO ***

7020 WBYTE @32+A1,17:

7030 PRINT @A1:"SET?"

7040 INPUT @A1:V$

7050 PRINT "l 1275XP IN LOCAL LOCK-OUT MODE (LLO)"
7060 PRINT "I IATTEMPT TO USE 275XP CONTROLS"
7070 PRINT "l |PRESS RETURN <CR> WHEN DONE *;
7080 INPUT T$

7090 PRINT @A1:"SET?"
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7100 INPUT @AT:W$

7110 IF W$ <>V$ THEN 7130

7120 GO TO 8000

7130 PRINT "J*** LOCAL LOCK-OUT............. LLO *** FAIL ***G"
7140 GO TO 19530

7150 REM

7160 REM

7170 REM

7180 REM

7190 REM

8000 REM *** GO TO LOCAL............. GTL ***

8010 PRINT @A1:"INIT; TIM?"

8020 INPUT @A1:R

8030 PRINT @A1:'TIM INC"

8040 PRINT "*** GO TO LOCAL............. GTL ***

8050 WBYTE @32+A1,1:

8060 PRINT @A1:'TIM?"

8070 INPUT @A1:T6

8080 IF R<>T6 THEN 8100

8090 GO TO 9000

8100 PRINT "J**** GO TO LOCAL........... GTL *** FAIL **G"
8110 GO TO 19530

8120 REM

8130 REM

8140 REM

8150 REM

8160 REM

9000 REM *** GROUP EXECUTE TRIGGER.......GET ***
9010 PRINT "** GROUP EXECUTE TRIGGER...GET ***'
9020 ON SRQ THEN 9120

9030 17=0

9040 PRINT @A1:"INIT;TIM 100M;SIG;EOS ON"

9050 WBYTE @32+A1,8:

9060 T6=3

9070 GOSUB 19390

9080 PRINT @A1:"EOS OFF"

9090 IF 17<>1 THEN 9150

9100 ON SRQ THEN 19280

9110 GO TO 10000

9120 WBYTE @20

9130 17=1

9140 RETURN

9150 PRINT "GROUP EXECUTE TRIGGER...GET *** FAIL **G"
9160 GO TO 19530

9170 REM

9180 REM

9190 REM

9200 REM

9210 REM

10000 REM *** SELECTED DEVICE CLEAR...SDC ***
10010 PRINT "*** SELECTED DEVICE CLEAR...SDC **'
10020 PRINT @A1:"ID?"

10030 WBYTE @32+A1,4:

10040 WBYTE @64+AT:

10050 RBYTE R

10060 IF ABS (R)<>255 THEN 10080

10070 GO TO 11000

10080 PRINT "*** SELECTED DEVICE CLEAR........SDC *** FAIL ***G"
10090 GO TO 19530

10100 REM
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10110 REM

10120 REM

10130 REM

10140 REM

11000 REM *** DEVICE CLEAR........... DCL **

11010 PRINT "*** DEVICE CLEAR............ DCL ***

11020 PRINT @A1:"ID?"

11030 WBYTE @20:

11040 WBYTE @64+A1:

11050 RBYTE R

11060 IF ABS (R)<>255 THEN 11080

11070 GO TO 12000

11080 PRINT "*** DEVICE CLEAR........... DCL *** FAIL ***G"
11090 GO TO 19530

11100 REM

11110 REM

11120 REM

11130 REM

11140 REM

12000 REM ** ADDRESSED AS LISTENER, TALKER ***
12010 PRINT "*** 275XP ADDRESSED AS LISTENER..***"
12020 WBYTE @32+A1:76,79,82,68,79,-63

12030 T6=1

12040 GOSUB 19390

12050 INPUT @A1:V$

12060 T$=SEG (V$,16,1)

12070 IF T$="L* THEN 12100

12080 PRINT "J*** 275XP ADDRESSED AS LISTENER *** FAIL ***G"
12090 GO TO 19530

12100 PRINT "** 275XP ADDRESSED AS TALKER....***"
12110 PRINT @A1:"INIT;TIM 50M;SIG;SIG;WAI;LORDO?"
12120 INPUT @A1:V$

12130 T$=SEG (V$,16,1)

12140 IF T$="T" THEN 13000

12150 PRINT "*** 275XP ADDRESSED AS TALKER *** FAIL ****
12160 GO TO 19530

12170 REM

12180 REM

12190 REM

12200 REM

12210 REM

13000 REM *** SERIAL POLL ***

13010 PRINT "*** SERIAL POLL.........SPD/SPE ***"

13020 WBYTE @95,63,24,64+A1:

13030 RBYTE R

13040 WBYTE @95,25:

13050 IF R=0 OR R=16 THEN 13080

13060 PRINT "J*** SERIAL POLL *** FAIL ***G"

13070 GO TO 19530

13080 T6=3

13090 GOSUB 19390

13100 REM

13110 REM

13120 REM

13130 REM

13140 REM

14000 REM *** GPIB INTERFACE REAR PANEL SWITCH TEST ***
14010 PAGE

14011 WBYTE @32+A1, 20, 63:

14020 A1=2
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14030 GOSUB 19000

14040 PRINT" 01010100010
14050 GOSUB 19070

14060 GOSUB 19190

14070 PAGE

14080 A1=4

14090 GOSUB 19000

14100 PRINT" 01010 100100"
14110 GOSUB 19070

14120 GOSUB 19190

14130 PAGE

14140 A1=8

14150 GOSUB 19000

14160PRINT" 0 1010 101000"
14170 GOSUB 19070

14180 GOSUB 19190

14190 PAGE

14200 A1=16

14210 GOSUB 19000

14220 PRINT" 0 10 10 1L10000"
14230 GOSUB 19070

14240 GOSUB 19190

14250 REM

14260 REM

14270 REM

14280 REM

14290 REM

15000 REM *** "LF" OR "EOI" SWITCH ***
15010 PAGE

15020 A1=1

15030 GOSUB 19000

15040 PRINT" 0 1O 1100001"
15050 GOSUB 19070

15060 PRINT *J JTESTING" "LF" "OR" "EOI" "SWITCH"
15070 GOSUB 19190

15080 WBYTE @32+A1:73,68,63,10
15090 INPUT @A1:T$

15100 T$=SEG (T$,1,9)

15110 IF T$="ID TEK/27" THEN 15140
15120 PRINT "J"LF" "OR" "EOI" "SWITCH *** FAIL ***G"
15130 GO TO 19530

15140 T6=2

15150 GOSUB 19390

15160 REM

15170 REM

15180 REM

15190 REM

15200 REM

16000 REM *** TALK ONLY MODE ***
16010 PAGE

16020 GOSUB 19000

16030 PRINT" 0 | 1 10100001"
16040 GOSUB 19070

16050 PRINT "J J JTESTING TALK ONLY"
16060 INPUT @A1:V$

16070 I7=POS (V$,"FINE OFF",1)

16080 IF 17<>0 THEN 17000

16090 PRINT *J J JTALK ONLY MODE *** FAIL ***G"
16100 GO TO 19530

16110 REM
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16120 REM

16130 REM

16140 REM

16150 REM

17000 REM *** LISTEN ONLY MODE ***

17010 PAGE

17020 GOSUB 19000

17030 PRINT" 11 01 0 LOOOO 1"

17040 GOSUB 19070

17050 PRINT *J J JTESTING LISTEN ONLY"

17060 PRINT @A1:"INI"

17070 T6=0.5

17080 GOSUB 19390

17090 WBYTE 82,69,70,32,-48

17100 PAGE

17110 GOSUB 19000

17120 PRINT " 01 0] 01 00001"

17130 GOSUB 19070

17140 PRINT @A1:"REF?"

17150 INPUT @A1:V$

17160 IF V$<>"REFLVL +0.0" THEN 17180

17170 GO TO 18000

17180 PRINT *J J JLISTEN ONLY MODE *** FAIL ***G"

17190 GO TO 19530

17200 REM

17210 REM

17220 REM

17230 REM

17240 REM

18000 REM *** INTERFACE CLEAR AND REMOTE ENABLE TEST......IFC & REN ***
18010 PAGE

18020 PRINT "J J JTESTING IFC (INTERFACE CLEAR), AND REN (REMOTE ENABLE)"
18030 WBYTE @32+A1:

18040 T6=3

18050 GOSUB 19390

18060 PRINT "J JCHECK THE 275XP CRT, FOR AN "L BETWEEN THE VERTICAL"
18070 PRINT "DISPLAY AND THE MIN RF ATTEN READOUTS."

18080 PRINT "JPRESS RETURN TO CONTINUE.";

18090 INPUT P$

18100 INIT

18110 PRINT "JIF AN" "L" "IS STILL PRESENT, THE IFC LINE IS FAULTY,"
18120 PRINT "IF THE" “L" "VANISHED, IFC TESTED OK."

18130 PRINT "J JCHECK ALSO THE 275XP FRONT PANEL FOR PROPER LOCAL CONTROL"
18140 PRI *IF THE FRONT PANEL IS LOCKED OUT, THE REN LINE IS FAULTY, IF"
18150 PRINT "NOT, REN TESTED OK"

18160 PRINT "J J JGPIB VERIFICATION COMPLETEG"

18170 END

18180 REM

18190 REM

18200 REM

19000 REM *** REAR PANEL INTERFACE SWITCH TEST TEXT ROUTINE ***
19010 PRINT "SET GPIB ADDRESS SWITCHES TO:"

19020 PRINT "J JLISTENI TALKILF ORI ADDRESS"

19030 PRINT " ONLYIONLYIEOII16 84 21"

19040 PRINT "=neemc] =mee] mmmee] mmmmmcee- "

19050 RETURN

19060 REM

19070 REM *** REAR PANEL TEST TEXT ROUTINE ***

19080 PRINT "J JAFTER CHANGING THE SWITCHES, "

19090 PRINT "PRESS THE REMOTE/LOCAL BUTTON ONCEJ J*
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19100 PRINT "I[(NOTE: IF YOU GET A GPIB INTERFACE ERROR MESSAGE,"

19110 PRINT "L IT MEANS THAT THE SWITCH(ES) WERE'NT "
19120 PRINT "L READ CORRECTLY. TO RE-TEST, TYPE"

19130 PRINT "L "RUN"™ FOLLOWED BY THE LINE NUMBER IN THE"
19140 PRINT "L ERROR MESSAGE) *

19150 PRINT "JJ|PRESS RETURN <CR> WHEN DONE "
19160 INPUT T$

19170 RETURN

19180 REM

19190 REM *** TEST ADDRESS SWITCH ***

19200 PRINT @A1:"1D?"

19210 INPUT @A1:T$

19220 T$=SEG (T$.1,9)

19230 IF T$="ID TEK/27" THEN 19260

19240 PRINT "ADDRESS SWITCH TEST FAIL"
19250 GO TO 19530

19260 RETURN

19270 REM

19280 REM *** SRQ HANDLER ***

19290 T6=3

19300 GOSUB 19390

19310 POLL Z1,Z1;A1

19320 PRINT @A1:"ERR?"

19330 INPUT @A1:S$

19340 PRINT "GGAN INTERRUPT OCCURRED ON THE BUS, THE 275XP RETURNS ":S$
19350 PRINT "JPRESS RETURN <CR> TO CONTINUE *;
19360 INPUT T$

19370 RETURN

19380 REM

19390 REM *** DELAY GENERATOR ***

19410 REM *** T6 GIVEN IN SEC (GLOBAL) *** 19 SCRATCH ***
19420 IF T6<0 THEN 19510

19430 IF RND (0)>0.5 THEN 19490

19440 REM *** 4051 ***

19450 T6=T6*220

19460 FOR 19=1 TO T6

19470 NEXT 19

19480 GO TO 19510

19490 REM *** 4052

19500 CALL "WAIT",T6

19510 T6=0

19520 RETURN

19530 REM **** FAILURE DECISION HANDLER ****
19540 PRINT "J JISELECT A UDK:"

19550 PRINT "L (1) RE-START"

19560 PRINT "L (5) END"

19570 SET KEY

19580 B2~0

19590 IF B2<>1 AND B2<>5 THEN 19590
19600 IF B2=5 THEN 19630

19610 PAGE

19620 GO TO 6000

19630 END

4-39



Qservice ----- This Document is a complete scan from the Original Tektronix Manual ----- Qservice

Section 5 — 2754/2754P Service Vol. 1

ADJUSTMENT PROCEDURE

Introduction

If the instrument performance is not within specified
requirements for a particular characteristic, determine
the cause, repair if necessary, then use the appropriate
adjustment procedure to return the instrument operation
to performance specification. After any adjustment,
verify performance by repeating that part of the Perfor-
mance Check.

Allow the instrument to warm up for at least one
hour, in an ambient temperature of +20° C to +30° C
before making any adjustments. Waveform illustrations
in the adjustment procedure may be idealized and
should not be construed as being representative of
specification tolerances.

CAUTION

STATIC DISCHARGE CAN DAMAGE MANY
SEMICONDUCTOR COMPONENTS USED
IN THIS INSTRUMENT.

Many semiconductor components, espe-
cially MOS types, can be damaged by static
discharge. Damage may not be catas-
trophic and, therefore, not immediately
apparent. It usually appears as a degrada-
tion of the semiconductor characteristics.
Devices that are particularly susceptible
are: MOS, CMOS, JFETs, and high
impedance operational amplifiers (FET input
stages.) The damaged parts may operate
within accepted limits over a short period,
but their reliability will have been severely
impaired. Damage can be significantly
reduced by observing the following precau-
tions.

1. Handle static-sensitive components or
circuit assemblies at or on a static-free sur-
face. Work station areas should contain a
static-free bench cover or work plane such
as conductive polyethylene sheeting and a
grounding wrist strap. The work plane
should be connected to earth ground.

2. All test equipment, accessories, and
soldering tools should be connected to
earth ground.

3. Minimize handling by keeping the com-
ponents in their original containers until
ready for use. Minimize the removal and
installation of semiconductors from their cir-
cuit boards.

4. Hold the IC devices by their body rather
than the terminals.

5. Use containers made of conductive
material or filled with conductive material
for storage and transportation. Avoid using
ordinary plastic containers. Any static sen-
sitive part or assembly (circuit board) that is
to be returned to Tektronix, Inc., should be
packaged in its original container or one
with anti-static packaging material.

Equipment Required

Table 5-1 lists test equipment and test fixtures
recommended for the adjustment procedure. Test
equipment listed in Table 5-1 together with those listed
in Table 4-1 in Section 4, Performance Check are
required for the adjustment procedure. The characteris-
tics specified are the minimum required for the checks.
Substitute equipment must meet or exceed these
characteristics.
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Tabie 5-1
EQUIPMENT REQUIRED

Equipment or Test Fixture

Characteristics

Recommendation and Use

Return Loss Bridge

10 MHz to 1 GHz, 50 Q

Wiltron VSWR Bridge Model 62N50

Attenuator (3 dB miniature)

Frequency, to 5 GHz; connectors 5 mm | Weinchel Model 4M, Tektronix Part

No. 015-1053-00

Autotransformer
Vac to 130 Vac

Capable of varying line voltage from 90 | General Radio Variac Type W10MT3

Digital Multimeter

10 uV to 350 Vde

TEKTRONIX DM 501A or DM 502A

Dc¢ Block

Tektronix Part No. 015-0221-00

Adapter (Sealectro male to male)

Tektronix Part 103-0098-00

Adapter (bnc female to Sealectro
male)

Tektronix Part No. 103-0180-00

Three Extension Cables (Sealectro
female to Sealectro male)

Tektronix Part No. 175-2902-00

Adapter (bnc to Sealectro)

Tektronix Part No. 175-2412-00

Adapter (bnc female to sma male)

Tektronix Part No. 015-1018-00

Cable (20"), Tip Plugs to bnc

Tektronix Part No. 175-1178-00

Coaxial Cable (8")

Tektronix Part No. 012-0208-00

50 O Terminator

Tektronix Part No. 011-0049-01

Screwdriver, Tuning

Tektronix Part No. 003-0675-00

Alignment Tool

Tektronix Part No. 003-0968-00

Screwdriver, Flat, 8" with 1/8" Tip

Screwdriver, Phillips No. 1

Allen Wrenches (3), 3/32", 5/64",
7/64"

Service Kit (Extender Boards)®

Preparation

To prepare the rackmount model for adjustment,
refer to the Rackmount part of the Options section of
this manual (Section 8).

CAUTION

Do not place the instrument on its front
panel as this may cause damage to the
front-panel knobs.

Remove the cabinet as follows:

1. Remove the twelve torque screws holding the
rear-panel casting, and pull the casting from the instru-
ment.

Tektronix Part No. 672-0865-01

2. Remove the eight screws holding on the feet,
and the eight screws holding on the handle.

3. Pull the cabinet from the rear of the instrument.

4. Place the instrument on the bench and reconnect
the power cord.

Some circuit boards and assemblies must be placed
on extenders to access test points or adjustments.
Before removing these boards and assemblies, the air
baffle attached to the left siderail must also be
removed.

Turn the power off before removing an assembly.

a This kit is part of the Service Kit 006-3286-01, listed in the Maintenance Section.



1. Adjust Low Voltage Power Supply
(R6028 and R6061 on the Power Supply board)

This high-efficiency power supply uses an internal
oscillator with a frequency of 66 kHz. The frequency
adjustment is normally required only after replacing
oscillator components; therefore, Part | is the normal
adjustment and check procedure, Part Il of this step
should only be required after repair of the assembly.

WARNING

Since the Spectrum Analyer uses a high
efficiency power supply, with the primary
ground potential different from chassis or
earth ground, an isolation transformer, with
a turns ratio of 1:1 and a 500 VA minimum
rating, should be used between the power
source and the Spectrum Analyzer power
input receptacie.

The transformer must have a three-wire
input and output connector with ground
through the input and output. Stancor
GIS21000 is an example of a suitable
transformer. A jumper should also be con-
nected between the primary ground side to
chassis ground (emitter of Q2061 and the
ground terminal of the input filter FL.301.)

If the power supply is separated from the
instrument and operated on the bench,
hazardous potentials exist within the supply
for several seconds after power is discon-
nected. This is due to the slow discharge
of capacitors C6101 and C6111. A relaxa-
tion oscillator lights DS5112 (next to C6111)
when the potential exceeds 80 V.

Part |
Check and Adjust Low Voltages

a. Connect a voltage-variable transformer in line
with the Spectrum Analyzer power input and set the
transformer for 117 Vac. Remove the cover over the
Z-Axis and Sweep boards.

b. Monitor the +15 V test point on the Z-Axis board
(Figure 5-1b) with a voltmeter (DVM).

c. Remove the Power Supply cover screw located
below the 10 MHz IF OUTPUT jack on the rear panel
(see Figure 5-1a). This will provide access to the +5V
reference supply adjustment R6028.

d. Adjust R6028 for +15 V on the voltmeter. R6028
is accessed by inserting a narrow-bit screwdriver
through the screw hole that was removed in part ¢ of
this step.
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e. Vary the input voltage from 90 Vac to 132 Vac.
Check that the +15V supply remains regulated, and
input power does not exceed 210 W,

f. Check the other supply voltages at the test points
indicated in Figure 5-1b, against tolerances listed in
Table 5-2.

Table 5-2
POWER SUPPLY TOLERANCES

Tolerance
+8.92 Vto +10.1 V
—4.96 Vto —5.05 V
—-7Vto -85V

—14.84 Vto —15.16 V
+4.73 V to +5.23 V
+16.81 Vto +18.6 V
+95 Vo +105V
+280 V to +310 V

g. Remove the voltage-variable transformer and
reconnect the Spectrum Analyzer directly to the power
source.

Part II
Adjusting Power Supply Oscillator Frequency

a. Remove the Power Supply module, as described
in the Maintenance section, then remove the Power
Supply module cover and disconnect P3045.

b. Plug the power cord into the power input recep-
tacle and connect it to a suitable power source (115 Vac
or 230 Vac, depending on the position of the LINE
SELECTOR SWITCH).

¢c. Use a plastic or insulated tuning tool or
equivalent, to insert between the two onjoff power
switches (S300) to close these switches (Figure 5-1a).

d. Connect a test oscilloscope probe, with a
deflection sensitivity of 5V/div and sweep rate of
10 us/div to TP6053 (Figure 5-1a). Note the amplitude
of the output waveform, of the oscillator U6059, is
approximately 10 V.

e. Adjust R6061 (Oscillator Freq Adj) for a
waveform period of 15 us (66 kHz).

f. Reconnect P3045, replace the Power Supply
module cover, and re-install the module on the Spec-
trum Analyzer.
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F1035 F1033
1 I

F1017]
F2013

| —=— S300

3

R6028 (+ 15 V adjust) is accessible R6061 TP6053
through screw hole

®

R1068 TP1034 TP1036 TP1044 TP1047 TP1052 POWER

\ \—SV +5V +17V +300V STATUS
\ \ \ / / 1/
A

{4t

Rip=h

TP1011 TP1035 TP1037 TP1046 TP1048
+9V -15V -7V +15V  +100V Q4058 Q4059

6097-12

Figure 5§-1. Low voltage power supply adjustments.
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2. Adjust Z-Axis and High Voltage Circuits

(R1021, R1027, R1030, R1051, and R1058 on the
Z-Axis board; R2040 and R3033 on the High Voltage
board)

a. Switch POWER off and preset the following
Spectrum Analyzer controls:

INTENSITY Fully Counterclockwise
TIME/DIV MNL
MANUAL SCAN Midrange

b. Remove the cover over the Z-Axis and Sweep
boards. Set the Intensity Limit R1027, on the Z-Axis
board (Figure 5-2) fully counterclockwise and Crt Bias
R2040, on the High Voltage board (Figure 5-3) fully
clockwise,

¢. Switch POWER on and, after the power-up state
has stabilized, change the Vertical Display mode to
2 dB/DIV. Deactivate READOUT, VIEW A, and VIEW B.

d. Adjust Crt Bias as follows:

(1) Using a voltmeter in the 20 V range, measure
and record the collector voltage of Q4058 or Q4059
on the Z-Axis board (See Figure 5-1b.)

(2) Turn the INTENSITY clockwise until a crt beam
dot appears on screen.

(3) Focus the dot by adjusting R3033 on the High
Voltage board (Figure 5-3) for the smallest round
dot.
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(4) Set the INTENSITY for a collector voltage 5.5V
higher than the voltage noted in part d, subpart 1.

(5) Use the non-metallic screwdriver to adjust Crt
Bias, R2040, counterclockwise until the crt beam is
visible, then clockwise until the beam dot just extin-
guishes, with the screen shaded. (If no dot
appears, with the adjustment fully counterclockwise,
this will be the bias setting.)

(6) Turn the INTENSITY clockwise until a dot is visi-
ble then defocus the dot with the Focus adjustment,
R3033. Adjust Astigmatism R1058 (Figure 5-2) for a
round dot then refocus with R3033 for the smallest
and sharpest dot.

(7) Turn the INTENSITY counterclockwise until the
dot just disappears, and again measure the collector
voltage at Q4058 or Q4059. Voltage should equal or
exceed the voltage set in part d, subpart 4. If the
voltage is less, repeat the procedure for setting Crt
bias.

e. Adjust the Crt cathode current as follows:

(1) Switch POWER off, then remove P4036 (Figure
5-3) on the High Voltage board. Turn INTENSITY
fully clockwise, MANUAL SCAN fully counterclock-
wise, and ensure that the TIME/DIV is in the MNL
position. Set the Intensity Limit R1027, on the Z-
Axis board, (Figure 5-2) fully clockwise.

(2) Connect the voltmeter between TP4028 (Figure
5-3) and the ground lug on the crt shield. Switch
POWER back on. After the instrument initializes,
activate 2 dB/DIV and switch Digital Storage off.

SWEEP INTENSITY LIMIT TP2 ASTIGMATISM CRT BIAS FOCUS
a?gél;ACY R1027 / R1058 R2040 /R3033

':\Br]_—_f_‘

|
3 I

TRACE ROTATION INTENSITY GEOMETRY POWER

R1021 R1030 R1051 STATUS

TRIM VERTICAL GAIN HORIZONTAL GAIN
R1065 R1066 R1055

6097-13

Figure 5-2. Crt display adjustment and test point locations.
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4416-38

Figure 5-3. Adjustment and test point locations on High
Voltage module.

(3) Adjust Intensity Limit R1027 (Figure 5-2) for a
voltage reading of 0.9 V at TP4028.

(4) Switch POWER off and re-install the jumper

P4036 on the High Voltage board. Turn POWER on
and adjust the INTENSITY for normal viewing.

f. Apply the CAL OUT signal to the RF INPUT and
set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz
FREQ SPAN/DIV 10 MHz
AUTO RES On

REF LEVEL —20 dBm
MIN RF ATTEN 0dB
VERTICAL DISPLAY 2 dB/DIV
NARROW VIDEO FILTER On

VIEW A and VIEW B Off
TIME/DIV AUTO
TRIGGERING FREE RUN

g. Activate ZERO SPAN and adjust REFERENCE
LEVEL until the trace is approximately mid-screen; then
adjust the Trace Rotation R1021 (Figure 5-2) so the
trace is aligned with the graticule lines.

h. Activate VIEW A and VIEW B then use the
PEAK/AVERAGE cursor, positioned at the top then bot-
tom of the screen, as a reference line to adjust
Geometry R1051 (Figure 5-2) for the straightest trace at
top and bottom of the screen.

i. Change the REF LEVEL to position the trace
within the graticule area with the Vertical Display mode
of 2 dB/DIV. Adjust INTENSITY so the trace is just visi-
ble.

j- Adjust Intensity R1030 (Figure 5-2) so the bright-
ness of the readout characters is slightly higher than
the trace. Readout characters should be just visible
after the trace has disappeared. This ratio provides the
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best setting for photograph purposes. Disconnect CAL
OUT signal from the RF INPUT.

3. Adjust Deflection Amplifier Gain and Fre-
quency Response

(C4057, C4061, C5021, C5104, R1055, and R1066
on the Deflection Amplifiers board)

a. Connect the test equipment as shown in Figure
5-4. Set the TIME/DIV to 1 ms. Position the trace on
the bottom graticule line.

b. Set the Function generator controls for a 500 Hz
sinewave signal, with an amplitude of 0 to +4 V. Con-
nect a jumper between pins 1 and 5 (Ext Video Select
and Ground respectively) on the ACCESSORIES con-
nector. Deactivate VIEW A and VIEW B, and set
TRIGGERING to INT.

¢. Adjust Vert Gain, R1066 (Figure 5-2) for a full
screen display.

d. Disconnect the 500Hz signal from the
MARKER/VIDEO input. Remove the jumper between
pins 1 and 5 of the ACCESSORIES connector. Reset
Triggering to FREE RUN.

e. Set TIME/DIV to MNL. Monitor TP2 on the
Sweep board (Figure 5-2) with a voltmeter (Digital Mul-
timeter). Set the MANUAL SCAN control for 0.0 V read-
ing on the voltmeter (TP2). Set the horizontal POSI-
TION control to center the CRT beam (dot).

f. Reset the MANUAL SCAN control for a reading of
+5V at TP2.

g. Adjust Horiz Gain, R1055 (Figure 5-2) to position
the crt beam to the right graticule edge (10th graticule
line).

h. Reset the MANUAL SCAN control such that crt
beam (dot) moves to the left edge of the graticule and
check that the voltage at TP2 is now —5.0 V £0.2 V.

i. Disconnect the voltmeter, set TIME/DIV to AUTO,
change the test oscilloscope to Ext Trigger, and apply
the signal at TP1038 on the Crt Readout board (Figure
5-5) to the test oscilloscope Ext Trigger input. Set the
test oscilloscope Time/Div to 2 u.

j. Set the Spectrum Analyzer controls for a trig-
gered sweep, then switch the sweep off by activating
SINGLE SWEEP, and ensure READ OUT is on.

k. Monitor the collectors of Q1031 and Q1024, on
the Deflection Amplifier board, with test oscilloscope.
See Figure 5-6 for the locations of Q1031 and Q1024.

[. Adjust C5021 for the best frequency response (no
overshoot or rolloff) as viewed on the test oscilloscope.

m. Monitor the collectors of Q1043 and Q1049, on
the Deflection Amplifier board, with test oscilloscope.
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Partial (Rear Panel)
showing J104 Accessory
Connector e
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=l @ 104
CAWM-‘--‘ O @ YT A O 0 q
Test Oscilloscope TR N 5232 CQuPA
1 ) | J i
O TO 1& 5] [ 1] Jumper
- MARKER/ VIDEO
© INPUT 2 14 Pinlto
Digitat Function
Multimeter Generator o - = = ——
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Time Mark Vert In
Generator
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6032-14
Figure 5-4, Test equipment setup for adjusting the Deflection Amplfier.
n. Adjust C4057 (Figure 53-6) for the best response.
. l‘ Y 1V o mY; O
o. Monitor the collectors of Q1072 and Q2078, on 11 ~ e~ ~
the Deflection Amplifier board, with test oscilloscope. TP1038
TP1036 TP1056

p. Adjust C4061 for the best response.

g. Monitor the collectors of Q1095 and Q2096, on
the Defiection Amplifier board, with test oscilloscope.

r. Adjust C5104 for best response.

s. Disconnect the test oscilloscope. Check the
appearance of the letter "Z" in GHz of the frequency
readout, and if necessary, readjust C5104 and C4061
(vertical output) for the straightest top on the letter "Z".

t. Set the VERTICAL DISPLAY to LIN, TIME/DIV to
MNL, the REF LEVEL for 100 4V, and the MANUAL
SCAN control fully clockwise.

u. Adjust C5021 and C4057 for best REF LEVEL
readout (straightest letters and numerals).

TR

5565-09

Figure 5-5. Test points on the CRT Readout board.
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5565-10

Figure 5-6. Deflection Amplifier test points and adjustments.

4. Adjust Digital Storage Calibration

(R1040, R1050, R1055, and R1060 on the Horizontal
Digital Storage board; and R1033, R1034, R1045
and R1046 on the Vertical Storage board)

a. Start the Digital Storage Calibration routine by
pressing <SHIFT> 0, and select item 2 (DIGITAL
STORAGE CAL). Follow the instructions that are
displayed on the crt, refering to Fig. 5-7.

b. Connect CAL OUT signal to the RF INPUT, and
set the Spectrum Analyzer controis as follows:

FREQUENCY 100 MHz
FREQ SPAN/DIV 200 kHz
RESOLUTION BANDWIDTH 1 MHz

MIN RF ATTEN 0dB

VERTICAL DISPLAY 2 dB/DIV

VIEW A and VIEW B Off

PEAK/AVERAGE Fully Counterclockwise

¢. Set REF LEVEL so the signal peak is about one
division above the bottom of the graticule.

d. Adjust Input Offset R1046 (Figure 5-7), on the
Vertical Digital Storage board, to match the stored
display to the non-stored display while repeatedly
switching VIEW B on and off.

e. Reset the REF LEVEL to bring the signal peak
close to the top of the graticule.

f. Adjust Input Gain R1034 (Figure 5-7), on the Vert-
ical Digital Storage board, to match the stored display
to the non-stored display.

g. Because the offset and gain adjustments
interact, repeat parts ¢ through f as necessary.
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h. Increase FREQ SPAN/DIV to 10 MHz, and tune
the signal to within one division of the right edge of the
graticule.

i. Adjust Input Gain R1060, on the Horizontal Digital
Storage board (Figure 5-7) to match the horizontal posi-
tion of the stored signal to that of the non-stored signal.

jo Tune the signal to within 1 division of the left
edge of the graticule.

k. Adjust Input Offset R1055 on the Horizontal Digi-
tal Storage board to match the horizontal position of the
stored signal to that of the non-stored signal.

. Because of interaction, repeat parts i through k
as necessary.
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\ D
LOG & VIDEO AMPL INPUT GAIN R1034 OUTPUT OFFSET
R OUTPUT GAIN R1033 R1045
DIGITAL STORAGE ¢
VERTICA OFFSET R1046
DIGITAL STORAGE
HORIZONTAL OUTPUT OFFSET R1040 UT GAIN R1060
PROCESSOR
OUTPUT GAIN R1050 § |\ y1 OFFSET R1055
GPIB
MEMORY
@ gooooooo
o £097-14
Figure 5-7. Dlgital storage adjustment locations.
TO: MARKER/VIDEO
TO: HORIZ/TRIG
{ } { ] 1 -
| . } o } { [
TIME MARK SRR R N
GENERATOR @ @ C@
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Il e | | [ oamon  gssamRS
ot @ g 2184 ACCESSORY
MARKER OUY '
G

TRIGGER OUT

BETWEEN PINS 1 & 5.

PARTIAL BACK PANEL SHOWING J104 ACCESSORY CONNECTOR.

§565-11

Figure 5-8. Test equipment setup for adjusting sweep timing.
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5. Adjust Sweep Timing
(R1062 on the Sweeep board)

a. Connect the test equipment as shown in Figure
5-8. Set the following Spectrum Analyzer controls:

10 MHz or less
10 ms
EXT

FREQ SPAN/DIV
TIME/DIV
TRIGGERING

b. Connect a jumper between pins 1 and 5 (Ext
Video Select and Ground respectively) on the ACCES-
SORIES connector.

c. Set the Time Mark Generator controls for 10 ms
time marks.

d. Adjust Sweep Timing, R1062 (see Figure 5-9) for
1 marker per division. (Use Horizontal Position adjust-
ment to align markers with graticule lines.)

e. Check the accuracy of the remaining TIME/DIV
selections. Error over the center eight divisions must
not exceed +5 %.

f. Reset the TIME/DIV -to AUTO and FREQ
SPAN/DIV to MAX, activate AUTO RES, and set
TRIGGERING to FREE RUN.

g. Remove the test equipment and the jumper
between pins 1 and 5 of the ACCESSORIES connector.
Reposition the trace if moved in part d.

P/ S0/SN/ SN/

/4

/o W

D Dlmd) =y

A% TP1
QJ’
g a— P1020 Q

* oaf

TP2

=

©

N

o) [
5 "o

6097-15

Figure 5-9. Sweep board timing adjustment and test point locations.
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6. Adjust Frequency Control System

(R1063, R1065, R1067, and R1071 on the Span
Attenuator board; and R1028 on the 1st LO Driver
board)

The Spectrum Analyzer has a procedure in firmware
for calibrating the frequency control system. However,
it is possible that some adjustments may be misad-
justed enough to cause the microcomputer to display an
error message. If this occurs, bypass the step then
return to the calibration routine.

a. Test equipment required for this step are a
Voltmeter, Time Mark Generator, and Frequency
Counter. Set the following Spectrum Analyzer controls:

FREQUENCY 0.0 MHz
FREQ SPAN/DIV 5 MHz
TRIGGERING FREE RUN

b. Connect a shorting strap from TP1035, on the
Span Attenuator board, to chassis ground (Figure 5-10).
Monitor TP1073 with the Digital Voltmeter.

¢. Adjust Sweep Offset R1063 (Figure 5-10) for
0.00 V.

d. Remove the shorting strap from TP1035. Press
<SHIFT> 0 select item 1 (FREQUENCY LOOPS CAL),
then item 0 (OVERALL SYSTEM) from the menus. Per-
form the calibration steps in the directory up to "CON-
NECT A DVM TO PIN B ON THE CONTROLLED OSCIL-
LATOR BOARD AND GROUND ", then press <SHIFT>
to abort.

Adjustment Procedure — 2754/2754P Service Vol. 1

(1) If a "CALIBRATION STEP CANNOT BE COM-
PLETED" message is displayed, bypass the step,
perform the other adjustments then return to the
adjustment and try to bring the adjustment in range.
If the problem persists, refer to Troubleshooting the
Frequency Control System, in the Maintenance sec-
tion.

e. Adjust 1st LO Sweep as follows:

(1) Apply the CAL OUT signal to the RF INPUT, set
the FREQUENCY to 600 MHz, FREQ SPAN/DIV to
100 MHz, and set the REF LEVEL to display the
markers.

(2) Adjust Tune Coil Swp R1065, on the Span
Attenuator board (Figure 5-10) for one marker per
division over the center eight divisions of the grati-
cule. Reset the CENTER FREQUENCY as neces-
sary to align the markers.

(3) Remove the Calibrator signal and apply 0.2 us
time marks from the Time Mark Generator to the RF
INPUT.

(4) Set the FREQ SPAN/DIV to 5 MHz, REF LEVEL
to +10 dBm, and FREQUENCY to about 10 MHz.

(5) Adjust the 1st LO FM Coil Swp R1071 (Figure
5-10) for 1 marker/division over the center eight divi-
sions of the display.

(6) Set the FREQ SPAN/DIV to 20 KHz and apply
50 us markers from the Time Mark Generator.

(7) Adjust the 2nd LO Sweep, R1067, for one
marker/division over the center eight divisions.

1st LO Tune Coil Sweep R1065—-1st LO FM Coil Sweep R1071

3 \
Sweep Offset R1063 —=10 |0 (@ | ® ?pan Attenuator
TP1035>& ‘ TP1073 circuit board

1 L S 1 7 S—— [l

2nd LO Sweep R1067
Center Frequency

s

control board

R1032H

1st LO Driver

circuit board

e@ehe D0
‘ A i gg
/ JELE)

[ _ TP1059 3.{%2&

|

TP1058
1

6097-16

Figure 5-10. Frequency control system test point and adjustment locations.
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f. Adjust Dot Marker position as {ollows:
(1) Disconnect the signal from the RF INPUT,
(2) Press <SHIFT> RESET.

(3) Adjust Dot Position R1052 on the Sweep board
to position the dot marker over the start spur. See
Figure 5-9.

7. Adjust Start (0 Hz) Response Amplitude
and Mixer Bias

{R1013 on the 1st LO Driver board)

This adjustment should only be done if frequency
response problems are encountered.

a. Sot the Spectrum Analyzer controls as follows:

FREQUENCY 2 MHz
FREQ SPAN/DIV 200 kHz
RESOLUTION BANDWIDTH 100 kHz
REF LEVEL ~30 dBm
WIDE VIDEO FILTER On

b. Monitor TP1011 on the 1st LO Driver board (Fig-
ure 5-11) with a voltmeter (voltmeter betweon TP1011
and ort shield).

c. Adjust R1013 (Figure 5-11) for a reading of
-1.0 V.

d. Apply a calibrated --13 dBm, 2 MHz signal to the
RF INPUT {input to 1st mixer is now —13 ¢dBm).

e. Activate SAVE A to save the 2 MHz, 13 dBm
signal as a reference,

f. Change the FREQUENCY to 0.0 MHz to bring the
start {0 Hz) response to center screen.

g. Adjust R1013 for a null in the amplitude of the
0 Hz response. (Be sure that the dec level at TP1011
DOES NOT exceed +0.1V as R1013 is adjusted),
because this will degrade flatness.) Use a thin screw
driver to adjust the tuning screw on the 1st Mixer Diode
assembly A12A1. (The tuning screw is towards the rear
of the instrument, see Figure 5-12.) Alternately adjust
R1013 and the tuning screw for minimum amplitude.

CAUTION

Avoid forcing the tuning screw past the
point where it bottomns out. The null should
oceur about a full turn from the bottom.

h. The start {0 Hz) response should now be nar-
rower than the 2 MHz reference signal. Turn the diode
mixer tuning screw counterclockwise until the start spur
response width equals the 2 MHz, ~13 dBm reference.
The amplitude level is now ~13 dBm. This will provide
the best overall flathess. Remove the 2 MHz signal
from the RF INPUT and deactivate SAVE A and WIDE
VIDEQ FILTER.

8. Adjust 1st Converter Bias
{R1022 and R1026 on the 1st L.O Driver board)

NOTE

These adjustments should only be neces-
sary if frequency response or flatness prob-
lems on Bands 4 and 5 are encountered.
Bias 1 for the fundamentai bands is
adjusted in the previous step.

Coarse Tune Range R1032
K}

: §

R1013
0--7.1 Bigs 1
i

4 9

5.4-18 Bias 2

— 15-21 Bias 3 R1026

Mixer Bias TP1011

608717

Flgure 5-11. 1st LO Driver board adjustment and test point locations.
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a. Push <SHIFT> ABand to Band 4 (5,418 GHz)

b. Monitor TP1011 on the st LO Driver board (Fig-
ure 5-11) with a voltmeter (meter ground at crt shield).
Adjust Bias 2 R1022 for a meter reading of -0.25 V,

¢. Push <SHIFT> ABAND to Band 5 (15~
21 GHz). Adjust Bias 3 R1026 for a meter reading of
-~0.25 V,

d. Perform the frequency response check in the
Performance Check section. If the instrument fails to
meet specifications, adjust the respactive bias slightly
from these Initial settings and recheck frequency
response.

9. Adjust L.og Amplifier

(R4020, R4052, R4071, R4081, and R1085 on the
L.og Amplifier board)

CAUTION

Use only an insulated screwdriver or tuning
tool, such as Tektronix Part No. 003-0675-
00, to make these adjustments.

a. Set the L.og Amplifier correction factors to zero
by pressing <SHIFT> 0 (DIAGNOSTIC FUNCTIONS)
and selecting item 5 (DISABLE/ENABLE USE OF CAL
FACTORS), then item 2 (SET RESULTS TO
"UNCALED". Remove Leveler Disable plug P3035 on
the Video Processor board (Figure 5-13).

Adjustment Procedure ~ 2754/2754P Service Vol, 1

h. Switch POWER off. Remove the Log Amplifier
and Detector board assembly from the instrument then
remove the shield so adjustments are accessible.
Replace the assambly in the instrument and switch
POWER back on.

¢. Connect the test equipment as shown in Figure
5-14, (P621 must be removed in order to access J621
on the Log Amplifier board. See Figure 5-15.) Set the
Spectrum Analyzer controls as follows:

FREQUENCY 2 MHz
FREQ SPAN/DIV 2 MMz
REF LEVEL 60 dBm
MIN RF ATTEN 0dB
VERTICAL DISPLAY 10 dB/DIV
TIME/DIV 10 ms

d. Center the two front panel LOG and AMPL. CAL
adjustments, Set the signal generator controls for a
10 MHz/-+6 dBm output. Set the step attenuators for
50 dB of attenuation.

o. Position the display at a graticule reference line
with the vertical POSITION control, then switch the REF
LEVEL from --60 dBm to ~110 dBm in decade steps.

f. Adjust the front panel LOG CAL so each 10 dB
step equals one division.

g. Reset the REF LEVEL to 20 dBm and the step
attenuators for 0 dB attenuation. Reset vertical position
to a graticule line if necessary,

h. Increase the attenuation through the step
attenuators in 10 dB increments to 50 dB.

Mixer diode
Adjustment

Note: Adjustment is
facing the back
of the instrument

5565.17

Figure 5-12, 1st Mixer adjustment location.

5-13



Adjustment Procedure — 2754/2754P Service Vol. 1

\ =82 (m—m)
®<1>

l [o]o]ojo oo |o]o]o]o]o|o]o|o]o|o|olo\\@|o) [

DDV |DDD

P3035

5565-18

Figure 5-13. P3035 on the Video Processor board.

BNC to Sealectro Adapter

10 MHz Leveled nal
Generator, 0—10 dBm

Spectrum Analyzer Under Test

10 dB Step Attenuator 1 dB Step Attenuator

6032-17

Figure 5-14. Test equipment setup for adjusting the Log Amplifier.
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Lin. Bal. R4052

Input Ref. Level R4071 Log Linearity R1085

Log Gain R4020 -

| P1105

(J620)

P2105

(J621)

; R4081

L ] | J Output Ref. Level

5565-20

Figure 5-15. Log and Video Amplifier test point and adjustment locations.

i. Adjust the Log Gain, R4020 (Figure 5-15) so each
10 dB increment of attenuation results in one major divi-
sion of change on the display.

j. Reset vertical position by temporarily removing
the signal and setting the vertical POSITION control to
position the baseline at the bottom graticule line.
Return the step attenuator to 0 dB. Display should be
full screen (+6 dBm); if not, readjust the signal genera-
tor output for +6 dBm.

k. Adjust Input Ref Level, R4071 (Figure 5-15) for
minimum amplitude change between the 10 dB/DIV and
2 dB/DIV displays while alternately switching the VERTI-
CAL DISPLAY between 10 dB/DIV and 2 dB/DiV.

I. Activate 2 dB/DIV and add 10 dB of attenuation.
If the 10 dB step (5 division) is short, adjust the gain
slightly with R4020 in the same direction; then remove
the 10 dB of external attenuation and adjust R4071 for
a full screen display. Repeat this check until the 10 dB
step is within 0.2 dB of 10 dB. Activate 10 dB/DIV and
recheck 10 dB logging.

m. Activate 2 dB/DIV and momentarily remove the
input signal to the Log Amplifier. Position the baseline
on the bottom graticule line then return the signal to the
Log Amplifier.

n. Adjust Output Ref Level, R4081 (Figure 5-15) for
a full screen (eight divisions) display.

0. Switch to the 10 dB/DIV mode and set the step
attenuators for 40 dB of attenuation. Adjust Log Linear-
ity, R1085 (Figure 5-15) so the display is mid-screen.

p. If a large change in the setting of R1085 was
required in part |, repeat the adjustments of R4071 and
R4081 because of interaction.

q. Check the accuracy of 10 dB/DIV and 2 dB/DIV
display modes by adding attenuation in 10 dB steps for
10 dB/DIV mode and 1 dB steps for the 2 dB/DIV mode
and observing that the display steps 1 major division,
£0.25 minor division, for each 10 dB step, and 0.5 divi-
sion, 0.5 minor division, for the 2 dB mode. (Readjust
the signal generator output to establish a new reference
level after each step.) After the accuracy of the indivi-
dual steps has been verified, reset the signal level for
full screen. Now add appropriate step attenuation to
step the display down screen and measure the worst
case error over the dynamic range. Error must not
exceed +1.5dB over the first 80dB of range,or
+1.0 dB over the 16 dB range.
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r. If the 10 dB log step in the 2 dB/DIV mode is
long, adjust gain with R4020 for less gain and rebalance
R4071.

s. Set the step attenuators to 10 dB and activate
2 dB/DIV.

t. Set the Ref Level to —15 dBm and adjust the sig-
nal generator output for a full screen display in the
2 dB/DIV mode.

u. Press LIN and adjust Lin Mode Balance, R4052
(Figure 5-15) for a full screen display. Ampiitude of LIN,
2 dB/DIV, and 10 dB/DIV display should now be the
same.

v. Check LIN display linearity by adding 6 dB,
12 dB, and 18 dB of attenuation and note the display
step down from full screen to, 4 +0.4, 6 =0.4, and 7
+0.4 divisions.

w. Remove the signal generator signal connection
to the Log Amplifier input jack and replace P621.
Switch POWER off, remove Log Amplifier board and
replace the shield. Replace P3035 on the Video Pro-
cessor board. Re-install the assembly and switch
POWER on.

10. Adjust Resolution Bandwidth and Shape
Factor

{C1022, C2026, C5055, C5048, R1065, R3029,
R3033, and R4025 on the VR 2nd Filter Select
board) (C1028, C1033, C2037, C3023, C3035,
C3050, R2025, and R3035 on the VR 1st Filter
Select)

NOTE

The filters in each section are aligned
separately, then a signal is applied through
both the first and second sections. The
final adjustments trim filter shape and
bandwidth. Because of interaction, it is
easy to offset one filter to compensate for
another misadjusted filter; therefore, only
adjust each filter in small increments.

The 3 dB down bandwidth of each filter section
should be as wide or slightly wider than the 6 dB down
point of the combined two filter sections.

Before calibrating the Variable Resolution
Bandwidth and Gain, set the correction factors to zero
by pressing <SHIFT> 0 and selecting item 5, then item
2.

a. Equipment setup is shown in Figure 5-16,

(1) Remove and install the Variable Resolution
moduie on an extender.
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(2) Use a Sealectro male-to-male adapter and coax-
ial cable to connect the 10 MHz IF output signal,
from the 3rd Converter, to the input of the second
section (make connection from plug removed from
J693 to J683).

(3) Connect the Variable Resolution output to the
input of the Log Amplifier assembly by connecting a
cable from J682 on the Variable Resolution Module
to J621 on the Log & Video Amplifier assembly (see
Figures 5-17 and 5-16).

(4) Apply the CAL OUT signal to the RF INPUT, and
set the Spectrum Analyzer controls as follows:

FREQUENCY 100 MHz
FREQ SPAN/DIV 50 kHz
RESOLUTION BANDWIDTH 10 kHz
REF LEVEL —20 dBm
MIN RF ATTEN 0dB
VERTICAL DISPLAY 2 dB/DIV

b. Reset the REF LEVEL for a seven division excur-
sion. Tune the display to center screen and activate
SAVE A.

¢. Change the RESOLUTION BANDWIDTH to
100 kHz and reset REF LEVEL to bring the signal ampli-
tude to about the same level as the 10 kHz response.

d. Adjust C5055, C5048, and C3041 on the VR 2nd
Filter Select board (Figure 5-17) for the best 100 kHz
filter response (100 kHz bandwidth, 3 dB down, that is
centered about the 10 kHz reference). Refer to Figure
5-18.

e. Reset the RESOLUTION BANDWIDTH to 10 kHz,
deactivate and reactivate SAVE A to re-establish the
10 kHz reference.

f. Set the FREQ SPAN/DIV to 500 kHz and the
RESOLUTION BANDWIDTH to 1 MHz. Reset the REF
LEVEL to set the 1 MHz response amplitude to that of
the 10 kHz reference.

g. Adjust C2026 and C1022 (Figure 5-17) for the
best 1 MHz response centered about the 10 kHz filter
response.

h. Disconnect the 10 MHz third converter IF signal
from J683 and reconnect it to J693 (see Figure 5-19).
Reconnect P683 to J683 (Figures 5-16 and 5-17).

i. Set the FREQ SPAN/DIV to 1 kHz, RESOLUTION
BANDWIDTH to 1 kHz and reset the REF LEVEL fora 7
division display. Activate SAVE A.

j- Set the FREQ SPAN/DIV to 10 kHz, RESOLU-
TION BANDWIDTH to 10 kHz and adjust REF LEVEL for
a 7 division display.

k. Adjust C2037 (Figure 5-19) for the best 10 kHz
response centered about the 1 kHz reference.
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6097-18
Figure 5-16. Test equipment setup for adjusting the Variable Resolution module.
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Figure 5-17. Adjustments on the front of the Varlable Resolution module.
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Figure 5-18. 100 kHz filter response over 10 kHz filter reponse.

|. Deactivate SAVE A and then reactivate to save
the 10 kHz display.

m. Now, set the FREQ SPAN/DIV to 50 kHz, RESO-
LUTION BANDWIDTH to 100 kHz.

n. Adjust C3050, C3035, and C3023 (Figure 5-19)
for the best 100 kHz response centered about the
10 kHz filter reference. o. Set the RESOLUTION
BANDWIDTH to 1 MHz, FREQ SPAN/DIV to 500 kHz.

p. Adjust the 1 MHz filter response and centering
with C1033 and C1026 in the VR Input board (Figure 5-
19). Deactivate SAVE A.

gq. Check the waveshape, bandwidth, and centering
of all filters. [f necessary, make only fine or minor
adjustments. Figure 5-20 shows typical response
shapes.

r. Level the gain of the filters as follows:

(1) Set the FREQ SPAN/DIV to 500 kHz, RESOLU-
TION BANDWIDTH to 100 kHz, and REF LEVEL to
—20 dBm.

(2) Adjust all filters to the 100 kHz level as per the
following table. Change FREQ SPAN/DIV as neces-
sary to maintain a suitable display.

Filter
1 MHz

10 kHz
1 kHz
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Locations of the adjustments are shown in Figure
5-17.

11. Preset the Variable Resolution Gain and
Band Leveling

(R2031, R2038, and R3035 on the VR 2nd Filter
Select board; R2023 and R2060 on the VR 1st Filter
Select board)

NOTE

The Log Amplifier must be calibrated before
adjusting any Variable Resolution gain set-
tings. Log Amplifier calibration can be
verified by applying a +6 dBm, 10 MHz sig-
nal to the input (J621), of the Log Amplifier,
and checking for full screen display with the
REF LEVEL at —20 dBm.

a. Before adjusting the Variable Resolution gain
and band leveling, set the correction factors to zero by
pressing <SHIFT> 0 and selecting menu item 5, then
item 2.

b. Test equipment setup is shown in Figure 5-16B.
Set the Spectrum Analyzer controls as follows:

FREQ SPAN/DIV 1 MHz
RESOLUTION BANDWIDTH 100 kHz
REF LEVEL —20 dBm
MIN RF ATTEN 0dB

VERTICAL DISPLAY 2 dB/DIV
¢. The gain of the Post VR Amplifier should be
20 dB for best signal-to-noise ratio through the Variable
Resolution stages. If any maintenance has been per-
formed on this stage, perform the following steps.

(1) Remove the cover for the VR 2nd Filter Select
board. Disconnect the jumper connector to the
input of the Post VR Amplifier (pin JJ).

(2) Apply a 10 MHz, —14 dBm signal, from a
50 ohm signal source, to pin JJ of the amplifier.

(3) Adjust Gain R2038 for a full screen display.

(4) Remove the signal from the input to the Post VR
Amplifier and replace the jumper connector to pins
JJ at the input to the Post VR Amplifier. Replace
the cover for the VR 2nd Filter Select board.



Adjustment Procedure — 2754/2754P Service Vol. 1
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Figure 5-19. Adjustments on the rear of the Variable Resolution module.

d. Set the front panel AMPL CAL fully ccw and set
the Band 1 Gain R2031 on VR Mother board #2 (Figure
5-17) fully ccw.

e. Disconnect P693 (Figure 5-19) and activate MIN
NOISE. Apply a 10 MHz, —25 dBm signal, from the sig-
nal generator, through a bnec-to-Sealectro adapter to
J693. Set the generator frequency to peak the signal
amplitude. (Signal amplitude should be between 3.5
and 6.5 divisions. If signal amplitude is not within these
limits it indicates a gain problem in the Variable Resolu-
tion module.)

f. If the signal amplitude is over 5 divisions, adjust
the Post VR Gain R2038 (Figure 5-17) for a 5 division
signal amplitude.

g. Reset the front panel AMPL CAL for a 7 division
signal.

h. Switch MIN NOISE off, decrease the generator
output to —35 dBm, leave the REF LEVEL at —20 dBm,
and adjust the 10 dB Gain R3035, on the 10 dB Gain
board (Figure 5-19) so the signal amplitude is 7 divi-
sions.

i. Change the generator output to —45 dBm, the
REF LEVEL to —40 dBm, and adjust the 20 dB Gain
R2023 on the 20 dB Gain Step board (Figure 5-19) for a

7 division signal amplitude.

j- Change the generator output to —65 dBm, the
REF LEVEL to —60 dBm, and adjust the 10 dB Gain
R2060 on the 20 dB Gain Step board (Figure 5-19) for a
7 division signal amplitude.

k. Set the REF LEVEL to —30 dBm and the genera-
tor output to —35 dBm. Check for a 7 division signal
amplitude. Repeat this check for —45, -55, and
—65 dBm input levels. Note that each maintains the 7
division signal to verify that the gain of the Variable
Resolution gain stages are correct. Readjust gain if
necessary.

I. Remove the 10 MHz signal to J680 and reconnect
P680. The final band level adjustments are described
after calibrating the Preselector Tracking and checking
flatness. The mean level for each band is set to the
level of Band 1. Press <SHIFT> CAL to rerun a cali-
bration routine and re-establish processor correction
factors.

m. Remove the extender boards and reinstall the
Variable Resolution module.
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12. Adjust Calibrator Output Level

(R1041 on the 100 MHz Osc and 3rd Converter
board)

~20DBM 108. 090MHZ SKHZ

ADJUST FOR
FLAT TOP
<0.5 dB

RIPPLE NOTE

The calibrator output level is matched to a
known reference. A power meter is used to

verify the output level of the reference sig-
B_,‘f’z;,/:%':";‘ nal generator. Harmonics of the signal gen-
" DOWN erator must be greater than 40 dB down
from the fundamental.

a. Apply a 100 MHz signal from the signal genera-

2pB/ 1808 e-1.8 10KHZ tor to the power meter through a 3 dB attenuator. Set
the generator output level for a reading of —20 dBm on
A. Response of 10 kHz filter the power meter. This sets up a reference signal for

adjusting the calibrator output level.

2008 160. 000K 2L b. Disconnect the power meter from the signal gen-

erator, and connect the refence signal (from the genera-
1°ETkE“; tor) to the test spectrum analyzer RF INPUT using the
FI same cable that was used to set the reference signal.
c. Set the test spectrum analyzer controls as fol-
\ BW lows:
' >80 kHz -
FREQUENCY 100 MHz
FREQ SPAN/DIV 100 kHz
10 kHz RESOLUTION BANDWIDTH 1 MHz
FILTER REF LEVEL -18 dBm
Ve MIN RF ATTEN 0dB
, VIEW A and VIEW B On
prvy s o1 8 proe PEAK/AVERAGE Fully Counterclockwise
TIME/DIV AUTO
B. Response of 100 kHz filter TRIGGERING AUTO

d. Set the test spectrum analyzer Vertical Display
-8.7508 16000117 g factor to the A A mode by pressing FINE. Set the REF
LEVEL such that the top of the signal is on a graticule
line near the top of the crt. Reset the REF LEVEL to
1 MHz 0.00 dB by pressing FINE twice. Store the display by
activating SAVE A,

e. Remove the reference signal from the RF INPUT
and conect the CAL OUT signal in its place. Tune the
CENTER FREQUENCY control to align the CAL OUT
signal with the SAVE A display.

f. Adjust Cal Level R1041, in the 3rd converter (#2
in Figure 5-21) for no displacement between the CAL
OUT signal and the reference (VIEW B and SAVE A
displays).

10 kHz
FILTER

208/ 2008 8-1.8 1Mz

C. Response of 1 MHz filter 6032-37

Figure 5-20. 10 kHz, 100 kHz, and 1 MHz filter response.
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110 MHz Filter input

Signal Source

(P365)
\\ .
Calibrator Level
R1045 in 3rd Converter
P
IF Gain R1015
10 MHz IF Ampl
_.__)
T [
—
[ Bz
TM 503 Main Frame
- J360 Output to 3rd Converter
Spectrum Analyzer
110 MHz

10 dB and 1 dB Step Attenuators

To 110 MHz IF Input

}

6097-21

Figure 5-21. IF gain test setup, and adjustment and connector locations.

13. Adjust IF Gain
(R1015 on the 110 MHz Amplifier board)

a. Test equipment setup is shown in Figure 5-21.
Set the RESOLUTION BANDWIDTH to 1 MHz, VERTI-
CAL DISPLAY to 2 dB/DIV, REF LEVEL to —20 dBm,
and apply a —25 dBm, 110 MHz signal, through step
attenuators, to the input (J365) of the 110 MHz filter.

b. Set the step attenuators for 0 dB. Adjust the sig-
nal generator frequency for maximum amplitude display.
(With —21.5 dBm input the signal level should be 7 divi-
sions or more.) Set the generator output for a 7 divi-
sion signal reference level.

¢. Remove the 110 MHz signal from the 110 MHz
filter and reconnect P365.

d. Set the step attenuators for 21 dB attenuation
and apply the 110 MHz signal to the input (J321) of the
110 MHz IF amplifier (Figure 5-21).

e. Adjust R1015, 110 MHz IF Gain, for a display
amplitude that equals the seven division reference set in
part b.

f. Remove the 110 MHz signal and reconnect P321.
Apply the CAL OUT signal to the RF INPUT. Set the
Spectrum Analyzer controls as follows:
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FREQUENCY 100 MHz
FREQ SPAN/DIV 100 kHz
RESOLUTION BANDWIDTH 100 kHz
REF LEVEL —20 dBm
VERTICAL DISPLAY 2 dB/DIV

g. Set the front panel AMPL CAL fully ccw and
readjust R1015 (110 MHz IF Gain) for 5 divisions of sig-
nal. (If this cannot be achieved, it indicates excessive
loss through the front end.)

h. Adjust the AMPL CAL for a full screen signal.
AMPL CAL adjustment should now have 6 dB down
range and 6 dB or more up range.

NOTE

Two variable capacitors, C1054 and C2047
on the 110 MHz IF board, do not require
adjustment during calibration. These
adjustments require return loss measure-
ments which are maintenance and repair
functions.

14. Adjust B-SAVE A Reference Level
(S1015 on the Vertical Digital Storage board)

When B-SAVE A is selected, the expression imple-
mented is (B-SAVE A) +k, where k is a constant set by
the input data for an 8-to-4 line encoder, U1015. Each
bit will move the reference level about 0.2 minor divi-
sion. Normally, the reference level is set at the center
graticule line; however, it can be set anywhere within
the graticule area by the setting of an 8-bit binary
switch, $1015 (Figure 5-7). The MSB (switch #8) shifts
the display about five divisions, switch #7 half this
amount, etc. The following procedure sets the refer-
ence level.

Estimate the amount and direction the reference
level is to be shifted, then close or open the switches
on S1015 to obtain the desired B-SAVE A reference
level.
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15. Adjust Preselector Driver

(R1031, R1045, R1049, R1052, R1054, R1056,
R1061, R1063, R1064, and R1065 on the Preselec-
tor driver board)

a. Connect the test equipment as shown in Figure
5-22.

b. Set the time mark generator to 10 nS, and the
Comb Generator to On.

¢c. Connect DVM between the center tap of the
MANUAL PEAK potentiometer and ground. Adjust the
control for 0V indication. If index on the knob is not
aligned with the mark on the front panel, loosen knob
and position the mark so it is aligned.

d. Set the Spectrum Analyzer controls as follows:

FREQUENCY RANGE 1.7—5.5 GHz
FREQ SPAN/DIV 20 MHz
AUTO RES On

REF LEVEL —30 dBm

e. Set the CF/MARKER FREQUENCY to center the
2.1 GHz marker. Center the Input Offset adjustment
R1031 (Figure 5-23), then center the 2.1 GHz marker
with the CF/MARKER FREQUENCY control. Ground
TP1069 with a jumper strap.

f. Adjust the Preselector Offset R1064 for maximum
response of the 2.1 GHz signal. Remove the grounding
strap.

g. Peak the 2.1 GHz signal with the —829 MHz IF
Offset R1049 (Figure 5-23).

h. Remove the Time Mark Generator signal to the
Comb Generator. Change the REF LEVEL to 0 dBm,
set FREQUENCY to 5.5 GHz, and center the 5.5 GHz
comb marker on screen.,

i. Peak the 5.5 GHz signal with the Preselector
Sense, R1065 adjustment.

j- Because of interaction repeat parts g through i.

k. Push <SHIFT> ABAND to 5.4—18.0 GHz
(Band 4). Set REF LEVEL and RESOLUTION
BANDWIDTH to observe the 6 GHz marker. Set the
MANUAL PEAK control to peak the 6 GHz signal.

. Set FREQUENCY to 9 GHz and observe the
9 GHz marker on screen. Peak this response with the
X3 Gain R1052 adjustment.

m. Repeat parts k and | to eliminate interaction.
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Figure 5-22. Preselector Driver adjustment setup.

n. Increase FREQUENCY to the 12 GHz marker,
then peak the 12 GHz point with Shaper #1 R1054
adjustment (Figure 5-23).

o. Set FREQUENCY to center the 17 GHz marker,
then peak the signal with Shaper #2, R1056 adjust-
ment.

p. Recheck the 6, 9, 12, and 17 GHz points to verify
that they all peak at the same position of the front-panel
MANUAL PEAKING control. If they do not, repeat parts
g through o.

q. Push <SHIFT> BANDV to 1.7—5.5 GHz (Band
2). Center the 5.5 GHz marker, then peak the signal
with the front-panel MANUAL PEAK control.

r. Push <SHIFT> ABAND to 5.4—18.0 GHz (Band
4). Center the 5.5 GHz signal with the CF/MARKER
FREQUENCY control. Adjust Input Offset R1031, to
peak the signal.

s. Repeat parts q and r until the signal amplitude
peaks, on both bands, occur at the same position of the
MANUAL PEAK control.

t. Set MANUAL PEAK control so the index mark
aligns with the front panel mark., Push <SHIFT>
BANDV to 1.7—5.5 GHz, and set the CF/MARKER
FREQUENCY to center the 3.5 GHz comb marker.

u. Adjust —829 MHz IF Offset R1049 (Figure 5-23)
to peak the 3.5 GHz response.

v. Push <SHIFT> ABAND to 3.0—7.1 GHz, set the
FREQUENCY to 5.0 GHz to observe the marker, then
peak the 5.0 GHz signal with the +829 MHz IF Offset
R1045 adjustment.

w. Push <SHIFT> ABAND to 15—21 GHz. Set
the FREQUENCY to 15 GHz, then peak the 15 GHz sig-
nal with R1064.

X. Tune the 19 GHz marker to center screen then
peak the 19 GHz signal with Shaper #3 R1061 adjust-
ment (Figure 5-23).

y. Tune to the 21 GHz marker then peak the signal
with Shaper #4 R1063 adjustment.
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Figure 5-23. Preselector Driver test point and adjustment locations.

z. Recheck the 15, 19, and 21 GHz points to verify

that they all peak at the same position of the MANUAL
PEAK control.

aa. Push <SHIFT> BANDV to 3.0—7.1 GHz,
center a 5.0 GHz signal on screen, then peak the signal
with the +829 MHz IF, R1045 adjustment.

ab. Change to the 1.7—5.5 GHz band, center a
3.5 GHz markser on screen, then peak the 3.5 GHz sig-
nal with the —829 MHz IF, R1049 adjustment.

ac. The signal peak for all bands should occur with
the MANUAL PEAK knob index marker near the front-
panel mark.
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16. Adjust Band Leveling for Coaxial Bands
{Bands 1—25)

(R2031, R3034, R3030, R3019 and R3022 on the VR
#2 Mother board)

NOTE

The mean value of the frequency response
for each band is set to a —20 dBm refer-
ence at 100 MHz.

a. Perform Frequency Response Check of bands 1
through 5 as described in the Performance Check sec-
tion and note the frequency at the mean level (average
level between two extremes) for each band.

b. Perform adjustment step 10 (Presetting the Vari-
able Resolution Gain and Baseline lLeveling) prior to
proceeding with this step.
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Figure 5-24. Test equipment setup for band leveling adjustment.
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Figure 5-25. Band leveling adjustment and gain diode loca-
tions.

c. Put the VR Module on an extender and connect
test equipment as shown in Figure 5-24. Set the Spec-
trum Analyzer controls as follows:

FREQUENCY RANGE 1.7—5.5 GHz
FREQ SPAN/DIV 10 MHz
AUTO RES On

REF LEVEL -20 dBm
MIN RF ATTEN 0dB
VERTICAL DISPLAY 2 dB/DIV
VIEW A and VIEW B On

d. Apply a calibrated —20 dBm signal, whose fre-
quency is the same as that noted for the mean level in
part "a", to the RF INPUT. Set the FREQUENCY to the
input signal and reduce the FREQ SPAN/DIV to
500 kHz.

e. Adjust Band 2 Gain R3034 on the VR Mother
board #2 (Figure 5-25) for a full screen (—20 dBm)
display.

f. Push ABAND to 3.0—7.1 GHz (Band 3) and apply
a calibrated —20 dBm signal with the same frequency
as noted for the mean level in Band 3 for part a of this
step.

g. Set the FREQUENCY to the incoming signal and
FREQ SPAN/DIV to 500 kHz/Div.

h. Adjust Band 3 Gain R3030 (Figure 5-25) for a ful!
screen display.

5-25



Adjustment Procedure — 2754/2754P Service Vol. 1

i. Repeat the above procedure for each coaxial
band (1—5) and set the gain of each with the appropri-
ate adjustment. If the range of any adjustment is
insufficient, add or remove a diode between pin DD and
the appropriate adjustment potentiometer on the VR
Mother board #2, to obtain the required range. Refer
to the schematic diagram and component locator for
Variable Resolution Mother Boards, in Volume 2.
Adding the diode increases gain.

17. Phase Lock Calibration

(C1013 and C2011 on the Controlled Osclillator
board; C1032 and C2105 on the Strobe Driver
board; R3082 on the Error Amplifier board)

The Phase Lock assembly normally requires calibra-
tion only after some part of the assembly has been
repaired or replaced. Phase noise, produced by the
phase lock loop, is specified for —75 dBc or better,
3 kHz out from the response. This should be checked
before calibrating the assembly.

a. Test equipment setup is shown in Figure 5-26.
Remove the Phase Lock module and the two cover
plates so all circuit test points and adjustments are
accessible. Plug the assembly on extender boards and
into the instrument. Use extender cables and adapters
to reconnect signal cables to their respective connector
(cable with yellow band to J501, and the cable with
black band to J502).

If desired, the direct reading counter can be con-
nected to the Vertical Output of the test oscilloscope.
This will enable the user to observe the display of a test
point and get a count, if appropriate, throughout this
procedure. The ground side of the test oscilloscope
probe will serve as the common ground return for both
instruments.

b. Press <SHIFT> CAL and do the directed cali-
bration routine through adjusting the LOG CAL. Press
<SHIFT> to return the instrument to normal operation
and set REF LEVEL to —30 dBm. Check that the AUTO
RES is active { button lit).

¢. Check Offset Mixer — This part of the procedure
is only required after repair or replacement of the Mixer
board.

(1) Connect the Direct Input of the frequency
counter to pin N (Figure 5-27) and set the counter
controls for a count. Note the frequency.

(2) Connect the counter to pin K and note the fre-
quency.
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(8) Connect the counter to the collector of Q1040
and note the frequency. Frequency should equal the
difference between pins N and K (e.g.,
25.080 — 25.000 = 80 kHz). Disconnect the counter
probe from the collector of Q1040. (4) Connect a
test oscilloscope probe to the collector of Q1040
and check for a signal with a frequency between 30
MHz and 94 MHz, 50% duty cycle, and an amplitude
of approximately 5 V peak-to-peak.

d. Check Synthesizer

(1) Set the FREQ SPAN/DIV to 200 kHz. Phase
lock should occur.

(2) Change FREQ SPAN/DIV to 500 kHz and con-
nect the counter to J500 on the Synthesizer board.
Check for a reading of 50.00 MHz.

(8) Connect the counter to TP2040 (Figure 5-27a)
and check for a reading that is near 25.0 MHz.

(4) Connect the test oscilloscope to TP1040 (Figure
5-27a) and check for positive pulses with an ampli-
tude of approximately 4 V peak-to-peak.

(5) Change the FREQ SPAN/DIV to 200 kHz and
observe that the signal on TP1040, in part 4) is still
there.

e. Controlled Oscillator — This part of the check is
only required after repair or replacement of the Con-
trolled Oscillator board.

(1) Press <SHIFT> 0 and select item 1 (FRE-
QUENCY LOOPS CAL), then item 5 (PHASELOCK
SYNTHESIZER) from the displayed menu.

(2) Follow the instructions until the message,
"VERIFY LAST STEP". Due to the interaction of
C1013 and C2011 adjustments, the two steps
will have to be repeated until the voltages are
correct. Alternately press GHz and MHz on the
Data Entry keypad, and adjust until the two vol-
tage readings are correct.

(3) Connect the counter to TP 2011 on the Con-
trolled Oscillator board (Figure 5-27a) and alter-
nately press MHz and GHz on the Data Entry
keypad, and check for a count reading of either
25.0943 MHz or 25.0328 MHz.

f. Check Operation of Strobe Driver

The "Phase Lock Synthesizer" test is still used for
this test. {f aborted, press <SHIFT> 0 to return to the
Synthesizer routine. Any step in the routine will work.

(1) Connect the test oscilloscope to TP1012 on the
Strobe Driver board (Figure 5-27b) and check for a
square wave response with a Time/Div setting of
50 ns. Amplitude should be approximately 5V
peak-to-peak.

{2) Connect the test oscilloscope to TP1032 and
check for a sinusoidal waveform of approximately
5Vp-p.
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Figure 5-26. Test equipment setup for adjusting the Phase Lock assembly.

(3) Connect the counter to TP1032 and check for a
count of either 5.018868 or 5.006477 MHz.

(4) Connect the test oscilloscope to J504 and check
for 5 V logic levels.

(5) Press <SHIFT> to abort the test.
g. Error Amplifier — This procedure sets loop gain

which is required when either the Phase Lock assembly,
1st LO, Phase Detector, or Error Amplifier is replaced.

(1) Set FREQ SPAN/DIV to 200 kHz then press
<SHIFT> 0. The "Diagnostic Functions" menu will
now be displayed. Select "Diagnostic Aids" (3), then
"{st LO Phase Lock" (0). Phase lock should be dis-
abled.

(2) Connect the test oscilloscope to TP2038 (Figure
5-27b) and set test oscilloscope Time/Div to 20 ms.
Check for waveform pulses with an amplitude that is
approximately 6 V peak-to-peak.

(3) Press 10 dB/DIV to enable phase lock and note
that the message indicates "LOCK ENABLED". Con-
nect the test oscilloscope to TP 3081 (Figure 5-27b)
and vary R3082 from stop to stop and note that the
beat note signal varies in amplitude. Press
< SHIFT> to exit the routine.

(4) Set the TIME/DIV to AUTO, FREQUENCY
RANGE to band 2 (1.7—5.5 GHz). Activate MAX
SPAN, and turn Digital Storage off.

(5) Remove P3057 (Figure 5-27b), this turns on the
strobe to the Phase Gate. Set Loop Gain R3082
fully counterclockwise.

(6) Monitor TP3081 with the test oscilloscope to.
Sweep the test oscilloscope externally with the sig-
nal at TP2038 (U2048-6) shown Figure 5-27b. Set
the test oscilloscope Time/Div to X-Y and horizontal
Volts/Div to 0.5 V. Note the beat notes. Beat notes
are produced by the difference between strobes
from the phase lock (one every 5 MHz) and the par-
ticular frequency the 1st LO is tuned to.

(7) Tune the CENTER/MARKER FREQUENCY until
the intensified marker on the oscilloscope is at the
beatnote minimum.

(8) Reduce the FREQ SPAN/DIV to 20 MHz, and
activate VIEW A.

(9) Check that the beat note is >0.5 V peak-to-
peak. If the beat note does not meet this require-
ment, the Phase Gate is may be defective. Adjust
R3082 for a minimum but no less than 0.5 V signal.

(10) Replace P3057, disconnect the test oscillo-
scope trigger and probe connections. Ensure that
P3057 is installed correctly; its absence will produce
spurious responses on the display.
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Figure 5-27. Phase Lock assembly adjustment and test point focations.
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(11) Reduce FREQ SPAN/DIV to 200 kHz and
ensure that phase lock occurs, by the absence of
error message and a sweep. Replace the covers on
the assembly and reinstall the module in the instru-
ment. Perform the phase lock noise check as
described in the Performance Check section.

h. Check Strobe Driver — Excessive noise on the
display and intermittent lock are indications that the
strobe pulse from the Strobe Driver is noisy or low in
amplitude. This can be caused by a mismatch in input
or output impedance to the band-pass fifter FL2064.
The following procedure is required if the filter or any
component that affects the input or output impedance
match is replaced.

(1) With the instrument in phase lock mode (FREQ
SPAN/DIV 200 kHz or less), monitor TP1032 with a
test oscilloscope. Note the amplitude of the 5 MHz
strobe signal. Amplitude of the sinusodial strobe
signal is normally 5 V to 6 V peak-to-peak.

Adjustment Procedure — 2754/2754P Service Vol. 1

{2) If the strobe signal amplitude is low and noisy,
change the value of select capacitors C1032, C1034,
C1016, and C1018 to obtain the maximum strobe
pulse amplitude at TP1032. These capacitors range
from 3.3 pF to 27 pF.

(8) If the signal amplitude is still low, check the fre-
quency at TP1012 with a frequency counter. Fre-
quency must lie between 5.0067 MHz and
5.0188 MHz. The frequency is a function of the
Controlled Oscillator assembly and counter U1022,

(4) Set R1061 to midrange.
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MAINTENANCE

INTRODUCTION

This section describes procedures for reducing and
preventing instrument malfunction, troubleshooting
methods, corrective maintenance, and procedures for
recalibrating those assemblies that normally do not
require routine calibration.

Removing the Instrument from its Cabinet

To prepare the rackmount model for adjustment,
refer to the Rackmount part of the Options section of
this manual (Section 8).

Remove the cabinet as follows:

CAUTION

Do not place the instrument on its front
panel as this may cause damage to the
front-panel knobs.

1. Remove the twelve torque screws holding the
rear-panel casting, and pull the casting from the instru-
ment.

2. Remove the eight screws holding on the feet,
and the eight screws holding on the handles.

3. Pull the cabinet from the rear of the instrument.

4, Piace the instrument on the bench and reconnect
the power cord.

Some circuit boards and assemblies must be placed
on extenders to access test points or adjustments.
Before removing these boards and assemblies, the air
baffle attached to the left siderail must also be
removed.

Turn the power off before removing an assembly.

Static-Sensitive Components

This instrument contains electrical components that
can be damaged by static discharge. See Table 6-1 for
the relative susceptibility of various classes of semicon-
ductors. Static voltages of 1 kV to 30 kV can occur in
unprotected environments.

CAUTION

Static discharge can damage any semicon-
ductor component in this instrument.

Observe the following precautions to avoid damage:

1. Minimize handling of static-sensitive com-
ponents.

2. Transport and store static-sensitive components
or assemblies in their original containers, on metalil-
ized or conductive foam. Label packages that con-
tains static-sensitive assemblies or components.

3. Discharge body static voltage by wearing a
grounded wrist strap while handling these com-
ponents.  Static-sensitive assemblies or com-
ponents should be handled and serviced only at
static free work stations by qualified service person-
nel.

4. Nothing capable of generating or holding a static
charge should be allowed on the work station sur-
face.

5. Keep the component leads shorted together
whenaver possible.

6. Pick up components by the body, never by the
leads.

7. Do not siide the components over any surface.

8. Avoid handling components in areas that have a
floor or work-surface covering capable of generating
a static charge.

9. Use a soldering iron that is connected to earth
ground.

10) Use only special anti-static suction type or wick
type desoldering tools.
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Table 6-1

RELATIVE SUSCEPTIBILITY TO
STATIC DISCHARGE DAMAGE

Relative
Semiconductor Classes Susceptibility
Levels?
MOS or CMOS microcircuits or 1
discretes, or linear microcircuits with
MOS inputs. (Most Sensitive)
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar transistors 5
JFET devices 6
Linear microcircuits 7
Low-power Schottky TTL 8
TTL (Least Sensitive) 9
Voltage Equivalent for Levels:
1=100to 500 V 4 =500V 7 = 400 to
1000 V (est)
2 = 200 to 500 V 5=400to 600V 8=900V
3=250V 6=600to800V 9=1200V

8 Voltage discharged from a 100 pF capacitor through & resistance

of 1000.
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PREVENTIVE MAINTENANCE

Preventive maintenance consists of cleaning, visual
inspection, performance check, and if needed a recali-
bration. The preventive maintenance schedule that is
established for the instrument should be based on the
environment in which the instrument is operated and the
amount of use. Under average conditons (laboratory
situation) a preventive maintenance check should be
performed every 1000 hours of instrument operation.

Elapsed Time Meter

A 5000 hour elapsed time indicator, graduated in
500 hour increments, is installed on the Z-Axis/RF Inter-
face circuit board. This provides a convenient way to
check operating time. The meter on new instruments
may indicate from 200 to 300 hours elapsed time
because most instruments go through a factory burn-in
time to improve reliability. This is similar to using aged
components to improve reliability and operating stabil-

ity.

Cleaning

Clean the instrument often enough to prevent dust
or dirt from accumulating in or on it. Accumulation of
dirt and grease acts as a thermal insulating blanket and
prevents efficient heat dissipation. It also provides high
resistance electrical leakage paths between conductors
or components in a humid environment.

Exterior. Clean the dust from the outside of the
instrument by wiping or brushing the surface with a soft
cloth or small brush. The brush will remove dust from
around the front-panel selector buttons. Hardened dirt
may be removed with a cloth dampened in water that
contains a mild detergent. Abrasive cleaners should
not be used.

Interlor: Clean the interior by loosening accumu-
lated dust with a dry soft brush, then remove the
loosened dirt with low pressure air to blow the dust
clear. (High velocity air can damage some com-
ponents.) Hardened dirt or grease may be removed
with a cotton tipped applicator dampened with a solu-
tion of mild detergent in water. Do not ieave detergent
on critical memory components. Abrasive cleaners
should not be used. If the circuit board assemblies
need cleaning, remove the circuit board by referring to
the instructions under Corrective Maintenance in this
section.

After cleaning, allow the interior to thoroughly dry
before applying power to the instrument.

CAUTION

Do not allow water to get inside any
enclosed assembly or components such as
the hybrid assemblies, RF Attenuator
assembly, potentiometers, etc. Instructions
for removing these assemblies are provided
in the Corrective Maintenance part of this
section. Do not clean any plastic materials
with organic cleaning solvents such as ben-
zene, toluene, xylene, acetone or similar
compounds because they may damage the
plastic.

Lubrication

Components in this instrument do not require {ubri-
cation.

Fixtures and Tools for Maintenance

Table 6-2 lists kits and fixtures that are available to
aid in servicing the spectrum analyzer.

Visual Inspection

After cleaning, carefully check the instrument for
such defects as defective connections and damaged
parts.The remedy for most visible defects is obvious. f
heat-damaged parts are discovered, try to determine
the cause of overheating before the damaged part is
replaced; otherwise, the damage may be repeated.

Transistor and Integrated Circuit Checks

All transistors and integrated circuits are soldered
on the boards to prevent pin contact problems.
Periodic checks of the transistors and integrated cir-
cuits is not recommended. The best measure of perfor-
mance is the actual operation of the component in the
circuit, In most cases any degradation in performance
will be detected by the microcomputer when it runs its
power up routine. Performance of these components is
also checked during the performance check or recali-
bration; any sub-standard transistors or integrated cir-
cuits will usually be detected at that time.

When handling a static sensitive devices observe
necessary handling procedures to prevent damage.

6-3



Maintenance — 2754/2754P Service Vol. 1

Table 6-2
SERVICE KITS AND TOOLS

Nomenclature

Tektronix Part No.

Service Kit consisting of:

006-3286-01

1 Front panel extender

067-0973-00

1 Power module extender

067-0971-00

1 Accessories Interface extender

067-0972-00

1 Ribbon cable

175-2901-00

3 Coaxial cables, Sealectro male-to-Sealectro female

175-2902-00

1 VR module handie

367-0285-00

1 Circuit board extender assembiy kit consisting of:

672-0865-01

1 Left extender board

670-5562-01

1 GPIB extender board

670-8493-00

2 Right extender boards

670-5563-00

1 Frame extrusion for circuit board extender

426-1527-00

6 Screws, panhead with flat and lockwashers

211-0116-00

Screwdriver, flat, with 1/4 to 3/8-inch bit

Screwdriver, Posidrive® 440-2

Wrench, 5/16-inch open-end

Hex drive wrenches, 3/32, 5/64,7/64-inch

Service kit consisting of a torque wrench calibrated for 8 Ibs

Performance Checks and Recalibration

The instrument performance should be checked
after each 1000 hours of operation or every twelve
months if the instrument is used intermittently to ensure
maximum performance and assist in locating defects
that may not be apparent during regular operation.
Instructions for conducting a performance check are
provided by the Performance Check section of the ser-
vice instructions.

003-1324-00

Saving Stored Data in Battery-Backup Memory

If either the Memory or GPIB board are removed
from the instrument, data stored in battery-backed up
non-volatile memory will be lost because the back-up
battery on the GPIB board is disconnected. A program
for storing data on tape is provided at the end of this
section.

TROUBLESHOOTING

The spectrum analyzyer contains firmware that will
troubleshoot the frequency control system and the
power supply. Troubleshooting procedure for this sys-
tem and the power supply is provided in the Diagnostics
part of this section. Also included with this part is a
description of the trace modes and their actions. After
the defective assembly or component has been located,
refer to the Replacing Assemblies and/or Sub-
assemblies part of this section for removal and replace-
ment instructions.

The following aids and techniques may help locate a
problem or trouble in the instrument.
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Troubleshooting Aids

Diagrams — Functional block and circuit diagrams,
on foldout pages in the Diagrams section, contain
significant waveforms, voltages, and logic data informa-
tion. Any necessary information as to how the data was
acquired, such as operational state of the instrument, is
provided on the diagram or adjacent to it. Refer to the
Replaceable Electrical Parts list section for a descrip-
tion of ali assemblies and components. Diagrams are
arranged in signal flow sequence and by sections, such
as RF section, IF section, frequency control section,
etc., with an accompanying functional block diagram.



Schematic diagrams list the Tektronix Part No.
(670-xxxx-) for the assembly or board along with the
assembly number (e.g. A50) and name. The last two
digits or suffix of the part number are not indicated on
the diagram, however, they are listed in the Electrical
Parts section. These two digits reflect changes or
modifications to the assembly or board. When a
change is made to the assembly the suffix rolls one
digit. The diagram indicates these changes with a grey
tint drawing of the original circuit or if a component
changes value the symbol is enclosed with a grey tint
box. When a major modification is made to an assem-
bly or board and it is no longer compatible with earlier
instruments a new part number is assigned and a
separate schematic with associated illustrations are
added, all diagrams indicate the new part number and
the instrument serial number break. If the assembly is
compatible with earlier instruments and the change is
significant enough to require a separate schematic, this
will also be identified.

NOTE

Corrections to the manual and instrument
modifications, if significant, are documented
by adding inserts, bound into the rear of the
manual, until the information is added to the
manual text. Check this "Change Informa-
tion" section for these changes to the
manual or the instrument.

Circuit Board lllustrations and Component Locator
Charts — Electrical components, connectors, and test
points are identified on circuit board illustrations that
are located on the inside fold of the corresponding cir-
cuit diagram or the back of the preceding diagram. A
grid on the circuit board illustration and the circuit
schematic, plus a look-up table, provide the means to
quickly locate components on either the diagram or the
circuit board.

In most cases, circuit numbers are assigned accord-
ing to the physical location of the component on the
board or assembly. The first digit designates the row of
a grid, the second the column, with the last two
reserved as an expander. Three digit numbers desig-
nate chassis mounted components.

Diagnostics — The spectrum analyzer contains
firmware that will assist in locating trouble in the fre-
quency control system and the power supply. This
diagnostic information is part of this section.

General Troubleshooting Techniques

Before using test equipment, to measure across
static-sensitive components or assemblies, be certain
that voltages or current supplied by the test equipment
does not exceed the limits of the components to be
tested.
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Try to isolate the problem to a component through
signal analysis. Determine that circuit voltages will not
damage the replacement.

Semiconductor Checks — Semiconductor failures
account for the majority of electronic equipment
failures. All semiconductors are soldered to the boards
to reduce pin contact problems. The following guide-
lines should be observed if you substitute any of these
components.

1. Turn the power off before removing an assembly
or board.

2. Use a de-soldering tool and 25 W or less solder-
ing iron to remove the components.

3. Use only good components for substitution. Be
sure the new component is inserted into the board
properly before soldering. Refer to the
manufacturer's data sheet for integrated circuit and
transistor lead configuration.

NOTE

If a substitute is not available, check the
transistor or MOS FET with a dynamic tes-
ter such as the TEKTRONIX Type 576
Curve Tracer. Static type testers, such as
an ohmmeter, can be used to check the
resistance ratio across some semiconduc-
tor junctions if no other method is available,
however, DO NOT MEASURE RESISTANCE
ACROSS A MOS FET to avoid damage
from static charges. Use the high resis-
tance ranges (R X 1k or higher) so the
external test current is limited to less than
6 mA. If uncertain, measure the external
test current with an ammeter. Resistance
ratios across base-to-emitter or base-to-
collector junctions usually run 100:1 or
higher. The ratio is measured by connect-
ing the meter leads across the terminals,
note the reading, then reverse the leads
and note the second reading.

Diode Checks — Most diodes can be checked in
the circuit by taking measurements across the diode
and comparing these with voltages listed on the
diagram. Forward-to-back resistance ratios can usually
be taken by referring to the schematic and pulling
appropriate transistors and pin connectors to remove
low resistance loops around the diode.

CAUTION

Do not use an ohmmeter scale with a high
external current to check diode junctions.
Do not check the forward-to-back resis-
tance ratios of mixer diodes. See Replac-
ing the Dual Diode Assembly under Remov-
ing and Replacing Assemblies.
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Diagnostic Firmware

The spectrum analyzer has firmware that contains
diagnostic routines that can be used with the Diagnostic
part of this section to troubleshoot the Frequency Con-
trol system and diagnose Power Supply problems. This
part follows General Troublshooting information. Refer
to this part to help isolate problems within this loop.
The following are also some general suggestions that
may help isolate a problem when troubleshooting.

Troubleshooting Steps

1. Ensure that the problem exists in the spectrum
analyzer by checking the operation of associated test
equipment.

2. Try to isolate the problem to a circuit or at least
board level by evaluating operational symptoms; for
example, absence of the frequency dot could be caused
by a malfunction in the video summing stage, the
marker generator, or switching circuits,

3. Three levels of block diagrams are provided to
aid in understanding the theory of operation. The most
detailed level is adjacent to the schematic and usually
provides signal and voltage levels at critical points
within the circuits. Signal levels are usually the levels
required to produce full screen deflection.

4. Instructions on how to remove or replace those
assemblies which are not obvious, are provided in this
section. Refer to this part before removing any assem-
bly for testing or repairing.

5. Visually inspect the area or assembly for such
defects as broken or loose connections, improperly
connected components, overheated or burned com-
ponents, chafed insulation, etc. Repair or replace all
obvious defects. In the case of overheated com-
ponents, try to determine the cause of the overheated
condition and correct before applying power.

6. Use successive electrical checks to try to locate
the problem. An oscilloscope or signature analyzer is a
valuable test item for evaluating circuit performance. If
applicable, check the calibration adjustments; however,
before changing an adjustment note its position so it
can be returned to its original setting. This will facilitate
recalibration after the trouble has been located and
repaired.

7. Determine the extent of the repair needed; if
complex, we recommend contacting your local Tek-
tronix Field Office or representative. If minor, such as a
component replacement, see the Replaceable Parts list
for replacement information. Removal and replacement
procedure of the assemblies and sub-assemblies are
described under Corrective Maintenance.

CAUTION

When measuring voltages and waveforms,
use extreme care when placing meter leads
or probes. Some circuit boardS have a high
component density, access to points within
circuits is limited. An inadvertent move of
test leads or probe can short a circuit and
generate transient voltages that can destroy
many static sensitive components.

DIAGNOSTICS

This part consists of explanations and procedures
for troubleshooting the frequency control system and
the power supply using diagnostic firmware in the spec-
trum analyzer.

TROUBLESHOOTING USING
THE ERROR MESSAGE DISPLAY

Introduction

This part contains procedures for troubleshooting
the frequency control system and the power supply.
When the microprocessor detects a failure or error in
the Frequency Control loops or a failure in the Power
Supply voltages it will cause the spectrum analyzer to
display an error message near center screen for a few
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seconds; this is followed by an error status message
near the top of the screen which remains as long as the
error or problem exists. ‘

These error messages pertain to problems that
exist under current instrument operational modes or
front panel settings; for example, an error that pertains
to the hardware in the phase lock loop will exist only
when the instrument is in the phase lock mode (nar-
rower span/div settings).



The following troubleshooting procedures are keyed
to the brief error messages. Some problems may pro-
duce more than one error message in which case the
spectrum analyzer will display only the predominant
error. A listing of all error messages will be displayed if
you press <SHIFT> 10dB/DIV. Combinations of error
messages may help determine and expedite the pro-
cess of finding the problem.

Combination of Error Messages

The following is a list of error message combina-
tions and suggestions as to their cause. If the problem
is not resolved with the following suggestions, or if the
combination of error messages displayed is not
covered, proceed to the listing of each error message
and how to troubleshoot the problem.

POWER SUPPLY OUT OF REGULATION
(in combination with any other message/s)

A missing or inaccurate supply voltage is probably
causing the other errors. Proceed to the POWER SUP-
PLY OUT OF REGULATION procedure.

TUNING FAILURE — 1ST LO
and
TUNING FAILURE — 2ND LO

The CF Control board is probably the cause, partic-
ularly if signals do not tune or do not tune smoothly.
The problem is probably the voltage reference or in the
digital control section.

Procedure Format

The format for these procedures is such that the
problem is diagnosed in a descending order. The aim,
to isolate a problem down to one part of the system,
usually an assembly (such as a module or board) or a
functional section of the assembly. After the problem
has been isolated to the assembly or circuit level, refer
to the diagrams and circuit description, as suggested
under General Troubleshooting Techniques, for further
isolation.

The procedures are structured as follows:
Error Message
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Troubleshooting Procedure

(1)

(2)

Steps at the same level are either sequential or
alternative steps, based on measurement or observa-
tion. Proceed to the lower-level steps only if the condi-
tions of the higher-level steps are met. If the conditions
are not met, proceed to the next step at the same level.
An "(E)" at the end of a step, signifies this is as far as
this procedure can take you to locate the problem.

Several of the troubleshooting procedures require
that frequencies be counted and compared to either an
expected value, or the number counted by the spectrum
analyzer's internal counter. The frequencies can differ
by up to {1x105 + counter accuracy}.

These procedures, unless specified, assume the fre-
quency range is either band 1 ( 0 - 1.8 GHz) or band 2
(1.7 - 5.5 GHz).

Some failures, in the frequency control system, may
appear only at specific oscillator frequencies. If this
occurs, in a higher frequency range, the fundamental
frequency of the appropriate oscillator should be deter-
mined so it can be set to the same frequency in the
lower bands. This can be done by:
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(1) Press <SHIFT> 0 and "0", then select either the
1st LO readout (menu item 1) or the 2nd LO readout
(menu item 2). The LO frequency will be displayed
on the crt CENTER FREQUENCY readout.

(2) After noting the frequency of the oscillator, press
<SHIFT> 0 and "0", and select center frequency
readout to return to the normal center frequency
readout mode.

Since the instrument’s power is usually switched on
and off during troubleshooting, the power-down set-
tings, that are automatically stored in register 0 of non-
volatile memory, should be recalled so the instrument
settings and operating mode duplicate those that
existed when the error message was generated.

The following, describes each error message and
the procedures recommended to locate the problem.

POWER SUPPLY QUT OF REGULATION

Any out-of-tolerance voltage will cause this error
message to be displayed. A power supply status circuit
within the power supply will change the status LED on
the Z-Axis board to red when any supply except —-17 V
changes by more than 25%. An error message will be
also be displayed. An apparent power supply failure
can be produced when either the supply fails or a circuit
demands excessive current and blows a protective fuse
or produces a current limit condition. The following
procedure should determine those voltages that are out
of range and whether the failure is in the supply or in a
circuit outside the supply.

Troubleshooting procedure

WARNING

The spectrum analyzer uses a high
efficiency power supply, with the primary
ground potential different from chassis or
earth ground. An isolation transformer,
with a turns ratio of 1:1 And a 500 VA
minimum rating, should be used between
the power source and the spectrum
analyzer power input receptacle. The
transformer must have three-wire input and
output connectors with a through ground
between input and output. Stancor
GIS1000 is an example of a suitable
transformer. A jumper should also be con-
nected between the primary ground side to
chassis ground (emitter of Q2061 and the
ground terminal of the input filter FL301).

If the power supply is separated from the
instrument and operated on the bench,
hazardous potentials exist within the supply
for several seconds after power is discon-
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nected. This is due to the slow discharge
of capacitors C6101 and C6111. DS5112
(next to C6111) lights when the potential
exceeds 80V,

1. Verify that the power supply status LED, on the
Z-Axis board, is red. If the LED is green, there is prob-
ably a failure in the microprocessor interface. (E)

2. Measure the power supply voltages at the test
points on the Z—Axis board. To access the test points,
remove the hold down cover over the Sweep and
Z—Axis boards.

WARNING

300V and 100 V are present on the Z-axis
board.

The ranges for each supply are listed in Table 6-3.
These are tolerance limits which are much tighter than
the limits used by the power supply sensing circuit. A
supply that exceeds these limits may not trigger the
error message or cause the instrument to malfunction.
The +15V supply is adjustable and affects the other
supplies. Refer to the Adjustment Procedure section of
the manual for adjustment information if a supply is just
out of tolerance.

a. If all supplies are within limits and the power sup-
ply status LED is red, the problem is probably in the
power supply status circuit on the Z—Axis board.
R1065 may be misadjusted; adjust R1065 to see if the
LED changes to green. If it changes, set R1065 at the
center of the "green” range. (E)

b. If the +17 V or —17 V supply and any other sup-
ply or supplies are inaccurate, or, if both the +9 V and
+5 V supplies are inaccurate, the trouble is likely in the
Power Supply. (E)

c. If the voltage is high (in absolute value), the
trouble is probably in the Power Supply. (E)

d. If the voltage from a fused supply is inaccurate,
the trouble is probably in the Power Supply. (E)

~e. If the voltage from a fused supply is absent, it
indicates the fuse could be blown. To access the fuses,
remove the cover at the top left hand corner of the
Power Supply module (as viewed from the front of the
instrument). A blown fuse generally indicates that one
of the circuits that this supply furnishes is defective;
however, a fuse may open without an overcurrent con-
dition. Replace the fuse and try again. |f the fuse
blows, the trouble is definitely in one of the circuits the
supply furnishes.

If the fuse is not blown and the voltage is still
absent, it indicates the trouble is the Power Supply. (E)
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Table 6-3
POWER SUPPLY RANGES

Range

Test Point Circuit Protection

280 Vto 310V
95Vto105V
16.8Vto 186V

14.85Vto 15.15V

85Vto10.5V
48Vto52V
-48Vto—-2V
—7Vto-85V
-14.85Vto —-15.15V

f. If the voltage from a current limited supply is
absent or low, the problem could be the supply, or cir-
cuits the supply furnishes may be drawing excessive
current, Turn the POWER off, then disconnect the
suspect assemblies or modules from the supply and
re-measure the voltage; or, remove the Power Supply
from the instrument and measure the unloaded voltages
on the Power Supply connector.

(1) If the supply voltage is correct with assembly or
module removed, or when the voltage with the
power supply removed is normal, the circuits this
supply furnishes are causing the problem. (E)

(2) If the voltage for the unloaded supply voltage
is still inaccurate, the power supply is defective. (E)

TUNING FAILURE — 18T LO

The 1st LO is set by a combination
hardware/software loop. There are two distinct
hardware blocks to the loop: the block that measures
the oscillator frequency and the block that sets the
oscillator to frequency. The microprocessor system
"closes the ioop" by determining how far the oscillator
must be moved to bring it to the desired frequency.
Setting is an iterative process wherein the microproces-
sor indirectly counts the 1st LO, moves it as needed,
and counts again. The 1st LO Tuning Failure error mes-
sage is displayed when the 1st LO has not been set
correctly after a number of iterations which varies with
instrument settings.

TP1052 Fuse (F1033)
TP1048 Fuse (F1035)
TP1047 Fuse (F2013)
TP1046 Current limit
TP1011 Fuse (F1017)
TP1044 Current limit
TP1036 Current fimit
TP1037 Fuse (F1013)
TP1035 Current limit
Fuse (F3038)
TP1034 Ground Reference

The 1st LO Control Diagnostic Aid displays data on
the crt screen which can be used to determine which
part of the loop has failed. A typical display follows. To
display this data press <SHIFT> 0, then select 3
DIAGNOSTICS AIDS.

The first two lines list the voltage to be expected at
the output of the 1st LO section of the Center Fre-
quency Control and the voltage across the sense resis-
tor of the 1st LO Driver. The nominal values are based
on the Desired 1st LO Freq and the nominal tuning sen-
sitivity of the oscillator.

8 The —17 V supply is not monitored by the power supply status circuit nor does it have a test point on the Z-axis board. If this supply fails, the
cooling fan will not run. The fan will also not run if the ambient temperature is low. The —-17 V supply will probably affect other supplies as well.
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1ST LO CONTROL DIAGNOSTIC AID
NOMINAL DAC SET
TUNE VOLTS -6.79 vV -6.80V
SENSE VOLTS 343V 343V
DESIRED . COUNTED
1ST LO FREQ 2.720 504 GHZ 2.719 735 GHZ
MIXER FREQ 45,896 MHZ 46.665 MHZ
1ST LO SETTING ACCURACY 4.981 MHZ
AUXILIARY SYNTHESIZER 212.800 MHZ
PRESS "SHIFT" TO EXIT

The DAC Set values are based on the setting of the
1st LO tuning DACs. The DAC Set values can differ
from the Nominal values because the system cannot be
exactly calibrated, the tuning sensitivity of the oscillator
is possibly not its nominal value, and the DACs will be
moved in an attempt to set the oscillator.

The Desired 1st LO Freq is the frequency to which
the processor is trying to move the oscillator. The
Counted 1st LO Freq is the frequency the microcom-
puter has calculated from, the internally counted har-
monic mixer output frequency, the Auxiliary Synthesizer
frequency, and the assumed harmonic number of the
Auxiliary Synthesizer. Because of this last assumption,
if the 1st LO is not near the Desired Frequency, the
Counted Frequency will not be the actual oscillator fre-
quency, even though the counter is functioning.

The Desired Mixer Freq is the difference between
the the Desired 1st LO Freq and the nearest harmonic
of the Auxiliary Synthesizer. (The Auxiliary Synthesizer
harmonic will always be higher in frequency than the
desired 1st LO frequency.)

The 1st LO Setting Accuracy is the maximum per-
mitted difference between the actual and desired LO
frequencies. The setting process will end when the
difference becomes less than, or equal to, this value.
The tolerance depends on frequency span and band.

The Auxiliary Synthesizer Freq is the frequency
that is programmed into the +N synthesizer.

This troubleshooting procedure should localize a
problem to the oscillator, the oscillator setting block, or
the oscillator counting block. If the failure is not in the
oscillator, it is further localized within one of the
hardware blocks.
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Troubleshooting Procedure

1. Press <SHIFT> 0, then 3 to display the Diag-
nostic Aids menu. Select 1 to display the 1st LO Contro!
Diagnostic Aid information.

2. If the Counted 1st LO Freq is within the 1st LO
Setting Accuracy of the Desired Freq readout, press
<SHIFT> to return to normal operation. Now deter-
mine if the error occurs, for the same center frequency,
at frequency spans/division above 5 MHz only, or at
spans less than 5 MHz/div. (Frequency range must be
0 — 1.8 GHz or 1.7 — 5.5 GHz.)

a. If the frequency control error occurs only at fre-
quency spans of 5 MHz/div or more, the capacitor
switching relay, on the 1st LO assembly, is probably
shorted. (E)

b. If the error occurs with a frequency span/div of
5 MHz or less, the 1st LO is probably defective. (E)

3. Measure the voltage across the sense resistor
(R1040) on the 1st LO Driver board. If this voltage is
within 50 mV of the DAC Set value, measure the fre-
quency on the 1ST LO Output connector. This meas-
ured frequency should be within 50 MHz of the fre-
quency calculated by multiplying 800 MHz/V by the vol-
tage that was measured across the sense resistor
R1040.



a. If the calculated and measured frequencies are
within 50 MHz of each other and the measured fre-
quency agrees with the internally counted 1stLO
Freq readout or differs from it by a multiple of the
Auxiliary Synthesizer Freq, return to normal opera-
tion (by pressing <SHIFT>). Now attempt to cali-
brate the CF Control board and the 1st LO Driver
board by pressing <SHIFT> 0 and select 1, for the
CF Control board, or 2, for the 1st LO Driver board,
from the menu. Exit from the CF Control board cali-
bration routine by pressing <SHIFT> when the step
for R4040 is displayed. If you are able to complete
the calibration routine, check to see if the error mes-
sage is still present. If it is, or if the calibration rou-
tines cannot be completed, continue troubleshooting
with step 4. (E)

b. If the calculated and measured frequencies are
within 50 MHz, but do not meet the above condition
in step 3a, measure the Auxiliary Synthesizer output
frequency at P1060 on the Auxiliary Synthesizer
board.

(1) If the Auxiliary Synthesizer output frequency
is correct, measure the input frequency from the
Harmonic Mixer with a spectrum analyzer, at the
cable connection to P261 on the Auxiliary Syn-
thesizer board. (A counter would probably give
an erroneous reading because of the harmonic
mixing process). The frequency measured with
the spectrum analyzer should equal the sum of
the Desired Mixer Freq and the measured 1st
LO frequency, less the Desired 1st LO Freq, if
the calculated frequency is between 10 MHz and
90 MHz. If the calculated frequency is outside
the 10 MHz to 90 MHz range, the 1stLO fre-
quency is far from the desired value, Repeat the
previous steps in this procedure.

(a) If the Harmonic Mixer output frequency is
correct, measure the frequency at edge con-
nector 15, on the Auxiliary Synthesizer
board, with a counter. This should be
1/100th of the Harmonic Mixer output fre-
quency.

(b) A correct frequency measurement indi-
cates the Counter board is defective. (E)

(¢) An incorrect frequency measurement
indicates the Auxiliary Synthesizer is defec-
tive. (E)

(d) The Harmonic Mixer is probably defec-
tive if no signal is present at the output or
the signal frequency is incorrect. (E)

(2) |If the output frequency, at P1060 is
incorrect, measure the tune voltage for the
200 - 220 MHz VCO, between TP1066 and
TP1074 on the Auxiliary Synthesizer board. The
range of the tuning voltage is normally +5 V to
+12 V.
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(a) If the tune voltage is within the center of
its normal range and the output frequency at
P1060 is stable (varies no more than 1-2 Hz),
the programmable divider in the phase-
locked loop is probably defective. (E)

(b) If the tune voltage is in the center portion
of its normal range and the output frequency
at P1061 is unstable, the loop amplifier is
probably defective. (E)

(c) If the tune voltage and oscillator fre-
quency are at the end or outside their range,
in the same direction (high or low), C1070 in
the VCO may be misadjusted. If adjustment
of the capacitor does not correct the prob-
lem it is not in the VCO but somewhere else
in the loop. (E)

(d) If the tuning voltage and the Auxiliary
Synthesizer frequency are in opposite direc-
tions from the center of their respective
ranges (8.5V and 210 MHz), the VCO is prob-
ably defective. (E)

(e) If the calculated and measured frequen-
cies differ by more than 50 MHz, remove the
jumper plug P3043 on the 1stLO Driver
board and measure the oscillator current.

CAUTION

The oscillator coil has significant
inductance. Interrupting the oscilla-
tor current will generate high vol-
tage. Removefreplace P3043 or
connect/disconnect a current meter
after the power is off. (Typical vol-
tages at P3043 can range as high as
35V.)

The coil current should be: 40 mA/V, where
the voltage is the sense-resistor voltage as
previously measured across R1040. The
measured current should be within 1% of this
value.

(3) If the measured and calculated currents are
within 1%, return to normal operation (by press-
ing <SHIFT>) and determine if the frequency
control error occurs with frequency span/div of
5 MHz or less, or above 5 MHz/div, with the
same center frequency. (The frequency range
should be in either band 1 (0-1.8 GHz) or band 2
(1.7-5.5 GHz).

(a) If the frequency control error occurs only
with frequency spans of 5 MHz/div or less,
one of the noise filter capacitors on the
1st LO Assembly is probably defective. (E)
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(b) If the error occurs with frequency spans
greater than 5 MHz/div, the 1st LO is prob-
ably defective. (E)

(4) If the measured and calculated currents are
not equal, the problem is likely in the final stage
of the LO Driver. (E)
4. Measure the 1st LO tuning voltage at edge connec-
tor 47, of the Center Frequency Control board. This
voltage should be within 200 mV of the listed DAC Set
value.

a, If the voltage is within this limit, failure of the
1st LO Driver board is indicated. (E)

b. If the voltage is not within the limit, failure of the
Center Frequency Control board is indicated. (E)

TUNING FAILURE — 2ND LO

The 2nd LO is set by a combination
hardware/software loop. There are two distinct
hardware blocks in the loop; the block which measures
the oscillator frequency and the block which sets the
oscillator to frequency. The microprocessor "closes the
loop" by determining how far the oscillator must be
moved to bring it to the desired frequency. Setting is
an iterative process wherein the microprocessor counts
the oscillator frequency, moves it as needed, and
counts again. The error message is displayed if the
2nd LO is not set to the desired frequency after a
number of iterations, depending on instrument settings.

The 2nd LO Ceontrol Diagnostic Aid displays data
which can be used to determine which part of the loop
has failed. A typical display is shown below. (Ensure
that the #3 switch of the Options switch, on the
Memory board, is in the open position.) Press
<SHIFT> 0, then 3, and select 2nd LO Control (#2)
from the menu.

2ND LO CONTROL DIAGNOSTIC AID

NOMINAL DAC SET
TUNE VOLTS 0.01Vv 019V
DESIRED COUNTED

2ND LO FREQ 2.182 000 GHZ 2.182 140 GHZ
OFFSET FREQ 18.000 000 MHZ 17.860 MHZ

OFFSET SET- 540.672 KHZ
TING ACCU-

RACY

PRESS

"SHIFT" TO

EXIT
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The Tune Volts is the voltage that would be
expected at the output of the 2nd LO section of the
Center Frequency Control. The Nominal voltage is the
value needed for the Desired frequency of the oscillator
in a perfectly calibrated system. The DAC Set voltage
should be produced by the present setting of the 2nd
LO tuning DACs. The DAC Set voltage may differ from
the Nominal value because the system may not fully
calibrated and the DACs will be moved to try to set the
oscillator.

The Desired 2nd LO Freq is the frequency to which
the microcomputer is trying to move the oscillator. The
Counted 2nd LO Freq is that frequency the microcom-
puter has calculated from the Counted Offset Freq.

The Offset Freq is the frequency of the low-
frequency offset VCO in the 2nd LO Assembly. In the
2182 MHz LO, this frequency is the difference between
2200 MHz and the LO frequency. (The 719 MHz LO is
derived from the 2182 MHZ LO, and the frequency rela-
tionships are more complex.) Again, the Desired Freq
is the frequency the microcomputer is trying to set the
offset, and the Counted Freq is the value read by the
internal counter.

The Offset Setting Accuracy is the maximum permit-
ted difference between the actual and desired offset fre-
quencies. The setting process ends when the
difference becomes less than or equal to this value.
The tolerance depends on frequency span and band.

The following procedure should localize the failure
to the 2nd LO assembly, the hardware setting block, or
the hardware counting block.

Troubleshooting Procedure

1. Display the diagnostic information for the 2nd LO
control loop as outlined above.

2. If the Counted Offset Freq and the Desired Offset
Freq are within the Offset Setting Accuracy, the 2nd LO
probably has failed.

3. If the Counted Offset Freq is within 100 kHz of
the Desired Offset Freq, make sure that P1048 is prop-
erly seated on J1048. If the fine tune ground lead is not
making good contact, the tuning voltage can shift
sufficiently to cause setting failures. (E)

4. If the Counted Offset Freq readout is within
100 kHz of the Desired Offset Freq, the oscillator may
be out of calibration. Return to normal operation by
pressing <SHIFT>. Try to calibrate the 2nd LO by
pressing <SHIFT> 0 and select "4" (2nd LO) from the
menu. Now, follow the instructions of the displayed
messages. |f you are able to complete the calibration
routine, check to see if the error condition still exists.
If the error is still there or you where unable to com-
plete the calibration routine, proceed to the next step.

(E)



5. Measure the 2nd LO Tune Volts at TP1044 on
the Center Frequency Control board.

a. If the 2nd LO tuning voltage is within 200 mV of
the DAC Set value, measure the 2nd LO frequency
at the front-panel 2ND LO Output connector.

(1) |f the measured frequency does not agree
with the internally Counted readout, the Counter
board is probably at fault. (E)

(2) If the frequency agrees with the Counted
value, measure the mixed down frequency at the
cable going to P513 on the Counter board. This
frequency should equal the sum of the Desired
Offset Freq and the Desired 2nd LO Freq, less
the measured 2nd LO frequency.

(a) If this frequency is present, measure the
2182 MHz oscillator tuning voltage on the
feedthrough capacitor C2203 between the
16-20 MHz Phase Lock circuit and the 2182
MHz Microstrip Oscillator in the 2182 MHz
Phase Locked 2nd LO Assembly. The nor-
mal range of this voltage is 0V to —12.5 V.
With the phase locked loop unlocked, this
voltage will probably be slightly outside one
end of the range.

(i) If the absolute value (magnitude) of
the tuning voltage and the oscillator fre-
quency are off in the same direction from
the centers of their respective ranges [6
(-6) V and 2182 MHz, the Microstrip
Oscillator has probably failed. (E

(i) If the absolute value (magnitude) of
the tuning voltage and the oscillator fre-
quency are off in the opposite direction
from the center or their respective ranges
[6 (—6) V and 2182 MHz , some other part
of the lock loop, besides the Microstrip
Oscillator, has probably failed. (E)

(b) If the mixed-down frequency is absent,
either the 2200 MHz Reference, the
2182 MHz Microstrip Oscillator or the
2200 MHz Reference Mixer probably has
failed. (E)

b. If the tuning voltage is not within 200 mV of the
DAC Set value, the Center Frequency Contro!l board
probably has failed. (E)

PHASE LOCK FAILURE — 1ST LO

The following procedure assumes that the oscillator
is at the correct frequency, so the problem must be in
the phase lock system.

The following crt display of the 1st LO Phase lock
Diagnostic Aid displays data for troubleshooting the 1st
LO phase lock loop.
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1ST LO PHASE LOCK DIAGNOSTIC AID

1st LO FREQ 2.072 000 000 GHZ
STROBE FREQ 5.016 949 MHZ
LOCK DISABLED PRESS
<10dB/DIV>
TO
ENABLE

PRESS "SHIFT" TO EXIT

While the troubleshooting information is displayed,
the 1st LO is repetitively being stepped +750 KHz. If
LOCK DISABLED is displayed, the lock loop is open
between the output of the phase gate and the input to
the FM coil. If lock is enabled, the loop is closed, and
the fourth line of the display changes to LOCK
ENABLED PRESS "10dB/DIV" TO DISABLE.

The 1st LO Freq readout is the frequency the oscil-
lator should be at when locked. The frequency that is
measured at the front-panel 1ST LO Out connector will
not check exactly with this value because the oscillator
is unlocked and stepping in frequency.

The Strobe Freq is the frequency at P502 and P504
of the Phase Lock module.

This procedure should help localize the failure to the
Phase Gate or to a section of the phase lock circuitry.

Troubleshooting procedure

Before troubleshooting data on the phase lock loop
is displayed, the Freq Span/Div must be in those spans
that enable the phase lock mode (200 kHz or less for
band 1).

1. Press <SHIFT> 0 then select "0", from the diag-
nostic aids menu, to display the "ist LO Phase Lock
Diagnostic Aid" information. (If an error message
UNDEFINED FUNCTION appears after the 1st step, it
indicates switch #3 of S1038 (Options) on the Memory
board is not in its "open” position.)

2. With an oscilloscope, examine the signal at P242
on the Phase Gate. Beat notes (bursts of signal at up
to 500 kHz) at a 10 Hz rate should be present as the
oscillator is stepped. Beat note amplitude should be
about 6 V peak-peak. The amplitude of the positive and
negative peaks should not differ by more than 20%.
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a. If beat notes are present, press 10dB/DIV to
enable the lock. Check the Error Amplifier output at
TP2037, on the Error Amplifier board in the Phase
Lock module. Output signal amplitude should be
approximately 6V peak-peak and its frequency
should be 10 Hz. The up and down out-of-range
signals, on edge connectors 8 and 10 of the Error
Amplifier board, should be toggling between 0 V and
+5 V.

(1) If there is a signal at TP2037 but one or both
of the out-of-range lines is not toggiing, the out-
of-range comparator on the Error Amplifier
board, or the sensing circuit on the Phase Lock
Control board, has probably failed. This could
cause problems in maintaining lock but not in
acquiring lock. |If the instrument does not
acquire lock, note the out-of-range problem and
continue troubleshooting with step 3).

(2) If there is no signal at TP2037, the Error
Amplifier has probably failed. (E)

(3) If there is a signal at TP2037, the switching
circuit that connects the output of the Error
Amplifier to the FM coil of the 1st LO has prob-
ably failed. (E)

b. If beat notes are present, but their amplitude is
less than 3.8V (peak-peak), or the amplitude
difference of the positive and negative excursions is
more than 20%, the Phase Gate is probably defec-
tive. (E)

c. If there are no beat notes, measure the strobe
frequency, at P504 on the Phase Lock module.

(1) If the strobe frequency is the same as the
readout on the diagnostic aid display, it is possi-
ble, but not probable, that the 1st LO system is
miscalibrated and that the 1st LO is near the
wrong harmonic of the Auxiliary Synthesizer.
Press <SHIFT> to return to normal operation
and look at the calibrator line that is closest in
frequency to the frequency (in Band 1) at which
the error occurs. If the frequency indicated for
the calibrator line is correct (a multiple of 100
MHz), the Phase Gate has probably failed.

If the frequency indicated is incorrect, attempt to
calibrate the 1st LO system by pressing
<SHIFT> 0 and select 0 (Overall System Cal)
from the menu. Exit from the calibration routine
when the display for R4040, on the CF Control
board appears by pressing <SHIFT>. If the
calibration can not be completed, or it does not
result in the correct frequency indication for the
calibrator line, troubleshoot the 1st LO system
using the procedure under TUNING FAILURE
—1st LO error message step 3b. (E)
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(2) If there is no strobe signal, check for a sig-
nal on feedthrough "M", on the Strobe Driver
board in the Phase Lock module.

(a) If there is a signal, the Strobe Driver has
probably failed. (E)

(b) If there is no signal, the Controlled Oscil-
lator has probably failed. (E)

(3) If the frequency of the strobe signal is
erroneous, but is stable (within 1-2 Hz), in the
normal strobe range of 5.006477 MHz to
5.018868 MHz, the programmable divider in the
Synthesizer has probably failed. (E)

(4) If the listed Strobe Freq is below 5.007, 100
MHz and the actual strobe frequency is slightly
above the desired frequency; or above 5.018,
240 MHz and the actual strobe frequency is
slightly below the desired frequency, attempt to
calibrate the Phase Lock Synthesizer. Press
<SHIFT>, to return to normal operation, then
press <SHIFT> 0 and select "5" from the menu.
If you are able to complete the calibration, check
to see if the error message is still present. If it
is still displayed, or the calibration routine could
not be completed, proceed to the next step as if
the strobe frequency was not within the above
range. (E)

(5) If the listed Strobe Freq is outside the range
in the preceding step, measure the tune voltage
for the VCO, at feedthrough "H" on the Con-
trolled Oscillator board in the Phase Lock
module. The normal range is from 59V to
11.3 V. With the loop unlocked, the voltage will
probably be near or beyond one end of the
range.

(a) If the voltage is around the center of the
range, the loop filter and ampilifier, on the
Error Amplifier board, are probably at fault.

©

(b) If the tuning voltage and the strobe fre-
quency are displaced from the center of their
range (8.6 V and 5.013 MHz) in the same
direction, the VCO is good and something
else within the loop has failed. (E)

(c) If the tuning voltage and the strobe fre-
quency are displaced in opposite directions
from the center of their range, the VCO has
probably failed. (E)



TRACE MODES

Trace Mode provides information on how the fre-
quency control system is working. It is accessed by
pressing <SHIFT> 0, menu item 7, then selecting 1st
LO (menu item 1), 2nd LO (menu item 2), MARKER
(menu item 3), or DISPLAY RESULTS (menu item 4).

Trace Mode "1", starts tracing the 1st LO control
actions. Trace Mode 2", starts tracing the 2nd LO con-
trol actions. Trace Mode "3", starts tracing marker
correction cycles.

Information from these four trace modes is stored in
RAM and can be displayed by selecting DISPLAY
RESULTS (menu item 4) from the TRACE MODE menu.
This mode displays up to 16 lines of data gathered by
the trace modes.

NOTE

Information used is only obtained when the
internal frequency correction occurs. This
correction is related to the drift rate of the
spectrum analyzer and the time between
corrections can be as long as 30 seconds.
To assure information is available, change
the FREQ SPAN/DIV one position, then
return to the original setting. This forces the
correction cycle to occur,

For modes 1 and 2, the first field of the display indi-
cates which mode was active at the time the informa-
tion was gathered. The second field of the display indi-
cates which attempt at tuning or correcting the oscilla-
tor the data is for. The next field contains the tuning
DAC settings before a tune or correction took place.
The first three digits are the upper DAC settings, the
next three digits the lower DAC settings. The next field
contains the DAC settings after the tuning or correction
was attempted. Again, the first three digits are the
upper DAC, and the next three digits the lower DAC
settings. The next field indicates the time delay
between setting the DACs to the new values and read-
ing the resulting frequency, in units of millisecond. The
final field contains the frequency of the oscillator in
question, after the tune or correction attempt. Actually,
the displayed frequency is the beat note frequency from
the auxiliary mixer for the tst LO (in KHz), and the 16-
20 MHz oscillator frequency for the 2nd LO.

For mode 3, the resulting trace display consists of
seven columns. The first column is always "4", indicat-
ing that the marker is being traced. The second column
gives the iteration number of the correction cycle which
the displayed line describes. The third column consists
of two letters and a number. The first letter is "P" if the
data applies to the primary marker and "S" if the data
applies to the secondary martker. The second letter is
"C" if the oscillators are being counted at the marker
position to determine the marker frequency, or "S" if the
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marker position is being synthesized to maintain a con-
stant marker frequency. The number in this column is
"1" if the 1st LO is being counted at the marker and "2"
if the second LO is being counted. The fourth column is
the hexadecimal setting of the marker DAC. The fifth
column is the decimal digital storage location of the
marker. The sixth column is the oscillator settling time
in ms before the count. The last column is the har-
monic mixer output frequency in KHz for a 1st LO
count, or the 16-20 MHz VCO frequency for a 2nd LO
count at the marker position.

The sequence <SHIFT> 0, "7", "0", terminates trace
actions and erases the RAM of all data.

Alternate Frequency Display

The Alternate Frequency Display mode selects an
alternate frequency display instead of the normal Center
Frequency display. These alternate frequencies are
selected by pressing <SHIFT> 0, selecting menu item
0, and selecting "0", "1", or "2" as indicated by the
menu.

The normal Center Frequency is displayed when "0"
is selected.

The frequency of the 1st LO is displayed when "1"is
selected. This display is updated each time the 1st LO
frequency is counted.

The frequency of the 2nd LO is displayed when "2"
is selected. This display is updated each time the fre-
quency of the 2nd LO is counted.

Auxiliary Synthesizer Control

The Auxiliary Synthesizer Control can be turned on
continuously, or turned on only during correction for the
1st LO tunes. This mode is toggled (turned on continu-
ously or during 1st LO corrections) by pressing
<SHIFT> 0, and selecting menu item 4, A message
will come on screen indicating which mode the Auxiliary
Synthesizer is in.

Correction Disable/Enable

Correction of the 1st and 2nd LO frequencies can
be disabled or enabled by pressing <SHIFT> 7 or
<SHIFT> 0, and selecting menu item 6. When correc-
tions are disabled, the oscillator frequencies are
counted but no further action is taken. This mode can
be used to monitor the drift of the oscillators by activat-
ing the respective trace mode. When corrections are
disabled, the 1st LO cannot be phase locked!
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CORRECTIVE MAINTENANCE

Corrective maintenance consists of component
replacement and instrument repair. Special techniques
and procedures that may be required to remove and
replace assemblies andfor components in this instru-
ment are described here.

Handling Static Sensitive Components

Most semiconductor types, both separately and in
assemblies, are susceptible to damage to static charge,
see Table 6-1 for voltage levels. We recommend static
sensitive procedures be implemented for all operations
involving semiconductor handling.

Obtaining Replacement Parts

All eiectrical and mechanical parts are available
through your local Tektronix Field Office or representa-
tive. The Replaceable Parts list section contains infor-
mation on how to order these replacement parts.

NOTE

Some components that are heat sinked to
the circuit board extrusion or module wall,
are soldered to the board after the board is
mounted in place. This is necessary to
avoid cracking the case when the mounting
screw is tightened. These components are
identified by a note on the schematic draw-
ing. Their part number appears with
chassis mounted components in the
Replaceable Electrical Parts list.

Parts orientation and lead dress should be dupli-
cated because some components are oriented to
reduce interaction between circuits or control circuit
characteristics.

Where applicable, an improved part will be substi-
tuted when a replacement is ordered. If the change is
complex, your local Field Office or representative will
contact you concerning the change. After repair, the
circuits may need recalibration.

Parts Repair and Return Program

Assemblies containing hybrid circuits or substrates
in a semi-sealed module, and complex assemblies such
as the YIG oscillator can be returned to Tektronix for
repair under the repair and return program.

Tektronix repair centers provide replacement or
repair service on major assemblies as well as the unit.
Return the instrument or assembly to your loca! Field

8-16

Office for this service, or contact your local Field Office
for repair and exchange rates.

Firmware Version and Error Message Readout

This feature provides readout of the firmware ver-
sion when the power on/off is cycled. During the initial
power-up cycle, the instrument firmware and front panel
firmware versions are displayed on the crt for approxi-
mately two seconds. The Replaceable Electrical Parts
list section, under Memory board (A54) and GPIB board
(A56), lists the ROM devices and their Tektronix part
numbers for each firmware version.

Whenever an error occurs in an operational routine,
an error message on screen describes the nature of
the error. Status messages or prompts (see Diagnosi-
tics part of this section), are also displayed when run-
ning a diagnostic test or calibration procedure.

Selected Components

A few components that are selected to meet certain
parameters such as temperature compensation, or to
center the range of some adjustable component. The
selected components are identified as selectable on
the circuit diagram and in the Replaceable Electrical
Parts list. The Replaceable Parts list description for the
component gives a nominal value. The procedure for
selection is explained in the adjustment part of recali-
bration procedure. Table 6-4 lists these components,
their nominal values, and the criteria for selection.

Replacing EPROM or ROM Devices

Firmware for the microcomputer is contained in
ROM packs on the Memory and GPIB boards. Refer to
the Replaceable Electrical Parts list (Vol. 2) under these
assemblies (A54 Memory and A56 GPIB) for the ver-
sions and integrated circuit part numbers. All
integrated circuits are soldered into sockets on the
board to reduce problems that occur due to poor con-
tact because of corrosion or loose pins. Refer to
replacing Transistor and Integrated Circuit for pro-
cedure, :



Component Number

Table 6-4

SELECTED COMPONENTS

Nominal Value
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Selection Criteria

A50A5C1038

47 pF

Enhance the adjustment frequency range of
C1041

A50A5C1048

47 pF

Enhance the adjustment frequency range of
Cc1042

A46A1R1011
A46A1R1012

10K Q (Fixed)

Matched for
5PPM/°C

temperature coefficient to

A46A1R1013
A46A1R1014

10K 9 (Fixed)

Matched for
5PPM/°C

temperature coefficient to

A22A1R1070

6.04kQ

Sets the Reference Mixer output frequency at
18 MHz +50 kHz

A22A1R2049

6.04k9)

Adjusts linearity of the 2nd LO sweep

A22A1R2070

6.04k$)

Adjusts 2nd LO tune range

A22A1R2072

3.83kQ

Sets 2nd LO sweep

A46A1R1015
A46A1R1016
A46A1R1020

10.5kQ, 5k, and 10k Q respectively; (Fixed)

Matched for
5PPM/°C

temperature coefficient

A46A1R1048
A46A1R1049

10K (Fixed)

Matched for
5PPM/°C

temperature coefficient

A46A1R1050
A46A1R1051

10K (Fixed)

Matched for
5PPM/°C

temperature coefficient

A46A1R1052
A46A1R1053
A46A1R1055

Surface-Mounted Components

Surface-mounted parts have been used in this
instrument. These parts are mounted on pads on the
circuit board, rather than through holes in the board.
Lead configuration of these parts is shown in Figure 6-

1.

5kQ, 10.5kQ, and 10k Q respectively; (Fixed)

Matched for
5PPM/°C

temperature coefficient

6032-32

Figure 6-1. Surface-mounted components lead configuration.
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The positive end of electrolytic capacitors is
identified with a band. Other capacitors and resistors
have no visible identlification. However, like their axial-
leaded counterparts, their values can be measured with
a meter.

Surface-mounted semiconductor devices are sensi-
tive to static electricity discharges, and should be
treated as outlined in the beginning of this section.

Replacing Surface-Mounted Components

A Hot Air Machine, such as Hart Model 200A
manufactured by Nu-Concept Computer Systams Incor-
porated of Colmar, Pennsylvania, is recommended for
unsoldering and soldering surface-mounted com-
ponents.

Another method to remove and solder surface-
mounted components is by using a hot air gun and a
pair of tweezers.

Do not apply too much heat, as the pad/s on which
the device is soldered may be lifted from the circuit
board.

1, Unsolder the component.
2. Clean the board with isopropyl alcohol.

3. Solder in the replacement. Surface-mounted
compnents are pretinned, and should be soldered onto
the board with solderpaste rather than soider.

CAUTION

If you use a soldering Iron, use one with a
small tip. After applying the solderpaste,
touch the corner of the pad with the iron to
fasten the component. Avoid touching the
component with the hot soldering iron.
Thermal shock causes hairline cracks that
are not visible to the eye.

Transistor and Integrated Circuit Configurations

Lead identification for transistors and integrated cir-
cuits, is readily available from manufacture’s data
books. Integrated circuit pin-outs for Vec and ground
are shown with a box on the schematic diagram. Refer
to Scldering Technique in Corrective Maintenance part
for unsoldering and soldering instructions.
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Diode Color Code

The cathode of each glass encased diode is indi-
cated by a stripe, a series of stripes, or a dot. Some
diodas have a dioda symbol printed on one side. Figure
6-2 illustrates diods types and polarity markings that
are used in this instrument.

C1664-14

Figure 6-2. Dlode polarity markings.



Multiple Terminal (Harmonica) Connectors

Some intercircuit connections are made through pin
connectors that are mounted in a harmonica type
holder. The terminals in the holder, are identified by
numbers that appear on the holder and the circuit
diagrams. Connectors are identified on the schematic
and board with either the prefix letter "P" or "J" followed
by a circuit number. Connector orientation to the circuit
board is keyed by a triangle on the holder and the cir-
cuit board (see Figure 6-3). In some cases, the triangle
or arrow is screened on the chassis adjacent to the
connector. Some connectors contain more than one
section.

0995-11

Figure 6-3. Multipin (harmonica) connectors.

Resistor Values

Many types of resistors (such as composition, metal
film, tapped, thick film resistor network package, plate,
etc.) are used. The value is either color coded in accor-
dance with the EIA color code, or printed on the body of
the component.

Capacitor Marking

The capacitance value of ceramic disc, plate, and
slug, or small electrolytic capacitors, is marked in
microfarads on the side of the component body. The
ceramic tubular capacitors and feed-through capacitors
are color coded in picofarads,
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Soldering Techniques

CAUTION

Disconnect the instrument from its power
source before replacing or soldering com-
ponents.

Some of the circuit boards in this instrument are
multilayer; therefore, extreme caution must be used
when a soldered component is removed or replaced.
Excess heat from the soldering iron and bent com-
ponent leads may pull the plating out of the hole. We
suggest clipping the old component free. Leave enough
lead length so the new component leads can be sol-
dered in place. If you desire to remove the component
leads, use a 15 W or less pencil type iron. Straighten
the leads on the back side of the board; then when the
solder melts, gently pull the soldered lead through the
hole. A desoldering too! should be used to remove the
old solder. Use a desoldering tool that has a low build-
up of static charge, such as Silverstat Soldapulit
desoldering tool, when unsoldering integrated circuits
or transistors.

Replacing the Square Pin for the Multi-pin Con-
nectors

It is important not to damage or disturb the ferrule
when removing the old stub of a broken pin. The fer-
rule is pressed into the circuit board and provides a
base for soldering the pin connector,

If the broken stub is long enough, grasp it with a
pair of needle nose pliers, apply heat, with a small sold-
ering iron, to the pin base of the ferrule and pull the old
pin out. (The pin is pressed into the ferrule so a firm
pull is required to pull it out.)

If the broken stub is too short to grasp with pliers,
use a small dowe! (0.028 inch in diameter) clamped in a
vise to push the pin out of the ferrule after the solder
has melted.

The old ferrule can be cleaned by reheating socket
and placing a sharp object such as a toothpick or small
dowel into the hole. A 0.031 inch drill mounted in a pin
vise may also be used to ream the solder out of the old
ferrule.

Use a pair of diagonal cutters to remove the ferrule
from the new pin; then insert the pin into the old ferrule
and solder the pin to both sides of the ferrule.

If it is necessary to bend the new pin, grasp the
base of the pin with needle-nose pliers and bend
against the pressure of the pliers to avoid breaking the
board around the ferrule.
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Servicing the VR Module

The VR module requires mechanical support when it
is installed on board extenders. Mechanical support is
provided by moving the mounting plate at the upper
side of the module (Figure 6-4A) to the bottom side.
This allows installation of a mounting screw through a
support bracket into the mounting plate screw hole as
shown in Figure 6-4B. For better support, we recom-
mend using a second bracket on the other end.
Remove the bracket, turn it over and install it so the
threaded studs are below the module.

VR Mounting Plate
Attaching Screw

B. VR module on extender boards and secured for servicing.
556541

Figure 6-4. Servicing the VR assembly.
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REPLACING ASSEMBLIES AND
SUBASSEMBLIES

Most assemblies or subassemblies in this instru-
ment are easily removed and replaced. The following
describes procedures for replacing those assemblies
that require special attention. Top and bottom views
are shown in Figures 6-5 and 6-8, respectively. These
illustrations show the location and identify most assem-
blies by their name and assembly number.

NOTE

Remove the airbaffle along the left siderail
before removing the adjacent assemblies.

Removing and Installing the GPIB Board

The GPIB board connects to the GPIB port on the
back panel, through a GPIB Extender board (A56A1), a
ribbon cable (W560), and a GPIB Interface board
(A30A57) in the Power Supply module. The GPIB
Extender board edge connector is clamped to the con-
nector on the GPIB board by means of a locking key
that extends through the connector. When the key is
turned, so it faces inward, the connector is clamped.
To release the connector, so the GPIB board can be
removed, proceed as follows:

1. Unscrew the mounting screws that hold the
metal shield over the GPIB, Processor, and Digital
Storage boards and remove the shield.

2. Lift the key to the GPIB Extender board connec-
tor up so it just clears the board and turn it 80 degrees,
so it faces the rear of the instrument. This will spread
the connector so the GPIB board can now be pulled
from the connector on the Mother board.

3. Use a board puller to pull the GPIB board free
from the Mother board.

Install the board as follows:

1. With the key for the GPIB Extender board con-
nector turned so the connector is spread (top of the key
facing to the rear of the instrument), slide the GPIB
board through the guides and onto the Mother board
connector. Ensure that the board is well seated.

2. Turn the key 90 degrees to lock the connectors
of the GPIB Extender board and the GPIB board
together. Push the key down to its rest position.

3. Re-install the shield over the GPIB, Processor,
and Digital Storage boards.
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Figure 6-5. Top deck assemblies.
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Figure 6-6. RF deck assemblies.




Removing or Replacing Semi-rigid Coaxial
Cables

Performance of the instrument is easily degraded if
these connectors are loose, dirty, or damaged. The fol-
lowing procedure will help ensure that the connection is
good enough to maintain proper performance.

1. Use a 5/16 inch open-end wrench to loosen or
tighten the connectors. It is good practice to use a
second wrench to hold the rigid (receptacle) portion of
the connector to prevent bending or twisting the cable.

2. Ensure that the plug and receptacle are clean
and free of any foreign matter.

3. Insert the plug connector fully into the receptacie
before screwing the nut on. Tighten the connection to 8
inch pounds to ensure that the connection is tight. Do
not overtighten (15 to 20 inch pounds) because this can
damage the connector.

Replacing the Dual Diode Assembly in the 1st
Mixer

The diode subassembly that houses the Schottky
mixer diodes permits easy field replacement of the
diodes. The subassembly is secured in place with four
0-80 screws. An 8-32 threaded hole is provided to facil-
itate insertion and removal of the subassembly. Ther
are three contact points located on the substrate side of
the subassembly., Use care to encure proper fit when
mounting and orienting these contacts in the mixer
assembly. Insertion and removal of the subassembly
more than twice is not recommended due to the gold-
ribbon attaching technique used in fabrication.

A tuning screw is adjusted to null a start spur on
Band 1. This tuning screw is mounted through the top
of the diode asssembly, adjacent to the 8-32 hole. If
adjustment of this screw is warranted, care should be
taken to not force the tuning screw after it bottoms out
on the surface of the quartz-suspended substrate.

The diode assembly is packaged in a static-free
package. Keep the diode subassembly in this package
until ready to install. The following should be used
when replacing this assembly.

CAUTION

The diodes are beam-lead devices,
mounted on a quartz-suspended substrate.
These diodes are extremely sensitive to
static electricity discharge. Refer to the
caution note on static discharge at the
beginning of this section. Do not expose
the diode assembly to RF fields.

Maintenance — 2754/2754P Service Vol. 1

1. Loosen and disconnect the three coaxial cable
connections at the 1st Converter assembly.

2. Remove the two mounting screws, and remove
the assembly from the instrument.

3. Remove the four 0-80 screws that hold the diode
subassembly in the 1st Converter, and insert a 8-32
screws into the threaded hole provided in the center of
the diode assembly.

4. Lift the diode assembly out of the mixer assem-
bly by means of the 8-32 screw, then remove the screw.

5. Open the diode package. Use a pair of tweezers
to grasp the diode assembly by its side, and place it on
a static-free surface. Grasp the side of the assembly
with the fingers. Avoid contact with the diodes. Insert
the 8-32 screw.

6. Orient the diode assembly so the three contact
tips are aligned with their respective contacts in the
mixer; then, using the index fingers of both hands so
equal pressure is applied, press the subassembly into
place.

7. Insert the four mounting screws, then replace
and tighten the three coaxial connectotrs to 8 in-Ibs.
Remount the 1st Converter assembly by installing the
two mounting screws that hold the assembly to the RF
deck.

Replacing the Crt

1. Remove the snap-in printed bezel and crt light
filter.

2. Use an 8/64 inch Allen wrench to remove the
four bezel screws, unplug and remove the inner bezel.

3. Unsolder the ground wire from the front panel
casting and unplug the crt cables at their respective
board connections (High Voltage module, Deflection
Amplifier board, and Z-Axis board).

4. Slide the crt, with its shield, out through the front
panel.

5. Remove the crt shield as follows:

a. Remove the tube base cap and unplug the
socket.

b. Remove the two side screws that hold the upper
shield in place, then remove the shield.

¢. Loosen the screws that clamp the plastic bracket
around the crt, then remove the bracket.

6. Install the plastic bracket so the back on the
clamp is 5.07 inches from the back of the crt socket
guide.
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7. Replace the crt shield plus the socket and base
shield by reversing the removal procedure. The finished
crt assembly length, with cap installed, must equal
11.05 inches. If it is longer, the assembly may short cir-
cuit the Deflection Amplifier circuit board when it is
installed.

8. Place the spectrum analyzer on its rear panel
then loosen the four crt blue plastic mounting blocks on
the front casting so they can be readily positioned when
the crt is installed.

9. Install the crt with shield assembly through the
front panel; seat the wedges on the side of the crt, into
the blue plastic mounting blocks.

10. Postion the cast bezel and implosion shield in
place to ensure that there is clearance between the crt
face and the bezel. (The bezel must bottom on the
front casting.)

CAUTION

It is very important that the four mounting
blocks are loose enough so the bezel
retaining screws can be tightened without
the bezel touching the crt face. If not the
crt or the bezel may crack when the screws
are tightened.

11. Remove the bezel and tighten the mounting
block screws evenly in-a cross pattern to approximately
8 inch pounds. Make sure the crt stays centered in the
blue plastic mounting blocks as the screws are
tightened.

12. Replace the bezel and implosion shield, recon-
nect cables to their respective board connectors, and
resolder the ground lead to its terminal.

13. Replace crt light filter and snap-in printed bezel.

Repairing the Crt Trace Rotation Coil

The trace rotation coil is part of the crt assembly. If
the coil is damaged beyond repair, the crt with the coil
must be replaced.

If the “finish" (red) lead is broken, remove the tape
and unwind one or two turns so it can be respliced and
soldered to the lead wire. Rewind and retape.

If the "start" (black) lead is broken and the lead is
too short to re-splice, attempt to fish out the broken end
so one or two turns can be unwound, re-splice and
solder to the lead; then rewind and retape.
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Front Panel Assembly Removal

It is not necessary to remove the front pane! assem-
bly to replace any of the push buttons. (Refer to
Replacing Front Panel Pushbuttons, that follows this
procedure.) The crt is removed with the front-panel
assembly.

1. Place the front of the instrument just of the edge
of a table, then unscrew and remove the mounting nuts
and washers from the RF INPUT, and the two 1st and
2nd LO OUTPUT connectors. Remove the knobs.

2. Unplug the CAL OUT coaxial cable from the 3rd
Converter, and unplug the crt from the Z-Axis/RF Inter-
face, High Voltage module, and the Deflection Amplifier.

3. Unplug the front-panel board from the Mother
board, and remove the cables connecting the two
front-panel boards.

4. Pull off the snap-in crt bezel, and loosen the allen
screws holding the crt. Remove the front-panel overlay.
Remove the eight screws holding the front- pane!
assembly to the frame.

Replace the front-panel assembly by reversing the
removal procedure.

Front-Panel Board Removal

NOTE

A replacement Front Pane!l board comes
with switches and controls for program-
mable different versions of the spectrum
analyzer. Before replacing an existing
board, remove the switches and controls on
the new board that are not used on the par-
ticular version of the instrument.

It is not necessary to remove the front-panel assem-
bly to remove the front-panel board.

1. Remove the front-panel knobs. Remove the
cables connecting the two front- panel boards, and the
cable connecting the front panel to the Mother board. -

2. To remove front panel #1, remove the 8 screws
holding it to the subpanel. To prevent losing the
grounding rings or bushings between the front-panel
controls, gently pull the board from the subpanel.

3. To remove front-panel #2, remove 3 screws hold-
ing it to the subpanel.



Replacing Front Panel Pushbutton Switches

1. Remove the front panel board, using the previ-
ous procedure.

2. Pull off the switch keycap, and push the switch
through the board from the back.

3. When installing a new switch, support the led
from the back when appropriate.

Main Power Supply Module Removal

CAUTION

To avoid damage to the Mother board con-
nector J5041 and Interface connector
J1034, during removal or installation of the
Power Supply module, use the following
procedure.

1. Disconnect the power cord and remove the
instrument cover. 2. On the circuit board side of the
instrument, unplug the coaxial cable connector P620
from the Log and Video Amplifier assembly. On the RF
deck side disconnect the plug for the cable to the
Reference Lock assembly, at the lower right corner of
the Power Supply module.

3. For programmable instruments, remove the cable
clamp for the GPIB interconnect cable and unplug P560
to the GPIB Extender board.

4. Remove the three screws that hold the power
module to the RF deck flange (bottom right side), then
remove the four screws that hold the power supply
module to the side rails.

5. With the instrument RF deck on the near side,
pull the left side of the power module from its side-rail
{no more than 1.5 inch). Now grasp both sides of the
module and lift to separate the module from the Mother
board.

WARNING

Because C6111 and C6101 discharge very
slowly, hazardous potentials exist within the
power supply for several minutes after the
power switch is turned off. A relaxation
oscillator, formed by C5113, R5111, and
DS5112, indicate the presence of voltages
in the circuit until the potential across the
filter capacitors is below 80 V.

6. Loosen and remove the two screws that hold the
mounting bracket for P361. Lift the cover off the
module and unplug P3045 to the Fan Drive board. The
power supply should now be accessible.
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7. Reinstall P361 mounting bracket then plug P3045
onto the power supply board and replace the cover.

8. Set the instrument with the RF deck on the near
side then hold the power supply module at the rear of
the instrument so the right side is touching the side-rail
and the left side is about 1.5 inch above its side-rail.

9. Align connectors P5041 and P1034 with their
respective Mother board and Interface board connec-
tors, then press the module into place between the side
rails,

10. Replace the four module holding screws and
the three flange screws.

11. Reconnect the coaxial cables and GPIB cable, if
appropriate, then install the cable clamp.

12. Replace the instrument cover.

High Voltage Power Supply

A screw must be removed before the High Voltage
Power Supply circuit board can be unplugged and
removed. The screw goes through the side-rail into a
nylon standoff bushing at the bottom corner of the
board. ‘

Removing and Replacing the 1st LO (YIG Oscilla-
tor)

1. Unplug and remove the multipin connectors to
the assembly. Cut the tie-down that holds the black
encased RF coil to the semi-rigid cable.

2. Using a 5/16 inch open-end wrench, loosen and
disconnect the semi-rigid coaxial cable.

3. Loosen and remove the four mounting screws
that hole the assembly to the RF deck. Remove the 1st
LO assembly.

4. To replace the assembly, reverse the removal
procedure. Use a tie-down to re-tie the RF coil to the
semi-rigid cable to prevent vibration from breaking the
coil leads.
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Replacing the 1st (YIG) Local Oscillator Interface
Board

The YIG oscillator assembly includes an interface
circuit board that can be replaced. To replace the
board refer to Figure 6-7 and the following procedure.
Use a desoldering tool to remove the solder as the
leads are unsoldered.

1. Unsolder and lift one end of C1014 (820 uF capa-
citor) at the top of the board.

2. Unsolder and lift one end of VR1010.

3. Unsolder and lift the + lead of C1016 from the
YIG terminal.

4. Unsolder the sight leads to the YIG and lift the
board off the assembly.

Fan Assembly Removal

1. Remove power supply as described in this sec-
tion.

2. Remove six screws that hold the power supply
cover in place. Take the coaxiai cable out of the plastic
retainer clip and lift the power supply cover with fan up,
so harmonica connector P3045 can be disconnected
and the cover removed.

3. Remove the nuts and lockwashers that holid the
fan brackets from the back side of the power supply
housing. The fan will fall free from the brackets.

4. The resilient mounts at the corners of the fan
frame should be replaced if a new fan is to be installed
or fan vibration is generating spurs on the display.

5. Insert four resilient mounts into the corners of
the fan, flush with the fan frame.

6. Install one of the fan brackets to the power sup-
ply housing by attaching its lock washers and nuts to
the back of the housing.

NOTE

Fan brackets should be installed as in Fig-
ure 6-8.

7. Insert the posts of the brackets into the holes
provided in the resilient mount and install the remaining
bracket, with lockwashers and nuts, to the back side of
the power supply housing.
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8. Reconnect the fan to the Fan Drive board then
replace the cover, with the fan, onto the power supply
module,

9. After installing the six screws that hold the cover
in place, ensure that the fan assembly moves freely.
Replace the coaxial cable in the plastic retaining clip.

Unsolder and lift

e o

A. Oscillator assembly.

Unsolder circled connections.

B. Interface board showing terminals to unsolder for
removal. 5565-44

Figure 8-7. Removing the YIQ osclilator Interface board.
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Flgure 6-8. Fan assembly mounting,

10. Reinstall the Power Supply assembly as
directed under Power Supply Replacement. Apply
power and check for normal fan operation.

MAINTENANCE ADJUSTMENTS

The following procedures are not part of the regular
calibration. They are only applicable when these
assembilies are replaced or after major repair,

110 MHz IF Assembly Return Loss Calibration —
(Table 8-5 lists test equipment required to adjusts this
assembly.)

1. Test equipment setup is shown in Figure 6-9.
The IF assembly must be removed to gain access to the
adjustments,

2. Apply 110 MHz at 2 V peak-to-peak (+10 dBm)
through 35 dB attenuation to the RF Input of the VSWR
bridge. Connect the RF Out of the VSWR bridge to the
RF tnput of the spectrum analyzer. (Do not connact the
110 MHz IF to the VESWR bridge.)

3. Set the test spectrum analyzer Center Frequency
to 110 MHz, Frequency Span/Div to 5§ MHz, Resolution
Bandwidth to 3 MHz, Vertical Display to 10 dB/Div, and
Ref Level to 20 dBm,
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4. Set the step attenuator for a full screen
{—20 dBm) display.

5. Connect the 110 MHz IF input to the VSWR
bridge and connect a 500 termination to the output of
the IF amplitier. Now plug the power cable P3045 into
the + and ~15 V source and ground the case of the
assembly,

8. Adjust C2047 and C1054 {Figure 8-10) simultane-
ously for minimum signal amplitude on the spectrum
analyzer display. Minimum amplitude must be at least
35 dB down from the full screen reference of —20 dBm.

7. Disconnect test equipment setup and replace the
110 MHz IF assembly,

2072 MHz 2nd Converter

The 2nd Converter assembly consists of a four cav-
ity 2072 MHz band-pass filter, mixer, and a 110 MHz
low-pass filter, The assembly is precalibratad prior to
instailation, and requires no calibration after it is
installed. We recommend replacing the assembly if it
should malfunction. The following procedures describe
adjustments that can be made if the biasing should mal-
function or the seal on any of the filter tuning slugs is
broken. The mixer diodes ara not to be replaced in the
field. Return the assembly to Tektronix, Inc., for repair,

CAUTION

Do not open the assembly. Adjust the tun-
ing slug only after checking the filter
characteristics.

Four Cavity Fiiter—-The characteristics of the filter
are checked with a network analyzer, Fraquency of the
fiter is 2072 MHz, bandpass, 15 MHz down, is 1 dB,
return loss is 20 dB or greater, and insertion loss is
1 dB. if the seal is broken on any tuning slug, adjust for
maximum return {oss.

Mixer—-To gain access to the Bias adjustments,
remove the assembly from its mounting; then remove
the mounting plate on the bottom of the assembly.
Reconnect the Mixer to the inputfoutput lines, using the
same cables (cable length of semi rigid cables is criti-
cal). Apply the CAL OUT signal to the RF INPUT and
tune a marker to center screen. Simultansously adjust
both bias potentiometers, R1021 and R1022, (see
Figure 6-11) for maximum signal amplitude.
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Table 6-5

EQUIPMENT REQUIRED FOR RETURN LOSS ADJUSTMENT

Test Equipment

Characteristics

Recommended Type

Spectrum Analyzer

Frequency range 2110 MHz

TEKTRONIX 49X-Series or
7L14 Spectrum Analyzer

Signal Generator

Frequency 110 MHz at +10
dBm

TEKTRONIX SG 503 for the
TM 500-Series

VSWR Bridge

Wiltron VSWR Bridge, 62BF50

10 dB and 1 dB Step Attenua-
tors

500, 0dB to 40 dB

Hewlett Packard 355C & 355D
Step Atten.

Termination

500

Tektronix Part No. 011-0048-01

Adapter

Bnec-to-Sealectro

Tektronix Part No. 175-0419-00

TM 500 MAIN FRAME

O.qp

110 MHz
SIGNAL

VSWR BRIDGE

GENERATOR

STEP ATTENUATORS
1dB 10dB RF IN
STEPS STEPS
RF OUT

SPECTRUM ANALYZER UNDER TEST

—T 10]0=0
e il E—

) A || N
== i | | —

N = o _Onlf IN

110 MHz IF

IN OuT |

50 Q@ TERM.

6032-26
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Figure 6-9. 110 MHz IF return loss adjustment setup.
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Figure 6-10. 110 MHz IF test points and adjustments.
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110 MHz Three Cavity Filter

Alignment of this filter is not required unless the
spectrum analyzer fails to. meet bandwidth
specifications. The filters are adjusted for center fre-
quency and response shape so the resolution
bandwidth is within specifications. The adjustment pro-
cedure is as follows:

1. With the CAL OUT signal applied to the RF
INPUT, tune the signal to center screen and reduce the
RESOLUTION BANDWIDTH to 1 kHz.

2. Tune the signal to center screen to establish
center frequency reference; then increase the RESOLU-
TION BANDWIDTH to 1 MHz.

3. Adjust the tuning slugs for best response shape,
centered around the reference. Ensure bandwidth (6 dB
down) is 1 MHz.

4. Check resolution bandwidth accuracy over the
range of the RESOLUTION BANDWIDTH selector as
per instructions in the Performance Check section to
ensure that bandwidth is within specification.

5565-46

Figure 6-11. 2072 MHz Converter blas adjustments.
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829 MHz Converter Maintenance

Some circuit boards in this assembly contain
critical-length printed elements. When damaged, these
elements are usually not repairable; therefore, the cir-
cuit board must be replaced. Even though replacement
boards are precalibrated and repair can be accom-
plished by replacing the board, we recommend sending
the instrument or assembly to your Tektronix Service
Center for repair and calibration.

The 829 MHz band-pass filter in the IF section, and
the 719 MHz LO in the LO section, require adjustment
only if the board has been damaged or active com-
ponents (transistor or varactor) have been replaced.
The following describes preparation for service and
replacement procedures. The first two steps describe
how to gain access to either the LO or the IF section;
the remaining steps describe adjustment procedure for
each section.

1. To gain access to the LO section:

a. Switch POWER off; use a 5/64 Allen wrench to
loosen and remove the cover screws.

b. Remove the cover.

c. Refer to step 3 (within this procedure) for adjust-
ment procedure.

2. To gain access to the IF section

a. Switch POWER off; use a 5/16 inch wrench to
disconnect and remove all coaxial connectors to the
829 MHz converter.

b. Remove the six mounting screws, unplug the
input power connector P4050, then remove the 829
MHz converter assembly.

¢. Turn the assembly over and remove the cover for
the IF section.

d. To troubleshoot or calibrate the circuits, set the
assembly at a location so the input power plug P4050
can be reconnected to the Mother board. Be sure to
observe plug orientation (pin 1 to pin 1).

e. Refer to step 4 (within this procedure) for adjust-
ment procedure.

3. 719 MHz Oscillator Range Adjustment

a. Adjustment requires the following test equip-
ment:

A frequency counter with a frequency range to
1 GHz (nine digit readout), sensitivity of 20 mV rms
for prescaled input or 15 mVrms for a direct input
(such as TEKTRONIX DC 510 counter with a DP 501
prescaler); a digital voltmeter with a 3.5 digit
readout (such as TEKTRONIX DM 502A); test leads
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for the DVM, a 500 coaxial cable with bnc connec-
tors (Tektronix part number 012—-0482-00) and a
sma male-to-bnc female adapter (Tektronix part
number 015-1018-00).

b. The 2nd LO range is 714.5 MHz to 723.5 MHz
(with the cover off). 719 MHz is the optimum center fre-
quency. Frequency of the oscillator is controlled by the
Tune Volts from the 25 MHz Phase Lock circuit (located
at TP1011) which varies from +5 V (low end) to +11.9V
(high end) with +6.75V to +7.5V as the limits for
operation at 719 MHz. Set the digital voltmeter to meas-
ure 12 V then connect it between TP1011 (Figure 6-12)
and ground.

c. Disconnect the 100 MHz reference from the 3rd
Converter by unplugging P235 (Figure 6-12). The oscil-
lator should go to its upper limit and the voltmeter indi-
cate about 11.9 V.,

25 MHz PHASE LOCK.
». - T1P11 B Fo i N
- o719 MHz 2nd Loo_¢

6032-27:

Figure 6-12. 829 MHz LO test points and connectors.

d. Connect the 75 MHz—1000 MHz input of the fre-
quency counter through a 500 coaxial cable to the front
panel 2nd LO OUTPUT connector.

e. Minor adjustments to the oscillator frequency are
made by shortening the U-shaped transmission line
stub, off the main line. Graduation marks (see
Figure 6-12) along the side of the stub provide a guide
to calculate frequency correction. Each minor mark
from the end or cut across the stub, represents an
approximate change of 2 MHz.



Check the frequency by noting the reading on the
frequency counter. If above 723.900 MHz, the stub
must be lengthened. Solder a bridge across the cut
and recheck frequency. Nominal frequency for an uncut
stub is 710 MHz.

f. Shorten the line so the frequency is near
723.500 MHz. For example: The frequency difference
between the desired and the actual divided by 2 MHz,
equals the number of minor divisions from the line end
for the new cut. Make a cut across the line and check
that the new frequency is between 723.100 MHz and
723.900 MHz. Repeat as necessary.

g. Cover the 719 MHz oscillator cavity with the 829
MHz Converter cover, press down to ensure good
shielding, and note the frequency readout of the
counter. Frequency should fall within 723.600 MHz and
724,400 MHz.

h. Reconnect P234 (100 MHz) and P237 (2182 MHz)
and confirm that phase lock is operating by noting that
the voltage on TP1011 is between 6.75V and 7.5 V.
This completes the adjustment of the 719 MHz LO.
Replace the cover and reinstall the 829 MHz converter
assembly.

4. 829 MHz Coaxial Band-Pass Filter Adjustment

NOTE

This procedure is necessary if the position
of one of the variable capacitor loops (tabs)
has been altered, changing the bandpass
characteristics of the filter.

a. Test equipment required:

Spectrum analyzer with tracking generator (such as
a TEKTRONIX 49X-Series Spectrum Analyzer with
TR 503 Tracking Generator, or 7L14 with a TR 502
Tracking Generator); Frequency Counter (such as a
TEKTRONIX DC 510 Counter with a DP 501 Pres-
caler); and a Return Loss (such as a Wiltron Model
62BF50 Bridge.)

b. Unsolder and reconnect the jumper, on the 829
MHz Amplifier board, to the test Peltola jack J1029 (see
Figure 6-13).

c. Connect the spectrum analyzer, tracking genera-
tor, and frequency counter together as a system, with
the frequency counter connected to the Auxiliary RF
Output of the tracking generator (see Figure 6-14).
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6032-28

Figure 6-13. 829 MHz amplifier test jack and jumper.

d. Connect the spectrum analyzer/tracking genera-
tor system through the return loss bridge to the Peltola
jack (J1029) on the 829 MHz amplifier board (see
Figure 6-14). Reconnect P235 (100 MHz reference sig-
nal) and P237 (2182 MHz input) to the LO section of the
converter.

Terminate the 110 MHz Output (J232) connector
with 500, using a bnc-to Sealectro adapter and 20 dB
bnc attenuator. Pull the IF SELECT line high by switch-
ing to band 2 (1.7-5.5 GHz).

e. Set the test spectrum analyzer Reference Level
to —20 dBm, Vertical Display mode to 2 dB/div, Resolu-
tion Bandwidth to 300 kHz, and Freq Span/Div to
20 MHz. Tune the Center Frequency for a readout of
829.00 MHz on the frequency counter.

f. Adjust the 1/4 wavelength lines in the filter in
sequence, starting with the resonator at the 829 1 MHz
input (see Figure 6-15). Adjustment is made by shorting
the adjacent resonator to ground with a low inductance
conductor, such as a broad blade screwdriver, then
bend the loop or tab of the respective stub with a non-
metallic tuning too! to change the series capacitance of
the resonator.
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Test Oscilloscope
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(Device Under Test)

2727-157

Figure 6-14. 829 MHz filter test equipment setup.

g. With the adjacent resonator (second) shorted to
ground, adjust the series capacitance by bending the
tab so the response on the spectrum analyzer display is
centered at 829 MHz (see Figure 6-16A).

h. Now move the shorting strap (screwdriver) to the
next resonator and adjust the tab of the second resona-
tor for a response as indicated in Figure 6-16B.

i. Remove the short from the third resonator and
short the fourth resonator. Adjust the third resonator
for a response similar to that shown in Figure 6-17A,

j- Repeat the procedure for the final (fourth) resona-
tor for a response similar to that shown in Figure 6-17B.
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k. Check that the return loss is equal to or greater
than 12 dB.

I. Disconnect the return loss Device Under Test
lead to the Peltola jack J1029 on the 829 MHz Amplifier
board, then unsolder and reconnect the jumper to th
amplifier output. :

m. Replace the 829 MHz Converter cover and rein-
stall the assembly in the Spectrum Anlyzer.



ot L

/. SHORT 10 ADJUST sTAGE: \

4416.81

Maintenance — 2754/2754P Service Vol. 1

Figure 6-15. 829 MHz Converter filter tune tabs.

Troubleshooting and Calibrating the 2182 MHz
2nd LO

The 2nd LO assembly contains a phase-locked
oscillator (2182 MHz) and its phase-locking circuits.
The 14-22 MHz Phase Lock board is contained in a
mu-metal housing. The 2182 MHz Oscillator, 2200 MHz
Reference, and 2200 MHz Reference Mixer are con-
tained in a machined aluminum housing.

The 2182 MHz Microstrip Oscillator and 2200 MHz
Reference Mixer contain critical printed elements.
These elements are difficult to repair, therefore the
board should be replaced if damaged. If either the
varactor diode or the oscillator transistor for the
2182 MHz Oscillator is replaced and the oscillator fre-

1 20|
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A. 1st Resonator Response

20, 3828 Mhz/900RkHz Pes

N FWE WS WU WS W

2d8/ i Ao

B. 2nd Resonator Response

2727-159

Figure 6-16. Correct response for 829 MHz first and second
resonators.

quency is beyond adjustment with the frequency adjust
tab, described in this procedure, the circuit board must
be replaced.

Even though repair can be accomplished by replac-
ing the board, we recommend sending the instrument or
assembly to your Tektronix Service Center for repair to
insure best performance.

The 2182 MHz Phase Locked 2nd LO requires cali-
bration only when a component within the assembly has
been replaced.

Table 6-6 lists test equipment required to calibrate
the L.O. section, and Table 6-7 lists equipment for the
Phase Lock section.
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Figure 6-17. Correct response for 829 MHz third and fourth
resonators.

1. Check 2nd L.O. Frequency
(2182 MHz =1 MHz)

The reference frequency position set up in this step
will also be used in the adjustment procedure.

a. Connect the test equipment as shown in
Figure 6-18.

b. Set the 2754/2754P Spectrum Analyzer to Band
1 and Max Span.

c. Set the test spectrum analyzer front-pane! as fol-
lows:
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Frequency 2 GHz
Frequency Span/Div 10 MHz
Referance Level +20 dBm
Auto Resolution On

Vertical Display 10 dB/Div
Digital Storage View A & View B
Time/Div Auto

Triggering Free Run

d. Set the Time Mark generator for 0.1 us markers.
Markers should appear on the test spectrum analyzer
display, approximately one marker/divison.

e. Peak the 2.0 GHz signal for maximum amplitude
with the peaking control, if available.

f. Using the 2 GHz signal as a starting point, begin
counting markers until the 18th marker is located. The
2 GHz signal should be greater in amplitude than the
time markers. The frequency must be tuned towards
2.18 GHz to locate the 18th marker. Increase the refer-
ence level as necessary to view the markers.

¢g. Center the 18th marker on the test spectrum
analyzer (center frequency should be approximately
2,18 GHz).

h. Reset the test spectrum analyzer frequency
span/division to 1 MHz.

i. Position the 18th marker 2 major divisions to the
left of the center graticule line on the test spectrum
analyzer (center frequency should be approximately
2.182 GHz), then activate SAVE A.

j- Disconnect the ouput of the comb generator from
the rf input of the test spectrum analyzer.

k. Reset the Reference Level of the test spectrum
analyzer to +10 dBm. Connect the 2ND LO output from
the 2754 to the rf input of the test spectrum analyzer.

. Check that the 2nd L.O. output signal is within
one major division of the center graticule line
(2.181 GHz to 2.183 GHz).

m. If the frequency of the 2nd L.O. is greater than
2183 MHz or less than 2.181 MHz, adjustment is
required. The SAVE A display reference used in part |
will be used in the adjustment procedure.
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Table 6-6
EQUIPMENT REQUIRED FOR 2nd LO CALIBRATION

Test Equipment Characteristics Recommended Type

Spectrum Analyzer Frequency range to 2.2 GHz TEKTRONIX 49X-Series or 7L14
Option 39

UHF Comb Generator 500 MHz Pulse Input Tektronix 067-0885-00 Calibra-
tion Fixture with TM 500 Series
Power Module

Time Mark Generator 0.1 us markers; accuracy 0.001% TEKTRONIX TG 501 with TM 500
Series Power Module

Signal Generator Calibrated 100 MHz, with =20 Hewlett-Packard Model 8640 A/B
kHz accuracy

Voltmeter Measures to within 0.01 V, TEKTRONIX DM 502A with TM
impedance 21 MQ 500 Series Power Module

Variable Power Supply 0to12.5V, accurate to 0.1 V TEKTRONIX PS 501 with TM 500
Series Power Module

Terminations (2) 500, 3 mm connectors Tektronix Part No. 011-0048-01

TM 500 Main Frame

/ Spectrum Analyzer Under Test
Time Mark Comb Generator
Generator Source
- — | O ¢ )
. Q | *'; O J Q/‘f:ﬁ“‘p/%
o o < | I I 0
Il ‘ L]
@ O FM Pulse — i P
o O @ ST T g
0|00 0O = | RF IN
Function
Generator
Comb Generator Module
6032-29

Figure 6-18. 2182 MHz 2nd LO frequency accuracy test setup.
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Preparing the 2nd L.O. Assembly for Adjustment

Test equipment setup is shown in Figure 6-19. Turn
the POWER off. Remove the cabinet and place the
Spectrum Analyzer upside down so the RF deck is
exposed. Use a 5/16 inch wrench to loosen and
remove the two semi-rigid cable connections to the
assembly. Remove the flexible coaxial cable connec-
tion to the 100 MHz input.

Remove the 14 screws that hold the cover on the
mu—metal section and remove the cover. Unsolder the
leads to feedthrough capacitors C2203 and C2204,
(These are the center two feedthrough terminals that
feed through the circuit board, as shown in Figure 6-20.)

Replace the cover using two or three screws to hold
the cover in place.

Remove the mounting screws for the 2nd L.O.
assembly. Carefully lift the 2nd L.O. assembly from the
chassis and turn it over so the machined aluminum
housing is up. Be sure that the power input connec-
tions remain intact. Place the assembly on a flat sur-
face. Use a 5/64 Allen wrench to remove the screws
holding the lid on the machined aluminum housing, and
remove the lid, exposing the three RF circuit boards
within the oscillator section.

Install a 50 terminator on the 2182 MHz buffered
output port, P222, (see Figure 6-21).

2. Adjust 2nd L.O. Frequency
(2182 MHz =1 MHz)

a. Connect the test equipment as shown in
Figure 6-19.

b. Set the variable power supply to 0 V. Connect
the plus positive (+) terminal to the 2nd LO housing and
the negative (—) terminal to the exposed end of C2203
and 1.2031, through a 1 kQ resistor.

c. Apply a 100 MHz, 0 dBm signal from the signal
generator to the 100 MHz Reference input port, P221.
(Frequency must be within 20 kHz of 100 MHz.)

d. Connect the test spectrum analyzer to the 2182
MHz unbuffered output port, P220, This is the test
spectrum analyzer with the reference frequency position
already set up in step 1. DO NOT POSITION ANY OF
THE CABLES OVER THE 2ND LO ASSEMBLY OSCIL-
LATOR SECTION BECAUSE THEY CAN AFFECT THE
FREQUENCY OF THE OSCILLATOR.

e. Bend the feedback and frequency adjusting tabs,
C1021 and C1022 (see Figure 6-21) so they are approxi-
mately 30 degrees above the board surface.

f. Apply power to both the Spectrum Analyzer and
the variable power supply. Set the voltage output from
the variable power supply to 5.0 V. Voltage on C2203
should now equal, =5 V and a signal should appear on
the test spectrum analyzer.
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g. Check for a voitage of +10.0, 0.7 V across
c2023.

h. Check Vbe at TP1015 (B in Figure 6-21). If Vbe
is greater than +0.5 V, push the feedback adjustment
tab down slightly and if less than —0.3 V, lift the tab. If
Vbe is greater than +0.8 V, replace the microstrip oscil-
lator board. If Vbe is more negative than —1 V, check
the bias circuitry. Adjust the tab so Vbe is +0.15V,
+0.05V at TP1015. Do not touch the feedback tab
while measuring voltages.

i. Check that the 2nd L.O. signal (frequency) is
within one major division of the center graticule line
(2.181 GHz to 2.183 GHz). Bend the frequency adjust-
ment tab C1022 (D in Figure 6-21) to bring the oscillator
within tolerance. (Bend the tab up to increase fre-
quency and down to lower frequency.) If unable to
bring the oscillator frequency within range, replace the
2182 MHz Oscillator board.

j. Check 2182 MHz output power.

NOTE

Before making power measurements,
ensure that the unused port is terminated
into 500Q. Unterminated ports will degrade
both frequency and power measurements.

(1) Check for 0 dBm =3 dB output power at the
unbuffered port, P220.

(2) Connect the test spectrum analyzer to P222, ter-
minate P220 in 500, then check for an output level
of +10 dBm +3 dB from the buffered port.

3. Check the 2200 MHz Reference Mixer

a, Use a probe, consisting of a short length of
semi-rigid coaxial cable with a dc block (see Figure 8-
22), to connect the output of the reference mixer at
C2204 to the input of the test spectrum analyzer.
Ground the outer shield of the coaxial cable against the
2nd L.O housing.

b. Confirm that the output signal frequency is
18 MHz =1 MHz. Adjust the tab C1022 (Figure 6-21)
for the 2182 MHz Microstrip Oscillator, to bring the 18
MHz within the 1 MHz tolerance.

c. Confirm that the output level of the 18 MHz sig-
nal is approximately —36 dBm. If the level is below
—46 dBm, check the signal levels from the 2200 MHz
Reference Mixer and the 2182 MHz Microstrip Oscilla-
tor (—28 dBm, *8 dB from the 2200 MHz Reference
Mixer and +8 dBm, +3 dB from the oscillator).
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Figure 6-19. 2182 MHz Phase Locked 2nd LO adjustment setup.
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Figure 6-21. 829 MHz Converter oscillator adjustment and test point locations.
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Figure 6-22. Coaxial test probe construction details.

d. Check the 2182 MHz tune range

(1) Vary the voltage to the 2182 MHz tune line
between 0V and —12.5V and note the frequency
change at C2204 (the output of the 2200 MHz Refer-
ence Mixer).

(2) The frequency should vary between 20 MHz and
35 MHz as the tune line voltage is varied between
0Vand—-125V.

Reassembling the 2nd LO Assembly

1. Disconnect and remove the connections from the
variable power supply and the test spectrum analyzer.

2. Replace the lid for the oscillator housing and
install the 26 screws. Install the screws loosely, then
tighten them starting from the center of the lid and pro-
gress along the edges toward the corners to insure that
no gaps exist between the lid and the housing. Any
gaps will allow RF leakage that can produce spurious
responses.

3. Reinstall the assembly on the RF deck. Remove
the 50Q terminations and reconnect the cables. Use a
5/16 inch open-end wrench to tighten the semi-rigid
coaxial connectors to 8 to 10 inch-pounds.

4, Remove the mu—meta! lid and reconnect the
leads to feedthrough capacitors C2203 and C2204, on
the Phase Lock board (Figure 6-20). Replace the lid
and install the 14 screws. Tighten the screws from the

center toward the corners of the lid to prevent gaps
between the lid and the housing. Do not overtighten
because the screws are easily stripped.

Troubleshooting and Calibrating the 16-20 MHz
Phase Lock Section

This side of the assembly contains the 16-20 MHz
Phase Lock circuit board (see Figure 6-20). Replacing
oscillator components in this section may alter sweep
linearity and frequency of the 16-20 MHz oscillator. The
following checks and calibration should aid in repairing
and returning the assembly to satisfactory operation.

1. Preliminary

a. Test equipment setup is shown in Figure 6-23,
Remove and install the Center Frequency Control board
on an extender board.

b. Switch POWER on and set the FREQ SPAN/DIV
to 1 MHz.
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Table 6-7
EQUIPMENT REQUIRED FOR CALIBRATING THE
16-20 MHz PHASE LOCK CIRCUIT

Test Equipment Characteristics Recommended Type

Digital Voltmeter Measures to within 0.01 V, TEKTRONIX TM 500-Series
impedance 21MQ DM 501A, DM 502A, or DM
5010

Frequency Counter Frequency to 80 MHz TEKTRONIX TM 500-Series DC

503A, DC 508A, DC 509

Time-Mark Generator Marker output, 1 s to 1 us; TEKTRONIX TG 501
accuracy 0.001%

Service Kit Extender Board Tektronix Part No. 672-0865-01

I
J

—5§©

R4040 —»=0
O o DIGITAL TIME
CENTER FREQUENCY VOLT DIGITAL MARK

CONTROL BOARD METER COUNTER GENERATOR
ON EXTENDER 0 - 5
B
o ®
o G- 5sto2ns
L
Il NS B

SPECTRUM ANALYZER LOow COUNT

10-100 MHz

[e]

{

6032-31

Figure 6-23. 2182 MHz 2nd LO Phase Lock adjustment setup.
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2. Check Voltages

a. Check all input voltages at the feedthrough capa-
citors in the housing wall. Refer to Figure 6-20 or the
data printed on the lid. The voltage LEVEL at the
sweep and tune input lines should be 0 V £0.05 V with
the FREQ SPAN/DIV 2500 kHz.

b. Switch the POWER off., Remove the lid from the
mu—metal housing assembly to gain access to internal
circuitry.

¢. Switch POWER on, then check the internal regu-
lated voltages; +12V =0.4 V at C2201, -12V 0.4V
at C2202, and +5.2V =+0.25V at TP10109 (see
Figure 6-20). Check the output of the shaper at TP1083
for a level between +0.3 Vand -0.3 V(0 V £0.3 V).

3. Setting Center Frequency

a. Connect a frequency counter to TP2035 and note
the frequency. If the frequency is 18 MHz +50 kHz no
correction is necessary; proceed to part 4 (Setting Tune
Sensitivity and Range). [f outside the range proceed as
follows:

(1) Turn POWER off. Unsolder and remove one end
of Shaper Offset resistor R1070. Unsolder the wire
strap between T2092 and T1091, at the T1091 end,
and lift it free.

(2) Solder a flexible wire jumper to the T2092 end;
then, by means of a a plastic tuning tool, attach the
free end to one of the three pads for T1091 and
note the frequency readout of the counter.

CAUTION

If this flexible wire touches ground while the
circuit is operating, the supply regulators
can be damaged. The regulators are not
protected against a short circuit.

(3) If one of the pads provides a frequency that is
within the range of 17.5 MHz £0.25 MHz, solder the
wire strap to this pad. If the frequency is still out-
side the range, move the jumper to the other pad for
T2092 and repeat the procedure. Frequency must
equal 17.5 MHz +£0.25 MHz.

b. Turn POWER OFF. Replace R1070 with a 10
turn 25 k) potentiometer in series with a 5 kQ resistor.

c. Turn POWER on and with the counter connected
to TP2035, adjust the potentiometer for a frequency
readout of 18 MHz =50 kHz.

d. Turn POWER off, measure the total resistance
value and replace R1070 with a 1% resistor of this
measured value. Switch POWER on and recheck the
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frequency to ensure that it is 18 MHz =50 kHz.
Disconnect the counter from TP2035.

4. Setting Tune Sensitivity and Range

adjustment R1067, on the Span Attenuator board
(Figure 6-24).

b. Decrease the FREQ SPAN/DIV from above
200 kHz to 200 kHz or less. The 2nd LO is now in the
center of its tune range. ,

c. Press <SHIFT>f¥7?to disable frequency correc-
tion; then press <SHIFT> 0, and select item 0 from the
menu. Now select frequency display of 2nd LO (2).
Readout will now indicate the 2nd LO frequency.

d. Tune the 2nd LO to one end of its range where
the frequency readout no longer changes. Note the fre-
quency and measure the voltage on the Tune Line at
the input feed-through capacitor (Figure 6-20).

e. Tune the 2nd LO to the other end of its range
and again note the frequency and the new voltage read-
ing.

f. Calculate the frequency change per volt (fre-
quency range versus voltage range). Frequency change
per volt should equal 128.0 kHz =*=10% or range
between 140.8 kHz and 115.2 kHz.

g. If the frequency/volt change is low, decrease the
value of R2072.

h. Press <SHIFT> 0 and select 2nd LO for calibra-
tion. Perform the procedure that is called out to adjust
the Fine Tune Range R4040 and Fine Tune Sensitivity
R3040 to calibrate the 2nd LO tuning range.

5. Setting Sweep Range

a. Apply 5 u time markers from the Time Mark Gen-
erator to the RF INPUT. Set the FREQ SPAN/DIV to
500 kHz then back to 200 kHz to center the 2nd LO fre-
quency.

b. Adjust the REF LEVEL to display the 200 kHz
markers then center one of the markers with the
CENTER FREQUENCY control.

¢. Adjust the 2nd LO Sweep R1067, on the Span
Attenuator board (Figure 6-24), so the comb lines on
opposite sides of the screen, are exactly 8 major divi-
sions apart.
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Figure 6-24. Tune and Sweep Range adjustments.
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6. Check and Adjust Tune Linearity

a. With Frequency Corrections disabled (see part
2), apply 5 us markers from a Time Mark Generator to
the RF INPUT. Set the FREQUENCY to 20 MHz, FREQ
SPAN/DIV to 200 kHz and activate AUTO RES. Adjust
the REF LEVEL so a comb of 200 kHz markers is
displayed.

b. Turn the CENTER FREQUENCY control counter-
clockwise until the center frequency stops tuning,
decrease FREQ SPAN/DIV to 50 kHz then tune the
CENTER FREQUENCY up until a marker signal is one
major division from the left edge of the graticule. A
comb line (or marker signal) should appear on or near
the first major division in from the right side of the
screen,

¢. If the right marker is not exactly 8 divisions from
the left marker, note the error to the nearest 0.5 minor
division.

d. Turn the CENTER FREQUENCY control clock-
wise, to increase center frequency, until the next
marker signal is one division in from the left edge and
again note the spacing between this marker and the
marker near the right edge.

e. Continue this process of tuning up in frequency
until the center frequency stops tuning, noting the signal
spacing at each check point.

f. If the peak-to-peak error is 2.5 minor divisions
(25 kHz) or less, the linearity over the center 2 MHz of
sweep is satisfactory; if more, the shaper needs adjust-
ment or repair.

g. Switch the FREQ SPAN/DIV to 200 kHz, tune to
the low end of the sweep range and note the linearity
over the center eight divisions of span, then tune to the
high end of the 2nd LO range and again note the linear-
ity. Peak-to-peak deviation should not exceed 0.5
minor division.

h. If the shaper needs adjustment or repair proceed
as follows:

(1) A shaper diode or resistor may be defective if
the comb line spacing is consistent for part of the
tuning range and 30 kHz or more off for the other
parts of the sweep. To test the diodes for forward
conduction, tune to the low end of the range and
short R2049 (Figure 6-20). The output of U1073A
(pin 1) should equal about +3 V. U1059 diodes B
through G and U2059 diodes A through F should all
have a 0.48 V forward drop. Use a fioating or digital
voltmeter to check the drop.

(2) Turn POWER off then temporarily replace
Shaper resistor R2049 with a 20 kQ) potentiometer.
Switch POWER on, and adjust the poteniometer to
obtain the best overall linearity; decreasing resis-
tance will decrease the spacing between comb lines
in the upper portion of the tune range and spread
the spacing for the lower portion. Increasing the
resistance of R2049 will reverse the effect. When
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the correct setting is found, turn POWER off, meas-
ure the resistance, and replace with a fixed resistor
of the same or near the same value.

It may be necessary to recheck the tune sensitivity
and sweep range of the 2nd LO. Repeat steps 4, 5, and
6 if needed.

7. Conclusion
a. Replace the housing lid with its 14 screws.

b. Tighten the screws sequentially, starting from the
center of the lid and progressing toward the corners to
prevent gaps between the lid and the housing. Use
care to not strip the screws as you tighten them.

¢. This completes the 2182 MHz Phase Locked 2nd
LO calibration. Refer to "Frequency Control System
Calibration" in the Adjustment section for recalibrating
the system,

Troubleshooting Aids for the 2182 MHz Phase
Locked 2nd LO Assembly

NOTE

If the Phase Locked assembly is in the
instrument, set the FREQ SPAN/DIV to 500
kHz or more so the 2nd LO is not swept.

The difference frequency from the 2200 MHz Refer-
ence Mixer is amplified and fed to output port P224.
Nominally the signal at the 18 MHz port is 18 MHz with
an output level of approximately —5 dBm into 504.
This port is convenient for monitoring the operation of
the 16 MHz to 20 MHz voltage controlled oscillator.
When phase lock is operating, the difference frequency
exactly equals the frequency of the VCO. If loop lock is
not functioning properly, the difference frequency signal
will either disappear completely or tune to its range limit
of approximately 6 MHz or 30 MHz. Note that when the
loop is unlocked, RF leakage from the 16-20 MHz oscil-
lator buffer can be seen at P224 with a level of approxi-
mately —35 dBm. The amplified difference frequency
can be monitored at TP2035.

Another check of phase lock operation can be done
by measuring the dc voltage on the 2182 MHz Tune
Line at feedthrough capacitor C2203. Nominally this
voltage is approximately —5 V when phase locked. Use
a FREQ SPAN/DIV of 500 kHz or greater before
measuring. If there is no difference frequency, the vol-
tage will be about 0 V. A voltage of —13 V may indicate
loss of signal from the VCO.
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Narrow-band noise on the 2nd LO signal may be
due to noise modulation of the 16-20 MHz VCO. Moni-
tor the signal at the 18 MHz port to see if the oscillator
signal is noisy. Noise on this line is often caused by
noise on the =12V lines. Use a differential oscillo-
scope with 1 Hz to 300 Hz bandwidth limits to check
supply noise. Measure the ac differential between the
supply and the 2nd LO housing. Less than 5 uV peak-
to-peak of noise will cause noticeable performance
degradation. Output noise from the shaper is typically
less than 5 gV peak-to-peak.

When making power measurements of microwave
circuitry, at circuit board interfaces, use a coaxial probe
with very little stray inductance (see Figure 6-22).
Ground the outer conductor of the probe to the circuit
housing as close as possible to the measurement port.
Disconnect other loads from the measurement point.

110 MHz Oscillator in the 3rd Converter

A variable capacitor, C1038, inside the cover
(Figure 6-25), should only need adjusting after replacing
a component or components in the 100 MHz oscillator
circuit,

1. With the cover removed, connect a DVM
between TP3042 and TP1011 (ground) and adjust
C1038, with a non-metallic tunning tool, for a reading of
+5V.

2. The Cal Amplitude adjustment, R1041, is
described in the Adjustment procedure section.

TP1011 C1038

R1041

J2042 \

TP3042
5565-57

Figure 6-25. 3rd Converter test points and adjustments.
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MICROCOMPUTER SYSTEM MAINTENANCE

Several maintenance aids are built into the micro-
computer system. These operating tests demonstrate
correct performance or indicate the location of a prob-
lem, if any.

The switch settings that set up two of these tests
are described first. These are followed by descriptions
of the three tests.

In the first test, the microcomputer executes a self-
test that verifies, as much as possible, correct opera-
tion. RAM, ROM, and interface adapters are checked.
Any failure found is indicated by LEDs on the GPIB
board.

The second test forces the microcomputer to cycle
through all of its addresses. This test requires less of
the system to run than does the first test, so it may be
used to troubleshoot problems that disable the first test
mode.

The third test exercises the instrument bus to iso-
late problems in data transfer between the microcom-
puter and the instrument.

Memory Board Option Switch

$1050 on the Memory board selects the microcom-
puter system test modes, as well as selecting some
instrument options. Figure 6-26 shows the selections
controlled by the individual switches of S1050.

The microcomputer reads these switches only at
power-up. Any change in a switch position takes effect,
when the instrument is next powered up.

Power-up Self Test

Normal instrument operation is selected by setting
both switch 7 and switch 8 of S1050 closed. At power-
up, the processor executes steps 1 and 2, the first part
of step 3, and steps 4 and 5 of the Microcomputer Sys-
tem Test described below. If the first two steps in the
test are successful, any probiems in the other three
steps are reported on the crt. Possible error messages
are:

"RAM XX TESTS BAD. PUSH A BUTTON TO CONT."

"ROM XX TESTS BAD. PUSH A BUTTON TO CONT."
"ROM XX MISPLACED. PUSH A BUTTON TO CONT."

"TIMER TESTS BAD. PUSH A BUTTON TO CONT."

Cross-reference tables between the ROM and RAM
numbers given in error messages (XX) and the circuit
numbers of the parts are given in Table 6-8 and Table
6-9.

If the entire test is successful, the instrument initial-
izes and begins normal operation.

Microcomputer System Test

The microcomputer system test is chosen by setting
switch 8 of $1050 closed and switch 7 of $S1050 open.
The microcomputer reports the test results via the LEDs
on the GPIB board rather than on the CRT, allowing this
test to be performed when the display is inoperative. If
a problem is found, the test stops and the problem is
indicated by one of the LEDs on the GPIB board. If no
problem is found, the system test takes two minutes.

The system test does not begin normal operation
after the test is complete.

Addresses are specified as hexadecimal numbers in
this description.

1. The microcomputer first verifies the check sum
of the system ROM portion of U3050 on the Memory
board. The check sum test uses no memory except for
U3050. The correct ROM must be installed, the clock
on the Processor board must be present, and the
microcomputer system bus must be operating correctly.

If the correct check sum is not obtained, the routine
halts and lights DS1047 on the GPIB board. If the test
stops but does not light DS1047, and everything else
seems to be in order, the Address Bus Test (described
later in this section) should be performed.

2. The microcomputer next checks part of the pro-
cessor interface to the instrument bus PIA, U1010, on
the Processor board. If the test fails, the routine stops
and lights DS1050 on the GPIB board. [f the test
succeeds, the processor assumes that the instrument
bus interface is working, and displays "PROCESSOR
SYSTEM TEST, PLEASE WAIT." on the crt.

6-45



Maintenance — 2754/2754P Service Vol. 1

00 = NORMAL OPERATION

01 = POWER-UP SELF TEST
10 = NOT DEFINED

11 = INSTRUMENT BUS CHECK

NOT USED

OPEN (1) CAUSES INSTRUMENT TO REPORT SETTINGS (NO WAVEFORMS) IN TALK ONLY MODE,
CLOSED (0) CAUSES INSTRUMENT TO REPORT BOTH SETTINGS AND WAVEFORMS IN TALK ONLY MODE.

OPEN (1) ENABLES POWER-ON SRQ
CLOSED (0) DISABLES POWER-ON SRQ

NOT USED

CLOSED

OFF (open) = 1

ON (closed) = 0

6097-06

Figure 6-26. Options switch on the Memory board.

3. The microcomputer next checks RAM. The RAM
test contains three parts. The first part performs a quick
test of all volatie RAM (U1010 and U3020 on the
‘Memory Board). The microcomputer loads the bit pat-
tern 01010101 into a RAM location, reads the location,
and compares what is returned to what was stored.
The microcomputer then repeats this test with the pat-
tern 10101010. This step does not rely on the RAM
being good to execute.

If a reading error occurs, the microcomputer stops
the test and pulses LED DS1048 on the GPIB board the
number of times corresponding to the RAM that failed
the test (refer to Table 6-8).

The second part of the test is a Moving Inversions
test of all RAM (volatile and non-volatile). This test
assumes that a few byes of the RAM are good. If a
RAM fails this test, DS1048 on the Memory board is
pulsed as described earlier.
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Table 6-8
RAM TEST

The third part of the test is similar to the first part.
However, the memory contents are allowed to reside in
memory for thirty seconds before being read back. The
results are reported via DS1048.



4. The microcomputer next check sums all ROMs.
The check sum stored in each ROM is compared to the
check sum formed by the successive 16-bit spiral sum
of each byte in the ROM, starting at the third location in
the ROM. The ROM number coded into each ROM will
cause an error if a ROM is installed in the wrong loca-
tion.

The Tektronix part number is also coded into each
ROM. If the part number suffix and its complement,
which are stored in the fifth and sixth bytes of the ROM
header, do not read as compiements, the microcom-
puter assumes that no ROM is installed and does not
attempt the checksum test.

If a bad or misplaced ROM is found, the microcom-
puter pulses DS1049 on the GPIB board N+1 times,
where N is the number of the ROM in error (e.g., a bad
ROM #3 will cause four pulses; refer to Table 6-9).
Missing ROMs are reported as described in part 6.

Table 6-9
ROM TEST

ROM DS1049
Socket Board Pulses

u3060 A54 Memory
U3060 A56 Memory
u1010 A56 GPIB
U1010 A56 GPIB
U1020 A56 GPIB
U1020 A56 GPIB
U1025 A56 GPIB
uU1025 A56 GPIB
U1035 A56 GPIB
U1035 A56 GPIB
U3015 A56 GPIB
U3015 A56 GPIB
uU30202 A56 GPIB
U30202 A56 GPIB
U30302 A56 GPIB
uU30302 A56 GPIB
U3050 A54 Memory
U3050 A54 Memory

0
1
2
3
4
5
6
7
8
9

5. The microcomputer next tests U2015, a timer chip
on the Processor board. If any of the timers in U2015
result in time delays that are too short or too long, the
test stops with LED DS1053 on the GPIB board lit.

2 These chips are loaded on the GPIB board only when certain
options are installed in the instrumenet.
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6. The microcomputer resets the GPIA, U2050, on
the GPIB board and checks to see that the GPIA is not
addressed to talk or listen. The GPIA is set to the
listen-only mode and checked to see that it is
addressed to listen. The GPIA is then set to the talk-
only mode and checked to see that it is addressed to
talk. If any part of this step fails, the test stops and LED
DS1052 on the GPIB board is lit.

If all steps in the test are successfully completed,
the microcomputer lights LED DS1054 on the GPIB
board. The LED is lit continuously if no empty ROM
sockets are found, or pulsed the number of times
corresponding to the number of empty ROM sockets
found. if the number of pulses is greater than the
number of absent ROMs, a ROM (or ROMs) was
missed in step 4. Look for a problem on the chip-select
line or on the "D7" data bus line.

If the microcomputer system passes the test, but
does not control the instrument, run the Instrument Bus
Check described later in this section.

Address Bus Test

Select the address bus test by moving jumper
P3015 on the Processor board to the TEST position.
This forces the 6808's data lines to hexadecimal 5F. As
a result, the 6808 continuously executes a "CLR B"
instruction, and repetitively cycles through all of its
address space. There should be a known pattern on
the microcomputer address and control lines and at the
output of the address decoders. This allows qualified
service personnel to correct problems that prevent the
microcomputer from running its self-test.

The spectrum analyzer will not function while run-
ning this test.

Microcomputer Bus — As the microcomputer
cycles through its address space, it toggles the address
lines. The MSB, A15, has a period of approximately
1540 ms. Each line, A14 through A0, has a period half
that of the previous line. Thus, the LSB AO has a period
of approximately 4.7 us. High-order lines A15 through
A12 are shown in Figure 6-27. Ignore the narrow pulses
that may be evident during the low portion of each
cycle.
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5y 14 20mS

A15

2727-75A

Figure 6-27. A15 through A12 in microcomputer test mode.

The data lines on the microprocessor side of U2025
on the Processor board are static; D7 and D5 are low,
the others are high. The TEST position of P3015 dis-
ables U2025. On the bus side of this buffer, the data
lines are driven by the various memory devices on the
bus as they are addressed.

Examining the data lines can locate shorted or open
lines; i.e., lines inactive at high, low, or in-between
states or changing in unison, usually to indeterminate
logic levels of +1 V to +2 V. A problem related to a par-
ticular device may be evident only while that device is
addressed.

Memory Address Decoders — Address decoder
U2045 on the Memory board sets its outputs low in turn
to access blocks of memory space. The four main
block-select outputs are shown in Figure 6-28.

U3025 on the Memory board decodes the RAM
addresses. Because of the power-up condition of the
bank select, only one of the non-volatile RAM chips will
be selected. The RAM select outputs and their relation-
ship to Oxxx(bar) is shown in Figure 6-29.

U3040 and U3045 on the Memory board decode the
170 select line and the select line for $1050. These sig-
nals are shown in Figure 6-30.

Ignore the narrow pulses evident during the time
each output is asserted. The pulses result from address
lines toggling between microcomputer cycles.
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B I~

§565-75

Figure 6-28. Four main block select outputs of address
decoder U2045.

‘ 7XXX
RN
U3040
mmﬂm_u PIN 9
- U3025,
l[ﬂ]]]] PIN 11

U3025,
| PIN 12

6032-38

Figure 6-29. RAM select output in relation to O0XXX.
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Processor Address Decoder — Address decoder in Figure 6-32,
U3035 on the Processor board decodes several chip-
selects. YO0, Y1, Y5, and Y7 are shown in relation to the

170 line in Figure 6-31. Clocks and Control Lines — The 6808 clock input

line should be a square wave with a period of approxi-
mately 0.293 us. The ¢ 2 output on pin 37 should have
a period of approximately 1.17 us. VMA, RESET, NMI,
and R/W should be high. IRQ(bar) may be either high
or low, depending on how assemblies on the instrument
bus power up.

I ™

e
L s 5v 1
OPTIONS (7725 SRS UURDS NURUE NUUDE JUN I ‘?
l SELECT L
6032-39 v2 - ;
A —+ {
Y4 bl 1
-
Figure 6-30. T/O and $1050 select lines In relation to 0XXX. :6 I »
v 5V Zf-s
4416-93
70
LR Figure 6-32. Chip selects Y2, Y4, and Y6 In relation 15 T/0.
]m' Y0 (78XX)
Instrument Bus Test
Yi(79XX) If the microcomputer performs the power-up self-
_‘m]l test, but fails to properly control the instrument, the

instrument bus interface may be faulty. Select the
YE(7DXX) instrument bus test by setting the option switch as
W shown in Figure 6-26. The microcomputer continuously
writes to the instrument bus in a repetitive manner, so

the instrument does not operate normailly.

YB(7FXX) _

m[[ The pattern on the instrument bus toggles DATA
VALID and POLL and exercises the address and data
lines. The address lines change when DATA VALID is
low and the data lines change when DATA VALID is
high. However, if an assembly on the bus is requesting
Figure 6-31. Chip selects Y0, Y1, Y5, and Y7 in relation to service because of the way it powered up, DB0-DB4
~T170. may continue to change after DATA VALID goes low. In
this case, an assembly or assemblies may respond to
the high state of POLL and the changing state of AB7

and attempt to report status.

6032-40

GPIB Board Address Decoders -— Address
decoder U1055 on the GPIB board sets its outputs low
to select the GPIA, the GPIB address switch and the
bank latch. Y2, Y4, and Y6 are shown in relation to /O
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The pattern for the upper address and data lines is
shown in Figure 6-33. From address or data line 7 to
line 0, each line changes at twice the rate of the previ-
ous line, resulting in 128 cycles on the LSB lines, The
initial pulse on the upper four data lines is not part of
the +2 pattern and is not repeated on the lower four
data lines. It is possible to discover open or shorted
lines by comparing the patterns to those in Figure 6-33,
checking that they divide by 2. Look for lines that stay
high or low, change together or at wrong times in the
pattern, or go to indeterminate logic levels {1 V to 2 V),

14 5v ins -

DATA VALID : —— -

AB6

5v 5v

A. DATA VALID, POLL and the upper two address lines
AB7 and AB6.

sv s/ imS .

" DATA VALID

B. DATA VALID, POLL and the upper two data valid lines
DB7 and DBS6.

4416-94A

Figure 6-33. Instrument bus check.
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TROUBLESHOOTING ON THE
INSTRUMENT BUS

Instrument Bus Data Transfers

There are two commands and queries provided to
aid troubleshooting of circuit functions controlied by the
instrument bus. These circuits get data from the micro-
computer or respond with data for the microcomputer.
The ADDR command and ADDR query set and return
the instrument bus address for the DATA command.
The DATA command and DATA query set and return
data on the instrument bus.

CAUTION

Because the DATA command changes the
status of internal hardware, its use may
prevent normal Spectrum Analyzer opera-
tion. Incorrect settings of some hardware
could cause instrument damage.

These commands and queries are transmitted to the
Spectrum Analyzer with the PRINT statement. The
spectrum analyzer response to a query is input into a
string variable with the INPUT statement. A string vari-
able is formed by ending the variable name with a dollar
sign ($). Examples: A$, X1$.

For the GPIB PRIMARY ADDRESS, enter the
decimal equivalent of the spectrum analyzer rear-panel
GPIB ADDRESS switch settings.

ADDR (instrument bus address) command

HEX DIGIT

HEX DIGIT

HEX DIGIT — A character in the sequence 0
through 9 and A through F that represents a hexade-
cimal digit. The two digits (in order} form a number to
represent a location on the instrument bus used by fol-
lowing DATA commands. If a character is not a hexa-
decimal digit or part of a pair of digits, it is not used to
execute the ADDR command, and an error is reported.

ADDR (instrument bus address) query



Response to ADDR query

550~~~ -

DATA (instrument bus data) command

HEX DIGIT HEX DIGIT

HEX DIGITS — As with ADDR, a pair of digits forms
a hexadecimal number. The number is a data value to
be sent on the instrument bus to the location specified
by the last ADDR command. This allows internal spec-
trum analyzer parameters to be set for service; these
parameters control functions by setting the status or
mode of spectrum analyzer circuit assemblies. Up to 16
pairs of characters are accepted. If a character is not a
hexadecimal digit or part of a pair of digits, the data
byte formed by the pair is not executed and an error is
reported. Also, an error is reported when data is sent to
an invalid address.

DATA (instrument bus data) query

DATA?
:

Response to DATA query

"\ (- )—+{ HEX DIGIT | -+{ HEX DIGIT ]...@_.

Combined ADDR command and DATA command

ADDR COMMAND

The address command may precede a data com-
mand or query to identify the instrument bus location as
part of the same message.
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Errors related to these commands are 41, invalid
DATA or ADDR argument contents, and 42, DATA
direction not compatible with ADDR direction.

Instrument Bus Registers

Registers provide the link between the instrument
bus and microcomputer controlled functions. The regis-
ters are defined here in the same order as they appear
in the Diagrams section. The definitions are provided to
help in constructing DATA commands and interpreting
responses to DATA queries.

The data is presented here as binary. In some cases
a data value occupies the entire register width; for
instance, a value in digital storage. In other cases, a
single bit or group of bits in the register forms a code;
for instance, the upper five bits in the sweep rate and
mode register indicate the sweep time/division. The
meaning of the data is not fuily defined here; refer to
the description of the circuit module in Section 5 for
details.

To use the binary codes presented here with the
DATA command and query statements, you must con-
vert binary to hexadecimal. The binary code number
01001011 is used as an example in the following steps.

1. Group the lower four bits and the upper four bits
{break the data byte in half).

01001011 = 0100 1011

2. Convert each group of four bits to a hexadecimal
digit. Hexadecimal digits range from 0 to F in the
sequence 0123456783ABCDEF.

0100 =4
1011 = B (i.e., 8+0+2+1=11, which is hexadecimal B)

3. Group the two hexadecimal digits together, keep-
ing their respective places,

4 and B make the two-digit hexadecimal number 4B

The information in Table 6-10 is separated by regis-
ters. The following information is related to the table
information by leading alpha designators.

A. Variable Resolution (refer to diagram 20)

The microcomputer writes to two variable resolution
registers. The data MSB steers the other bits that are
defined into the desired register. When DB7 equals 1, it
steers DBO through DB2 to select the resolution
bandwidth. When DB7 equals 0, it steers DB6 through
DBO to select the amount of gain added in the VR sec-
tion and the band leveling gain (gain adjustment related
to front-end response in each band). These two func-
tions are addressed and set together by the same data
byte.
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B. Log and Video Amplifier (refer to diagram 23)

There are two registers that receive data from the
microcomputer. One register controls video offset (78)
and the other controls the display modes and the verti-
cal scale factor (79).

C. Video Processor (refer to diagram 24)

Register 7C controls out-of-band clamping, video
filtering, and leveling.

D. Digital Storage, Vertical (refer to diagram 25)

Registers 7A and FA on the Vertical Digital Storage
board transfer display data to and from the microcom-
puter for spectrum analyzer GPIB operations. Register
7B controls digital storage functions,

E. Z-Axis & RF Interface (refer to digram 28)

Register 4F on the Z-Axis & RF Interface board
enables Z-axis and RF attenuator control. Register CF
reports power supply status.

F. Crt Readout (refer to diagram 30)

Register 5F controls crt readout and data steering.
Register 2F accepts data from the microcomputer.

G. Sweep (refer to diagram 31)

The microcomputer writes to registers OF and 1F to
control sweep rate, mode, holdoff, interrupts, and
triggering.

H. Span Attenuator (refer to diagram 32)
Registers 75 and 76 control the span attenuator.
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1. 1st LO Driver (refer to diagram 33)

Register 72 controls functions on the 1st LO Driver
board. Register 7E is added to make the PEAKing con-
trol programmabile.

J. Preselector Driver (refer to diagram 34)

Register 77 controls functions on the Preselector
Driver. The single bit DB3 responds on the data bus to
indicate that the board is instalied when the microcom-
puter performs a read at F7.

K. CENTER/MKR FREQUENCY Control (refer to
diagram 35)

Register 70 is provided for control functions and
register 71 is provided for data values for center fre-
quency DAC(s). A read, FO, returns the results of a
comparison of the DAC output voltage and a memory
voltage.

L. Auxiliary Synthesizer Control (refer to diagram
37)

Register 7D accepts data to set the synthesizer
chip, U4041, to output 200 MHz to 220 MHz in 400 kHz
steps. Values of R, A, and N are given to determine the
output frequency as given by the formula
fout = (1/R)}(NP+A)
where R, the reference division ratio, is set at 5 and P
is the prescaie value of 32, N values needed are 31
through 34, while A ranges from 0 to 31. (Table 6-11
shows the fout results for given N and A values.)

M. Phase Lock (refer to diagram 39)

Register 73 accepts data to preload the divide-by-n
counter and control the synthesizer. Successive reads
from register F3 obtain status and counter outputs.
After resetting the counter output register selector,
three read cycles return status bits and counter bits in
the most significant byte and remaining counter bits in
following bytes.



N. Front Panel (refer to diagram 43)

Reading from F4 accesses the keyboard encoder
and the CENTER/MKR FREQUENCY control encoder.

Table 6-10

INSTRUMENT BUS REGISTERS

Data Bits
76543210

Description

A. Varlable
Resolution (3F)

M(HEXAHAY A2 O=2O2O020—=20
XXHXXOOAL2ODO—L =200
XXX XOOAL 220000
- = 20O X X X X X X X X X X

0
0
0
0
0
0
0
0
1
1
X
X
X
X
X

= OO0OOOX X X X X X X X X X
—_ L2 O=OX X X X X X X X X X

x
x
x

Resolution Bandwidth

1 MHz Resolution Bandwidth
100 kHz Resolution Bandwidth
10 kHz Resolution Bandwidth
1 kHz Resolution Bandwidth
100 Hz Resolution Bandwidth

Gain, Leveling

Band 1 Leveling
Band 2 Leveling
Band 3 Leveling
Band 4 Leveling
Band 5 Leveling
Band 6 Leveling
Band 7 Leveling
Band 8 Leveling
Band 9 Leveling
Band 10 Leveling
0 dB Gain

10 dB Gain

20 dB Gain

30 dB Gain

40 dB Gain

. Log & Video
mplifier

DB7-DBO

W x X X X X X
WX X X X X X X

?
o]

Video Offset (78)

LSB = 1/4 dB
Total range = 63.75 dB

Modes and Scale Factor (79)

Pulse stretcher on

Pulse stretcher off

Identify offset on

Identity offset off

Lin

Log

Full-screen deflection

Log vertical scale factor in
dB/div
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Data Bits

76543210

Table 6-10 (cont)

. Description

C. Video
Processor (7C)

011 x x x

X X X

x
x
x

x
x
x

X X X X X X X X X
X X X X X X X X
X =S —mO—== 00

XX =00~ 000
X = 2200000
X =t d g

x
x
x
x

X

X

X

x
x

x

O = X X X X X X X

Out-of-band clamp = no
clamp

Out-of-band clamp = clamp
upper 5 div

Out-of-band clamp = clamp
lower div

Out-of-band clamp = clamp
lower 5 div

Video filter off

Video filter 30 kHz

Video filter 3 kHz

Video filter 300 Hz

Video filter 30 Hz

Video filter 3 Hz

Video filter 0.3 Hz
Base-line leveling on
Base-line leveling off

O X X X X X X X X X

x
x
x

x — x
x
x
x

X X X X X X X X X =X
X X X X X X X = X X
X X X X X X O—X XX
X X X O =X X X X X

x
x

m X X X X X X X X X X X
x

X

O"g' X X X X X X X X X

n
I

DB1-DB7

DbBO

. Digital Storage

x
x

x
x

X Q= X X X X X X X
O =+ X X X X X X X X X

nded Address

Horizontal Digital Storage
Board

7B

Digital Storage Acquisition
Enable

Digital Storage Acquisition
Disable

Extended Address 2
Extended Address 1
Extended Address 0
B—SAVE A on

B—SAVE A off

VIEW B on

VIEW B off

VIEW A on

VIEW A off

SAVE A on

SAVE A off

Subaddress bits for Port 7A
giving subaddresses 7-0.
Addressing 7A.6 transfers
the bus to the Vertical Digi-
tal Storage board.

7A.0

Secondary Marker position
bits
Secondary Marker trace bit
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Table 6-10 (cont)

Data Bits
76543210

Description

D. Digital Storage (cont)

DB8, DB9

DB1

ADDR7-ADDRO

DB4
ADDRS, ADDRS8

6-54

Horizontal Digital
Storage Board (cont)

7A.1

Secondary Marker
position bits
Secondary Marker
trace bit

7A.2

Primary Marker
tion bits
Primary Marker
bit

7A.3

Primary Marker
tion bits
Primary Marker
bit

7A.4

Digital Storage
address bits

7A.5

Transfers the bus to
the Vertical Digital
Storage board.

Determines if bus
transfer is for a single
cycle or until it is
returned by the Verti-
cal Digital Storage
board.

Disable Update Marker

Loading ADDR7-0
reloads the last
ADDRY,8

7A.7

Primary Marker inten-
sity bits

Secondary Marker
intensity bits

Data Bits
76543210

Table 6-10 (cont)

Description

D. Digital Storage
{cont)

DBO & DB1

Horizontal Digital Storage
Board (cont)

FA
Digital Storage position bits
FB

Always low to indicate that it
is from the Horizontal Digital
Storage board

Digital Storage position bits

DB7-DBO

DB7-DBO

Vertical Digital Storage Board
FA

Data values from digital
storage. A write to 7B .initial-
izes output to begin at the left
of the trace and proceed to
the right

FB

Always high to indicate that it
is from the Vertical Digital
Storage board

7A

Data values for digital storage.
A write to 7B clears the
address counter so values are
stored for points on the
display starting at the left and
proceeding to the right in
order

7B

Peak/Average cursor in knob
position

Peak/Average cursor in Peak
position ‘
Peak/Average cursor in Aver-
age position

Max Hold on

Max Hold off




Data Bits
76543210

Description
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Table 6-10 (cont)

Data Bits
76543210

Description

E. Z-Axis & RF

Interface

XX XXX X XXX XX O
XXX XOO==0==xX X
X X O =X X X X X X X X X
X OX X X X X X X X X X X
O X X X X X X X X X X X X
XXX X OOOO—=—= =X X
X X X X X X X X X X X X X
XXX XO=0O==0O=XX

X X X X
X X X X

X 1
x 0

Z-Axis & RF Attenuator
(4F)

Baseline clipper on
Baseline clipper off

0 dB RF attenuation

10 dB RF attenuation
20 dB RF attenuation
30 dB RF attenuation
40 dB RF attenuation
50 dB RF attenuation
60 dB RF attenuation
829 MHz 2nd converter
2 GHz 2nd converter
RF INPUT

100 ms to switch attenuator

Power Supplies Status
(CF)

Fault
Supplies okay

F. Crt
(cont)

Readout

DB7, DB6

DB5-DBO

DB6

DB5-DBO

Address/Data (2F)

If DB1 in 5F = 1 — A7,
A6 of address. With A8
and A9 in 5F, they specify
the line number (0-F).
If DB1 in 5F = 1 —
A5-A0 of address. This
specifies the character
position in a line.
If DB1 in 5F = 0 —
1 = Character is a space
0 = Character is not a

space
If DB1 in 5F = 0 —
1 = Skip a line
0 = Don't skip a line
if DB1in 5F = 0 —
Character code (lower 6

bits of ASCII)

F. Crt Readout

X X X X X X X O=
X X X X X O =X X
X X X O =X X X X
X X X X X X X X X
X O—=2 X X X X X X
X X X X X X X X X
— X X X X X X X X
X X X X X X X X X

xX X X
xX X X
xX X X
xX X X
xX X X

xX X X
X X O
O = X

Crt Control (5F)

Spectrum chop enable
Spectrum chop disable
32 characters/line

40 characters/line

2 lines

16 lines

Max span dot on

Max span dot off
Address 2F contains an
address

Address 2F contains data
Readout enabled
Readout disabled to load
readout

A8 (address bit 8)

A9 (address bit 9)

Extended Address
1 and Address 2

1F

Extended Address 1
Extended Address 0
Marker DAC/Ramp Gen-
erator

Trigger Single Sweep
Disable Sweep Gate
Didsable Trigger

Abort Sweep

Subaddress bits for Port
OF giving subaddresses
3-0. Subaddresses 0 and
1 have the rest of the
control bits not on
Address 1F. Subad-
dresses 2 and 3 receive
the 12 bits to set the
DAC.
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Table 6-10 (cont)

Data Bits

765432 Description

G. Sweep

Holdoff, Interrupt, Trigger
(OF.0)

Short sweep holdoff

Medium sweep holdoff

Long sweep holdoff

Free run trigger mode
Internal trigger mode
External trigger mode

Line trigger mode

Enable end-of-sweep interupt
Single Sweep Mode

Sweep Rate and Mode (0OF.1)

20 us Time/Div
50 us Time/Div
100 us Time/Div
200 us Time/Div
500 us Time/Div
1 ms Time/Div

2 ms Time/Div

5 ms Time/Div
10 ms Time/Div
20 ms Time/Div
50 ms Time/Div
100 ms Time/Div
200 ms Time/Div
500 ms Time/Div
1 s Time/Div

2 s Time/Div

5 s Time/Div

10 s Time/Div
Manual

External

OF.2 (U1045)

DB7-0 Marker DAC value bits
OF.3 (U1035)
DB3-DBO Marker DAC value bits
9F

X X X 0 x Poll Bit

X X X X X X X X X
XX X X X X X X X
XXX XXX =200
XX XXX XO—=+0
X X =+ =2 OO0 X X X
XX 20 20X X X
X = X X X X X X X
== X X X X X X X X

XX X X XK XK KX XXX XXKXXNXXXXXX
3 X X X X X X X X X X X X XXX XXXX
XX X X XK XK K XXX XX XKXXXXXXX
O—R 000122000 =2 2000 ==
LN OO0~ 00200 - 00—-00—-00=
~ 0200400400 ~200—200=0
L2 0000000000 O = = — 14
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Table 6-10 (cont)

Data Bits
76543210

Description

H. Span Attenuator

DB7-DBO

X X

DB2
DB1, DBO

Span Magnitude (75)

Lower 8 bits of 10-
bit attenuation code
(000 is max attenua-
tion)

Span Magnitude
and Attenuator (76)

Gain of U3032 is +1
Gain of U3032 is —1
x1.0 sweep decade
attenuator

x0.1 sweep decade
attenuator

x0.01 sweep decade
attenuator

1st LO main coil out-
put select and cali-
bration

1st LO FM coil out-
put select and cali-
bration

2nd LO output select
and calibration

For future use

Upper two bits of
attenuation code




Table 6-10 (cont)

Data Bits
76543210

Description
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Data Bits
765432

Table 6-10 (cont)

.Description

l. 1st LO Driver

X X X X
X X X X

DB5-DBO

1st LO Driver Functions
(72)

Normal span mode

Max span mode

Connect sweep voltage to
driver

Disconnect sweep voltage
to driver

Driver off (for degauss)
Driver on

Filter on at driver output (for
unphase-locked narrow
spans)

Filter off at driver output
External mixer disconnected
External mixer connected
(connected in bands 1-5 if
external mixer selected;
always connected in higher
bands)

Internal mixer bias for Band
1

Internal mixer bias for Band
2

Internal mixer bias for Band
3

Internal mixer bias for Band
4

Internal mixer bias for Band
5

No internal mixer bias
selected

PEAKing Control (7E)

Steers DB4-DB0 to upper
latch

Steers DB5-DB0 to jower
latch

1 sent to DB4 of upper latch
disables front-panel PEAK-
ing control; DB3-DB0O of
upper latch and DB5-DBO
of lower latch form 10-bit
input to DAC for program-
mable peaking voltage

J. Preselector
Driver (77)

X X

X O =0
X OO0 =
- X X

X X X

X X X X
X X X X
X X X X
X X X X

X X X X X X X X
X X X X X X X X
X X X X X X X O
X X X X X O—=X
X X X O+ X X X
X O =2 X X X X X
X X X X X X X X
- X X X X X X X

x
x
x
x
x
x
x
(=]

—conversion, 829 MHz offset
+conversion, 829 MHz offset
829 MHz IF not used

Driver output filter on (for
narrow spans)

Driver output filter off
Preselector switch

LPF switch

1st LO FM coil not swept
1st LO FM coil swept

Driver on

Driver off (for degauss)

3rd harmonic 1st LO conver-
sion

1st harmonic 1st LO conver-
sion

K. CENTER/MKR
FREQUENCY Con-
trol

DB7-DBO

Control (70)

1st LO storage gate open
1st LO storage gate closed
Steers DAC data to 1st LO
high byte

Steers DAC data to 1st LO
mid byte

Steers DAC data to 1st LO
low byte

2nd LO storage gate open
2nd LO storage gate closed
Steers DAC data to 2nd LO
high byte

Steers DAC data to 2nd LO
mid byte

Steers DAC data to 2nd LO
low byte

DAC Data (71)

Data for center frequency
DAC(s) steered by control
register

CENTER/MKR FREQUENCY
Control Read (F0)

1st LO DAC stored voltage
comparator
2nd LO DAC stored voltage
comparator
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Data Bits
765432

Table 6-10 (cont)

Description

Table 6-10 (cont})

Data Bits
76543210

Description

L. Auxiliary
Synthesizer
Control (7D)

DB7-DB4

DB2-DBO

Synthesizer chip data
(D3-DO0)

Synthesizer chip
addresses (A2-A0)

VCO enable

VCO disable

This section sets R, the
reference divider to 5
yielding a 200 kHz refer-
ence frequency.

AAAA X000

Ax001

This section sets the
value of A from 0 to 31
LSB

000
NNNNx 010
0O ONNXxO11
0000x100

This section sets N from
31to 34
31=1111 32=0000

01 10
33=0001 34=0010

10 10

M. Phase Lock
Control

1 XX XXX X X
X1 XXX XXX

XX 1 XXX XX
DB4-DBO
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Write (73)

Clocks data on DBO into
a latch

Clears the counters
Transfers DBO serial
data to control latch out-
puts

Resets the counter out-
put register seiector
Transfers DBO serial
data to synthesizer N
latches

Gate mode latch

NVRAM switch latch
Serial data for control of
synthesizer N latches

Read (F3)—Most
Significant Byte

Error voltage below a
preset amount

Error voltage above a
preset amount

Valid count is In counters
Upper five bits of
counter  output; the
remaining 16 bits are in
the following two bytes

N. Front Panel

Reading Data From Switch
Encoders (F4)

CENTER/MKR FREQUENCY
down

CENTER/MKR FREQUENCY
up

Switch codes (see Figure 7-
33 in Section 7)

1 X X X X X X X
0 x X X X X X X

DB6-DBO

Table 6-11
AUXILIARY SYNTHESIZER VALUES
AS A FUNCTION OF N AND A

N Value Fout Result

31 200.0 MHz
31 200.2 MHz
31 200.4 MHz
31 200.6 MHz
31 200.8 MHz
31 201.0 MHz
31 201.2 MHz
31 201.4 MHz
31 201.6 MHz
31 201.8 MHz
31 201.0 MHz
31 202.2 MHz
31 202.4 MHz
31 202.6 MHz
31 202.8 MHz
31 203.0 MHz
31 203.2 MHz
31 203.4 MHz
31 203.6 MHz
31 203.8 MHz
31 204.0 MHz
31 204.2 MHz
31 204.4 MHz
204.6 MHz
204.8 MHz
205.0 MHz
205.2 MHz
205.4 MHz
205.6 MHz
205.8 MHz
206.0 MHz




N Value

Table 6-11 (cont)
A Value

Fout Resuit
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Table 6-11 (cont)
A Value

32
32
32
32
32
32
32

206.2 MHz
206.4 MHz
206.6 MHz
206.8 MHz
207.0 MHz
207.2 MHz
207.4 MHz
207.6 MHz
207.8 MHz
208.0 MHz
208.2 MHz
208.4 MHz
208.6 MHz
208.8 MHz
209.0 MHz
209.2 MHz
209.4 MHz
209.6 MHz
209.8 MHz
210.0 MHz
210.2 MHz
210.4 MHz
210.6 MHz
210.8 MHz
211.0 MHz
211.2 MHz
211.4 MHz
211.6 MHz
211.8 MHz
212.0 MHz
212.2 MHz
212.4 MHz
212.6 MHz
212.8 MHz
213.0 MHz
213.2 MHz
213.4 MHz
213.6 MHz
213.8 MHz
214.0 MHz
214.2 MHz
214.4 MHz
214.6 MHz
214.8 MHz
215.0 MHz
215.2 MHz
215.4 MHz
215.6 MHz
215.8 MHz

24
25
26
27
28
29
30
31

Front-Panel Registers

216.2 MHz
216.4 MHz
216.6 MHz
216.8 MHz
217.0 MHz
217.2 MHz
217.4 MHz
217.6 MHz
217.8 MHz
218.0 MHz
218.2 MHz
218.4 MHz
218.6 MHz
218.8 MHz
219.0 MHz
219.2 MHz
219.4 MHz
219.6 MHz
219.8 MHz
220.0 MHz

Writing to register 74 loads data into shift registers
that drive all the lights on the front panel, including the
one for the crt graticule. Four 8-bit shift registers store
the data, requiring eight writes of four bits each time
{one bit for each register) to update the front-panel
lights. Table 6-12 shows the order that data is entered
to control the lights. A 0 turns on the light (except in the
case of the crt graticule), and a 1 turns off the light.
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Table 6-12
FRONT-PANEL REGISTERS
Writing Data to Shift Registers for Lights (74)
DB3=1 — initializes encoder at power up

DB7 DB6 DB4 DB2 DB1 DBO

not used not used SPAN/DIV  [UNCAL EXT SAVE A

not used not used MAX SPAN JAUTO RES INT VIEW A
THRESHOLD not usedFREQ START/STOP MIN NOISE FREE RUN VIEW B
BANDWIDTH not usednot used SHIFT FREQUENCY SINGLE SWEEPB-SAVE A
SIGNAL TRACK (not usedREADOUT not used 2 DB/DIV LINE NARROW

not used not usedBASELINE CLIP ADDRESSED{10 DB/DIV READY 'WIDE

PULSE STRETCHinot usedA MKR REF LVL RESET TO LOCALIFINE LIN

PLOT MAX HOLD |ZERO SPAN GRAT ILLUM  [TUNE CF/MKR

A
B
C
D
E
F
G
H

PROGRAM FOR MOVING STORED
DATA FROM THE SPECTRUM
ANALYZER TO TAPE AND
RETURNING IT TO MEMORY

If either the Memory or GPIB boards are removed from the instrument, data stored in memory will be lost because
the back-up battery on the GPIB board is disconnected. A Tektronix 4041 Computer, connected over the GPIB bus to
the spectrum analyzer, will move this data to a tape and back into memory using the following program.

100 Integer a1,s1,t1,w1,i,v,y,z,v1

110 Print "Spectrum Analyzer Address is: "
120 Input at

130 Print

140 Print #a1:"RQS OFF"

150 Print "Save memory on tape? ";
160 Input b$

170 B$=seg$(b$,1.1)

180 |f b$="y" or b$="Y" then goto 2000
190 Print

200 Goto 1000

1000 ! This routine moves data from TAPE to the SPECTRUM ANALYZER
1010 Print "Displays and Settings are on the following data files"
1020 Print "(3060 x 9 for displays, 1020 x 10 for settings)"

1030 Print

1040 Dir

1050 Print

1060 Print "Enter number of first data file 'FIL' :*;

1070 Input ti

1080 Gosub 9000

1090 Print "Write over all Displays and Settings (0),"

1100 Print “Or write only in blank ........ memory {1):";

1110 Input y$

1120 If y$="0" or y$="1" then goto 1150

1130 Print "™"0" or "1", Please: "

1140 Goto 1110

1150 Y=val(y$)
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1160
1170
1180
1180
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1530
1540
1550

2000
2010
2020
2030
2040
2050
2060
2070
2080
2080
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210

Delete var i$
Dim i$ 700
Print #a1:"SET?"
Input #a1:i$
Wi=0
Print #a1:"BVIEW OFF"
Print
Print
Fori=1t0 9
Gosub 8000
Gosub 6000
if z=0 then goto 1300
Print w1;"= Waveform from Data File FiL";t1
Goto 1310
Print wi;"= ........ not written. FIL";t1;" not used.”
W1l=w1+1
T1=t1+1
Next i
S1=0
Print
Print
Print
For i=1to 10
Gosub 5000
If z=0 then goto 1430
Print s1;"= Settings from Data File ";t1
Goto 1440
Print s1;"=........ not written. FIL";T1;" not used"
S1m=si+1
T1=t1+1
Next i
Print #a1:i$
Print
Print
Print
Print
Print "*** FINISHED ***"
Goto 10000

! This routine moves data from the SPECTRUM ANALYZER to TAPE
Delete var i$
Dim i$ to 700
Print #a1:"SET?"
Input #a1:i$
Dir
Print
Print "WARNING! This could overwrite existing files!"
Print "Enter the Number of the last tape file: ",
Input t1
Gosub 9000
Print
Print
Print #a1:"BVIEW OFF"
Wi=(
Fori=1t09
Gosub 3000
Gosub 7000
if z=0 then goto 2210
Print w1;"= Waveform sent to File FIL";t1
Goto 2220
Print wi;"=........ skipped over. FIL"t1;" is empty”

Maintenance - 2754/2754P Service Vol. 1
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2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280

4000
4010
4020
4030
4040
4050
4060
4070

6-62

Wi=w1+1
T1=t1+1
Next i
Print #a1:i$
! Settings are sent to tape
S1=0
Print
Print
Print
For i=1 to 10
Gosub 4000
If z=0 then goto 2360
Print s1;"= Settings sent to File FIL";t1
Goto 2370
Print s1;"= ........ skipped over, FIL";t1;" is empty."
S1=s1+1
T1=t1+1
Next i
Print #a1:i$
Print
Print
Print "*** FINISHED ***"
Goto 10000
! Acquire Waveform and Settings.
! X9 is 500 point waveform, 1$ is lower readout,
! m$ is upper readout, and e$ is an error message
Delete var e$,h$,!1$,m$,x9
Z=0
Dim h$ to 1100
Integer x9 (1000)
Dim 1$ to 50,m$ to 50
Print #a1:"SAVEA OFF;DRECAL A:",w1
Print #a1:"ERR?"
Input #a1:e$
E$=seg(e$.5,2)
If e$<>"62" then goto 3180
V=0
X9=0
M§=""
L§="
Goto 3280
V=1
Print #a1:"UPRDO?"
Input #a1:m$
Print #a1:"LORDO?"
Input #a1:1$
M$=seg$(m$,8,40)
L$=seg3$(1$,8,40)
Print #a1:"WFM WFID:A,ENCDG:BIN;CURVE?"
Input using "fa,+8%" dels *," #a1:h$,x9
Z=1
Return

1 Remove memory settings (S$) from SPECTRUM ANALYZER
Z=0

Delete var s$

Dim s$ to 700

Print #a1:"RECALL *;s1

Print #a1:"ERR?"

Input #a1:e$

E$=seg$(e$,52)



4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200

5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160

6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170
6180

7000
7010
7020
7030
7040
7050
7060
7070
7080
7080

If e$ < >"62" then goto 4120
Vi=(

S$="NULL"

Goto 4170

Print #a1:"SET?"

Input #a1:s$

Print #a1:"RQS OFF”

V=1

Z=1

Open #100:"FIL"&str$(t1)&"(OPE=REP,SIZ=1020)"
Print #100:v1,s%

Close 100

Return

! Retrieve taped Settings (S$) and send to memory locations (S1)
Z=0

Delete var s$

Dim s$ to 640

Open #100:"FIL"&str$(t1)&"(ope=old)"

Input #100:v1,s%$

If vi=0 then goto 5150

If y=0 then goto 5120

Print #a1:"RECALL ";s1;";RQS OFF;WAIT;ERR?"
Input #a1:e$

E$=seg(e$,5,2)

[f e$<>"62" then goto 5150

Print #a1:s$

Print #a1:"STORE ";s1;";RQS OFF"

Z=1

Close 100

Return

! Send waveform (X9) & readouts (M$,L$) to memory location (W1)
Z=0

If v=0 then goto 6180

If y=0 then goto 6080

Print #a1:"SAVEA OFF;DRECAL A:";w1;";ERR?"

Input #a1:e$

E$=seg$(e$,5,2)

If e$<>"62" then goto 6180

Print #a1:"WAIT,; TRI?"

Input #a1:h$

Print #a1:"RDOUT '";m$;""

Print #a1:"RDOUT '";1$;""

Print #a1:"WFM WFID:A,ENCDG:BIN;SIG;SAVEA ON"
Wbyte atn(mta,32+a1),x9,e0i

Whbyte atn (unt,unl)

Print #a1:"DSTORE A:",w1

Print #a1:h$

Z=1

Return

! Store readouts (M$,L$), and waveforms (X9) on TAPE File (T1)
Open #100:"FIL"&str$(t1)&"(OPE=REP,S1Z2=3060)"

M$=m$

L$=1$

Print #100:v

Print #100:m$

Print #100:1$

Print #100:x9

Close 100

Return
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8000
8010
8020
8030
8040
8050
8060
8070
8080
8090
8100
8110

9000
9010
9020
9030
9040
9050
9060
9070
9080
9090
9100
9110
9120
9130
9140
9150
9160
9170
9180
9190
9200
9210
9220
9230
9240
9250
9260
9270
9280
9290
9300
9310
9320
9330
9340
9350
9360
9370
9380
9390

! Retrieves readouts (M$, L$), and waveform (X9) from TAPE
! From selected TAPE File (T1)

Open #100:"FIL"&str$(t1)&(ope=old)"
Delete var x9,m$,I$

integer x9 (1000)

Dim m$ to 50,1$ to 50

Input #100:v

Input #100:m$

Input #100:1$

Input #100:x9

Close 100

Return

! This routine shows the contents of Memory displays and settings
Print "Display Memory"
Print "--m-meeeeeeee- "
Print #a1:"RQS OFF"
Delete var s$
Dim s$ to 660
Print #a1:"SET?"
Input #a1:s$
W1=0
Fori=1to 9
Print #a1:"SAVEA:OFF;DRECAL A:";w1
Print #a1:"ERR?"
Input #a1:e$
E$=seg$(e$,5,2)
if e$="62" then goto 9170
Print w1;"= Waveform"
goto 9180
Print wi;"=........ !
Wi=w1i+1
Next i
I NOTE: "RECALL" may recall a RQS-ON
! state, so this must be turned off again by RQS OFF
Print
Print "Settings Memory"

S1=0

Fori=1to 10
Print #a1:"RECALL ";s1;";RQS OFF;WAIT"
Print #a1:"ERR?"
Input #al:e$
E$=seg$(e$,5,2)
If e$="62" then goto 9340
Print s1;"= Settings"
Goto 9350
Print s1;"= ........ "
S1m=si1+1
Next i

Print

Print #a1:s$

Return

10000 End
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THEORY OF OPERATION

This section describes the spectrum analyzer circuitry. The section begins with a functional description of the major
circuit blocks. This is followed by more detailed descriptions of the circuitry within each block.

While reading these descriptions, refer to the corresponding block or schematic diagram in Volume 2 of the Service
Manual. The description titles use the diagram names and numbers for easy reference.

The Functional Block diagram, located at the front of the Diagrams section in Volume 2, shows how the major sec-
tions in the instrument relate and the paths of most major signals. Block diagrams showing more detail of these main
sections follow the Functional Block diagram. Circuit schematic diagrams follow the major block diagrams.

Adjacent to each schematic is a third level of block diagram, a circuit board parts location illustration, and cross-
reference look-up tables. The third level block diagram shows the function of the components shown on the schematic.
The parts location illustration and look-up tables aid in finding components on either the schematic or circuit board.

FUNCTIONAL AND GENERAL DESCRIPTION

What It Does

The spectrum analyzer accepts an electrical signal
as its input and displays the signal’s frequency com-
ponents on a crt. Signals can be applied directly to the
RF INPUT.

The display of the input signal appears on the crt as
a graph where the horizontal axis is frequency and the
vertical axis is amplitude. The display can be plotted, if
desired, by connecting a chart recorder through rear-
panel connectors. The display can also be transmitted
digitally via a IEEE 488 General Purpose Interface Bus
(GPIB) to a GPIB-compatible plotter.

The spectrum analyzer can be operated either
manually with front-panel controls and switches, or
remotely via the GPIB using a straightforward language
format.

How It Works

The Spectrum Analyzer operates as a swept,
narrow-band receiver. The crt beam moves horizontally
as a range of frequencies is spanned or swept. When a
frequency component of an input signal is detected, the
beam is deflected vertically as a function of input power
at that frequency. The center frequency of each span is
set by the CENTER FREQUENCY control or FRE-
QUENCY entry via a Data Entry keyboard. The fre-
quency range of each span is set by the FREQ
SPAN/DIV control or settings. The power level,
represented by the top of the screen, is set by either
the REFERENCE LEVEL control or the Data Entry key-
board.

First, Second, and Third Converters

Swept-frequency analysis is achieved by a triple-
conversion, superheterodyne technique. Each of three
frequency converters consist of a mixer, a local oscilla-
tor, and appropriate filters. Only one frequency is con-
verted in each mixer to pass through band-pass filters
to the detector. This frequency can be changed by
changing the local oscillators frequency in any of the
converters.

The first converter, usually referred to as the front
end, converts the input signal frequency to an inter-
mediate frequency (IF) of either 829 MHz or 2072 MHz,
depending on which band is in use. The internal mixer
converts signals from 50 kHz to 21 GHz. A preselector
or low-pass filter is inserted in the signal path to reduce
unwanted signals or images and spurious responses.

One of two second converters is selected automati-
cally for each band so the input frequency range does
not overlap the first IF frequency. Each second con-
verter has its own local oscillator (LO), mixer, and
filters. Both down-convert the signal to 110 MHz which
is sent to the third converter.

The third converter amplifies the 110 MHz IF signal
and converts it to the final intermediate frequency of
10 MHz. The third converter passes the signal to the
main IF section for processing and detection.
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IF Section

This section processes the signal for frequency
resolution. Three functions are performed here:

1. Weak signals can be amplified, by switchable
amplifiers, so the dynamic display range (vertical win-
dow) is shifted up or down. The REFERENCE LEVEL
selects the gain and input RF attenuation to frame this
window between the top of the display screen or refer-
ence level, in dBm or volts, and the bottom of the
display.

2. The signal is processed through one of several
band-pass filters that can be selected by the RESOLU-
TION BANDWIDTH control. In the auto mode the
microcomputer will select the best combination of
bandwidth and sweep time for the selected span,
unless overridden by the operator.

3. The signal is amplified by a logarithmic amplifier
then detected. The output from the detector is a vol-
tage that corresponds to the signal strength in decibels.
The detector output is then sent to the vertical channel
of the display section to drive the vertical axis of the crt
and display the signal.

Display Section

The display section drives the X,Y, and Z axis of the
crt display. Vertical deflection of the beam is increased
as the output of the amplitude detector increases. The
horizontal position of a signal is controlled by the fre-
quency control section and corresponds to the fre-
quency of the detected signal. As the spectrum
analyzer spans from low to high frequencies during its
analysis, the beam is swept from left to right.. When the
spectrum analyzer tunes through a signal frequency, a
vertical deflection shows the strength of the signal.
This signal is therefore displayed at a position on the
span that corresponds to its frequency, or, the display
is one of amplitude as a function of frequency.

The video ampilifier scales the output of the detector
for vertical deflection in dB/div or performs a log/iinear
conversion, depending on the vertical display mode.
The video processor filters the video if either the wide
or narrow filter is selected.

The display section also drives the crt readout to
show control settings. This readout is based on data
from the microcomputer which is reading the settings of
the front panel controls or data on the GPIB bus.

The sweep is usually fast enough so the display is
flicker-free, but at times the sweep must be slowed
below the flicker rate. With digital storage the display
can be recorded and refreshed at a flicker-free rate.
The display data stored in the spectrum analyzer's
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memory can be transmitted through the GPIB.

Frequency Control Section

The spectrum analyzer sweeps through a frequency
range that is centered about a frequency set by the fre-
quency control section. The CENTER FREQUENCY
control sets the center frequency of either the 1st or
2nd local oscillator.

The output of a sweep generator is scaled by a
span attenuator to sweep a range or span of frequen-
cies either side of center. The output of the span
attenuator drives the 1st LO for wide spans and the 2nd
LO for narrow spans. The output sweep also deflects
the crt beam across the horizontal axis as the local
oscillators are swept so the display is a spectrum of
frequency versus power.

In Option 01 instruments, the frequency control sec-
tion also tunes the preselector so it tracks the signal
frequency being detected over the 1.7 to 21 GHz range.

Counter and Phase Lock Section

The Counter, Harmonic Mixer, and Auxiliary Syn-
thesizer form the nucleus of the frequency control
hardware. Both the 1st LO and 2nd LO frequencies are
controlled via the firmware based control loop. Data
from the Counter is used as feedback to control the
oscillator frequency. Accurate signal frequency meas-
urement is also possible by counting the frequency of
the 3rd IF.

The Phase Lock system stabilizes the 1st LO fre-
quency. This minimizes display jitter and increases
resolution.

Digital Control Section

Operational modes and internal functions of the
spectrum analyzer are selected and controlled directly
from the front panel or remotely controlled from an
external controller through a GPIB connector. This con-
nector interfaces to an instrument microcomputer
through the GPIB. The modes and functions that are
selected are processed and activated by the instrument
master microcomputer which talks and listens to all cir-
cuits over the instrument bus.

Front panel control and selector data is processed
by a front panel CPU that interfaces with the master
microcomputer over the instrument bus. The master
microcomputer receives and sends all of its information
over the instrument bus to the internal circuits. 1t com-
municates with other instruments through the GPIB con-
nector or through the Accessories Interface to the



Accessories connector located on the rear panel. Con-
trol language corresponds to front-panel nomenclature
of the Spectrum Analyzer.

Power Supply Section

The power supply section provides regulated dc
power and forced air cooling for all circuits within the
instrument. The switching supply is capable of provid-
ing regulated voltages over a wide range of input line
frequencies and voltages. The cooling system consists
of an intake on the bottom of the case, air passages
within the instrument, a fan, and a rear panel exhaust.
Air is routed to all sections of the instrument in propor-
tion to the heat generated by circuits within those sec-
tions. Internal temperature variations are minimized to
provide reliable operation.

Other Sections

Interconnections between assemblies are made
through a common Mother board. Most circuit board
assemblies plug into the top side of the Mother board.
Assemblies on the RF deck are connected to the bot-
tom side of the Mother board through cables and con-
nectors.

Theory of Operation — 2754/2754P Service, Vol. 1
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DETAILED DESCRIPTION

The following description is arranged by sections or systems; such as 1st Converter, 2nd Converter, etc., followed
by circuit analysis of the circuits within that section. Each system or section is introduced with a description of the sys-
tem using the section block diagram found in the Diagrams section of the Service Manual, Volume 2. This is followed by
a description of each circuit board or major circuit within the system. The appropriate block or schematic diagram

number is included in the text headings for each section or part.

1ST CONVERTER SECTION (Diagram 2)

The 1st Converter consists of the 0-60 dB Step
Attenuator, Preselector circuits (Option 01 only), Mixer,
1st LO, Power Divider, 2.072 GHz Directional Filter,
Diplexer, and two 4.5 GHz Low-Pass Filters. External
circuits that control or drive the assemblies within the
1st Converter are; the Preselector Driver (Option 01
only), 1st LO Driver, Counter and Phase Lock system,
and the RF Interface board.

The 1st Converter converts the incoming RF signals
to the 1st IF. Incoming signals are applied through a
calibrated 0-60 dB decade attenuator (AT10) to the 1st
Mixer (A12), or for Option 01 instruments, to the
Preselector circuits and then to the 1st Mixer.

In instruments with the Preselector circuits (Option
01), signals in band 1 (50 kHz to 1.8 GHz) route through
a Limiter (A10) and 1.8 GHz Low-Pass Filter (FL10) to
the mixer; and signals in bands 2 through 5 (1.7 to
21 GHz) route through a tunable Preselector (FL12) and
a 3 dB Attenuator (AT11) to the mixer.

The RF signals are mixed with the output from a
tunable local oscillator to generate products at one of
two intermediate frequencies, depending on the band in
use. The 1st Mixer output goes to Directional Filter
FL16 through W125. In Option 07 instruments Transfer
Switch S13 select between the 50 Q and 75 Q inputs.

The directional filter separates the 2072 MHz and
829 MHz intermediate frequencies for the 2072 MHz
2nd Converter (A18) or 829 MHz 2nd Converter (A23).
The 2072 MHz IF is applied through a 4.5 GHz Low-
Pass Filter (FL11) to the 2072 MHz 2nd Converter. The
829 MHz IF is fed through a Diplexer (A14) and another
4.5 GHz Low-Pass Filter (FL15) before it is applied to
the 829 MHz iF stages.

The spectrum analyzer uses two intermediate fre-
quencies (2072 MHz and 829 MHz) to prevent baseline
rise caused by local oscillator feedthrough and cross-
over of intermodulation products. The 2072 MHz IF is
selected for bands 1 and 5. The 829 MHz IF is selected
for bands 2-4.
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RF Interface Circuits (Diagram 28)

The RF interface circuits receive instruction from the
microcomputer and produce control signals for the RF
Attenuator, the Transfer Switch, and the IF Select.
These RF control circuits are located on the Z-Axis/RF
Interface board and their operation is described under
the Z-Axis board part of the Display section.

1st Converter (Diagram 12)

RF Input

The RF input signal goes through a 0-60 dB Step
Attenuator (AT10) consisting of relay-controlied 10 dB,
20 dB, and 30 dB sections. The relays are actuated by
control signals from the RF interface circuit. The signal
flows from the step attenuator to the 1st mixer, or for
instruments with a preselector (Option 01), through the
preselector circuits.

Preselector Circuits (Option 01 only)

Coaxial switches S11 and S12 are relays that select
either the low-pass filter (FL10) and Limiter (A10) or the
Preselector and 3 dB attenuator (AT11) for the RF sig-
nal path. The relay coils are driven by circuitry on the
Preselector Driver board. The low-pass filter path is
used for band 1, and the Preselector path is used for
bands 2 through 5.

The 2 GHz Limiter (A10) operates from 100 kHz to
2 GHz. It has a linear two-port transfer characteristic of
unity (-1 dB) until the input exceeds +5 dBm. Above
this point, the internal detector diodes conduct,
reflecting part of the RF input energy back to the
source. As the input level rises, the Limiter reflects
more signal, limiting the amount that can pass through
the mixer, thus protecting the mixer from being over-
driven.

The 1.8 GHz Low-Pass Filter (FL10) strips the
incoming signal of any frequency components above
1.8 GHz and passes all frequency components below



1.8 GHz to Filter Selector switch S12.

The Preselector (FL12) is a 1.7-18 GHz Yttrium-
Iron-Garnet (YIG) filter that provides high selectivity and
image frequency rejection. Tuning current, which is
near 500 mA at 21 GHz, is provided by the Preselector
Driver (A42) circuits. The Preselector operates on
bands 2, 3, 4, and 5. Because the Preselector is sensi-
tive to output load impedance, a 3 dB Attenuator (AT11)
is inserted between the Preselector output and one port
of the Filter Select switch to help isolate output loading.

1st Mixer

The 1st Mixer (A12) circuit consists of a single bal-
anced mixer, a coupler, and a 90° phase shifter. A bal-
anced mixer inherently has less conversion loss com-
pared to an unbalanced mixer, and local oscillator
feedthrough to the RF port is minimized. The local
oscillator input is split through a broad-band muiti-
section coupler whose outputs are equal in power but
90 degrees out of phase. An additional 90 degree
phase shift is cascaded with the appropriate signal to
create a 180 degree phase difference that is applied
across a pair of series-connected Schottky diodes. The
result is that the diodes are alternately switched on and
off as the local oscillator cycles.

The node between the two diodes is isolated from
the 1st LO input by about 30 dB so the RF input is
applied to this node. The blocking capacitor at the
input connector permits broadband signal application
from the RF port, while blocking the dc diode bias from
getting to the RF port and the spectrum analyzer input.
Mixer bias is supplied from the 1st LO Driver board via
the 829 MHz IF circuits, 4.5 GHz Filter, Diplexer, and
Directional Filter. Bias return is through assembly A11
to ground.

Excluding losses in the IF filtering circuitry, the fun-
damental conversion loss of the 1st Converter is about
14 dB, and the third harmonic conversion loss is about
24 dB. The Schottky diodes are mounted in a mixer
sub-assembly (A12A1) so that they can be easily
replaced.

1st Local Oscillator

The 1st LO (A16) is a YIG (Yitrium-lron-Garnet)
oscillator that has a tuning range of 2.072 to 6.4 GHz.
The oscillator assembly includes the interface circuit
board that couples operating and tuning voltages from
the 1st LO Driver, Span Attenuator, and Error Amplifier
circuits to the oscillator.

The +15 V, voltage provides operating bias for the
oscillator. The supply is protected and decoupled by
VR1010, C1016, and L1011. The second supply, +15 V,,
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is not used in this instrument. VR1018 and VR1019
clamp transient voltages from the tune voltage coil. It
also protects the driving circuits from the transients
induced when degaussing.

When the FM coil is used to sweep the oscillator,
relay K1015 closes and couples C1012 and C1014
across the tune coil. The capacitors lower the noise
bandwidth of the main coil driving circuit while the FM
coil is in operation. The heater provides temperature
stability.

Power Divider

The Power Divider (A13) splits the output of the 1st
LO (YIG oscillator) to isolate the 1st Mixer from the 1st
LO OUTPUT front-panel connector. Basically, the
Power Divider is two multi-section directional couplers
that are cascaded to produce two ports having equal
power. The isolation between output ports is 15 dB or
more at the operating frequency. The Power Divider
also provides an improved load to the local oscillator.

Directional Filter

The Directional Filter (FL16) couples the 2072 MHz
signal to the 2nd Converter via low-pass and band-pass
filters FL11 and FL14, As mixing products pass
through FL186, they induce a selected current into a
one-wavelength distributed ring, which couples the
2072 MHz IF signal out to the low-pass filter FL11. The
remainder of the intermodulation products pass on
through since the ring is excited only with 2072 MHz
signals. The bandwidth of this Directional Filter is
approximately 45 MHz. The unfiltered signals are
passed on to the Diplexer.

2072 MHz IF Filters

The 2072 MHz signal, from the Directional Filter,
passes through a 4.5 GHz Low-Pass Filter (FL11). The
signal is then sent through a 15 MHz band-pass filter
(FL14) which rejects intermodulation products either
side of the 2072 MHz IF.

Diplexer and Filter

The Diplexer (A14) passes the 829 MHz IF signal
from the mixer output through a low-pass fiiter (FL15) to
the 2nd Converter. The Diplexer and Directional Filter
provide a broadband impedance match to the 1st Mixer
IF port. This match contributes to the overall flatness
and frequency response of the analyzer.
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2ND CONVERTER SECTION (Diagram 3)

Two 2nd Converter systems are used in the spec-
trum analyzer. One converts 2072 MHz to 110 MHz
and the other converts 829 MHz to 110 MHz. The con-
verter used is determined by the frequency band being
conveted. The IF selection for each band is shown in
Table 7-1 along with the band frequency range and the
local oscillator frequency range. Two 2nd IFs are used
by the analyzer for the following reasons:

e If the 1st IF is included in the frequency band
being converted, it is possible for some input sig-
nals to pass un-converted through the 1st Converter
to the 2nd Converter, appearing at the 1st IF. The
resulting spurious signal would cause the baseline
level on the screen to rise and obscure real signals.
Using two 2nd converters avoids the problem by
using a 1st IF not in the band being converted.

e With two IF’S, IF feedthrough in band 2 and higher
order spurs in bands 3 and 4 can be eliminated.

e Because of the limited tuning range of the
719 MHz LO, the lower IF cannot be used above
band 4.

The 2072 MHz 2nd Converter mixes the 2072 MHz
from the 1st Converter with the output from a 2182 MHz
phase-locked 2nd local oscillator. This local oscillator
is swept and tuned over a 4 MHz range. The 2072 MHz
input IF signal is passed through a four-cavity band-
pass filter (FL14) to aliow only the 2072MHz 1st IF sig-
nal to pass through and prevent other signals, gen-
erated within the 2nd Converter, from getting back to
the 1st Converter. A diode mixer combines the
2072 MHz IF input and the local oscillator signals to
generate the 110 MHz IF output which then passes
through a 110 MHz low-pass filter to reject any higher
order signals from the mixer.

The 829 MHz 2nd Converter uses a phase-locked
voltage controlled oscillator to produce the 719 MHz
signal that is mixed with the 829 MHz first IF signal.
The swept 2182 MHz 2nd Local Oscillator is used as a
reference for the phase locked oscillator. The 719 MHz
oscillator can be disabled upon command from the
microcomputer in the IF selection process. The phase
lock circuit maintains a constant relationship between
the two local oscillators as the 719 MHz oscillator is
swept and tuned over a 1.33 MHz range. A four section
coaxial band-pass filter is used before the mixer to
exclude any RF signals other than the desired 829 MHz.
Again, a diode mixer is used to mix the 829 MHz input
and local oscillator signals to produce the 110 MHz
second IF output.

Table 7-1
2ND CONVERTER IF SELECTION

Range

2nd LO Range

50 kHz-1.8 GHz
1.7-56.5 GHz
3.0-7.1 GHz

5.4-18.0 GHz
15.0-21.0 GHz
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2182 +£2.25 MHz
719 £0.75 MHz
719 £0.75 MHz
719 £0.75 MHz

2182 +£2.25 MHz
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Figure 7-1. Cross section of a four-cavity filter.

Selection between the two 2nd IF signals also takes
place within the 829 MHz converter system. A diode
switching network connects the active 110 MHz 2nd IF
signal to the output to drive the 3rd Converter.

2072 MHz 2ND CONVERTER (Diagram 12)

The 2072MHz 2nd Converter converts the
2072 MHz signal output from the 1st Converter to
110 MHz for eventual application to the 3rd Converter.
The assembly consists of a four-cavity filter connected
to a narrow band mixer through an external cable, a
110 MHz low-pass filter, and a mixer-biasing circuit.

Four-Cavity Filter

The four-cavity filter (FL14) is a low-loss narrow-
band filter that only passes the 2072 MHz IF signal to
the mixer. Any other frequencies are reflected back to
the 1st Converter and terminated. In addition, the filter
prevents the converter LO and mixer products from
entering the 1st Converter.

This filter has a 1 dB bandwidth of 15 MHz and an
insertion loss of 1.2 dB. Each end resonator is capacity
coupled to external circuits through a coupling hat
plugged into a 3 millimeter connector. Intercavity cou-
pling is provided by coupling loops that protrude from
the machined filter top. The resonant frequency of each
cavity is determined primarily by the depth of a gap in
the underside of the filter top, and is fine tuned with a
tuning screw on the side of each cavity. All of the tight
machining tolerances are confined to the top. Thus, the
main cavity milling need not be a high precision part.
When properly tuned, using a network analyzer, the
filter return loss is greater than 25 dB from either end
{(in a 50 ohms system). Figure 7-1 shows a cross sec-
tional view of the filter, and Figure 7-2 shows the
equivalent electrical circuit.

Mixer Circuit
The mixer circuit consists of a single-balanced,

two-diode mixer, a bias circuit for the mixer, a delay
line, and a 110 MHz low-pass filter.
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Figure 7-2. Equivalent circuit of the four-cavity filter.

2072 MHz RF from the four-cavity filter (FL14)
enters the mixer, where it is switched on and off at a
2182 MHz rate by the the mixer diodes. Both mixer
diodes are turned on and off by the 2182 MHz 2nd LO
signal. The difference frequency of 110 MHz is
separated from the other mixer products by a low-pass
filter for use as the IF output. Although the diodes are
connected for opposite polarity, both are turned on at
the same time because of the 180 degree phase shift
delay line in the input path to one of the diodes. Note
that the diodes are matched and must be replaced as a
pair if one fails.

At the output of the mixer, the two inductors and
one capacitor form a low-pass filter that passes unat-
tenuated 110 MHz signal to the 829 MHz 2nd Con-
verter, via coaxial connector P182. Dc-blocking capaci-
tors at the three inputs to the mixer, keep the diode
bias from being applied to the RF and local oscillator
lines.

The bias circuit, which consists of operational
amplifier U1014 and the associated components, estab-
lishes the bias for the mixer diodes and also provides
the means for effectively switching the mixer off (under
control of the microcomputer). When the mixer is
active, each diode has approximately 2 mA of forward
bias. For this condition, the IF SELECT signal from the
Z Axis/RF Interface circuits (applied through
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feedthrough capacitor C182) is low. This causes the
output from U1014A to be at +14 V and the output from
U1014B to be —14 V. Diodes CR1014 and CR1018 are
thereby reverse-biased. Thus, the series resistances of
potentiometer R1019 plus resistor R1014, and poten-
tiometer R1010 plus resistor R1017, provide forward
bias to the diodes. The potentiometers are set to bal-
ance the bias levels.

In operation where the mixer is not active, the IF
SELECT signal is high. This reverses the states of the
U1014 outputs and forward- biases diodes CR1014 and
CR1018. With these diodes conducting, resistors
R1014, R1016, R1017, and R1018 form two voltage
dividers that set the reverse bias, to the mixer diodes,
at 5V. This effectively turns the mixer off and attenu-
ates the 110 MHz signal by about 55 dB.

Precision External Cables

The external cable that connects the four-cavity filter
output to the mixer RF input (W140) and the external
cable that connects the 2nd LO to the mixer LO input
(W222) are both critical length cables.



Filter to Mixer RF Input Cable. Several products
and harmonics of the local oscillator and RF input fre-
quencies will exit the mixer via the RF input port of the
mixer. The image (RF input minus the 2nd LO) and the
sum (RF input plus the 2nd LO) are two significant pro-
ducts. There is enough energy in these two signals to
warrant efforts to recover that energy.

Only the RF signal at 2072 MHz can pass through
the four-cavity filter. Thus, any other signal frequency
that is applied to the filter (that is, signals exiting the
mixer via the RF port) is reflected back to the mixer by
the filter. If the cable between the filter and the mixer is
the correct length, the most significant reflected signals
(i.e., the image and the sum) can be returned to the
mixer in phase and converted into additional energy at
the intermediate frequency. This technique is called
"image enhancement mixing" and typically improves
conversjon loss by approximately 3 dB at the design
frequencies.

The image frequency, in this instance, is very near
the RF frequency. A very sharp cut-off filter is required
to pass the RF, yet reflect the image. The four-cavity
filter performs this function.

2nd LO to Mixer LO Input Cable. The image and
sum products are also present at the LO port of the
mixer. These signals leave the mixer via the cable to
the 2nd LO and are reflected back to the mixer by the
LO .The oscillators resonator appears highly reflective
to the image and sum signals because it is tuned to the
LO frequency. Again, the length of the cable from the
LO to the mixer LO port is adjusted so the image and
sum signals are reflected back to the mixer, in the
proper phase, for re-conversion to supply additional
energy at the IF frequency.

2182 MHz PHASE LOCKED 2nd LO
(Diagrams 13 and 14)

The 2182 MHz phase locked 2nd LO assembly con-
tains a tunable microwave oscillator, frequency refer-
ence, and phase lock circuitry. A two-section housing
contains the circuitry. Microwave circuitry is packaged
within the machined aluminum portion of the housing.
Low frequency phase lock circuitry is within the mu-
metal compartment.

In the microwave or LO portion of the assembly, the
2182 MHz Microstrip Oscillator generates 2182 MHz for
the 2nd converters and the 2nd LO internal reference
circuitry. The 2200 MHz Reference circuit receives a
100 MHz drive signal from the 3rd converter crystal
oscillator and produces 100 MHz harmonics. The 22nd
harmonic or 2200 MHz is mixed with 2182 MHz from
the microstrip oscillator in the 2200 MHz Reference
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Mixer circuit. The difference frequency of 18 MHz is
then fed to the phase lock side of the module.

A phase/frequency detector, on the 16-20 MHz
Phase Lock circuit board, compares the 18 MHz
difference frequency with a signal from a linearized
varactor tuned, 18 MHz voltage controlled oscillator.
The detector output tunes the 2182 MHz Microstrip
Oscillator such that the difference frequency exactly
matches the frequency of the 18 MHz reference VCO.

Sweep and tune signals from the Span Attenuator
and Center Frequency Control circuits tune the 18 MHz
VCO. The output voltage from the phase/frequency
detector forces the Microstrip Oscillator to tune the
same amount.

2182 MHz Microstrip Oscillator (Diagram 14)

This oscillator consists of a printed 1/2 wavelength
resonator driven by a common-emitter feedback
amplifier (Q1021). The base of Q1021 is capacitively
tapped into the resonator. The resonator serves as a
tuned phase inverter and impedance transformer, con-
nected between the base and collector of Q1021. Part
of the base feedback capacitance is provided by a
bendable tab (C1021). This allows fine adjustment of
the total feedback. This feedback RF signal is
detected, by the base- emitter junction of Q1021, to
produce a change in bias voitage that is related to the
amount of feedback. The base voltage can be moni-
tored at TP1015 with a high impedance voltmeter
without significantly disturbing the oscillator.

The dc collector voltage and current for Q1021 is
regulated by an active feedback circuit containing
transistor Q2021. Voltage at the junction of R2023 and
L2023 is a function of Q1021 collector current. This vol-
tage is sensed by Q2021, which alters the base current
to Q1021 thereby regulating the collector current and
maintaining +10 Vdc on the resonator. Decoupling and
control of bias loop dynamics are provided by C2104.
Resistor R2016 swamps the negative base resistance
of Q1021 to provide stabilization. Resistor R2015 pro-
tects the base- emitter junction of Q1021 from exces-
sive reverse bias in the event the +12 V supply fails.

The oscillator is tuned by varactor diode CR1028,
connected to one end of the resonator. Decoupling for
the varactor is provided by the low-pass elements in the
tune line. Bendable tab C1022 can be used to fine tune
the oscillator center frequency.

Three output taps are coupled to the resonator
through printed capacitors under the resonator. One
output supplies 2182 MHz through a 6 dB attenuator to
the Harmonic Mixer in the 829 MHz 2nd Converter. The
other two output taps couple LO power through 6 dB
attenuators to buffer amplifiers Q1031 and Q1011. The
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amplifiers provide approximately +10dBm to the
2072 MHz 2nd Converter and +8 dBm to the Reference
Mixer.

Since the two buffers are nearly identical, only the
2nd Converter buffer is described. Gain is provided by
Q1011. Printed elements provide input and output
impedance matching. Out-of-band damping is provided
by R1011 in series with a 1/4 wavelength shorted stub.
Dc is blocked by C1014 and C1011. A 1/4 wavelength
open stub is used at the output to reflect one of the 2nd
Converter's image frequencies at 4254 MHz (the other
buffer does not use nor need this stub). Collector bias
for Q1011 is provided through R1012, L1011, the 1/4
wavelength shorted stub, and R1011. The 1/4
wavelength shorted stub is grounded through C2011
(C2011, C1013, and L1011 are also used for decou-
pling). Collector voltage is determined by divider R1013
and R2013; this controls the dc feedback to the
collector-base junction of Q1011. The bias network is
decoupled from the RF path by L1014, Diode CR2013
protects the base of Q1011 from excessive reverse bias
if the +12 V supply fails.

2200 MHz Reference Board (Diagram 14)

This circuit generates harmonics of the 100 MHz
input. The 22nd harmonic or 2200 MHz is used by the
Reference Mixer. The input 100 MHz signal is applied
through a matching network (consisting of L1034,
L1025, C1036, C1029, and C1025) to a differential
amplifier (Q1024 and Q2024). The emitters of this
amplifier are ac coupled through C2026, reducing low
frequency gain and ensuring balanced operation. A
snap-off diode (CR2014) is driven by the amplifier, via
transformer T2015, to generate muitiple harmonics of
the 100 MHz signal including the 2200 MHz reference.
The output passes through a 3 dB attenuator, for isola-
tion, to the Reference Mixer circuit.

2200 MHz Reference Mixer (Diagram 14)

Signals from the 2200 MHz Reference circuit are
filtered by a printed 2200 MHz bandpass filter. Diodes
CR1011 and CR1012 are the switching elements of a
single-balanced mixer. The microstrip oscillator output
is applied to CR1011 and through a 1/2 wavelength
delay line to CR1012. The delay line shifts the oscillator
signal 180 degrees so both diodes switch together.
Mixing the 2200 MHz with the oscillator 2182 MHz sig-
nal produces the difference frequency of 18 MHz. This
18 MHz signal is fed through a 37 MHz low-pass filter
to the 16-20 MHz phase lock circuit. The low-pass filter
prevents unwanted products, such as 82 MHz (product
of 2100 MHz and 2182 MHz), from passing Into the
phase lock circuit.
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16-20 MHz Phaselock Board (Diagram 13)

This board contains regulated power supplies, a
16-20 MHz (18 MHz nominal) voltage controlled osciila-
tor with linearizing circuitry, and a phase/frequency
detector circuit. Its main function is control of the
2182 MHz Microstrip Oscillator. The entire circuit board
is housed in a magnetic shield to reduce spurious
effects of external ac fields. All power supply and con-
trol inputs enter the circuit board via feedthrough capa-
citors in the housing wall. All connections with the
microwave circuitry are through feedthrough capacitors
2200 through C2204, in the floor of the housing.

The +15V, =15V, and +9 V supply inputs are re-
regulated down to +12V, —12 V, and +5.2 V by regula-
tors using operational amplifiers. IC U2025 provides a
stable —6.2 V reference that is filtered by R2018 and
C2015 and amplified by U2016B to produce the —12V
supply. IC U2016B uses emitter-follower Q2024 to
increase the current capability of the supply. Resistor
R2013 ensures sufficient base drive, while collector
resistor R2025 reduces power dissipation in Q2024.
Diode CR2019 protects the base-emitter junction during
power supply shutdown. Feedback resistors R2016
and R2017 set the gain of U2016B and control the
—-12V, +12V, and +5.2 V supply voltages.

The —12V supply is applied to inverting amplifier
U2016A to produce the +12V supply, and inverting
amplifier U1017 to produce the +5.2 V supply. The out-
put circuitry for the +12 V and +5.2 V supplies are simi-
lar to the —12 V supply.

Differential amplifier U2072A accepts the 2nd LO
sweep voltages. One input senses the sweep voltage
while the other input senses the ground potential at the
Sweep board. Sweep sensitivity is adjusted by select-
ing resistor R2070. In wide spans, the sweep signal
passes through parallel resistors R2082 and R2083. In
narrow spans, R2082 may be switched out by Q2084,
which reduces the weep sensitivity by a factor of ten.
When the TTL signal to Q2076 is high, Q2076 is turned
off, R2086 holds the gate of Q2084 to —15V, Q2084 is
turned off, and R2082 is switched out. This reduces the
sweep sensitivity. When the TTL signal is low, Q2076
saturates with the collector slightly above 0V, Q2084
turns on, and full sweep sensitivity is restored.

Amplifier U2072B accepts the 2nd LO tune voltage.
the Tune board senses the ground potential of the 16-
20 MHz Phase Lock board and floats the tune voltage.
Tune sensitivity is adjusted by selecting resistor R2072.

The sweep and tune signals combine at the sum-
ming node input of a non-linear shaping ampiifier. The
non-linearity of the shaping amplifier compensates for
the non-linear tuning of the reference oscillator varactor
to give a linear tuning characteristic from 16 to 20 MHz.
The shaping function is produced by a resistor-diode



array in the feedback loop of inverting amplifier
U1073A.

All of the amplifier's feedback is through R1072
when the output swings to the negative limit. As the
output voltage swings less negative, it sequentially
passes the tap-point voltages of a series of voltage
dividers connected between 0 V (the summing node at
pin 12) and a negative reference set by Q1047. If the
output becomes positive with respect to a given divider
tap, a corresponding diode in U2059 forward biases
and connects the output to the tap, which creates addi-
tional feedback through one leg of the divider to the
summing node. This causes R2051, then R2052, then
R2053 (as so on through R2056) to be connected in
parallel with R1072 as the amplifier output becomes
less negative. This progressively increases the feed-
back, which causes the gain of U1073A to decrease.

Another series of dividers connected between the
amplifier's output and a negative voltage reference
causes the diodes in U1059 to sequentially conduct as
the output becomes more positive. Resistors R2060,
then R2061, then R2062 (as so on through R2065) are
sequentially added in parallel with the existing feed-
back. Soft diode turn-on characteristics and a large
number of breakpoints result in smooth gain changes.
The nonlinear amplifier's voltage-gain characteristic is
controlied by the shaper reference voltage, which is set
by R2049. Aitering R2049 will make the breakpoints
either closer together or further apart; in practice, this
resistor is selected to correct the tolerance variations of
the 18 MHz VCO varactor.

The forward drop of the shaper diodes gives
U1073A an offset voltage. Temperature correction
diodes CR1086, CR1087, and CR1088 correct this
offset over a wide temperature range by summing a
correction voltage through R1074. These diodes also
compensate for the lack of series diode drop across
R1072 and eliminate offsets at the summing input of
U1073B. Selecting R1070 provides fine adjustment of
the VCO’s center frequency. IC U1073B is an inverting
amplifier that increases the shaper output voltage swing
to a level that can control the varactor of the 18 MHz
VCO.

A differential amplifier with well-defined limiting
characteristics is used for the 18 MHz VCO. Emitter
degeneration is used to control loop gain. Transistors
Q2096 and Q2087 form the differential pair of transis-
tors, with the emitters coupled through C2091.
Transformer T2092 provides ac feedback for the
collector-base junction of Q2096 and also creates the
majority of the resonator inductance. The total resona-
tor inductance may be adjusted by trying different com-
binations of connections between taps on inductor
T1091 and transformer T2092. These taps allow coarse
adjustment of the VCO center frequency. The capacitor
of the resonator is varactor CR1089. Capacitor C1088
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completes the resonator ac path and acts as a dc
block, which allows a bias voltage to be impressed on
the varactor. Resistor R2092 and capacitor C2090
damp the Q2096 coliector, which prevents high-
frequency instability in the oscillator. Transistor Q2087
provides a buffered oscillator output.

A discrete two-stage amplifier provides an unsa-
turated voltage gain of approximately 43 dB for the
18 MHz signal from the 2200 MHz Reference Mixer
board. Transistor Q1041 is the common-emitter first
stage while Q1042 and Q1043 form the differential
second stage. The differential stage limits the output
swing to 0.8V to prevent over- driving the following
ECL circuitry. Dc bias is maintained by Q1041, which
has dc collector-base feedback via R1046 and the
R1043/R1048 voltage divider. Transistor Q1043
receives its base bias through R1042. Each transistor
operates with 5 mA of quiescent current.

ECL line receivers U2041D and U2041B amplify and
buffer the 18 MHz signals from the Reference Mixer and
the VCO, respectively. These two signals are then
applied to the phase/frequency detector for com-
parison.

A pair of ECL D-type flip-flops, U2031A and
U2031B, comprise the phase/frequency detector. The
flip-flops drive a common reset line with a wired-AND
output. The clock input of U2031B is driven with the
signal from the 18 MHz VCO, and the clock input of
U2031A is driven with the signal from the 18 MHz signal
from the Reference Mixer.

Both flip-flops are configured to reset together
whenever both are set. If they are clocked with signals
that exactly match in frequency and phase, then both
flip-flops set simultaneously and then almost immedi-
ately reset. If the Reference Mixer signal has a slight
phase lead, U2031A will remain set longer than
U2031B. If the Reference Mixer signal has a slight
phase lag, U2031B will set first and remain set the long-
est. The signal that has the phase lead will cause the
associated flip-flop to be set a greater percentage of
time than the lagging flip-flop. If there is a frequency
difference between the two inputs, the flip-flop with the
higher input frequency will be set more of the time than
the other flip-flop. The ratio between the filtered output
signals of the two flip-flops indicates whether the Refer-
ence Mixer signal leads, lags, or differs in frequency
from the 18 MHz VCO signal.

The outputs of the flip-flops are low-pass filtered by
C1031 and C1028 and applied to differential amplifier
U1031. U1031 compares the outputs of the flip-flops
and produces an output that controls the tuning of the
2182 MHz microstrip oscillator. The phase-lock loop
bandwidth is controlled by R1026, C1029, R1027, and
C1026. The gain slope breaks to —12 dB/octave for
frequencies below 16 kHz. Resistors R1033 and R1034
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divide and offset the output of U1031 so the tune vol-
tage ranges between 0 and —12.5 V.

The output of divider R1033/R1034 is applied to the
varactor of the 2182 MHz microstrip oscillator (2nd LO).
This closes the phase-lock loop, tuning the 2nd LO so
that it closely tracks the 18 MHz VCO. When the
18 MHz VCO is tuned, U1031 simultaneously tunes the
microstrip oscillator an equal amount. Within the loop
bandwidth, the 2nd LO performance is determined by
the 18 MHz VCO instead of the microstrip oscillator,
giving a significant improvement in frequency stability
and reduction of phase noise.

829 MHz 2nd CONVERTER
(Diagrams 15 and 16)

The 829 MHz 2nd Converter assembly (A23) down-
converts the 1st Converter band 2-4 829 MHz {F signal
to 110 MHz to drive the 3rd Converter. It also provides
the switching to select either the 2072 MHz 2nd Con-
verter or the 829 MHz 2nd Converter. The IF circuits in
the signal path are shown on diagram 16, IF Section.
The local oscillator circuits are shown on diagram 15,
LO Section.

IF Section (Diagram 16)

The 829 MHz {F circuits include an input diplexer, an
amplifier, a band-pass filter, a mixer, and a diode
switch. '

829 MHz Diplexer. The 829 MHz Diplexer (A23A4)
passes signals at 829 MHz with approximately 1 dB
maximum attenuation and 200 MHz pass-band. Fre-
quencies outside the pass-band but between about
50 kHz to 2 GHz are terminated in 50 loads with a
match of at least 10 dB. Figure 7-3 shows a simplified
schematic of the diplexer.

At 829 MHz, the series resonators provide a low
impedance path from input to output. The input is from
the 1st Converter through low-pass filter FL15 and
P231. Signal loss across the 50} resistors is
insignificant because of the low impedance path around
these resistors. The parallel resonant circuit to ground
appears as an open circuit at 829 MHz.

At frequencies above or below the pass-band, the
series resonators appear as large reactances, shifting
the primary signal flow through the 500 resistors. The
out-of-band impedance of the paraliel resonant circuit is
now small compared to 500. Thus, the 500 resistors
are essentially grounded at their junction, terminating
both the input and output ports of the diplexer.
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Figure 7-3. Simplified diplexer diagram.

A wide bandwidth is used to minimize loss in the
resonant circuits and eliminate adjustments. Relative
bandwidths of the series and parallel resonant circuits
are optimized to provide reasonable match at the band
edges.

As shown in the schematic diagram, the diplexer
contains components not shown in Figure 7-3. The
500 terminations are actually two pairs of 100Q resis-
tors, R1014-R1015 and R1011-R1012, connected in
parallel to reduce load inductance. Small capacitors,
C1010 and C1013, are connected across each load to
improve impedance match at frequencies above the
pass-band. The inductor in the paralilel resonator is a
printed length of transmission line that is tapped to
establish the correct bandwidth. One end of this induc-
tor is grounded through four capacitors so that dc bias
from the 1st Local Oscillator Driver can be introduced
to the 1st Mixer (A12) through this diplexer. Several
capacitors are used in parallel to minimize inductance
and circuit Q degradation. A low-pass filter is inciuded
in the bias line to minimize any noise from the 1st LO
driver.

The diplexer drives the 829 MHz Amplifier through a
1.2 GHz Low-Pass Filter that consists of three shunt
capacitors and two series inductors. Cutoff frequency
for this filter is 1.2 GHz.

829 MHz Amplifier. The 829 MHz Amplifier (A23A5)
provides about 18 dB of signal gain at 829 MHz. The
amplifier consists of two similar cascaded amplifier
stages, Q1017 and Q1025, and a 3 dB pad. The overall
noise figure is approximately 2.8 dB. The gain stages
are stable amplifiers that are designed for use in a
50 ohm system.




Since the amplifiers are nearly identical, the follow-
ing description applies to both amplifiers, The ac and
dc signal paths are treated separately. Figures 7-4 and
7-5 are simplified diagrams of the ac and dc signal
paths.

~820 pF

R2

+ AC GROUND
R1 150 L4

—
c2 OUTPUT
4.7 pF
T P

2X1.5 pF L3*

*PRINTED COMPONENT
4416.95

Figure 7-4. Equivalent ac circuit of an 829 MHz amplifier.

In the ac circuit (Figure 7-4), C1, L1, and L2 form the
input matching network. (In the first stage, L1 is actu-
ally the series inductance of dc-blocking capacitor
C1016 at the input of the amplifier.) The collector circuit
is matched to 500 by L4 and C2. To a large extent, L3
controls the gain of the stage. High frequency stability
is enhanced by R1 and R2.

In the dc circuit (Figure 7-5), negative feedback
through the voltage divider, consisting of R3 and R4,
sets the collector voltage as a fixed proportion of the
-12 V reference supply. Collector current is deter-
mined by R5. Current requirements for the first stage
are less than the requirements for the second because
the first stage requires less intermodulation distortion
performance. Diode clamps are provided for each
amplifier (CR1013 and CR1022 at the bases of the
amplifiers in the actual circuits) to protect the transistor
against reverse breakdown of the base-emitter junction
in case the +12 V supply fails.

In the actual amplifiers (not shown in Figures 7-4
and 7-5) L1014 and C1014 at the base of Q1017, C1013
at the collector of Q1017, L1021 and C1023 at the base
of Q1025, and C1013 at the collector of Q1017 decou-
ple the signal path from the bias network.

The 3 dB pad (R1026, R1027, R1028, and R1029)
helps maintain a wide-band 500 interface between the
second amplifier stage and the 829 MHz Bandpass
Filter on the 829 MHz 2nd Converter board.

Test point J1029 at the output port of the 3 dB pad
is used for checking amplifier performance and to aid in
adjustment of the 829 MHz band-pass filter on the
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Figure 7-5. Equivalent dc circuit of an 829 MHz amplifier.

829 MHz 2nd Converter board (A23A7).

829 MHz 2nd Converter. Down-conversion from
829 MHz to 110 MHz IF occurs on the 829 MHz 2nd
Converter board (A23A7). The board contains a
829 MHz Band-Pass Filter, a 1.3 GHz Low-Pass Filter,
a 3dB pad, a 450 MHz High-Pass Filter, a single-
balanced mixer, and a 300 MHz Low-Pass Filter.

The 829 MHz Band-Pass Filter blocks unwanted
inputs, primarily the 609 MHz image signal. It consists
of four, quarter-wave, coaxial type resonators, mounted
on the 829 MHz 2nd Converter board. The end resona-
tors are tapped near their grounded end to facilitate
input and output coupling of the filter. Inter-resonator
coupling is provided by printed “through-the-board"
capacitors that connect between the resonators at their
high impedance end. A bendable tab is located at the
high impedance end of each resonator for fine adjust-
ment of resonant frequency. The bendable tab acts as
a small, variable capacitor to ground, making fine
adjustments of resonant frequency possible. When
properly tuned, the filter presents at least 12 dB input
return loss and about 2 dB insertion loss at 829 MHz.
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The 1.3 GHz Low-Pass Filter blocks high frequency
signals that would otherwise be admitted at the re-
entrant frequencies of the band pass in excess of
2 GHz. The function of the 1.3 GHz Low-Pass Filter is
shared by the 1.2 GHz Low-Pass Filter on the 829 MHz
Diplexer board.

The 3 dB pad helps ensure a consistent 504 inter-
face for the 829 MHz Band-Pass Filter.

The 450 MHz High-Pass Filter blocks the lower IF
signals generated within the mixer.

The mixer generates several intermodulation pro-
ducts of the 829MHz RF and 719 MHz LO signals. The
mixer diodes are transformer driven by a large ampli-
tude (+12 dBm) 719 MHz signal from the local oscilla-
tor. This large signal drives the diodes in and out of
conduction, switching the lower amplitude 829 MHz sig-
nal on and off at a 719 MHz rate, to generate the mixer
products. Only the difference frequency of 110 MHz is
passed through the 300 MHz Low-Pass Filter. The sum
product of 1548 MHz, is reflected back to the mixer by
the 829 MHz Band-Pass Filter, in-phase with LO har-
monics, to increase the energy of the 110 MHz signal.
A printed delay line, between the 829 MHz Band-Pass
Filter and 1.3 GHz Low-Pass Filters, controls the phase
delay. The net result of this "image enhancement" is
low conversion loss and good inter-modulation distor-
tion performance. The 3 dB pad reduces the image
enhancement effect and permits the use of non-critical
line lengths and filter characteristics. Overall conversion
loss, from 829 MHz to 110 MHz, is about 8.5 dB, includ-
ing 2 dB from the 829 MHz Band-Pass Filter and 3 dB
from the attenuator.

The 300 MHz Low-Pass Filter blocks LO, RF, and
higher frequency products.

110 MHz IF Select. The 110 MHz IF Select circuit
(A23A6) selects the 110 MHz IF signal from either the
829 MHz 2nd Converter or the 2072 MHz 2nd Converter
for transmission to the 110 MHz IF Amplifier.

The 110 MHz IF signal from the 829 MHz 2nd Con-
verter board is applied directly to the select circuit. The
110 MHz IF signal from the 2072 MHz Converter board
is applied to the select circuit via P233 and a controlled
amplifier (Q1012/Q1011). Switching between the two
signals is done by CR2011, CR2012, CR2013, and
CR1015.

Diode CR2011 is turned on when the IF SELECT line
to the 110 MHz IF Select is low. This steers the
110 MHz IF signal, from the 829 MHz 2nd Converter
board, to the output port. At the same time CR2012,
CR2013, and CR1015 turn on and Q1011 turn off to iso-
late the output port from any spurious signals from the
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2072 MHz 2nd Converter.

When the IF SELECT line goes high, Q1011 turns on
and CR2012, CR2013, and CR1015 turn off to allow the
110 MHz IF signal, from the 2072 MHz 2nd Converter,
to be applied to the output port. Series diode CR2011
also turns off to prevent signal loss into the inactive
829 MHz 2nd Converter. Because the 719 MHz LO is
also turned off by the state of the IF SELECT line, isola-
tion for the 829 MHz 2nd Converter is not critical when
the converter is inactive. The switch and amplifier logic
is summarized in Table 7-2.

Table 7-2
SWITCH AND AMPLIFIER SELECTION

110 MHz
IF Source

829 MHz 2nd Conv.
2072 MHz 2nd Conv.

Series Shunt
Switch | Amplifier

On Off
Off On

The diodes are used as the basic switch elements.
They present only a few ohms of series resistance to
RF signals when forward biased, with current of several
milliamps. When reverse biased, the diodes present
essentially an open circuit. The control signal from
Q2015 is connected in a series path through the four
diodes (CR2011, CR2012, CR2013, and CR1015) and
inductors L2011, L2013, and L2019. Thus, only a small
current is required to forward bias all four diodes. This
bias current is also used to turn off Q1011.

Diodes CR2012 and CR2013 are incorporated into a
pi-type matching network, consisting of L2011, L2013,
and C2012. Therefore both switches shunt the signal at
moderately high impedance points. In addition, when
the switch diodes are turned on, parallel resonance
between L2011 and C2012 presents virtually an open
circuit to signals passed by switch CR2011. Switch
diode CR2013 is located at the high impedance node
created by the series resonance of L2019 and C2017.
Diode CR1015 directly shunts the output from Q1011.

Transistor Q1011 operates as a common-emitter
amplifier for the 110 MHz IF signal from the 2072 MHz
2nd Converter. Its gain and impedance match are con-
trolled by feedback resistors R1011 and R1012. Resis-
tors R1013 and R1018 attenuate the output by approxi-
mately 6 dB for enhanced control of impedance match
and stability characteristics.

Transistor Q1012 maintains a constant dc current
through Q1011. Dc Collector current for Q1011 is set at
approximately 15 mA. Collector current from Q1011
develops a voltage across R1017. Transistor Q1012
then compares this voltage with the fixed voltage of the
voltage divider, R1015 and R1016. Any variation in the
collector current of Q1011 is sensed by Q1012, and



offset by a resuitant change in the base current of
Q1011.

When the control current from Q2015 (through the
switching diodes) develops a voltage across R1017 that
exceeds the control limits of Q1012, it effectively
removes the base-bias from Q1011 and turns Q1011
off. Negative current, supplied through R1014, ensures
that Q1011 is turned off. Diode CR1011 protects the
base of Q1011 from excessive reverse bias. Voltage
across R1017 is approximately 3.4 V when Q1011 is
turned on and approximately 4.4V when it is off.
Overall gain is approximately 12.8dB when the
amplifier is turned on.

The 110 MHz IF signal is transmitted via P232 to the
110 MHz IF Amplifier shown on diagram 17.

LO Section (Diagram 16)

The 829 MHz 2nd Converter LO generates the
719 MHz frequency that is mixed with the 829 MHz IF
to produce the 110 MHz IF signal. In the following
description, the circuits are referred to as the 719 MHz
LO. The 719 MHz LO consists of a phase lock loop, a
719 MHz output circuit, and a 2nd LO front panel output
circuit. Refer to Diagram 16 while reading the following
description.
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Phase Lock Circuit. The phase lock circuit receives
reference frequency inputs and uses phase/frequency
detection techniques to use those signals in controlling
the output frequency of the 719 MHz oscillator. The cir-
cuit consists of a voltage controlled oscillator (VCO), a
phase/ frequency detector, a harmonic mixer, and vari-
ous amplification stages and power splitters. When the
719 MHz LO is enabled, the 2182 MHz LO output fre-
quency is used as a swept reference to derive the
719 MHz frequency. The VCO is controlled so that the
third harmonic of its output frequency is a constant
difference from the 2182 MHz reference. This control is
accomplished by the phase lock loop. Refer to Figure
7-6 for a simplified block diagram.

In the phase lock loop, the harmonic mixer gen-
erates a frequency that is the difference between the
swept 2182 MHz input reference and the third harmonic
of the VCO output frequency. ldeally, this difference is
25 MHz, which in turn, is compared with the 25 MHz
that is divided down from the 100 MHz oscillator output
supplied from the 3rd Converter. This comparison is
done by the phase/frequency detector whose output is
a correction voltage that drives the VCO and shifts the
oscillator frequency in the direction to hold the nominal
output frequency at 719 MHz. This completes the loop
that causes the VCO to track the 2182 MHz reference.

25 MHz
INPUT 719 MHz
— | PHASE/FREQUENCY | g/ COMPENSATION VOLTAGE CONTOLLED|—# 719 MHz
DETECTOR AMPLIFIER OSCILLATOR OUTPUT
CORRECTION VOLTAGE
25 MHz DIFFERENCE FREQUENCY
829 MHz 719 MHz
’-—N HARMONIC MIXER [@
2182 MHz
SWEPT
REFERENCE
4416-97

Figure 7-6. Block diagram of the phase lock loop in the 829 MHz 2nd Converter.
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Because the 3rd harmonic of 719 MHz is locked to
the 2182 MHz reference, the tuning range of the
719 MHz oscillator is only one third of the tuning range
of the reference. Since the range is 4 MHz, the range of
the 719 MHz oscillator is 719 +1.33 MHz,

The 719MHz VCO (Q2014) uses a Colpitts
configuration, with a printed circuit quarter-wavelength
transmission line resonator, to achieve high spectral
purity and good thermal stability. Correction voltage is
applied to varactor diode CR1011 (which is connected
at the midpoint of the transmission line resonator) to
vary the resonant frequency of the transmission line
over a 1.5 MHz range. A tunable transmission line (also
printed) adjacent to the printed resonator compensates
for variations in component tolerances and resonator
dimensions. This adjustable transmission line is cut, at
factory calibration, to the correct length for proper VCO
operation. A scale with minor divisions every 2 MHz is
printed next to the adjustable line to aid in calibration.
The output from the oscillator is extracted near one end
of the quarter-wavelength line through two printed
inductors and applied to output amplifiers through a
power splitter.

The 719 MHz VCO is enabled or disabled, under
microprocessor control, dependent upon the frequency
band being analyzed, by the IF SELECT line. When this
line is low, Q2017 is cut off, which turns Q2016 off.
This, in turn, cuts off transistor Q3015 (which is the
current source for oscillator transistor Q2014), thus
disabling the 719 MHz oscillator.

From the oscillator, the +6 dBm 719 MHz output
signal is applied, through a power divider consisting of
resistors R1021, R1022, and R1020, to isolation
amplifier Q1021. From the other side of this power
divider, the signal is applied to an output amplifier
(Q2021) for transmission to the 829 MHz 2nd Converter
Mixer circuit. A second isolation amplifier (Q3021),
identical in configuration, provides isolation between the
719 MHz oscillator output and any undesired Harmonic
Mixer products.

The 829 MHz Harmonic Mixer produces not only the
required 25MHz difference frequency, but also many
higher order intermodulation products. Two of these
frequencies, 744 MHz and 694 MHz, are 25 MHz from
the 719 MHz oscillator frequency. The isolation
amplifiers, Q1021 and Q3021, provide sufficient attenua-
tion in the reverse direction to prevent these products
from getting into the 829 MHz mixer to produce spuri-
ous signals.

To provide maximum reverse attenuation in each
amplifier circuit, external RF feedback is kept to a
minimum. An output matching LC network, consisting
of capacitor C1025 plus a printed inductor for Q1021,
and capacitor C3021 plus a printed inductor for Q3021,
presents an optimum load impedance to the collector of
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each transistor to allow maximum power transfer to the
attenuator that precedes the harmonic mixer. An input
LC matching network consisting of capacitors C1023,
C1022, plus a printed inductor for Q1021 and capacitors
C3023, C3022, plus a printed inductor for Q3021, estab-
lishes the 50 ohm input impedance to each transistor.

A 3 dB attenuator consisting of resistors R3021,
R3022, R2021, and R3023, at the output of isolation
amplifier Q3021, provides a non- reflective source
impedance to the mixer. Without the attenuator, mixer
conversion loss could vary from unit to unit.

The 829 MHz Harmonic Mixer, consisting of diode
CR2021, inductor L2014, and a half-wavelength (at
2182 MHz) transmission line, produces the difference
frequency between the third harmonic of the 719 MHz
oscillator frequency (nominally 2157 MHz) and the
2182 MHz reference frequency. Note that the
2182 MHz signal is supplied from the 2182 MHz 2nd
Local Oscillator through coaxial connector P237 and the
power divider, consisting of resistors R1021, R1023,
and R1022, to a 1/2 wavelength transmission line. The
VCO input to the mixer switches diode CR2021 at a
719 MHz rate. The 2182 MHz reference acts as the RF
and is applied to the diode from the transmission line.
The resultant 25 MHz intermediate frequency is
diplexed from the mixer through the 100 MHz low-pass
filter consisting of capacitor C3014 and inductor L3014,
(Diode CR2021 is mounted on printed circuit board cut-
outs to relieve any necessity of bending the diode
leads. Lead bending may fracture the diode case.)
Inductor L2014 provides a bias return path to allow the
diode to switch at a 719 MHz rate.

From the 829 MHz Harmonic Mixer, the signal is
applied through the above mentioned low-pass filter to
cascaded amplifiers U1053 and U1044B. These
amplifiers boost the -32 dBm mixer output signal to a
level appropriate to drive the phase/frequency detector.
IC amplifier (U1053) contains two differential amplifiers
in cascade; amplifier IC U1044 contains only one
differential amplifier and acts as a buffer. When the
loop is first acquiring lock, such as at power-on, the
nominal 25 MHz IF may be as high as 34 MHz. Two
stages of amplification are necessary to ensure enough
gain for the phase/frequency detector to drive the IF
back to 25 MHz; the buffer is necessary to provide ECL
levels to the detector.

The second input to the phase/frequency detector is
the 100 MHz signal, from the reference oscillator in the
3rd Converter, via two amplifier stages, U1022A and
U1022B, and a divide-by-four circuit, U1036A and
U1036B. The 100 MHz signal is divided down to a
25 MHz reference for  application to  the
phase/frequency detector. Two stages of amplification
are used to isolate the 100 MHz reference bus from sig-
nals generated in the local oscillator section of the 2nd
Converter. This stable 25 MHz reference signal is used



to lock the difference frequency from the Harmonic
Mixer to 25 MHz.

The phase/frequency detector output is a voltage
that is proportional to the phase difference between the
25 MHz reference and the IF signal from the 829 MHz
Harmonic Mixer. This correction voltage is then applied
to the 719 MHz VCO to lock it to the reference.

The detector circuit consists of two D-type flip-flops,
U2047A and U2047B, and a differential amplifier stage
used as a NAND-gate (U1044A). The 25 MHz reference
signal, from the frequency divider, is applied to the
clock input of flip-flop U2047A; the nominal 25 MHz sig-
nal from the 829 MHz Harmonic Mixer is applied to the
clock input of flip-flop U2047B. The rising edge of the
input signal to each flip-flop causes the Q(bar) outputs
to return to the low level only after both flip-flops have
been clocked.

If the frequency out of the 829 MHz Harmonic Mixer
is below 25 MHz, or if its phase lags that of the 25 MHz
reference, the Q(bar) output of flip-flop U2047A will
remain high longer than the Q (bar) output of U2047B.
If the frequency out of the Harmonic Mixer is above
25 MHz, or if its phase leads, the opposite will occur.
When the two flip-flops are clocked at the same fre-
quency and phase, the two outputs will be high for the
same amount of time. The Q(bar) outputs are applied
to a compensation or differential amplifier U3053, that
determines which output is high for the longer time.

Compensation amplifier U3053 provides part of the
loop gain to ensure that the 719 MHz oscillator will
track the sweep of the 2182 MHz reference oscillator.
The compensation amplifier also limits the loop
bandwidth to 100 kHz to make certain that the loop will
not oscillate. Note the differential inputs to the amplifier
each include a low-pass RC filter to attenuate the
undesired high frequency clock pulses from the
phase/frequency detector.

The nominal swing of the U3053 output is from
+12V to -12V. Since the compensation amplifier is
capable of considerably more output than is needed to
control the oscillator, a voltage divider is used to limit
the output and reduce amplifier related noise. This vol-
tage divider, consisting of resistors R2053, R2054,
R3051, and R3052, reduces the possible £12 V swing
to +5V to +12V, as required by varactor diode
CR1011. Nominal voltage swing in a locked condition is
+6.75 to +7.5V. Thus, dependent upon whether the
Harmonic Mixer frequency is above or below 25 MHz,
the correction voltage swing, applied to diode CR1011,
is more than nominal to correct the oscillator frequency.
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2nd Local Oscillator Output Circuit. A portion of
each 2nd LO output signal is sent to the front pane! 2nd
LO OUT connector. This output provides signal for
external accessory equipment, such as a tracking gen-
erator. Each local oscillator (719 MHz and 2182 MHz)
output is applied through power dividers to a power
combiner for application to the 2nd LO OUT connector.

The 719 MHz oscillator frequency is applied from a
power splitter (R3027, R3028, R3029) through a 1 GHz
low-pass filter (C3025, C2024, C1023, C1021, and three
printed inductors), to the power combiner (R2024,
R2025, R2026), and the front panel 2nd LO OUTPUT.
The 2182 MHz oscillator signal is applied through a
power splitter (R1021, R1022, R1023), a 2.2 GHz band-
pass filter (consisting of coupled 1/4 wavelength printed
lines) to the power divider (R2024, R2025, R2026) and
the front panel 2nd LO OUTPUT.

Both 2nd local oscillator signals, 2182 MHz and
719 MHz, are present at the front panel when the
829 MHz 2nd Converter is selected.

719 MHz Output Circuit. The 719 MHz 2nd Local
Oscillator signal is applied is applied through divider
resistors R2021, R2023, and R2024 to isolation
amplifier Q2021. Q2021 boosts the signal level from
about 0 dBm to +12 dBm to drive the 829 MHz mixer.
The output of the amplifier includes a 3 dB attenuator
(consisting of resistors R2027, R2028, and R2029), to
ensure a 50 ohms non-reflective source impedance.
The signal level at test point J2026 is typically —6 dBm.
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3RD CONVERTER (Diagram 4)

The 110 MHz IF Amplifier (A32)and 3rd Converter
(A34) down converts the 110 MHz output signal from
the 2nd Converter to 10 MHz for the Variable Resolution
circuits. A 100 MHz crystal controlled local oscillator is
applied to the mixer and, through output amplifiers, to
many other circuits throughout the instrument as a
reference signal. It is also available for exiernal use at
the front-panel CAL QUT connector.

The 110 MHz signal is amplified in a three-stage
gain block and applied to a three-section band-pass
filter. This filter uses helical resonators and has a nomi-
nal bandwidth of 1 MHz. From the band-pass filter, the
signal is applied to the converter, which consists of a
mixer, an oscillator, and various output amplifiers.

110 MHz IF AMPLIFIER (Diagram 17)

Initial gain for the analyzer is provided by the
110 MHz IF Amplifier. This gain compensates for
conversion losses in the thre mixers. Typical gain for
the amplifier is 21 dB. The amplifier consists of three
stages of amplification and an attenuator. The first two
mixers in the RF system offer no high-frequency gain;
therefore, it is important that this amplifier exhibit low
noise characteristics. It must aiso be relatively free
from third-order intermodulation distortion.

Signal input is applied through an impedance match-
ing band-pass filter (L2044 and C325) to a parallel tuned
circuit. The signal is injected into the parallel-tuned cir-
cuit through a tap in the inductor and taken out at the
high impedance side through variable capacitor C2047.
Inductive input provides for conversion to high
impedance within the tuned circuit; the extra capacitor
on the output provides for conversion back to 50 ohms
nominal. The primary tuning capacitor, C325, adjusts
the resonant point; the output capacitor, C2047, is
adjusted in combination with C325 for good impedance
match at 110 MHz. This is done with a return loss
bridge. The nominal return loss is 35 dB. The Q of the
input filter is approximately 20.

From the input filter, the signal is applied to Q4053,
which is the first stage of amplification. This is a
broad-band feedback amplifier to provide good input
and output impedance and controlled gain. All feed-
back is through reactive components (transformer
T3054), not resistive components. Thus, the impedance
and gain can be controlled without significant noise
problems,

The second amplifier stage, Q4037, is essentially
the same as the first, with only minor bias differences.
Gain through each of these stages is approximately
9 dB. The output is applied through a 3 dB attenuator,
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to preserve the impedance figure, to the bridged "T*
adjustable attenuator. The 3 dB attenuator consists of
resistors R2039, R2038, and R2043.

From the 3 dB attenuator, the signal is capacitively
coupled through C2037 to the adjustable attenuator.
This attenuator uses two PIN diodes, CR3030 and
CR1029, in the mode when the resistance to RF signal
flow is controlled by the current through the diodes.
Refer to Figure 7-7 to aid in understanding the following
description.

If resistor R1 in Figure 7-7 were set to infinite resis-
tance and resistor R2 were set to zero resistance, the
RF signal path would be through R2 to ground, to pro-
duce infinite signal attenuation. If resistor R1 were set
to zero resistance and resistor R2 were set to infinite
resistance, the RF signal path would be through R1 to
the load, to produce almost no attenuation. This, basi-
cally, is how the adjustable attenuator operates, except
that resistors R1 and R2 are actually PIN diodes and
the RF path resistance through these diodes is con-
trolled by the current through the diodes in an inverse
proportion (higher current results in less resistance to
RF).

RF SIGNAL
SOURCE R
LOAD
4416.98

Figure 7-7. Bridged "T" attenuator equivalent circuit.

Resistors R3035 and R2030 on the detailed
schematic diagram establish a constant current of
approximately 2 mA from the 15 V supply to the diodes.
This current is divided according to the bias on the
diodes. The bias, in turn, is established by gain adjust-

-ment R1015, from the +15 V supply. If R1015 is set low

(near ground), diode CR3030 is reverse biased and the
2 mA flows through diode CR1029. This routes the RF
signal through resistors R2032 and R3029 and capaci-
tor C2029, with the impedance characteristics of
CR1029 added for maximum attenuation.




If R1015 is set higher (nearer +15 V), diode CR3030
is forward biased and starts to conduct. Since the
2 mA supply current is relatively constant, this subtracts
from the current through CR1029. Thus, the impedance
of the diodes is relatively constant, which results in a
good impedance match over a broad range. The RF
signal path is determined by the exact amount of
current through CR3030; part of the RF signal path is
through CR3030 to the output amplifier and part is
through R2032 and diode CR1029 to ground. This
results in reduced signal attenuation.

If R1015 is set to the positive limit, the entire 2 mA
flows through CR3030. This routes the RF signal
through CR3030 (which exhibits little resistance with
high current) to the output amplifier with almost no
attenuation. (The insertion foss is approximately 1 dB.)

From the adjustable attenuator, the signal is applied
to the final amplifier Q3018. This stage is a broad-band
feedback amplifier that supplies relatively substantial
output current and exhibits good intermodulation distor-
tion performance. This is provided primarily through the
large current capacity, by negative feedback through
resistor R3014, and emitter degeneration through resis-
tor R4029. These resistors are sized to provide a
resonably good impedance match at 110 MHz. Nominal
gain of the stage is 13 dB.

With Gain potentiometer R1015 set for maximum
gain (least attenuation), the gain of the 110 MHz IF
Amplifier is approximately 26 dB to 27 dB. R1015 is
normally adjusted for total gain of 21 dB.

The output signal from the 110 MHz IF Amplifier is
applied through the 110 MHz band-pass filter, FL36, to
the 3rd Converter.

110 MHz BAND-PASS FILTER
(Diagrams 11 and 17)

The 110 MHz band-pass filter is a three-section filter
using helical resonators, which determine the widest
resolution bandwidth of the analyzer. The filter pro-
vides image rejection to prevent the mixer from produc-
ing 10 MHz outputs from input signals of 90 MHz, and it
also limits the noise spectrum that appears at the
10 MHz IF circuits to those frequencies at which signals
also appear.

Though the filter is a sealed unit, in the interest of
system understanding, the following brief description is
provided.

The filter consists of three small encapsulated heli-
cal resonators that are tuned with multi-turn trimmer
capacitors. For purposes of impedance matching, the
filter is symmetrical. The end resonators are connected
to external circuits by 10 pF capacitors attached to taps
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on the coils. Coupling between resonators is accom-
plished through holes in the resonator cans.

Adjustment of the filter for minimum attenuation is
performed by setting the three trimmer capacitors.
Insertion loss is approximately 4 dB to 4.5 dB. From
the filter, the 110 MHz signal is applied to the 3rd Con-
verter board.

3rd CONVERTER (diagram 17)

The 3rd Converter consists of a crystal and phase
locked 100 MHz oscillator and mixer. It outputs the 3rd
IF of 10 MHz, for the VR, and a stable 100 MHz refer-
ence for other circuits within the instrument.

100 MHz Oscillator

A Colpitts oscillator is formed by Q2038, L1041,
C1038, and related components. Y3038 is a 100 MHz
crystal that operates in a series resonant mode in the
feedback loop of the oscillator. The output of the oscil-
lator is coupled through C2042 to differential amplifier
Q2042/Q2041. The two separate outputs of approxi-
mately 2 V peak-to-peak amplitude go to three hybrids
(mixer U3051, distribution amplifier U3031, and calibra-
tor U2022) on the 3rd Convertor board.

Mixer

At mixer U3051, 100 MHz enters on pin 2 and is
amplified to drive a ring diode mixer. 110 MHz enters
on pin 10 and is mixed with the 100 MHz to yield mixing
products at 10 MHz and 90 MHz. The 10 MHz signal
passes through a low-pass filter and is sent to the Vari-
able Resolution Input circuit, while the unwanted
90 MHz signal is terminated in a 50 ohm resistance
within the mixer.

Distribution Amplifier

U3031 distributes a 100 MHz signal to other
modules in the instrument. The input level on pin 2 is
typically 2V peak-to-peak, while the output level is
0 dBm into a 50 ohm load.

Calibrator

U2022 and related components regulate a 100 MHz
signal to -20 dBm for the front-panel CAL OUT connec-
tor, through coaxial connector J1011. VR1051 serves
as an accurate 6.2 V reference, which is attenuated to
approximately 1.2 V and applied to pin 6 of U2022. The
100 MHz signal enters pin 1 and passes through a vari-
able attenuator pin diode. The signal is then amplified
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and passed through a low-pass filter to remove any har-
monics. The signal then enters a peak detector and
comparator where the peak amplitude of the 100 MHz
signalis compared to the 1.2 V reference on pin 6. An
operational amplifier then adjusts the attenuation level
of the pin diode to maintain a constant signal ievel. The
output of this operational amplifier can be measured on
TP3011. A small portion of the 100 MHz signal is
attenuated through R2011 to -20dBm. R1021 and
R1022 supply bias current to the peak detestor circuits.
The voltage on pins 7 and 8 should typically be +5 V.

C2023, C2011, and related components form a
high-pass filter to allow harmonics of 100 MHz to pass
through to the front panel. The final result is a calibra-
tor signal rich in harmonics with an accurate 100 MHz
amplitude.
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IF SECTION (Diagram 5)

The IF section receives the 10 MHz IF signal from
the 3rd Converter, establishes the system resolution,
levels the gain for all bands, logarithmically amplifies
the signal, and detects the signal to produce the video
output to the Display section.

System bandwidth resolution is selectable from
1 MHz to 1 kHz in decade steps. This selection is per-
formed by the Variable Resolution circuits and is con-
trolled over the instrument bus. Two sets of filters are
used to establish the bandwidth. Band-pass filters are
also included at the circuits input and output.

Significant gain is also provided by several stages of
amplification within the Variable Resolution circuit block.
Other gain steps, under microcomputer control, are also
provided by switching gain blocks in or out of the signal
path. These gain blocks provide —10, +20, or +30 dB
of additional gain when switched in combination.

Leveling, to compensate for front-end losses, is also
included in the Variable Resolution circuit block.
Because there are greater front-end losses in the higher
frequency bands, band leveling amplification is required
for these bands.

Logarithmic amplification of the signal is required to
calibrate the graticule in dB/division. This is performed
by a seven stage amplifier that produces an output pro-
portionai to the logarithm of the input. Thus, the screen
displacement can be selectable for the amount of
change per division, and can be proportional to the
input level change. For example, in the 10 dB/div
display mode, each division of displacement on the
screen represents a signal level change of 10 dB
regardless of whether it is at the top or bottom of the
screen.

An area detector follows the logarithmic amplifier to
produce a positive-going output signal that is applied to
the display section as the VIDEO signal.

Variable Resolution
(Diagrams 18, 19, 20, and 21)

The Variable Resolution (VR) circuits establish the
resolution bandwidth and provide approximately 41 dB
of system gain in band 1. The assembly (A68) consists
of two sets of filters plus gain stages. Since the input
to the VR circuits is nominally at —35 dBm and the Log
Amplifier input requires +6 dBm for full screen, the VR
circuits must provide the gain difference. The VR sup-
plies 30 dB of additional gain and 10 dB of gain reduc-
tion for all vertical display modes as well as 30 dB of
additional gain for band leveling.)

Physically, the VR assembly contains two sub-
assemblies that connect together and plug onto the
instrument Mother board. The input circuits are in one
sub-assembly and the output circuits and digital inter-
face are in the other. Each of the sub-assemblies con-
sists of boards that plug onto a four-layer VR Mother
board with a ground plane on both outside layers. Only
power supply and control voltages travel through the
VR Mother board. All signal interconnection is via
coaxial cable,

VR Input (Diagram 19)

The VR Input circuit receives the —35 dBm 10 MHz
signal from the 3rd Mixer through J693. This signal is
applied to a two-pole, 1.2 MHz bandpass filter, which
augments the 1 MHz filter that precedes the 3rd Mixer
and provides initial selectivity. This 1.2 MHz filter
includes C1037 and C1031 and all of the components
between. Filter tuning is provided by variable capacitors
C1033 and C1026, Input Align.

From the filter, the signal is applied to broadband
feedback amplifier Q1023, which is biased for a large
output current (approximately 50 mA) to exhibit good
intermodulation distortion performance. This perfor-
mance is provided primarily through the large current
capacity by negative feedback through resistor R1025
and by emitter degeneration resistor R1023.

A 8 dB attenuator at the output of amplifier Q1023
provides a clean 50 ohm output to the 1st Filter Select
circuit and reflects a 50 ohm termination back through
the amplifier for proper termination of the 1.2 MHz
band-pass filter. The output signal is transmitted via
jumper B,

1st Filter Select (Diagram 19)

The 1st Filter Select circuit operates with the 2nd
Filter Select circuit through banks of switched filters to
set the overall system bandwidth. Data bits 0, 1, and 2
from the data bus are applied to decimal decoder IC
U4035 (it provides a low signal on the appropriate out-
put pin to enable the selected filter). Bandwidth selec-
tions are 1 MHz to 1 kHz in decade steps. The data bits
select a filter bandwidth according to Table 7-3,

Filter selection is done by PIN diode switching. At
the input and output of each filter is a series and a
shunt diode. When a filter is selected, the series diodes
are biased on and the shunt diodes are biased off. For
the filters that are not selected (only one is on at a
time), the diode conditions are opposite. Since the
switching operation is the same for all filters, the
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Table 7-3
BANDWIDTH SELECTION

Bandwidth
1 MHz

100 kHz
10 kHz
1 kHz

description for the 100 kHz filter selection is applicable
to all filters.

With a content of 010 for the three data bits, line 2
from U4035 will be low. This turns on transistors
Q3019 and Q3055, which operate as dc¢ switches. With
input switch Q3019 turned on, the current path is
through R4012, L3012, CR3010, L3013, R3014, and
Q3019. This current is determined by decoupling resis-
tor R3014 and resistor R4012. The voltage drop across
R3014 and R4012 is enough to turn CR3010 on and
reverse bias CR3012. The same case exists for the
filter output switch, Q3055. Resistors R3057 and R1067
establish the current to forward bias CR3061 and
reverse bias CR3060.

Thus the signal from the input circuit, via jumper B,
is applied through the selected filter and transmitted to
the 10 dB Gain Steps circuit via jumper K. Nominal loss
through the filter circuit is approximately 13 dB, with
slight variations among the filters. The output level is
nominally —32 dBm.

In the non-selected filter sections, the input and out-
put switch transistors are turned off by the high outputs
from decimal decoder U4035. The collectors are pulled
toward —15V through the resistors that forward bias
the shunt diodes in the input and output. Since one
filter is always selected, the voltage drop across the
common input and output resistors (R4012 and R1067,
respectively) back biases the series diodes. The number
6 output from U4035 pin 7 is always high in this instru-
ment.

A filter is not used in the 1 MHz section, because
this circuit section is preceded by two filters that
accomplish the required function; the first is the 1 MHz
filter between the 2nd and 3rd Converters, the second
is the 1.2 MHz filter in the input circuit. Instead of a
filter, a 6 dB attenuator is contained in the 1 MHz selec-
tion circuit. This attenuator provides initial leveling to
compensate for the loss when a filter is used.

The 100 kHz filter is a double-tuned LC circuit
designed for a good time-domain response shape. The
filter is tuned with composite variable capacitors con-
sisting of small air variables paralleled with switched
fixed capacitors. A third variable capacitor may be
adjusted to establish the desired bandwidth. For Option
07 instruments, a similar 300 kHz filter replaces the

7-22

100 kHz filter.

The 10 kHz filter uses a pair of two-pole monolithic
crystal filters that are interconnected by variable shunt
capacitor C2037. Input and output impedances are
matched with broadband transformers T3026 and
T3055. A 3 dB attenuator consisting of R2027, R2026,
and R2028 is included at the filter input.

The 1 kHz resolution filter consists of a single two-
pole monolithic crystal filter, matched to the 50 ohm
impedance with broadband transformers T2035 and
T2055. A 2 dB attenuator consisting of R2024, R2023,
and R2025 is also part of the filter.

10 dB Gain Steps (Diagram 20)

The 10 dB Gain Steps circuit provides 10 dB of sig-
nal gain when selected by the microcomputer. The cir-
cuit consists of three stages of amplification; one stage
provides variable gain and the other two are fixed gain
steps. The nominal input signal level from the 1st Fiiter
Select circuit is —25 dBm for a resolution bandwidth of
100 kHz. (All levels listed in this description relate to the
100 kHz resolution.)

The input signal is applied through an impedance
transformer, T4019, to the first amplifier stage consist-
ing of a differential pair, Q3016 and Q2027, and an
emitter follower output amplifier, Q1036. Negative feed-
back through R1031 and R2051 provide gain stabiliza-
tion. An output resistor, R2035, increases the output
impedance of the composite amplifier to approximately
50 ohm.

Gain of the input stage is fixed for all resolution
bandwidths. Adjustment R2025 is not used in this
instrument. It is for use with other instruments having
switchable filters in the 100 Hz position. In this instru-
ment, Q2015 stays off, never letting the potentiometer
have any affect on the circuit.

The output from the 1st stage is then applied to a
common emitter stage (Q2043). Gain of this stage,
when transistor Q4039 is turned on, is 10 dB. When the
base of Q4039 is pulled low by data bit 0 from the
decoder circuit on the #2 VR Mother board (A68A2) the
transistor saturates and shunts the emitter load resis-
tor, R3048, with R3038 and 10 dB Gain adjustment
R3035.

The output of Q2043 drives the input of the third
amplifier stage. This stage operates the same as the
first stage except for gain variation. Feedback resistor
R1060 is shunted by PIN diode CR1053. As the current
through the diode increases, the resistance decreases
and the gain of the stage increases. Gain control of the
stage is established by the setting of the front-panel
AMPL CAL adjustment. Gain range is approximateiy



14 dB.

Output impedance of the stage is 50 ohm, set by
resistor R1064. Nominal output level is —2 dBm for a
full screen display. This level may be as high as
+8 dBm when MIN NOISE is active. A 10 dB gain is
removed from the Log Amplifier to reduce the noise
level and must be supplied by the VR section.

20 dB Gain Steps Circuit (Diagram 20)

The 20 dB Gain Steps circuit provides —6 dB,
+4 dB, +14 dB, and +24 dB of gain in precise 10 dB
steps. The nominal —2 dBm input is supplied through
pin P from the 10 dB Gain Steps circuit. This signal is
applied to a chain of three common-emitter amplifiers,
each using emitter degeneration. A change of the
emitter resistance is used to change the amplifier gain
under the direction of the microcomputer.

The nominal gain of the complete circuit is —10 dB,
with Q2018, Q2042, and Q1062 biased off. This pro-
vides a nominal —12 dBm output. In this condition, con-
trol pins V and Y are high, causing switching transistors
Q2018, Q2042, and Q1062 to be cut off.

Q2018 and Q2042 are turned on, when pin V is low,
increasing the total gain of the first two amplifiers
20 dB. Potentiometer R2023 (20 dB Gain) adjusts the
gain shift of the first stage (Q1025) while the gain shift
of the second stage (Q1035) is fixed at +10 dB. This
adjustment allows the gain shift to be set exactly to
+20 dB. '

When pin Y is low, Q1062 is saturated. This raises
the gain of the third amplifier (Q1043) by 10 dB. Vari-
able resistor R2060 allows the gain shift to be set
exactly to +10 dB.

Gain of the 20 dB and 10 dB gain step circuits is
controlied by data bits 0, 1, and 2. Data is latched on
the output of decoder U3017, on the VR Mother board
#2 and when the bits are high, turns on transistor
Q4035, Q3035, and Q4037. The resultant low out, turns
on the respective gain step circuit. Table 7-4 shows the
state of bits 2, 1, and 0 and the gain shifts obtained in
the amplifier stages.

The output signal from the 20 dB Gain Steps circuit
is applied through an interconnect coaxial cable to the
VR Band Leveling circuit.

Band Leveling Circuit (Diagram 20)

The two amplifiers, in the Variable Resolution Band
Leveling circuit, correct gain variations through the front
end. These band-to-band variations are due to the
different modulation products out of the 1st Converter
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and losses through the Preselector.

Nominal signal input level for band 1 at 100 kHz
resolution, in the Min Distortion mode, is —12 dBm.
This decreases some for the higher bands. The output
level is about —2 dBm. This output level is kept con-
stant by using the microcomputer to adjust the
amplification through this circuit for each band.

The two amplifier stages on this board are similar to
the 10 dB gain steps circuits. A stage consists of a
three-transistor circuit using a differential pair con-
nected to an emitter-follower. The gain is controlled by
altering the feedback network.

The first stage (Q2015, Q2019, and Q1025) has a
gain range of 13.5dB by controlling the bias of PIN
diode CR2021 in the feedback loop. Bias for this diode
depends on a voltage divider network consisting of an
array of variable resistors on the VR Mother board #2,
AB8A2, with the divider network selected by the micro-
computer.

The second stage (Q1031, Q1033, and Q1041) is
similar, except the gain change is a one step change of
approximately 12.5 dB. This gain step occurs in the
higher bands (4 through 11). If required, gain change is
activated by the microcomputer through user-selected
diodes and transistor Q2046.

The spectrum analyzer is normally calibrated with
the band 1 gain control resistor set for minimum gain.
Gain is then added as required for the higher bands.
Data bits 3 through 6 select gain for each band selec-
tion.

The output from this board is applied through con-
nector EE to the 2nd Filter Select circuit.
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Table 7-4
GAIN STEP COMBINATIONS

Gain Required Data Bits

10 dB Steps 20 dB Steps

1

Pin N (10 dB) Pin V (20 dB) Pin Y (10 dB)

10 dB
20 dB
30 dB
40 dB

Digital Control Circuits (Diagram 18)

The digital control circuits on the VR Mother board
#2 (AB8A2) provide address and data decoding for
resolution bandwidth, gain step selection, and band
identification for the band leveling control.

Address and data valid lines from the analyzer
address bus are applied to address decoder U4022.
Data bit 7 is applied to the select input A, of the
decoder, as a supplemental address bit. This bit is
used to select either an address to latch data for the
resolution bandwidth selection or an address to latch
data for band identification and gain step selection.

Data from the analyzer data bus is applied to data
latches U3010 and U3017. Note that only data bits 0, 1,
and 2 are applied to latch U3010.

Latch U3010 stores the data that selects the filters
in the 1st and 2nd Filter Select circuits. Outputs from
pins 2, 19, and 16 of U3010 are applied to the decimal
decoders in the filter select circuits through edge con-
nector pins G, F, and E to control the filter selection.

Data that selects gain steps and identifies the
selected frequency band for control of the band leveling
function is latched on the output of U3017. Output on
pins 2, 5, and 6 of U3017 (corresponding to data bits 0,
1, and 2) are applied through transistors Q4035, Q3035,
and Q4037, respectively, to the gain switching circuits
in the 10 dB and 20 dB Gain Step circuits.

The output on pins 15, 16, 19, and 12 of U3017
(corresponding to data bits 3, 4, 5, and 6) are applied to
band decoder U3023, an open collector decoder. If
band 1 is selected, pin 1 of U3023 goes low and if band
2 is selected pin 2 goes low, etc. This output in con-
junction with a 7.5V reference source (provided by
operational amplifier U3038B and driver transistor
Q3036) produces a voltage at the output of a opera-
tional amplifier, U3038A. This voltage is indicative of
the gain that must be set for each band so the level
remains constant at the output for all bands.

The output of U3038A is applied through edge con-
nector pin BB to the gain control PIN diode in the Band
Leveling circuit. For example; when band 1 is selected
(U3023 pin 1 tow), current through Band 1 Gain poten-
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tiometer, R2031, and the emitter of Q3036 sets the vol-
tage through R2033 to the summing input of operational
amplifier U3038A. The increased output of U3038A
increases the current through band leveling PIN diode
CR2021 and increases the gain of the stage according
to the setting of Band 1 Gain potentiometer R2031. In
similar fashion, the other potentiometers (R3034,
R3030, R3019, 3022, R3024, R3026, R3032, R3029, and
R3028) allow adjustment of the current for each of the
other bands.

An additional diode may be added to each decoder
output, for bands 4 through 10, to transmit the low, via
edge connector pin DD, to the gain control transistor, in
the Band Leveling circuit, and increase the gain more
for these bands. These diodes are CR3022, CR3023,
CR3024, CR3025, CR3031, CR3027, and CR3026. If
needed these diodes are installed during instrument
calibration.

+5 V Regulator Circuit (Diagram 18)

The +5 V regulator circuit, U3041, supplies a noise-
free +5V source for the VR system. This is required
because of noise in the +5 V main supply.

2nd Filter Select Circuits (Diagram 21)

Circuits on the 2nd Filter Select board (A68A8)
operate in conjunction with the circuits on the 1st Filter
Select board (A68A4) to set the overall system
bandwidth. Banks of filters are selected under the mas-
ter microcomputer control. Data bits 0, 1, and 2, from
the data bus, are applied to decimal decoder U3070
(which outputs a low on the appropriate output pin to
enable the selected filter). Bandwidth selections are
1 MHz to 1 kHz in decade steps.

Filter bandwidth selection is shown in Table 7-3.
Filter selection is accomplished as previously described
for the 1st Filter Select circuit.

The input signal, from the Band Leveling circuit via
jumper EE, is routed through the selected filter to the
Post VR Amplifier circuit, via jumper JJ. Nominal loss
through the filter circuit is approximately 13 dB, with
internal adjustment compensation for variations



between the filters. The output level is nominally
—-14 dBm.

An important difference between the 1st and 2nd
filter select circuits is the addition of a gain adjustment
in all except the 100 kHz circuit. This adjusts the
amount of attenuation through the other filters and
matches the output level to that of the 100 kHz filter.
Since the Band Leveling circuit furnishes compensation
gain to obtain equal signal levels for all bands, this
adjustment compensates for variations between the
filters.

No filter is used in the 1 MHz path because of the
1 MHz band-pass filter (FL 36) between the 2nd and 3rd
Converters and the 1.2 MHz filter in the VR Input stage.
An adjustable attenuator, adjusted by R1065, is used to
provide initial signal leveling to compensate or offset
the gain loss associated with the other filters in the
resolution circuits.

The 100 kHz filter is a double-tuned LC circuit
designed for a good time-domain response shape. The
filter is tuned with composite variable capacitors con-
sisting of small air variables paralleled with switched
fixed capacitors. A third variable capacitor may be
adjusted to establish the desired bandwidth. For Option
07 instruments, a similar 300 kHz filter replaces the
100 kHz filter.

The 10 kHz filter uses a two-pole monolithic crystal
fiter. The impedances at the input and output are
matched to 50 ohm by T5047 and T7050. An attenuator
that contains Gain adjustment R3039 is included at the
filter input for filter variation compensation.

The 1 kHz filter is also a two-pole monolithic crystal
with impedance matching transformers T4044 and
T7043. A Gain adjustment is also part of the attenua-
tor.

Post VR Amplifier Circuit (Diagram 21)

The Post VR Ampilifier circuit provides the final VR
system gain to bring the signal to the required +6 dBm
output level, and provides the final band-pass filtering.
The circuit consists of two stages of gain followed by a
filter.

The input signal, at a nominal —14 dBm, is applied
through toroid transformer T2063 to the base of
common-emitter amplifier Q2056. Gain adjustment
R2038, in the emitter circuit, sets the Post VR amplifier
gain., The output is transformer coupled, by T1059, to
the base of feedback amplifier Q1048. This circuit
includes emitter degeneration through resistor R2042
and collector-to-base feedback through resistor R1052.
The collector feedback helps to provide a well-defined
output impedance of 50 ohms. Input impedance is a
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function of transformer T1059 and resistor R1058
across the primary winding.

From the final amplifier, the signal is applied through
the 1.2 MHz band-pass filter comprised of capacitors
C2033 and C2018 and the components between. This
filter is a double-tuned design with an insertion loss of
approximately 2 dB.

As an aid to understanding the overall VR system
functions, it is helpful to understand some aspects of
filter design. When designing a wide bandpass filter,
where the pass band is ten percent or greater than the
center frequency, stop-band attenuation becomes a
severe problem in two-pole filters. The result is that a
given filter design will degenerate into either a high-
pass or a low-pass filter. The design of the filter in the
Post VR Amplifier circuit degenerates into a low-pass
unit. However, since the VR system includes a band-
pass filter at both the input and the output, and since
the input filter in the Input circuit degenerates into a
high-pass unit, the overall VR system exhibits clean
stop-band performance. The output signal from the
filter is applied through coaxial connector J682 to the
Log Amplifier. The output level is nominally at +6 dBm.

LOG AMP and DETECTOR (Diagram 22)

The Logarithmic (Log) Amplifier and Detector
accepts input signals from the VR circuits with a
dynamic range to 90 dB. The signals are amplified so
the output is proportional to the logarithm of the input.
The output is then applied to a linear detector which
outputs a video signal. By controlling the compression
curve characteristics, each dB change in the input sig-
nal level results in an equal increment of change in the
output. [n the 10 dB/div mode, each division of dis-
placement on the screen represents a 10 dB change of
input signal level.
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Table 7-5
PROGRESSION OF GAIN REDUCTION

Beyond Logging Range

0.00316

X+10dB

X+20dB

X+430d8

0.316

—0.684 ———— — 0.684
1.0 1.684

X+40dB

X+50 dB

Log Amplifier Circuits

The Log Ampilifier circuits logarithmically amplify the
input signal from the VR circuits and apply the output
signal to the Detector circuit. This circuit consists of
seven ac-coupled amplifier stages. Each stage has two
gain values that depend on signal amplitude. In addi-
tion, the first three stages have an extra automatically
selected gain value. The combined circuits provide high
gain for low-level signals and low gain for high-level sig-
nals. For the output signal to be proportional to the log-
arithm of the input, more gain is required for a change
from —80 dBm to —79 dBm than a change from —1 dBm
to 0dBm. For a given stage of the circuit, the gain
starts at approximately 10 dB for a low-level signal and
decreases to unity as the input signal level increases.
In the first three stages, the gain becomes less than
unity as the signal amplitude increases.

Input signal levels nominally range between
—84 dBm and +6 dBm. As the signal level increases,
the gain decrease begins with the final stage and
proceeds, in succession, back through the remaining
six stages to the first. Each stage initially produced
approximately 10 dB of gain. That gain was reduced to
unity, so the total gain reduction is 70 dB. With further
increases in input signal level, three more gain change
steps take place. The gain of the first three stages is
reduced below unity approximately 7 dB for each stage.
This reduction starts with the first stage and proceeds
to the third, to provide an additional gain reduction of
approximately 20 dB.
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0.684 1 — 0.684

Beyond L ogging Range

As the input signal increases from —84 dBm to
+6 dBm, the gain through the amplifier decreases loga-
rithmically so that the output signal is exactly propor-
tional to the logarithm of the input. This is accom-
plished through a system of series diode limiting in
each stage, with a second set of diodes for extra limit-
ing in each of the first three stages.

The following description of a simple three-stage log
amplifier, with one gain step in each stage, provides an
aid to understanding the concept of a iogarithmic
amplifier. For the example amplifier described and
shown in Figures 7-8, 7-9, and 7-10, the gain of each
stage is 3.16 V (10 dB) up to an output level of 1V
peak, then unity for output levels greater than 1 V peak;
that is, each stage uses one breakpoint. That break-
point voltage is used for ease of illustration; the actual
breakpoint voltage is significantly lower.

The amplifier is shown in Figure 7-8. The source
has a step attenuator that allows the input signal to be
incremented in 10 dB steps. Table 7-5 shows the pro-
gression of gain reduction above 1V at each amplifier
output. Note that with each input level change of
10 dB, the output change at point 4 is 0.684 V. The
gain curve for one stage is shown in Figure 7-9. Also
note that when the level at point 1 is increased beyond
1V, it is beyond the logging range of the amplifier.
Similarly, if the input level is decreased 10 dB below the
minimum input level, the output increment is different.
A curve of the logging range is shown in Figure 7-10.
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POINT 1 POINT 2 POINT 3 POINT 4

SIGNAL
SOURCE LOAD

4416-99

Figure 7-8. Block diagram of a three stage log amplifier.
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VOLTS OUT |
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-1.684

4416-100

Figure 7-9. Log amplifier gain curve showing break points.

The signal is applied from the VR circuits to input
preamplifier Q3105, in the Log Amplifier circuits,
through coaxial connector P621. The input preamplifier
provides transfer from 500 to the high- impedance
input of the first amplifier stage. The input signal is also
applied to transistor Q2105, a common-base amplifier
that acts as a buffer to supply the 10 MHz IF signal to
the rear panel connector.

LIN
VOLTS

ouT END OF AMPLIFIER DYNAMIC RANGE

pes

le—USABLE LOG —

RANGE dB INPUT

4416.111

Figure 7-10. Curve showing end-of-range for a log amplifier.

From the input preamplifier, the signal is applied to
the first of seven cascaded amplifiers that consist of
Q3100/ Q1095, Q3090/Q1080, Q3075/Q1070,
Q3055/Q1050, Q3045/Q1035, Q3030/Q1025, and
Q3015/Q6010, plus the associated circuitry. These
stages are similar, except that the first three stages
contain an extra set of diodes for a second gain step.

Typically, when the input level to transistor Q3015 is
less than approximately 60 mV peak-to-peak, the
transistor conducts enough to maintain forward bias on
series limiting diodes CR4015 and CR4012. The RF
signal path at that level is through both diodes, capaci-
tor C5014, and resistors R4010H, R4010B, R4015, and
R4010D, to common-base amplifier Q6010. The gain of
the stage, under these conditions, is approximately
10 dB. As the input signal voltage increases, more
current flows through CR4015 to increase the reverse
bias of CR4012. This sharply reduces the stage gain to
unity. The signal current then flows only in R4010B,
R4015, and R4010D. This change takes place during
the positive-going portion of each cycle. The opposite
occurs during the negative-going portion of the signal
above the minimum input level. As the input signal
increases beyond the point at which the gain of the final
stage decreases to unity, the same sequence occurs in
the preceding stage, Q3030/Q1025, and in succession,
back to the first stage, Q3100/Q1095.
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Figure 7-11. Simplified detector circuit.

Signal levels above this point activate the second
tier of gain reduction in the first three stages. Each
stage incorporates a second set of diodes that reduces
the gain by another 7 dB. In the first tier of gain reduc-
tion, reduction started at the last stage and proceeded
to the first; in the second tier, the reduction starts at the
first stage and proceeds to the third.

in the first stage, diodes CR3089 and CR2087 are
forward biased when the stage is in the unity gain
mode. Limiting occurs in the same manner as previ-
ously described, with a further increase in input signal
level, and results in less than unity gain through the
stage (approximately 1/3). The one-two-three reduction
sequence is established by the values of pull-down
resistors R3082, R2076, and R2066.

Detector Circuit

This circuit detects and filters the output of the Log
Amplifier circuit, and produces the VIDEO signal that is
transmitted to the Video Amplifier circuits. The circuit
consists of an operational amplifier with a diode detec-
tor in the feedback path and a low-pass filter at the out-
put.

Although the circuit is called an operational
amplifier, it is not easily recognized as such. It is made
up of grounded emitter amplifier Q4025 and a
differential amplifier that consists of Q4030 and Q4035.
The summing node for the negative input is the base of
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Q4025 (the positive input is at the grounded emitter of
Q4025). Also, the differential amplifier is designed for
high impedance output to allow the current that is avail-
able from Q4025 to drive the operational amplifier very
rapidly during the period when both detector diodes,
CR5033 and CR5027, are effectively open circuited; that
is, when the output is near 0 V. When neither diode is
conducting, it is necessary that the output change
rapidly through that zone. Note that the network con-
sisting of resistors R5032, R5029, R5020, and capacitor
C5029 is included to stabilize the point of dc operation.

Figure 7-11 shows a simplified schematic diagram
of the detector circuit. As shown in this diagram, detec-
tor diodes CR5033 and CR5027 are used, but only the
negative half cycle is taken as the output (from
CR5027). The output from the collector of transistor
Q4035 is applied to the diodes through capacitor
C5035. Ac coupling is used on both sides of the detec-
tor to prevent temperature coefficient effects of the
operational amplifier from affecting the detector output.
This isolation occurs when the detector charges and
discharges capacitors C5035 and C5024, by the current
induced in each haif cycle of the signal without a
change to voltage level.

As shown in schematic Diagram 22, the positive-
going output signa! from the detector is applied to the
Video Amplifier through a low-pass filter that consists of
capacitors C7024, C7014, C7021, C7011, C6021, and
inductors L6011, L8021.
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DISPLAY SECTION (Diagram 6)

FUNCTIONAL DESCRIPTION

The display section consists of the following major
blocks:

® Video Amplifier

® Video Processor

o Digital Storage

® Deflection Amplifiers
® Z-Axis

® CRT Readout

The Video Amplifier processes the detected IF sig-
nal through logarithmic amplifiers for log displays or
linear amplifiers for linear displays, and provides pulse
stretching if selected for narrow pulsed signals.

The Video Processor provides band leveling to
correct front-end unflatness through the bands, video
filtering for noise averaging, out-of-band blanking to
clamp the display to the baseline when the sweep is
outside the range of the selected band, and video
marker capability for use with a TV sideband adapter.

The Digital Storage digitizes the video and sweep
signals and stores the data in memory. Stored data is
then converted to analog signals for the Deflection
Amplifier and Z-Axis circuits.

The Deflection Amplifier provides the drive voltages
for the CRT. This includes vertical and horizontai
deflection signals as well as readout characters from
the CRT Readout board.

The Z-Axis circuits receive and decode data from
the microcomputer; accept control levels from the
front-panel beam controls and generate unblanking sig-
nals to control the display appearance, brightness, and
focus; detect power failure; monitor the instrument vol-
tage supplies; and record the elapsed operating time.

The CRT Readout circuits generate the
alphanumeric characters (letters and numbers) for the
display.

VIDEO AMPLIFIER (Diagram 23)

Video signals, from the detector and log amplifier in
the IF section, are received by the Video Amplifier. In
the logarithmic mode, the signals are amplified linearly
and applied to the Video Processor. In the linear mode,

exponential amplification converts the logarithmic gain
characteristic to linear function. In either mode, base-
line compensation from the Video Processor is applied
to the video signal to compensate for any unflatness in
the front-end response. The pulse stretch circuit at the
output of the Video Amplifier alters narrow pulses so
data can be acquired and displayed by the Digital
Storage logic. Signal amplitude offset circuits provide
display offset for the "Identify" mode operation.

Log Mode Circuits

The log mode circuits process VIDEO signal from
the Log Amplifier, and add offset for selecting that seg-
ment of the log amplifier gain curve to be displayed.
The circuits also select screen display gain steps from
1 dB/div to 15 dB/div.

The VIDEO and the VIDEO 1 signals are summed at
the input to operational amplifier U40S0A. Front-end
unflatness is compensated by the VIDEO | signals,
which are equal and opposite in amplitude to the
unflatness, The two signals are also summed with the
reference level, set by R4071, and the output of the
digital-to-analog converter (DAC) U5041.

The DAC converts the microcomputer commands to
an offset signal that selects the location on the log
amplifier curve for the display (see Figure 7-12). In
dB/div or log display, a change in Vertical POSITION
control produces an effect, after the log amplifier, that
is the same as a signal level or gain change before the
log amplifier. Instead of using a large amount of linear
gain before the log amplifier, the output of the DAC
(U5041) effectively moves the display up or down along
the log curve. This process is called offset. Offset pro-
duces the same effect as varying the POSITION control
except the display position does not change, only the
signal level required to reach the reference level
changes.

This process allows the linear gain to change while
the top of the screen is kept constant, and it must also
allow any 16 dB segment (in the 2 dB/div mode) to be
displayed. Nominally, the log amplifier operates with
+6 dBm at the top of the screen.

The output of U4090A is equivalent to 20 mV/dB.
Full screen is 2.2 V. At 2.2V, the output of variable log
gain amplifier U4090B is 0 V. This is the only voltage at
which the feedback circuit switching network resistors
of preamplifier U4090B can be switched without chang-
ing the output voltage. (The switching network is
described later in this discussion.) The 2.2 V output of
U4090A is adjusted to full screen by Input Ref Lvl
potentiometer R4071.
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Figure 7-12. Selectlon of display position on the log scale.

From U4090B, the output signal is applied through
FET Q5090 (if that transistor has been turned on by
data bit 5 when it is high) to operational amplifier
U4090C, pin 10. The signal then travels through emitter
follower Q4100 to the Video Processor via the LOG
CAL adjustment on the front panel. Output Ref Lvl (out-
put reference level) potentiometer R4081, in the input
circuit to U4090C, is adjusted so the output level is a
full screen display after the Input Ref Lvi potentiometer
R4071 is set for no change in the output of U4090B
when switching between the 10 dB/div and 2 dB/div
modes.

The basic adjustment sequence for the potentiome-
ters is as follows:

1. The digital-to-analog converter output voitage is
adjusted by the front-panel LOG CAL control so that
the output is appropriate for 10 dB/div.

2. The Log Amplifier detector circuit Log Gain
R4020, is adjusted so the Log Amplifier output
agrees with the digital-to-analog converter output.

3. Input Ref Lvi potentiometer R4071 is adjusted a
constant for a constant output tevel from U4090B,
for both the 10 dB/DIV and 2 dB/DIV display modes.

4. Output Ref Lvli R4081 is then adjusted for a full
screen display.

The gain switching network provides for 15 resis-
tance values to be switched into the feedback path of
variable log gain amplifier U4090B. The network con-
sists of FET switches Q4075, Q4070, Q5070, and
Q5075, and resistors R6080, R6074, R6073, and R6082.
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The FET switches, controlled by data bits 0, 1, 2, and 3
from the analyzer data bus, switch in feedback resistors
for U4090B in 15 value combinations determined by the
binary content of the four data bits.

Linear Mode Circuits

The linear mode circuits accept the log preamplifier
U4090A output and rescale the signal level to linear
values. Since no switching is provided by the Log
Amplifier circuits (i.e., all signals are logarithmically
scaled), the signal level must be re-exponentiated to
operate the system in the linear mode. High gain is
required at the top of the screen and low gain is
required at the bottom of the screen to offset the
characteristics of the Log Amplifier circuits.

In addition to the signal path described for the iog
mode circuits, the output from preamplifier U4090A is
also applied to linear mode operational amplifier
U4090D, with a successive resistor network in the feed-
back path. From this amplifier, the output signal is
applied through FET Q5095 (if that transistor has been
turned on by data bit 4 from the analyzer data bus
being a 1) to the summing node at the input of output
amplifier U4090C. After this point, the signal path is
identical to that of the log mode description.

Starting at the signal level that represents the top of
the screen (0 V) at the output of linear mode amplifier
U4090D, the operation of the network is as follows,

With a +6 dBm input from the Log Amplifier to the
Video Amplifier, the output of U4090D is OV. At that
level, the feedback path is only through resistor R4097.
The other feedback resistors (R4096, R5103, R5105,
and R5107) are not in the path, because the switch
transistors are biased off by the bias network consisting
of resistors R5111, R4109, R4107, R4105, and R4103,
plus diode CR4103. (The diode is included for tempera-
ture compensation purposes.) As the display moves
away from full screen, the output voltage of U4090D
increases and turns transistor Q6115 on. This places
R4096 in parallel with R4097 to reduce the gain. As the
voltage output increases, transistors Q6110, Q6090,
and Q6095 start to conduct in sequence, adding resis-
tors R5103, R5105, and R5107, respectively, across the
feedback path. This effectively reduces the gain of
U4090D exponentially. The reaction characteristics of
the transistors smooth the step transitions, to produce
a smooth exponential gain curve.

Pulse Stretch Circuit

The pulse stretch circuit consists of FET switch
Q7110 and the associated components in the feedback
path of output operational amplifier U4090C. When the
pulse stretch mode is not selected (data bit 7 on the



instrument data bus is low ), pin 13 of U6060 pulls down
to —15V, and Q7110 is biased off. This removes C8104
from the circuit and also supplies sufficient negative
bias though R7105 to keep CR8107 forward biased.
With CR8107 on, the feedback loop for U4090C,
through Q4100 and R7094 is closed so the signal output
will fall as fast as its rise.

When the pulse stretch mode is selected (data bit 7
going high), the open collector output of U6060 (pin 13)
is allowed to fioat. This turns Q7110 on which com-
pletes the path for C8104 to ground. During signal rise
time, C8104 now charges through the low impedance of
CR8107. The feedback path for U4090C is still closed
which provides a fast rise time. When the output of
U4090C begins to fall, CR8107 turn off and the signal
fall time is now a function of the RC time constant of
R8106 and C8104, since the feedback loop for U4090C
is now open. Diode CR7103 turns on to prevent
U4090C from slewing to far negative.

The identify offset circuit shifts the display when the
identify feature is in operation so true and false signals
can be identified. This feature is implemented else-
where in the analyzer, except for the offset. When the
"Identify" feature is in operation, it allows the operator
to distinguish between responses which result from
signals at the analyzer center frequency (true signals)
and those that are produced by other harmonic conver-
sions (false signals). This is accomplished by moving
the 1st and 2nd LO frequency an equal and opposite
amount, related to the 1st LO harmonic used, or by
moving the 1st LO twice the IF divided by the harmonic
number (N), on every other sweep. The result is that
false signals will shift a significant amount horizontaily
on the display while true signals will remain within close
approximation to each other. The offset circuit shifts
the alternate or ‘ldentify" sweep vertically (down
approximately 2 divisions). This offset is accomplished
by the microcomputer setting DB 6 high, during “Iden-
tify" sweep, so the open collector output of U060 (pin
14) goes from —15 V to open. This removes the current
normally flowing in R7097 from the summing node of
U4090C and causes a —1.2'V or 2 division shift in the
VIDEO 2 output level of Q4100.

Digital Control Circuit

The digital control circuit provides the control sig-
nals that select the various Video Amplifier functions.
Addresses 78 and 79 are decoded by U6070 and sent
through inverter U5070 as clock or enabling signals for
gain latch U6040 and mode latch U8050.

Gain tatch IC U6040 is an 8-bit latch that supplies
command data to the 8-bit DAC, U5041, to offset the
Log Amplifier cutput signal. Mode latch U6050 is an 8-
bit latch that supplies command data through buffer
U5060 and UB060 to select the resistors in the dB/div
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switching circuit and to select identify, pulse stretch,
and log or linear mode.

VIDEO PROCESSOR (DIAGRAM 24)

The Video Processor performs four functions. The
first is compensation for flatness variations in front-end
response. The second is video filtering, which provides
the selection of six video bandwidths (30 kHz, 3 kHz,
300 Hz, 30 Hz, 3 Hz, and 0.3 Hz) under control of the
instrument microcomputer. The third function is out-of-
band blanking, which blanks the upper and lower ends
of the local oscillator swept frequency range to provide
a selected window for the display. This function is also
controlied by the microcomputer. The fourth is the
capability to generate a negative-going ditch marker on
the video display for interfacing with a 1405 TV Side-
band Adapter.

Interface with 1405 TV Sideband Adapter

The TEKTRONIX 1405 TV Sideband Adapter is a
specialized tracking generator that is used with the
Spectrum Analyzer to analyze the response of a televi-
sion transmission system. The Spectrum Analyzer
monitors the RF output of the transmitter while the side-
band adapter drives the video input of the system. The
video input may be at the transmitter site, the head end
of the studio-transmitter link, or the video switcher in
the studio. The sideband adapter must be connected to
the 1st LO of the Spectrum Analyzer by a short length
of coaxial cable.

The system in Figure 7-13 depicts a TV transmitter
operating on Channel 10 with a video carrier at
193.25 MHz. The sideband adapter is tuned to Channel
10. The Spectrum Analyzer is tuned to 195.25 MHz
with a span setting of 1 MHz/Div (for purposes of illus-
tration, the sweep is assumed to be halted at the center
frequency of the analyzer).

The sideband adapter applies a 2 MHz signal to the
AM modulator of the video transmitter. The modulator
produces a lower sideband at 191.25 MHz, a carrier at
193.25 MHz, and an upper sideband at 195.25 MHz.
This signal is amplified, filtered, and combined with the
FM aural signal. The composite signal is sensed by a
RF pickup and applied to the RF Input of the Spectrum
Analyzer.

The 1st Converter applies the composite signal to
the 1st mixer. The composite signal is mixed with a
2.26725 GHz signal from the 1st LO, forming three pro-
ducts. The subsequent stages of the analyzer accept
only the 2.072 GHz product and reject the rest. For fre-
quencies used in this example, the accepted product is
the difference between the 1st LO and the upper side-
band of the TV signal.
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Figure 7-13. Functional diagram showing the Spectrum Analyzer and 1405 TV Sideband Adapter System.

The product is converted twice more, amplified,
filtered, log amplified, and detected. This detected sig-
nal is applied either directly to the video ampilifiers of
the crt or to digital storage.

The Spectrum Analyzer 1st LO signal is applied to
the RF mixer of the sideband adapter. The
2.26525 GHz signal from the tunable LO is subtracted
from the 2.26725 GHz signal from the Spectrum
Analyzer LO, yielding a 2 MHz product. This video fre-
quency signal is conditioned with sync and blanking sig-
nals and applied to the video input of the TV
transmitter.

When the Spectrum Analyzer is sweeping, the video
signal starts at 3 MHz, falls to 0 Hz, and rises up to
7 MHz. During this interval, the analyzer displays the
lower sideband as it moves toward the carrier, displays
the carrier, and then displays the upper sideband mov-
ing away from the carrier. Since the Spectrum Analyzer
and 1405 TV Sideband Adapter system is similar to a
tracking generator system, it rejects noise and uncorre-
lated signal. This allows normal in-service use of the
transmitter by adding a low level (1 to 3 IRE units) cw
signal to the video or by using full levels with a VITS
inserter.
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The sideband adapter can insert frequency markers
at preselected deviations from the carrier frequency.
Six selectable crystal oscillators have their outputs
mixed with video signal and applied to a Z-Axis circuit.
This circuit produces two negative pulses as the video
signal sweeps through the crystal oscillator frequency.
These pulses are applied to the spectrum analyzer
marker input, where they appear on the crt as two
notches on either side of the marker frequency. The
sideband adapter allows the width and depth of the
notches to be adjusted with the Width and Intensity con-
trols.

Video Marker

The Z-Axis signal from the 1405 Sideband Adapter
connects to the MARKER input on the spectrum
analyzer rear panel. This negative-going signal flows
through the Accessories and Mother boards to the
Video Processor board. Here, the signal drives the
emitter of Q4060 and turns the transistor on, pulling the
VIDEO OUT line down. This produces a notch in the
video signal of the display to signify the location of the
marker on the display.



Video Leveling

A minor slope in frequency response, caused by the
1.86 GHz low-pass fiiter in the front end, is corrected
with band 1 Slope adjustment R1012. When operating
in band 1, contacts 6 and 7 of U3025 are closed; there-
fore, a portion of the PRESELECTOR DRIVE signal is
applied to the VIDEO 1 output signal, providing the
offset necessary to correct slope difference.

Video Leveler Circuits

Video leveling compensates for analyzer front-end
microwave circuit characteristics that cause unflat
response in band 4 (5.4 GHz to 18 GHz). Since band 4
is a multiplied band, any unflatness is accentuated.
Leveling is accomplished through programmable pertur-
bation of the display baseline that is opposite in direc-
tion to the flatness error. As the signal power output
decreases, the baseline rises an equal amount to com-
pensate, and as power output increases, the baseline
falls an equal amount. The perturbation is produced by
a normalizer integrated circuit that produces 19 evenly
spaced values of the input voltage, with each value
corrected to compensate for unflatness.

The PRESELECTOR DRIVE signal from the 1st LO
driver circuits is applied to a translation circuit that con-
sists of two current drivers (U3045A and half of Q3038,
plus U3045B and the other half of Q3038). The
PRESELECTOR DRIVE signal is directly related in
amplitude to displayed analyzer frequency. The nominal
+10V to —10V excursion voltage versus frequency
curve, in maximum span, relates to the full bandwidth.
This 20 V maximum excursion is scaled to a precise
current (from 1 mA at +10 V to 0 current at —10 V) that
is applied to the normalizer IC to generate the baseline
perturbation. Actual signal scaling is done by current
driver U3045A/Q3038. The output signal is applied to
the normalizer SWP IN input, pin 5 of U2039. The
second current driver, U3045B/Q3038, generates a
2 mA reference current for the normalizer. Horizontal
Freq adjustment R10689, in the input translation circuits,
shifts the 19 evenly spaced points up or down in fre-
quency to compensate for unflatness.

Normalizer IC U2039 operates as a shaper and con-
tains 19 transistors that turn on and off in sequence as
the current input to pin 5 decreases from 1 mA to 0.
Each collector is connected to a potentiometer that
allows output trimming. Potentiometer R1061 is active
with no current, and R1013 is active at 1 mA. The trim-
ming operation is described later.

From the normalizer, the output is applied through a
jumper switch to buffer amplifier U2055B, which has a
gain of five, then to offset amplifier U2055A. This
amplifier has a gain of two, but its primary purpose is to
offset the 0 to +5V (normal), 0 to =5 V (invert), buffer
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output to the levels required by the Log Amplifier cir-
cuits. The range required by the Log Amplifier is 0 to
—10 V. The output voltage is a series of linear interpo-
lations of the voltage between adjacent trimming resis-
tors at the outputs of the normalizer. Compensation
adjustment R1065 sets correct interpolation.

Jumper plug P2080 selects the input side of buffer
amplifier U2055B and proper offset voltage for U2055A.
This provides the means to invert the buffer output dur-
ing the instrument adjustment procedure. The adjust-
ment procedure is described in that section of this
manual.

As previously noted, only band 4 requires significant
compensation. Selection of band 4 is indicated by data
bit 0 switching to a 1 (see the Leveling table at the top
right corner of Diagram 24), When DBQ is a 1, pins 3
and 2 of switch U2015 are connected, and the output
from offset amplifier U2055A is supplied out as the
VIDEO 1 signal.

Minor compensation is required for Band 1, to
correct a minor slope caused by the 1.8 GHz low-pass
filter and 2 GHz limiter. When pins 6 and 7 of switch
U3025 are connected, the PRESELECTOR DRIVE signal
is offset by R4023 and R4011 and Band Slope adjust-
ment R1012 to provide an attenuated negative-going
ramp to the VIDEO 1 output line. Switch U3025 is con-
trolled by inverter Q4025. Q4025 is activated by data
bit 6 going low. As shown in the Video Blanking table
on the schematic diagram, DB6 is 1 except when Band
1 is selected.

Video Filter Circuits

Video filtering provides selection of one of six
bandwidths, under microcomputer control. As shown in
the Video Filter table on Diagram 24, data its 1 through
4 select any of six bandwidths: 30 kHz, 3 kHz, 300 Hz,
30 Hz, 3 Hz, and 0.3Hz. Either wide or narrow-band
filtering is selected at the front panel (Wide band is
defined as 1/30th of the selected resolution bandwidth
and narrow is defined as 1/300th of the resolution
bandwidth). The microcomputer makes the selection,
based on such factors as sweep rate and total disper-
sion. With no video filtering (all data bits are 0), the
video system bandwidth is 500 kHz,
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Figure 7-14. Simplified diagram of a video filter.

Table 7-6
FILTER COMPONENT COMBINATIONS

Bandwidth

30 kHz
3 kHz

300 Hz
30 Hz
3 Hz
0.3 Hz

Two signal inputs (EXT MARKER/VIDEO) can be
applied to the video filter circuits. The EXT VIDEO sig-
nal, from the rear-panel MARKER | VIDEO connector, is
applied to pin 15 of switch U3063A through edge con-
nector pin 53. The INTL VIDEO signal, from the Video
Amplifier circuits (via the front-panel LOG CAL control),
is applied to pin 2 of U3063A through edge connector
pin 51. Note that the internal video sections of switch
U3063A are normally held energized (pins 2 and three
connected, pins 15 and 14 disconnected) by the +5V
supply through R3064. If the EXT VIDEO SELECT line
(from the rear panel ACCESSORIES INTERFACE con-
nector, through edge connector pin 55) is grounded, the
external video sections of U3063A are de-energized.
When this occurs, the EXT VIDEO signal is applied
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through, or around, the filter to become the VIDEO
FILTER OUT signal at edge connector pin 57. This is
shown in the simplified schematic diagram of Figure 7-
14,

As shown in Figure 7-14, when no filtering is
selected (all data bits are 0), either the internal or exter-
nal signal is routed through U3062 and around the filter,
because the two sections of U3063B are selected by
DB1. When DB1 is high, the video is routed through
the filter. Some filter value will be selected by bits 2, 3,
and 4. These data bits control three sections of switch
U2015B to add or delete filter time constants.




The filter consists of resistors R2023, R2021, R2022
and capacitors C3026 and C2016, connected between
U3062 and U2066. Table 7-6 lists the filter components
in the circuit for each of the six bandwidths. Data bits 2,
3, and 4 are applied to switch U2015B (pins 8, 16, and
9) which selects the components. From U2066B, the
signal is routed through contacts 7 and 6 of switch
U3063B to edge connector pin 57 as the VIDEO FILTER
OUT signal.

Video Blanking

The video blanking circuits allow selective blanking
of the lower and upper ends of the local oscillator
range. Selective blanking is required because the local
oscillator sweeps the full span regardless of the band
limits. The video system is designed to effectively open
a display window only during the time for display. Data
bits 5, 6, and 7, under control of the microcomputer,
select the appropriate amount of display for each end.

Video blanking and the PRESELECTOR DRIVE sig-
nal (which provides frequency information, in voltage
form) are located on the Video Processor board.
Switch U3063 incorporates a disable function that,
when provided a low input, opens all switch sections
regardless of individual section input. This feature
allows the VIDEO FILTER OUT signal to be easily
blanked at will.

The disable function is controlled by a combination
of outputs from comparators U3015A and U3015B.
Inputs to these comparators are from the PRESELEC-
TOR DRIVE signal and a combination of voltage divid-
ers that are switch selected under control of data bits 5,
6, and 7. The PRESELECTOR DRIVE signal is applied
from edge connector pin 54 through divider resistors
R4013 and R4012 to the inverting input of U3015A, and
through divider resistors R4014 and R4011 to the non-
inverting input of U3015B. These dividers reduce the
excursion of the drive signal from (+10 V to —10V) to
(2.5 V to —2.5 V), which is the maximum input level to
the comparators.

Input to the non-inverting input of U3015A is from
divider resistors R3011, R3012, and selected resistor
R4015. The inclusion of R4015 is controlled by DB7
through pins 2 and 3 of U3025. The junction of divider
resistors R3011 and R3012 is connected to ground
through R4015 for band 2.

Input to the inverting input of U3015B is from divider
resistors R4018, R4017, and selected resistor R3028.
The inclusion of R3028 is controlled by DB6 through
pins 10 and 11 of U3025. The junction of R3011 and
R3012 is connected to +5 V through R3028 when it is
selected. This switching arrangement of negative and
positive levels for comparison with the reduced
PRESELECTOR DRIVE signal enables the top and bot-
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tom extremes of the frequency excursion to be blanked.
The blanking is activated by the disable function of
switch U3063, which is controlled by the microcom-
puter.

DIGITAL STORAGE (Diagrams 25 and 26)

The Digital Storage circuits provide the ability to
store and process a signal before displaying it. This
allows flicker-free displays, even at the slow sweep
rates required for narrow resolution bandwidth meas-
urements. Digitizing the signal also allows signal pro-
cessing and marker generation.

The processing includes detecting peak amplitudes
(Max Hold), storing a signal (Save A}, subtracting one
signal from another (B—Save A), signal averaging
(Peak/Average), and signal comparison (View A and
View B). These operations use two memory banks to
independently store two complete signals that are each
digitized at 500 points across the sweep. Therefore,
two signals may be observed simultaneously or pro-
cessed in separate ways.

The markers are used in a variety of ways. There
are two waveform markers that the user sets for vari-
ous measurements. In addition, an update marker
shows where the actual sweep is with reference to the
refreshed display.’

Four instrument bus addresses are associated with
Digital Storage. Addresses 7A and 7B are write
addresses. FA and FB are read. These addresses are
shared by both the Horizontal and Vertical Digital
Storage circuits. Logic on the Horizontal Digital
Storage board controls which set is active. 7A on the
Horizontal Digital Storage board is further subdivided
into 8 subaddresses by 3 bits in address 7B on that
board. Address tables in the circuit descriptions for the
appropriate boards show details of the Digital Storage
addresses

In the Max Hold mode, the highest amplitude at
each of the 1000 points in successive sweeps is stored
and displayed. In the Save A mode, a signal is stored in
one memory for later examination, and is not updated.
In the B—Save A mode, the A signal is stored and not
updated, then arithmetically subtracted from the B sig-
nal, which is stored, but continually updated. In the
averaging mode, the display area is divided by a hor-
izontal cursor. Signals above the cursor are peak
detected and displayed, and signals below the cursor
are averaged. In the View A and View B modes, the
contents of the selected memory or memories are
displayed.

1There are also video markers that may be fed to the rear-panel
MARKER | VIDEO input. These video markers are from an external
source, and are not part of the digital storage system. See the
Video Processor description for more information about the video
markers.
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Graphical presentation of mathematic functions or
experimental data is common. One such graph has a
single Y value for each X value. An alternate presenta-
tion of the data in this graph would be a table simply
listing the X coordinate values along with a correspond-
ing Y value for each X value. To further simplify the
graph, if the first X value and the spacing between X
values were known (all spaces assumed equal), the
two-column table could be reduced to a single column
with the X value implied by the position of the Y value in
the column. This is the essence of digital storage — to
convert a vertical analog voltage (Y coordinate value) to
a binary number and insert that number in a stored
table. The location of the Y value in the table is deter-
mined by the analog sweep voltage (X coordinate value)
binary conversion. Once a set of binary numbers that
represent values across a waveform is stored to create
a table, the waveform can be recreated at any time by
conversion of the table values (Y) and positions (X) back
to analog voltages that represent amplitude and sweep
positions.

The digital storage system uses a Table A and a
Table B. Table B is updated every sweep. Table A is
also changed unless the Save A mode is selected.
There are 500 A values and 500 B values. The spacing
between values is the same throughout both tables, but
the starting point for Table B is shifted slightly so that
when both tables are read, the readout values are inter-
laced.

When the signals are recreated, the contents of
either Table A or Table B can be displayed, or both
tables A and B can be displayed. If both Tables A and B
are to be displayed, and the Save A mode is selected,
the contents of both Table A and Table B are drawn,
each display in its own trace. If the Save A mode is not
selected, the contents of both Table A and Table B are
displayed on one trace, with 1000 value positions
across the screen. A third trace option is also available.
In the B—Save A mode, the displayed values are those
that result from an arithmetic operation and are the
difference between the contents of Table A and Table B
for each X value of analog sweep voltage.

Since a signal waveform is continuous and a table
has discrete X values, an algorithm determines the Y
value to be stored for a particular X value. This allows
the operator to select one of two methods to determine
Y values; peak or average. The Y analog voltage is con-
tinuously sampled, with the sampling rate dependent
upon sweep speed. For each X value, there are always
at least two samples, and there may be as many as 217
samples. From this set of samples, either the largest
sample value (peak value) or the mean of all the sam-
ples (average value) can be selected. Selection between
peak and average is controlled by the front-panel
PEAK/AVERAGE control, which sets a dc level that is
compared with the analog vertical input to produce the
PEAK/AVG logic signal. When the input signal is below
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the level selected by the front-pane! control, the signal
is averaged; when the input is above that level, the peak
signal is displayed. The dc level appears on the display
as a positionable horizontal line. This line is created
when the dc level is switched to the analog output line
during the cursor cycle by the CURSOR iogic control
signal.

Superimposed on the cursor line is an intensified
spot called the update marker, which indicates the X
value at which new Y values are being computed for
display update. The update marker is formed when the
analog sweep input is compared to the display analog X
output. When the two are the same value, the sweep is
forced to pause, which increases the marker intensity at
that point.

Two custom integrated circuits are the heart of the
digital storage circuits. The vertical control IC contains
the vertical acquisition and display logic, peak detec-
tion, signal averaging, Z-Axis blanking, and special Y-
value processing circuits. The horizontal control IC con-
tains the horizontal acquisition address counter, hor-
izontal display counter, 10-bit RAM address multiplexer,
and a system control matrix. The other digital storage
control circuits consist of two 8-bit digital-to-analog
converters, two 10-bit digital-to-analog converters, one
10-bit latch, 8K bits of random access memory, and
various auxiliary circuits. Timing is controlled by ¢2
clock pulses (at 1 MHz) from the Processor board to
the Horizonta! Digital Storage board.

Vertical Section (Diagram 25)

The Vertical Control IC block diagram is shown in
Figure 7-15. The vertical analog voltage is converted to
a Y binary value by an 8-bit successive approximation
register. Nine clock cycles are required for each Y
conversion. After the conversion has taken place, the
successive approximation register produces the
negative-going SYNC signal. Most functions on both
the vertical and horizontal control ICs are synchronized
by this signal. On the negative-going transition of
SYNC, the successive approximation register is reset to
10 00 00 00 (binary) and the next conversion cycle
begins. Incoming data bits are latched into the register
on the negative-going clock transition. From the regis-
ter, the output data is applied to the peak and the
averaging circuits.

The averaging circuit consists of three groups of cir-
cuits; those that accumulate alt the Y values for a given
X value into a grand total (called the numerator), those
that count the number of samples that make up the
numerator (this total is called the denominator), and
those that subtract and shift to perform the division pro-
cess.
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Figure 7-15. Vertical control IC block diagram.
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As each new Y value is converted, it is added to the
eight least significant bits of the numerator. Each carry
from the most significant bit of this addition is counted
by a 17-bit ripple counter. The contents of this counter
and the 8-bit sum are cascaded to form a 25-bit grand
total. Each time a new sample is added to the numera-
tor, another 17-bit ripple counter is incremented to pro-
duce the denominator.

A division cycle starts when the horizontal control IC
(on the Horizontal Digital Storage board) detects a
change in the X value. At that time it generates the ST
DIV (start divide) signal. On receiving this signal, and in
synchronization with the SYNC signal, vertical control
IC U2030 does five things (refer to Figure 7-16):

1. Latches the current numerator in a 25-bit latch
(25-to-1 data concentrator) and latches the denomi-
nator in a 17-bit latch (17-to-1 data concentrator).

2. Clears the numerator adder circuits (25-bit sum-
mation register).

3. Performs a 17-bit priority encode on the denomi-
nator and loads a 1 in the appropriate cell of the
25-bit shift register.

4. Loads the latched numerator and denominator
serially into the divide circuit (subtractor) using the
contents of the 25-bit shift register as a mask.

5. Clears the denominator ripple counter (17-bit
counter) to zero.

Ten clock periods are required to load the numera-
tor and denominator into the divide circuit. The cycle
starts on a SYNC pulse. The first bit of the quotient is
available shortly after the first clock pulse that follows
the next SYNC pulse. Division is performed by repeated
subtract and shift operations. The quotient is arrived at
serially with the most significant bit first. Since only 8-bit
accuracy is required, with the priority encoder output
used as a mask, the divider circuit is loaded with the 8
most significant bits of the denominator and the 16
most significant bits of the numerator. (Ripple borrow
for a 17-bit by 25-bit subtractor would be so long that it
would be impractical.}

The peak circuit consists of a peak detector and an
8-bit peak shift register. In operation, the previous peak
Y value from the last set of samples is still stored in the
peak shift register at the start of a conversion cycle. At
that time, the peak detector, which is a serial compare
circuit, is set to the state that questions whether the old
or new number is larger. Each bit of the new value is
then compared with the corresponding bit of the old
value, most significant bit first. When one value is found
to be larger, a flip-flop is set and the smaller number is
gated out of the shift register. The start divide logic sig-
nal being true then forces the peak detector to select
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the new value and ignore the number in the shift regis-
ter.

The peak/average selector, a multiplexer, selects
either the peak or average value to be routed to the
memories under controi of the PK/AVG signal. The
selector output is routed through the Max Hold circuit,
which functions like the peak detector. When the MAX
HOLD signal is high, the value that is routed to the out-
put multiplexer is the larger of two values; the current
memory value at the subject X coordinate or the
previously-selected peak or average value.

Timing to set up the divide operation and clear the
numerator, denominator, and peak circuit is controlled
by a 10-stage counter. Taps are taken from appropriate
stages to develop the necessary clear and latch timing
pulses.

All data enters and leaves the memory serially. Data
read from memory enters an 8-bit shift register and,
timed by the SYNC signal, is transferred to the vertical
display output latch (display register). The same shift
register is used for other purposes, so the DSPL EN
(display enable) signal prevents non-display information
from being transferred to the output latches. An exam-
ple of data moving through this shift register is seen in
the B—Save A display mode. The A value is first read
from memory and stored in the shift register. As the B
value is read, the subtraction is done serially and the
answer is applied to the shift register. Since the sub-
traction must be performed with the least significant bit
first, a set of exclusive-OR gates change the order of
extracting B from memory. The shift register direction is
reversed to present the most significant bit to the
proper display latch. The shift register output is also
applied to the output multiplexer.

In subtraction, the operation performed by the serial
calculator is not merely B minus A. The actual expres-
sion implemented is (B—A) + K, where K is a serial
input external constant specified by the user. This per-
mits zero to be placed anywhere on the screen. To
avoid confusion when (B—A) + K results in an off-screen
position, the subtractor blanks the display. (The sub-
tractor examines the carry bit and borrow bit when the
most significant bit is calculated. If either bit is a 1, the
screen is blanked.)

When the Save A mode is not selected and both A
and B are being displayed, maximum resolution is
obtained (1000 points across the display). If this display
includes a very narrow pulse, it is possible that the top
of the pulse is only as wide as a single X coordinate. If
this maximum value were in the B Table and the Save A
mode was selected and B turned off, there would be an
apparent drop in amplitude. So, when the Save A mode
is selected, a special set of circuits in U2030 compares
all A and B values that have the same X value, and
stores the larger in Table A. The B value is read and



stored in the display shift register. Then, as the A value
is read, it is compared with the B value and the larger
of the two is loaded into the display shift register.
Finally, the number in the shift register is written into
memory. This operation is performed once each time
that the Save A mode is selected.

Vertical control IC U2030 contains a 3-bit synchro-
nous counter that identifies the specific bit of an 8-bit
vertical value that is to be read from memory or written
into memory. This is the only memory addressing that is
performed by U2030. All other addressing is performed
by the horizontal control IC (on the Horizontal Digital
Storage board).

Digitizing Circuits. The input vertical signal, VID
FLTR OUT, coupled through edge connector pin 60 is
applied through buffer U3040 to sample and hold switch
U2040C. U2040C is controlled by flip-flop U1010B.
U1010B generates the sample pulse, and is enabled
during the clock cycle after the last approximation, as
indicated by the least significant bit from the successive
approximation register in U2030. The switched sample
is then applied through buffer U1045 to a summing junc-
tion. At this point the output current from digital-to-
analog converter U3025, that is supplied from the suc-
cessive approximation register in U2030, is subtracted
from the sample current. The difference current is then
applied through comparator U2035B and synchronizing
flip-flop, U2027A, to pin 18 of U2030 as the UP/DOWN
signal. The binary equivalent of the input sample is
effectively produced by the combination of the succes-
sive approximation register, the digital-to-analog con-
verter, and the sample and hold circuit.

Address Decoding. The address decode logic
accepts inputs from the address bus and from the
address control logic on the Horizontal Digital Storage
board, producing the control signals for read and write
operations:

CONT W (control write)
DATA W (data write)
DATA R (data read)

The control write signal gates the control word from
the data bus into control register U2028 to generate
mode control signals. This control word consists of one
bit, Q4, that represents the front-panel MAX HOLD func-
tion. If output Q5 is low, a peak operation is forced; if
output Q5 is high and Q6 is low, an average operation
is forced. The data read and data write signals are
applied to the interface logic to control memory read
and write operations.
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Interface Logic. The interface logic, in general, per-
forms control and interface functions between the active
data circuits in the vertical and horizontal sections and
the rest of the instrument. It allows the microcomputer
to control the storage system functions and to access
the digital storage memory. It also contains the circuitry
for serial-to-parallel and parallel-to-serial conversion.
(The microcomputer uses parallel transfer; the digital
storage memory uses serial transfer.) Shift register
U4020 reads data from memory to the data bus. Regis-
ter V2025 stores information from the data bus for
transfer to memory. Multiplexer U4015 does the
parallel-to-serial conversion and applies the data output
to gate U3024B, which acts as a buffer to supply either
the multiplexer output or the MEM OUT (memory out-
put) signal from U2030 to the memory as the DSDI (digi-
tal storage data input) data train,

The interface circuit group on the Vertical Digital
Storage board is the handshake logic that works with
the horizontal control circuits to access the memory and
to determine when to increment the memory address
counter. In either a data read or data write operation
(when the corresponding signal goes high), flip-flop
U3020B is triggered. This releases the BUS REQ (bus
request) line to allow that signal to go high and signals
the horizontal control circuit that memory access is
required. When the horizontal circuits recognize the
request, those circuits pull the BUS REQ line low at the
same time that SYNC is low. The interface logic detects
the BUS REQ and SYNC low condition through U2015A,
U2015B, U3010A, and U3015A, and produces the low
BUS GRANT signal to indicate memory access. The
BUS GRANT signal then enables shift register U4020 to
shift data from memory or enable register U1021. BUS
GRANT also enables multiplexer U4015 to shift data to
memory as indicated by the DATA R and DATA W lines.
At the end of a data read cycle, gates U2010B and
U4030C produce the INCR ADRS (increment address)
signal to increment the address register in the horizon-
tal circuits.

Maximum Hold. As described previously, when the
Max Hold mode is selected, the signal from Q4 of con-
trol register U2028 causes the circuits in U1023 to com-
pare the binary equivalent of the input signal for a given
X value with the information in memory for that same X
value. This causes the larger value of the two to be
stored in memory. The signal from Q4, in combination
with the VALID signal from the horizontal circuits, pro-
duces the MAX HOLD command to U2030 through
inverter U4030E and gate U4040A.

Constant Circuit. As described previously, in the B
minus A operation, a constant is used. This constant is
selected internally with switch S1015. This switch, in
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combination with multiplexer U2020, supplies the CON-
STANT data to U2030. Multiplexer U2020 is, in turn,
controlled by address bits 0, 1, and 2 to provide the
proper constant data bit to U2030.

Output Circuits. From the U2030 vertical display
register, the parallel data output is applied to 8-bit
digital-to-analog converter U1035. The converter output
is then applied to the output storage/cursor switch,
U2040B, through a vector generator that consists of an
integrator (U1040 and C1035) with an associated feed-
back loop sample-and-hold circuit. Integrator U1040 has
a time constant that provides a ramp to last between
the existing sample and the new sample (that is,
between sync pulses). Circuits U2040A and U2045 and
capacitor C2045 make up a sample-and-hold circuit with
U2045 acting as an output buffer. From U2045, the out-
put current through resistor R1036 subtracts from the
digital-to-analog converter output current to modify the
slope of the output ramp. The output of the vector gen-
erator is then applied to switch U2040B. U2040B, con-
trolled by the MKR (marker) signal from the horizontal
section, selects between the recreated video signal
from U1040 and a dc (Peak/Average) level from buffer
U3045, to be sent out as the vertical signal. The dc level
is displayed only during retrace as the PEAK/AVERAGE
cursor.

Peak/Average Level Circuits. The buffered
PEAK/AVG LEVEL signal, from U3045, is compared
with the sampled Video Filter Out signal, from U1045,
by comparator U2035A. The output of U2035A is a high
(1) if the Video Filter Out signal is greater than the
PEAK/AVG LEVEL, or low if it is less, This output com-
mands U2030, via U4040C and U4040D, to send peak
or average data to the output. U4040B, C, and D are
used if the instrument is under GPIB control to select
one of three possible modes; Peak, Average, or front
panel control knob.

Horizontal Section (Diagram 26)

Figure 7-16 is a block diagram for the Horizontal
Control IC U5020. The horizontal analog voltage is con-
verted to a current table value through a 10-bit tracking
analog-to-digital converter (adc), which consists of
up/down interlock and 10-bit up/down counter in
U5020, and external 10-bit digital-to-analog converter
(dac) U4040. As the sweep moves right, the counter
increments; as the sweep retraces, the counter decre-
ments. Each time the counter increments, it generates a
new X coordinate value (the dac input) and a ST DIV
(start divide) signal to start the storage cycle. The incre-
ment clock is the SYNC signal, and the decrement clock
is the basic digital storage clock divided by two. When
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the Save A mode is selected, the counter skips every
other binary number, so only B coordinates appear as
addresses.

A state machine provides the horizontal system
intelligence. This circuit determines which trace to write
on the screen, determines when to switch from read to
write, generates the B—A coordination signals for verti-
cal control IC (on the Vertical Digital Storage board),
controls the 9-bit display counter incrementing, and
processes requests for the memory bus.

When an external device elects to read from or write
to memory, it allows the BUS REQ (bus request) signal
to go high to request permission from the state
machine. When the time becomes available, the state
machine pulls the BUS REQ line low, which signals the
start of a request cycle. For the next eight clock cycles,
the internal multiplexer output lines are in the high-
impedance (open) tri-state mode.

The combination of the up/down interlock, 10-bit
up/down register, 9-bit display counter, and horizontal
display multiplexer constitute the primary circuits that
either write to or read from memory. To generate X
values to be written into memory, the circuits convert
the sweep voltage to binary form. These circuits also
count the sync cycles to cause the external logic to
read stored data from memory and produce a vertical
signal (Y value) for each corresponding X value.

During acquisition cycles, the 10-bit up/down
counter, controlled by the up/down interlock, operates
in a loop with the external 10-bit digital-to-analog con-
verter. This allows the counter to acquire the equivalent
(X value) of a sample section of the sweep voitage.
From the counter, the 10-bit output is applied to the 10-
bit up/down register. During display cycles, the 9-bit
display counter counts sync pulses to acquire the X
value. Either the 10-bit up/down register output or the
display register output is applied to the horizontal multi-
plexer under control of the SELECT signal from the
State Machine. From the multiplexer, the output is
applied to the memories as an address.
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Figure 7-16. Horizontal control IC block diagram.
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Marker IC. Marker IC U3020 performs several func-
tions on the Horizonta! Digital Storage board:

In conjunction with Horizontal Digital Storage IC
U5020, it creates the two waveform markers and the
update marker.

Controls the processor addresses assigned to digi-
tal storage — 7A, 7B, FA, and FB.

Creates the fast-retrace blanking pulse DSBLANK.

Takes control of the address lines to the display
RAM when the microprocessor accesses the digital
storage data.

To create the waveform marker, it monitors the hor-
izontal display bits, HD0-9, and the CURS and B—A sig-
nals. When these lines indicate the display has reached
a point that matches on of two points previously stored
in the IC by the microprocessor, the IC sets A INTEN-
SITY high, causing U5020 to repeatedly display the
same point until A INTENSITY goes low again (which it
does after a number of DS ENBL cycles previously
stored in the IC by the microprocessor).

The update marker is initiated by a comparator
detecting that the analog sweep and the display sweep
have crossed as explained elsewhere. U3020 detects
this event on the CSLFS line. If the VALID line is high
when this occurs, U3020 sets INTENSITY high, causing
U5020 to repeatedly display the same point until 15 DS
ENBL cycles have passed. Then INTENSITY goes low
again.

U3020 monitors HD9 to generate the DS BLANK
pulse. When HD9 goes from high to low and the CUR-
SOR line is low, U3020 sets DS BLANK high for one DS
ENABLE cycle.

When the microprocessor wants to read values from
or write data to the waveform memory, it first sends a
starting address to U3020. Circuitry on the Vertical
Digital Storage board (A61A1) controls the BUS GRANT
line which indicates when U3020 can actually access
the digital storage RAM without disturbing the display.
When BUS GRANT goes low, U3020 (instead of U5020)
drives HDO-9.

The Vertical Digital Storage board also generates an
INCR ADRS (Increment Address) pulse for each BUS
GRANT cycle. U3020 increments the address that it will
assert on HD0-9 by one for each INCR ADRS pulse.
The microprocessor loads an initial address and the
address register outputs are applied to tri-state buffers.
Then, the 10 bits of address from the counters are
buffered. Those signals are multiplexed onto the HD
(horizontal display) lines and R/W (read/write) line to the
memories. These buffers are enabled only during the
bus grant portion of the cycle for display of memory
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data.

At all other times, horizontal control circuit U5020
outputs control the HD lines to determine the memory
address for update of memory data.

U3020 controls and subdivides the addresses
assigned to digital storage. The Vertical Digital Storage
board responds to addresses 7A, 7B, and FA. The Hor-
izontal Digital Storage board responds to addresses 7A,
7B, FA, and FB. The DV (Data Valid) line (which clocks
data to or from the microprocessor from the instrument
data bus) goes to U3020, which sends a controlled ver-
sion of this line, VDV, to the Vertical Digital Storage
board. When the addresses on the Vertical Digital
Storage board are to be addressed, this line is active
and none of the addresses on the Horizontal Digital
Storage board are affected. When the addresses on
the Horizontal board are to be accessed, VDV is held
low by U3020 regardless of DV.

Address 7A on the Horizontal board is further subdi-
vided into 7A.0 through 7A.7 by three bits of 7B on the
Horizontal Digital Storage board. Access to these
addresses is passed between the two boards by U3020.
Reading from address FB will give access to the Hor-
izontal board regardless of which previously had
access. Sending the bits to 7B on the Horizontal board
to access 7A.6 (DB6—4= 110) will pass access to the
Vertical board. Sending DB6,5=11 to 7A.5 of the Hor-
izontal board will also pass access to the Vertical
board. Sending DB6,5=10 to 7A.5 of the Horizontal
board will pass access to the Vertical board, but only
for one DV cycle.

Tracking Digital-to-Analog Converter. The 10-bit
digital-to-analog converter operates as part of the loop
that acquires a binary equivalent of the SWP (sweep)
input signal from the Sweep board. Converter U4040
accepts the output from the 10-bit up/down counter of
U5020 and converts that output to an analog current.
The analog current is then subtracted from the SWP
signal (which is applied at edge connector pin 60
through buffer U6060B). The result of this subtraction is
supplied to up and down comparators in U3050. This
creates the UP or DOWN signal, as appropriate, to con-
trol the count direction of the 10-bit up/down counter in
U5020. The counter then counts in the appropriate
direction, which changes the digital-to-analog converter
output to reflect the proper value.

Update Marker Circuits. These circuits create a cur-
sor to show the present update location while a digital
storage display refreshes. The cursor is made by stop-
ping the sweep for a short period, allowing the crt phos-
phors to brighten at that spot. This occurs at each of



the 500 digital storage sweep positions. The resulting
display appears as a bright dot sweeping across the
crt, rising and falling with the signal.

The basic circuits consist of a set of latches, a
digital-to-analog converter, a comparator, a pulse gen-
erator, and control circuitry. The Horizontal Display (HD)
data represents the digital equivalent of the present
update position. The latches capture the data, and the
digital-to-analog converter (dac) converts it, creating
the analog horizontal deflection signal. When the
sweep voltage reaches the dac level, the sweep stops
for a longer period of time, and therefore the crt is
brighter, than at other sweep positions. On the next
sweep, the HD data increments to the next position,
moving the cursor along the sweep.

The DSPL EN (Display Enable) signal clocks the HD
(Horizontal Data) signals into latches U1020 and U2030.
The latch outputs drive U2020, a 10-bit digital-to-analog
converter. The converter's output current drives opera-
tional amplifier U6060A, producing a voltage called
HORIZ SIG. When a digital storage signal is displayed,
HORIZ SIG drives the horizontal Deflection Ampilifier.

Also, U4060 compares HORIZ SIG to the sweep vol-
tage from UB060B. The comparator output drives the
"Update Intensity" input on the Marker IC, U3020. The
Marker IC generates a 16-unit pulse, clocked by DSPL
EN. The rising edge of U3020's output pulse produces
the INTENSITY signal that temporarily prevents count-
ing by the 9-bit display counter in U5020. This
effectively stops the beam for a short time and causes a
bright spot (cursor) on the trace to indicate the horizon-
tal point being updated.

Fast Retrace Blanking. Between the display of the
B memory contents and display of the A memory con-
tents, a fast retrace occurs. This retrace, unlike the one
that follows the A memory display (cursor), is not
required to be seen and is blanked. This is accom-
plished by blanking control flip-flop U1014B, which is
controlled by the most significant bit of the memory
address and the DSPL EN signal during a marker cycle.

Memories. Integrated circuits U1026 and U2026 pro-
vide 8k bits of random access memory for storage of
the 1000 data points used in the digital storage system.
Addressing during bus transfer of memory data is con-
trolied by address tri-state buffers U1023 and U1016
and by horizontal control IC U2035 during memory
update.
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DEFLECTION AMPLIFIERS (Diagram 27)

Refer to the block diagram adjacent to Diagram 27
as well as the schematic diagram. The Deflection
Ampilifier receives vertical signal information from the
vertical section of Digital Storage or the Video Proces-
sor, and horizontal or sweep voltage from the horizontal
section of Digital Storage or the Sweep board. Readout
data for the display comes from the Crt Readout cir-
cuits. The output of the Deflection Amplifier drives the
crt deflection plates. The amplifiers contain the switch-
ing circuits necessary to perform the selection functions
and they also contain the amplifier stages needed to
produce the deflection plate drive signals.

Horizontal Section

Signal lines HORIZONTAL SIGNAL (from the digital
storage circuits through edge connector pin 49) and
SWEEP (from the Sweep circuit through edge connector
pin 51) are applied to switch IC U7055A. U7055, under
control of the STORAGE OFF signal (from the digital
storage circuits through edge connector pin 7), selects
either the HORIZONTAL SIGNAL or SWEEP input. The
SWEEP signal is selected when the STORAGE OFF line
is floating or pulled high. The HORIZONTAL SIGNAL is
selected when the line is pulled low. Resistive divider
R7051 and R7081 reduces the selected signal from
1 V/div to 0.5 V/div. U7073 buffers the selected signal.
It goes out to the HORIZ OUT rear-panel connector via
edge connector pin 48. U7073 applies the signal to
switch U7055B. The HORIZ R/O signal, from the Crt
Readout circuits, is also applied to U7055B. The R/O
OFF signal, from the Crt Readout circuits selects
between these two signals. When R/O OFF is floating
or pulled high, the switch transmits the signal from
buffer U7073 to the shaper. When the line is pulled low,
it selects the HORIZONTAL R/O signal.

U7055B applies the signal to a shaper network to
compensate for non-linearity in the crt deflection
characteristics. This network consists of resistors
R5059, R5058, R5057, R5062, R4061, and R4059, plus
diodes CR4052, CR4051, CR4058, and CR4056. The
HORIZONTAL POSITION voltage, from the front panel
via edge connector pin 47, through resistor R6032, is
applied to the shaper circuit so the shape correction
factor relates to the crt deflection.

The shaped signal is then applied through
preamplifier U2060 to the deflection amplifier circuits.
Horiz Gain adjustment R1055, calibrates the amount of
gain compensation required for proper deflection sensi-
tivity.

The horizontal deflection amplifier consists of two
circuits similar to each other, one for each horizontal
deflection plate. One circuit is an inverting amplifier, the
other operates in-phase. Inputs to Q4038A of the invert-
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ing side are through the parallel combination of resis-
tors R4049 and R4048 and capacitor C4057. The series
connection of resistor R4048 and variable capacitor
C4057 provides high-frequency response compensation.
Capacitor C2047 controls high-frequency feedback.

Input to the non-inverting side is through resistor
R5029 to the base of Q4025A. R4019 and R5035 set
the dc level for the feedback loop to the base of
Q4025B. Variable capacitor C5021 provides adjustment
to set transient gain. High-frequency feedback is con-
trolled by capacitor C3021.

Gain of each amplifier section is approximately 20.
(Horizontal deflection sensitivity of the crt is approxi-
mately 21.83 V/div per side.) Each section is single-
ended and incorporates a gain- degenerated dual PNP
transistor at the input side (for temperature compensa-
tion) connected as a differential amplifier. For example,
Q4038B of the right deflection amplifier drives emitter
follower Q4047.

Signals with a low rate of change drive the output
transistor through R5037 and P3033. As the rate of rise
increases, the drop across R5037 increases and when
it reaches 0.6 V, either Q4035 or Q4042 are biased on.
These transistors provide the high current drive for the
output transistors. When the signal rate of change is
low, Q1043 drives the crt deflection plate and Q1049
provides bias current for the amplifier. As the rate of
rise increases, C3039 couples the signal to the base of
Q1049, Q1049 provides the positive drive to the
deflection plate, and Q1043 provides the negative drive.
Each output transistor can provide a 200 V excursion in
approximately 1 us.

The horizontal amplifiers operate with approximately
1 mA of bias current in the output stage, as set by the
current through resistor R3031, R1052, and R1049 at
the base and emitter of Q1049. Current through resis-
tor R3031 also provides the current for the input stage,
Q4038A/Q4038B. Emitter follower Q4047, operates at
approximately 2.5 mA. Resistors R1045 and R1034, in
the emitter circuit of Q1049 and Q1043, degenerate the
output stage for fast steps. Current from the —15V
source through resistor R4033, sets the output operat-
ing level. Feedback resistor R3045 sets this output level
at approximately 142 V.

Operation of the right-hand (inverting) section is
basically the same as the left-hand (non-inverting) sec-
tion.

Vertical Section

VIDEO FILTER OUT, from the Video Processor, and
VERTICAL SIGNAL, from the Digital Storage, are routed
through switch IC UB055A, under control of the
STORAGE OFF signal from the Digital Storage board.
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Note that the VIDEO FILTER OUT signal is buffered by
IC U7065 to prevent a change in load transients from
affecting the signal level. A high on the STORAGE OFF
line selects the buffered VIDEO FILTER QUT signal, and
a low selects the VERTICAL SIGNAL. U6065 inverts
the selected signal and clamps it to ground. Both the
VIDEO FILTER OUT and the VERTICAL SIGNAL are
specified at 0.5 V/div with 0 V for the baseline and posi-
tive voltages above the baseline.

The signal is re-inverted and offset by buffer U6073
so center screen represents 0 V. Buffer U073 supplies
a sample of this centered signal to the rear-panel VERT
OUT connector via edge connector pin 46. The output
of UB073 is also applied through switch U6055B, when
the R/O OFF line is high, to the vertical shaper circuit.
When R/O OFF line is low, the VERTICAL R/O signal is
applied to the shaper.

The vertica!l section shaper (R4062, R4065, R4067,
R4069, R4064, and CR4063, CR4064, plus the
preamplifier U2062) operates the same as the horizontal
section. Q4078 limits positive excursions to approxi-
mately one division above the top of the screen to pro-
tect the output stages from being overdriven.

The vertical output stages are similar to the horizon-
tal stages, with the exception of higher bias current.
Current flow of approximately 1 mA, through resistors
R3089 and R3098, produces approximately 5 mA in the
output stages. To correct for the increased current in
the dual input stage transistors, Q4083 and Q4101,
resistors R5081 and R5099 are lower value than their
counterparts R5041 and R5027 in the horizontal
amplifier.

U6024 compares the signal level from the baseline
clamp, U6065, with a reference level set by divider
R7032/R7034. This produces the CLIP signal for the
Z-Axis interface circuits. When the VIDEO FILTER OUT
signal is more negative than the reference level
(approximately 1 division above baseline), it pulls the
CLIP line low. R7021 pulls the CLIP line high if the sig-
nal is more positive than the reference level.

Z-AXIS AND RF INTERFACE
(DIAGRAM 28)

The Z-Axis and RF Interface board contains the RF
interface circuits, crt Z-axis drive circuits, power moni-
tor circuits, and a timer that measures operational
hours. This board provides beam intensity (nominally
from the front panel), baseline clipping, and unblanking
logic for the signals or readout data. Unblanking logic
comes from the Sweep board, the Crt Readout, the
Deflection Amplifiers, and the Digital Storage. The RF
Interface circuits receive data from the microcomputer
that controls the RF Attenuation, and IF selection. A
power fail circuit on the board detects any change in



input power frequency or power supply voltage and
notifies the microcomputer. An elapsed time meter is
also located on the board to give a indication of total
instrument operating time.

RF Interface Circuits

The RF interface includes the digital control circuits
that receive the address and instruction data from the
microcomputer and decode it to control the RF Attenua-
tor, and IF selection. The power supplies that are
required to drive the attenuator and switches are also
included.

Digital Control. Address decoder U2045 latches the
data at the input of U3046 whenever the microcomputer
selects address 4F. Table 7-7 lists the purpose of each
data line from the buffer.

Table 7-7
RF INTERFACE LINES

Purpose

Enables 10 dB attenuator

No connection

Enables 30 dB attenuator

Enables current drivers Q2025 and Q3028
Enables transfer switch driver

Selects 829 MHz [F (high state) or 2072
MHz IF (low state)

Enables 20 dB attenuator

Enables baseline clipping

When Q4 of U3046 goes low, Q2025 and Q3028
conduct. This raises the Vcc of attenuator drivers
U3034, U3029, and U3038 to +16 V for approximately
100 ms to energize the attenuator solenoids. A diode
protects each attenuator driver output line from the
inductive voltage surge that occurs when the solenoids
change state.

Transfer Switch. In Option 07 instruments, operation
of the Transfer Switch is dependent on the output of
Q3025/Q3024. The Q5 output of U3046 is applied to
the input of operational amplifier U4023, which drives
differential amplifier Q2025/Q3024. When Q5 goes
high, Q3025 is biased on and the Transfer Switch
selects the 75 Q input. When Q5 goes low, Q3024 is
biased on, and the internal mixer is selected. Diodes
CR3018 and CR3017 protect the transistors from vol-
tage spikes induced when the Transfer Switch changes
state.

Z-Axis Circuits
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The Z-Axis circuits provide the drive currents and
bias voltage to operate the crt. They consist of the
intensity control logic circuits, which control the crt
beam current for normal signal display operations, and
the unblanking gates, which furnish current to the Z-
Axis drive amplifier to drive the crt control grid.

Z-Axis Drive Amplifier. The Z-Axis Drive Amplifier is
an operational amplifier that consists of transistors
Q3047, Q4058, and Q4059, and related components.
R1050 is the input resistance for the amplifier, and
R2066 is the feedback resistor. The output is clamped
by diodes CR3059 and CR3066 to protect the amplifier
from transient surges in case of crt arcing. The
amplifier is driven by two sources, exciusive of each
other; U2038B/Q2042 drives the amplifier during
readout display periods, and U2038A/Q2044 drives the
amplifier during sweep display periods. U2039 is an
AND-NOR gate that provides the logic to one input of
NAND gate U2038A to turn Q2044 on or off. The R/O
OFF line and the output of U2039 must both be high for
U2038A to furnish current to Q2044. Table 7-8 lists the
conditions under which U2039 will output a high to
U2038A.

Table 7-8
U2039 TRUTH TABLE

Signal Condition

U3046 output (lineQ8) [ 000111000
CLIP 000000111

Z-Axis Blank
Storage Off
SWP GATE
U2034, pin 10

Only the combinations shown in Table 7-8 plus a
high on the R/O OFF line will gate a low out of U2038A.
When the U2038A output is low, emitter current is fur-
nished to Q2044, which in turn furnishes current
through R2051 (the input resistance of the Z-Axis drive
amplifier) to Q3047. U2034B is a single-shot multivibra-
tor that produces a 3 micros pulse to blank the crt
beam during trace return, between readout and signal
display.

The other source of input current to the Z-Axis drive
amplifier is Q2042. This transistor is turned on by
U2038B when R/O UNBLANK is high and R/O OFF is
low.

Q1028 is the ~current source for divider
R1030/R1025 that establishes the operating point for
Q2042 and Q2044, which sets the intensity level.
Diodes CR1045 and CR1043, connected from the base
of Q2042 and Q2044 to the emitter of Q2022, limit the
display intensity. These diodes prevent the bases from
going more positive than approximately 0.6 V above the
emitter voltage of Q2022. This circuit, which includes
Int Limit adjustment R1027, sets the maximum current
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for both Q2042 and Q2055.

Transistors Q1017 and Q1015 provide current for
the trace rotation coil. Trace Rotation adjustment
R1021 sets the current so the displayed trace is aligned
with the graticule.

Power-Fail Detector

This circuit detects an instrument power failure and
transmits the information to the Processor and Memory
boards. The LINE TRIGGER signal from the Power
Supply board through edge connector pin 60 is supplied
to Q2011. Q2011 buffers the signal and applies it to the
input of retriggerable one-shot U2034A. U2034A per-
forms as a missing- pulse detector to generate a
power-fail signal through Q3011 to notify the Processor
and Memory boards if more than two 60 Hz cycles are
dropped. To avoid an undefined state, the output from
U2034A is latched low by U2051. Under normal operat-
ing conditions, the POWER-FAIL signal from Q3011 is
high.

Power-Supply Monitor

This circuit detects if one or more of the instrument
power supplies have failed. Each voltage supply in the
instrument is fed into thick film resistor network R3051,
which balances the currents to provide a null output
(approximately 1 Vdc). Any line change of more than
+25% drives the input to window comparator U3051
beyond its =200 mV threshold and generates a low out-
put. Q2059 and Q2067 drive the dual light emitting
diode DS1062 to provide visual indication of power-
supply status (green indicates normal operation and red
indicates a fault condition). The output of U3051 is also
fed to tri-state buffer U3052. After instrument power up
or if a failure is detected, the microprocessor will poll
address CF to determine power- supply status over the
data bus.

Timer

An electromechanical timer, M1019, is calibrated for
a duration of 5000 operating hours. The current
through R1015 and the timer causes the copper band to
progress along the scale.

HIGH-VOLTAGE SUPPLY (DIAGRAM 29)

The High-Voltage Supply furnishes the -3860 V crt
bias and 6.3Vac filament voltage to the crt cathode, and
provides dc restoration for the Z-AXIS DRIVE signal.
The supply consists of the following four main circuits:
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1. The high-voitage oscillator circuit produces the
crt filament voltage and the 200 Vac that is stepped
up and applied to the voltage doubler circuit.

2. The voltage doubler circuit rectifies and filters the
high voltage for application to the crt cathode.

3. The high-voltage regulator circuit samples the
high voltage and regulates the operation of the
high-voltage oscillator.

4, The Z-Axis clipper and rectifier circuits couple the
Z-AXIS DRIVE signal to the crt control grid.

High-Voltage Oscillator

This circuit consists of transistor Q1073,
transformer T2065, and associated components. The
approximately 200 Vac, oscillator output is coupled
across T2085, where it is stepped up for application to
the voltage doubler, and stepped down for application
to the crt filament.

Voltage Doubler

The voltage doubler consists of CR4041, CR4035,
C4027, C5021, C4024, R3038, and R1039. The output
of the doubler is taken off the anode of CR4035 and
applied to the crt cathode through the filter consisting of
R3038, R1039, and C4024. Reference voltage for the
regulator is also taken off the end of R1039. R1039
keeps the filament at the same potential as the cathode.

High-Voltage Regulator

This circuit consists of amplifier U4083 and sur-
rounding components. The high voltage is applied
through a voltage divider that consists of R1017B and
R1017C. This voltage divider is connected through
R1042 to +15 V. The sample of the high voltage at pin
U is applied through R4075 to the input of comparator
U4083. The correction signal, in the form of dc drive, is
applied as bias to Q1073 to set the oscillator current.

CR4078 and CR4077 at the input to U4083, protect
the input against excessive voltage excursions. The
high-voltage oscillator is protected by CR4071, R3079,
and R4074 in case the +100 V supply should fail. Nor-
mally, CR4071 is back biased. If the +100V is not
present, CR4071 conducts and clamps the input nega-
tive; the output of U4083 swings negative and Q1073
remains cut off. This circuit ensures that Q1073 will
begin to oscillate only after the 100 V supply reaches a
voltage sufficient to sustain oscillation. CR3077 (in the
regulator output circuit) protects the base of Q1073
from excessive negative voltage.



Z-Axis Clipper

This circuit consists of diodes CR1056 and CR1046,
plus associated components. The 225 Vac from pin 8
of T2065 is coupled through C1058 and R1048 to the
junction of CR1046 and CR1056. The regulator circuit,
that consists of VR1041, R2050, R2040, and Q2048
holds holds the cathode of CR1046 at approximately
+100 V to 143 V, depending on the setting of R2040.
CR1046 and CR1056 clip the incoming 225 Vac to a
total excursion of [Vcpioss cathode —Vz AXiS DRIVE
+1.2V). R2040 is adjusted to completely cut-off the crt
with Z-Axis DRIVE at minimum. The voltage that passes
the clipper circuit is coupled through C1031 to the Z-
Axis rectifier.

The clipped Z-AXIS DRIVE signal is rectified by
CR2044 and CR2046, which are the principle com-
ponents of the second section of the Z-Axis circuit.
The rectified voltage is then fed to the grid of the crt.
C1041 couples the fast changes of drive voltage to the
crt grid to speed up the response of the grid circuit.
The crt grid is protected from high-voltage arcs by
neons DS2052, DS2054, and DS2057. R1043 protects
CR2046 and CR2044, respectively, from high-voltage
surges if the crt should arc,

CRT READOUT (DIAGRAM 30)

The Crt Readout assembly stores readout charac-
ters and generates deflection and Z-Axis signals to
display those characters. It also handles the frequency
dot marker display. Both characters and frequency dot
displays are time-shared with the spectrum trace.

Generating Readout

Crt readout is handled by sequential logic, clocked
at 3.41MHz, supplied by the Processor board. The
readout circuitry (Figure 7-17) is composed of the fol-
lowing elements.

1. Readout On Timing — RAM for character
storage.

2. Character Counter — to access the RAM and
control the scan.

3. Character Generator — to unblank the crt beam.
4. D/A Converters — to deflect the crt beam.
5. Instrument Bus Interface — to store characters

and control the display. A more detailed block
drawing is provided adjacent to Diagram 30.
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Forty characters can be displayed per line, with up
to sixteen lines selected. Normally, up to three lines
are displayed while simultaneously displaying the spec-
trum. When over three lines are to be displayed, the
spectrum display is disabled to keep the readout
refresh rate above 60 Hz.

Readout-On/Off Timing. Characters are written one
at a time. This allows a portion of the spectrum to be
drawn between each character. The character duty
cycle is between 10% and 25% because it varies with
the character drawn. The time sharing between charac-
ter writing and spectrum display is pseudorandom to
reduce the effect of gaps in the spectrum display by
moving them on the trace.

The readout-off time is set to 140 us by one-shot
multivibrator U1055 (Figure 7-18). Flip-flop U1041B
asserts GEN RUNNING after U1055 times out, allowing
a character to be drawn. After a character is written,
ROW 0 COL 0 resets the flip-flop, which clocks off time
one-shot U1055. The ON control bit must have been
asserted by the microcomputer to get readout (as
described under Instrument Bus Interface later in this
section),

If BLANK (MSB of the character data) is not set, the
GEN RUNNING flip-flop unasserts R/O OFF through OR
gate U2044B; this switches the readout deflection sig-
nals for the deflection amplifier inputs (Diagram 27).
BLANK can be set by the microcomputer to load a
space into the character RAM so the readout does not
use time for the spectrum trace to scan a blank charac-
ter.

Character Scan. Although the 8678 character gen-
erator IC, U2048, is often used in raster scans, in this
application it is used to write complete characters, as
shown in Figure 7-19. A character is drawn as a pat-
tern of dots in an 8 x 8 matrix where the top row and
first three columns are blank. These blank dots allow
for beam retrace and spacing. The idle position
between characters is indicated on the figure.

Character counters synchronize the horizontal and
vertical scan with the Z-Axis signal from the character
generator IC to draw the character. These counters,
U2022, U2018, U2026, and U2014, divide by 8 for the
columns within a character (columns A, B, C), divide by
8 for the rows within a character (rows A, B, C), divide
by 40 for the characters within a line (characters A, B,
C, D, E, F), and divide by 16 for the lines within a
display. The counters are enabled only when the gen-
erator has contro! of the crt beam (GEN RUNNING line
asserted) and INCR (increment) is high (when INCR is
low, the crt beam is stopped to write a dot on the crt).
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Figure 7-17. Block diagram of crt readout.
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Figure 7-18. Character on/off timing.

The SKIP line from U2052 permits software control
of the allowable states of line counter U2014. By plac-
ing a one in this bit of a character, the line counter is
allowed to count up to the next state. This will continue
until a character is encountered with the skip bit set to
zero. This allows the addition of a third line to the nor-
mal two-line readout for status messages, by operating
with the circuit normally in the 16-line mode (all but the
bottom and top lines start with a readout character of
40 hex, which has the SKIP line set high). Thus, all but
the bottom and top lines are skipped. When large mes-
sages are to be displayed, the SKIP line is set low for
all characters and 16 lines are displayed.

The counters are wired to force the D/A converters
to step through the character horizontally, a row at a
time. At the same time, the pattern of dots is accessed
under the control of the timing decoder logic, U20398
and U2031. The AND gate and decoder combine to
control the character generator, U2048, which gen-
erates the correct pattern of blanking to draw the pat-
tern of dots for the character, U2048, the 8678 charac-
ter generator IC (Figure 7-20) contains a ROM with the
correct pattern of 64 bits for each of the 64 characters
in its repertoire. The bit patterns are accessed by a
decoder that operates on the ASCII code on the charac-
ter generator inputs. The pattern of bits is multiplexed,
one 8-bit line at a time, into a shift register that is
clocked out one bit at a time to contro! the crt Z-axis.
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Figure 7-19. Character scan.

Character Generator Timing. The character generator
timing lines are called DOT, LINE CLK, LE, and CLR.
Each cycle of DOT clocks one dot (bit) out of the shift
register. A positive transition on LINE CLK switches
the next line (row) of dots onto the shift register inputs;
the dots are latched by a negative transition on LE (load
enable), setting up the shift register to display another
row of dots. CLR resets the line counter to begin draw-
ing another character.

GEN RUNNING, INCR, and CRT CLK are combined
through AND gate U1037B to generate DOT to clock the
character generator, U2048. Inversion by the gate
restores the phase relationship of the DOT input and
the inverted LINE CLK. LE is gated by U2039B when
the character counter reaches column 2. This loads the
shift register with the next row of dots, which is
displayed starting at column 3. LINE CLK advances the
line (row) counter after the scan of the current row
begins to set up the next row of dots on the shift regis-
ter inputs; this occurs at column count 4. Decoder
U2031 outputs a ROW 1 COL 1 when the character
counter reaches row 1, column 1 (the first non-blank
row of dots scanned in each character). This is
asserted once during the scan of each character.

The sequence of events to scan a character is illus-
trated in the character timing diagram (Figure 7-21). At
1, the character generator finishes a character. Then,
when the counter advances, decoder U2031 asserts
ROW 0 COL 0, resetting the GEN RUNNING flip-flop,
U1041B, on the next clock. This stops the counter at
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row 0, column 1 (2 on the figure). When readout-off
time one-shot U1055 completes the time-out period, it
allows the GEN RUNNING flip-flop to be set. Just
before the scan enters the actual character clock area
(at 6), CLR resets the character generator line counter
(at 5). LE (at 5a) loads one row of dots into the output
shift register so that the first dot is output at 6. The
break (7 on the figure) indicates that the scan continues.
After the character is scanned, the scan returns to the
idle state; 8 and 9 correspond to 1 and 2 on the timing
figure.

Dot Delay. Each bit shifted out of the character genera-
tor is the value of a dot in the 5 x 7 character matrix; 0
for a blank and 1 for a dot that is to be written. As the
scan progresses at 3.4133 MHz, a faint character
display might be expected. To brighten the dots that
are written, a shift register is used as a delay element
so that dots are displayed and counters disabled for 3
clock cycles.

Assume that no dots have been displayed for
several dot clock cycles, so the output of the character
generator, pin 11 of U2048, is low. Thus, U1020B out-
put is high, and the outputs of the delay shift register
U1025C and U1020B are low. When a dot is displayed,
the character generator output (pin 11 of U2048) goes
high. This causes INCR to go low and disable the
counters. It also causes the input to the delay shift
register, pin 11 of U1020B, to go high. On the next
clock pulse, U1020A output follows INCR and goes low.
The shift register clocks the one in, and the unblank
flip-flop, U1016B, goes high, turning the crt beam on.
This is the only "1" it will clock in, because the output of
U1020A is now fow. The circuit is now in a lock-up
state with the counters disabled. Two more clock
cycles will go by until the "1" in the shift register is
clocked out, allowing the output of U1033C to go high.
A high on the output of U1033C starts the counters
again and resets unblank flip-flop U1041A.
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Figure 7-20. Character generator block diagram.
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Figure 7-21. Character timing diagram.

Instrument Bus Interface addressed port to latch the data on the instrument bus.

The microcomputer controls the crt readout and fre-
quency marker dot over the instrument bus through the
following ports. Control Port. Control address port U3034 turns the
readout on or off, steers data sent to the address/data
Port Hex Address port, controls the mode of the frequency marker dot,
Control/Address SF and contains two bits of the RAM address. The bits are
Address/Data 2F defined in Table 7-10. Bit numbering on the instrument
bus starts at zero. However, the D and Q pins of
U3034 (and some other ICs) are numbered starting at
one, following the manufacturers data.

Deacoder U3051 asserts 5F when it sees a value of 5
on the upper four bits of the instrument bus address
lines, and 2F when it sees a value of 2. The decoder
must be enabled by DATA VALID high on the instrument
bus. The false transition of DATA VALID causes the

Bit 0 turns the crt readout display on (1) or off (0).
When set, this bit releases CLEAR from the GEN RUN-
NING flip-flop and allows the off timer, U1055, to set
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U1041B. Also, when the ON/OFF line goes high, it
enables the INCR gate, U1037C, to steer the position
counter onto the character RAM address inputs through
line driver U3042 and multiplexers U1050 and U1046.
When cleared, this bit places an address, latched in
U3038 and U3034, on the character RAM address
inputs.

Bit 1 interprets data sent to the address/data port
as an address (1) or data (0) for the character RAM.
Setting this bit disables the character RAM for input and
sets up the clock signal to latch the address.

When this bit is set, Q8 of U3034 gates a high on
the output of U2044A. This high prevents input to the
character RAMs, U2057 and U2052, by setting its R/W
input high. This high also disconnects the instrument
bus from the character RAM data inputs by disabling
U3047; meanwhile, U2037A is enabled to gate the clock
signal that latches the address. The positive clock tran-
sition is applied to U3038 when DATA VALID goes false
at the end of a write cycle to the address/data port,
releasing 2F.

When this bit is cleared and 2F is asserted, U2044A
enables the character RAM for input and passes the
data through U3047.

Table 7-9
CONTROL PORT

Function

Readout on/off
Address/data

A9 of RAM address

Max Span dot

A8 of RAM address

16 line mode

40 characters/line
Spectrum display available

0
1
2
3
4
5
6
7

Bit 2 is the MSB of the RAM address.

Bit 3 controls the frequency dot marker. This bit is
set in the MAX SPAN mode to position the frequency
dot with MAX DOT CONTROL from the Sweep board.
When cleared, this bit centers the frequency dot on the
spectrum display.

Bit 4 is the A8 address line for the character RAMs.

Bit 5 is the select for 16 lines mode.

Bit 6 selects the 40 character/line mode.

Bit 7 enables the clipped display with the spectrum.
When high, U1055 is enabled and causes 140 micros

periods to occur between characters when the spec-
trum is disabled. When low, U1055 is disabled, R/O
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OFF is forced low to disable the spectrum display, and
W1028E forces the current boost addition to be dis-
abled. Also, U1016 is disabled so that the marker dot
is not displayed.

Address/Data Port. The microcomputer loads char-
acters for crt display through the address/data port.
Each character requires the following four write cycles.

1. Bit 2 in the control port is set for an address
transfer, and the upper 2 bits of the RAM address
(AB, A9) are sent.

2. The lower 8 bits of the address in the character
RAM are sent to the address/data port.

3. Bit 2 in the control port is cleared.

4. The data is sent to the address/data port. The
bits are defined in Table 7-10. Bits 0-5 are the
lower six bits of the character RAM address or are
the ASCIl code for the character.

Table 7-10
ADDRESS/DATA PORT

Function

Address of ASCIl code

Skip bit
Blank character

Bit 6 causes the line counter, U2014, to skip a line,
if set.

Bit 7 is used to reduce overhead readout display. it
is set when a space is transferred to the character
RAM, so the readout does not steal time from the spec-
trum trace to scan a blank. When set, this bit prevents
the GEN RUNNING flip-flop from gating R/O OFF low
through U2044B.

Frequency Dot Marker

The frequency dot marker is refreshed immediately
after the last character position in the lower readout is
scanned. Normally, the marker is centered on the
screen just below the upper readout as a pointer for the
center frequency readout. When MAX SPAN is
selected, however, the dot marker moves to a point on
the display that corresponds to the center frequency
value.

The negative transition of line D triggers the marker

generator. A simplified diagram of the circuit and its
timing is shown in Figure 7-22
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U1016A delays the marker dot to allow retrace while
gating DOT INV low to set up the display. DOT INV
affects the readout deflection outputs in the following
ways.

1. The horizontal output is connected either to
ground, for a center-screen dot, or MAX DOT CON-
TROL, for a max span pointer. MAX DOT CON-
TROL is proportional to the center-frequency
readout offset from the center of the frequency
range.

2. The U1025B output goes low during the dot inter-
val to cause Q3018 to insert an offset current into
the vertical output, to shift the dot position down on
the screen.

3. R/O OFF is gated low to switch the deflection
amplifier inputs from the Trace Mode to the Readout
Mode, using the marker dot horizontal and vertical
signals.

When the retrace one-shot times out after about
5.9 us, it's Q line triggers the unblanking one-shot
U1016B, which sets R/O UNBLANK high for 5 us, via
DISPLAY MKR DOT through U1037A. This refreshes
the dot. DISPLAY MKR DOT aiso holds DOT INTVL low
through CR1013, until the dot marker is drawn. R1015
and C1011 slow the rise of DOT INTVL to prevent a
spurious signal through the "diode AND" gate.
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Figure 7-22. Frequency dot marker simplified diagram with timing waveforms.
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FREQUENCY CONTROL SECTION (Diagram 7)

The Frequency Control section performs the tuning
and scan function for the Preselector, 1st LO, and 2nd
LO. It also provides the sweep voltage for the
deflection amplifiers in the Display section so the crt
display is coincident with the frequency scan and tun-
ing. This section contains the following major circuits.

Sweep

Circuits on the Sweep board accept trigger inputs
from line, internal and external sources, and the normai
free-run mode of operation. They also receive external
horizontal and manual sweep inputs. The circuits pro-
duce a PEN LIFT signal for chart recorder applications,
a SWEEP GATE signal for crt display blanking, a
SWEEP signal to drive the crt beam across the horizon-
tal axis and drive the horizontal portion of the digital
storage circuit, plus a ramp (OSC SWEEP) that is fed
through the Span Attenuator to the Preselector Driver,
the 1st LO Driver, and the 2nd LO.

Span Attenuator

This circuit attenuates the ramp signal as required,
to sweep the frequency of the 1st and 2nd local osciila-
tors, and tune the Preselector so it tracks the center
frequency.

Center Frequency Control

The Center Frequency Control circuit provides a tun-
ing voltage for the 1st and 2nd Local Oscillator circuits
that results in a linear center frequency change as the
front panel FREQUENCY control is changed. The cir-
cuit is directly controlled by the microcomputer, so
remote control of the frequency is possible, by way of
the GPIB rear-panel connector. The COARSE TUNE
VOLTS signal from this circuit is applied to the 1st LO
Driver circuits for summing with the SPAN signal to
drive the 1st LO. The FINE TUNE VOLTS signal is
applied to the Preselector Driver for summing with the
IF Offset voltages, and to the 2182 MHz Phase Locked
2nd LO circuit for summing with the 2nd LO SWEEP
signal.

1st LO Driver
The 1st LO Driver performs the foliowing:
® Combines the COARSE TUNE VOLTS signal with

the SPAN signal and outputs a current to drive the
1st LO.
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® Produces the tuning and sweeping signal for the
Preselector Driver circuits.

® Produces the mixer bias voltages.

® Produces a reference voltage that is used in both
the 1st LO Driver circuit and the Preselector driver.

® Produces a supply voltage for the 1st LO.

Preselector Driver (Option 01 only)

The Preselector Driver combines the FINE TUNE
VOLTS signal, from the Center Frequency Control board
with the PRESELECTOR DRIVE signal and the SPAN
VOLTS signal from the 1st LO Driver. This combined
signal is offset, to compensate for the selected 1st IF,
then shaped so the Preselector tracks with the 1st or
2nd LO as it is tuned by the output current. The
Preselector Driver also drives the Filter Select switch
that selects either the Preselector or the Low-pass
Filter, depending on the frequency band selected. This
circuit is only installed in instruments with the preselec-
tor (Option 01).

SWEEP (Diagram 31)

The circuits on the Sweep board (A72) provide the
ramp voltage that drives the horizontal deflection
amplifier, the 1st LO Driver and the Option 01 Preselec-
tor Driver, the 2nd LO, and a voltage used to align the
frequency control system with the digital storage
marker positions. The sweep board also provides sig-
nals for the Z-Axis circuitry, an external plotter pen, and
digital storage.

The major circuits on the Sweep board are:
® Sweep Generator
® Trigger Circuits
® Sweep Control
e Digital Control
® Marker DAC
The sweep generator generates the voltage ramp
that drives the Deflection Amplifiers, Digital Storage,

Option 01 Preselector, and the swept oscillators.

The trigger circuits process and multiplex the three
trigger signals.



The sweep control circuit generates the SWEEP
GATE and PEN LIFT signals and determines the holdoff
time for the sweep generator.

The digital control circuits receive and decode the
address and instructions from the microcomputer,
select the sweep rate, holdoff time, trigger source,
sweep mode, control marker dac, and control interrupts
to the microcomputer,

The Marker DAC provides a dc level corresponding
to the marker sweep position.

The Sweep board analog section consists of the
ramp or sweep generator plus its output buffers that
drive the deflection amplifiers, the oscillators, digital
storage, Z axis, and the trigger circuits. The sweep and
trigger circuits are digitally controlled.

Digital Control

Three instrument bus addresses are associated with
the sweep board. Addresses OF and 1F are write
addresses and 9F is a read address. Two bits at
address 1F subdivide address OF into four subad-
dresses.

Bus decoder U4030 outputs lows for addresses OF,
1F, and 9F. U4020 buffers the instrument bus data bits.
U1027 is used as a 6-bit register to hold data at
address 1F. Data bits 6 and 7 go to U1030 which
decodes which of U1035, U2030, U1045, and U1040 are
activated at address OF by U4030. These registers
store the microcomputers latest commands (except for
the trigger single sweep and the abort sweep com-
mands, which are not stored) and they control most of
the operation of the sweep board.

Commands that can be written are:

® Sweep start for single sweep mode (bit 3 of 1F
high).

® Single sweep operation (bit 0 of OF.0 high).

® Sweep rate selection (bits 0-4 of OF.1, see
Table 7-11).
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TABLE 7-11
SWEEP RATE SELECTION CODES

o
E -
O
L4
Q
N
0
-
o
o

Sweep Rate

20 us/div
50

100

200

500

10
Manual
External

O—1 0001241000022 —2000—--a-
L4200 -H00-200-L00—-00—-0O0=
~ 4020000 -H00-00=-00=-0
L~ L0000 00O0O0O0O0OO - - amdaa
B e = R R X =R = T S

Commands written to address 1F control the
triggers and sweep holdoff time. These commands are
as follows:

® Abort sweep (bit 0 of 1F goes high).
® [gnore input trigger signals (bit 1 of 1F high).

® Disable sweep gate and blank non-store display (bit
2 of 1F high).

® Trigger mode (controlied by bits 3 & 4 of OF.0, see
Table 7-12).

® Sweep holdoff time (bits 5 & 6 of OF.0, see
Table 7-13).

® Interrupt at end of sweep (Data Bus bit 4 goes low
when the microprocessor does a POLL after it
detects the interrupt, bit 1 of OF.0 enables the end
of sweep interrupt).
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Table 7-12
TRIGGER SELECTION MODES

Trigger Mode

Free run
Internal
External
Line

Table 7-13
SWEEP HOLDOFF SELECTION

Sweep Holdoff
Short

Medium
Long

The Interrupt and Service Request circuit generates
the instrument bus interrupts and responds to the sub-
sequent poll routine from the microcomputer. The
Sweep board causes an interrupt when an EOS (end-
of-sweep) occurrs. When an EOS occurs, and provided
the EOS Interrupt Enable bit is high, flip-flop U1010A is
clocked and its Q(bar) goes low. This produces a high
out of U1020B which turns Q4032 on to pull the instru-
ment bus line SER REQ (service request) low and
forces an interrupt.

The microcomputer response to an interrupt is with
a poll routine. It first writes FF to the instrument
address bus. The Sweep board address decoders nor-
mally respond only to addresses OF, 1F, and 9F, but the
interrupt circuit detects when bit 7 of the address bus
(AB7) goes high. The microcomputer raises the POLL
line and reads the instrument data bus. The output of
U2010A goes low. This, anded with the low out of
U1010A, generates a high to turn Q3020 on and pull bit
DB4 of the instrument bus low. When the microcom-
puter reads a low on bit DB4 it lowers the POLL line
and writes 7F on the instrument bus. Again, none of
the other decoders respond. However, bit 7 (AB7) of the
address is pulled low. The microcomputer now writes a
word to the data bus with all bits except bit DB4 high.
This acknowledges the interrupt. The microcomputer
now raises the POLL line again and since both inputs to
U2010B are high, the output of the gate goes low. The
POLL line is then pulled low and the low-to-high transi-
tion clocks the low on the D input of U1010B through to
reset U1010A. Its Q output then sets U1010B. Q4032
is cut off, the interrupt is removed, and the circuit is
now ready for another EOS.
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Sweep Generator

The sweep generator is an integrator circuit consist-
ing of operational amplifier U1055 with one fixed and
two switchable capacitors in the feedback circuit. Fixed
capacitor C1061 is used for the faster sweep rates.
The other two capacitors, C1065 or C1062, are added
to change the time constant when either Q2068 or
Q2064 are switched on by comparators U1060A or
U2050A. These comparators are driven by register
U2030, which interfaces to the instrument bus. For
manual sweep operation, Q2060 is turned on and the
integrator becomes an amplifier.

Multiplexer U3060 connects timing resistors
between a —12 volt reference, out of U3050B, and the
input to integrator U2060. Data bits D2, D3, and D4 of
address OF.1 drive the select inputs of the multiplexer.
The voltage reference of —10 volts out of U4055 is
boosted to —12 volts by U3050B. A voltage divider sets
the non-inverting input of U1055 to —8 volts. Therefore,
there is about 4 volts difference across the timing resis-
tors. The timing current through the resistors varies
over two decades such that 1/l is proportional to a 2-5-
10 sequence.

Switching in feedback capacitors C1065 and C2060
each changes the sweep rate by a factor of 100 times.
Sweep Accuracy adjustment, R1062, compensates for
differences in timing voltage or timing circuit values.
The timing capacitors are matched so that one adjust-
ment compensates for small variations in each set.

Trigger Circuits

The sweep circuit can be triggered by an externally
applied signal, the internal video filter signal, or from
the power line. Each trigger signal is converted to TTL
level and then applied to trigger multiplexer U2026, part
of the trigger control circuit. The trigger control circuit
selects the desired triggering signal and triggering
mode or rejects the trigger to let the sweep circuit free
run, be manually controlled, or let the external sweep
mode be used.

An external trigger signal applied to the external
HORIZ/TRIG connector is converted to TTL level by
Q2030. CR2030 limits any voltage surges that may be
on the line. Line trigger signals, from the power supply,
are applied through comparator U3025A to the multi-
plexer. Video Filter Out signals from the Video Proces-
sor board are buffered by Q4037 and converted to TTL
level by Q3030. Both the external and video trigger sig-
nals are applied to multiplexer U2026 through Schmitt
trigger inverters in U1015C,

Under control of the data (D2 and D3) from register
U1035 (at extended address O of address OF), the multi-
plexer selects the trigger signal and passes it to flip-flop



U1016B. After retrace and holdoff time, U1016B aliows
a trigger to pass through U2026 and U2020C to reset
the Sweep State Control flip-flop U1025. When U1025
is reset the integrator starts a new sweep.

Sweep Output Circuits

The sweep ramp from the integrator is applied
through buffer amplifiers, U3045 and U4050, and a bus
on the Mother board to the Deflection Amplifiers, Span
Attenuator, and Digital Storage board. The sweep out of
U3045 is an 11 volt peak-to-peak ramp centered around
0 volt. The sweep out of U4050 is a 22 volt peak-to-
peak ramp for the oscillators.

The sweep signal also drives pen-lift comparator
U3010A and the end-of-sweep comparator U3010B.
The threshold for the pen-lift comparator is +7.4 volts.
The threshold for the end-of-sweep comparator is +8
volts. The sweep ramp, from the integrator, starts at
—8 volts and rises towards +8 volts. When the signal
reaches +7.4 volts, the pen lift comparator toggles.
This output is gated through U3015B and the pen lift
signal goes high. When the sweep ramp reaches +8
volt, the end-of-sweep comparator, U3010B, toggles.
The resultant low output is applied through U1015A to
become the EOS (end-of-sweep) signal.

Marker DAC

The Marker DAC circuit provides a dc level
corresponding to the marker sweep position. This
occurs during retrace, allowing oscillators to operate
long enough for the counter to get an accurate reading
of the marker position. The processor loads tweive
bits to Marker DAC U1047. This dc level replaces the
sweep ramp during the during the retrace time when the
sweep is inactive. The Marker circuits on the Horizontal
Digital Storage board reads the dc voltage and recon-
verts to digital to feed the processor. The processor
compares these bits to the location of the marker in
digital storage and adjusts the Marker DAC bits until the
digitized voltage matches the marker position.

U1047 is a 12-bit DAC. The 12 bits come from
registers U1040 and U1045, the address OF second and
third extended address registers. The DAC produces a
current output, which U2040 converts to a voltage.
U2045 sums an offset voltage, giving a voltage range of
about +9 volts. This voltage range is greater than the
range of the sweep ramp. This fact, and the DAC hav-
ing twelve bits guarantee that there will be a twelve bit
number for the DAC for each of the 1000 digital storage
points.

Theory of Operation — 2754/2754P Service, Vol. 1

Sweep Control

U1025A is the Sweep State Control flip-flop. When
reset, the high at the Q(bar) output turns off FET Q1062
and allows the integrator capacitors to charge. When
the Sweep State Control flip-flop is set, by a low on pin
4, its Q(bar) goes low. This switches the output of com-
parator U1060B so its output turns Q1062 on and
discharges the timing capacitors. The Q(bar) output of
U1025A connects to pin 5 of U1017A so this low
switches the output pin 6 to its high impedance state
(its output is open collector). The Q output of U1025A is
high. Both U1016A and U1016B where previously set
when the Q output was low. This starts the holdoif
cycle or retrace time which is described in detail further
on.

The Sweep State Control flip-flop U1025A, is set by
a low out of NOR gate U2020A when either the EOS
(end-of-sweep) or the ABORT SWEEP lines go high.
ABORT SWEEP is generated when a 1 is written to DO
at address 1F. The Sweep Control flip-flop is reset by
either a trigger signal from muitiplexer U2026 or a high
on the MNL or EXT SWP line. The microcomputer
writes to bits D2 and D3 at subaddress 1 of address OF
for the manual or external sweep mode.

Trigger Control

A sweep is initiated by the microcomputer, in single
sweep or manual mode as noted above, or by one of
three trigger signals selected by the multiplexer U2026.
Data bits D2 and D3 at address OF.0 select the input
trigger signals and route them to the clock input of
U1016B. During sweep time the flip-flop U1016B is set
by a low on the Q output of U1025A.

The high on the Q(bar) output of U1025A is also
applied through an inverter buffer in U1017A. The
resultant low out discharges holdoff capacitor C3032 at
the input to U3025B. The output of U3025B is low so
the output of NAND gate U1020D is high. Flip-flop
U1016B requires a high-to-low transition to clock any
input through. Since it is high, incoming trigger signals
will have no effect on the circuit.

At the end of sweep, the Q(bar) output of U1025A
goes low. This switches the output of U1017A to its
high impedance state and the holdoff capacitor, C3032,
starts to charge towards +15 volts through R3030.
When it reaches +5 volts the comparator output
switches high. This, along with a high on pin 13 of
NAND gate U1020D, causes the output to go low and
the high-to-low transition clocks U2026 so the incoming
trigger signal can now clock U1016B and produce a
high at the Q(bar) output. This is gated through U2026
to the input of U2020C, so the output of the NOR gate
will now reset the Sweep State Control flip-flop,
U1025A, and start a new sweep.

7-59



Theory of Operation — 2754/2754P Service, Vol. 1

In the free-run mode the multiplexer U2026, selects
the +5 volts on pin 6. This high is clocked through to
the Sweep State Control flip-flop. immediately after
retrace. Incoming trigger signals are ignored and the
sweep runs automatically.

In single sweep mode the sweep circuit cannot be
re-triggered until it is armed by the microcomputer. Bit
DO is set high at subaddress 0 of address OF (U1035-6).
This appears as a high on pin 2 of U4C10A. Since
U1016A has been set by the previous sweep, the two
highs at the input produce a low at pin 13 of U1020D.
Therefore, incoming triggers are disabled. The sweep is
now in an idle state and cannot run until the microcom-
puter arms the trigger circuit again. This is done by set-
ting bit D3 high at address 1F, which produces a high
out of U1026 pin 3 and clocks flip-flop U1016A. The
resuitant low at pin 1 of U4010A forces a high at pin 11
of U1020D, and arms the trigger circuit. Thus a signal
can now trigger the sweep circuit and the single sweep
cycle repeats.

Sweep Holdoff

During retrace, the sweep must be held off long
enough for the timing capacitors in the integrator to
discharge and the circuit to stabilize. To prevent flicker,
the holdoff period must vary as sweep time changes.
U3025B and three timing capacitors (C3027, C3030, and
C3032) plus a resistor (R3030) form the holdoff circuit.

During sweep time pin 5 of U1017A is high. This
pulls pin 6 low and discharges C3032. During retrace,
pin 6 is released and the timing capacitors start to
charge. When they reach +5 V, comparator U3025B
toggles and its output goes high. This, along with the
high on pin 13 of the NAND gate U1020D, provides the
clock pulse for U2026 to pass a trigger signal through
to the Sweep State Control, U1025.

SPAN ATTENUATOR (Diagram 32)

The Span Attenuator, under control of the micro-
computer, selects the appropriate attenuation factor for
the incoming sweep signal, to establish the frequency
span. Refer to the block diagram adjacent to Diagram
32 as well as the schematic diagram. The Span
Attenuator consists of digital control circuits, which
receive and decode the address and instructions from
the microcomputer; the input amplifiers, which perform
noise reduction and signal inversion on the incoming
sweep signal; the digital-to-analog converter, which
attenuates the sweep signal to the desired amplitude
for driving the 1st LO Driver and Preselector Driver cir-
cuits; and the decade attenuator, which provides three
decades of attenuation for the output signals
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Digital Control

Decoder U5025 decodes the address information
from the address bus and sends a low signal to either
of the two latches, U1025 (address 75) or U2015
(address 76), when a latch is addressed and the DATA
VALID line moves high. (The data is stored in the
latches on the trailing edge of the DATA VALID signal.)
Logic buffer U4015 reduces loading of the data bus.
Latch U1025 stores data that controls the eight least
significant digits of the span attenuation factor. Latch
U2015 stores data that controls the two most significant
digits of the span attenuation factor, and other functions
on the board. When a span attenuation factor is
selected, the microcomputer selects an address and
places the first byte of the data on the bus. The DATA
VALID signal causes the data to be stored in one of the
two latches. Then the second address is called and the
next byte is stored in the other latch. The block
diagram illustrates the significance of each bit in tables
near the affected circuit. A logic 1 represents the more
positive of two levels or high state, and a logic 0
represents the more negative of two levels or low state.

Input Section

The sweep signal and its ground reference are
applied to differential input buffer U3036. Any signals or
noise induced in the two signal transmission paths are
canceled by this stage.

The following stage consists of amplifier U3032,
plus switching transistors Q2025, Q2028, and Q2023.
Different mixing modes require the 2nd LO frequency to
either increase or decrease to increase the signal fre-
quency. Thus, this circuit is a unity gain amplifier that
can be changed from inverting to non-inverting, under
bus control. When line Q8 of latch U2015 is low, Q2023
conducts and its collector moves positive to about
+5 V. This in turn causes both Q2025 and Q2028 to
conduct. Pin 3 of U3032 is effectively grounded, the
sweep signal is applied through R3028 to the summing
node of the amplifier, and the gain of the stage is —1. If
line Q8 is high, Q2023 does not conduct and the voltage
at its collector falls to nearly =15 V. Neither Q2025 nor
Q2028 are now in conduction, so the sweep signal is
applied to pin 3 of U3032, and pin 2 is disconnected.
Now, the gain of the stage is +1.

Digital-To-Analog Converter

The magnitude of the sweep signal is determined by
the desired frequency span, band, and option installed
in the instrument. The microcomputer calculates the
proper magnitude for each combination, and sends the
appropriate codes to the data latches, which in turn
control the attenuation factor of the digital-to-analog
converter. This stage consists of converter U1042,



amplifier U2042, and a complementary pair, Q2062 and
Q3056, that form the output current buffer.

Figure 7-23 illustrates a simplified two-bit digital-to-
analog converter. The circuit works by current division.
Since the summing node of the amplifier is at ground
potential, the magnitude of the current through a resis-
tor is not affected by the position of the switch that
selects that resistor. For example, when switch S1 is at
position B, the current is shunted to ground. When S1
is at position A, the current through R1 becomes part of
the total output current. Thus, the output current can
be 0, 1/4, 1/2, or 3/4 of the total current available.
Because of the resistance ratios, the ratio of the output
voltage to the input voltage equals the ratio of the out-
put to the total current (Vo s/Vin = lout/liotar)- 1N this 2-bit
converter, there are 22 or 4 output values possible. In
the actual 10-bit converter, there are 210 or 1024 output
values.

In converter U1042, each internal resistance is
switched in or out by a CMOS FET (internal to the dev-
ice). The CMOS inputs are each protected by a series
input resistor. Since the sweep signal is applied to the
Vref input, U1042 serves as a digitally controlled
attenuator for the sweep signal.
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The attenuated sweep signal from U1042 is applied
to U2042, an operational amplifier. It in turn drives an
output current buffer, consisting of complementary pair
Q2062 and Q3056. The pair is biased to produce a
standing current of about 10 mA in the absence of an
applied signal. This eliminates crossover distortion of
the output signal. Diodes CR2051, CR2053, CR1051,
and CR1049 provide temperature stabilization for the
bias current in the stage. When high current is passing
through the pair, diodes CR1056 and CR1061 clamp the
voltage across the emitter resistors to reduce voltage
drop.

Feedback for the output stage is provided by R1056,
plus an internal resistor in U1042. The internal feed-
back resistor ensures better temperature tracking. The
internal resistor provides a gain slightly less than unity;
R1056 increases the stage gain and permits gain cali-
bration, as described below.

4416-122

Figure 7-23. Simplified digital-to-analog converter.
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One-of-four decoder, U4025, uses data bits DB3
and DB4 lines from U2015, to control three sections of
a quad FET switch, U3025. (RC circuit inputs of each
FET control line filter out noise from the digital circuits.)
The code is exclusive; i.e., only one FET is switched on
at a time. See Table 7-14 for a listing of the codes.
When a FET is switched on, it connects a calibration
adjustment potentiometer to the summing node of the
operational amplifier. Adjustment R1065 sets the 1st LO
tune coil sweep, R1071 sets the 1st LO FM coil sweep,
and R1067 sets the 2nd LO span.

Table 7-14
CALIBRATION CONTROL SELECTION CODES

U4025
DB3 (Pin 3) DB4 (Pin 2) Selected Adjustment

R1065 (main coil)
R1071 (FM coil)
R1067 (2nd LO)

Decade Attenuator

Since accuracy of the digital-to-analog converter is
specified as a percentage of full scale, the accuracy
decreases as the attenuation is increased. To maintain
accuracy at 1%, it is never used at an attenuation factor
of more than ten. If more attenuation is required, the
decade attenuator, consisting of K4072, K3075, K3065
and the connected divider network, provides further
sweep attenuation of X0.01, X0.1, and X1. See Figure
7-24 for a simplified circuit diagram.

The "2" side of U4025 is controlled by data bits, DB5
and DB6, on the Q6 and Q7 lines from U2015. The "2Y"
outputs of U4025 are applied through buffers in U4042
to select the appropriate attenuation factor for the out-
put sweep. Table 7-15 lists the states required to ener-
gize the attenuation relays. A diode across each relay
coil protects the driving circuit from inductive feedback
transients.

Table 7-15
ATTENUATION SELECTION CODES

U2015
DBS5 (Pin 15) DB6 (Pin 16) | Attenuation Factor

x1 (K3065)
x0.1 (K3075)
x0.01 (K4072)
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x1
100 K3065
SO
900
X0.1
90 900
10 K3075

10

4416-123

Figure 7-24. Simplified span decade attenuator.

1st LO DRIVER (Diagram 33)

The 1st LO Driver performs the following functions:

® Combines the SPAN VOLTS with the COARSE
TUNE VOLTS and outputs the combination to the
Preselector Driver (the combined signal is also
applied to the Oscillator Driver circuits, which drive
the 1st Local Oscillator coll).

® Selects and outputs the appropriate bias voltage to
the internal or external 1st Mixer.

® Outputs a voltage to the Preselector Driver that
peaks the Preselector.

® Controls the oscillator filter switch.




® Produces a stable and precise —10 V reference for
both the 1st LO Driver and the Preselector Driver
circuits.

The major circuits and their function are as follows:

® The digital control circuits buffer the incoming data
from the data bus, decode the address data, select
the required mixer bias, connect or disconnect the
TUNE VOLTS and SPAN VOLTS signals to the
summing amplifier, energize the filter switch in the
1st LO assembly, and control the drive and filtering
of the oscillator driver stage.

® The oscillator filter switch driver, furnishes drive
current to the capacitor switching relay in the 1st
LO assembly

® The input switching circuit, connects or disconnects
the SPAN VOLTS and COARSE TUNE VOLTS sig-
nals to the input of the summing amplifier.

® The summing amplifier, furnishes the drive signal to
the oscillator driver. The summing amplifier sums
the SPAN VOLTS ramp signal, from the Span
Attenuator, with the COARSE TUNE voltage, from
the Center Frequency Control circuit. In less than
maximum span, a sweep voltage of =10V sweeps
the oscillator at a rate of 333 MHz/ division. As the
TUNE VOLTS signal varies from —10V to +10V,
the oscillator's center frequency is moved over its
full range.

® The oscillator driver, furnishes the current drive for
the 1st LO coil.

® The —10 V reference supply, produces a precise
—10 V reference for the 1st LO Driver and the
Preselector Driver.

® The mixer bias circuit, produces and outputs the
required bias voltages for the 1st Mixer.

® The programmable bias circuit, provides peaking
voltage for the Preselector based on data supplied
by the microcomputer.

Digital Control

The digital control circuit sets the oscillator span
volts, the 1st Mixer bias and programmable bias.
Decoder U4034 output Y1 (pin 14) goes low when the
input address is 72 and output Y7 goes low for address
7E. When output Y1 goes high, data is clocked or
latched into U4017, and when Y7 goes high data is
fatched into U4024 and U4022.

Theory of Operation — 2754/2754P Service, Vol. 1

Data for U4017 consists of control codes for the
oscillator drive circuits and the switches in U1018,
which select 1st Mixer bias or the bias set by the front
panel MANUAL PEAKING control. The codes are
described where each applies to the description and in
Table 7-16. Data for DAC U3022 is converted to an ana-
log signal which provides the Programmable Bias for
the instrument.

Table 7-16
U4017 OUTPUT LINES

Signal Low High

Q1(DBO) | Bias 1 on Bias 1 off
Q2(DbB1) | Bias 2 on Bias 2 off
Q3(DB2) | Bias 3 on Bias 3 off

Q4(DB3) | Manual peaking on | Peaking off

Q5(DB4) | Driver filter off Driver filter on
Q6(DB5) | Driver input on Driver input off
Q7(DB6) | SPAN VOLTS line | SPAN VOLTS
off, oscillator filter | line on, oscil-
on lator filter off

Input Switching. If the main coil of the oscillator is
not to be swept, DB6 (line Q7 of U4017) goes low. This
cuts Q3028 off, de-energizes K3034 and disconnects
the SPAN VOLTS signal to the summing amplifier.
Diode CR3031 protects Q3028 from the inductive feed-
back surges that occur at turn-off.

Oscillator Filter Switch Driver. When relay K3034 is
de-energized, DB6 is low, Q2029 is biased on which
drives a capacitor switching relay on the 1st LO Inter-
face board. The capacitors are switched across the
main coil, when it is not being swept, to filter noise rid-
ing on the tuning current. Capacitor C2025 provides a
gradual decay of current through the relay after power
is turned off.

Summing Amplifier. Amplifier U2032 and the com-
plementary pair of transistors, Q2035 and Q2039, plus
related components, comprise an operational amplifier.
The COURSE TUNE VOLTS and the SPAN VOLTS are
summed at the input to U2032. The feedback resistor,
for the operational amplifier, is R1038. The input resis-
tance is R2027 for the COARSE TUNE VOLTS signal
and R2031 for the SPAN VOLTS signals. (R2030 is
switched across R2031, as mentioned previously, to
increase stage gain for maximum span operation.) The
output of the summing amplifier, which can swing from
—10V to +10 V, is applied to the Preselector Driver cir-
cuits and to the Video Processor board.
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Oscillator Driver. The output of the summing
amplifier also drives the input to the oscillator driver
stage when FET Q2040 is switched on. The oscillator
driver stage consists of active components Q2045,
U2043, Q3047, and Q352. The input resistance con-
sists of R2041, the 1st LO Sensitivity adjustment R1031,
plus R2043. The feedback resistance is R2042. The
amplifier converts a voltage input into a current drive for
the 1st LO tuning coil by controlling the voltage across
current sense resistor R1040, which is in series with the
oscillator tune coil. Q3047 assures that Q352 base
current remains within the oscillator tuning coil circuit.
Q2040 is biased on except when the oscillator is
degaussed. The output of the operational amplifier
U2032, Q2039 and Q2035, is applied through the 1st LO
Sensitivity adjustment R1031, and summed with an
offset voltage set by the 1st LO Offset adjustment
R1032, at the input to the preamplifier stage Q2045.
Adjustments R1031 and R1032 match the oscillator
driver stage to the oscillator characteristics. R1032
adds offset to the input of the preamplifier to place the
oscillator at center operating frequency when the
amplifier input is at 0 V.

Q2045 is a low-noise, matched, dual transistor. The
feedback path through R3040 and R2042 sets the vol-
tage across a four-terminal resistor R1040. This vol-
tage sets the current through the resistor which is also
emitter current for driver transistor Q352. The 1st LO
Sensitivity adjustment R1031, sets the voltage gain of
the amplifier. This in turn, changes the current drive to
the oscillator coil.

Reference Supply. Preamplifier Q2052 plus
amplifier U2052 and emitter follower Q2051, are the
active components of the —10 V reference supply. Bias
for one side of Q2052 is set by VR1055. The other side
is set by the —10 V Adj R1034. Any change in the sup-
ply is amplified by Q2052 which changes the drive to
the pass transistor Q2051 which compensates for the
change. The diode network across the base-emitter
junction limits the emitter current to about 30 mA, pro-
tecting the transistor from damage.

Mixer Bias Driver. The mixer bias driver circuit,
which consists of quad FET switch U1016, amplifier
U1025A, and buffer Q2025/Q1028, plus associated cir-
cuitry, furnishes the required bias current (up to 20 mA)
to the 1st Mixer circuit. The bias voltage varies from
+1 V to —1 V for the internal mixer.

Mixer bias is selected, by the data out of U4017 to
the quad FET switch U1016, and fed to the inverting
input of U1025A. The output of U1025A drives the base
of a pair of complementary transistors Q1028 and
Q2025 which provide the 1st Mixer Bias voltage. When
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any of the Q1 through Q4 (DO to D3) lines of U4017 go
low, the respective switch within U1016 closes and con-
nects one of the Bias adjustment potentiometers or the
output of U2018 (the programmable bias line) to the
input of U1025A.

When the Q4 (DB3) line of U4017 goes low, U1016
selects the Programmable Bias line as the 1st Mixer
Bias source. The Programmable Bias is set by the data
loaded into DAC U3022, by the microcomputer, or by
the front panel MANUAL PEAK control. The MANUAL
PEAK control is connected to the input of U2018 when
the Q5 line (DB4) of U4024 goes low and turns Q3019
on. When MANUAL PEAK is selected, the DAC output
is set for0 V.

Programmable Blas. When the microcomputer
sends address 7E to decoder U4034, pin 7 (output Y7)
goes low. At the end of data output cycle, data is
clocked into either U4024 or U4022, depending on
which latch is enabled by DB6 or DB7. This data is
then converted to an analog current by U3022 which is
the current source for operational amplifier U2018. The
resistance between output terminals 16, 2, and 15 of
U3022 is the input resistance for operational amplifier
U2018. R2022 is the feedback resistance. The output
of U2018 is a bias voltage that is fed, via the Program-
mable Bias line, to the Preselector Driver board where it
is summed with the drive voltage for the Preselector.

PRESELECTOR DRIVER gOpt. 01 only)
(Diagram 34

The Preselector provides RF input selectivity
between 1.7 and 21 GHz. This selectivity reduces
spurious responses over this frequency range. Refer to
the block diagram adjacent to Diagram 34 as well as
the schematic. The Preselector Driver supplies the
drive current to the Preselector coil, depicted on
Diagram 12, to tune the Preselector. It also furnishes a
voltage that is proportional to frequency change through
the rear-panel ACCESSORIES connector for an external
preselector, if used. The circuit also operates the filter
select relay that selects either the Preselector or Low-
pass Filter. The major circuits and their function are as
follows:

1) The digital control circuit, which stores and
decodes the data from the microcomputer and con-
trols the other circuits within the Preselector Driver.
The digital control circuit applies the SPAN VOLTS
signal to the oscillator voltage processor when FM
coil spans are selected, selects the gain of the oscil-
lator voltage processor, turns off the drive signal to
the current driver for degauss cycles or when the
preselector is not in use, selects the IF offset vol-
tages to be combined with the FINE TUNE VOLTS



signal, adds noise filtering at the driver output when
the preselector is not being swept, and controls the
filter select switch.

2) The oscillator voltage processor, which attenu-
ates and offsets the input signal for application to
the summing amplifier,

3) The IF offset stage, which applies an offset vol-
tage to the summing amplifier. This offset is propor-
tional to the 1st IF frequency in use, including the
effects of fine tuning frequency changes of the 2nd
Local Oscillator.

4) The summing amplifier, which combines the
effective oscillator frequency voltage and the IF
Offset voltage to drive the tracking adjustment cir-
cuits.

5) The tracking adjustment circuit, which compen-
sates for different preselector sensitivities, compen-
sates any preselector offset, and compensates for
non-linear operation caused by magnetic saturation
of the Preselector.

6) The final driver stage, which changes the applied
signal voltage into a current drive for the Preselec-
tor coil.

7) The preselector switch driver, which drives the
filter select switch, depicted on Diagram 12. The
switch requires a positive pulse to select the Low-
pass Filter and a negative pulse to select the
Preselector.

Digital Control Circuits

The microcomputer interface circuits, which exer-
cise digital control of the Preselector Driver circuits,
consist of address decoder U5036 and latch U5031.
Both the write address (77) and the read address (F7)
are decoded by U5036.

Data is latched into U5031 on the trailing edge of
the DATA VALID signal for address 77. This event
coincides with the rising edge of the pulse on pin 3 of
U5036. Table 7-17 lists output lines from U5031.

When address F7 is specified, the Y7 line of U5036
goes low. This pulls data line D4 low, informing the
microcomputer that a Preselector is used.

Oscillator Voltage Processor

The oscillator voltage processor consists of
U1011A, U2028, and related components. The
Preselector Drive signal from the 1st LO Driver is
applied to a voltage divider and scaling network con-
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Table 7-17
U5031 OUTPUT LINES

Signal

High

Low

Q1(DBO)

Selects x1
gain for
U2028

Selects x3
gain for
U2028

Q2(DB1)

Not used

Not used

Q3(DB2)

Connects
tracking
adjustment
output to
final driver
stage

Discon-
nects track-
ing adjust-
ment out-
put from
final driver
stage;
(Preselec-
tor current
goes to
zero

Q4(DB3)

Connects
SPAN
VOLTS sig-
nal to
U1011A
input for
FM coil
spans

Disconnect
SPAN
VOLTS
from
U1011A

Q5(DB4)

Selects
Low-pass
Filter (Band
1)

Selects
Preselector
(Bands 2-5)

Q6(DB5)

Discon-
nects out-
put filtering

Adds out-
put filtering

Q7(DBS6)

Connects
829 MHz
offset

Discon-
nects -829
MHz offset

Q8(DB7)

sisting of R1022,
adjustment R1031.

Connects
+829 MHz
offset

R1023, R1024, and Input Offset
The input voltage is =10 V. This

Discon-
nects +829
MHz offset

voltage is the summation of the sweep and tune vol-
tages, with appropriate scaling. The output of the vol-
tage processor is about 1 V at 2.072 GHz to about 3V
at 6.35 GHz, which corresponds to a scale factor of
2.1 GHz/V. The voltage is directly proportional to fre-
quency; thus the offset is such that if the oscillator
could operate to 0 Hz, the voltage processor output
would be at 0 V.

Since the preselector drive input is not swept by the
1st LO Driver, when FM Coil spans are used, the SPAN
VOLTS, from the Span Attenuator, must be summed by
this stage. Line DB3 (Q4 of U5031) goes low when FM
coil spans are selected, which turns Q1011 on. This
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switches the FET Q1022 on so the Span Volts signal is
now applied to the inverting input of U1011A, where it is
inverted and applied to the input of U2028.

Operational amplifier U2028, has a gain of 1 or 3, as
directed by the microcomputer. The output signal in the
X3 gain mode represents the effective oscillator fre-
quency swing for bands 4 and 5 when the 3rd harmonic
of the LO is used. When the DBO (Q1 line of U5031)
goes low, the respective output of quad comparator
U5022 is also low, which holds FET Q2024 cut off.
U2028 is now a unity-gain, non-inverting amplifier. When
the DBO goes high, Q2024 switches on and the gain of
U2028 is a factor of three. The X3 Gain adjustment,
R1052, sets the gain to precisely three in the tripler
mode.

IF Offset

The —10 V reference, from the oscillator driver, fur-
nishes the precise reference voltage for the IF offset
circuit. Since the offset voltage is proportional to the IF
minus 2.072 GHz, no offset is required for the
+2.072 GHz IF. FET Q2034 adds the +829 MHz net-
work into the circuit and Q2036 adds the —829 MHz
network. DB6 and DB7 (Q7, Q8 of U5031) through two
comparators in U5022, control the two FET switches
Q2034, Q2036. One, but not both, transistors are
switched on to provide the offset voltage to the invert-
ing input of U2045. An output voltage of —9 V from the
amplifier corresponds to —2901 MHz or
[(~829MHz)~2072 MHz .

The signal on the FINE TUNE VOLTS line, from the
Center Frequency Control board, which is used to tune
the 2nd Local Oscillator, is applied to the input of
U2047. Since it is applied here, it is independent of the
voltage tripling action in the voltage processor circuit.
The tuning voltage is also applied to the input networks
of U2045 through R3044, Q2034, and R1037, Q2036.
By varying the magnitude of signal in the inverting path
compared to the direct path, the proper magnitude and
poiarity of fine tune offset for each IF is provided. Table
7-18 lists the offset voltage required for each frequency
band.

Summing Amplifier

The effective oscillator frequency voltage, from
U2028, and the offset IF voltage, from U2045, are
applied to the inverting input of U2047. This stage
drives the tracking adjustments stage and furnishes a
signal for external preselector drive circuits as waell.
The external drive line has its own return to reduce
ground foops.

Tracking and Shaper Circuits

This stage consists of gain-setting, offset, and
shaping circuits. Preselector Sensitivity adjustment
R1065 compensates for sensitivity variations between
preselectors., Preselector Offset adjustment R1064
compensates for the offset in the preselector. This
adjustment sets the preselector frequency to 2072 MHz
when the output of U2047 is at 0 V.,

The four other adjustments R1054, R1056, R1061,
and R1063, are part of a shaper network. The network
compensates for magnetic saturation in the Preselector,
which would cause a deviation from linearity at frequen-
cies above 14 GHz. Each shaper network is switched
in by a resistive divider that, at a given frequency, pro-
vides forward-bias to the diode in the shaper to shape
the current output.

The front panel PEAKING control applies a small
offset through R5065 to the input of the current driver
stage. This corrects for non-linearity or temperature
drift in the 1st LO and Preselector.

Table 7-18
PRESELECTOR FREQUENCY BANDS

Frequency Range

IF

Harmonic | Approximate

Voltage Offset

1.7-5.5 GHz
3.0-7.1 GHz
5.4-18.0 GHz
15.0-21.0 GHz
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—829 MHz 1st
+829 MHz 1st
—829 MHz

+2.072 GHz

2.0V
3.9V
9.0V
ov

3rd
3rd



Current Driver

This stage consists of the output stage
Q565/Q5052; FETs Q3061, Q3077, and Q2074;
amplifiers U2054 and U3054; and transistor Q4037.
When the Preselector is not in use, DB2 goes low and
turns Q2074 off to reduce the coil current to zero.

Preamplifier U2054 reduces the temperature drift of
the output stage. Driver Offset adjustment, R2066 nulls
the offset voltage (at which point the temperature drift is
least). U2054 drives amplifier U3054. Q3061 isolates
U3054 from the output driver Q5052/Q565.

Current amplifier Q5052 drives the main preselector
driver transistor, Q565. The stage is biased so the
current divides, with most of the current going through
the output transistor, and a lesser portion through the
bias circuits. The currents rejoin at the Preselector coll.
One set of terminals for R4049 carries the coil current,
the other set senses the voltage.

When DBS5 line goes low, the Preselector is not
swept, Q4037 and Q3077 turn on, which adds C4071
across the Preselector coil to reduce noise at the out-
put.

Preselector Switch Driver

Operational amplifier U1011B and the complemen-
tary pair of transistors Q4025/Q3025, form the
preselector switch driver. This circuit drives the filter
select relay as is shown on Diagram 12. This relay
requires a positive pulse to select the Low-pass Filter
and a negative pulse to select the Preselector.

When DB4 line (Q5 of U5031) goes high, a positive
puise of about 100 ms in duration, generated through
RC network C3021/R3021, is applied to the input of
U1011B. The output of the operational amplifier drops
to about —12 V and a positive pulse is passed through
the transistor pair, selecting the Low-pass Filter. When
the DB5 line goes low, a negative pulse of the same
duration is passed to U1011B. The amplifier output
rises to about +12 V and a negative pulse is passed
through the transistor pair to select the Preselector.

When the circuit is quiescent neither Q3025 nor
Q4025 conduct, since the sum of the zener voltages of
VR3011 and VR3012 is greater than the combined sup-
ply voltages. When the output of the operational
amplifier comes near one of the supply voltages, the
transistor, that is connected to the other supply,
becomes saturated, and supplies the drive current to
actuate the relay coil. CR4012 and CR4013 protect the
driver transistors from induced voltage surges and
C3028 and R3028 dampen oscillation that occur in the
coil.
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CENTER FREQUENCY CONTROL
(DIAGRAM 35)

The Center Frequency Control converts digital infor-
mation, from the front panel FREQUENCY control or on
the GPIB bus, via the microcomputer, to analog vol-
tages for the 1st LO Driver and Preselector Driver.
These in turn control the center frequency of the
analyzer. The Center Frequency Control board contains
the following major circuits:

1. The Digital Control circuit, which buffers and
decodes the addresses and other data to control the
other circuits.

2. The coarse and fine storage registers (latches),
which store the numerical bytes that control the
digital-to-analog converter (DAC) stages.

3. The coarse and fine DAC stages, which convert
the digital inputs from the storage registers into
analog current and voltage equivalent values.

4. The coarse and fine track/hold amplifiers, which
store the analog output values during the approxi-
mation routine and compare the stored value to the
approximated value for the microcomputer.

5. The write-back circuits, which inform the micro-
computer when the stored value and the approxi-
mated values are equal.

Operating Modes

An explanation of circuit design principles is given
before the operation of the circuit is described. Two
DAC chips are used in tandem to get the required reso-
lution. However, this method can cause errors and
non-monotonic behavior in the overall converter circuit.
To circumvent this problem, the outputs of the tandem
DAC units are summed together so that the two units
are overlapped by three bits. That is, the MSB of the
low-order DAC is weighted equally with the third least
significant bit, or 2x10~'° bit of the high order DAC.
The overlap means that the lower DAC will have
sufficient range to monotonically tune the output of the
converter over the entire range of the analyzer, but only
if the proper codes of the lower DAC device can be
found. Now, suppose that the tandem DAC is loaded
as follows:

Upper order 100000000000
Lower order 111111111111

The contents of the devices are shown overiapped
to illustrate the bit weighting. Now assume that the
low-order device is to be incremented one bit. The
MSB of the low-order device must be moved into the
high-order device before the low-order device can be

7-67



Theory of Operation — 2754/2754P Service, Vol. 1

incremented. Thus, the two must appear as follows:

Upperorder1 00000000100
Lower order O11111111111

If the high-order device operated with no overall
linearity inaccuracy, the operation would now be com-
plete and the low-order incrementing could occur.
However, the DAC device can vary by one LSB of the
correct value. Figure 7-25 illustrates a graph of the
best and worst case output. Note, that even in the
worst case, the output may move only once every two
or three state changes, but the output is always mono-
tonic and within one LSB of the correct value.

I
|~ —-——- - - «— WORST-CASE
OUTPUT

<“4— BEST-CASE OUTPUT

4416-124

Figure 7-25. DAC Variance graph.

If, in the example shown previously, the high-order
device is at point A in Figure 7-25, incrementing the
device to point B has no effect on the output. If the
MSB of the low-order device is set to zero, as shown in
the first example, the combined output will actually
decrease. Ordinarily, the Center Frequency Control cir-
cuit can increment and decrement whenever the micro-
computer commands without going through a special
routine. However, as just described, some microcom-
puter adjustment is necessary to compensate for the
disparity that usually occurs between the low-order and
high-order DAC units.

The first operating mode is the tracking mode,
where the preamplifier and integrator are connected
together by the disconnect stage, and the entire unit
acts as an operational amplifier. Figure 7-26 illustrates
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the basic circuit. While the circuit operates in this
mode, the amplifier tracks the DAC stage and sends the
voltage out to the tuning circuits.

When the transfer of bits from the lower to the
upper DAC is required, the microcomputer commands
the circuit to shift to the hold mode. The command
comes through the decoder to shut off the disconnect
stage, and the preamplifier output is disconnected from
the integrator. The integrator holds the voltage that
was previously at the output for comparison, and the
approximation cycle begins.

The microcomputer resets the low-order DAC to
zero. Then, the highest order bit in the fow-order DAC
is set to one, and the circuit is queried to find if the
DAC output and integrator output is greater or less than
required. If less, the microcomputer loads the next
lower bit in addition and queries the circuit once more.
This process goes on until the two values are the same.
Had the microcomputer found that the DAC output was
greater than the integrator output at the first inquiry, it
would have set the highest order bit to zero and loaded
the second-order bit into the low-order DAC, then con-
tinued to load successively lower order bits, one at a
time, until the circuit signaled that the comparison had
reversed. By this process, which is known as the suc-
cessive approximation method, the circuit finally
reaches the point where the outputs are equal, and the
microcomputer commands the circuit to shift back to
the track mode.
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LOW - ORDER DAC

PREAMPLIFIER
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GATE TUNE
VOLTS
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HIGH -ORDER DAC
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6032-42

Figure 7-26. Simplified tune voltage converter.

Digital Control

The digital control circuits consist of buffer U4035,
address decoder U4045, steering register U4025, and
the steering gates (U4015A, U4015B, U4015D, U4060A,
U4060B, and U4060D). Because of the large amount of
data that must pass through these circuits, a steering
register that has a separate address is used. The first
byte of data, the steering byte, is clocked into U4025 by

the ADDRESS 70 signal. The output levels are applied
to the steering gates, and the circuit waits for the next
byte. The microcomputer then furnishes the first byte
of data to be sent to the low-order, fine-tune, DAC via
the storage register. Latch U3015 and part of U3025
form one storage register for the |low-order, fine-tune
DAC. The byte is clocked into the register by the coin-
cidence of low states at the inputs of the steering
gate(U4015A or U4015B); one from the steering byte,
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and the other from ADDRESS 71 signal, which is used
to clock the steered data bytes into the correct register.
This continues until seven bytes of data have been
clocked into the register, including the steering byte.
The third output from U4045, ADDRESS 80, controls
transistors Q1058 and Q2017, which enable the write-
back function. In addition to the six steering lines that
drive the steering gates, U4025 also controls, by means
of the Q3 and Q7 lines, the hold/track selector transis-
tor for each converter side. Table 7-19 illustrates the
format for ADDRESS 70. Addresses are expressed as
hexadecimal numbers. Table 7-20 lists some of the
significant states that are used to tune the DAC.

Storage Registers. Six storage registers are used
in the circuit, U3015, U3025, U3035, U3050, U3060, and
U3070. Since both sets are identical, only the coarse
tune section will be described.

Data from U4035, the data buffer, is clocked into the
registers each time a different tune voltage is required.
U3050 feeds the lowest eight bits to the low-order DAC,
U2055; U3070 feeds the highest eight bits of the high-
order DAC, U2060. Register U3060 feeds the remaining
bits of both units.

Table 7-19
ADDRESS 70 FORMATS
Fine Tune low byte enable
Fine Tune middle byte enable
Fine Tune high byte enable
Fine Tune hold
Coarse Tune low byte enable

Coarse Tune middie byte enable

Coarse Tune high byte enable

Coarse Tune hold

Digltal-To-Analog Converters. Since both the
coarse and fine tune circuits operate similarly, only the
coarse tune section of the board will be discussed here.
Figure 7-26 is a functional block diagram of the circuit.

Each side of the converter has two DACs summed
together to produce an output of approximately =10 V.
The DACs are programmable current generators driving
the preamplifier-integrator circuit. The high-order DAC
provides 0 to 2 mA of current to the circuit via the
buffer, while the low-order DAC provides approximately
+2.5 mV at the inverting input of the preamplifier, The
preamplifier then drives the integrator via the storage
gate.
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An isolated ground system for each half of the cir-
cuit minimizes susceptibility to noise and extraneous
signals. This is because the converters provide the dc
voltages that tune the oscillators,

Track/Hold Amplifier

The amplifier consists of high-order DAC U2060,
low-order DAC U2055, buffer U2050, preamplifier
U1065, storage gate Q1065, and integrator U2070.

The circuit output is required to tune approximately
+10V for the full-scale range of U2060. When U2060
is off and the output of U2050 is at O V, the +10 V out-
put level is set by 1 mA of current through R1055, and
the combination of R1032, R1053, and R1070. When
U2060 is fully on, and output of U2050 is at +10 V, the
—-10 V output level is set by 2 mA of current through
R1052, less the 1 mA constantly flowing in R1055.
Full-scale gain is adjusted by R1032. Resistors R1052,
R1053, and R1055 are matched for temperature
coefficient to minimize output voltage drift as a function
of temperature.

Low-order DAC U2055 tunes approximately
+2.5mV at pin1, and its gain is adjusted by R1028.
The gain of preamplifier U1065 is set at approximately
10,000 by R1056 and the 50 combination of R2059 and
R2060. The combination of CR1056, CR1058, R1054,
and R1059 limits the gain of U1065 when the output
exceeds approximately 0.7 V in either direction.

U1065 is connected to integrator U2070 via storage
gate Q1065, which is on in the track mode. Transistor
Q1065 is turned off any time a DAC is being tuned to
allow the DAC output to settle before tuning the output
of U2070. It is also turned off during the interval when
a carry from the low-order DAC to the high-order DAC
occurs. Transistor Q1065 is controlled by Q1061.
When Q1061 is on, CR1064 is reverse-biased. The vol-
tage at the gate of Q1065, which is developed by
R1064, R1065, R1067, and R1066, is near 0V and
Q1065 conducts. When Q1061 is off, voltage to pinch
off Q1065 is applied through R1062 and CR1064.

U2070 tracks the output of U1065 when the circuit is
in the track mode and serves as the inverting amplifier
in the feedback system shown in Figure 7-26. Normally
the incoming signal is routed through R2067. To
improve the slewing rate of the integrator, CR1067 and
CR1069 conduct and connect R1068 across R2067
when input signals over 1 V are present.
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Table 7-20
DAC TUNING CODES

Tuning Point Address

Results

Positive full range 70

Enables all latches, track mode

71

Loads zeros into all positions of both DACs

Mid-range 70

Enables all latches, track mode

71

Loads zeros into all positions of both DACs

70

Enables high byte latch, track mode

71

Loads 80 into DACs. Midrange value

Negative full-range 70

Enables all latches, track mode

71

Write-Back Circuit

This circuit consists of comparator U1055 and ena-
bling transistor Q1058. When it is necessary to do a
carry between the low- and high-order DACs, the circuit
is put into the hold mode by turning off Q1065. U2060
is incremented one bit and U2055 is reset to all zeroes.
The output of U1065 is now at something other than
0 V. The purpose of the following approximation rou-
tine is to get output of U1065 as close to 0 V as possi-
ble before switching the circuit back into track mode by
turning on Q1065. Comparator U1055 detects whether
the output of U1065 is above or below coarse tune
ground. The instrument microcomputer begins to exer-
cise the low-order DAC bits one at a time from MSB to
LSB. After each bit is turned on, U1055 is enabled by
turning off Q1058. If U1055 detects that the output of
U1065 has crossed 0V, that bit is turned off and the
next lower bit is turned on. This continues through all
12 bits and when completed, the output of U1065
should be close to 0 V. Transistor Q1065 can now be
turned back on without causing excessive jumping of
the signal on the screen.

Loads FF into all positions of both DACs

—10 V Reference Buffer

The circuit uses the voltage reference developed on
the 1st LO Driver board as a reference for the DACs.
Differential amplifier U2045 receives the —10 V refer-
ence and —10V reference return, and removes any
common-mode signals present. Resistor pairs
R1048/R1049 and R1050/R1051 are matched for tem-
perature coefficient to minimize reference voltage drift
over temperature.
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COUNTER and PHASE LOCK SECTION (Diagram 8)

FUNCTIONAL DESCRIPTION

This section consists of a Counter, Phase Lock
assembly, Phase Gate, Harmonic Mixer, and Auxiliary
Synthesizer. The Counter, Harmonic Mixer, and Auxili-
ary Synthesizer, form the nucleus of the frequency con-
trol hardware for the instrument. Both the 1st LO and
2nd LO frequencies are controlled via a firmware based
control loop that uses data from the Counter as feed-
back to control oscillator frequency. The 10 MHz IF is
also counted to accurately calculate signal frequency.

The Phase Lock assembly stabilizes the 1st LO fre-
quency. It consists of an outer and inner loop.

The inner loop uses the subharmonic of the
100 MHz reference frequency, from the 3rd Converter,
to mix with the output from a 25.032 to 25.095 VCO and
compares this IF difference with a +N number (between
32 kHz and 94 kHz) set by the processor. Any devia-
tion is detected by a phase/frequency detector whose
output error voltage is used to pull the VCO frequency
and phase into lock with the inner loop reference.

The outer loop consists of the inner loop, a Strobe
Driver, Phase Gate Detector, Error Amplifier, and the
1st LO. The frequency of the inner loop VCO is divided
down and applied as a strobe pulse to the Phase Gate
Detector. This strobe pulse contains energy at frequen-
cies equally spaced throughout the spectrum. One of
these frequencies will be within 2.5 MHz of the 1st LO
frequency at the other input to the Phase Gate Detector.
The Phase Gate Detector outputs an error signal pro-
portional to the difference between the nearest strobe
and the 1st LO frequency. This error signal is amplified
and filtered by the Error Ampilifier and applied to the FM
coil of the 1st LO to pull it into frequency and phase
lock with the strobe.

The Harmonic Mixer mixes the 1st LO frequency
and a harmonic of a synthesized 200-220 MHz signal
from the Auxiliary Synthesizer. The exact frequency of
the synthesizer signal is a function of the +N factor
from the processor. The Harmonic Mixer output is a
signal within the 10 to 80 MHz range. This signal is
divided in the Auxiliary Synthesizer and sent to the
Counter. The microcomputer looks at the resultant
count and decides which way to move the 1st LO to
bring it to the correct frequency.

Phase Lock Assembly
As previously stated, the phase lock system con-
sists of two frequency servo loops, called the outer {oop

and inner loop. In the inner loop operation, the
100 MHz reference signal from the 3rd Converter, is
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divided down to 25 MHz, on the Synthesizer board, and
applied as the reference signal to the mixer on the
Offset Mixer board. The 25 MHz signal is also applied
as a clock signal to +N counter circuits, on the Syn-
thesizer board, which output a frequency (depending on
the +N number from the processor) between 32 kHz
and 94kHz. This signal is applied to the phase/ fre-
quency detector on the Offset Mixer board, where it is
compared to the IF output (difference between the
25 MHz reference and the output from the VCO (voltage
controlled oscillator) and any difference is output as an
error voltage to the Error Amplifier.

The VCO operates between 25.032 MHz and
25.094 MHz, depending on the drive from the Error
Amplifier. This signal is applied to the RF input of the
mixer on the Offset Mixer board, where it mixes with
the 25 MHz reference frequency. The difference fre-
quency, which is between 32 kHz and 94 kHz, is applied
to the phaseffrequency detector and compared to the
+N frequency. If the two signals are edge and fre-
quency coincident, phase lock occurs. If they do not
coincide, an error signal is generated, passed through
the Error Amplifier, and applied to the VCO to shift the
oscillator frequency until it is phase locked. This evolu-
tion typically lasts for only a few milliseconds, so the
inner loop phase lock is, for all practical purposes,
instantaneous.

The outer loop, which includes the inner loop cir-
cuits (Offset Mixer, Error Amplifier, and VCO) consists
of the Strobe Driver, Phase Gate, Error Amplifier, and
1st LO. (The Harmonic Mixer, Auxiliary Synthesizer,
and Counter, are a part of the operation, but are not
considered a part of the loop.)

The signal between 25.032 MHz and 25.094 MHz
from the VCO is applied to the Strobe Driver where it is
divided by five, filtered, and sent to the Phase Gate
Detector as a strobe signal between 5.006 MHz and
5.019 MHz. This strobe generates line spectra that are
equally spaced approximately 5 MHz over the spec-
trum. At about the 400th line, which corresponds to
2 GHz, assuming that the 1st LO is tuned to a fre-
quency near 2 GHz, one of these lines (at about the
400th line) will be within 2.5 MHz of the 1st LO fre-
quency. The Phase Gate Detector will then output an
error signal that is proportional to the difference
between the 1st LO frequency and that of the nearest
strobe line, if that difference frequency is less than
approximately 1TMHz.

For phase-lock acquisition, the microcomputer cal-
culates the strobe frequency required for the desired
1st LO frequency. The strobe is set to this frequency
and the 1st LO is set to the required harmonic of the
strobe. The outer loop is closed, and the microcom-



puter tunes the 1st LO frequency through the following
sequence; up 750 kHz, down 1.5 MHz, up 1.5 MHz, and
down 750 kHz. During one of these "firmware searches”
the 1st LO frequency passes through the strobe har-
monic frequency and the ioop acquires lock.

Any frequency difference between the strobe signal
and the 1st LO will generate a low frequency correction
voltage. This correction voltage is filtered by the F(s)
amplifier, then used to drive the osciilator FM coil to pull
the oscillator frequency back to the strobe position. If
the 1st LO drifts beyond the error voltage range of the
F(s) amplifier, comparators on the Error Amplifier board,
that monitor the error voltage, will interrupt the micro-
computer and indicate the direction of drift. The micro-
computer then tunes the Center Frequency Control cir-
cuits to null out any FM coil current in the phase lock
loop.

Frequency Control

The 21-bit counter and its associated control circui-
try, on the Counter board, plus the Harmonic Mixer and
Auxiliary Synthesizer, form the frequency control
hardware nucleus for the spectrum analyzer. A
firmware-based control loop, that uses data from the
counter as feedback on the oscillator frequency, con-
trols both the 1st LO and the 2nd LO frequencies. The
10MHz IF is also counted by the Counter to determine
the input signal frequency to the analyzer.

A mix down counting scheme is used to count the
1st LO frequency, which varies between 2 GHz and
6 GHz. The 200-220 MHz output from the Auxiliary
Synthesizer is positioned so one of the signal harmon-
ics is approximately 45 MHz above the 1st LO fre-
quency. This output drives the LO input to the Har-
monic Mixer, the 1st LO drives the RF input. One of the
IF outputs from the Harmonic Mixer is within the 10 to
80 MHz range (approximately 45 MHz). This IF signal is
passed through a 10-80 MHz band-pass filter, divided
by 100, then counted by the Counter. Since the Proces-
sor knows the Synthesizer frequency, the 1st LO fre-
quency can be calculated if the Processor knows which
harmonic of the Synthesizer frequency was used to
generate the IF frequency being counted. The harmonic
of the Synthesizer frequency is calculated from the 1st
LO tuning DAC (digital-to-analog converter) code, since
it indicates the 1st LO frequency to within approxi-
mately +/-10 MHz.

Counting the 2nd LO frequency is much simpler.
The controllable 16-20 MHz VCO in the 2nd LO assem-
bly determines the frequency of the 2nd LO; therefore,
the 2nd LO frequency is calculated by directly counting
the 16-20 MHz signal. The 2nd LO frequency is then
calculated from this frequency.
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Controlling the Osclillator Frequency. The fre-
quency control loop is only closed between sweeps.
After the completion of each sweep, the processor
switches the span/div to zero and then counts the 1st
LO and the 2nd LO frequencies. If they are not at the
frequency required to generate the displayed center fre-
quency, they are set to the correct frequency by repeat-
ing the process (i.e., the DACs are changed to tune the
LO, the LO is counted, etc.).

in the single sweep mode, the oscillator frequencies
are corrected after each single-sweep actuation, and
before the sweep starts. In the manual sweep mode, or
other non-recurring sweeps, the oscillators are
corrected at periodic intervals.

Counting the IF. In addition to counting the fre-
quency of the 1st and 2nd LO, the 10 MHz IF is counted
when the Counter mode is actuated; thus, the incoming
signal frequency can be calculated from the frequency
conversion equation for the analyzer. The 1st LO is
actually phase locked before the 2nd LO and IF are
counted, in order to reduce FMing in the IF signal. This
allows very accurate signal counting, even in wide
spans.

HARMONIC MIXER (Diagram 36)

The Harmonic Mixer combines a portion of the 2-
6 GHz 1st LO signal with harmonics of the 200-
220 MHz reference signal from the Auxiliary Synthesizer
to provide an output signal in the 10-80 MHz range.
This signal is amplified and returned to the Auxiliary
Synthesizer where it is counted to get an exact compu-
tation of the oscillator frequency. The Harmonic Mixer
consists of a directional coupler, an input amplifier, the
mixer, and an output amplifier, al{ on a hybrid alumina
circuit. Figure 7-27 is a functional block diagram of the
Harmonic Mixer.

Input signal level, from the 1st LO to directional
coupler A25A1, is a about +10 dBm. The coupling ratio
is 10 dB, therefore, the coupler will deliver about 1 mW
(0 dBm) to the RF input of the harmonic mixer. The
through-port contributes about 0.5 dB of loss for the 2-
6 GHz signal.

The 200-220 MHz reference signal, at a level of
about 10 mW from the Auxiliary Synthesizer, is
amplified to a level of about 100 mW (+20 dBm) by a
differential amplifier Q1 and Q2. Resistor R27 couples
the emitters together and the current is set by R13 and
R14. Output is transformer coupled to the input of the
mixer. Input signal level to the amplifier is +7 dBm
minimum.
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Figure 7-27. Simplified schematic of harmonic mixer.

Two additional directional couplers are used to cou-
ple the 2-6GHz signal into the mixer circuit. A power
splitter (R1, R2, R3) splits the signal into two paths.
Each signal (approximately ~6 dBm each) is then cou-
pled through these couplers to the mixer. The through
ports are terminated in 50 ohms. Thus the 2-6 GHz sig-
nal is coupled into the mixer differentially at a power
level of about —16 dBm.

The 200-220 MHz reference signal is also coupled
differentially into the mixer circuit, since the output of
transformer T1 is applied across the two terminating
resistors R4 and R5. The level of this signal is high
enough to drive the snap-off diode into its operational
region. Harmonics of this 200-220 MHz signal mix with
the 2-6 GHz signal to generate numerous IF products
which are detected by diodes CR2 and CR3 and fed to
the output amplifier.

The output amplifier is a two stage common-emitter
cascade amplifier with dc coupling between stages.
The standing current through the second stage (Q4) is
higher than in the first stage (Q3) to provide better
power and intermodulation performance. The amplifier
is designed for a 10 to 80 MHz response. Signals
above 80 MHz are rejected by a low-pass filter in the
Auxiliary Synthesizer. Output level of signals in the 10-
80 MHz range is typically -20 dBm for input signal levels
as described.
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AUXILIARY SYNTHESIZER (Diagram 37)

The Auxiliary Synthesizer is part of the spectrum
analyzer's Direct Frequency Readout (DFR) system.
This, along with a harmonic mixer, counter circuits, sup-
porting filters and amplifiers, and appropriate firmware,
make up the DFR. The DFR provides the means for
measuring and determining the frequency of all oscilla-
tors and the center of the IF, so the center screen fre-
quency is always known. Since the IF signal can be
counted, this allows direct frequency measurement of
any signal applied to the input port of the spectrum
analyzer.

A functional block diagram of a simple or basic syn-
thesizer is shown in Figure 7-28. The VCO frequency is
divided by "N" in a programmable down-counter which
outputs a pulse every Nth input pulse. This frequency
along with a frequency reference is then fed to a
phase/frequency detector. The difference between the
two signals is filtered and fed back as a control voltage
to the VCO to phase lock the oscillator to the reference.
VCO frequency is related to the reference by,
Frot = NFer. As N is changed, the VCO frequency will
change by F,.; for each step in N. This produces out-
puts separated by F ., To get closely spaced channels,
in tuning the VCO, the reference frequency must be
relatively low.
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Figure 7-28. Block diagram of a basic synthesizer.
CONTROL VOLTS
vCO
P L—?— =N . Phase/Freq L —a=] Filter
DETECTOR
RESET
A —A <
MOD CONTROL
~ F
ref
F, = (NP + A)F
4416-128

Figure 7-29. Basic block diagram of a +N synthesizer with a variable modulus prescaler.
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This synthesizer uses a variable modulus prescaler
to divide the VCO frequency before is processed by the
"+N" counter, such as shown in Figure 7-29. The vari-
able modulus prescaler is controlled by a modulus con-
trol input. When the line is high the prescaler is a divide
by P+1 and when the line is low the division changes to
P. A common type of prescaler is a +10/11. A cycle of
system operation starts with all programmable counters
loaded and ready to count. The variable modulus pres-
caler initially divides by P+1.

Two programmable dividers are used with this sys-
tem, both triggered by the prescaler output. One is a
+N, with N being a relatively large number, the other is
a "+A", where A is a small number. One possible state
includes A = 0.

The operation of this system is as follows. The
lower case letters represent variables, the upper case
letters represent the programmed values. At the begin-
ning of the cycle, p=P+1, a=A, and n=N. After P+1
pulses from the VCO, one puise is applied to the "a"
and "n" counters and "a" and "n" decrease by 1 (a = A-1,
n = N-1). This continues until a = 0 at which time the
modulus control line changes state and p = P while
n = N-A. The counting continues until n = 0. Both the
'n" and "a" counters now return to the programmed con-
dition. The total number of pulses applied from the
VCO is:

Niota = (P+1)A + P(N-A) = A + PN

Both N and A are programmable such that F, ., = (A
+ PN)F . This leads to a possible channel spacing of
F.en Obtained by changing A by 1.

A functional block diagram of the Auxiliary Syn-
thesizer is shown adjacent to the schematic in the
diagrams section. The VCO (Q2071) is configured in a
Colpitts oscillator circuit with the inductance as a three
turn air core coil with feedback provided by C2072 and
C2071. Coarse tuning is accomplished with C1070,
while the voltage control of the frequency comes from
the varactor diode, CR2068. This diode provides a fre-
quency shift of over 30 MHz from a voltage swing of
+5V to +11 V, which is ample overlap for the 20 MHz
tuning range. The output power of the oscillator is
0 dBm into 500. The oscillator is biased so it can be
turned off and on rapidly.

The VCO is turned off by turning Q2076 on. In
operation, the synthesizer is turned off during periods
when information is presented on the CRT. Synthesis
and counting is done during retrace time to prevent
possible interference on the display from any radiated
energy from the synthesizer.
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The VCO output is split by a resistive power divider.
One output drives transistor U2058, which provides
+7 dBm of signal output to the Harmonic Mixer. This
device is biased to a 20 mA collector current by transis-
tor Q2055.

The other VCO output drives a low gain amplifier,
Q2049, which is biased by transistor Q2051. Negative
feedback, in the form of emitter degeneration and shunt
current feedback, sets and stabilizes the gain to ensure
stability with regards to spurious oscillations. The out-
put of Q2049, to drive the variable modulus prescaler is
0 dBm. The variable modulus prescaler U3051, is a
+32/33 IC that features an ECL input with a TTL or
CMOS compatible output.

The major circuit of the synthesizer is U4041, a
large-scale-integration, CMOS device for frequency syn-
thesis applications with a variable modulus prescaler.
The device contains three programmable counters; a
+N, a modulus control counter +A, and a reference
divider which divides an input from a crystal controlled
source or other reference frequency down to a desired
frequency. This device has a speed comparable to
TTL. It also contains a phase-frequency detector which
drives an external loop filter that uses an operational
amplifier. U4041 will accept data for N, A, and R inputs
from a 4-bit data bus while a 3-bit address bus selects
the information to be loaded. Data contained on instru-
ment bus lines DB4 to DB7 is loaded when the enabie
line goes high. Address information is contained on
instrument bus lines DBO, DB1, and DB2. The appropri-
ate 32 latches are also contained within this IC.

The output from the phase/frequency detector in
U4041 is a chain of pulse signals at the reference fre-
quency. The pulses contain both ac and dc com-
ponents. The ac part of the signal causes reference
sidebands to appear on the VCO output. These side-
bands are suppressed by two active loop filters consist-
ing of U2040A and U2040B. The detector outputs, ¢g
and ¢y, which are similar but with reversed polarity,
apply differentially to the input of U2040A. Slight
differences in pulse width between the two outputs gen-
erate a dc voltage. This is further filtered by an active
low-pass filter, U2040B, to suppress frequencies above
20 kHz. Then it is applied to the varactor diode CR2068
in the 200-220 MHz VCO.

U2040A is an integrator with a series resistor added
to the feedback capacitor. This controls the slope of
the loop gain at gain crossover. To provide additional
suppression of the reference sidebands, an RC active
two pole filter, U2040B, is added. Cutoff frequency is
about 20 kHz. The loop filter (U2040A) and the VCO
provide the dominant poles that determine the system
response. A damping factor near unity provides the
stability. Additional filtering in the form of passive com-
ponents, with a high frequency cutoff, are added
between the output of U2038B and the varactor diode



CR2068. CR1065 provides a clamp to prevent a control
line voltage less than 5V. Capacitor C1070 sets the
low end of the control voltage to about 6 V. Range of
the control voltage, over the 200-220 MHz VCO range,
is about +6 Vto +11 V.,

The off/on status of the VCO is controlled by U4074
which is activated by D3 from the data bus. The value
is latched in U4074 and its output turns Q2076 off or on.
The output also controls the sensitivity of divider U5015.
During the period when the VCO is off and there is no
input signal, the divider sensitivity is lowered so stray
signals will not activate the divider. This is done by
turning Q5027 on and pulling input pin 6 of US015 low.

The 100 MHz signal from the 3rd Converter is
applied through a resistive power splitter to divider
U2017 and to buffer amplifier Q1015. The 1 MHz output
from the divider, U2017, is further divided by 5 within
the synthesizer IC, to become the 200 kHz reference
frequency for the synthesizer. The amplifier Q1015 has
negative feedback for gain stabilization. Its output sig-
nal is applied to the counter board.

The 10-80 MHz signal from the harmonic mixer is
passed through a 7-pole low-pass filter with 80 MHz
cutoff. The signal is then amplified by U4021 with a
broad band gain of about 24 dB.

COUNTER BOARD (Diagram 38)

The Counter board circuits and function are: 1) The
address decoder which receives and decodes the talk
and listen commands for the microcomputer. 2) The
service request circuits that sense an impending loss of
1st LO phase lock and sends a service request to the
microcomputer. It then cancels the request when
directed by the microcomputer. 3) The data buffers
transmit data to and from the microcomputer. 4) The
input amplifiers and multiplexer amplify input signals up
to TTL levels and then select which of the input signals
is to be counted. 5) The +2" counter divides the
selected input signal by some power of 2 as determined
by the microcomputer. 6) The 21-bit counter counts at a
100 MHz rate for a given number of cycles of the
selected input signal.

Address Decoder

The addresses from the microcomputer are
decoded by address decoder U2040. The counter cir-
cuits have both a talk address, where the counter-buffer
circuits are instructed to talk on the data bus, and a
listen address, where U3024 is directed to receive data
from the data bus. The talk address is F3; the listen
address is 73.
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Service Request Circuits

The service request circuits consist of multiplexer
U3040, latch U3048B, and associated circuitry. This cir-
cuitry alerts the microcomputer in the event that the 1st
LO has drifted too far. The UP and DOWN signals from
the window comparator (located on the Error Amplifier
board) drive NOR gate U3010C. Both signals are also
sent to U3034, where their status can be read by the
microcomputer, When one of these signals is high, it
indicates that the Error Amplifier is approaching its
operating limits and the microcomputer should adjust
the 1st LO frequency so the Error Amplifier returns to
the center of its range. A high at either input of U3010C
produces a negative transition that is inverted by
U3046C. C2050 pulls the set input of U3048B high for
approximately 10 micros. The Q output of U3048B then
goes high, causing Q4052 to pull the SR (service
request) line low.

The Q-not output of U3048B pulls the G, and G,
inputs of multiplexer U3040 low, enabling both sides.
This device allows Q4034 and U3048B to respond to
inquiries by the microcomputer to determine which
address requested service. The microcomputer ini-
tiates the polling routine, which is to pull the POLL sig-
nal and AB7 high, then interrogate each data bus line
in succession to determine which address requested
service; i.e., which data line is low. To do this, the Y1
output of U3040 is set high, which causes Q4034 to pull
the D2 line low. To affirm which address requested ser-
vice, the microcomputer now causes the 7 address line
to move low, which, via the Y2 line from U3040, clocks
U30488B to the reset state as the microcomputer holds
data bus line 2 low. This cancels the service request
because it cuts off Q4052 permits its output to move
high. In addition, the complement output of U3048B
moves high, which disables the inputs to U3040. This
brings the service request circuitry back to its original
state.

Data Buffers

The data buffers consist of U3024, U3034, U3030,
and U2026. U3024 is the listen buffer. When address
decoder U2040 is addressed by the microcomputer to
listen, it enables U3024, which passes on the buffered
data to the other circuits in the Counter board. The
function of each data bit is as follows:

DO0-This line carries the serial data that selects
which input signal is to be counted and what n
numbers to use in the +2" counter. This data is
loaded into shift register U1022. DO also carries the
data for the +N counter in the Phase Lock Syn-
thesizer circuits.
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D1-The N LATCH signal for the 1st LO phase lock
is sent on this line.

D2—Reserved for future applications.

D3-This line resets the buffer sequencer at the
outset of a talk cycle for the counters.

D4—This line (CONTROL LATCH) latches a control
word into the output buffers of U2025 on the Error
Amplifier board.

D5~This signal clears all the counter stages in the
counter- buffer circuits in preparation for a count
sequence.

D6—This line latches the N data in U1022.

D7-This line is used as a clock to step data into
U1022 and U3048A, and for the data sent in the 1st
LO phase lock. R3012 and C2010 act as a delay to
provide adequate setup time for the data prior to the
clock signal arriving.

Buffers U3034, U3030, and U2026 are the talk
buffers that send data to the microcomputer. U3018
and U2030A make up a step-enabler that enables the
talk buffers one at a time when requested by the micro-
computer.

Input Amplifiers and Multiplexer

Q1018 brings the -5 dBm, 16 MHz to 20 MHz signal
from the 2nd LO up to TTL levels. U2010 divides the
16-20 MHz by 32 and 256 before it sends it to multi-
plexer U1018. U2056 amplifies the -50 dBm, 10 MHz
IF. L2056 and C2056 act as a 10 MHz bandpass filter
on the input of U2056. R3056 provides current to the
open collector output of U2056. C3052 couples the
10 MHz signal into U4056. U4056 acts as a divide-by-
128 counter. The signal then goes to U1018.

All other input signals are at TTL levels and are con-
nected directly to U1018. The ouput of U3010A is con-
nected to U1018 so that the clock can be counted for
diagnostic purposes. U1018 selects one of its inputs
according to the data in U1022.

+2" Counter

The output of U1018 goes into a series of dividers
made up of U1050 and U2050A. Various outputs of
these dividers are connected to multiplexer U1046 to
give a +2" counter wheren=1, 2, 4, 6, 8, 10, 11, or 12
(n is selected by the data stored in U1022). A strobe
input to U1046 disables the multiplexer when pulled
high.
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21-Bit Counter

The 21-bit counter counts the 100 MHz reference
frequency to give a measurement of the time required
to complete a given number of cycles of the selected
input signal. The counter itself consists of U1038,
V2018, U1028, and U2034. U1038 is an ECL divider.
Q1034 and Q1044 are ECL-to-TTL translators for the +2
and +4, respectively. The +4 goes to U2018 where it is
counted with TTL dividers, and the divider chain contin-
ues through U2034. The output of each stage goes to
an output buffer so the microcomputer can read the
final number of counts. Therefore, measure the time
period during which the counter was enabled. The
counter is enabled by U2050B and U2046 for a time
period equal to eight cycles of the output of the +2n
counter.

At the start of a count, the microcomputer selects
the input signal to be counted and selects the n number
for the +2" counter. The COUNT/RESET line is then
pulled high to reset all of the counters. U2046A is
preset with Q in the high state, which disables the 21-bit
counter. The COUNT/RESET line then goes high to
start the measurement process. The output of U1046
goes to U2050B where it is further divided down. On
the first rising edge at QA of U2050B, Q of U2046A
goes low to start the 21-bit counter. On the eighth
count of U2050B, U2046A steps back to its original
state, which stops the 21-bit counter. At the same time,
U2046B pulls the strobe to the +2" counter high to stop
any further counts in U2050B. The microcomputer can
now read the VALID COUNT line to determine when the
count process is completed, and then read the data that
is stored in the 21-bit counter.

PHASE LOCK SYNTHESIZER
(Diagrams 39 and 40)

The Phase Lock Synthesizer provides frequency
control and stability for the 1st local oscillator. The cir-
cuit consists of the Synthesizer and Phase Lock cir-
cuits. The Phase Lock assembly includes the Error
Amplifier, Offset Mixer, Controlled Oscillator, and
Strobe Driver. The Phase Gate Detector (shown on
diagam 36) is also part of the phase lock ciruitry.

Synthesizer (Diagram 39)

The Synthesizer uses the 100 MHz reference fre-
quency from the 3rd Converter to generate the 25 MHz
reference frequency for the Offset Mixer and the +N fre-
quency (determined by the N number from the Proces-
sor) for the phase/frequency detector in the Offset
Mixer. The +N number is within the 32 kHz to 94kHz
range.



The Synthesizer can be divided into three functional
biocks: the 100 MHz divider, the 50 MHz divider, and
the +N counter.

The 100 MHz divider consists of flip-flop U3030 and
differential pair Q3040 and Q3041. The 100 MHz signal
from the 3rd Converter stage is applied to the clock
input of U3030. (One-half of U3030 is used to furnish a
stable bias source for the clock input.) The 50 MHz sig-
nal from the Q output is applied through buffer amplifier
Q3041 to P500; it is not used. The signal from the com-
plement output of U3030 is applied through Q3040 to
U10408B, the 50 MHz divider.

The 50 MHz divider consists of the flip-flop U1040B.
The 50MHz from the collector of Q3040 is applied to the
clock input of U1040B which divides the signal to
25 MHz. The signal from the Q output is sent to the
Offset Mixer circuits. The complement signal is applied
to the +N counter.

The +N counter consists of two  shift
register/latches U2020 and U2030; three counters,
U2010, U1020, and U1030; and flip-flop U1040A. The
circuit is controlled by three signals from the microcom-
puter via the Counter board. The output of the +N
counter is a frequency within the range of 32 kHz to
94kHz which is applied to the phase/frequency detector
in the Offset Mixer. When power is first applied, and
before phase lock is selected, this counter typically out-
puts a frequency of approximately 6 kHz.

When phase lock operation is selected, the micro-
computer sends data and a data clock to load a number
into the latches, which accept and store serial data.
The numbers that come from the microcomputer, range
from about 3300 to 3830, so the count remaining, until
the counters overflow, is from about 265 to 795. When
the number is loaded, the N LATCH signal transfers the
number from the input shift registers to the output
registers of U2020 and U2030 where they are available
to the counter stages. This presets the counters to a
predetermined value, as just mentioned. Once loaded,
the counters count at a 25 MHz rate to accumulate the
remaining number of digits until they are full. The TC
output of U1030 then moves high and U1040A changes
state. This presets the N number in the counter stages
for another count cycle. The TC output of U1030 is
again simultaneously set low so the next cycle of the
25 MHz clocks U1040A back to the reset condition.
The resultant output of U1040A is a series of positive
pulses that range in period from 10 us to 31 us which is
equivalent to 94 kHz to 32 kHz. This signal is sent to
the phase/frequency detector in the Offset Mixer for
comparison with the difference frequency generated in
the mixer circuit.
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Phase Lock (Diagram 40)

The Phase Lock circuits lock the 1st LO, using the
Synthesizer as a reference. The circuits shown on
diagram 40 include the Offset Mixer (A50A3, Error
Amplifier (A50A4), Controlled Oscillator (A50AS5), and
Strobe Driver (A50A2). The 1st LO (A16) and the Phase
Gate Detector (A24) are also major parts of the phase
fock circuitry.

Offset Mixer. The Offset Mixer (A50A3) circuits mix
the synthesizer and VCO outputs and compare phase
and frequency with the divide-by-N frequency from the
synthesizer. The resulting error signal drives the inner
loop amplifier on the Error Amplifier board (A50A4).

The circuits consist of a ring diode mixer, differential
amplifier, and phase/frequency detector. For this expla-
nation, assume that the Controlled Oscillator (VCO) fre-
quency is at 25.06 MHz and the +N signal is 50 kHz.
The 25.06 MHz signal from the VCO enters the board at
pin N of the Offset Mixer assembly. The signal drives
the base of transistor Q2021 which drives transformer
T2010. The transformer output connects across the
ring diode mixer. The 25 MHz reference frequency is
applied at pin K of the Offset Mixer and coupled
through T1010 to the ring diode mixer. The four fre-
quency components are picked off at the center tap of
T2010. A low-pass filter passes the 60 kHz difference
frequency and blocks the two fundamental frequencies
and their sum.

Transformer T2030 couples the 60 kHz signal to
differential pair Q1020 and Q1030. Then Q1040
amplifies the signal to TTL levels and applies it to the
clock input of flip-flop U1050B, part of the
phase/frequency detector.

The phase/frequency detector consists of flip-flops
U1050A and U1050B, NAND gate U2050B, and inverter
U2050A. Now, if the loop had been locked, the two
flip-flop clock input signals would have been edge-
coincident. Pin 4 and 5 inputs of U2050B would have
moved high and after the signal at TP1058 goes low,
the NAND gate would have reset both flip-fiops. This
results in a series of pulses of equal amplitude and
width from each of the flip-flops which, when applied to
the Error Amplifier, would not shift the frequency of the
VCO.

However, in this example the +N signal is 50 kHz
and the difference frequency from Q1040 is 60 kHz.
Thus, Q1040's output leads the +N signal. In this case,
U1050B will clock first, placing a high at the Error
Amplifier's inverting input. This ramps the amplifier out-
put low until U1050A switches a short time later.
U2050B resets both flip-flops and the inner toop error
amplifier will stop ramping until the next correction
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cycle. At the next correction cycle, the error amplifier
will have reduced the VCO frequency, therefore reduc-
ing the mixer difference frequency. This process con-
tinues untii the two signals applied to the
Phase/Frequency Detector are edge coincident, mean-
ing that their frequencies and phase match.

Error Amplifier. The Error Amplifier bcard (A50A4)
provides the inner and outer loop error amplifiers,
enables the Strobe Driver (A50A2), and generates the
UP/DOWN and F ERROR signals.

The inner loop amplifier integrates the error signais
from the Offset Mixer and produces a correction voltage
to pull the VCO to a frequency that is synchronous with
the +N signal. The Output Mixer (A50A3)
phase/frequency detector output drives integrating
differential amplifier U3075. As the signals driving the
amplifier continue toward one direction, the output con-
tinues to change the oscillator frequency in the
appropriate direction. Zener diode VR2065 and CR3069
clamp the inner loop amplifier output so that it stays
above +5 V., This prevents forward biasing the VCO
varactor diodes.

The digital control circuits consist of shift register
U2025 and quad analog switch U2037. Data from the
microcomputer is fed serially, via the Counter board cir-
cuits, into the shift register, then transferred to the out-
put fines by the CONTROL LATCH signal. Table 7-21
lists the purpose of the output lines.

Table 7-21
U2025 OUTPUT LINES

High Low
Window disabled?

Wide window?

Lock Unlock

Wide loop
Strobe enabled
Narrow window

Narrow loop
Strobe disabled
Wide window?®

aWith Q5 low.
bwith Q1 low.

The outer loop amplifier circuit consists of amplifier
U2048 and surrounding components. The ERROR sig-
nal from the Phase Gate Detector and Error Amplifier is
applied through LOOP GAIN adjustment R3082 to the
inverting input of U2048. The signal (ERROR) is a result
of the comparison of the 1st Local Oscillator frequency
and the nearest multiple of the STROBE signal from the
Strobe Driver circuit. The ERROR signal varies from
zero to about 500 kHz, and is up to 4 V peak-to-peak in
amplitude,
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When phase lock is not required, data into U2025
sets output Q2 and Q4 low and Q3 high. This opens
the connection between pins 11 and 10 of U2037 and
the connection between pins 2 and 3. STROBE
ENABLE line to the Strobe Driver goes high and dis-
ables the strobe pulse. The FM coil of the oscillator is
opened by U2037 which opens the outer loop.

To establish phase lock, the microprocessor sets
the 1st LO near the desired lock point and loads the
proper N number into the synthesizer. The 5 MHz
strobe is then turned on (Q4 and Q2 output of U2025
set high) and the microprocessor tunes the 1st LO up or
down 750 kHz either side of the desired lock point at a
10 Hz rate. When the oscillator frequency crosses the
desired lock point, the ERROR frequency is reduced to
a dc voltage which results in U2048 pulling the 1st LO in
the direction required to maintain a constant frequency.
When the microprocessor measures the 1st LO fre-
quency and finds it held constant, at the desired fre-
quency, it then sets Q3 output of U2025 low to reduce
the bandwidth of the phase lock ioop.

The UP and DOWN signals alert the microcomputer
that the drive current to the 1st LO FM coil is reaching
its limit in holding the 1st LO in phase lock. The micro-
computer then acts to bring the 1st LO frequency within
the proper range. A window comparator, consisting of
U1015 and the associated components, senses when
U2048 has approached its operating limits. When the
microcomputer causes the Q2 signal to close the path
from U2048 to the FM coil, U2048 begins to furnish
current to the coil which causes the 1st LO to track the
stable strobe signal. That is, each time the 1st LO fre-
quency drifts, the ERROR signal changes and U2048
shifts the FM coil current to bring the 1st LO back to its
original frequency. At the same time, the microcom-
puter causes lines Q1 and Q5 to be low, closing the
contacts that connect the output of U2048 to the input
of the window comparator through a divider network.
Now, as the 1st LO frequency drifts, the loop amplifier
will compensate for the drift. If the drift is excessive,
however, U2048 will approach its limits and will be
unable to furnish any more current to the FM cail.

Window comparator U1015 is a dual comparatar
that senses a deviation of £15 mV. For example, if a
frequency shift forces U2048 to move positive enough
(approximately 3 V), the upper half of the comparator
conducts, and the UP line goes high. This triggers the
service request circuits on the Counter board, which in
turn alerts the microcomputer so it begins adjusting the
TUNE voltage from the Center Frequency Control cir-
cuits to reduce U2048 output to zero. If the output
drifts negative, the other half of U1015 conducts, caus-
ing reverse action to occur,

Normally, the input signal to the window comparator
is attenuated by R2043, which reduces the voltage
applied to U1015 to 0.3% of the output from U2048.



This aliows U2048 to drift up and down without immedi-
ately triggering either comparator. When R2043 is in
the circuit, it is called "wide window" operation. When
phase lock is de-selected, the microcomputer selects
narrow window (which bypasses R2043). The Center
Frequency Control circuit is then instructed by the
microcomputer to move the 1st LO frequency until the
window comparator indicates that the FM coil current is
near zero. This prevents the 1st LO frequency from
shifting too far from the lock point when phase lock is
canceled.

The F ERROR signal is used by the Counter board
(A51) for diagnostics so that the microcomputer can
determine the relationship between 1st LO frequency
and the strobe line. The F ERROR signal is generated
from the outer loop ERROR signal from the Phase Gate
Detector (A24). The circuit consists of an active low-
pass filter U2065 and Schmitt trigger U1035. This cir-
cuit filters and squares the incoming ERROR signal.
The ERROR signal is applied through C2067 to an RC
500 kHz low-pass filter and amplifier U2085. After filter-
ing, the signal is applied through Error Count Break-
point adjustment R1081 to the input of U1035, a Schmitt
trigger circuit. The squared output signal is then
applied to circuits on the Counter board.

The STROBE ENABLE signal enables the strobe
generator in the Strobe Driver circuit (A50A2). Shift
register U2025 reads the instrument bus latch on the
Counter board (A51) to determine the status of the
STROBE ENABLE signal. Q2030 inverts the signal and
converts it to TTL level to drive the strobe generator.

Controlled Oscillator (VCO). The Controlled Oscilla-
tor (VCO) is a voltage-controlled crystal oscillator
whose frequency is controlled by the output of the Error
Amplifier. The oscillator generates a reference signal
that is used to stabilize the 1st LO frequency. Refer to
the block diagram adjacent to Diagram 40 for a func-
tional description of this part.

The control voltage from the Error Amplifier, which
is a function of the difference between the microcom-
puter controlled +N signal and the Offset Mixer
difference frequency, is applied to the VCO on the Con-
trolied Oscillator board to regulate its frequency of
operation. The circuit has two outputs: the first, which
is part of the inner loop of the phase lock circuits, is fed
to the Offset Mixer, where it is used to derive the
difference frequency that is compared against the +N
signal. The second output, which is part of the outer
loop, is fed to the Strobe Driver circuits, where it is
divided down to become the STROBE signal that is
compared against the 1st LO signal in the Phase Gate.
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The VCO consists of five major circuits, four of
which are connected in a positive feedback loop to sus-
tain oscillation. These circuits are the resonator stage,
the differential amplifier, the bandpass filter, the isola-
tion amplifier, and the output amplifier. The resonator
stage operates at a frequency of 25.032 MHz to
25,094 MHz. The output signal from the resonator is
applied to the input of a differential amplifier which
drives the output amplifier and the bandpass filter. The
output from the output amplifier is fed to the Offset
Mixer and the Strobe Driver. The bandpass filter strips
the signal of any spurii either side of center frequency
and feeds the signal to the isolation amplifier. This
stage furnishes the positive feedback drive to the reso-
nator stage and isolates the bandpass filter from the
resonator stage.

The resonator stage consists of crystal Y1012,
varactor diodes CR1011 and CR1012, and related com-
ponents. The stage operates within the frequency
range of 25.032 MHz to 25.094 MHz, which is controlled
by the voltage applied to varactor diodes CR1011 and
CR1012. Feedback energy for sustaining oscillations
comes from the isolation amplifier by way of coil L1025.

The resonator output signal is applied to a
differential amplifier Q2033 and Q2041. The Q2033 side
drives the output amplifier and serves to isolate the out-
put load from the feedback loop. Gain from this side is
less than one. The signal is fed from the collector of
Q2041, following amplification, to the band-pass filter.

The band-pass filter consists of passive com-
ponents, and is used to strip the signal of any frequency
components more than about 40 kHz away from the
center operating frequency, which is approximately
25.06 MHz. Capacitors C1041 and C1042 are adjusted
at the factory to set the bandwidth and center the fre-
quency of the filter.

The isolation amplifier, Q1028, is a common-base
configuration, in order to match the impedance of the
filter to the resonator. Output current from the stage
furnishes positive feedback for the resonator.

The output amplifier, consisting of transistors Q2025
and Q2026, is connected as a differential amplifier with
Q2026 driving one side of the Offset Mixer and Q2025
driving the input of the Strobe Driver circuit, for eventual
application to the Phase Gate circuits.

Strobe Driver Circulit. The Strobe Driver circuit con-
sists of counter U1022, bandpass filter FL2064, source
follower Q2091, and AND gates U1091A and U1091B.

The VCO output is applied to the clock input of

divide-by-5 counter U1022. The STROBE ENABLE line
from the Error Amplifier permits the counter to operate
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when the line is low and is the means by which the
microcomputer can turn the strobe pulses on or off.
The counter output couples through an impedance
matching network consisting of C2030, L1031, C2033,
and C1032, to the input of bandpass filter FL2064. The
impedance matching circuit raises the line impedance to
about 8200 ohms. The output of the filter drives
another impedance matching network for the gate input
of Q2091. The output of Q2091 drives two buffer
amplifiers U1091A and U1091B. U1091B drives the
Phase Gate circuitry, and U1091A is reserved for future
applications. Capacitors C1032 and C2105 are selected
to provide maximum signal amplitude at TP2087.
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DIGITAL CONTROL (Diagram 9)

The Digital Control section provides operator and
digital controller interfaces. It translates changes in
front-panel controls and for the 2754P, also translates
instructions received via the GPIB into codes that con-
trol the instrument.

The user interface to the digital control operating
program is discussed in the Operators and Program-
mers manuals. This description focuses on the major
circuits that make up the Digital Control section. Those
circuits are:

Microcomputer

Addressable registers on the instrument bus
Front panel

Accessories interface

GPIB interface (2754P only)

Microcomputer

The Microcomputer system receives inputs from the
front-panel controls, the instrument circuits, and the
GPIB (2754P only), and sends control codes to the
instrument hardware to set it for desired operation. The
Microcomputer consists of a microprocessor, memory,
various input/output (I/O) circuits, and associated bus
structures. The circuits are located on the Processor
(A58), Memory (A54), and GPIB (A56) assemblies.

The microcomputer is centered around a micropro-
cessor. Input/output (I/O) is provided by a Timer, a
Peripheral Interface Adapter (PIA), and for the 2754P a
Direct Memory Access (DMA) controller and a General
Purpose Interface Adapter (GPIA). System memory
includes both read-only-memory (ROM) and random-
access-memory (RAM). The ROM contains the instru-
ment operating system and other firmware. Front-panel
control settings, displays, and calibration information
are stored in non-volatiie RAM. This RAM has battery
backup power to retain the data when instrument power
is off. The instrument operating system uses additional
RAM.

The microprocessor communicates with the memory
and 1/O ports via the microcomputer bus. Communica-
tion with the rest of the instrument is via the instrument
bus.

Interrupts from various circuits can request proces-
sor service. The firmware contains a service routine for
each of the interrupts. If necessary, the processor can
mask, or ignore, all interrupts except for a power failure

interrupt.

The accompanying illustrations show the address
allocations for the microcomputer. These will be useful
for the following descriptions. Figure 7-30 shows the
entire address range of the processor. Figure 7-31
shows the 1/O address range. Figure 7-32 shows PIA
and Timer memory maps. Unless otherwise noted, all
addresses are in hexadecimal.

Processor (Diagram 41)

The Processor board (A58) contains the micropro-
cessor and most of its peripheral devices that compose
the computer system.

Microprocessor. The microprocessor, U1025,
processes data, generates addresses and control sig-
nals, and controls the operation of the instrument. The
microprocessor, a 6808 (also known as 67127), has an
8-bit bi-directional data bus and a 16-bit address bus.

Output signals include the ¢2 Clock (Enable),
Read/Write (R/W), Bus Available (BA), and micropro-
cessor Valid Memory Address (VMA).

The microprocessor divides the CRT Clock signal by
four, producing an internal two-phase clock. This clock
is available at the microprocessor's Enable output as a
signal labeled ¢2 Clock. The 853.3 kHz ¢2 Clock drives
the Timer, PIA, and DMA Controller, and it is one of the
control lines available on the microcomputer bus.

The Read/Write line indicates to the peripheral and
memory circuits whether the microprocessor is in the
read state (high) or the write state (low). The read state
is the normal standby condition and a response to a
halt signal. U1030B and U2030F buffer the R/W signal
to drive the various circuits.

The Bus Available signal goes high to indicate when
the microprocessor releases the data bus. This occurs
when the microprocessor executes a WAIT or when the
HALT Input goes low,

A high VMA signal tells the memory circuits that
there is a valid address on the microcomputer address
bus. U3036C issues the VMA signal to the memory cir-
cuits from either the microprocessor or the DMA Con-
troller.
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Clock. This circuit generates the clock signal that
drives the microprocessor, the GPIA transceiver on the
GPIB board (A56), and the character generator circuitry
on the CRT Readout board (A66A1).

Y1030, Q2035, and Q1030 form a clock circuit that
oscillates at 3.4133 MHz. Q2035 and Y1030 form a
Colpitts oscillator and Q1030 buffers the output, giving
a TTL compatible clock signal. This signal is further
buffered by U2030A forming the crt clock signal.

Microcomputer Bus. Microcomputer communica-
tion with memory and 1/O is via the microcomputer bus.
The bus consists of eight data lines (D0-D8), sixteen
address lines (A0-A15), the RESET line, the VMA (Valid
Memory Address) line, the Read/Write (R/W) line, and
the ¢2 Clock.

The data lines connect from the microprocessor
through bi-directional buffer U2025. The Read/Write
line controls data direction through the buffer. When
the microprocessor releases the address bus, the Bus
Available line (BA) disables the data bus buffers through
U3036A. Jumper P3015 is a test jumper that allows
disabling the data buffer and forcing a CLR B instruc-
tion to the microprocessor. Diodes CR2020 and
CR2025 pull data lines MD5 and MD7 low, issuing the
CLR B instruction.

The address lines connect from the microprocessor
through buffers U3030 and U3025. These buffers are
disabled when the DMA Controller is granted the
address bus. Then the addresses come from the DMA
Controller, U1020, through DMA address buffers U1015
and U1024. U1015 is a bi-directional buffer, allowing
the microprocessor to address the DMA Controller.

The RESET signal is a function of the Power Failure
circuit. When a power failure is sensed, the RESET sig-
nal resets the Timer, PIA, DMA Controller, and circuits
on the Memory (A54) and GPIB (A56) boards. The
Power Fail circuit is discussed in more detail later. The
VMA, R/W, and ¢2 Clock signals have already been
described.

Address Decoder. AU3035 decodes the addresses
for the 1/O circuits on this board. When the micropro-
cessor selects an address in the range of 7800-7FFF,
the 1/O line from the Memory board (A54) goes low,
enabling U3035. The decoder then subdivides the
address range to select each circuit. Figure 7-31
shows the 1/O address map. Each circuit uses only one
or a few addresses within its range.
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Timer. The Timer circuit, U2015, is a 6840 program-
mable timer used by the microprocessor to generate
variable time delays. The processor programs an inter-
val into the timer. When the interval passes, the Timer
generates an interrupt (Timer SRQ). The ¢2 Clock syn-
chronizes the Timer with the microprocessor. An
address in the timer range selects the Timer. Address
bits A0-A2 select internal Timer registers, counters, and
latches. When the Read/Write (R/W) line is low, the
Timer accepts data input from the data bus. When the
line is high, the Timer puts its data on the data bus.
See a 6840 data sheet for additional details. The Timer
addressing is mapped in Figure 7-32.

PIA and Instrument Bus. The microcomputer com-
municates with the instrument through the instrument
Bus. The 6821 PIA, U1010, interfaces the Digital Control
circuits to the Instrument Bus. This bus contains eight
data lines (DB0-DB7), eight address lines (ABO-AB7),
the DATA VALID line, the Service Request (SER REQ or
SR) line, and the POLL line, all through the PIA.

The PIA receives Read/Write, ¢2 Clock, and RESET
control signals from the microprocessor. Figure 7-32A
shows the PIA address map.

The address lines are buffered by U3015. The data
lines are buffered by bi-directional buffer U3010. The
buffer is gated on when data is valid. The most
significant address bit selects data direction so that half
of the address space is for writing to the instrument,
and half is for reading from the instrument. The PIA
CB2 port (U1010 pin 19) goes low when the data on the
Instrument Bus is valid. Resistor-capacitor circuits
delay the DATA VALID signal to the Instrument Bus,
assuring the proper timing relationship with the other
Instrument Bus signals.

The PIA issues the POLL and DATA VALID (or DV)
signals in response to a service request from the
hardware on the Instrument Bus. The requesting circuit
responds to the POLL signal on the Instrument Data
Bus.

The Internal Control (INTL CONT) signal comes from
the Accessories Interface assembly (A30A76). This sig-
nal is normally high unless external control through the
ACCESSORIES connector is desired. When low, the
Bus Enable signal goes high, disabling the address and
data buffers and the DATA VALID and POLL outputs.
The Bus Enable jumper, P3010, may be removed to dis-
able the Instrument Bus for test purposes.

DMA Controller. When the instrument transfers data
through the GPIB interface, the DMA Controller, U1020,
sets up direct transfers between system RAM and the
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GPIA interface circuit on the GPIB board (A56). (This
only occurs on the 2754P.)

Before each transfer, the microprocessor loads
U1020 with the starting address of the RAM data and
the number of data bytes to be transferred. When the
GPIA interface circuit requires data, it pulls the DMA
Request line, pin 4 of P1035, low. This causes U1030C
to set U1020's Transfer Request input high, requesting
a byte. In return, the DMA Controller sends a DMA
request to the processor's HALT input, pulling it low.
This also disables any maskable interrupt request to the
processor. With HALT low, the microprocessor com-
pletes its currently executing instruction and then stops,
signals that the bus is available (sets the BA line high),
tri-states its data bus, and sets itself in the Read state
(R/W line high).

The BA signal disables the microprocessor address
buffers, U3030 and U3025, and enables DMA Controller
access to the address bus via buffer U1024 and tran-
sceiver U1015. It also gives bus control to the DMA
Controller. The least significant address lines are inter-
faced to U1020 through a transceiver because the pro-
cessor uses addresses AO through A4 to address the
setup registers in the DMA Controller.

The DMA Controller sets the address, VMA, and
Read/Write (R/W) lines to cause the RAM to place the
proper byte on the data bus. Because U1030 is an
open-collector gate, there is no conflict between the
microprocessor and the DMA Controller over the R/W
line,

The DMA Controller Transfer Strobe (TxSTB) output
goes low giving the DMA GRANT signal to the GPIA cir-
cuit on the GPIB board. This informs the circuit that
data is coming. After the transfer is completed, U1020
raises the HALT line, and normal processor operation
resumes.

Ground from the GPIB board connects through pin 2
of P1035 as a signal that the Processor and GPIB
boards are connected. If the GPIB board is not
present, such as for test purposes, U1035B pin 12 goes
low. This disables the DMA request.

Interrupt Processing. The microprocessor uses
both maskable and non-maskable interrupts. The non-
maskable interrupt is used only for sensing power-fail.
The maskable interrupt Is used to sense circuits
requesting service. Although these interrupts may be
masked by the processor, they are enabled most of the
time. These interrupts can be requested by circuits on
the Instrument Bus, the GPIB board, the DMA Con-
troller, or the Timer. The instrument firmware contains
service routines for each of the interrupts.
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The maskable interrupts are sensed at the
microprocessor's Interrupt Request (IRQ) input. Gate
U2036 sets IRQ low if it senses any of the interrupt
lines low. The Input Port buffer U3020 places the inter-
rupt information and sweep information on the data bus.
This allows the microprocessor to read the interrupt
status.

If the interrupt is from circuits on the Instrument
Bus, the microprocessor executes a poll routine to
determine the exact cause of the interrupt. The Instru-
ment Bus circuits interrupt the microprocessor by pul-
ling the Service Request (SER REQ or SR) line low.
The microprocessor responds by placing address FF on
the Instrument Bus and setting the DATA VALID and
POLL signals high. This causes the circuit that
requested service to pull one of the data lines low.

Each circuit is assigned a different line, as shown in
Table 7-22. It is possible that more than one circuit
requests service at the same time. In that case, more
than one data line will be low.

The microprocessor reads the data lines to deter-
mine the interrupting circuit or circuits. It then writes
the corresponding bit pattern to the data bus while the
address lines are set to 7F and DATA VALID and POLL
are both high. When an interrupting circuit receives a
low on its assigned data line with the address lines,
DATA VALID, and POLL set as described, it resets its
internal interrupt latch and releases the Service Request
(sets SER REQ or SR high).

Table 7-22
POLL BITS

Not Used
Not Used
Not Used
End of Sweep

FREQUENCY knob
Phase Lock

Not Used

Front Panel

The non-maskable interrupt signals power loss. Cir-
cuitry on the Z-Axis assembly (A70) senses power loss
and sets the PWR FAIL line low. This causes an inter-
rupt and starts the microprocessor's power fail routine.

When PWR FAIL goes low, Q2030 turns on and
C2030 begins to discharge through R1037. If the line
stays low until C2030 discharges, the RESET line goes
low and the microprocessor resets itself. As part of its
power fail routing, the microprocessor monitors the
PWR FAIL, along with other interrupts, through U3020.
If the PWR FAIL line returns to a high state before the
microprocessor is reset, the microprocessor does a



power-up initialization to ensure that the instrument
operation will not be affected by a temporary power
loss.

This power fail sequence can be disabled by remov-
ing jumper W2035. This may prevent false resets when
operating the instrument on noisy power. However,
power-down settings will not be stored.

Memory (Diagram 42)

The Memory board (A54) contains some of the ROM
and all of the RAM used by the microprocessor. There
are 64K bytes of ROM in two 32K byte EPROMs and
32K bytes of RAM in four 8K byte RAMs. Battery
backup power is supplied for 16K of the RAM. The
board also contains the Options switch, which sets
some instrument operations and selects processor test
modes. Additional ROM is located on the GPIB board
(A56).

Address Decoders. The address decoding circuits
monitor the microcomputer bus to enable circuits on the
board. Decoder U2045 is the main address decoder on
the board. U2045 decodes four 16K-byte blocks of
address space:

0000-3FFF for RAM

4000-7FFF for RAM and 1/0O

8000-BFFF for sytem ROM and bank ROM
CO00-FFFF for system ROM

The upper half of U2045 decodes the |/O and NVRAM
space. The lower half decodes the remaining memory
space. The ¢2 Clock signal clocks the lower half of
U2045 to assure proper memory timing.

The RAM address space is from 0000-3FFF and
7000-77FF. The 16K space from 0000-3FFF is for sys-
tem RAM. The 2K space from 7000-77FF is switched
between eight 2K banks of the 16K non-volatile RAM.

The system RAM address space is divided between
two 8K RAMs, U1010 and U3020. The lower half of
U2045 and the upper half of U3025 decode addresses
from 0000-3FFF. This enables U1010 for addresses
0000-1FFF and U3020 for addresses 2000-3FFF.

The non-volatile RAM is bank switched into eight 2K
banks addressed from 7000 to 7800. This allows more
memory than the processor can directly address. At
address 7EOQ0, the bank select circuit on the GPIB
board (A56) enables latch U4020. The latch holds the
RAM bank number from bits D5-D7 of the microcom-
puter data bus.
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Latched bit D7, 7000 address enable from U3040
drives the lower half of U3025 for the 7000-77FF
address space. If D7 is low, U1030 is enabled; if high,
U1020 is enabled. The other two bank select bits, D5
and D6, directly drive two address lines, creating four
banks in each of the 8K RAMs.

The 1/O space is decoded by the upper half of
U2045, U3040, and U3045. The upper half of U2045
enables U3040 for addresses from 4000-7FFF. U3040
then decodes the 7800-7FFF address for Options circuit
and other I/O space. This line is sent off the board as
the I/O signal. The Options circuit is addressed at
7B00 by U3045.

ROM decoding is performed by U2045 and the bank
select circuits on the GPIB board (A56).

RAM. The RAM is divided into system RAM and
non-volatiie RAM. The microcomputer uses the system
RAM for interim data storage while the instrument is
operating. The non-volatiie RAM stores changeable
data such as waveforms, readouts, and front-panel set-
ups. The non-volatile data is backed up by battery
power when the instrument is not operating.

U1010 and U3020 form the main system RAM.
Each IC contains 8K bytes of RAM. The total system
RAM is thus 16K bytes.

U1020 and U1030 form the battery-backed-up non-
volatile RAM. When the instrument is operating, these
RAMs are powered by the +5 volt supply. When the
instrument is not operating, the RAMs are powered by
lithium battery BT2040. See the Maintenance section for
replacement information.

Each of the non-volatile memory ICs require less
than 2 uA. They will hold data as long as the battery
voltage is above 2.5V. In the battery circuit, R1030
and R2037 protect the battery against accidental short
circuits. The jumper on pins 1 and 2 of P1040 provides
an sasy way to remove power, thus clearing all data in
the RAM.

The microprocessor uses flip-flop U4030 to power-
up and enable the battery-backed-up RAMSs. Initially,
U4030 is reset by the RESET line going low. This dis-
ables the non-volatiie RAMs, U1020 and U1030. As
part of the initialization sequence, the microprocessor
writes to instrument bus address 73 to set U4030’s out-
put high. (U4040 decodes bus address 73). This allows
C2030 to charge to +5 V, turning on Q2025, Q2035, and
Q2037. Q2037 connects the +5 V supply to the RAMs’
power-supply inputs, back-biasing CR1030 and discon-
necting the battery. Q2025 turns on Q2030, pulling the
CE inputs low, allowing the microprocessor to use the
RAMs. If the microprocessor "crashes" on power up
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(which might happen at cold temperatures), the battery-
backed-up RAM is protected from random alteration
since U4030’s output remains low.

On power-down the microprocessor sets the output
of U4030 low. After C2030 discharges, Q2025, Q2030,
Q2035, and Q2037 switch off. R2032 pulls the CE1
lines high, to the RAM supply voltage, disabling the
memory. As the supply voltage falls, CR2030 switches
off, and the battery begins supplying power to the
RAMs. R2036 and R3034 insure that the CE2 lines are
grounded, not floating, in the standby condition, as is
required for lowest current drain.

Options. The Options Switch settings tell the micro-
computer which instrument options are installed so that
the appropriate firmware is used. It also enables diag-
nostic checks and allows reporting only settings over
the GPIB in Talk Only mode. Figure 7-33 shows the
switch settings. See the Maintenance section for more
information about using the switches.

Octal switch S1050, latch U2050, and decoder
U3045 form the Options Switch. The decoder enables
the latch at address of 7B00. An open switch is read
by the microcomputer as a 1, and a closed switch is
read as a 0. When addressed, the latch places the
switch data on the microcomputer data bus.

00 = NORMAL OPERATION

01 = POWER-UP SELF TEST
10 = NOT DEFINED

11 = INSTRUMENT BUS CHECK

NOT USED

OPEN (1) CAUSES INSTRUMENT TO REPORT SETTINGS (NO WAVEFORMS) IN TALK ONLY MODE.
CLOSED (0) CAUSES INSTRUMENT TO REPORT BOTH SETTINGS AND WAVEFORMS IN TALK ONLY MODE.

OPEN (1) ENABLES POWER-ON SRQ
CLOSED (0) DISABLES POWER-ON SRQ

NOT USED

CLOSED

OFF (open) = 1

ON (closed) = 0

6097-07

Figure 7-33. Options switch bank on the Memory board.
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ROM. The ROM in this instrument is located on this
board and on the GPIB board (A56). The ROM consists
of system ROM containing the instrument operating
system and the program ROM containing the various
measurements routines and crt messages. The system
ROM is always accessible, while the program ROM is
bank switched as necessary. Bank switching allows
expanded memory within a limited address space. The
system ROM and part of the bank switched ROM are
located on this board. The remaining bank switched
ROM and the bank switching circuitry are located on the
GPIB board (A56).

U3050 includes the "system" ROM and part of the
‘non-system” ROM. The ROM from COO0O0-FFFF is the
system ROM, always accessible from any of the bank
ROMs. The ROM from 8000-6FFF is treated by the pro-
cessor as a ROM bank. U2040C and U2040D allow
both the 8000 and C000 address selection lines from
U2045 to select the same physical ROM.

U3060 comprises ROM banks 0 and 1. This IC is
selected when the processor addresses the range
0000-BFFF and when the CEOQ signal from the GPIB
board is active (low). Selection between banks 0 and 1
is done by the bank-select bit latched from DBO by
U4020. This latch is enabled when the BANK signal
goes low from the GPIB board.

ROM Banks and GPIB (Diagram 43)

The GPIB board (A56) contains most of the
instrument’s bank-switched ROM and the General Pur-
pose Interface Bus (GPIB) circuits. The GPIB Interface
board (A30A57) connects the instrument to the GPIB
(IEEE Std 488 bus). The interface board is only present
on the programmable versions of the instrument.

Address Decoder. Decoder U1055, gated by the ¢2
Clock, is addressed at 7800 by the I/O line from the
Memory board (A54). Address lines A8-A10 produce
enable signals for starting addresses 7A00, 7C00, and
7EQ00 as follows:

7A00 for the 9914A GPIA
7C00 for the GPIB Switch Data Buffer
7E00 for the ROM Bank Select Enable

Bank Selector. Bank switching expands the
addressing capabilities of the microcomputer. The
Bank Selector circuit allows addressing 256K of ROM in
sixteen 16K banks. Each ROM IC holds two banks in
its 32K bytes of memory. Banks 0 and 1 are located on
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the Memory board (A54). Banks 2 through 15 are
located on this board.

Latch U2044 reads the data bus at address 7EQ0.
Bit DO selects even and odd banks by driving the most
significant address line on each ROM IC. When DO is
low, the lower addresses in each ROM are selected.
These are the even bank numbers. When DO is high,
the upper (odd bank) addresses are selected.

Bits D1 through D4 drive decoder U1040. Bit D4
enables the decoder, and bits D1 through D3 provide
the chip enable signals for the ROMs. When a bank is
selected, it is addressed in the 8000 through BFFF
range. If another bank is selected, new data is written
to the Bank Selector. Table 7-23 lists the ROM selec-
tion data.

Table 7-23

ROM Selection Data

ROM

A54U3050
A54U3050
A56U1010
A56U1010
A56U1020
A56U1020
A56U1025
A56U1025
A56U1035
A56U1035
A56U3015
A56U3015
A56U3020
A56U3020

030

o]
o

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0

NOOCOANHAPLWOLWNN—=-—-0O

The light-emitting-diodes (LEDs) on U1040’'s chip
enable outputs are diagnostic indicators. When the
instrument is placed in a self-diagnostic mode, the
LEDs signal results of the tests. See the Maintenance
section for further information.

Bank ROMs. The bank ROMs contain most of the
firmware. This includes functions such as control pro-
grams, measurement routines, and crt messages.

The memory ICs are 27256 32K-by-8 bit erasable
programmable ROMs. They each have 15 address
lines, 8 data lines, a chip enable line, an output enable
line, and a program voltage line. Normally, the ROMs
will not be erased or re-programmed.
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GPIB Switches. At address 7C00, buffer U2045
writes the rear-panel GPIB switch data onto the data
bus. A resistor-capacitor combination decouples each
switch line to minimize noise and unwanted pulses
picked up on the long circuit board lines to the rear
panel.

GPIA. General Purpose Interface Adapter (GPIA)
U2050 translates microprocessor commands on the
microcomputer bus into appropriate codes and protocol
for the GPIB bus. It also decodes data from the GPIB
for the microcomputer bus. Interrupts are generated by
pulling down on the GPIB SRQ line. The CRT CLK line
provides the clock reference. This IC is accessed at
address 7A00.

The GPIB Interface board (A30A57) connects the
rear-panel |IEEE 488 PORT (GPIB connector) to the
GPIB board, through the GPIB Extender board (A56A1).
The interface board contains two octal transceivers,
U1011 and U1012, that transfer GPIB data between the
rear-panel connector and the GPIA circuit.

Accessories Interface (Diagram 44)

The Accessories Interface board (AS0A76) provides
access to the instrument bus, the external
MARKER/VIDEO input and contro! line, and the EXTER-
NAL PRESELECTOR output signal. The
MARKER/VIDEO input is through a coaxial connector.
The other lines are available through the ACCES-
SORIES connector.

To display an external signal that is applied to the
MARKER/VIDEO input, pull the EXT VIDEO SELECT line
(pin 1 of the ACCESSORIES connector) low. The EXT
PRESEL output drive an external preselector. It is valid
only in Option 01 instruments and in the preselector
bands (1.7 GHz to 21 GHz). This signal tracks the
instantaneous frequency at a nominal 2.1 GHz/volt with
zero output corresponding to 2.072 GHz.

The instrument bus is buffered and brought out to
the rear panel with the lines named to indicate their
relation to the internal bus: ADV for DATA VALID,
APOLL for POLL, etc.

Two lines, INT CONT and DATA BUS ENABLE,
define the instrument bus/external device interface. An
external controller gains control by pulling the INTER-
NAL CONTROL line low. This disables the internal
microcomputer's instrument bus buffers and sets the
data direction of buffers U2015 and U2033. In this
state, the external controller sends addresses and the
DATA VALID and POLL signals to the instrument. It
also allows the instrument circuits to send a service
request (SR) signal to the external controller. For inter-

7-92

nal control, the buffers reverse direction.

Data buffer U2038 transfers data to and from the
external instrument bus. Data direction depends on
whether control is internal or external and on what the
address is. The buffer senses the most significant
address bit, AB7, so that when in external control, the
upper addresses (AB7 high) send data to the instrument
and the lower half of the addresses (AB7 low) receive
data from the instrument. For internal control, the data
direction reverses.

The DATA BUS ENABLE line is asserted low by an
external device to enable the data buffer. As long as
this line is unasserted, the data buffer is set to its high
impedance state and the data direction input has no
effect on its output.

Front Panels (Diagram 45)

The Front Panel boards (A38A1 and A39) act as an
interface between the user and the instrument. These
circuits translate operator actions on front-panel con-
trols, into data for the microcomputer to read and
implement. They output data showing current operating
modes to the user via LED's (light emitting diodes) and
crt readout.

Output of data is provided by seven shift registers
that drive LED’s to light various front-panel pushbuttons
and indicators to show the instrument operating mode.
Operator input information, via pushbuttons or rotary
switches, is read by the front-panel CPU. The CPU then
outputs the data to the master microprocessor for
action. The front-panel CPU scans all push buttons and
rotary selectors on the keyboard matrix plus the coder
for the FREQUENCY knob fooking for changes in the
keyboard codes or frequency coder. It then translates
these changes for the master microprocessor for
appropriate action. The following is a description of the
hardware and a brief description of the software used
by the front panel CPU.

Potentiometers. The following controls or adjust-
ments generate analog signals used by other functions
of the instrument. These controls are non-
programmable.

INTENSITY is an input to the Z-Axis/RF Interface
board to control trace brightness.

PEAK/AVERAGE is a digital storage input that
causes signals to be either peak detected above or
averaged below a displayed cursor line that tracks this
control.



MANUAL SCAN sweeps the spectrum or display in
manual sweep mode.

POSITION centers the horizontal and vertical
deflection on the crt.

LOG/AMPL CAL varies the video signal level prior
to the Video Processor board and adjusts 10 MHz IF
gain to calibrate the log display.

PEAKING controls the front-end response of the
analyzer by fine tuning the internal preselector.

Output Mode Shift Registers and LEDs. As previ-
ously described, LEDs mounted behind a pushbutton or
below front-panel labels indicate the mode of operation.
Some versions of the spectrum analyzer may not use all
indicators; for example, the non-programmable versions
do not have a RESET TO LOCAL button.

The LEDs are driven by shift registers (U2010,
U2020, U2061, U3060, U5060, UB040, and UB070) that
reside at address 74 (H) on the instrument bus. The
shift registers that drive the LEDs are reloaded each
time a LED changes state. The master microprocessor
changes the appropriate bit in the LED code then
reloads all registers. The shift register U5060 that
drives the GRAT ILLUM LED also controls the voltage
regulator U5080, which provides power for the graticule
lights.

Processor. The CPU is an 8741 self-contained 8-bit
microprocessor with on-chip EPROM and RAM. Refer
to Intel UPI Users manual for a complete description of
this microprocessor (Intel 8741).

The IC has a self-contained clock and a timer. The
clock uses a 6 MHz crystal, Y6030, as the resonator.
The timer functions either as a programmable timer or
counter.

The CPU has two input/output ports. Port P10-P17
is input only and P20-P27 in an input/output port. Each
port is 8-bits wide. In addition, the CPU has an 8-bit
data port (D0-D7) called the output buffer, which talks to
the master microprocessor. In this application all data
is output only with U3030 being a buffer between the
CPU and the instrument bus. Information that the CPU
wishes to relay to the master microprocessor, is loaded
into a latch connected to the output buffer U3030. The
master microprocessor accesses the CPU by pulling
address F4, out of decoder U2040, low to activate the
output buffer and enable U3030 so data is passed onto
the instrument bus.
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The CPU is reset by the master microprocessor.
When DB3 is selected for more than 10 ms (same as
writing 08 at address 74) C5021 charges and U5020A
output resets the CPU.

Scanning the Keyboard. The front-panel keyboard
is arranged in a matrix of 6 rows of 5 columns and 6
rows of 7 columns (see Table 7-24). The RESOLUTION
BANDWIDTH, SPAN/DIV, TIME/DIV, MIN RF
ATTEN dB, and REFERENCE LEVEL selectors are
rotary switches where each contact occupies a position
in the keyboard switch matrix. Except for TIME/DIV
and MIN RF ATTEN, the rotary switches are indepen-
dent. The master microprocessor notes the current set-
ting of these selectors by noting which contacts are
closed. When a change is made the master micropro-
cessor notes which direction the selector was moved by
noting the relative position of the current contact clo-
sure with the previous setting. Pull up resistors, within
R1030 through R1037, on each column of the row
currently being read, will pull that column high if the
switch is open. The basic algorithm of scanning is to
pull one row at a time down and note which columns
have a 1 or 0. Port one, P10-P17 (pins 27-34), read the
columns. Part of port two (pins 21-24) are responsible
for activating the rows. Basically the process consist of
pulling one row at a time down to a logic 0 and then
reading all the columns. If a switch contact is open it
reads a "1" and if it is closed it reads a "0".

Since there are 16 rows to scan and only 4 pins
(P20-P23) available at the number 2 port, the output is
multiplexed through U2050 (U2060) and U1060 (U1061).
These IC's are open collector output, TTL compatible
muitiplexers. They decode data out of P20, P21, P22,
and P23 (pins 21-24) and their output pulls the appropri-
ate row of keys down. Table 7-24 is a chart showing the
switch matrix codes, and which keys correspond to a
given address in the matrix code. Note that column 6
contains the MIN RF ATTEN settings, column 7 the
SPAN/DIV and RESOLUTION BANDWIDTH settings,
column 8 the REFERENCE LEVEL settings, and
columns 1 & 2 are devoted entirely to the TIME/DIV
selections.

Due to the characteristics of the switch matrix, if
two keys, in any row or column are closed, and a third
is closed so three corners of a rectangle are esta-
blished in the key matrix, the CPU will see a phantom
closure at the fourth corner. For example; if Y6/X3,
Y6/X7 are closed, and then Y3/X7 is closed, the CPU
will see a phantom closure at Y2/X3 as it scans the key
matrix. To suppress these phantom key closures,
diodes have been added in series with the RESOLU-
TION BANDWIDTH, MIN RF ATTEN, SPAN/DIV, and
certain other keys in column 6 and 7 of the key matrix.
In addition, an error detection algorithm is used in the
CPU to eliminate additional phantom key closures that
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might occur.

Scanning the FREQUENCY Control Coder. The
FREQUENCY control contains a pair of phototransistors
that output a gray code through U5020B and U5020C to
P27 and P26 (pins 38 and 37) of the CPU. This gray
code signifies the direction the control is turned. During
a scan cycle, the CPU looks at the status of the FRE-
QUENCY control code and if it detects a change, the
CPU performs a shift and exciusive-OR operation which
derives the correct code to output over the instrument
bus to the master processor to tell it which direction to
tune the center frequency.

Outputting the Correct Code. The remaining two
bits out of port 2 (P24 and P25) drive the appropriate
hardware and initiate an SRQ on the instrument bus.
When the SER REQ line is pulled down, the master
microprocessor will service either the keyboard or the
frequency coder. The front panel CPU (U5030) initiates
a SRQ by pulling down P24 or P25. A low out of P24
(pin 35) will initiate a keyboard SRQ. The master
microprocessor will now service the request by reading
the keyboard data in output buffer U3030. A low out of
P25 (pin 36) initiates a FREQUENCY control SRQ and
causes the master microprocessor to service the
request by reading the frequency code in the output
buffer.

A low out of P24 is inverted by U4010E so it clocks
the flip-flop US011B. The resultant low on the Q(bar)
output pulls the SER REQ line down. (Refer to the
instrument bus POLL sequence described under the
master microprocessor description for the service
request sequence.) The master microprocessor now
raises both the POLL line and AB7. This is gated
through U3010A (U6030A) as a low to DBO on the
instrument bus, The master microprocessor reads the
bus and sees a low on DB0. This indicates that a key-
board interrupt has occurred and it must read the new
keyboard code. The master processor first clears the
interrupt by pulling AB7 and then the POLL line low.
DBO now goes high. The master microprocessor now
writes a 0 to DBO, the same as it read, and raises the
POLL line. This clocks U5011A and resets U5011B
which removes the SRQ(bar). The instrument proces-
sor now reads the data in the output buffer, U3030, at
address F4. The front panel CPU now recognizes that
its output buffer has been read and it resets P24 to a 1.
It is now ready for another cycle.

A similar process occurs when P25 (pin 36) of the
CPU is pulled low by a FREQUENCY coder interrupt. A
low on P25 is propagated through U4010E, U5010A,
U50108, and U3010C (UB030C); only this time DB3 is
involved in the poll. U4010D and U30108 (U60308B)
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decode a low on AB7 and high on POLL line to clock
U5010A and U5011A.

Software. The algorithm that the CPU follows con-
sists of a main scan routine, which is an endless loop,
and four subroutines that can be called. One sub-
routine runs the on-chip timer that is used to debounce
the keys, another reads the frequency knob coder and
derives the proper code to output to the master proces-
sor, the third subroutine reads the keyboard and stores
the address of all keys that were closed, and the fourth
subroutine looks at the keycode from the key addresses
that were stored, and outputs the key codes and/or fre-
quency code for the master processor. There are also
a number of checks and tests that have to be done in
each routine in addition to the obvious tasks.

Main Scan Routine. There are two types of scan;
the first is made after a reset, the second type consists
of the following scans; the keyboard, frequency coder,
and the output data. During the first scan, data in the
CPU is initialized. The CPU reserves part of its RAM to
store and remember all key and frequency knob coder
settings. During all scans, the CPU reads the frequency
code and each row of keys on the keyboard. It com-
pares what it read to that stored in RAM and if there is
a difference, the CPU calls the appropriate subroutine
for either the keyboard or the frequency coder knob.
After a complete scan, the CPU checks to see if new
information needs to be output to the instrument pro-
cessor. If it does the CPU calls up the output subrou-
tine.

Prior to the first scan, after reset, the CPU puts all
1’s (highs) into its keyboard memory. This
corresponds to open keys. On the first scan, the CPU
will note five apparent closures due to the TIME/DIV,
MIN RF ATTEN, SPAN/DIV, RESOLUTION
BANDWIDTH, and REFERENCE LEVEL selectors.
These closures are noted and output to the master pro-
cessor. Because the master processor memory knows
the position of each selector to close a key, the proces-
sor calls these the power-up settings. When a front
panel knob changes position the master processor can
determine which direction the knob changed and what it
must do to respond to the change. A complete scan,
without detecting any key closures takes about 800 us.

Keyboard Check Subroutine. This subroutine is
called when the main scan routine detects a change in
the keyboard matrix which occurs when a key opens or
closes. A key opening usually signifies that an action
has been completed, whereas a closure indicates that
an operation or action is requested by the user; there-



fore, the two are treated differently by the CPU.

Because mechanical keys tend to bounce when they
open or close, the subroutine must debounce each key
change. To debounce, the subroutine calls up the timer
subroutine. This sets a number into the internal timer
and starts it running. When the timer has timed out, in
about a millisecond, the keyboard subroutine again
scans the row and compares this scan with the scan
before the debounce check. If the scan does not com-
pare, the routine assumes the key change was a
bounce or fluke, and it returns to the main scan routine.
If it does compare, the routine then recognizes that a
key state has changed. It then checks to see if this is
the first scan that looked for a key change after it has
outputted previous information to the master processor.
If it is the first pass then the routine causes the CPU to
re-scan the full keyboard matrix to ensure that there is
not a phantom key closure. If this is the second or sub-
sequent pass and an actual key change has occured,
the routine then notes if the key change was an opening
or closure, If it was an opening the CPU memory is
updated to the fact that the key is open. If a closure
has occurred, the routine will then check the column
that has the closure and output a new key address onto
the output stack. This address consists of the key's
row and column location. After outputting the address,
the subroutine returns to scanning the remainder of the
keyboard matrix.

Frequency Coder Subroutine Check. This subrou-
tine is called when the main scan routine detects a
change in the frequency coder switch. Like the key-
board subroutine, this routine also debounces the fre-
quency coder switch after every change to ensure that
the switch code has changed. If a real change is noted,
the routine proceeds to determine the direction of the
change. The frequency knob outputs a two-bit code
with only one bit at a time changing as the control is
rotated. The direction the knob is rotated is determined
by the property of a gray code, generated by an
exclusive-OR logical operation within the CPU. The
previous state of one bit is compared with the current
state of the other bit. Down (counterclockwise rotation)
yields unequal inputs, while up (clockwise rotation )
yields the opposite. The bit that indicates direction is
inserted as the MSB for the frequency coder byte. This
byte is then loaded into the output stack. The subrou-
tine then returns to the main scan routine.
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Qutput Subroutine. After each scan, the CPU
checks its output register to see if any information
needs to be output. If it needs to be output, the output
subroutine is called up; if not, another scan is started.
The output subroutine checks a number of things before
it outputs any information to the output register. It first
determines if the CPU is on its first or initial scan after a
reset. The first scan will contain more than one closure.
All of these closures must be output before it continues.
On all scans that follow, the routine looks for more than
one closure by checking the number of entries into the
output stack. If more than one closure has been
entered, the output routine aborts. This eliminates out-
putting phantom key closures.

The routine is now ready to output information. It
pulls a key address from the output stack and looks up
the code from a look-up table in ROM. This key code is
loaded into the data port or output buffer., The
appropriate port P24 or P25 ( pins 35 & 36) is pulled
low. The routine continuously reads the frequency
coder and updates its memory while it is waiting for the
master processor to read the data in the output buffer.
Once the data has been read, P24 or P25 goes high
and the subroutine starts to check the output stack for
more key closures. When the output stack is empty,
the first scan flag is rescinded and the CPU returns to
its main scanning routine,
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Table 7-24
FRONT PANEL SWITCH MATRIX CODE/FUNCTION TABLE

MAIN <SHIFT>
FUNCTION FUNCTION

20 us TIME/DIV
50 us TIME/DIV
0.1 ms TIME/DIV
0.2 ms TIME/DIV
0.5 ms TIME/DIV
1 ms TIME/DIV
2 ms TIME/DIV
5 ms TIME/DIV
10 ms TIME/DIV
20 ms TIME/DIV
50 ms TIME/DIV
0.1 s TIME/DIV
0.2 s TIME/DIV
0.5 s TIME/DIV

1 s TIME/DIV

2 s TIME/DIV

5 s TIME/DIV
AUTO

MNL

EXT

EXT TRIG
SINGLE SWP
SAVE A

2 dB/DIV dB/Hz
B-SAVE A
10 dB/DIV dB/DIV
START/STOP MKR START/STOP
MAX SPAN
— STEP STEP SIZE
FINE

FIND PEAKT
1

5

9
BANDWIDTH dB BW

FIND PEAK MAX FIND PK & CENT
INT TRIG
FREE RUN
NARROW
LIN MKR—>REF LVL
VIEW B

WIDE

ZERO SPAN
AUTO RES

+ STEP

MIN NOISE/DIST
FIND PEAK <- xdB<—

2 (Plotter type)
6
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Table 7-24 (Continued)
FRONT PANEL SWITCH MATRIX CODE/FUNCTION TABLE

MAIN
FUNCTION

<SHIFT>
FUNCTION

0

SIGNAL TRACK
Not used

Not used

GRAT ILLUM
MAX HOLD
SPAN/DIV

REF LEVEL
VIEW A

SHIFT
FREQUENCY
TUNE CF/MKR
REPEAK (758 in Opt. 07)
FIND PEAK—>
3

7

RECALL DISPLAY

(Diagnostic menu)

RESET

(Display errors)
BANDV

REF LEVEL UNITS

(Shift cancel)

BANDA

MKR OFF

PEAK MENU

xdB—>

(Plotter B-A offset entry)
(Disable corrections)
(Display errors)

STORE DISPLAY

MHz/+dBx
kHz/—dBx

GHz

MIN RF ATTEN dB
0

10

20

30

40

50

60

RECALL SETTINGS
AF

Not Used

FIND PEAK}

4

8

BACK SP

PULSE STRETCHER
THRESHOLD

STORE SETTINGS
STEP ENTRY

FREQUENCY SPAN/DIV
FREQUENCY SPAN/DIV
FREQUENCY SPAN/DIV
FREQUENCY SPAN/DIV
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Table 7-24 (Continued)

FRONT PANEL SWITCH MATRIX CODE/FUNCTION TABLE

MAIN
FUNCTION

<SHIFT>
FUNCTION

RESOLUTION BANDWIDTH
RESOLUTION BANDWIDTH
RESOLUTION BANDWIDTH
RESOLUTION BANDWIDTH

RESET TO LOCAL
LINE

READOUT
BASELINE CLIP
AMKR
1<-MKR->2
PLOT

SRQ

CAL

MKR->CF

(Select plotter)

7-98

REFERENCE LEVEL
REFERENCE LEVEL
REFERENCE LEVEL
REFERENCE LEVEL




Theory of Operation — 2754/2754P Service, Vol, 1

POWER SUPPLY

The Main Power Supply furnishes all the regulated
voltages for the spectrum analyzer, except the crt high-
voltage supply. The high-efficiency design of the Main
Power Supply reduces total weight and conserves
energy. The power supply consists of the following: the
line input circuit, which rectifies and filters the incoming
line voltage; the inverter, which drives the primary of the
power transformer; the rectifier-filter circuit, which
rectifies and filters the secondary voltages; the voltage
reference circuit, which furnishes a stable and precise
reference for the regulators; and the regulator circuits,
which control the voltage and current for the supplies
that require precise regulation.

The Fan Driver board houses the Fan Driver circuit,
which furnishes the appropriate drive current for the fan
motor. It also contains the Over-Voltage Protection cir-
cuit, which shuts down the +5 V supply in case of over-
voltage. Refer to Diagram 486.

Line Input Circuits

Power is applied through line filter FL301, line Fuse
F301, and through FL302 (for additional normal
mode/common mode EMI fiitering) to POWER switch
S$300. The power is then sent through line selector con-
nector J1091. The line filter prevents power-line
interference from entering the power supply, and it also
prevents internally- generated signals from radiating out
the power cord.

Line selector switch S302 allows instrument opera-
tion from either a 15V nominal or 230 V nominal line
voltage source. With S302 is in the 115 V position, pins
1 and 2 of P1091 are connected to the input power, and
rectifiers CR3096 and CR4094 operate in conjunction
with energy storage filter capacitors C6101 and C6111
as a full-wave doubler; thus, the voltage across the two
capacitors is the peak-to-peak value of the line voltage.
With S302 in the 230 V position, pins 2 and 3 of P1091
are connected to the input power and CR3096, CR4095,
CR3098, and CR4094 operate as a bridge rectifier. As
a result, the output voltage applied to the inverter is
about the same for 115 V or 230 V operation.

Thermistors RT2093 and RT2097 limit current surge
at turn on. After the instrument warms up, the current
demand drops. The increase in temperature decreases
the resistance value of the thermistors so they have
minimum affect on the circuit.

WARNING

Because C6011 and C6101 discharge very
slowly, hazardous potentials exist within the
power supply for several minutes after the
POWER switch is turned off. A relaxation
oscillator formed by C5113, R5111, and
DS5112, indicates the presence of voltages
in the circuit until the potential across the
filter capacitors is below 80 V.

Thermal cutout switch $2103 opens if the interior of
the instrument reaches 103 degrees C to prevent
overheating in case the cooling fan fails.

E1094 and E2095 are surge voltage protectors.
When the line selector switch is in the 115 V position,
only E1094 is connected across the line input. If a peak
voltage surge in excess of 230 V occurs across the
input, or if the instrument is accidentally connected to a
230V source, E1094 will break down and demand
enough current to open the line fuse. When the instru-
ment is operated with the line selector at 230V, E1094
and E2095 operate in series to protect the input against
line surges of approximately 460 V peak.

The voltage for the line trigger is taken across
CR3096. This 48 Hz to 440 Hz voltage drives optical
isolator U5043. The pulsating 5 V output is ac coupled,
then sent both to the Sweep circuit to provide instru-
ment triggering at the line frequencies and to the Z-Axis
board for the Power-Fail Detector circuit.

Inverter Circuit

The inverter consists of a multivibrator that pro-
duces a rectangular shaped signal to drive the ramp
generator and the inverter logic circuits. The ramp gen-
erator produces a low-level sawtooth ramp that is
applied to the primary regulator circuit. The inverter
logic circuits control the duty cycle of the inverter driver
and the inverter output stage. The primary regulator
circuit compares the +17 V supply output with a refer-
ence voltage, then gates the inverter logic circuits off
and on to control the inverter duty cycle and the
effective primary voltage. The inverter driver stage
amplifies the signal from the inverter logic circuit and
drives the output stage. The output stage consists of
two power switching transistors that drive the primary
of main power transformer T4071. The primary over-
current sense and soft start circuits add protection.
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U6036, PIN 2

U6038,
PIN 3

= | UL

2727-141

Figure 7-34. Primary regulator Input and output waveforms.

Multivibrator

U6059, a iow-power 555 timer, is a multivibrator that
operates at approximately 66 kHz and 90% duty cycle.
Oscillator frequency is adjusted by R6061. The
rectangular-shaped output signal is applied through
R6052 to the primary of T6044 in the ramp generator
and also directly to U6053, U6063A, U6063B, and
U6069.

Ramp Generator

The ramp generator circuit is a gated sawtooth gen-
erator that consists of T6044, Q5023, Q6034, Q5032,
and related components. The negative excursion of the
rectangular shaped signal from U6059 is coupled
across T8044 to force Q8034 into conduction. This
forward-biases Q5032. Its collector moves toward
+17 V to charge C5038 to this value. Q6034 loses drive
(since the pulse coupled across T6044 has died away)
and the two transistors cut off. Q5023 acts as a
constant-current drain to linearly discharge C5038. This
signal is coupled across divider R5036/R6032, then
applied through C6039 to the input of comparator
U60386, which is part of the primary regulator.
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Primary Regulator

The primary regulator circuit consists of comparator
U6036 and U6046, photocoupler U6043, and related
components. The circuit varies the duty cycie of the
driving signal for the inverter. The +17 V is divided by
R6038 and R6037 to approximately +4.8V and applied
to the inverting input of U6036. The +5 V reference is
applied through R6022 to the non-inverting input of
U6038, where it is combined with the ramp signal from
the ramp generator stage. The non-inverting input
receives a sawtooth signal of approximately 500 mV
peak-to-peak superimposed on a +5 V dc level. This is
compared with the +4.8 V on the other input, so the
comparator switches with each sawtooth cycle. Note in
Figure 7-34 that as the level at pin 3 (which
corresponds to the +17 V supply variations) rises and
falls, the duty cycle of the output waveform varies
accordingly.

The output signal of U6036 is applied to optical iso-
lator U6043, which drives the input of U6069.

Inverter Logic

This stage consists of steering flip-flop U6063B and
dual quad input NAND gate U6069. The flip-flop is con-
nected so it toggles to enable first one gate then the
other. The square-wave output from the muitivibrator
drives the clock input of UB063B. The signal also
enables each gate to ready it for the other signals that



arrive later. The output state of UB063 determines
whether the upper or lower section of U6069 will be
ready for the enabling signal. Assume that the Q output
of UB063B is holding pin 2 of U6069 high. This means
that the complement output of the latch is hoiding the
opposite side of the gated pair disabled. When the out-
put of U6043 moves high, U6043 controls the duty cycle
of the inverter, the upper section of U6069 produces a
low state. This causes current to flow through half the
primary and Q6078 only. On the opposite cycle of the
multivibrator signal, the latch is reset, so the lower half
of UB069 is enabled and Q6077 is now in the conduc-
tion path.

Inverter Driver

The inverter driver consists of transistors Q6077
and Q6078, transformer T6081, and related com-
ponents. This is a push- pull amplifier with diode pro-
tection in the collector circuits to prevent damage from
voltage transients during operation. The drive signal is
induced into the two secondary windings of T6081 and
coupled to the output stage.
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Output Stage

This circuit consists of transistors Q2071 and
Q2061, series LC tank L1081/C1063, and transformer
T4071. The output transistors are connected in a half-
bridge configuration. The two transistors drive the
series tank, which acts as an energy storage element
and an averaging circuit. Output transformer T4071 is
driven by the tank circuit, and it, in turn, drives the
secondary circuits.

Primary regulation, as discussed previously, occurs
when the duty cycle of the inverter driver main switch-
ing transistors is varied. Maximum duty cycle occurs at
low input line (90 V) and fully loaded output. At max-
imum duty cycle, both transistors are off for only 10% of
the period, or 1.5 us. This short interval allows any
stored base charge to deplete, so there is no chance
both transistors will conduct at the same time.
Minimum duty cycle occurs at high input line (132 V)
and minimum loaded output. At minimum duty cycle,
each transistor is off for approximately 6 us, or 40% of
the total period.

7-101



Theory of Operation — 2754/2754P Service, Vol. 1
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Figure 7-35. Timing waveforms for soft-start circuit.

Soft Start and Primary Over-Current Circuits

The soft start circuit consists of U053 and associ-
ated components. Soft start gradually increases the
switching transistor's duty cycle at turn-on or after
over-current shutdown to prevent excessive transistor
current due to charging output capacitors. Refer to Fig-
ure 7-35 for timing waveforms,

The primary over-current circuit protects against
secondary shorts that could destroy the switching
transistors. T2080 senses the collector current in
Q2071 and creates a voitage on pin 5 of U6046B. If the
bias on pin 5 surpasses the 2.5 V reference on pin 6, at
approximately 6 A through Q2071, the output of
UB046B sets UB0B3A. UB063A is a D-type flip-flop used
as a timer to shut down the inverter logic for approxi-
mately 1 s and to reset the soft start circuit.

Rectifler-Filter Circuits (secondary section)

Transformer T4071 has three secondary windings.
The first furnishes current to the +300V and +100 V
supplies; the second furnishes current to the -7V,
+7 V, and +9 V supplies; and the third furnishes current
to the +17 V and —17 V supplies. The linear regulated
supplies (+5V reference, +5V, -5V, +15V, and
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—15 V) derive their current from the rectifier-filter cir-
cuits.

The ac voltage from pins 7 and 8 of T4071 is
applied to a bridge rectifier composed of CR3053,
CR3056, CR3055, and CR3054. The output of this
rectifier is filtered, then applied to the remainder of the
instrument as the +100 V supply.

The +300 V supply is derived by stacking a 2X multi-
plier on the +100 V supply. CR3052, CR1042, CR1034,
CR1022 and associated capacitors, compose this cir-
cuit.

The ac voltage from pins 9 and 10 supply current to
fuil-wave rectifier CR4061/CR4062. The output is
filtered and sent to the rest of the instrument as the
+9 V supply. Two other taps off the same winding (pins
11 and 12) supply current to the bridge rectifier that
consists of CR4063, CR4057, CR4053, and CR4065.
The output divides across filter capacitors C3051 and
C4051 to become the +7V and —7 V supplies. The
+7 V supply is only used on the Main Power Supply
board; the —7 V supply is used by other circuits in the
instrument.



The third winding of T4071 (pins 13, 14, and 15) fur-
nishes current to full-wave bridge rectifier CR5052,
CR5062, CR5065, and CR5055. The output is divided
to become the +17V and —17V supplies. The -17V
supply is used only on the Main Power Supply board;
the +17 V supply is used both on the Main Power Sup-
ply board and elsewhere in the instrument.

+5 V Voltage Reference Supply

The +17 V is divided down by a voltage divider to
Zener diode VR6026. The 6.2 V from VR6026 is divided
across R6029, R6028, and R6023. CR5031 provides a
regulated source of bias to VR6026 after +15V comes
up. The +5V REF adjustment, R6028, is set by moni-
toring the +15V supply and setting it for a precise
+15.00 V.

Regulator Circuits

The +15V, —15V, +5V, and -5V are regulated.
Since all four regulators are basically the same, only the
+5 V regulator is described. Significant differences are
discussed following this description.

U2037A, the voltage regulator part of the circuit,
compares the +5 V[REF and +5V SENSE voltages,
amplifies the difference, and applies the change to
driver transistor Q2023. The change is amplified by this
stage and applied to the base of series-pass transistor
Q2024 to change its conduction and correct for the ori-
ginal change to the +5 V. The +5 V sense samples the
+5V at a distribution point on the Mother board. This
signal compensates for voltage (IR) losses to that point.

U2037B is the current limiter portion of the regula-
tor. The amplifier detects the voltage differential across
the current sensing resistor R2017, which is in series
with the output load. When the overload threshold is
reached, as set by R2017, R2039, R3032, and R3031.
U2037B removes bias current from driver transistor
Q2023 and Q2024. The negative bias on R3031 allows
the limiter to remain active under short circuit condi-
tions.

The +15 V regulator is identical to the +5 V regula-
tor, except that the current limiter, U2037D supplies
additional positive bias for Q2031 when it is not active.
The —15V regulator is virtually identical to the +5V
regulator. The —5 V regulator differs from the others in
that a driver stage is not required, so the preamplifiers
drive series-pass transistor Q5013 directly.
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+5 V Over-Voltage Protection Circuit

Zener diode VR1015 and SCR Q1010 form the
over-voltage protection circuit. If the +5V supply
exceeds +6V, the potential on the gate of Q1010
biases it into conduction. This forces the +5V supply
to ground potential; it remains at ground potential until
the mains power is turned off and turned on again.

Fan Drive Circuit

The fan drive circuit provides a temperature- con-
trolled current drive to the fan motor. The circuit pro-
duces a three-phase drive current of approximately
240 Hz operating frequency. The actual drive circuit
operates as a ring counter.

Transistors Q1038 and Q1044 form a voltage regu-
lator controlled by thermistor RT2045. The value of
RT2045 varies inversely with the internal temperature of
the analyzer. The thermistor and a companion resistor,
R2042, fix the turn-on voltage at the emitter of Q1044 at
approximately —13 V; the voltage goes more positive as
the analyzer warms up. VR 2038 is connected with
jumper P2043 when the rackmount fan is used to
prevent the output voltage from going below approxi-
mately 9 V.

The ring counter consists of three stages: Q1025
and Q1020, with R1031/C1032 and R1027/C1018 as the
frequency-determining components; Q2025 and Q1018,
with R1033/C1033 and R2019/C1019 as the frequency-
determining components; and Q2030 and Q2020, with
R2014/C2012 and R2016/C2018 as the frequency-
determining components. When the analyzer is ener-
gized, one of the three ring counter stages begins to
conduct before the others; owing to circuit imbalances.
Assume that the upper stage (Q1025 and Q1020) begins
to conduct first. The collector voltage of Q1025 is near
—17 V, which fixes that point as the most negative in a
ring consisting of R1032, R1029, R1028, R2036, R2034,
and R1036. Since the emitter voltage of the three con-
trol transistors (Q1020, Q1018, and Q2020) is the same,
the voltage division around the resistive ring is such
that Q1018 and Q2020 remain cut off, When the capaci-
tive charge that holds Q1020 in conduction bleeds off,
the transistor cuts off and the next stage can begin to
conduct. Operation of the other two stages is
prevented until the RC combination discharges. The fan
motor inductance works in conjunction with the RC
components to regulate the switching of the stages.

This ring-counter action builds up slowly until the
circuit produces a three-phase drive signal of approxi-
mately 240 Hz. The inductance of the motor coils round
off the otherwise sharp corners of the drive signal, so
the current waveform looks a great deal like the output
of a half-wave rectifier at P2020 pins 1, 2, and 3. The
phases of the fan drive signals is approximately 120
degrees apart.
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OPTIONS

This section describes the options available at this

time for the spectrum analyzer. Changes in o
specifications, if any, are described in this section. Con- /

tact your local Tektronix Field Office or representative % %

for additional information and ordering instructions 7 ,é ,\

(unless otherwise indicated). /6./ (
Options are usually factory installed; however, field / %/@/
kits are available for some options. Contact your local

Tektronix Field Office or representative for information

on field kits and their installation. A1l
North American Universal Euro
Options A1 —AS5 (Power Cord Options) 120V/15A 220V/13A

There are five international power cord options
offered for the spectrum analyzer. The physical
descriptions of the cord plugs are illustrated in Figure
8-1. For ordering purposes, refer to the Replaceable
Mechanical Parts list in the Service Manual, Volume 2,
for the Tektronix Part Number.

t
A2 A3
UK Australian
240V/13A 240V/10A

A4 A5
North American Swiss
240V/15A 250V/6A

5562-24

Figure 8-1. International power cord options.
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Options M1—M5 (Extended Service and War-
ranty Options)

There are five extended service and warranty
options offered for the spectrum analyzer (see Table 8-
1) that go beyond the basic one-year coverage. In addi-
tion, Options M4 and M5 provide NBS certification with
each calibration. Refer to the Tektronix, Inc. catalog or
your local Tektronix Field Office or representative for
additional information to satisfy your specific require-
ments.

Option 01 (Preselector)

Option 01 adds an internal preselector and limiter.
Band 1 input signals are routed through a limiter and
low-pass filter. The band 1 frequency range becomes
50 kHz to 1.8 GHz. Band 2-5 input signals (1.7
GHz~21 GHz) are routed through the preselector.
Table 8-2 lists the specification changes and additions
to the standard instrument electrical characteristics.

Table 8-1

EXTENDED SERVICE
AND WARRANTY OPTIONS

Description

Two routine calibrations to published
specifications; one each in years two and
three of warranty coverage

Two years remedial service coverage in
years four and five of product ownership

Four years of routine calibrations; one
each in years two, three, four, and five of

product ownership

Five routine calibrations to published
specifications; one in year one and two
each in years two and three — ail calibra-
tions certified.

Table 8-2
OPTION 01 ALTERNATE SPECIFICATIONS

Characteristic

Performance Requirement

Nine routine calibrations to published
specifications; one in year one and two
each in years two through five, and two

Supplemental Information

FREQUENCY

About the
midpoint
between two
extremes

Frequency Response
Coaxial (direct) Input

Band and Freq Range

Referenced
to 100 MHz

1 (50 kHz-1.8 GHz2)
2 (1.7-5.5 GHz)

3 (3.0-7.1 GHz)

4 (5.4—18.0 GHz)

5 (15.0-21.0 GHz)

+1.5dB
+2.5dB

+2.5dB
+3.5dB
+5.0dB

AMPLITUDE

Spurious Responses
3rd Order Intermodulation
Products

50 kHz to 21 GHz
(Bands 1-5)

quency span

8-2

At least —70 dBc from any two
on-screen signals within any fre-

At least —100 dBc when signals are
separated 100 MHz or more in
preselected bands.
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Table 8-2 (Continued)
OPTION 01 ALTERNATE SPECIFICATIONS

Characteristic Performance Requirement Supplemental Information

AMPLITUDE (Continued)

Harmonic Distortion

50 kHz to 1.8 GHz —60 dBc or less Measured at —40 dBm input level in
(Band 1) Minimum Distortion Mode.

1.7 to 21 GHz Not discernible Typically =100 dBc
LO Emission Less than —70 dBm to 21 GHz With 0 dB RF Attenuation
INPUT

Maximum Safe Input Level +30 dBm (1 W) continuous, 75 W
(Attenuator Maximum Rating) peak, pulse width 1 us or less with a
maximum duty factor of 0.001
(attenuator limit).

DO NOT APPLY DC VOLTAGE TO
THE RF INPUT. (See Optional
Accessories for DC Block

SENSITIVITY
Equivalent Input Noise in dBm

versus Resolution Bandwidth Equival . . ) i
Band and Frequency Range |100 Hz|1 kHz |10 kHz[100 kHz?{300 kHz2 Equivalent maximum input noise with
internal preselection for each resolu-

1 (50 kHz-1.8 GHz) -119 |-110] =100 tion bandwidth for frequency bands
2 (1.7-5.5 GHz) —120 [—-110| —100 :/—dS (5?ItkHz—21 GHz)‘.j tfhe NAHIROW

ideo filter is activated for resolution
3 (3.0-7.1 GHz) —119 |-109 bandwidths of 1 kHz or less, and the
4 (lower part) (5.4-12.0 GHz) | —105 WIDE filter for resolution bandwidths

4 (upper part) (12.0-18.0] —100 above 1 kHz.
GHz)

5 (15.0-21.0 GHz) —-100
PHYSICAL

Weight with standard accessories, |55 pounds, maximum
except manuals

Option 07 (75Q Input)

Option 07 provides an optional 7580 input, replacing
the external mixer capability, Table 8-3 lists the
changes and additions to the standard instrument
electrical characteristics. These characteristics apply to
the 750 Input.

8 Option 07 replaces the 100 kHz filter with a 300 kHz filter.
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OPTION 07 ALTERNATE SPECIFICATIONS

Characteristic

Table 8-3

Performance Requirement

Supplemental Information

Input Impedance
Return Loss
5 MHz to 800 MHz

75Q

17 dB (1.35:1 VSWR)

800 MHz to 1000 MHz

13 dB (1.6:1 VSWR) with
210 dB attenuation

Maximum Input Level
With 0 dB Attenuation

+75 dBmV

With 20 dB or More Attenuation

+78 dBmvV,
(dc + peak)

maximum

100 Vg

Center Frequency Operating Range

1 MHz to 1000 MHz

Static Resolution Bandwidth

Within 20% of 300 kHz bandwidth
(6 dB down)

300 kHz resolution filter replaces the
standard instrument 100 kHz filter.

Frequency Response
5 MHz to 1000 MHz
Coaxial Input

+2.0 dB about the midpoint between
two extremes

Frequency response is measured
with >10 dB RF attenuation.

The response figure includes the
effects of:

einput vswr

emixer

egain variations

Variations in display flatness contri-
bute about 1 dB to the response
figure.

1 MHz to 5 MHz

Typically <3 dB down from the
5 MHz response

Reference Level Range

+78 dBmV to —75 dBmV

+88 dBmV is achievable in
MIN NOISE mode

Equivalent Input Noise Sensitivity
5 MHz to 1000 MHz

100 Hz

—74 dBmV

See the main specifications and the
Option 01 specifications for 300 kHz
sensitivity with the 500 RF INPUT.

Typically —83 dBmV

1 kHz

—66 dBmV

Typically —73 dBmV

10 kHz

—56 dBmV

Typically —63 dBmV

300 kHz

—-41 dBmV

Typically —48 dBmV

1 MHz

—36 dBmV

Typically =43 dBmV

Calibrator Output
(CAL OUT)
Level

+20 dBmV +0.5 dB
at 100 MHz +10 PPM

100 MHz comb of markers provide
amplitude calibration at 100 MHz and
markers for frequency and span cali-
bration

Output Impedance

8-4

750 nominal
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Options 30 and 31 (Rackmount)

Option 30 provides the spectrum analyzer installed
in a rackmount cabinet, External vibrations, from rack
cooling fans or surrounding equipment, may lower the
FM-characteristic. Because of different rack frame
types, this lowering cannot be specified; in a typical
fan-cooled rack, lowering increases by a factor of two.

Option 31 provides the cabling necessary to access
all the front-panel connectors at the cabinet rear panel.
Because of the extra cabling, lowering may occur in
response flatness and sensitivity at the high end of the
frequency range; above 3.0 GHz this is typically about 2
dB.

Installation Requirements. Information on installa-
tion requirements and installation procedures for
Options 30 and 31 is not available at this time.

Option 52 (North American 220V)

Option 52 provides a North American 220 V
configuration with the standard power cord. The fuses
are replaced with 2A slow blow.

Table 8-5
OPTION 42 ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

110 MHz IF OQutput
Center Frequency 108.5 MHz-111.5 MHz

3 dB Bandwidth > 5MHz
Bandpass Ripple <€ 0.5dB
Symmetry about 110 MHz

Power Qutput With —30 dB input and signal at full
Band 1 screen.

Band 5 In MIN DISTORTION mode only.

1 dB compression of output > 0
dBm.
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GLOSSARY

The following glossary is presented as an aid to
better understand the terms as they are used in this
document and with reference to spectrum analyzers.

GENERAL TERMS

Center Frequency. That frequency  which
corresponds to the center of a frequency span,
expressed in hertz.

dBc. Decibels referenced to carrier level.

Effective Frequency Range. That range of frequency
over which the instrument performance is specified.
The lower and upper limits are expressed in hertz.

Frequency Band. A part of effective frequency range
over which the frequency can be adjusted, expressed in
hertz.

Full Span (Maximum Span). A mode of operation in
which the spectrum analyzer scans an entire frequency
band.

Zero Span. A mode of operation in which the frequency
span is reduced to zero.

Envelope Display. The display produced on a spectrum
analyzer when the resolution bandwidth is greater than
the spacing of the individual frequency components.

BLine Display. The display produced on a spectrum
analyzer when the resolution bandwidth is less than the
spacing of the signal amplitudes of the individual fre-
quency components.

Line Spectrum. A spectrum composed of signal ampli-
tudes of the discrete frequency components.

Markers. The instrument uses three types of markers:

Waveform Markers. — When the Marker function
is enabled, it provides a movable cursor with
readout of frequency and amplitude at the marker
position. When the delta marker mode is enabled, a
second marker allows operations and readout
between the two marker positions.

Update Marker. - Marks the current sweep posi-
tion in a digital storage display as the display is
being updated.

Video Markers. - Marker signals applied to the
external VIDEOMARKER input from a Tektronix
1405 Television Sideband Analyzer. The Video

Markers mark frequencies of interest on the televi-
sion signal.

Maximum Safe Input Power

WITHOUT DAMAGE. The maximum power applied
at the input which will not cause degradation of the
instrument characteristics.

WITH DAMAGE. The minimum power applied at the
input which will damage the instrument.

Intermodulation Spurious Response (Intermodulation
Distortion). An unwanted spectrum analyzer response
resulting from the mixing of the nth order frequencies,
due to non-linear elements of the spectrum analyzer,
the resultant unwanted response being displayed.

Baseline Clipper (Intensifier). Increasing the brightness
of the signal relative to the baseline portion of the
display.

Pulse Stretcher. A pulse shaper that produces an out-
put pulse, whose duration is greater than that of the
input pulse, and whose amplitude is proportional to that
of the peak amplitude of the input puise.

Signal Identifier. A means to identify the spectrum of
the input signal when spurious responses are possible.

Spectrum Analyzer. An apparatus which is generally
used to display the power distribution of an incoming
signal as a function of frequency.

NOTE

It is useful in analyzing the characteristics
of repetitive electrical waveforms in general,
since repetitively sweeping through the fre-
quency range of interest will display all
components of the signal.

Video Filter. A post detection low-ORpass filter.

Scanning Velocity. Frequency span divided by sweep
time and expressed in hertz per second.

FREQUENCY TERMS

Display Frequency. The input frequency as indicated by
the spectrum analyzer and expressed in hertz.

Frequency Span (Dispersion). The magnitude of the
frequency band displayed, expressed in hertz or hertz
per division.
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Frequency Linearity Error. The error of the relationship
between the frequency of the input signal and the fre-
quency displayed (expressed as a ratio).

Frequency Drift. Gradual shift or change in displayed
frequency over the specified time due to internal
' changes in the spectrum analyzer, and expressed in
hertz per second, where other conditions remain con-
stant.

Residual FM (Incidental FM). Short term displayed fre-
quency instability or jitter due to instability in the spec-
trum analyzer local oscillators, given in terms of peak-
to-peak frequency deviation and expressed in hertz or
percent of the displayed frequency.

Impulse Bandwldth. The displayed spectral level of an
applied pulse divided by its spectral voltage density
level assumed to be flat within the pass-band.

Static (Amplifier) Resolution Bandwidth. The specified
bandwidth of the spectrum analyzer’'s response to a cw
signal, if sweep time is kept substantially long.

NOTE

This bandwidth is the frequency separation
of two down points, usually 6 dB, on the
response curve, if it is measured either by
manual scan (true static method) or by
using a very low speed sweep (quasi-static
method).

Shape Factor (Skirt Selectivity). The ratio of the fre-
quency separation of the two (60 dB/6 dB) down points
on the response curve to the static resolution
bandwidth.

Zero Plp (Response). An output indication which
corresponds to zero input frequency.

AMPLITUDE TERMS

Deflection Coefficient. The ratio of the input signal
maghnitude to the resultant output indication.

NOTE
The ratio may be expressed in terms of
volts (rms) per division, decibels per divi-
sion, watts per division, or any other

specified factor.

Display Reference Level. A designated vertical position
representing a specified input level.

A-2

NOTE

The level may be expressed in decibels
(e.g., 1 mW), volts, or any other units.

Sensitivity. Measure of a spectrum analyzer’s ability to
display minimum level signals, at a given IF bandwidth,
display mode, and any other influencing factors, and
expressed in decibels (e.g., 1 mW).

Equivalent Input Noise Sensitivity. The average level of
a spectrum analyzer's internally generated noise refer-
enced to the input.

Display Flatness. The unwanted variation of the
displayed amplitude over a specified frequency span,
expressed in decibels.

Relative Display Flatness. The display flatness meas-
ured relative to the display amplitude at a fixed fre-
quency within the frequency span, expressed in deci-
bels.

NOTE

Display flatness is closely related to fre-
quency response. The main difference is
that the spectrum display is not recentered.

Frequency Response. The unwanted variation of the
displayed amplitude over a specified center frequency
range, measured at the center frequency, expressORed
in decibels.

Display Law. The mathematical law that defines the
input-output function of the instrument.

NOTE

The following cases apply:

1) Linear — A display in which the scale
divisions are a linear function of the input
signal voltage.

2) Square law (power) — A display in
which the scale divisions are a linear func-
tion of the input signal power.

3) Logarithmic — A display in which the
scale divisions are a logarithmic function of
the input signal voltage.

Dynamic Range. The maximum ratio of the levels of
two signals simultaneously present at the input which
can be measured to a specified accuracy.



Display Dynamic Range. The maximum ratio of the lev-
els of two non-harmonically related sinusoidal signals
each of which can be simultaneously measured on the
screen to a specified accuracy.

Gain Compression. Maximum input level where the
scale linearity error is below that specified.

Spurious Response. A response of a spectrum
analyzer wherein the displayed frequency does not con-
form to the input frequency.

Hum Sidebands. Undesired responses created within
the spectrum analyzer, appearing on the display, that
are separated from the desired response by the funda-
mental or harmonic of the power line frequency.

Noise Sidebands. Undesired response caused by noise
internal to the spectrum analyzer appearing on the
display around a desired response.

Residual Response. A spurious response in the
absence of an input signal. (Noise and zero pip are
excluded.)

Input Impedance. The impedance at the desired input
terminal,

NOTE

Usually expressed in terms of vswr, return
loss, or other related terms for Ilow
impedance devices and resistance- capaci-
tance parameters for high impedance dev-
ices.

DIGITAL STORAGE TERMS

Digitally Stored Display. A display method whereby the
displayed function is held in a digital memory. The
display is generated by reading the data out of memory.

Digitally Averaged Display. A display of the average
value of digitized data computed by combining serial
samples in a defined manner.

Multiple Display Memory. A digitally stored display hav-
ing multiple memory sections which can be displayed
separately or simultaneously.

Clear (Erase). Presets memory to a prescribed state,
usually that denoting zero.

Save. A function which inhibits storage update, saving
existing data in a section of a multiple memory (e.g.,
Save A).

View (Display). Enables viewing of contents of the

Glossary — 2755/2755P Service, Vol. 1

chosen memory section (e.g., "View A" displays the con-
tents of memory A; "View B” displays the contents of
memory B).

Max Hold (Peak Mode). Digitally stored display mode
which, at each frequency address, compares the incom-
ing signal level to the stored level and retains the
greater. In this mode, the display indicates the peak
level at each frequency after several successive
sweeps.

Scan Address. A number representing each horizontal
data position increment on a directed beam type
display. An address in a memory is associated with
each scan address.

Volatile/Non-volatile Storage. A volatile storage system
is one where any total loss of power to the system will
result in a loss of stored information. Non-volatile
memory is not subject to the instrument power supply
for its storage.
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MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with latest electronic developments
by adding circuit and component improvements to our instruments as soon as they
are developed and tested.

Sometimes, due to printing and shipping requirements, we can’t get these
changes immediately into printed manuals. Hence, your manual may contain new
change information on following pages.

A single change may affect several sections. Since the change information sheets
are carried in the manual until all changes are permanently entered, some
duplication may occur. If no such change pages appear following this page, your
manual is correct as printed.



Te ktrqp I X-0 MANUAL CHANGE INFORMATION

Date: 2-11-87 Change Reference: C2/287

Product: see below Manual Part No.: see below Product Group: 26
2754/2754P Service 1 070-6097-00

2755/2755P Service 1 070-6032-00

TEXT CHANGES
Page 6-41, Step 4, paragraph ¢, CHANGE TO READ:

¢. Press <SHIFT> 0 and select item 6 from the menu; then press <SHIFT> 0, and
select item 0 from the menu. Now select frequency display of 2nd LO (2).
Readout will now indicate the 2nd LO frequency.

Page 1 of 1



Tektronix. MANUAL CHANGE INFORMATION

Committed 10 Excellence
Date: 12/14/87 Change Reference: C1/188
Product:  2754/2754P Service 1 Manual Part No: 070-6097-00 Product Group: 26

This modification adds the preselector to all instruments. In all manuals eliminate any reference to “Option 01”.
Section 1 - GENERAL INFORMATION

Add the following to the "Product Description”
The analyzer features:

preselector and input limiter
Section 2 — SPECIFICATIONS

Replace the present Specifications Tables with the following:

Table 2-1
FREQUENCY RELATED CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

Center/Marker Frequency
Operating Range 50 kHz to 21 GHz

Tuned by the CENTER/MARKER
FREQUENCY control or the DATA
ENTRY keypad.

Accuracy Center/Marker Freqeuncy Accuracy is
specified by two characteristics:

(After front-panel CAL has been

performed) ® initial accuracy (Firmware corrected)
® center frequency drift during the
sweep
Initial (start of sweep) +20%D + (CF x 10%) + 15N kHz]
Refer to ‘IF, LO Range and Harmonic
Bands 1 & 5 with SPAN/ Where: Number’ specification for the N value.
DIV>200 kHz, and Bands 2—4 | D = SPAN/DIV or RESOLUTION
with SPAN/DIV >100 kHz BANDWIDTH , whichever is greater Allow a settling time of one second for
CF = Center/Marker Frequency each GHz change in CF within a band.
{1st LO unlocked) N = Harmonic Number In band 4, divide the CF change by N.
Bands 1 & 5 with SPAN/ #20%D + (CF x 10%) Hz .
DIV <200 kHz and Bands 2—a A ( ) Hz] O\1le5r oa%(?tmg temperature range (CF
with SPAN/DIV £100 kHz Where: x1.5x10%
D = SPAN/DIV or RESOLUTION
(1st LO locked) BANDWIDTH, whichgver is greater
CF = Center/Marker Frequency
56-103
SERVICE MANAGER Page 1

247 MANUAL CHANGE
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Table 2-1 (Continued)
FREQUENCY RELATED CHARACTERSTICS

Characteristic Performance Requirement Supplemental Information

With constant ambient temperature
and fixed center frequency. Any error

Center Frequency Drift

is observed during sweep time.
Carrection will occur at the end of
sweep or as often as necessary to
maintain specifications.

After 30 minute warmup

Bands1&5 with SPAN/DIV
>200 kHz and Bands 2—4
with SPAN/DIV >100 kHz
(1st LO unlocked)

Typically <(25 kHz)N per minute.

Bands 1&5 with SPAN/DIV
<200 kHz and Bands 2—4
with SPAN/DIV<100 kHz
(1st LO locked)

Typically <150 Hz per minute.

After 1 hour warmup

Bands 1&5 with SPAN/DIV
>200 kHz and Bands 2—4
with SPAN/DIV >100 kHz
(1st LO unlocked)

Typically <(5 kHz)N per minute

Bands 1&5 with SPAN/DIV
<200 kHz and Bands 2—4
with SPAN/DIV <100 kHz
(1st LO locked)

<50 Hz per minute of sweep time

Readout resolution

<10% of SPAN/DIV to minimum of
1 kHz. 100 Hz in delta mode.
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Table 2-1 (Continued)

2754/2754P Service Vol. 1 C1/188

FREQUENCY RELATED CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Residual FM

Short term, after 1 hour warmup.

Bands 1 & 5 with SPAN/DIV
>200 kHz and Bands 2—4
withSPAN/DIV >100 kHz

(1st LO unlocked)

<(7 kHz)N total excursion in 20 ms.

Refer to ‘IF, LO Range, and Harmonic
Number’ specification for the N value.

Bands 1 & 5 with SPAN/DIV
<200 kHz and Bands 2——4 with
SPAN/DIV <100 kHz

(1st LO locked)

<(10+2N)Hz total excursion in 20 ms.

Resolution Bandwidth (6 dB down)

Within 20% of selected bandwidth.

1 kHz to 1 MHz in decade steps.

Shape Factor (60 dB/6 dB)

7.5:1 orless

Noise Sidebands At least —73 dBc at an offset of 30 x
resolution bandwidth
Video Filter
Narrow Reduces video bandwidth to approxi-
mately 1/300th of the selected resolu-
tion bandwidth.
Wide Reduces video bandwidth to approxi-

mately 1/30th of the selected resoultion
bandwidth.

Puise Stretcher Fall-Time

30 ps/division (£50%)

Page 3



2754/2754P Service Vol. 1 C1/188

Table 2-1 (Continued)

FREQUENCY RELATED CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Frequency Span/Div
Overall Range

With SPAN/DIV control

200 Hz to 1 GHz (in a 1-2-5 sequence)

With the DATA ENTRY
Keypad.

200 Hz to 1.2 GHz (to two significant
digits)

Minimum Span/Div

200 Hz in all bands.

Maximum Span/Div

Band 1 (0—1.8 GHz)
Band 2 (1.7—5.5 GHz)
Band 3 (3—7.1 GHz)
Band 4 (5.4—18 GHz)
Band 5 (15—21 GHz)

With SPAN/DIV]| With DATA ENTRY
Control Keypad
100 MHz 170 MHz
200 MHz 370 MHz
200 MHz 400 MHz
1 GHz 1.2 GHz
500 MHz 590 MHz

In addition, MAX SPAN sweeps across
an entire band and ZERO SPAN pro-
vides a 0 Hz display. With ZERO SPAN
the horizontal axis is calibrated in time/
div instead of frequency/div.

Accuracy/Linearity

Within 5% of the selected Span/Div

Measured over center 8 divisions.

IF Frequency, LO Range, and Harmonic
Number (N)
Band and Freq. Range

1 (0—1.8 GHz)
2 (1.7—5.5 GHz)
3 (3.0—7.1 GHz)
4 (5.4—18 GHz)
5 (15—21 GHz)

1st IF LO Range

(MHz) (MHz) (N
2072 2072--3872 1-

829 2529—6329 1-
829 2171—6271 14+
829 2072—6276 3-
2072 4309—6309 3+

Marker Accuracy

Identical to Center Frequency Accuracy

For the live trace

AMKR Accuracy

1% of total span
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Table 2—2

2754/2754P Service Vol. 1 C1/188

AMPLITUDE RELATED CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Vertical Display Modes

10 dB/Div, 2 dB/Div, and Linear. Any
integer between 1—15 dB/Div can also
be selected via the DATA ENTRY
keypad.

Display Dynamic Range

80 dB maximum for Log Mode

8 divisions for Linear Mode.

Display Amplitude Accuracy
10 dB/DIV Mode

+1.0 dB/10 dB to a maximum cumula-
tive error of £2.0 dB over 80 dB range

2 dB/DIV Mode

+0.4 dB/2.0 dB to a maximum cumula-
tive error of £1.0 dB over 16 dB range

LIN Mode

+5% of full scale

Reference Level

Top of the graticule

Range

Log Mode
{With 0 Reference Level offset)

From -117 dBm to +40 dBm; +40 dBm
includes 10 dB of IF gain reduction (+30
dBm is the maximum safe

input). Alternate reference levels are:

*dBV (-130 dBV to +27 dBV)
*dBmV (=70 dBmV to +87 dBmV)
*dBumV (—10 dBuV to +147 dBuV)

LIN Mode

39.6 nV/Div to 2.8 V/Div (1W maxi-
mum safe input)

Steps

10 dB/DIV Mode

10 dB for the coarse mode.
1 dB for the FINE mode.

2 dB/DIV Mode

1 dB for the coarse mode.
0.25 dB for the FINE mode.

LIN Mode 1-2-5 sequence for coarse mode.
1 dB equivalent steps for FINE mode.
Set via DATA ENTRY Keypad Steps correspond to the display mode

in coarse, but 2 dB/DIV where steps
are 1 dB.

In FINE mode:

1 dB when the mode is 5 dB/Div or
more

0.25 dB for display modes of 4 dB/
Div or less (referred to as AA mode)
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Table 2-2 (Continued)
AMPLITUDE RELATED CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information
Reference Level (continued) Dependent on the following characteris-
tics:
Accuracy *RF Attenuation Accuracy

*IF Gain Accuracy
*Resolution Bandwidth
*Frequency Response
*Display Mode
®Calibrator Accuracy
*Frequency Band

*<SHIFT> CAL routine reduces

error between resolution bandwidths
at —20 dBm REF LEVEL. Other REF
LEVELs may have larger errors.

*Temperature variation (£0.15 dB/°C

maximum)
Marker/s Accuracy Identical to REF LEVEL accuracy plus
{Normal or A mode) cumulative error of display scale (De-
pendent on vertical position)
RF Attenuator
Range 0—60 dB in 10 dB steps
Accuracy Within 0.5 dB/10 dB to a maximum of
Dcto 1.8 GHz 1 dB over the 60 dB range
1.8 GHz to 18 GHz Within 1.5 dB/10 dB to a maximum of
3 dB over the 60 dB range
18 GHz to 21 GHz Within 3.0 dB/10 dB to a maximum of
6 dB over the 60 dB range
IF Gain 87 dB of gain increase, 10 dB of gain
Range decrease (MIN NOISE mode), in 10
dB and 1 dB steps.
A“#’ZEY& < 0.2 dB/dB step to 0.5 dB/9 dB steps
‘ ep except at the decade transitions.
Decade Transitions
—-29 t0 —30 dBm 0.75dB or less Maximum 1 dB cumulative errorover 10
-39 to —40 dBm dB. Measured in MIN NOISE mode.
—49 to —50 dBm
-59 to —60 dBm
Maximum Deviation over the +2 dB
97 dB Range
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Table 2-2 (Continued)

2754/2754P Service Vol. 1 C1/188

AMPLITUDE RELATED CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Gain Variation Between Resolution
Bandwidths

With respect to the 1 MHz Filter

+0.4 dB

Between Any Two Filters

<0.8 dB

Measurement conditions:
*Measured at -20 dBm

*MIN DISTORTION mode
®After CAL routine @ ambient temp.

Frequency Response

Measured with 10 dB RF Attenuation
and Peaking optimized for each center
frequency setting (when applicable).

Response is affected by:
®input VSWR
®*harmonic number (N)
®gain variation
*mixer
®preselector

Digital Storage typically increases
errors by £0.5%

Display flatness is typically 1 dB
greater than frequency response.

Refer to the Options portion of this
EIS for variations in this specification.

Band and Frequency Range

1 (50 kHz—1.8 GHz)
2 (1.7—5.5 GHz)
3 (3.0—7.1 GHz)
4(5.4—18 GHz)

5 (15—21 GHz)

About the mid-

point between Referenced

two extremes to 100 MHz
2.0 dB +3.0 dB
3.0 dB +4.0 dB
+3.0 dB +4.0 dB
+4.0 dB +5.0 dB
+5.5 dB +7.0 dB
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Table 2-2 (Continued)

AMPLITUDE RELATED CHARACTERISTIC

Characteristic

Performance Requirement

Supplemental Information

Differential Amplitude Measurement

AA mode provides differential measure-
ments in 0.25 dB increments.

(This is not related to the AMKR mode.)

Range Maximum range of 48 dB dependent on
Reference Level when AA mode is acti-
vated.

DO NOT USE AA mode outside the
~117 dBm to +30 dBm Reference Level

Accuracy Difference | Steps | Error

0.25 dB 1 0.15 dB
2dB 8 0.4 dB
10 dB 40 1.0dB
48 dB 192 2.0dB

Spurious Responses

Residual

—95 dBm or less

No input signal, 0 dB RF Attenuation
and fundamental mixing Bands 1—3.
Input teminated in 50Q.

3rd Order Intermodulation Products

~70 dBc or less

From any two on—screen signals
within any frequency span. In MIN
DISTORTION mode.

Harmonic Distortion
50 kHz to 21 GHz

—60 dBc or less

Measured at —40 dBm input level in
MIN DISTORTION mode.

LO Emissions

Less than =70 dBm to 21 GHz

With 0 dB RF Attenuation.

Characteristic

Performance Requirement

Supplemental Information

Sensitivity

Equivalent Input Noise in dBm vs. Resolution Bandwidth

Frequency Range 1 kHz 10kHz | 100kHz | 300kHz* | 1 MHz
Band 1

50 kHz—1.8 GHz -110 -100 -90 -85 -80
Band 2&3

1.7 GHz—5.5 GHz &

3.0 GHz —7.2 GHz -108 -98 -88 -83 -78
Band 4

5.4 GHz—12 GHz —04 -84 -74 —69 -64
Band 4

12 GHz—18 GHz -89 -79 -69 -64 -59
Band 5

15 GHz—21 GHz -88 -78 -68 -63 -58

Equivalent maximum input noise for
each resolution bandwidth.
Measured at 25° C with:

® 9_\ ggna(t)t%%tsaﬁon (Min

* Narrow Video Filter on

® Vertical Display 2dB/Div
*® Digital Storage on

* Max Hold off

® Peak/Average in Average
® 1 sec Time/Div

® Zero Span

® Input terminated in 50Q

*Option 07 replaces the 100 kHz filter with a 300 kHz filter.
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Table 2-3
INPUT SIGNAL CHARACTERISTICS

2754/2754P Service Vol. 1 C1/188

Characteristic

Performance Requirement

Supplemental Information

RF INPUT Type N female connector, specified to
21 GHz.
(See Option 07 for supplemental
specifications concerning an additional
75Q input.)
Impedance 50 Q
VSWR

With RF Attenuation 210 dB

50 kHz—2.5 GHz

1.3:1 (typically 1.2:1)

2.5—6 GHz 1.7:1 (typically 1.5:1)

6—18 GHz 2.3:1 (typically 1.9:1)

18—21 GHz 3.5:1 (typically 2.7:1)

VSWR Measured within 3 MHz of the center of
With 0 dB RF Attenuation the preselectoron Bands 2, 3, 4, and 5.
50 kHz—6 GHz Typically 1.9:1

6—18 GHz Typically 2.3:1

18—21 GHz Typically 3.0:1

Maximum Safe Input

(Attenuatior Maximum Rating)

+30 dBm (1 W) continuous, 75 W peak

® Pulse Width = 1us or less

® Maximum duty factor of 0.001(attenu-
ator limit)

DO NOT APPLY DC VOLTAGE TO
THE RF INPUT.

1 dB Compression Point (Minimum)
MIN DISTortion mode

—-23dBm

MIN NOISE mode

-13dBm

0 RF Attenuation.

Optimum RF Input Level for Linear
Operation

—30 dBm, referenced to the input mixer.
This is achieved in MIN DISTORTION
mode when not exceeding full screen
display.
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Table 2-3 (Continued)
INPUT SIGNAL CHARACISTISIC

Characteristic

Performance Requirement

Supplemental Information

HORIZ|TRIG

Dc coupled input for external horizontal
drive (selected by the EXT position of
the TIME/DIV control) and ac coupled
input for external trigger signals (se-
lected at other positions of the TIME/DIV
control).

Sweep Input Voitage Range

0 to +10V (dc + peak ac) for full screen
deflection

Trigger Input Voltage Range

Minimum At least 1.0 V peak from 15 Hz to 500 | Typically 1.0 MHz at 1.5 V peak.
kHz
Maximum
dc + peak ac 50V
ac 30V, to 10 kHz, then derate linearly
to 3.5V__ at 100 kHz and above.
Pulse Width 0.1 ps minimum
MARKER|VIDEO External Video input or External Video
Marker input, switched by pin 1 of the
ACCESSORIES connector.
MARKER Input Level 0to-10V

Interfaces with TEKTRONIX 1405
Sideband Adapter.

VIDEQ input Level

0 to + 4 V for full screen display with
pin 1 of the ACCESSORIES connector
low
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Table 2-3 (Continued)
INPUT SIGNAL CHARACTERISTICS

2754/2754P Service Vol. 1 C1/188

Characteristic

Performance Requirement

Supplemental Information

ACCESSORY Connector (J104)

25—pin connector
(Not RS-232 compatible)

Provides bi—directional access to the
instrument bus. Also provides external
Video select. All lines are TTL
compatible, except 2 and 3.

Maximum voltage on all lines is £15V.

Pin 1 External Video Select
Low selects External VIDEQ Input. High
(default) selects Video MARKER Input.

Pin 2 External Preselector Drive — Drive sig-
nal for an external preselector. Output
voltage is proportional to center fre-
quency.

Pin3 External Preselector Return — Ground
return for the External Preselector sig-
nal.

Pin 4 Internal Control.

High (default) selects internal control.
Instrument bus lines are output at the
ACCESSORIES connector.

Low selects External control. Instru-
ment bus lines at the ACCESSORIES
connector accept input from an
external controller.

Pin 5 Chassis Ground

Pins 6-13 ¢ Instrument Bus Address lines 7- 0°

Pin 14 ¢ Instrument Bus Data Valid signal®

Pin 15 Instrument Bus Service Request signal®

Pin16® Instrument Bus Poll signal®

Pin17 Data Bus Enable input signal for
external controller.
High (unasserted) disables external
data bus.
Low enables external data bus.

Pins 18-25 Instrument Bus Data lines 0-7 Active

when External Data Bus Enable (pin 17)
is low.

@ Qutput when internally controlled (pin 4 high) and input when externally controlled (pin 4 low).
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Table 2-4
OUTPUT SIGNAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

— —
e~ ——

Calibrator (CAL OUT)

—20dBm +0.3dB at 100 MHz+10 PPM*

100 MHz comb of markers provide
amplitude calibration at 100 MHz and
markers for frequency and span calibra-
tion to 1.0 GHz

1st LO and 2nd LO OUTPUTs

Provide access to the output of the
respective local oscillators. THESE
PORTS MUST BE TERMINATED IN
50 Q AT ALL TIMES.

1st LO OUTPUT Power

>+6.0 dBm

2nd LO OUTPUT Power

—22 dBm to 0 dBm.

VERT Output

Provides 0.5V #5% (open circuit) of
signal per division of video that is above
and below the centerline. Full range
—2.0V to +2.0V. Source impedance is
approximately 1kQ.

HORIZ Output

Provides 0.5V/Div (open circuit) either
side of center. Full range -2.5V to
+2.5V. Source Impedancse is approxi-
mately 1kQ.

PEN LIFT

TTL compatible, nominal +5V to lift plot-
ter pen.

10 MHz IF Output

Provides accesstothe 10 MHz IF signal.
Output level is approximately -5 dBm
for afuli screen signal at—30 dBm refer-
ence level. Normal impedance is ap-
proximately 50Q

IEEE STD 488 PORT

In accordance with IEEE 488-78
standard and Tektronix Codes and
Formats standard (version 81.1).

P Version

Implemented as SH1, AH1, T5, L3,
SR1, RL1, PP1, DC1, DT1, and CO.

Non-P Version {Plotter Output)

Implemented as SH1, AHO, T3, LO,
SRo, RLO, PPO, DCO, DTO, and Co.

PROBE POWER Provides operating voltages for active
probes.
Outputs
Pin 1 +5V at 100 mA maximum
Pin 2 Ground
Pin3 -15V at 100 mA maximum
Pin 4 +15V at 100 mA maximum

ACCESSORIES (J104)

All inputs and outputs are listed in
Table 2-3 Input Signal Characteristics.

* Over the operating temperature range this is +15 PPM
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Table 2-5
DISPLAY CHARACTERISTICS

2754/2754P Service Vol. 1 C1/188

Characteristic

Performance Requirement

Supplemental Information

Sweep Triggered, auto, manual, and external
Sweep Time 20 ps/Div to 5 s/Div in 1-2-5 sequence
(10 s/Div available in AUTO)
Accuracy +5% over center 8 divisions
Triggering INTERNAL, EXTERNAL, FREE RUN,

and LINE.

Internal Trigger Level

2 divisions or more of signal

EXTERNAL Trigger Input Levei

1.0V peak, minimum

EXTERNAL is ac-coupled (15 Hz—
500 kHz). Maximum external trigger
input is 50V (dc + peak ac).

Table 2-6
GENERAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Video Bandwidth Resolution

Bandwidth WIDE NARROW
1 MHz 30 kHz 3 kHz
100 kHz 3 kHz 300 Hz
10 kHz 300 Hz 30 Hz
1 kHz 30 Hz 3 Hz

Crt Readout

Displays all parameters listed on the
crt bezel, plus operating messages.
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Table 2-6 (Continued)

GENERAL CHARACTERISTICS
Characteristic Performance Requirement Supplemental Information
Battery-Powered Memory Instrument settings, displays, calibra-
tion offsets, and preselector peaking
codes for each band are stored in bat-
tery powered non-volatile RAM.
Battery Life
At +55°C Ambient Tempera- 1—2 years
ture
At +25°C Ambient Tempera-
ture
Lithium (Standard) At least 5 years
Temperature Range for
Retaining Data
Operating 0°C to +50°C
Non-Operating -30°C to +75°C
Table 2-7

POWER REQUIREMENTS

Characteristics Performance Requirement Supplemental information
e — — — — —  — — —  ——— — —— —  —— — «——— — - ——— ]
Line Frequency Range 47—83 Hz 47 Hz to 440 Hz. Operation over 63 Hz
exceeds protective grounding conduc-
tor leakage current of 3.5 mA. A redun-
dant protective grounding means is
essential to prevent against electric
shock
Line Voltage Range 9V _ 132V . 115 V nominal
180V 10250V 230 V nominal
Line Fuse
115V Nominal 4A
230V Nominal 2A Medium-Blow
Input Power 210 W maximum (3.2A) At 115V and 60 Hz

Leakage Current

5 mA maximum

Page 14



2754/2754P Service Vol. 1 C1/188

Table 2-7
ENVIRONMENTAL CHARACTERISTICS
Meets MIL T-28800C, type Ill class 5, style E specifications.

Characteristic Description

Temperature

Operating 0°C to +50°C
Non-operating® —40°C to +75°C
Humidity
Operating 95% 15% below +30°C.
75% 5% above +30°C.
45% +5% above +40°C.
Altitude
Operating 10,000 feet (3050 meters)
Non-operating 40,000 feet (120000 meters)

Vibration, Operating MIL-Std-810D, METHOD 514 Procedure | (modified). Reso-

(instrument secured to a vibration platform during test) nant searches in all three axes at 0.013 inch displacement for
15 minutes. Dwell for an additonal 10 minutes in each axis at
the frequency of the major resonances or at 33 Hz if none was
found. Resonance is defined as twice the input displacement.
Total vibration time is 75 minutes.

Shock (Operating and Non—operating) Three guillotine—type shocks of 30g, one-half sine, 11 ms
duration each direction along each major axis; total of 18
shocks.

Electromagnetic Interference (EMI) Meets requirements described in MIL-Std~461B Part 4,
except as noted.

Test Method Remarks

Conducted Emissions CE01-60 Hz to 15 kHz 1 kHz to 15 kHz only

CE03—-15 kHz to 50 MHz 15 kHz to 50 kHz, relaxed

power leads by 15 dB
Conducted Susceptibility CS01~30 Hz to 50 kHz Full limits

power leads

CS02-50 kHz to 400 MHz | Full limits

power leads

CS06-~spike power leads Full limits

= After storage at temperatures below —15°C, the instrument may not reset when power is first turned on. If this happens, allow the instrument
to warm up for at least 15 minutes, then turn POWER OFF for 5 seconds and back ON.
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Table 2-7 (Continued)
ENVIRONMENTAL CHARACTERISTICS

Characteristic

Description

Electromagnetic Interference (EMI) {Continued)

Test Method

Remarks

Radiated Emissions

RE01-30 Hz to 50 kHz
magnetic field {(measured at
30 cm).

Exceptioned, 30 kHz to
36 kHz

RS02-14 kHz to 10 GHz

Full limit

Radiated Susceptibility

RS01-30 Hz to 50 kHz

Full limit

RS02-Magnetic Induction

To 5 Aonly, 60 Hz

RS03-14 kHz to 10 GHz

Upto 1 GHz, 1 V/im

Table 2-8
PHYSICAL CHARACTERISTICS

Characteristic

Description

Weight 60 Ibs. (27 kg) Including cover and standard accessories,
except manuals.
Dimensions 7.0 X 17.0 X 25.0 inches

(17.8 X 43.2 X 63.5 cm)
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Section 4 - PERFORMANCE CHECK PROCEDURE

Change the following sections as indicated.
Initial Power-Up
c. The operating functions and modes should initialize to the following “power up” state:
'FREQ RANGE 0—1.8
8. Check Noise Sidebands
Change the specification statement (after the above title) to read:

{~73 dBc or more at 30 times the resolution bandwidth)

Change the following steps to read:

b. Check that the amplitude of the noise sidebands is 53 dBc or more down from the reference level at 30 times the
resolution bandwidth (3 divisions away from the center frequency position). See Figure 4-9.

d. Check that the amplitude of the noise sidebands 30 kHz away from the center frequency position is at least 73

dB below the signal level or 55 dB below the top of the screen.

9. Check Frequency Response

Replace this step with the following:
Response, about the midpoint of the two extremes, is:

+2.0dBfrom50kHzto 1.8 GHz;+3.0from 1.7t0 7.1 GHz; +4.0dBfrom 5.4to 18 GH; and +5.5 dB from 15t0 21 GHz. Response
with respect to 100 M Hz is: +3.0 dB from 50 kHz to 1.8 GHz; +4.0 dB from 1.7 to 7.1 GHz; 5.0 dB from 5.4 to 18 GHz; and
+7.0 dB from 15 to 21 GHz.

Frequency response is the peak—to—peak variation of the display amplitude over a specified center frequency range,
measured at the center frequency. It is measured with 10 dB of RF attenuation, with Peaking optimized, for those bands that
are applicable, for each center frequency setting. Response includes the effect of input vswr, mixing mode (N), gain variation,
and preselector or mixer. Digital storage may increase errors by 0.5%.

Accurate measurement requires many small incremental checks across the frequency range. The response at each
check point, above band 1 should be peaked with MANUAL PEAK or by activating the AUTO PEAK mode.

NOTE

Loss of signal through interconnecting cables becomes significant above 1 GHz; therefore, short (25 inch or less)
semi-rigid cable with precision fittings to interconnect the test equipment should be used. Precise maitching
terminations and power dividers are also used to minimize reflections.

To expedite the measurement, this procedure uses a leveled output sweep oscillator rather than incremental checks.
Digital storage is also used to provide a complete display of the sweep frequency. VIEW A, VIEW B and MAX HOLD are
reactivated for each sweep.

a. Test equipment setup is shown in Figure A. Set the FRQUENCY to 5 MHz, FREQ SPAN/DIV to 1 MHz, TIME/DIV
to 20 ms, REF LEVEL to 0 dBm, and MIN RF ATTEN to 30 dB. Activate 1 dB/div and AUTO RESOLN.
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Signal Source (10 kHz — 10 MHz) 2754/2754P Spectrum Analyzer
O O

RFIn

50Q Output

N to BNC
Adapter

Figure A. Test equipment setup for measuring 16 kHz to 10 MHz frequency response

b. Apply the output of a constant level and calibrated 50 kHz to 10 MHz Signal Generator to the RF INPUT of the
instrument. Set the generator frequency to 100 kHz and its output for about ~10 dBm.

c. Adjust the REF LEVEL so the amplitude of the 100 kHz signal is about half screen, in the 2 dB/DIV mode. Activate
VIEW A, SAVE A, and MAX HOLD.

d. Slowly tune the Signal Generator frequency from 50 kHz to 10 MHz, monitoring the output to ensure it remains
constant. Note the frequency response (amplitude deviation above and below the average). Frequency response or amplitude
deviation must not exceed 2.0 dB from 50 kHz to 10 MHz (See Figure B for a typical display).

LEVEL FREQUENCY SPANDIV

(o] CEN 3.74GHZ
MAX

ig
H
s B

AU IN AN en B ENNSN N R]
LAEBARRNE R ERERRN

il prelr v p el oo A R - )
T rrrefrrrrrrirgred rrrprrrrrrreyrrregrray
0
-t
108/ 3008 1.7-65 INT TMHZ
VERT RF FREQ REF VIDEQ RESOLUTION
DISPLAY ATTEN RANGE osc FILTER BANDWIDTH

Figure B. Display showing frequency re-
sponse pattern from a sweeping source
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e. Replace the 50 kHz to 10 MHz signal source with a 0.01 to 2.4 GHz sweep oscillator and connect the test equipment
as shown in Figure C. The output of the Sweep Generator is applied through a 3 dB attenuator and high performance coaxial
cable to a power divider. Connect one output of the power divider to the RF INPUT of the instrument and the other output to
the sensor for the power meter or to the ALC input of the sweep oscillator.

f. Change the FREQ SPAN/DIV to 200 MHz and the FREQUENCY to approximately 1.0 GHz. On the Sweep
Generator, select a 1 GHz cw marker and adjust the output for a -6 dBm reading on the power meter. With the Vertical Display
in the 2 dB/DIV mode, adjust the REF LEVEL so the signal ampiitude is about half screen.

g. Change the Sweep Generator sweep mode to Automatic Internal Sweep and set the Sweep Time to 100 s for its
slowest sweep time.

h. Check the frequency response over the 10 MHz to 1.8 GHz span. Deviation must not exceed +2.0 dBm (refer to
Figure B).

i. Change the FREQUENCY to 2.0 GHz and the FREQ SPAN/DIV to 100 MHz. Switch the Sweep Generator CW
Marker on, and set it to 2.0 GHz. Peak the signal response of the instrument with the MANUAL PEAK control or activate AUTO
PEAK.

j- Return the Sweep Generator to its Sweep mode and set the Start/Stop markers for 1.5 and 2.5 GHz. Sweepthe 1.7
to 2.5 GHz span for Band 2 and note the frequency response. Frequency response or deviation must not exceed 3.0 dB

NOTE

If any segment or portion of the span fails to meet the specification, set the FREQUENCY to the center of this position;
apply a cw marker at this frequency and re—peak with the MANUAL PEAK or AUTO PEAK mode. Decrease the FREQ
SPAN/DIV to display that portion and then recheck the frequency response for this position.

k. Replace the sweep source with a sweep oscillator that covers the frequency range to 21 GHz. Connect the test
equipment as shown in Figure C. On the RF plug—in, switch the ALC to Mtr position and connect a coaxiai cable between the
Recorder Output of the power meter and the Ext ALC input of the plug—in unit. Decrease the Power Level to approximately
—6 dBm then adjust the Gain for a stable operation (output stops oscillating).

l. Set the FREQ SPAN/DIV to 200 MHz and the FREQUENCY to 4.0 GHz. Re—peak the response with the peaking
controls, then sweep the upper portion of band 2 and check frequency response. If necessary, recheck those portions that
do not meet specification after peaking the response at the center of those portion of the frequency spectrum.

m. Increase the FREQUENCY RANGE to the 3.0to 7.2 GHz band. Tune the CENTER FREQUENCY to approximately
5.0 GHz. Apply a 5.0 GHz cw marker and peak the response. Activate MAX SPAN and check the frequency response by
sweeping the 3.0 to 7.2 GHz frequency range. It may be necessary, if the response does not meet the 3.0 dB performance,
to again peak the response at the center of those portions that do not meet specifications and recheck frequency response
in smaller segments.

n. Repeat the foregoing procedure to check the response of the remaining bands to 21 GHz. Frequency response
for band 4 (5.4-18 GHz) is +4.0 dB and 5.5 dB for band 5 (15.0-21.0 GHz).
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To Recorder Out connector (Back Panel) Power Mater

RG/58 BNC Cable \ :

| If Power Meter Is used e
To Ext. ALC Input @

connector

_ - - To Ext ALC on Sweep
O O O O Generator or Through
Power Mater to ALC
Connector
RF EXT
ouT ALC
® ) ® R
ij In
SWEEP OSCILLATOR To RF Qut
connector
N to SMA
Adaoter

- 3 dB Attenuator

Power
Divider

Low L.oss Coax Cable with SMA Connector

Figure C. Test equipment setup for measuring .01 to 21 GHz frequency response

11. Check Preseleetor Ultimate Rejection
Change the first paragraph to read:

This is a check of preselector operation, not a performance requirement specification.

13. Check IF Gain Accuracy
Change the specification statement to read:

(0.2 dB/dB to a maximum of £0.5 dB/9 dB except at the decade transitions of —29 dBm to ~30 dBm, -39 dBm to —40
dBm, —49 dBm to —50 dBm, and —59 dBm to ~60 dBm where an additional 0.75 dB can occur for a total of 1.25 dB/
decade. Maximum deviation over the full 97 dB range is within £2 dB, measured in Min Noise mode)

e. Switch the REF LEVEL from —10 dBm to —20 dBm in 1 dB steps, adding 2 dB of external attenuation at each step.
Note incremental accuracy and the 10 dB gain accuracy. Incremental accuracy must be within 0.2 dB/dB (0.5 minor division).
Maximum cumulative error must not exceed 0.5 dB (1.5 minor division) except when stepping from the 9dB tc 10 dB increment,
where the error could be an additional 0.75 dB. This exception does not apply when stepping from —69 to -70 dBm, 79 to
—~80 dBm, etc.
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15. Check Sensitivity

Substitute the followina for Table 4-9

Table 4-9
SENSITIVITY
EQUIVALENT INPUT NOISE (dBm) VERSUS RESOLUTION BANDWIDTH
Band/Frequency 1 MHz 300 kHz* 100 kHz 10 kHz 1 kHz
Band 1
50 kHz—1.8 GHz -80 -85 =90 -100 -110
Band 2&3
1.7 GHz—7.2 GHz -78 -83 -88 -08 -108
Band 4
5.4 GHz—12 GHz -64 -69 -74 -84 -94
Band 4
12 GHz—18 GHz -59 -64 -69 -79 -89
Band 5
15 GHz—21 GHz -58 -63 —68 ~78 -88

« Equivalent maximum input nosie (average noise for each resolution bandwidth with internal mixer).
» Option 07 replaces the 100 kHz filter with a 300 kHz filter.

Change the body as follows.

a. Remove the CAL OUT signal from the RF INPUT, and terminate the RF INPUT with its characteristic impedance
(500Q). Set the Spectrum Analyzer controls as follows:

FREQ RANGE 0—1.8 GHZ

b. Check that the noise floor (level) is down 80 dB or more as per Table 4-9 (30 dB down or more from the -50 dBm
REF LEVEL).

d. Check that the noise floor (level) is down 90 dB or more as per Table 4-9 (40 dB down or more from the —50 dBm
REF LEVEL).

f. Check that the noise floor (level) is down 100 dB or more as per Table 4-9 (50 dB down or more from the =50 dBm
REF LEVEL).

h. Check that the noise floor (level) is down 110 dB or more as per Table 4-9 (60 dB down or more from the =50 dBm
REF LEVEL).
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16. Chack Residual Spurious Respofise
Change the specification statement as follows:
(With no input signal, —95 dBm or less, with reference to the mixer input and fundamental mixing for Bands 1-3)
Change step b. as follows:
b. Scan the frequency range of bands 1, 2 or 3 in 100 MHz increments Note the amplitude of any spurious response.
Spurii amplitude must not exceed —95 dBm (Push <SHIFT> STEP SIZE. This allows changing center frequency in 50 MHz
increments by use of the +STEP function.)
19. Check L.O Emission
Change the specification statement as
(=70 dBm or less to 21 GHz)
Change step c. as follows:
c. Check for any indication of LO emission. LO emission must be less than —70 dBm.

20. Check 1 dB Compression Point

Change the specification statement as follows:
[-23 dBm (MIN DIST mode). Bands 1 through 5]
Change step e. and k. as follows:
e. Set the test spectrum analyzer controls as follows:
Ref Level ~23 dBm

k. Check that the 1 dB compression point occurs at—23 dBm or less (23 dB or less attenuation between the generator
and the RF INFUT).
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SECTION 7 - THEORY OF OPERATION

Change the following sections as indicated.
Frequency Control Section
Change the third paragraph to read:

The frequency control section also tunes the preselector so it tracks the signal frequency being detected overthe 1.7
to 21 GHz range.

DETAILED DESCRIPTION
1ST CONVERTER SECTION (Diagram 2)
Change the Preselector Clrcult section to read:

Presslector Circuits

FREQUENCY CONTROL SECTION (Diagram 7)

Change the Preselector Driver section to read:
Preselector Driver

The Preselector Driver combines the FINE TUNE VOLTS signal, from the Center Frequency Control board with the
PRESELECTOR DIRVE signal and the SPAN VOLTS signal from the 1st LO Driver. This combined signal is offset, to
compensate for the selected 1st IF, then shaped so the Preselector tracks with the 1st or 2nd LO as it is tuned by the output

current. The Preselector Driver also drives the Filter Select switch that selects either the Preselector or the Low—pass Filter,
depending on the frequency band selected.

SECTION 8 — OPTIONS

Delete the section that refers to Option 01 (Preselector) and Table 82 OPTION 01 ALTERNATE SPECIFICA-
TIONS.
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