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List of Effective Pages

This List of Effective Pages gives the most recent date on which the technical material on
any given page was altered. If a page is simply rearranged due to a technical change on a
previous page, it is not listed as a changed page. Within the manual, changes are marked with
a vertical bar in the margin.

Pages Effective Date
FIRST EDITION oo e e i e i i e e April, 1981
SECOND EDITION . . o e e e et e et et ene Aprif, 1983
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Printing History

New editions incorporate all update material since the previous edition. The date on the
title page changes only when a new edition is published. {f minor corrections and updates
are incorporated, the manual is reprinted but the date and edition number on the title page
do not change,

FIRSTEDITION ... iiviiiint, April, 1981
SECONDEDITION ..........vivu.s. April, 1983
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Certification

EIP Microwave certifies that this instrument was thoroughly inspected and tested, and
found to be in conformance with the specifications noted herein at time of shipment from
factory.

Warranty

E{P Microwave warrants this counter 1o be free from defects in material and workmanship
for one year from the date of delivery. Damage due to accident, abuse, or improper signal
levetl, is not covered by the warranty. Removal, defacement, or alteration, of any serial or
inspection label, marking, or seal, may void the warranty. EIP Microwave will repair or
replace at its.option, any components of this counter which prove to be defective during the
warranty period, provided the entire counter is returned PREPAID to EIP or an authorized
service facility. In-warranty counters will be returned freight prepaid; out-of-warranty units
will be returned freight COLLECT, No other warranty cther than the above warranty is
expressed or implied.
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Section 1
General Information

DESCRIPTION

The BAXA series counters are microprocessor-based heterodyne instruments. The 545A and b48A span the
frequency range from 10 Hz to 18 GHz and 10 Hz 1o 26.5 GHz, respectively. The model 548A, when
equipped with frequency extension capability (Option 08), is used in conjunction with a remote sensor
{See Model 590} to measure up to 110 GHz,

Using keyboard control, the B4XA series counters provide frequency offsets and frequency selectivity.
Options include Power Measurement, full Systems capability via GPIB or BCD/Remote Programming
and D/A Converter output,

Full frequency range is covered in three bands, Band 1 is a high impedance input {1 M ¢hm/20 pF), and
spans a 10 Hz to 100 MHz range, with a sensitivity of 25 mV RMS. Band 2 has an input impedance of
50 ohms, a 10 MHz to 1 GHz range, with a sensitivity of —20 dBm. Band 3 has an input impedance of
50 ohms nominal over a range of 1 GHz to 18 {or 26.5) GHz, and a sensitivity to —30 dBm. For frequencies
above 26,5 GHz a remote sensor, with an appropriate waveguide input, is called Band 4,

Measurementis are presented on a 12 digit LED display that is sectionalized 1o read GHz, MMz, kHz, and
Hz. When the optional power measurement function is activated, the digits on the far right display power
in dBm with .1 dB resolution, and frequency resofution is limited to 100 kHz.

4/83 1-1
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SPECIFICATIONS
BAND 1
RANGE 10 Hz 1o 100 MHz
SENSITIVITY 25 mV rms
IMPEDANCE 1 M1/20 pF
CONNECTOR BNC {fermate)
MAX. INPUT LEVEL 120V rms *
DAMAGE | EVEL, 150 Vrms *

* {Above 1 KHz max. input wift decrease at 6 oB/ octave
down 10 3.0V rms, )

BAND 2

RANGE 10 MHz to 1 GHz
SENSITIVITY -20 dBm
DYNAMIC RANGE 30 dB
IMPEDANCE 501 MNominal
CONNECTOR BNC {temale}
MAX, EINPUT LEVEL +10 dBm
DAMAGE LEVEL +27 dBm
ACQUISITION TIME < B0 msec
BAND 3

RANGE 1 GHz to 18 GHz (26.5 GHz for mode!l 548A)
SENSITIVITY

-25 dBm: 1GHz t0 1,2 GHz

-30dBm: 1,2 GHz to 12,4 GHz
-25 dBm: 12,4 GMz to 18 GHz

.20 dBm: 18 GHz to 22 GHz
~158 dBm: 22 GHz to 26.5 GHz

DYNAMIC RANGE 1 GHz to 12,4 GHz, 37 dB

12,4 GHz 10 18 GHz, 32dB

18 GHz to 22 GHz, 27 dB
22 GHz t0 26,5 GHz, 22dB

IMPEDANCE

50£2 Nominal

CONNECTOR

Modei 545A - Precision type N, {female)
Model 548A - APC - 3.5 {female)

MAX. INPUT LEVEL

+7 d8m

DAMAGE LEVEL

5 Watts (+37 dBmj

ACQUISITION TIME

~ 250 msec Independent of frequency

AUTO AMPLITUDE
DISCRIMINATION

{Automatic amplitude discrimination of two

frequencies) 10 dB

FM MOBULATION

20 MHz P-P up 1o 10 MHz rate

VSWR

< 2.5:1 typical

FREQUENCY LIMIT

Keyboard control of desired timits {standard), Counter

wili measure largest signal within programmed limits,
Signa! outside operating band must be separated by at
least 100 MHz from either Hmit, For signals more than

10 dB above desired signal, separation is typically 200

MHz
TiME BASE
FREQUENCY 10 MHz_TCXO
AGING RATE <] 3 x 16 7lper month
SHORT TERM <1 1% 10:9rms for one second averaging time,
TEMPERATURE <|2x106] 0°to+50°C

LINE VARIATION '

<i1x10°7 | £ 10% change,

WARM UP TiME

NONE

OUTPUT FREQUENCY

10 MHz, square-wave, 1 V p-p minimym into 50 ohms,

EXT. TIME BASE

Reguires 10 MHz, 1 V p-p minimim into 300 ohms.
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SPECIFICATIONS, continued

GENERAL
RESOLUTION

Eront panel keyboard input select 1 Hz to 1 GHz

MEASUREMENT TIME

1 msec for 1 KHz resolution
1 sec for 1 Hz resolution

DiSPLAY 12 digit LED sectionalized
ACCURACY + 1 count I time base error
TEST Front panel selected diagnostics

SAMPLE RATE

Controls time between measurements variable from
100 msec typ, to 10 sec. Switchable Hold position
hoids display indefinitely,

RESET

Resets display to zero and initiates new reading

OFFSETS

Keyboard control of frequency offsets (standard) and

power offsets {standard with power measurement Option 02},
Displayed frequency {power) is offset by entering value to 1 Hz
resolution (0.1 dB power},

OPERATION TEMP.

0°Cto50°C

POWER

100/120/220/240/V AC £ 10% iselectabie) 50 to
60 Hz, 60 VA typical

WEIGHT, NET

~20 ibs, (9.07 kg}

WEIGHT, SHIPPING

~ 25 Ibs. {11.34 kg)

DIMENTIONS (HWD)

3.5 x 18.75" x 14.0” {89 mm X 425 mm X 356 mm]}

ACCESSORIES FURNISHED

Power Cord and Manual

BAND 4
Used with b48A/08 Counter and 590 Frequency Extension Kit
OPTIONS a1 92 93 94 85

SEL.ECT BAND 41 42 43 44 42 or 43
Waveguide Band Ka u E W \
Range 26,6-40 GHz 40-60 GHz 60-90 GHz 80-110 GHz BG - 75 GHz
Sensitivity {typ) -25dBmi{-20dBm min) -25 dBm -25 dBm <25 dBm —25d8m
Waveguide Size Wr-28 WR-19 WR-12 WR-10 WR - 15
Waveguide Flange UG-599/U UG-383/U UG-387/U UG-387/U UG - 385/
Max. Input {typ) +5 dBm +5 dBm +5 dBm +5 dBm +5 dBm
Damage Level +10 dBm +10 dBm + 10 dBm +10 dBm +10 dBm

EXAMPLE:; If desired measurement is 60 — 90 GHz the required squipment is :
Model 548A with Option 06 - Extended Frequency and
Model 590 - Extended Frequency Cabie Kit with
Option 93 - Remote Sensor
4/83 1-3
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SPECIFICATIONS, continued

OPTIONS " See Section 10 for detailed information.
01 B TOA CONVERTER
BAC witl convert any three consecutively displayed digits into an analog voltage
output on rear panel.

02 POWER METER
1 10 18/26.5 GHz will measure sine wave amplitude to 0.1 dBm resolution from sensitivity to -10 dBm;
from -10 dBm to overload and display 0.2 dBm resolution simultaneousty with frequency,
Power offset to 0.1 dB resolution, selectable from front panet,
Option will not degrade the basic performance of the counter,

TIME BASE OSCILLATOR OPTIONS:

03 o4 05
AGING RATE/24 HOURS
(After 72 hour warm-up) <i65x 109 | <l1x109]| <I5x10-10|
SHORT TERM STABILITY B ]
{1 second average} <i1xi00rms | <1 %1010 rms | < 1x 100 rms
0" 1o +50°C TEMPERATURE
STABILITY <l6x 108 <{3x108]| <|3x108]
£10% LINE VOLTAGE CHANGE | </|5 x 10-10 | <j2x1010] <{2x10-10

068 EXTENDED FREQUENCY CAPABILITY —548A
Use in conjunction with models 590 Frequency Extension kit

07 REMOTE PROGRAMMING/BCD QUTPUT

08 GPIB — Provides programming and output capabitity per [EEE 488-1978.

08 REAR INPUT

10 CHASSIS SLIDES

4/83 1-4
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Section 2
Installation

INSTALLATION

No special installation intructions are required. The counter is a self-contained bench or rack mounted unit,
and only requires connaction to a standard, 100/120/220/240V 50-60 Hz power line for operation.

CAUTION

Check current rating of counter fuse and setting
of rear panel VAC selector switch before
applying power to counter.

COUNTER IDENTIFICATION

This counter is identified by two sets of numbers. The model number 64bA or 548A, and a serial number
that is located on a label affixed to the rear panel. Both must be mentioned in any correspondence regard-
ing your counter.

SHIPPING AND STORAGE

Wrap the counter in heavy plastic or kraft paper, and repack in original container if available. 1f the original
container can not be used, use a heavy {275 Ib test) double-walled carton with approximately four inches of
packing material between the counter and the inner carton, Seal carton with strong filament tape or strap-
ping. Mark the carton to indicate that it contains a fragile electronic instrument. Ship to the EIP address on
the title page of this manual.

PERFORMANCE CHECKOUT PROCEDURE
The following procedure can be done without special tools or equipment.
1. Turn counter POWER switch off. Check fuse rating and setting of AC POWER switch on the rear panal,

2. Connect the power cord to 100/120 or 220/240 V, 50-60 Hz single-phase power source, The ground
terminal on the power cord plug should be grounded.

3. Turn POWER switch on. Dashes will be displayed for about one second, followed by all O's. This in-
dicates that the automatic seif-check has been compileted,

TEST
4. PRESS: { } {0 J i 1 } Display should read 200 000 000 41,

TEST
5, PRESS: D @ @ Display should read all 8's and all annunciators should be |it.

TEST
6. PRESS 0 ] 3 Each display segment should light in turn,

TEST

7. PRESS: D @ @ Each digit should light in turn,

8. TThis completes the performance checkout procedure.

4/83 2-1
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Section 3
Operation

Figure 3-1. Front Panel, Model 545A

FRONT PANEL CONTROLS AND INDICATORS

DISPLAY

4/83

The 12 digit LED display provides a direct numerical readout of a measurement or of an input
frequency. The frequency readout is displayed in a fixed position format that is sectionalized in
GHz, MMz, kMHz and Hz, Power information is displayed in dBm to 0.1 dB resolution, on the three
right-most digits. When both power and frequency are displayed, frequency resoiution is limited to
100 kHz.

POWER switch turns counter on.

SAMPLE RATE/HOLD varies time between measurements from 0.1 to 10 seconds {nominal).
{Gate time is added 1o sample time, thus the minimum reading for 1 Hz resolution is 1.1 seconds.)
The last reading is retained indefinitely in HOLD, '

GATE lights when the signal gate is open and a measurement is being made.

SEARCH lights when the counter is not locked to an input signal.

RESET manually over-rides all controls, resets the counter and converter, and initiates a new reading.
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OPERATING STATUS

The o

perating status of the counter is indicated by a series of LEDs. When the counter is displaying input

data, instead of a measurement, the appropriate LED status indicator will flash.

REMOTE lights to indicate that front panel controls are disabled, and that the counter is being
controlled by the GPIB option (08), or by the BCD/Remote Programming option {07),

EXT REF tights to indicate the counter is set to an external time base reference.

CAUTION

When EXT REF lights it does NOT
indicate that correct signal level
has been apptied.

dBm lights to indicate that the Power Meter option {02} is active.

FRQ LMT, LOW/HIGH lights when frequency limits for Band 3 operation have been selected,
OFFSET, PWR/FRQ lights when power and/or frequency offsets are stored in the counter memory.
Band 1, 2, 3, 41, 42, 43, 44 light to indicate which operating range has been selected. When any
Band 4 annunciator is lit it indicates that the Extended Frequency Capability option {06) has been
selected (Available on 548A enly),

DAC lights to indicate that the Digital-to-Analog Converter option 01 is active.

MLT lights to indicate the muitiplier function is active.

POWER METER/DAC OPTION KEYBOARD

Four

4/83

keys control the operation of these options,

ON/OFF push button activates/deactivates power meter .
OF FSET push button activates the power offset function,

dB pushbutton acts as a terminator for the input of power offsets.

DAC pushbutton, followed by two digits {00-12), activates the DAC option. The number keyed
in will select the most significant digit (00 = OFF, 01 = 1 Hz, 12 = 10 GHzlL

32
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Figure 3-2. Front Panel, 548A

SIGNAL INPUT

@ Band 1 input connector {BNC female} has a nominal input impedance of 1 Meg ohms, shunted by
20 pF. It is used for measurements in the range of 10 Mz to 100 MHz,

@ Band 2 input connector {BNC female) has a nominal input impedance of 50 ohms. It is used for meas-
urements in the range of 10 MHz to 1 GHz.

L Band 3 input connector on the model b4BA is a precision type N female. 1t is used for counter oper-
ation in the range of 1 GHz to 18 GHz, Model 548A has an APC-3.,5 female connector that is used
for operation in the range of 1 GHz 10 26.5 GHz.

L Band 4 is used in conjunction with the Extended Frequency capability option {08}, the Model 590

Frequency Extension Cable kit and a remote sensor. Remote sensors are options to the Mode! 590
and cover waveguide bands from 26.5 to 110 GHz.

4783 : 33
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Figure 3-3. Rear Panel

REAR PANEL CONTROLS AND CONNECTORS

& AC POWER connector accepts the power cord suppiied with the counter,

8 FUSE provides overload protection. Use a 1 amp slow-blow MDL. type fuse for 100/120 V operation.
Use a .50 amp slow-blow FST type fuse for 220/240 V operation.

& VAC SWITCH sets the operating voltage of the counter to match power line. There are 4 seftings:

100, 120, 220, and 240 VAC. Counter will operate at voltages within £10% of selected line voltage,
at frequencies of 50 to 60 Hz

CAUTION

Switch setting and fuse rating must match
power line voltage.

® GPIB connector is used with the [EEE 488 - 1978 General Purpose Interface Bus option {08},

& BCD OUTPUT and REMOTE PROGRAMMING connectors {not shown)} replace the GPIB connec-
tor when the counter is equipped with the BCD QUTPUT/REMOTE PROGRAMMING option (G7).

e TIME BASE ADJUST control is used with options 03, 04, or 05 only. Screwdriver adjustment allows
precise setting of the internal ovenized crystal oscillator,

e  TIME BASE INT/EXT switch selects either the internal time base or an exiernal 10 MMz reference.

® TIME BASE connector {BNC female} allows monitoring of internal 10 MHz time base, or input of
an external 10 MHz reference.
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BAND

e

DISPLAY

Figure 4-4. Kevboard

KEYBOARD

The keyboard consists of 16 pushbuttons that control major functions of the counter. Twelve keys are
used for numerical data entry, the digits 0 through 9, the decimal point and the minus sign, Two keys
{MHz and GHz} act as terminators for the input of frequency offset or frequency limits. The CLEAR
DATA and CLEAR DISPLAY keys are used to clear stored or displayed data, Seven of the numerical keys
are also used to select the band, resolution, test function, frequency offset, frequency limits, and multiplier
function,

UNITS {MHz/GHz}

MHz
PRESS: D Completes Entry Sequence
PRESS: C:] Completes Entry Sequence
GHz

CLEAR (DATA/DISPLAY)

DATA
PRESS: D Return "STORED" data of selected function to Power On state.
cLear  'Clears Limits (Low/High)}, Offsets, DAC, and multiplier operations,
PRESS: cﬁ Clears display. Does not affect stored data. Restores counter to
DI LAY measurement mode,
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BAND SELECTION

To select one of three standard operating bands on the model 545A or 548A .

BAND BAND BAND

ress: ) () o [) (2] o [ ] [3]

Notice annunciator flash and selected band number will light when chasen. This feature allows multiple
inputs 10 be connected and selected in turn,

The “BAND" KEY followed by a numeric key enabies the following band selection,

BAND
PRESS: 2 1 10 Hz - 100 MHz Input
BAND
PRESS: [ | (2 )10MHz:1GHz Input
BAND
PRESS: ) 1 GHz - 18 GHz (Model 545A) 26.5 GHz {Model 548A)

On the model B48A equipped with option 06, a 590 cable kit and appropriate optional remote sensor,
Band 4 is selected by:

BAND
PRESS: (] (4]
For example, with the 81 Sensor you will press ?ﬁﬂ)] m m
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RESOLUTION / GATE TIME SELECT!ON

The “RESOL" key followed by a numeric key enables following resolutions.

RESOL

PRESS: [} [0 1 Hz RESOLUTION
RESOI

PRESS: (1] 10 Hz RESOLUTION
RESQOL

PRESS: | (2] 100 Hz RESOLUTION
RESOL

PRESS: [3]  1KHz RESOLUTION
RESOL :

PRESS: [ | [a]  10KHz RESOLUTION
RESOL

PRESS: (5]  100KHz RESOLUTION
RESOL,

PRESS: (6]  1MHzRESOLUTION
RESOL

PRESS: L) 10 MHz RESOLUTION
RESOL

PRESS: 100 MHz RESOLUTION
RESOL

press: [ ) (9]  1GHzRESOLUTION

As the resolution is decreased from 1 Hz to 1 kHz, the gate time LED should cycle faster:
& 1 Hz resolution equals 2 gate time of 1 sec.
@ 10 Hz = 100 msec Gate time
& 100 Hz = 10 msec Gate time

@ 1KHzto1 GHz = 1 msec Gate time

4/83 3.7



DRTUUL

DISPLAY AND DATA ENTRY SEQUENCE

The keyboard display and data entry sequences are segmented into four main groups. All keyboard
operations must be started by choosing the function first.

DATA ENTRY - enter offsets or limits

Sequence : 1. FUNCTION , SIGN (plus sign not required) , NUMBER , DECIMAL , NUMBER , UNITS
{decimal and second number is optional }

2. FUNCTION , NUMBER

FREQ

Examples: 1. D {j:] [3 @ D
OFFSET GHz
BAND

e

EEREN

DISPLAY DATA - display previously entered data

Sequence : FUNCTION , CLEAR DISPLAY
FREQ CLEAR

Example :
OFESET DISPLAY

CLEAR DATA - clear entered data
Sequence : 1. FUNCTION, CLEAR DATA

FUNCTION , , UNITS

3. FUNCTION , UNITS
FREQ BATA

M

Examples: 1.
OFFSET CLEAR

FREQ

2 )
QFFSET GHz
FREO

3.

L]

OFFSET  GH:z
CLEAR ENTRY - clear display before completing data entry

Sequence : FUNCTION , STRING , CLEAR DISPLAY
FREQ CLEAR
Example : ! [1}[0}{2
OFFSET DISPLAY
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MULTIPLY FUNCTION:

In the multiply function the measured frequency is multiplied by an integer up to 99. The result is dis-
played to 1 KHz resolution, If the results of the multipiications are too big for the front panel to display,
the front panel will show F’s,

MULT
EXAMPLES: ?Rﬁ&i[::] AND KEY IN TWO DIGIT NUMBER

NOTE: When "MULT'' key is pressed the annunciator “MLT"" will flash until the sequence is completed.
The two digit multiplier {m) will be displayed as the numbers are entered.

To clear the multiplier function the following operation is performed. |

MULT CLEAR MULT
PRESS [::] [::] of  PRESS [::][EE] [::]
DATA

This sequence clears the multiplier function and multiplier {m).

mX+th

By using the frequency offsets and multiply functions the counter can automatically perform mX £ b
cajculations,

The equation for the function performed is:
Displayed Reading = mX £ b where  m = Multiplier (up to 99) entered from keyboard.
X = Input frequency.

* b = Frequency offset entered from the keyboard.

TO DO mX £ b CALCULATION FOR m=2, b= -70 Mitz

MULT FREGQ MHz
wmess [ () () e L] (2] (00
OFFSET

4/83 39



5580021

FRECQUENCY LIMITS

Fregquency limits can be entered to 10 MHz resolution .

FAREQ LIMIT
PRESS: Notice flashing annunciator.
low
PRESS: Number keys corresponding to desired frequency low limit to 10 MMz resolution,
MHz ’

PRESS: [:] or To terminate input sequence. Notice FRQ LMT LOW annunciators

GHz solidly it
FREQ LIMIT
PRESS: Q Notice ftashing annunciator
PRESS: Key numbers corresponding to desired freg. Hi limit.

O] ]

PRESS: or GHz To terminate input sequence. Notice FRQ LMT Hi annunciator,
solidly lit,
To recalt stored fimits.
FREQ LIMHT CLEAR FREQ LIMIT CLEAR
PRESS: low and DISPLAY then high and DISPLAY
To clear data memory and remove frequency limits,
FREQ LIMIT DATA FREQ LIMIT DATA
PRESS: Tow and CLEAR then high and CLEAR  Vary Source. Notice

selected limit{s} are erased. Also notice “FRQ LMT LOW Hi" annunciators are out,

NOTE: High and low limits should be separated by at least 100 MHz.
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TEST SELECTION

The following tests will verify proper operation of most functional areas of the counter. At the inftial turn
on the counter performs a RAM and PROM check, During this check dashes are displayed until the check
has been completed.

RAM and PROM

The processor writes a sequential bit pattern to each RAM location, then independently reads that
pattern. Thus each bit in each location is checked. I the RAM check fails the display will show all
“E's"”. This indicates that the RAM or the RAM decoding is faulty.

The PROM check verifies the PROM bit pattern. if the PROM check fails an error message will be dis-
played, This indicates that the PROM’s or the PROM decoding is faulty. See Section 6.

If both RAM and PROM check are good the counter will begin normal operation about one second after
turn on. The counter will now display all O,

200 MHz SELF TEST
TEST

pRESS: | | (o] [1]

Notice display is 200 MiHz, This verifies operation of the time base reference and it's associated cireuits,
the signal sefection, the count chain, and the local oscillator.

L.LED TEST

TEST

prEss: [ ] [o] (2]

Notice all LED segments and vellow annunciators are lit. This verifies operation of all visual indicators

LED SEGMENT TEST

PRESS: FEST] (o] [2]

Notice each segment of each display digit is it in turn, The sample rate pot will change the rate, and may
be adjusted, This checks the segment drivers.

DISPLAY DIGIT TEST

TEST

prRess: [ ] [o] [4]

Notice all segments of each digit are lit in turn to verify that each digit operates independently,

The sample rate pot will change the rate, and may be adjusted.
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KEYBOARD TEST

TEST

PRESS: [ | (s ]

Notice display is 05, Press any key and display will indicate a two digit number showing the position of
that key within the matrix thus checking keyboard operations. See Figure 6-5 for coordinates.

TO EXIT TESTS

CLEAR

PRESS: D to exit a test and return to normal operation.
DISPLAY

To exit tests 1 through 4, 6 and 7 you can press any function key. This will exit the test and enter the
function selected.

Tests 6 through 10 are used for calibration and troubleshooting. See section 6 and 7.
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SET-UP FOR BASIC FREQUENCY MEASUREMENT

BAND
Choose the input band by pressing B and a number key corresponding to the band. Choose resolution
RESOL

by pressing D and a number key corresponding to required resolution, The signal coupled to the
selected input Band Connector wiil be automatically displayed to the resolution chosen,

NOTE:  When pressing the RESOL key the display will go blank for approximately 1/4 second,

FREQUENCY OFFSETS

Frequency OFFSETS can be added or subtracted from the measured value, These OFFSETS can-be entered
via the front panel keyboard to 1 Hz resolution:

FREQ
PRESS: Notice the flashing annunciator,
QFFSET
PRESS: Number keys corresponding to desired frequency OFFSETS. If OFFSET is to be subtracted

press and notice polarity sign indicator at far left of display.

Mz
PRESS: or GHz to integrate programmed OFFSET into actual frequency measure-
ment. Notice solidly lit annunciator indicating instrument memory is loaded.

FREC
PRESS: f Recalls OFFSET to display, FRQ and OFFSET annunciators flashing,
OFFSET
CLEAR
PRESS: D _ Notice frequency displayed includes OFFSET : annunciators are 1it continuously.
DISPLAY
FREQ
PRESS: (] Recalls OFFSET to display, FRQ and OFFSET annunciators flashing,
OFFSET
CLEAR Clears data memory and clears offset,
PRESS: D FRQ and OFFSET annunciators are out.
DATA Display is actual frequency without offset.
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DISPLAY ERROR MESSAGES

When an error occurs the error r'tumber will be displayed. The probable cause of each error is listed below.
OPERATOR ERRCRS

The following error messages indicate an operator error.

01 lllegal Key Sequence.

02 A resolution number was not entered,

03 A band number was not entered; or the number entered was too large.
04 No power reading in current band.

05 Frequency Himit high > 18.5 GHz, 27 GHz (548A).

86 {Freqg Limit HI} — {Freq Limit Le) < Min. {100 MHz) difference.

07 Frequency Limit Low < .95 GHz (b4bA/B4BA),

08

09 lliegal test mode key sequence.

10 IHlegal DAC key sequence,

11 llegal Multiplier key sequence.

12

13 Option not installed.

COUNTER ERRORS

The following error messages indicate a malfunction within the counter,

31 Check sum error Section 1 PROM DOO0O - DFFF A10B, U13
32 Check sum error Saction 2PROM EQGO - EFFF A10B, Ut7
33 Check sum error Section 3 PROM EQOD - FFFF A105, U156
34 Check sum error Power Meter PROM 4000 - 47_FF A107, U20
35 Check sum error Band 4 PROM Cooe - C7FF A105, U4

36 Check sum error GPIB or BCD/Remote PROM C800- CFFF A105, U186
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Section 4

Theory of Operation

The B4BA and B48A counters automatically measure and display the frequency of an input signal within
the range of 10 Hz to 18 GHz for the 545A, and 10 Hz to 26.5 GMz for the 548A. In both models the

frequency is divided into three bands.

BAND 1 operates from 10 Hz to 100 MHz. An impedance converter provides an input impedance of 1
M ohm, shunted by 20 pF.

BAND 2 operates from 10 MHz to 1 GHz, using aheterodyne down converter which converts the input
signat into an output signal with a range of 10 MHz to 190 MHz.

BAND 3 operates in the microwave range of 1 to 18 GHz {or 26,5 GHz} and uses a YIG tuned hetrodyne
converter to translate the input frequency downward to an intermediate frequency {IF) of 126 MHz.

GATE GENERATOR ATO7

A0

A105

MICROPROCESSOR

. AMPLITUDE BAND 1 BAND 1
{ME BASE MEASUREMENT ) IMPEDANCE
OSCILLATOR . DETECTOR QUT CONVERTER INPUY
SYSTEM
.
10 Mrir ; -
- A106 [1OH2 .
GATE SATE COUNT 20 Mz BAND 2 BAND 2
- . | i CONVERTER [ INPUT
GENERATOR CHAIN
" see figure 4. 3
DATA BUS
~ ™
ADDRESS BUS |
CONTROL 8US
FRONT PANEL AT10 QPTIONS
GE i BAND 3A203
NERAL : - BAND 3
DISPEAY
PURPOSE 125 MHz 17 CONVERTER NPUT
INTERFACE BUS see figure 4. 2
OR -
07 A108
8CH CONVERTER
KEYBOARD OUTPUT/REMGTE CONTROL
| PROGAAMMING | i
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BASIC COUNTER

Overal} operation is controfled by the Microprocessor Assembly A105. This assembly contains an eight bit
microprocessor, its control logic, and the system memory. It communicates with all other assemblies in
the instrument by means of a triple bus systern: the data, address, and control bus. On each assembly there
is a Periphera! Interface Adaptor {P1A} which provides the interface between the bus system and the instru-
ment hardware.

Frequency measurements are performed by comparing an unknown signal to a reference frequency, namely
the time base. A 10 MHz crystal oscitiator is used as the internal reference and is a part of the Gate Gener-
ator Assembly A107, For increased accuracy and stability, ovenized osciilator options are available, or the
user may select an external 10 MHz reference.

A frequency measurement is made by generating a time interval {Gate Time) consisting of a number
of cycles of the reference. This Gate Time is then used as an interval during which the input signal is count-
ed by the Count Chain Assembly A108,

Initially, the microprocessor selects one of several available inputs to the Count Chain Assembly and the
appropriate Gate Time based on user input information; band selection, resolution, etc. The microprocessor
then initiates the measurement cycle by resetting the Count Chain to zero and allowing a gate to be gener-
ated. During the gate interval, the Count Chain accumulates the number of cycles of the input signal. At
the end of the gate time, the microprocessar reads the stored information in the Count Chain and performs
any reauired calculations necessary to convert the measurement into a direct reading of the unknown
frequency, The front panel display is then updated with the new measurernent resuits. Figure 4-1 shows
a simplified block diagram of the counter,

BAND 2 CONVERTER

An input signal is applied to the mixer along with an appropriate tocal oscitlator {L.0.} to generate an
IF frequency in the range of 10 MHz to 190 MHz. This signal is filtered and amplified to a leve! suitable
for direct measurement by the Count Chain.

The L.O. frequency is generated by the Voltage Controlled Oscilfator {(VCO)} of the Band 3 Converter.
This frequency is phase locked to the counter’s time base and controlled by the microprocessor. A VCO
multiplier serves 1o either pass along the signal directly or double i1, It can also turn off the signal and
pass only a2 DC bias to the mixer.

Two detecters provide outputs proportional to the amplitudes of both the applied RF signal and the

resulting IF signal. These outputs are compared in the Signal Comparator, which provides a digital output
when the |F amplitude exceeds the RF amplitude.

4/83



5580021

\viete; 375 - 435 MHz . EFOM
MULTIPLIER | vea
D¢ BIAS,
y Fyea X1, 01 F\{'CO X2
10MHzZ =
- $GHz
MHz - 210 MKz ouT
b ATTENUATOR -t MIXER 10 z - LOW FASS gt 10 MHz - 200 MH2 TO
200 MHz FILTER HF AMPLIFIER COUNT
- CHAIN
AT0E
) ETECTED iF
RF DETECTOR DETECTED AF 2 & {F DETECTCR
SIGNAL — TO
COMPARATOR MICROPROCESSOR

Figure 4-2 Band 2 Converter Block Diagram, Simplified

The output frequency of the system is the difference between the input signal and the L.O. applied to
the mixer. Since the L.O. frequency is a harmonic {N} of the VCO frequency, the unknown input fre-
quency can be expressed as F|N=N Fyco = FiF. There are three primary functions of the software operat-
ing the converter:

@ To select the appropriate harmonic number N,

& Toselect an appropriate VCO frequency.

8 To determine whether the IF frequency is added to, or subtracted from the L.O. frequency.
These functions are accomplished by selecting N and Fygpp and looking for an F signal of the appro-
priate amplitude and frequency. Overall system gain is such that whenever the correct L.G. frequency
is applied, the |F power will exceed the RF power. This is the primary information used in determining
the correct VCO frequency and harmonic number. Once an i is obtained, the harmonic number is verified

and the +/- sign in the equation is determined by shifting the VCO frequency and observing the magnitude
and direction of the resulting {F shift. Converter operation is diagrammed in figure 4-3.
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START

CONVERTER
LOCKED
F=FifF

( exit )

MULTIPLIER
TO DC BIAS
YES COUNT YES
FIF
NO NO
i
Fyeo = 370 Mhz
MULTIPLIER
TO X1
YES | count 25 MHz < Fjp “~JES
Fig (1) < 185 MHz
NC
i
Fyoo = 425 MHz
YES COUNT 256 MMz < Fig
FIF (1) < 185 MHz
NO
|
Fyoo = 375 MHz
MULTIPLIER
TO X2
ves|  count 25MHz <Fip
Fir (1) < 185 MHz
NO
{
Fyeo = 425 MHz
: YES
YES COUNT
Fip {1}
NO NO
|
*:VCO = 489,9 Mhz
PSP YES COUNT YES
IF BE
Fip (1)
NO NO
{ EXIT }
Figure 4-3, Band 2 Converter Operation
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The L.O. frequencies being used, except the range of direct counting (< 180 MHz}, have been selected
so only IF frequencies from 25 MHz to 1856 MHz are required. Since the counter can count signals less
than 10 MHz, the restricted operating range provides margin for frequency moduiation on the input
signal, and for incrementing the VCO frequency.

Figure 4-4 shows the operating ranges for the various harmonics and VCO frequencies used.

Input IF
Frequency VCG Harmonic Frequency
Range Frequency Number Range
Fin(MHz) Fvco(MHz) N FIF(MHz)
10- 180 - 0 10- 190
185- 345 370 1 185 - 25
345 - 400 425 1 80- 25
400 - 560 375 1 25- 185
560-610 425 1 i135- 185
610- 725 375 2 140- 25
725- 825 425 2 125 - 25
825- 935 375 2 75- 185
935 - 1035 425 2 85- 185
1035 - 1164.8 489.9 2 55,2 - 185

Figure 4-4. Band 2 Operating Ranges
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BAND 3 CONVERTER

Measurerment of a signal in Band 3 is accomplished by down converting from the microwave range to
approximately 125 MHz. This is accomplished by mixing the input signal with a known reference fre-
quency which is found by selecting 8 VCQ harmonic in the range of 400 to 500 MHz. The VCO frequency
can be selected in 50 kHz increments by using a microprocessor controlled phase lock system, while re-
taining the accuracy and stability of the counter’s time base reference,

A simplified diagram of the Band 3 converter is shown in figure 4-5. There are two major assemblies. The
Converter Control assembly {A108) and the Converter Assembly {A203).

CONVERTER CONTROL A108

The Converter Control assembly contains the interface between the microprocessor bus system and the
Converter {A203). A digital-to-analog converier and a precision current {Y1G) driver provide a 2 MHz
frequency resolution for setting the YIG filter of A202,

A108 also contains the programmable VCO phase lock control systern. This system lets the microprocessor
interface select any VCO frequency between 400 and 500 MHz, in increments of 80 kHz.

CONVERTER AZ03

The Converter assembly consists of three subassemblies.
& A201A, Voltage Controlled Osciltator (VCO) Assembly
@ A201B, |F Amplifier Assembly
@ A202, Microwave Assembly (yig)

The A202 Microwave Assembly contains the Y1G filter, mixer and comb generator,

The input signal {1 GHz - 18 GHz/26.5 GHz} passes through a YIG filter on A202. The filter is an
electronically tunable bandpass filter, with an operating frequency proportional to its tuning current.
This filter determines the approximate frequency of the input signal, and filters cut any undesired
signals, making it possible to count a signal at one freguency even if a larger signal is present at another
frequency.

When tuning the YIG filter to the input signal, the mixer is used as an RF detector, and its output is ampli-
fied in the video amplifier on the IF assembly .

The output of the Video amplifier is maximum when the YIG filter is tuned to the input signal. In the
case of multiple input signals, the video amplifier output determines which signal is largest.
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SEARCH
FOR
SIGNAL

See Figure 4-7.

!

DETERMINE

LARGEST See Figure 4-8,
SIGNAL

Y

CENTER YiG

FILTER ON See Figure 4-9,
SiGNAL

!
CALCULATE

N AND VCO See Figure 4-10,
FREQUENCY

f

ADJUST VvCO
F s that
o= 125 MHz

Count IF

AND DISPLAY
F=NFyngt Fip

¥
THRESHOLD

NO

ADJUST F,

AND F,, - TO

RESTORE Fip o
125 MHz

See Figure 4-11.

Figure 4.6, Band 3 Operation, Simplified,

4/83
48



5580021

On units equipped with the Power Measurement Option (02}, accurate frequency correction factors are
stored in the counters memory. This allows absolute power calibration of the video amplifier cutput,

Once the YIG filter is tuned to the input signal, the appropriate harmonic number (N} and VCO frequency
{FvCO} are selected to produce an IF frequency (F|F) at approximately 126 MHz. An approximation
of the input signal is found by using: ‘

FiN=NFyco * F iF

The iF frequency produced in the mixer is amplified by the high gain |F amplifier and sent to the count
chain {A106). The IF threshold detector {A2018) insures sufficient tF amplitude for count accuracy.

OPERATION

First the YIG filter is stepped, {in 64 MHz steps), from its tow to high limits, During this search the RF
detected output is fed, through a microprocessor controlled step attenuator to a threshold detector, After
each step the threshold detector is checked, It triggered, the search mode is halted until the amplitude of
the signal is determined, This is done by stepping the filter back and forth through the signal and stepping
the attenuator until the signal is attenuated below the threshold, The counter then returns to the search
mode to look for any larger signals. After searching the entire frequency range, it returns to the largest

signal and begins to center the YIG filter precisely on the input frequency. See Figure 4-6 for a simp-

tified diagram of Band 3 operation. For more detailed descriptions of Band 3 operation see Figures 4-7
through Figure 4-11,

The centering process consists of slowly stepping the YIG filter down {in 2 MHz increments) until a level
of 3-6 dB below the peak is reached. This frequency is stored and the process is repeated from the other side
by stepping the filter up in 2 MHz steps, The average of the two frequencies obtained is the center of the
passband. This is the frequency which is used to determine the N and Fy/~q.

After centering, N is determined from N = Fvyig - 125 and then rounded up to the next highest integer,
500
From this, FypoQ is calcutated using Fygo = Fy|G - 125. Should this vield Fycog < 400 MHz, then

FyvcO is recatculated using Fyep = Fyig + 125
N

Since Fy)G is only approximately equal to Fp, the IF frequency will not be exactly 1256 MHz. Therefore,
the next step in operation is a VCO frequency adjustment to shift FiF into the middle of the IF passband.

VCO frequency correction is achieved by counting FIF and changing Fyco by & Fig - 125 1f the error

N
is large enough to be outside the |F passband (IF threshold is not triggered) then a series of steps {shifting
the 1F in + 20 MHz increments) are taken until the signal falls within the passhand.

Once the VCO corrections have been made, the converter has acquired the signal and the counter is ready
to count and display the input frequency.

4/83 49



5580021

After each measurement, the frequency of the IF is examined, If the input frequency has shifted more
than 10 MHz, new frequencies for the YIG and VCO are calculated to restore the IF to 125 MMz, This

method provides rapid tracking of a signal being tuned.

PATT —» MIN
FROM ATTEN
CONTROL FYIG —FLow
Figure 4-8,
INCREMENT
FyiG
64 MHz

R
THRESHOLD

§YES

GO TO
ATTEN. CONT.

Figure 4-8.

SIGNAL.
DETECTED

7

NO

Fyig -= FLow

INCREMENT
Fvig
64 Mz

S (~ EXIT 1O
_YIG_CENTER J

Fyig = FSTORED

. RE
THRESHOLD
?

NO

/GO TO
"\ ATTEN. CONT.

Figure 4.8,

Figure 4-7. Band 3 Search For Signal
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Figure 4-10, Calculate N and VCO Frequency
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{ START)

AF= FiE 125 MHz

FYiG NEW =

Fyig OLD+ AFE

Flo NEW =
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EXIT TO VCO,N

CALCULATION
Figure 4-10

Figure 4-11. Band 3 Signal Tracking
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Section 5
Maintenance
and Service

This section contains instructions and information to maintain your counter,

FUSE REPLACEMENT

The counter uses one fuse, 11 is located on the rear panel ne%t to the voltage select switch.
® For 100/120VAC operation use a 1.0A slow-blow MDL type fuse.

® For 220/240VAC operation use a 0.50A slow-blow FST type fuse.

The voltage select switch should be set to the proper line voltage. To change line voltage:
1. Be sure the counter is disconnected from the power line.

2. With a flat edged screwdriver, rotate the voltage select switch until the arrow points to the desired
tine voltage.

3, Change to a fuse with the value specified for the line voltage selected.

NOTE:
Always be sure that the fuse is the type and value specified for, and that the voltage select switch is set
10 correspond to the AC power input voltage, or the counter may be damaged.

AIR CIRCULATION

Air circulates through the vents in the rear panel of the counter. These vents must not be obstructed or the
temperature inside the counter may increase enough to reduce the counter stability and shorten the com:
ponent life.

PERIODIC MAINTENANCE

No periodic preventive maintenance is required. To maintain accuracy, it is recommended that the counter
be recalibrated every six months.

CAUTION

Do not attempt repair or disassembly of the Microwave
Converter or Time Base Oscillator Assemblies, Contact
EtP or your sales representative,
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If the following assemblies are repaired or replaced the counter may require recalibration for proper op-
eration, .

Power Supply, A101

Gate Generator, A107
Converter Control, A108
Microwave Converter, A203

® @ @ @

Care shouid be taken when removing any assemblies to prevent damage to components or cables.
FACTORY

b the counter is being returned to EIP for service or repair, be sure to include the following information
with the shipment.

& Name and address of owner.

® Model and complete serial number of counter,

® A COMPLETE deseription of problem {Under what conditions did problem occur? What was the
sighal level? What egquipment was attached or connected to the counter? Did that equipment

experience failure symptons?)

® Name and telephone number of someone familiar with the problem that may be contacted by
EIP for any further information, if necessary.

& Shipping address to which the counter is to be returned. Include any special shipping instructions,
@  Pack the counter for shipping {Refer to Section 2),
FIELD

EIP has an assembly exchange program. All piug in assemblies, modules, and the front panel assembly may
be exchanged.

After identifying the faulty assembly, call EIP with the assembly number and shipping information. A
replacement will be shipped within 24 hours, After the replacement assembly has been received, return
the faulty assembly to EIP for credit.

4/83
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Section 6
Troubleshooting

This section defines troubleshooting aids that are incorporated in the S45A/548A counter. They are:
@  Signature analysis

®  Self diagnostics

@ Keyboard controlled circuit tests

The procedures and tables are provided for troubleshooting to a functional circuit level.

SIGNATURE ANALYSIS

Signature analysis is a technique used to troubleshoot complex logic circuitry. it uses data compression
to reduce any data pattern to a 4 character alpha-numeric word.

The start and stop inputs define the measurement window, Each time a transition within the measure-
ment window occurs on the clock input, the probe is sampled, and the logic level is shifted into the ana-
lyzer, This information is used to generate a signature unique to that data string, That signature can then
be compared to a reference signature, taken from a known good product, to determine if the data string
is correct. The counter implements signature analysis in either a free running or program controlled manner,

FREE RUNNING

This mode of signature analysis is essential for troubleshooting problems that could prevent the program
from running. A CLRB instruction can be forced by breaking the data bus at A105 JMP1 and grounding
A105 TP5, effectively “free running” the microprocessor. “Free running” means forcing a simple in-
struction (such as NOP or CLRB) on the data bus, which the microprocessor sees at every address location.
This causes the microprocessor to continually cycle through its entire address range, accessing everything
on the address bus as it does. By strategically placing the start and stop connections the entire bus system
can be probed for bad signatures. ’
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START sTOP CLOCK
CONNECTIONS A105 TP2 A105 TP2 A105 TP8
BUTTONS IN IN IN
LINE SIGNATURE : LINE SIGNATURE
A0 {P1 Pin 54) Uuuu USPin8 UPC
A1 {P1 Pin 54) FFFE 12 755p
A2 {P1 Pin 53} 8484 U11 Pin 2 9UP1
A3 (P1 Pin 51) P763 4 4FCA
A4 (P1 Pin 50) 1U5P 6 ) 37C5
A5 (P1 Pin 49) 0356 8 : 7791
AB (P1 Pin 48) U759 11 6321
A7 (P1 Pin 47) 6FSA 13 6U28
A8 {P1 Pin 46) 7791 15 4868
A {P1 Pin 45) 6321 17 00001
A10 (P1 Pin 44) 37C5 U12 Pin 2 U759
A1t (P1 Pin 43) 8U28 4 1USP
A12 (P1 Pin 42) 4FCA 6 8484
A13 (P1 Pin 41) 4868 8 yuuu
Al4 (P1 Pin 40) guP1 11 FFFF
A15 {P1 Pin 39) 00001 13 P763
U1Pin5 0003 - 15 0356
U2 Pin 9 75HA 17 6F9A
U4 Pin 2 6U2C U18Pin4 6HAC
8 gUP3 5 0994
10 SUP2 6 U3H7
12 0002 7 P57
U5 Pin 6 755F 9 854F
8 PACU 10 +602
12 0003 11 25P6
12 gF14

+ 5V 0003, phase 2 0003

* Due to the synchronous qgualities of the signature analyzer, phase 2 will read the same as + 5V but

the logic probe will be flashing. Likewise, anything gated with phase 2 may have the same signature
as the ungated signal.

Figure 6-1. Microprocessor Free Running Signatures
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START STOP CLOCK
CONNECTIONS A105 TP14 A105 TP15 A105 TPS
BUTTONS IN ouT IN )
NODE SIGNATURE NODE SIGNATURE
C1 c2 C1 [o¥]
A105 JMP1 Pin 9 8HU1 46H8 A10% JMP1 Pin 13 C3gy ABS5
A105 JMP1 Pin 10 7068 424H A105 JMP1 Pin 14 CuUBP U155
A105 JMP1 Pin 11 F439 12A5 A105 JMP1 Pin 15 7096 Ad4y
A105 JMP1 Pin 12 U774 FP59 A105 JMP1 Pin 16 3H73 1FOH
+5Y 1817 1817
Figure 8-2. Signatures, Basic PROM Set
PROGRAM CONTROLLED

i the counter is working sufficiently to access the test functions, program controlled signature analysis
can be used. In program controlled signature analysis the start and stop {and therefore the signature}
are controlled by software. This allows the signature analyzer to be used, in many cases, 1o troubleshoot
the hardware outside the bus system,

~ SELF DIAGNOSTICS

At turn on the counter performes several internal diagnostic checks, checking the RAM, PROM, and
the associated decoding circuitry. The display shows dashes during these checks. If the counter passes
the tests it then enters the normal operating mode. If it fails RAM check the display will show all Es
and a unique signature will be generated. If the counter fails any of the PROM checks an error message
will be displayed, and a signature will be generated, Please refer to figure 6-3.

The counter generates PROM error signatures only during the power up diagnostics check, It is
necessary to turn the power off, and then on again, while the signature analyzer is connected, to
get a signature,

START §TOP CLOCK PROBE
CONNECTION A106 TP A106 TPB A10b TP8 A105 TPB (+5V)}
BUTTONS ouT ¢ iN IN ¢
PROBLEM ' ERROR SIGNATURE
Ram Bad AllE's 007U
A105 U13 (Basic Program) Bad 31 1UFP
A108 U17 (Basic Program) Bad 32 U389
A105 U15 (Basic Program) Bad 33 P72
A107 U2 {Power Meter} Bad 34 9FAS
A10b U14 {Band 4) Bad 35 2A2C
A105 17 {(GPIB or BCD/RMT) Bad 36 8AFH

Figure 6-3. Self Diagnostic Error Indications
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KEYBOARD CONTROLLED CIRCUIT TESTS

TEST

There are 11 keyboard controlled circuit tests {01 thru 11). All tests are accessed by pressing

and then the two digit test number, Tests which do not require keyboard inputs to function {tests 01, 02,
03, 04, 06, 07, 11} can be exited by pressing any key. The counter will exit the test and enter the functions
selected. Tests which use the keyboard in their operation {tests 05, 08, 09, 10} can be exited by pressing

any key not used by the test. All tests can be exited by pressing

normal operation. Some tests require hexidecimal coded keyboard inputs {tests 08, 09, 10). For those

tests the keyboard is defined in figure 6-4.

CLEAR

DISPLAY

Bl
B

BOWER METER

RESET andoff oftyel

KEY HEX EQUIV. KEY HEX EQUIV.

0 0 9 9

1 1 MHz A

2 2 GHz B

3 3 CLR DATA C

4 4

5 5 ® D

6 6 4 E

7 7 RESET F

8 8 CLR DISPLAY EXITS TEST

4/83
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6-4

. The counter will return to




5580021

START STOP CLOCK PROBE
CONNECTION CuUT 4 iN iIN {
BUTTONS A106 TP5 A106 TP A105 TP8 A10b6 TPS {+5V)
BUTTON COORDINATES SIGNATURE
Reset a7 ue8c
Power Meter ON/OFF 46 U7HA
Power Meter Offset 36 20P6
dB 16 LU2F9
DAC 26 811P
7 41 A18C
8 42 66PU
9 43 CCH7
Mz 44 UsPU
4 31 PUPH
5 32 Uc7o
8 33 HF3A
GHz 34 OPA2
1 21 APH1
2 22 C45H
3 23 1766
CLR DATA 24 HaCcs
+/— 11 376U
0 i2 H7PC
@ 13 UAHH.
CLR DISPLAY EXIT TEST C754

Figure 6-5. Keyboard Test Coordinates and Signatures.
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TESTS

01

02

03

05

06

200 MHz Self Test This test sets the VCO to 400 MHz, divides it by two, and counts the 200 MHz
output from the divider. It checks the count chain, VCO and VCO phase lock circuitry, and the gate
generator,

8's Test  This will light afl LED’s, annunicators, and decimal points. It checks that everything on the
display is lit, the intensity of the display, and the alignment of the LED's and annunciators.

Display Segment Test  This lights one segment of each digit, and one annunciator at a time, cycling
through all segments. The cycle rate can be adjusted with the sample rate pot. It verifies that each
segment of the display, segment drivers and display multiplexer operate properly and independ-
entiy,

Dispiay Digit Test This lights one entire digit, and its decimal point, at a time. 1t cycles through
all digits and annunciators. The gycle rate is determined by the sample rate pot. It checks each digit
and digit driver independently, and verifies operation of the display multiplexer.

Keyboard Test This will display the coordinates of each key as it is pressed. It aiso generates a
unique signature for each key, so the keyboard can be checked without the display. Test 05 may
be entered by keyboard or by momentarily tying A108 TP1T to A105 TPG. This makes it possible
to enter the keyboard test for troubleshooting even if the keyboard is not operating weli enough to
enter the test in a normal manner, Test 0b checks the keyboard, keyhoard interrupt, and keyboard
decode circuitry, The coordinates and signatures for each key are shown in figure 6-5.

Converter Ramp Test Test 06 continuously ramps the Band 3 Converter DAC from 0 to 27 GHz,
in 2 MHz (LSB) steps. It also generates a signature for each of the inputs to the DAC. (See figure
6-6). it can be used 1o test the vig DAC, yig drivers, yig, and Band 3 BRF level ¢ircuits,

START STOP CLOCK

CONNECTIONS A108 TPS A106 TPE A105TP8
BUTTONS ouT ¢ iN o IN &

NODE SIGNATURE NODE SIGNATURE

A108 U4 Pin 2 gu78 A108 U4 Pin 9 7763
A108 U4 Pin 3 0046 A108U4 Pin 10 HP8A
A108 U4 Pin 4 8F&2 A108 U4 Pin 11 PABA
A108 U4 Pin B 8009 A108 U4 Pin 12 80A8
A108 U4 Pin6 833F A108 U4 Pin 13 77U6
A108 U4 Pin 7 Uoce A108 U4 Pin 14 7245
A108U4 Pin 8 FCAB AT08 U4 Pin 15 28u9

+ 5V 49P4

4/83

Figure 6-6. Converter Ramp Test Signatures
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07 WVCO Test This test cycles the VCO frequency from 400 to 500 MHz, in increments of 50 kHz,
The cycle rate can he adjusted by the sample rate pot. 07 tests the VCO and the phase lock circaitry.

08 Power Meter Offset Test This makes it possible to set the power meter zero DAC to any setting.
The setting is entered as a four digit hexidecimal number {figure 8-6). The first two digits are used
to program the course offset DAC, and the last two digits program the fine offset DAC, Test 08
enables the power meter zero DAC to be tested, and can provide a DC level signal to aid in testing
the power meter circuit.

09 Power Meter Gain Test This makes it possible to set the power meter sensing circuit to any num-
ber. The number is entered as a five digit hexidecimal number (figure 6-6} in the following format.

1st digit A107 U0 bits 4-7

2nd digit AT07 U10 bits 0-3

3rd digit A107 U12 bits 4-7 {Power Meter Option only}
4th digit A107 U12 bits 0-3 {Power Meter Option only)
5th digit bit 0 Sets Amp marked 15 dB Gain'’ to high gain
5th digit bit 1 Sets Amp marked 30 dB Gain'' 1o high gain

Digit 5 is 2 2 bit number, so any number entered for digit & will be justified to a nurmber from 0-3.
Test 09 checks the RF level and power meter circuits,

10 Information Read/Alter Routine Test 10 can read any microprocessor address and, if that address
is RAM or 1/0, changs its contents, The desired address is entered as a 4 digit hexidecimal number
{see figure 6-6), When the 4th digit is entered the counter will display the contents of the desired
address. The contents are then changed by entering a two digit hexidecimal number,

NOTE

Test 10 can change any femporary storage in
the counter, including locations that are essen-
tial to the operation of the counter. Changing
the wrong location will not damage the counter
permanently, but it can cause improper opera-
tion. To return the counter to proper operation
turn the counter off then back on.

11 Test 11 for the DAC option 01 is described in Section 10.
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SIGNIFICANT ADDRESSES, 1/O PORTS

If an 1/0 bit is configured as an output, the number read by test 10 will be the same number that is pro-
grammed. If an 1/0 bit is configured as an input, the number read by test 10 will be the input signal level
on the 1/Q line. Therefore, if an 1/0 port is programmed, and then read, the number displayed may not
correspond to the number programmed because some bits of the 1/0 port may be configured as inputs.

DESCRIPTION ADDRESS OF ADDRESS OF
PA PORTS PB PORTS
PiA on Count Chain {A108} ACQCO ACO2
PiA on Gate Generator {A107} 2900 9902
Frequency Control PIA on Converter
Control A108 2840 9842
Programmable Counter PIA on
Converter Control (A108} 9820 9822
P1A on Band 2 Converter {A109) 9880 9882
PIA on Front Panel! Logic {(A111) 9808 980A
PIA on BCD/Remote {A102) 9AQ0 SA02
PIA on DAC Board {A103) A820 AB22
DESCRIPTION ADDRESS
GPIB Address Switch 9co4
Figure 68-7. 1/0 Addresses.
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Two important |/O port locations are the yig frequency control {address 9840, 9842} and the VCO fre-
quency control (address 9820, 9822).

To convert from the desired yig frequency fo the PiA program number:

1. Round the desired frequency to a multiple of 2 MHz {The vig DAC resolution is 2 MHz).
2. Divide the desired frequency in MHz by 2 {F/2}.

3. Convert F/2 from decimal to hexidecimal.

4, The two most significant digits are programmed to address 9842, and the two least significant digits
are programmed to address 3840,

To convert from the desired VCO frequency to the PIA program number:

EXAMPLE (420, 75 MHz)

1.  Round the desired frequency to a multiple of 50 kHz
{The resolution of the VCO frequency is 50 kHz).

2. Multiply the desired frequency (inMH2) by B, . .. ... ... . i r 420,75 X 5=2103.75

3. i the result contains no fractional part, go to step 8.

4, Multiply only the fractional part by 16 . . . . .. .. it i e e e 765 X 16=12
5, Add the result to the most significant digit fromstep 2. .. ... . ... MSD of 2103,756=2-2+12= 14
6. Convert the result 10 hexidecimal. . . .. ot it i et et e e e e e e e e 1410 =

7. Replace the MSD from step 2 with the result from step 6

anddropthe fractional part. . . . . . . . . e e e 2103.75 — E103

8. The two most significant digits are programmed to address 9822, and the two least significant digits
are programmed to address 9820,
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SIGNIFICANT ADDRESSES, RAM

All storage in RAM are in the following formats.

REGISTER FORMAT, FREQUENCY STORAGE REGISTER FORMAT, POWER STORAGE
ADDRESS SIGN (00 =+, FF =-} ADDRESS SIGN {00 =+, FF = )
ADDRESS +1 100 GHz 10 GHz ADDRESS + 1 NOT USED
ADDRESS +2 T GHz 100 MHz ADDRESS +2 NOT USED
ADDBESS+3 10 MiHz 1 MHz ADDRESS + 3 NOT USED
ADDRESS+4 100 KHz 10 KHz ADDRESS + 4 NOT USED
ADDRESS + 5 1 KHz 100 Hz ADDRESS+5 100 dB 10 dB
ADDRESS+ 6 10 Hz 1 Hz ADDRESS + 6 1dB .1dB
REGISTER ADDRESS

L.O. frequency 01AB

I.F. frequency 023F

Frequency output to display 01B8

Frequency limit low 0268

Frequency limit high 0254

Frequency offset 0246

Figure 6-8B. Freguency Storage Registers

REGISTER ADDRESS
Power output 1o display ' 01BF
Power offset 024D

4/83
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TROUBLESHOOTING TREES

Troubleshooting trees are intended only as a guide, and do not describe every possible failure situation.
Turn power off before removing or installing any P.C. boards or connectors, If the following assembiies
are repaired or replaced, recalibration of the counter will be necessary.

A101 Power Supply
A107 Gate Generator
A108 Converter Control
A203 Converter Assembly

® ® ® @

CAUTION

Do not attempt to repair or disassemble
the A203 hybrid assembly,

TEST EQUIPMENT REQUIRED

MANUFACTURER MODEL DESCRIPTION CRITICAL PARAMETERS
Tektronix 475 Qscilloscope 100 MHz min. Bandwidth
Fluke 8050A D.V.M. 4% digit resolution

H.P, 182C, 8555A Spectrum Analyzer 125 MMz

H.P. 5004A Signature Analyzer

H.P. 6518 Signal Generator 10 Hz - 10 MMz

Wavetek 2002 Sweeper 10 MHz - 2 GHz

EIP 928 Microwave Source 1 GHz - 18.6 GHz

H.P. 8690A, B6YGA Microwave Sweeper 18 GHz - 26. 5 GHz

Figure 6-10. Troubleshooting Test Equipment {Or Eguivalent).

To use the troubleshooting trees:
1. Refer to the main troubleshooting tree.

2. Step through the main troubleshooting tree, performing all necessary checks, until the failure mode
is noted.

3. Refer 10 the appropriate troubleshooting tree for that failure mode.

4/83
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TURN UNIT ON NO CHECK FUSE, AC POWER, AND
tS FAN RUNNING? ONJOEE SWITCH
‘ves
BLANK CHECK POWER SUPPLIES,
NOTE DISPLAY DISPLAY POWER SUPPLY, AND
DISFLAY DECODE LOGIC.
INVALID
CHARACTERS
we SEE FIGURE 612,
ZERO PROGRAM
INQPERATIVE
f
AtL
£ UNIT FAILED RAM CHECK, PRESS: BAND, 1
- THE SYSTEM RAM OR DOES UNIT RESPOND TO
THE RAM DECODING CHIPS ON KEYBOARD?
A10B ARE BAD, )
YES NO
ERROR | - —eame SEE FIGURE 6-13,
1- ‘ ¥
31-36 UNIT FAILED PROM CHECK. KEYBOARD
REFER TO ERAOR MESSAGE CHECK BAND 1 OPERATION.
= TABLE FOR BAD PROM OR PROM DOES BAND 1 OPERATE
DECODING. PROPERLY?
YES INo
EROS
ﬁ,m., SEE FIGURE 614,
DIGITS BAND 1
M*SS’Ni DISPLAY DIGIT DRIVER PRESS: TEST, 0, 1
CIRCUITRY BAD. USE TESTS 02 | | DOES TEST 01 COUNT 200 MHz?
AND 04 TO TROUBLESHQOT.
YES NO
ZEROS ¥ L SEE FIGURE 6-15,
WITH 200 MHz TEST
SEGMENTS
MISSING DISPLAY SEGMENT DRIVER CHECK BAND 2 OPERATION.
CIRCUITRY BAD. USE TESTS 02 DOES EngngsfﬁATE
AND 03 TO TROUBLESHOOT. ?
YES NO
1 BIGIT V b SEE FIGURE 6418,
LIT VERY BAND 2
BRIGHTLY DISPLAY MUX CHECK BAND 3 OPERATION,
DRIVER BAD DOES BAND 3 OPERATE
PROPERLY?
YES NO
' | = SEE FIGURE 6417,
BAND 3
UNIT OK
Figure 6-11. Main Troubleshooting Tree
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PROGRAM I8 NOT
RUNNING PROPERLY.
CHECK POWER SUPPLIES.

BAD

* GOOD

CONNECT SCOPE TO
A105U1 PIN 40
TURN COUNTER OFF, THEN
BACK ON. AT TURN ON DOES PIN

40 GO LOW FOR APPROX. 50 ms,

THEN GO HIGH?

NG

POWER SUPPLY OR
POWER LINE INPUT BAD.

% YES

REMOVE A105 JMP1
GROUND A105 TPS,
CONNECT SIGNATURE
ANALYZER AS INDICATED IN
FIGURE 6-1.

PROBE ALL POINTS INDICATED,
ARE ALL SIGNATURES GOOD?

NO

POWER ON
RESET CIRCUITRY
BAD

& YES

CONNECT SIGNATURE
ANALYZER AS INDICATED IN
Figure 6-2 {Basic PROM Set!}
PROBE ALL POINTS INDICATED.
ARE ALL SIGNATURES GOOD?

NO

PROBE TO POINT WHERE BAD
SIGNATURE STARTS. REPLACE
BAD COMPONENT.

YES

Y

TURN COUNTER OFF
REMOVE GROUND
FROM A105 TPS

REPLACE A705 JMP1
REMOVE ALL PCB's EX-
CEPT MICROPROCESSOR (A105)
AND DISPLAY {A110).
TURN UNIT ON, DOES UNIT
DISPLAY DASHES FOR APPROX.
1 SEC. THEN DISPLAY ZERQGS?

NO

ONE OF THE PROM OR RAM
CHIPS IS 8AD.

§ YES

CONE AT A TIME REPLACE PC
BOARDS AND REPEAT PREVIOUS
STEP UNTIL BAD BOARD IS
FOUND. DATA BUS OR PIA ON
THAT BOARD IS BAD.

A105 U0 BAD, OR DATA BUS ON
MOTHER BOARD {A100) OR DIS.
PLAY LOGIC BOARD (A110) BAD,

Figure 612, Program Inoperative
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TURN UNIT OFF, THEN BACK ON.
WHILE UNIT IS STILL DISPLAY-
ING DASHES, PRESS BAND AND
HOLE IT IN, WHEN THE DISPLAY
GOES TO ZEROS, IS THE BAND
LIGHT FLASHING?

YES NO

i

(Figure 6-10}

ENTER KEYBOARD TEST 8Y
MOMENTARILY TYING A108TP1
TO A105TP8. PRESS ANY KEY,
DOES THE DISPLAY SHOW

CXX (XX = COORDINATES)?

YES

NO

KEYBOARD SCAN OR KEYBOARD
INTERRUPT CIRCUITRY BAD,

KEYBOARD OR KEYBUOARD
BUFFER BAD.

WITH SCOPE LOOK AT

AZ01B-E4 {I.F. THRESHOLD)

ISITATTL LOW?

YES NQ

LF. AMP OR 1.F.

THRESHOLD BAD.

OR POWER METER BAD,

R ¥ LEVEL FROM L F. AMP BAD,
POWER METER ZERO DAC BAD,

GO TO POWER METER TROUBLE-
SHOOTING TREE., Figure 6-21,

Figure 6-13. Keyboard
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(START }

CONNECT A 50 MHz -20 dBm
INPUT TO BAND 1, CHECK
ATO9TPE. IS IT ATTL LOW?

NO

YES

[

15 GATE LIGHT FLASHING?

YES

NOQ

IMPEDANCE CONVERTER OR

1 SIGNAL SELECT ON A109 BAD.

1S 1T A 5V, 50 MHz
SCQUARE WAVE?

CHECK THE ANODE OF A108 CR4.

\

CHECK ATQ7UZ2PIN2, ISIT A
100 KHz TFL LEVEL CLOCK?

YES

YES NO

SIGNAL SELECTOR ON A108 BAD

CHECK AT08TP1, IS IT A 50 MHz
PULSE, ABOUT 3 ns WIDE?

NO

|

REF OSC SELECTOR/DIVIDER ON
A107 BAD.

YES NO

¥

A108 SIGNAL CONDITIONING
CIRCUIT BAD.

__ PRESS: TEST, 0,4

AS “THE SAMPLE RATE POT IS

VARIED DOES THE CYCLE RATE
OF THE DISPLAY VARY?

YES

TTL LEVEL CLOCK?

CHECK ATQ8TP7. IS IT A 5 MHz,

YES NO

|

NO

|

SAMPLE RATE CIARCUITRY ON
A111BAD.

FIRST DCU OR ITS ASSOCIATED
CIRCUITRY BAD,

GATE GENERATOR ON A107 BAD

§

COUNT CHAIN CIACUITRY ON
A106 BAD.

4783

Figure 6-14. Band 1
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CHECK SIGNAL AT A201A.J2

NO OUTPUT

VCO BAD

FREQUENCY
OTHER
THAN 400 MHz

PHASE LOCK CIRCUITRY ON

400 MHz
¥

A108 BAD.

CHECK A103U3 PIN 3. IS IT AN
ECL LEVEL 200 MHz CLOCK?

YES NO

iy

1.0, BUFFER OR DIVIDE BY 2 ON
A0S BAD.

¥

SIGNAL SELECTOR ON A108 BAD

Figure 6-16. 200 MMz Test

START }

3

CHECK BAND 2
OPERATION FROM 10 MHz TO
190 MHz (BAND 2A). DOES BAND

2A WORK PROPERLY??

NO ’ YES

L.O. SELECT CIRCUITRY ON
AT09 BAD.

CONNECT A 50 MHz, -20 dBm
SIGNAL TO THE BAND 2 INPUT.
CONNECT A SCOPE TO A108TP12,

1S AT0GTPI2 A TTL HIGH?

NO YES

|

SIGNAL SELECT CIRCUITRY ON
A108 BAD,

ISOLATION AMP, 200 MHz L.PF,,
LF. AMP, OR BAND 2 LOCK DET.
CN A109 BAD.

Figure 616, Band 2
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WHAT 1S SYMPTOM OF BAND 3

UNIT COUNTS
WRONG NUMBER

]

VCO 18 GENERATING
WRONG FREQUENCY. CONNECT
CONVERTER TC A109J2. (VCO
REF.} IS FREQUENCY BETWEEN

400 MHz AND 500 MHz?

AMND STABLE?

FYES NO

# LOCK CIRCUITRY ON
A108 BAD.

VGO NOT 6 LOCKED.
CONNECT A POWER SUPPLY TO
A201J3. VARY VOLTAGE FROM
-2 TO +9V. DOES THE VCO FRE-
QUENCY VARY FROM APPROX.
370 MHz TO APPROX. 510 MHz?

YES NO

¥

# LOCK CIRCUITRY ON
A108 BAD,

WITH NO SIGNAL INTC THE
COUNTER, CONNECT A SCOPE
TO A100J7 PIN 2. DGES IT CON-

TAIN A 66 ms RAMP?

YES NO

CONNECT A SIGNAL WITHIN THE
OPERATING RANGE OF BAND 3
TO THE BAND 3 INPUT. WITH A
SCOPE LOOK AT A10047 PIN 2.
iT SHOULD CONTAIN A COM-
PLEX WAVEFORM. DOES A POR-
TION OF THE WAVEFORM LOOK
LIKE PHOTO A,

VCO BAD

PHOTO A.

4/83

NO YES

|

POWER METER OR
POWER METER ZERO CiRCUITS
ON A107 BAD.

Figure 617, Band 3

6-17

PROBLEM?
UNIT COUNTS AFTER
SIGNAL i8S REMOVED
I.F. THRESHOLD BAD
UNIT DOES
NOT COUNT
§

SEE FIGURE 8-20,

= POWER METER
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-

CONNECT A SPECTRUM
ANALYZER TO A106J3. AS THE
COUNTER FINDS THE INCOMING

SIGNAL AN I.F. OF
126 MHz +20 MHz SHOULD BE
GENERATED, THEN THE 1.F.
SHOULD BE CORRECTED TO
126 MHz EXACTLY.

0.K. FREQUENCY INPUT QUTSIDE
-1 FREQUENCY LIMITS OR SIGNAL
SELECTOR ON A106 BAD.

NO LE.

oo VCO POWER AMP BAD.

DOES NOT
CORRECT 1.F.

e ILF. THRESHOLD BAD.

LF. MORE THAN 20 MHz FROM
126 MHz, OR CORRECTED TO
THE WRONG FREQUENCY.

L]

PERFORM CONVERTER
CALIBRATION (SECTION 7). IF |ype
PROBLEM IS NOT FIXED, PRESS: | VCO ¢ LOCK CIRCUITRY
TEST, 0,8. WITH A SENSITIVE ON A108 BAD.
SCOPE LOOK AT A100J7 PIN 2.

CHECK THE RAMP FOR ANY

LARGE STEPS OR NON-

LINEARITY. 1S THE RAMP 0.K.?

NO
A108 FREQUENCY CONTROL
$AC BAD.,

Figure 6-17. Band 3, continued
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PRESS: TEST, 0, 6
DOES ATC0JT7 PIN 2 CONTAIN A
18 VOLY 325 ms RAMP?

NG YES

|

LOOK AT A108TPZ, DOES 1T
CONTAIN ASVOLT
325 ms RAMP?

YES

CHECK A201B-E4 {F THRESH.)
ISIT ATTIL MIGH?

NGO

¥

A108 FREQUENCY CONTROL
AL BAD,

A8 YIG DRIVER BAD.

YES NO

|

/

LF, THRESHOLD BAD

4/83

POWER METER OR POWER
METER ZERO CIRCIHT ON
AT07 BAD.

Figure 6-17. Band

§-19

3, continued

SEE FIGURE 6-21,
POWER METER
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{ START)

%

REMOVE A10741. GROUND A10701, PIN 1.

PRESS: BAND, 3, RESET, BAND, 1
TEST, 0, 9, RESET{F}, RESETI{F]),
RESETIF), RESETI(F), 3, CLEAR DISPLAY

LOOK AT A1Q7TP4, 1SITO V10 mV?

YES NO
¥
PRESS: TEST, 0,8,0,0,0,0 = CONNECT A POWER SUPPLY TO
ISTP4 1OV £1V? ATOTH PIN 1. VARY THE
VOLTAGE SUCH THAT A107TP3
VAR{ES ARBOVE AND BELOW

YES NO GROUND. WHEN TP3 15 ABOVE
GROURND, 18 A107U14 PIN 7 A
TTL LOW, AND WHEN TP3 IS BE-
Ug OR Q8 BAD. LOW GROUND 1S A107U14 PIN 7
ATTLHIGH ?

]

IS U11 PIN 6 THE SAME
VOLTAGE, BUT THE OPPOSITE YES NG

POLARITY, AS TP47?

e ATOT U14A BAD,

YES NG

B Ui0 OR U11 BAD.

POWER METER
P ZERQ DAC BAD.

§

1S TP3 THE SAME VOLTAGE
AS TP4?

YES NO

o U112 OR L3 BAD.

1

IS4 PIN 1T A TTL LOW?

YES NG

- Ut4B BAD.

¥

@)

Figure 6-18. Power Meter and Power Meter Zero DAC

4/83
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4/83

%

PRESS: RESET{F}, RESET{F}
RESET{F}, RESET(F)

1S TP4 -8V TOQ -11V7?

YES NO

U23 QR 08 BAD.

|

15 U11 PIN 6 THE SAME
VOLTAGE BUYT THE OPPOSITE
POLARITY ASTP4?

YES NO

e U10 OR U1 BAD.

IS TP3 THE SAME VOILTAGE

AS TP47?
YES NG
e 2 OR U113 BAD.
|
ISUI4PIN 1 ATTL HIGH?
YES WO
U14B BAD.
F
ISUI7TPINBATTL LOW?
YES NG
s U17 BAD.

i

15 dB  AMP ON
LE. AMPLIFIER BAD,

Figure 6-18. Power Meter and Power Meter Zero DAC, continued
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GENERAL

and

Section 7
Adjustments
Calibrations

To correctly adjust the 545A or B4BA counter use the following procedures. Adjustments should only be
made if the counter does not operate as specified, or following the replacement of components. If the

adjustments do not result in the performance specified then refer to the troubleshooting section of this
manual. The test equipment required is:

MANUFACTURER MODEL DESCRIPTION CRITICAL PARAMETERS
Tektronix 475 Oscilloscope General Purpose

Fluke 3050A D.V.M, 4% digit resolution

H.P. 182C, 8560A Spectrum Analyzer 125 MHz

Wavetek 2002 Sweeper 10 MHz - 2 GHz

ElP 928 Microwave Source 1 GHz -18.6 GHz

H.P. 8690A, 8596A Microwave Swoeper 18 GHz - 26.6 GHz

EIP 2000017 Service Kit See Appendix A (A-3)

POWER SUPPLY ADJUSTMENTS

Prior to making any adjustments to the power supply the counter should “warm up” at least 20 minutes.

Voltages are measured on the back of the Interconnect board {A100), or on the back of the Power Supply

board {A101}).

1. Connect the Digital Volt Meter {DVM) between ground and +12V.

4/83

Connect the DV between ground and -12 V.

7-1

Adiust AT0T RB until the voltage measures +12,000 VDC £ 010 VDC.

Adjust AT0T R17 until the voltage measures -12.000 VDC £ .010 VDC.
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§101

POWER liid
ON/OFF
R1
SAMPLE
RATE
OPTION SELECT
ASSYS
R10
vitd RG
L~
2
e INT/EXT
13 b ' SELECT
J111 ey : N
BAND 1 : 16 Mstz
A100 INJOUT
Ji12 W1T "
BAND 2 !
W14
J113
BAND 3 |

W13

Figure 7-1. Adjustment Locations,
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CONVERTER CALIBRATION

COARSE ADJUSTMENT

BAND

1. Press: D @
o]

JB

i
@(E) 8]

TEST

]
(2]
o)

=] [
] L]

L]
(e] (4]

2. Set the microwave sweeper at 2.00 GHz + 10 MHz, about -10 dBm.
3.  Connect the sweeper output to band 3 of the counter,

4. Connect the oscilloscope to AZ01R-EB {RF tevel),

5. Adjust ATOBR10 until A201B-E5 is at maximum negative voltage.

6. Set the sweeper to 15.00 GHz £ 10 MHz.

7. On the counter press: Ig ] [ 8 } [ 4 ] @ Ej {D}

CLEAR

(s] (e (o] (4] [ Jw

DATA

8. Adjust A108RE6 until A201RB-EB is at maximum negative voltage.

9. Set the sweeper to 2,00 GHz = 10 MHz.
10. On the counter press: [WQ——} m m @ @
o) (] (e ESICRER

11, Adjust AT08R10 until A201B-EB is at maximum negative voltage.

12. On the counter press: CLEAR

[ ]

[HEPLAY

4/83 7-3
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FINE ADJUSTMENT

1.  Set the sweeper to 1.0 GHz £ 10 MHz,

2. Connect the spectrum analyzer to A1066J4 (IF output).

3. The counter should be counting the incoming signal. The spectrum analyzer should be displaying
the IF (125 MHz).

RESET

4, On the counter press L . When the converter finds the incoming signal an IF is generated
which is near 125 MHz at first, then shifts to exactly 125 MMz {see figure 7-2), If the first IF is more
than 5 MHz from 125 MHz, adjust ATD8R10 until the first I1F (at an input frequency of 1 GHz) is
125 MHz = 5 MHz,

) . . RESET

5. Slowly tune the microwave sweeper from 1 to 26,5 GHz {to 18 GHz for B45A}, while pressing [:l
on the counter.

6. Every time the converter finds the incoming signal the first IF should be 125 MHz £ 20 MiHz. If

not, adjust AT08RS6 until the first IF is always 125 MMz = 20 MMz,

CORRECTED
&
{125 MHz)

FIRST

CENTER FREQUENCY: 125 Mhz

SCAN WiDTH: B Miz/div

Figure 7-2. If Signal.
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THME BASE CALIBRATION

It is important to note that the precision of the time base calibration directly affects overall counter ac-
curacy. Reasons for recalibration, and the procedures to be used, should be thoroughly understood before
attempting any readjustment.

The fracticnal error in the frequency indicated by the counter, is equal 1o the negative of the fractional
frequency error of the Time Base Oscitlator with respect to its true value. That is:

JARA FAN

fs ft

where fg is the true frequency of the measured signal, and ft is the true freguency of the Time Base Oscil-
lator. Thus, the inaccuracy associated with a frequency measurement is directly related to the guality of
the Time Base QOscillator, and a measure of the precision with which it was originally adjusted.

TEMPERATURE COMPEMNSATED CRYSTAL OSCILLATOR (TCXO)

The standard Time Base Oscillator used in the counter is a TCXO {A118). The range of the actual measured
frequencies of this oscillator will differ by no more than 2 parts in 108 if the temperature is slowly varied
from 0 to +50 degrees C.

With a stabel input frequency, the measurement indicated by the counter will fluctuate in proportion
to the TCXO drift, To center this fluctuation on the true value of the measured signal, each TCXO has
imprinted on its side the frequency setting required at +75 degrees C.

At approximate room temperature (+25 degrees C.}, the slope of the frequency vs. temperature curve is
nermatly no worse than+1 X 10 -7 parts per degree C. When the counter is used in an ordinary laboratory

ertvironment, the TCX0O may be set as close to 10,000,000 Hz as desired. In this environment, a peak-to-
peak temperature variation of 5° C, will result in a measured signal error of no more than £ 2.5 X 10-7

parts. This signal error is due 1o the temperature characteristics of the Time Base Oscillator.

The natural aging characteristics of the crystal in the Time Base Oscillator can also cause inaccurate signal
measurements. Aging refers to the long term, irreversible change in frequency {generally in the positive
direction} which all quartz oscillators experience, The magnitude of this freguency fluctuation in the
TCXO is less than 3 X 1077 parts per month as specified. This may improve to at least 1 X 108 parts per
year when in continuaus operation.

Error due to aging adds directly to error due to temperature. The number of times the counter requires
recalibration depends on the environment in which the counter operates, and upon the level of accuracy

required.

For example, if the counter is subjected to the full operating temperature range one month after proper
initial adjustments, the inaccuracy could vary from +1.3 X 108 parts to -0.7 X 108 parts,

4/83 7-5
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TCXO CALIBRATION PROCEDURES
METHOD 1 {with accurate frequency counter)
1. Remove top cover of counter. Connect counter to reliable power source. Note ambient temperature.

2. Measure the frequency of the TCXO (at the rear pane! 10 MMz connector} with a second counter
of known calibration accuracy.

3.  Adjust the TCXO by turning the calibration screw on the TCXO case until the measured frequency
equals that shown on the TCXO calibration label.

METHOD 2 {with accurate frequency source}

1. Apply a 10 000 000 Hz signal from a frequency standard {or other oscillator of suitable accuracy
and stability) to the Band 1 input of the counter.

RESCL

2. Press D @ {1 Hz resolution)

3. Adjust the TCXO until the reading on the counter is offset from 10 000 000 Hz by the negative
of the frequency shown on the TCXO. For example, if the TCXG calibration label shows a frequencgy
of 10 000 003 Hz, adjust the TCXO until the counter dispiays 9 988 997 Hz.

DISPLAY INTENSITY

On the front panel logic assembly {AT111} R4 may be adjusted to provide the most comfortable display
intensity.

4/83
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Section 8
Performance Tests

GEMNERAL
These tests are for the basic counter. Peformance tests for options are in section 10, These tests will enable
the user to verify that the counter is operating within specifications.

VARIABLE LINE VOLTAGE

During the performance tests the counter should be connected to the power source, through a variable
voltage device, so that line voltage may be varied £10% from nominal. This wiil assure proper operating of
the counter under various supply conditions.

REQUIRED TEST EQUIPMENT
{or equivalent}

MANUFACTURER MODEL DESCRIPTION gﬁéﬂg&lﬁns
H.P. 6518 Signal Generator 10 Hz - 10 MHz
Wavetek 2002 Sweeper 10 MHz - 2 GHz
EP n 928 Microwave Source 1 GHz- 18.6 GHz
H.P. 8680A, B696A Microwave Sweeper 18 GHz - 26.5 GHz
BAND 1

{ 10 Hz - 100 MHz )

1. Set the counter to band 1.

2. Connect the signal source output, through a B0 ohm shunt feedthrough resistor, to the band 1 input

on the counter.

3. Set the signal level to 25 mv RMS {-19 dBm into 50 chms),

4.  Vary the signal from 10 Hz to 100 MHz (changing signal source as required},

The counter should display the correct input frequency.

4/83
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BAND 2
{10 MHz - 1 GHz }

1. Set the counter to band 2,

2. Connect the signal source output 1o the band 2 input of the counter.
3. Set the signal level to -20 dBm {22 mv RMS).

4, Vary the signal input from 10 MHz to 1 GHz.

The counter should display the correct input frequency.

BAND S

{548A: 1 GHz - 26.5 GHaz)
(545A: 1 GHz - 18 GHz)
1. Set the counter to band 3.

2. Connect the signal source output to the band 3 input of the counter,

3. Vary the signal frequency from 1 GHz to 18/28,5 GHz {changing the signal source as required) at the
following levels.

1 GHz — 1.2 GHz -25 dBm {12 mv RMS)
1.2 GHz — 12,4 GHz -30 dBm {7 mv RMS}

12.4 GHz — 18 GHz 25 dBr (12 mv RMS}
18 GHz — 22 GHz -20 dBm (22 mv RMS)
22 GHz —26.5 GHz -15 dBm (38 mv RMS;}

The counter should display the correct input frequency.

4/83
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- Section 9
Functional Description and
lllustrated Parts Breakdown

This section contains a functional description, a parts tist, an iHustration and a schematic diagram for each
printed circuit beard used in this counter.

The parts iist is broken down by types of components, listed in alphanumeric sequence. The componenis
that have a different reference designator (REF DES), but have the same EIP part number, are described
for the first such component listed. Subsequent descriptions of that component will refer to the first
entry. The total number of like components used on the same assembly will be listed with the first entry
in the column identified as UNITS PER ASSY.

The last two columns of the parts list wil supply the name of the manufacturer and their Federal Supply
Code for manufacturers {FSCM} number. A list of manufacturers names, addresses and their Federal
Supply Code for Manufacturers {FSCM} number are given in Appendix B. The FSCM number is used in
the parts list as a quide to the manufacturer or supplier of a part.

Pages 8-3 through 9-5 contain the top assembly of the counter and other basic information. After page
9-5 vyou will note that the page numbers have a three digit first number followed by a dashed number.
The three digit number reflects the number of the assembly being described on those pages. The dashed
number is the page sequence for the description of that assembly. For example, pages 105-1 through
105-5 all relate to the A105 printed circuit board. This page numbering system facilitates simple, modular
page replacement when an assernbly revision makes a manual update necessary.

4183 9.1
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REFERENCE DESIGNATORS

xc::-'juémmovr"xf—“n

Q1-3
Q1/2

Assembly
Battery or Fan

Lapacitor

Diode

Indicator {display)
Fuse

Jack or Connector
Relay

Inductor

Plug or PCB contacts
Transistor

Resistor. -

Switch

Transformer

Test Point
integrated Circuit
Socket or Holder

Q1 through Q3

Q1 and Q2 (matched pair)

ABBREVIATIONS
CBN Carbon MTCH PR Matched Pair
CER Ceramic PC Printed Circuit
CMT Cermet [ 957 PC Board Assembly
CNTR Counter pF Picofarad
CONV Converter PREC Precision
COMP Composition RSTR Rasistor
CONN Connector RT AN Right Angle
ELEC Electrotytic SAT. Value or type selected
FDTH Feedthrough during factory test.
FLM Film Part may not be used,
FML Female SW Switch
GP General Purpose TANT Tantalum
tC Integrated Circuit TRIM Trimmer
K Kilo {x 1,000} uF Microfarad
LED Light-emitting-diode uH Microhenry
M Meg {x 1,000,000) VAR Variable
MET OX Metal Oxide WPRF Waterproof
mF Metal Film WW Wirewound
mH Millihenry XSTR Transistor
Ml Male
4/83
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5ABA/548A MICROWAVE COUNTER

REF Elp UNITS TP
DES PESCRIPTION NO PER TYF MFG NO. FSCM
’ ASSY NO.
COUNTER, MODEL, B45A 2010224 Eip 34257
MODEL B48A 2010225 EiP 34257
-1 FRONT PANEL ASSY 2010218-02 1 EIP
Knob 5210223 1 5000160 31013
Buiton set, 12+ 9 5210220 1 5230005-02
Panet 5210378 1
Sample Rate Control Assy 2010134 1
Alignment Pin 5210190 2
Retainer Key 5210191 1
Switch, toggle, PWR 2010187 1
-2 REAR PANEL ASSY 2010219-01 i Elp
Panel 5210192 1
Conn, Fiiter 26500056 1 3EF1 05245
Switch, toggle, SPDT, 120V, 5A 4510001 1 7101H 09353
Fuse holder 5BOG0172 1 (31.1653/1666/1663
Fuse, 1A, SB, 250V 5000085 1 MDL 1A 71400
Fuse, .50A, SB 5000169 1 FST034-3114 71400
Conn, BNC 2610024 1 KC .79 .35 01836
Voltage Select Switch Assy, A151 2010152-01 1
-3 FAN ASSY 2010136-01 1 _
Fan 5000151 1 760/126LF/182/1118
Conn, Plug, 3 pin 2620110 1 03 -06 - 2032 0000A
Contact, Male 2620038 2 02-06-2103 0000A
Spacer 5210016 z
4 FRAME KIT 201015171-01 1
Panet, Side, Enclosure 5210210 2
Trim, Front Post 5220004 2
Trim, Handle 5220025 2
Frame 5210248 2
Corner Post, Front 5250001 2
Corner Post, Rear 5260002 2
Handle, Enclosures 5260011 2
-5 TRANSFORMER, ASSY, A1T1 20101565-01 1
Transformer, Power 4900005 1
Conn, Plug, 9 pin 2620112 1 03 -06 - 2082 0000A
Conn, Housing, 6 pin 2620129 Ref 640427 - 6 AMP
Contact, Male 2620038 7 02-06-2103 a000A
Contact, Female 2620036 02-06-1103 0000A
-6 FRONT CARD GUIDE ASSY 5210199 1
-7 REAR CARD GUIDE ASSY 5210200 1
-8 TOP COVER ASSY 2010212 1
G BOTTOM COVER 5210209 1
-10 TILT BAIL 5000055 1
-11 Foot, Plastic Enclosure 8220003 4
12 i.ine Cord Set - Domestic 5440002 1
Line Cord Set - Export 5440017 1
6_1/83 2-3
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BABA/548A MICROWAVE COUNTER continued

REF Erp | UNITS Typ
DES DESCRIPTION NO PER TYP MFGC NO. FSCM
- ’ ASSY NO .
PCB ASSEMBLIES See Page No.
A100 Counter Interconnect 2020180-01 1 100 -1
A101 Power Supply 2020131-01 1 101 -1
A105 Microprocessor 2020195-01 1 105 -1
A106 Count Chain 2020136-01 1 106 -1
A107 Gate Generator 2020197-05 1 107 -1
A108 Converter Control {Band 3} 2020200-02 1 108-1
A109 Band 2 Converter 1202013903 -1 109 - 1
A110 Display and Keyboard Logic 2020140 1 110-1
A1l Front Panel Logic 2020191 1 1M1 -1
A203 Microwave Converter 2010241-02 1 260 -1
AZ01A Voltage Control Oscillator 2020199 1 201A-1
A2018B IF Amplifier 2020143 1 2018-1
A202 Microwave (YIG} not shawn
CABLES:
W7 Front Panel, Flat Ribbon 2040169 |
W19, 20| Front Panel, Harness 2040168 1
W1, 3, 5| Rear Panel, Harness 2040167 1
W10 (A1J111-A10046) Band 1, Coax 2040165 1
W11 (A112-A109J4} Band 2, Coax 2040166 1
W18 {A108J1-A09J3}, Coax 2040208 1
W16 (A106J2-A109J5}, Coax 2040210 1
W12, 13| VCO/IF, Harness 2040170 1
w14 {A2018J1-A106J2), Coax 2040172 1
Wwsa (A201J4-A107J1}, Coax 2040173 1
W9 (A201AJ3-A108J2}, Coax 2040174 1
W17 (AZ201AI3-A109J1}, Coax 2040175 1
PROMS:
A105 — BASIC PROM SET
U1b | Section 1 ' 6500002-01
U17 | Section 2 6500002-02 -
U3 Section 3 6600002-03
A106 — GPIB OPTION
U16 6400002-07 ~FOR REFERENCE ONLY
A107 — POWER METER OPTION SEE PARTS LIST OF EACH
L20 6400002-04 ASSEMBLY OR OPTION
FOR PROM DESCRIPTION
A105 — BAND 4 OPTION
Ut4 6400002-01
A105 — BCD REMOTE PROGRAMMING OPTION
U6 6400002-03
4/83
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A1G0
COUNTER INTERCONNECT
(202180}

FUNCTIONAL
DESCRIPTION
NOT REQUIRED
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AT00 COUNTER INTERCOMMNECT ASSY 2020180 -G
REF ElP UNITS TYP
DES DESCRIPTION NO PER TYP MFG NG. FSCM

. ASSY NO,

ATGO Counter Interconnect Assy 2020180 1 cip 34257

J1 Header, Str, 26 pin 2620078 1 3429 - 2302 76381

42 Header, Str, 50 pin 2620081 2 3433 - 2302 76381

43 J2

J4 Friction Lock, 4 pin 2620061 1 09 - 85 - 1049 0000A

J5 Friction Lock, 8 pin 2620080 1 09 - 65 - 1068 "

6 Header, Str, 7 pin: 2620186 i 09-64-1071 .

J7 Header, Str, 10 pin 2620187 1 09-64-1101 “

J8 Friction Lock, 4 pin 2620068 1 640456-4 AMP
XA101 Conn, 11 position 2620183 1 5183-442-1 AMP
KA102 Conn, 50 position 2620185 1 5193-442.3 "
XA103
thru
KA10G Conn, 30 position 2620184 7 5193-442.2 "

Key Plug 5000155 8 530286 - 2 “
4/83
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A101
POWER SUPPLY
{2020131)

The power Supply furnishes ali basic operating voltages required by the counter. The supply consists of

two basic sub-assembiies.

® PC Board (A101), containing the rectifiers, filter capacitors, and regulator circuitry,

® Chassis mounted components consisting of the power iransformer {T1), primary wiring, F1 fuse;
{100/120V), the 220/240V power programming switch; and the on/off power switch {S101) mounted

on the front panel.

The basic voltages required by the counter are unreguiated +18VY, requiated +b%, —5.2V, +12V and —-12V.

The input AC voltage is full wave rectified and filtered to produce DC voltages of + 9V and + 18V.

The unregulated +18V is used directly as one supply voltage, The +18V is regulated to a +12V by the action
of LM305, a series pass transistor {MJE30B5}, and foldback current limiting circuitry. The —18V is reg-
ulated to a —12V by LM304, a series pass transistor, and foldback current limiting circuitry,

The +8V is regulated to +5V by a three ierminal regulator containing thermatand current shutdown cir-
cuitry, The —8V current is also requalted to —b.2V by .3 three terminal regulator that contains thermai
and current shutdown circuitry.

+1
POWER

AC
INPUT
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A101 POWER SUPPLY ASSY

2020131-G
REF Eip UNITS TYP
DESCRIPTION NO PER TYP MFC NO. FSCM
DES : ASSY NO.
AT01% Power Supply Assy 2020131 1 Eip 34287
C1 Tant, 10ufF, 20%, 25V 2300029 3 TAG 20 - 10/25(M) 14433
cz Mica, 47 pF, 5%, 500V 2260004 1 DM10 - 4704 72136
c3 1
C4 Tant, 33ufF, 20%, 20V 2300023 1 TAG 20-33/20- 20 14433
) Cer, .Q01uF, 20%, 20V 2150001 1 6GA - D10 55289
cB Tant, 1.0uf, 20% 35V 2300008 2 TAG 20 -1.0/35 - 50 14433
c7 Elec, 14,000uF, 25Y 2200017 1 3110HB 1430025 80031
cs Elec, 9,600uF, 15V 2200016 H 3110HAB52U025 80031
Cg Elec, 32,000uF, 15V 2200019 i 3110RB323U01H 80031
Ci0 |Elec, 4,800uF, 15V 2200020-00 1 3060JJ4720U168 80031
C11 C8
ci2 Ci1
CR1
thru
CH4 | Rectifier 2704001 4 INAODT 072863
CRBE | Zener, 12V 2720963 1 INDB3A 04713
CRE | Rectifier Brdg 2710029 1 MDAG70 - 14 04713
CR7 | Rectifier, Brdg 2710028 i MDASS0 - 1 04713
J1 Conn, 6 pin (FRCTN Lock) 2620157 1 640445-6 G000A
1 NPN Power 4710001 2 MJE3GE5 04713
Q2 PNP Power 4710002 2 MJIE3TC 04713
Q3 1
G4 a2
as PNP, General Purpose 4704128 1 2N4126 04713
R1 Comp, &8 ohms, 5%, 1/4 W 4010680 2 RCO7GF680J 81349
R2 Met Ox, 36 ohms, 2%, 1/4 W 4130360 1 C4/2%/36 24546
R3 Wire Wound, .66 chms, 3%, 4W 4110012 2 RS -2 916837
R4 Prec, 14.7K ohms, 1%, 1/8 W 4061472 1 RNGED1472F 81349
R5 Var, Cer,, 500 ohm 4250014 1 72XR500 73138
R6 Prec, 2.26K ohms, 1%, 1/8 W 4062261 1 RNG5D2261F 81349
R7 Met Ox, 820 ohms, 2%, 1/4 W 4130821 2 C4/2%/820 24548
Ra R7
R9 R3
R10 | R1
H11 | Comp, 100 ohms, 5%, 1/4 W 4010101 1 RCO7GF101J 81349
R12 | Met Ox, 910 ohms, 2%, 1/4 W 4130911 2 Ca/2%/910 24546
R13 | Met Ox, 12K chms, 2%, 1/4 W 4130123 1 CA/2%/12K 24546
H14 |Prec, 2.43K ohms, 1%, 1/8 W 4062431 1 RN&5D2431 81349
R15 | Prec, 4.7 ohms, 2%, 1/4 W 4130472 1 Ca/2%/4.7 24546
Ri6 |Met Ox, 1K ohms, 2%, 1/4 W 4130102 1 CA/2%/1K 24546
R17 | Var, Cer, 2K ohms 4250016 1 T2XR2K 73138
U1 Voltage Regulator 30403056 1 LM305 0000X
uz Voltage Regulator 3040304 1 LM304 0000X
u3 +8VDC Regulator 3057805-01 1 UAT78HOBA 07263
U4 -5,2 V Regulator 3057905 1 MC7805.2 CT 04713
Heatsink 5210196 1 EIP
4/83
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A1l
MICROPROCESSOR

(2020195 }

In the normal fetch and execute cycle, the microprocessor executes the command sequence stored in

the PROMs and, coupled with it's 1/ capability, obtains complete control over the counter.

The Microprocessor assembly (A105) is sectioned into four functions as follows:

B

MICROPROGESSOR

Microprocessor

Memory elements
Power-up reset circuit
Control logic and buffers

The MCMB802 microprocessor (U1) is used as the main controlling element for the counter. It is driven
by a 4 MHz crystal and controls all counter {functions by means of a stored program in PROM.

MEMORY ELEMENTS

The memory elements consist of two TK X 4 RAMs {UB, U7} that are configured to give a total of
1K X 8 storage locations. The basic program for the counter is stored in three 4K X 8 PROMs (U13, U15,
U17 }. Option programs are stored in two 2K X 8 PROMSs (U14, U16) and expansion PROMs U189, U20
give the microprocessor board the capability of 20K X 8 total locations for program storage. The memory

map for the PROMs is as follows :

PROM STORAGE

2K X 8 EXPANSION

2K X 8 EXPANSION

2K X 8 OPTION

- 2K X B OPTION

4K X 8 BASIC
PROGRAM

4K X 8 BASIC
PROGRAM

4K X 8 BASIC
PROGRAM

4/83 105-1
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POWER-UP RESET CIRCIHT

The power-up reset circuit consists of comparator U3 and it's associated components, Resistor RS provides
hysteresis action for the circuit while CR1 provides a path for fast decay time of capacitor C4.

CONTROL LOGIC AND BUFFERS

The 1/0 select line is used to enable 1/0 chips associated with the processor system. The equation for
the sefection of 1/Q is :

/O SEL = VMAAIS e A4
The three busses which are brought out of the microprocessor board are the 16 bit address bus, the 8 bit

data bus, and the & bit contral bus, Buffer/Driver chips U, UT0, U11,:U12 provide drive current that
is sufficient to drive the external bus.

416 ADDRESS BUS
.
A0- A9 AC-ALD
AL0-ALS é % RO
AV EET f SELECT
2 =i
VI RAM PROM PROM pROM Y11 azz-ans
1K K 4 K X & AKX 8 4K X &
us Uia u1s it
o ’
Ry {“ oo -D3 JDa D7 J !
N I3 JumpgRs | DATA BUS LI | 2
o e 7 ML 7
! fg. fe-or ] 1 el
s L ERD -
amiz | 6% A
: v v RAM PROM PROM PROM PROM
XTAL g s _ KX 4 2K % 8 KX E K K B ZKK 8
o R, uz? ua I [8)-1.] ulis Ule
E oS
. AG~ AD L L A0~ A1G L
i® I 146
L o
vmAa s DATA BUS
o 7 B
R |— 16
S
B2
RESET VALV 3
ms-—L .
o BATA BUS VMR
X - X SELECT
PORM%E%JP . SEL LY p— BUFFER P LOGIC  pm——ATE ¢ ALG
o [t BT s uio Uig, Uis
A SRy 1A
CONTRAOL TRY
VMA e TRE
RIW 7 AL FEY
o2
HEEET \
£ kY Pl
k ] T +
i ] o Y OO S B e vt et G i o o B 1 3
CONNECTOR
| i
| ADDRESS BUFFER
Uit, Utz
ﬁ 16 ADDRESS SUS
/

Figure 105a. Microprocessor Assembly A0S
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A105 MICROPROCESSOR 2020185. D
REF Elp UNITS TYP
D[;S DESCRIPTION NO PER TYP MFGC NO. FSCM

: ASSY - NCG.

A105 Microprocessor Assy 2020195 1 EP 34267
Ci Cer, .01uF, 20%, 100V 2160003 7 TG -S810 56289
C2 Mica, 12pF, 5%, 00OV 2260013 1 CD10CDh120J03 72136
C3 Mica, 16pF, 5%, 500V 2260014 1 CD10CD150J03 72136
Ca Tant, 0. 1ufF, 20%, 36V 2300020 1 TAPA 0.1TM35 14433
C5 C1
C6 Mot used
Cc7 Tant, 33uF, 20%, 10V 2300015 2 TAPA 33M10 14433
C8 Cc7
C9
thru
C13 Ct
CR1
thru :
CR3 Hot Carrier 2710004 3 FH 1100 07263
R Comp, 1OK,' 5%, 1/8W 4016103 2 RCO7GF103J 81349
RrR2 Comp, TM, 5%, 1/8W 4010105 1 RCO7GF106J 81349
R3 R1
R4 Comp, 4.3, 5%, 1/8W 4010432 1 RCO7GF432) 81348
R5 Comp, 22K, 5%, 1/8W 4010223 1 RCO7GF2234 81349
RG Comp, 4.7K, 5%, 1/4W 4010472 2 RCO7GF472) 81349
RNt
thru
RN3 Matwork, 10K 4170003 3 785-1-R10K 80740
TP1
thru
TP16 Conn, Pin, .04D, Gold 2620032 16 460-2970-02-03 71279
U1 MPU W/CLK-RAM 3066802 t MC6802 04713
Uz 6 Bit Comparator 3078136 1 DM8136 27014
K] Voltage Comparator 3060311 1 LM311N 0000X
u4 Hax Inverter 3087404 1 DM741.504 0000X
us 3-INP NAND Gate 3087410 1 DM741.510 0000X
uUs 1K x 4 Bit RAM 3052114 2 2114 EM&M
u7 U6
us 3-INP AND Gate 3087411 1 DM74LS11N 0000X
ug Mex Buss Driver/Butfer 3084365 1 SN74L53656N 01295
U190 Octal Buss Transceiver 3084245 1 SN741L.5245N 01295
U1t Line Driver/Qctal Buffer 3084244 2 SN741.5244N 01205
12 U11
U13 PROM, Basic Counter 2060002-01 Ref 8500001-XX
14 PROM, Band 4 Option 2060002-06 Ref 6400002-01
U1b u13
U186 PROM, GPIB Option 2060002-02 ‘Ref 6400002-02
Alt. 16| PROM, BCD/RMT Option 206000205 Ref 640000203
U17 U3
18 2-4 Lie Decoder/DE Mutt, 3084139 1 SN74L5130N 01295
Y1 4 MHz Crystat 20300156 1 MP1PR400

4/83
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A108
COUNT CHAIN
{2020136)

The Count Chain Assembly receives IF signals from the Band 3 IF Amplifier (A201R) and the Band 2 Con-
verter (A109). 1t also receives a gate signal and a 100 kHz reference signal from the Gate Generator (A107).
The count chain assembly selects the appropriate IF signal, gates it, and counts it to produce a BCD output
that represents the input frequency. It also produces one or two IF output signals to be used for options
at J3 and J4,

The A106 board receives two IF input signals on J1 and J2. The appropriate input is selected by enabling
one of two differential amplifiers (U1A or U1B). Enabling of the appropriate amplifier is achieved by
turning on a transistor switch {Q11 or Q12), The appropriate transistor is turned on by the output of an
open collector inverter {U7C or U7A) driven by a TTL signal from the PIA (U10).

The output of the input selector differentially drives a sguaring circuit. The squaring circuit consists of a
differentially driven current mirror {Q1) driving a tunnel diode (CR5}. The voltage across the tunnel diode
changes abruptly between two states {approximately 0.2V and 0.5V). The signal across the diode drives the
pulse forming circuit, This circuit begins with a high speed differential amplifier (02 and Q3}. The output
of this amplifier drives Q4 which is a current switch. The square wave current, from Q4's collector, drives
an inductor {L1}, The voltage across the inductor is a seties of pulses; a positive pufse when Q4 turns on
and a negative pulse when Q4 turns off, Diode CR5 tends to rernove the negative pulses and increases the
damping to improve the amplitude of the positive puises. The positive pulses from the generator drive a
pulse inverter (Q6). The pulse inverter is a high-speed zero bias amplifiar that is biased at cut off by diode
CR6.

The output of the pulse inverter {Q8) drives the input to the first decade counter {U2). The bias for the U2
input is established by a tracking bias supply (U3, Q7). The voltage at TP2 is equal to the voltage on U2 pin
1, plus a fixed DC offset sefected by R45. The BCD outputs from U2 are slew-rate limited, and can only be
seen after the counting ends and comes to rest, The carry output on pin 9 is an ECL tevel U2 signal, and is
always visible,

The ECL output of U2 drives an ECL 1o TTL converter {08, Q9 and Q10). This converter is a differential
amplifier with a cascode output buffer {Q8). The response of Q8 is improved by inductive peaking provided
by L2. The output of Q8 drives a decade counter {U4) which in turn drives a third decade counter (US).
The BCD outputs of U4 and U5 are connected to a 6 decade counter {U6) which derives its clock infor-
mation directly from the BCD outputs of U5, When counting is finished, 8 decades of BCD data are read
by the microprocessor (through the PIA U10} from U6 by a time multiplex process. The multiplexer (set
to the first digit by the end of the previous reset clock) loads the multiplex latches with the Latoh Toad
clock, and steps to the remaining 7 digits with 7 pulses on the Scan Clock tine. The first decade of BCD
data from L2 is read directly from the P1A. ‘

A single reset line is used to reset all count stages to zero before the next count cycle begins.

A real-time clock (U8, U8) is also on the count chain assembly. This circuit takes the 100kHz reference
signal, that is coming from the Counter Interconnect Assembly {A100), and divides it by 10,000 to give
a 10Hz (100ms) clock. The output from this clock is fed to the PIA to atlow the microprocessor to gather
time information at a 10Hz rate for timing functions within the program.

4/83 106-1
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A106 COUNT CHAIN ASSY

2020736 - M

REF
DES

DESCRIPTION

EIP
NO.

TYP MFG NG.

TYP
FSCM
NO.

A106

Ci

Cc2

C3

C4

Ch

Cg

c7

c8

Ca

C10
Ci1
ci12
13
14
Ci5
cie
Ci7
cig
12
C2G
c21
C22
C23
C24
thru
28
C28
C30
thru
C33
C34

CR1
CR2
CR3
CR4
CRb
CH8

L1
L2

Q1
Q2
Q3
G4
Q5
asé
Q7
Qs
Qg
Q10
a1l
Qi2

Count Chain Assy

Tant, 33uF, 20%, 10V
Cer,, Q1uF, 20%, 100V
c2

C1

iica, 10pF, 5%, BOOV
Tant, 10uF, 20%, 26V
cz

c2

Cer., .00TuF, 20%, 1KV
o2

Not used

Cg

Co
Not Used
Mot Used
Ci
C2
C1
Not Used

Cc2
Ci

Cc2
ca

General Purpose
Zener, 8.2V

CR1

Tunnel, Switching
Hot Carrier

CR1

Part of Board
inductor, TuH

PNP, RF

NPN, BF SW

Q2

PNP, RF

PND, RF GRADED
NPN, RF

Q2

NPN, RF

a8

Qs

PNP, Generai Purpose
Q11

2020136
2300015
2150003-00

2260612
2300029

2150001

2704154
2705234

2710033
2716004-00

3510003

4704959
4710017

4710010
4710013
4710026

4705179

4704126

=y

EiP
TAG 20- 33/10- B0
TG -510

DM 15CI160403
BF106M255

5GA - D10

IN4154
INGZ34

Gooo10C
5082 - 2835

DD 1.0

2N4959
MMT 3960

MPS - H81
2NB179, EIP
NE734328

2NB179

2N4126

34257

14433
56289

72136
72136

56289

07263
04713

20754
28480

72259

04713
04713

04713
34257
0000s

04713

04713

4/83
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A108 COUNT CHAIN ASSY, continued 2020136- L
REF Elp LNITS TYP
DES DESCRIPTION NO PER TYP MFG NO. FS5CM

) ASSY NO.

R1 Comp,, 1.6K, B%, 1/4 W. 4010182 2 RCO7GF 152 81348

R2 Comp., 6.2K, 5%, 1/4 W 4010622 2 RCO7GF&22J 81349

R3 Comp., 51 ohm, 2%, 1/4 W 413051000 2 Ca/2%/51 24546

R4 Comp,, B.1K, 5%, 1/4 W 4010812 2 RCO7GFGB12) 81349

R5 Comp,, 2.7K, 5%, 1/4 W 4010272 2 RCO7GF2724 81348

R6 Comp., 5t chm, 5%, 1/4 W 4010510 1 RCO7GFH10 81349

R7 Met Ox, 2K, 2%, 1/4 W 4130202 3 CA/2%/2K 24546

R8 Comp,, 510 ohm, 5%, 1/4 W 4010811 1 RCO7GF511J 81348

Ra Comp., 5.6 ohm, 5%, 1/4 W 4010569 5 RCO7GF5RE4 81349

R10 RS

R11 Ro

R12 Met Ox, 68 ochm, 2%, 1/4 W 4130680 1 C4/2%/58 24548

R13 Met Ox, 43 ohm, 2%, 1/4 W 4130430 1 C4/2%/43 24546

R14 Met Ox, 3.8K, 2%, 1/4 W 4130392 1 C4a/2%/3.9K 24546

R15 R7

R16 R4

R17 Rt

R18 R2

R19 Comp., 100 ohm, 5%, 1/4W 401011 1 RCOTGF101d 81349

R20 Met Ox, 56 ohim, 2%, 1/4 W 4130560 2 C4/2%/56 24546

R21 Rg

R22 R20

R23 Camp., 360 ohm, 5%, 1/4 W 4010361 i RCO7GF4314 81349

R24 Rg

R25 Met Ox, S.A.T. {2K, 2% Nom} 4130999 1 C4/2%/ XX 24546

R26 Met Ox, 39 ohm, 2%, 1/4 W 4130300 2 C4/2%/39 24546

R27 Met Ox, 200 ohm, 2%, 1/4 W 4130201 3 C4/2%/200 24546

R28 Met Ox, 270 chm, 2%, 1/4 W 4130271 1 C4/2%/270 24546

R29 R3

R30 Not used

R31 Comp, 10 chm, 5%, 1/4 W 4010100 2 RCO7TGF100) 81349

R32 Met Ox, 47 ohm, 2%, 1/4 W 4130470 1 C4/2%/47 24546

R33 Met Ox, 20 chm, 2%, 1/4 W 4130200 1 C4/2%/20 24546

R34 Met Ox, 510 ohm, 2%, 1/3W 4130611 1 C4/2%/510 24546

R35 R9

R36 Met Ox, 1K, 2%, 1/4 W 4130102 3 CA/2%/1K 24548

R37 R28

R38 Comp., 390 ohm, 5%, 1/4 W 4010391 1 RCO7GF391d 81349

R39

thru

R42 Comp, 10K, 5%, 1/4 W 4010103 4 RCO7GF 1034 81349

R43 Met Ox, 20K, 2%, 1/4 W 4130203 4 C4/2%/20K 24546

R44 R43

R45 R36

R46 R43

R47 Met Ox, 18 ohm, 2%, 1/4 W {NOM) SAT | 4130999 1 C4/2%/18 24546

R48 R43

R49 Met Ox, 240 ohm, 2%, 1/4 W 4130241 1 CA/2%/240 24546

R50 R27

R51 R27

R52 R36

R53 Met Ox, 430 ochm, 2%, 1/4W, 4130431 1 Ca/2%/430 245486
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A106 COUNT CHAIN ASSY, continuad 2020136- L.
REF EH? UNITS TYP
DES DESCRIPTION NO PER TYP MFG NO. FSCM

’ ASSY NO.

Rb4 R7

R55 Comp., 1.8K, 5%, 1/4 W 4010182 1 RCO7GF182d 81349

R5G Comp,, 4.7K 5%, 1/4 W 4010472 1 RCO7GF4724 81349

Re7 R31

TP1

thru

TP131{ Conn, Pin, 040D 2620032 10 460-2970-0203 71279

Ut Dual/Diff Ampl 3043049 1 CA3049T 07283

Uz UHF, BCD, Decade Counter 3010637 1 5PB6378 0000C

U3 Op Amplifier 3040741 1 LM741CN Q000X

U4 PST Decade Counter 3084196 1 SN74L.S196N 01295

us 4 Bit Decade Counter 3084150 1 SN74L5160N 01295

ug 6 Dec, Ctr/8 Dec. Latch 3057031 1 L574031 01295

U7 Hex Inverter 3087404 1 DM741.504N 0000X

ug Decade Counter 3084490 2 741.5490N (1295

Ug ug

uio Periph, {nterface Adapter 3086820 1 MCB820 04713
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2020136-00-N

Figure 108 b, Count Chain Component Locator

CR4 REXR
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ANGY
GATE GENERATOR
{(2020197)

This assembly performs the following functions.
® Reference Oscitlator Control

@ (Gate Generation

® Band 3 Amplitude Determination

@  Power Meter Control {Option 02 only)

REFERENCE OSCILLATOR CONTROL

This circuit selects, as the tirne base for the counter, either the internal reference oscillator or an external
10 MHz signal applied to the rear panel. This circuit provides a 100 kHz TTL level clock signal for the gate
generator, a 10 MMz TTL tevel clock signal for the microwave converter and, in the internal oscillator mode,
a 10 MHz signal {1 volt p-p into 50 ohms) to the rear panel.

The 10 MHz internal reference signal is applied to a switchable “‘analog to TTL" converter (Q1, Q2, Q3},
When the Ref Int/Ext line is high the TTL converter is enabled. Cne output goes to drive 04, giving a
square wave {1V p-p into 50 ohms) on the 10 MHz Ref line, A sécond output goes to NAND gate UT {also
switchabie for signal isolation. The cutput of U1 goes to J3 to be used by the microwave converter. The
output of U1 also goes to the clock input of U2, U2 is a dual decade divider that divides by 100, The
output of U2 is a3 100 kHz TTL clock signal to the gate generator.

When the Reference Int/Ext iine is set to external {low) the TTL converter (Q1, Q2, Q3} and driver {Q4)
are disabled, TTL converter {05, Q6, (G7) is enabled, and U1 is set 1o select the external input. An external
reference signal applied to the 10 MHz reference line is then converted to the input of U2.
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GATE GENERATOR

The Gate Generator must provide an accurate, stable, signal gate to the Count Chain. The gate must be
switchable, in decade increments, between 100 micro sec and 1 sec. The gate generator consists of a pro-
grammabie divide-by-N time base {U5), a dual flip-flop (UBA, UBB), and an ECL flip flop (U8). The divide
ratio of US, which determines the gate time, 5 set by Ub pins 12, 13, and 14 as follows.

Pin 12 Pin 13 Pin 14 Divide Ratio Gate Time
0 0 1 10! 100 usec
0 1 0 102 1 Msec
0 1 1 103 10 Msec
1 0 0 104 100 Msec
t 0 1 10° 1sec

The outputs of U5 and UB enable ECL flip-flop U8, but U8 is clocked directly from the 100kHz clock
to instire gate accuracy.

When the gate is not active, US is permitted to free-run by holding UGB clear (T3). The gate is initialized
by setfing UGB. This clears UBA and clears Ub (T1). The next clock pulse sets U8 {T2}). The gate is then
enabled by momentarily clearing UGB (T3}, The next clock sets UBA which enables UB and U8 (T4}
At Th the gate is opened and Ub begins counting clocks {T5h). Halfway through the gate, UB pin 1 goes high
{T6). After U5 has accumulated the proper number of clocks its output, pin 1, goes low. This sets UBR,
which clears UBA, and sets U8 pin 7 high {T7). The next clock closes the gate {T8}. The program naxt
ctears U6B (T9), which enables the gate to free-run again {T0}, See figure 107-1.
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Figure 107-1. (ate Generator Timing Diagram

BAND 3 AMPLITUDE DETERMINATION
This circuit consists of three main parts.

® THE POWER METER ZERO DAC is used to automatically zerc offsets in the Power Meter, It
consists of two 8 bit latching DACs (U3, U4), and a comparator {U14A}, All the latching DACs are
driven in paraliel by shift register U16, with the appropriate DAC being written to by the four write
lines {U1B, pins 2, 4, 6, 8}). The coarse DAC {U3) has a range of = 200 micro amps, and the fine
DAC (U4} has a range of +1.5 micro amps. The Power Meter Zero DAC {U3) is adjusted so that
on step 1 UT4A is not set, but on the next step U14A is set. This adjusts the input to U14 to Ovolts,
nulling any offsets in the power meter circuit,

& THE POWER METER consists of a 15 dB switchable gain stage (LD}, an 8 hit DAC used as a variable
attenuator {U10), a 100 mV comparator (U14B), and a tatch (half of U17). Two variable attenuators
are used, on counters equipped with the option 02 power meter, to provide greater resolution (U10,
U12).

When the detected signal from the microwave converter enters U8 the power meter is first set for
maximum gain and minimum attenuation, Next the tatch (U17) is reset. If the input to the compara-
tor (U14B) is greater than 100mV, latch Y17 will be set. The signal amplitude to the comparator
is then reduced, and the process is repeated until latch U17 no fonger gets set. The input amplitude
can then be calculated from the switch and DAC settings. On counters without the power meter
option the amplitude is calculated to a 3dB resolution, On counters with the power meter option
the amplitude is caleulated to a resolution of 0.1dB.
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® The POWER METER PROM (Option 02 only} contains a logic comparator {U21), a 2K X 8 prom
{320}, and a bus driver (318}, The logic comparator is connacted to the microprocessor address bus,
and is configured to decode the 2K address range from 4000 Hex to 47FF Hex. The comparator
output drives the chip select of the Prom, and the bus driver. The prom contains the Power Meter
program as well as the power correction factors. Bus driver U189 is used as a buffer for driving the
microprocessor data bus.

PERIPHERIAL INTERFACE ADAPTER (PiA)

The Peripherial Interface Adapter {U18) is used as the microprocessor |/O port. It has an address range
from 9800 Hex to 9903 Hex. Peripheral Port A is at address 9800, and Peripheral Port B is at address 8802,

B *] POWES METER A
t { 1 G 10 MHe ZEAD DAC |
E ; o [ ;
i ANALOG [ ?\?ﬁLT?G ol |
10 Mbz TG TTL BUFFER < i i 4100 L
SCILLATOR] PICONVERTER] ] OCONVERTER | " T ! !
f Ir il ; 1 |
_ i g sk [ I J
| ) 3 | ZERG |
| 10 MKy REFERENCE i | f DAC
REF__ { i
. : REFERENCE
| (INLIER] {>G BSCILLATOR | g |
5 CONTROL
| |
| 100 %Mz CLOCK | ‘ U4 I
e i B N T
| SATE ; " I
S gemepaToR ) | |
f | FOWER
REF |
| GAME | E.\\ ety |
GENERATOR ) 1575 PROGRAMMABLE COMP AR~
I NN U R C il g " ATTENUATOR boATOR :
r : ; S
w ;
| I 1 A
z| = [ BAHD 3 t
f H f , AMPLITUDE
= e SHIFT DETERMINATION i
! I . - REG
, -1 |
[ ¥ i | e PAM ZERQ OUT i
| ‘ i | |
[ E PERIPHERAL | N
| E INTEREACE Laten PM. OUT i
ApaPTOR 0 LT7“Y“¢fv1 ST T T \
| L ! N 1 {
b - - =~ = 7 T L e e e e wd
' POWER '
| METER
! hre PRLOM :
]
l -
CONTROL  DATA  ADORESS ! |
| 8US aus  BUS
! : [
! l
L i POWER METER PROM (Eiption 02 ontyl B

Figure 107-2. Gate Generator Block Diagram
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A107 GATE GENERATOR

2020187-05/06 - G

REF Eip UNITS TYP
DESCRIPTION NO PER T™YFP MFG NO. FSCM

DES - ASSY NO .

A107 Gate Generator Assy -05/06 | 2020197 1 Eip 34257
A113 Crystal Osc 2030002 Ref
oy Cer, J1uF, 20%, 100V 2150003 15 TG-S10 72982
c2 1
c3 Tant, 33uF, 20%, 10V 2300015 4 TAPAI3IMIO 14433
C4
thru
c? Ci
c8 Mica, 22pF, 5%, 500V 2260017 1 CD10ED220J03 72136
Ca Tant, 1ufF, 20%, 35V 2300008 1 TAPA 1.0M35 14433
c1a Mica, 33pF, 5%, 500V 2260021 Z CD10ED330403 72136
C11 Mica, 100pF, 5%, 500V 2260034 1 CD10OFD101503 72138
C12 ci0
CI13
thru
Cis Ci
cig Tant, 10uF, 20%, 256V 2300029 2 DF1066M256S NEC
C17 C1
Cig C3
C18 C3
C20 C1
C21 Ci
c22 c3
C23 C1
C24 C1
€25 C16
CZ26 C1
CRH1 Mot Carrier 2710004 1 FH1100 07263
CR2 Hot Carrier 2710008 1 5002-2800 HP
CR3 CR1 - Optiorn only
CR4 Zener, 8.2V 2700827 1 INGZ7
R Comp, 10 ohm, 5%. 1/4W 4010100 2 RCQ7GF 100 81349
RZ Comp, 1K, 5%, 1/4W 4010102 2 RCO7TGF102) 81349
R3 Comp, 620, 8%, 1/4W 4070621 2 RCO7GFG21-4 81349
R4 Comp, 2.2K, 8%, 1/4W 4010222 2 RCO7GF2224 81349
Rs Comp, 220, 5%, 1/4W 4010221 2 RCO7GF221 81349
Re Comp, 510, 5%, 1/4W 4010511 2 RCO7GFB11) 81349
R7 Comp, 200, 5%, 1/4W 4010201 g RCO7GF201) 81349
RB Comp, 27, 5%, 1/4W 4010270 1 RCO7GF2704 81349
R9 Comp, 300, 5%, 1/4W 4010301 1 RCO7GF301d 81349
R10 Comp, 4.7K, b%, 1/4W 4010472 4] RCO7GF4724 81349
R11 23
R12 Comp, 2K, 5%, 1/4 W 4010202 2 RCO7GF202 81349
R13 Ri0
Ri4 R4
Hi5 B5
R16 Re
R17 R3
R18 Met Ox, 5.6K, 2%, 1/4W 41305662 1 C4/2%/5.6K 24546
R19 Met Ox, 3.3K, 2%, 1/4W 4130332 1 C4/2%/3.3K 24546
R20 Met Ox, 27, 2%, T/4W 4130270 1 04/1%/27 24546
Rz Comp, 2.7K, 5%, 1/4W 40610272 1 RCO7GF272) 81349
R22 R10
R23 R10
R24 R2
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AT07 GATE GENERATOR continued 2020197.05/06 - G
REF EIp UNITS TYP
DESCRIPTION NO PER TYP MFG NO. FSCM
DES . ASSY NQ.
R256 R12
R286 R4
R27 Met Ox, 30K, 2%, 1/4W 4130303 1 C4/2%/30K 24548
R28 Met Ox, 38K, 2%, 1/4W 4130393 1 C4/2%/38K 24548
R29 Prec, 1.69K, 1%, 1/10W 4051691 1 RNGBC1B91F 81349
R30 Prec, 1.82K, 1%, 1/10W 4051821 1 RNBBECI821F 8134%
R31 Prec, b7.6K, 1%, 1/10W 4055762 1 RN5BCH762F 81349
R32 Comp, 36K, 5%, 1/4W 4010363 T RCO7GF363F 81342
R33 Comp, 15K, 5%, 1/4W 4010153 1 RCO7GF153F 81349
R34 Met Ox, 7560, 2%, 1/4W 4130751 i Ca4/2%/750 24546
R35 Prec, 8.19K, 1%, 1/8W 4056181 1 RNBBCBIOTF 81349
R35 Prec, 100, 1%, 1/8W 4051000 1 RNS5CT000F 81349
R37 R10
R38 R10
R3g Met Ox, 10K, 2%, 1/4W 4130103 2 C4/02/10K 24546
R4C R39
*R41 Comp, 10K, 5%, 1/4W 4010103 1 RCO7GF103d 81340
RNT Network, 6.8K 4170005 1 764-1-R6.8K 80740
Q1 NPN - General Purpose 4704124 4 2N4124
Qz PNP - General Purpose 4704126 3 2N4126
Q3 Q1
Q4 Qz
Q5 Q1
Q8 Qz
Q7 Q1
Q8 DMOS, FET SW 4710031 1 SD216 18324
w1 Quad Schmitt NAND 3084132 1 SN41.8132 01295
uz2 Dual Decade Counter 3084480 1 SN741.5480N 01295
U3 8 Bit DAC 3057524 3 ADT5Z243N
U4 U3
us Digital P Chan. MOS Divider 3035009 1 MK5009P
Usb D Type Pos Flip-flop 3087474 2 SN74LS74N 01295
U7 Quad 21NP NOR Gate 3087402 1 SN741 502N 01295
Us Digitat Dal D Fiip-flop 3110131 1 MC10131L 04713
Ug Dwual Low Noise Op Amp 3045534 1 NEBS34N
U1 8 Bit DAC (Option 02 onty) 3057525 2 ADT524 1N
u10 U3
umn Qp Amptifier 3040308 2 LM308AN 27014
U1z U10 {Option 02 only)
Uui3 U1
Ui4 Comparator 3060393 1 LM393N 27014
u1s Hex Buffer/Driver 3007407 1 DM7407N 27014
URTS [ual 4 Bit Static S/R 3034015 1 MC1401568 04713
ut7 Ug
18 Periph, Interface Adaptor . 3086820 1 MCe821 01295
U1tg OCct. Buffer Option 3084244 1 SN74L5244 01285
U200 Power Meter PROM 6 02 2060002-03 1 TI-TM2516 (6400002-04) 04713
21 6 Bit Comparator Only 3078136 1 DM8136 27014
uz2 Quad Dual Flip-flop 3084175 1 SN74L5175 01295
uz23 Qp Amp/Lin 3040741 1 EM741CN 27014

4/83 1076



5580021

H-eo/io

L61020¢C

“AJGUUBSSE SiY] 10 uOISIaA /S0 B4l 40§ Z0 UOHRAQ ‘(1 U01IDBG 0] lalaYy
YO/E0-LGL0Z0E Yim peoejdal I pieog Siyl Zg uold() SUIBIUOD JBIUNCD 913 4] 1 JLON

1018307 JuauGdUIn]y 101218Uss) 8tk C-f0] 8inbig

107-8

4/83



501 EB/V

Q31310345 3SIMYBHLEOD 5S3TNN 1SALON

OlIRWAYDS 10559001d0IdIN PGOL 94nBld ) HFAATF SSIAOTH KT WOLIAT Fred D HO
: LWE [ TOF MM IS AT n@% TSHWHP IV O FSSTHAXT St
e o T et e e e e N N FAHLSIS I KT Mty FaY SWISISIY 1T
r SRRl RRARREREERE
, = ) ER R SIVLAT  FHL S S . AGGY FHE Sy FTIeC 7T
: ! | _ d FFEN 78 0L X7 GaE 677 @ ST7FXES Oy IR A SIA A SIS 778 2
e & w7 5 A AN AR AR NI . . .
6610066 o= T z.t/wz N | Far e = AING TO WOLAT MM GISTT #01 FT
I I I S S
i —q g/ R - BN B grhe
i | %Q&vmwmﬂﬁ\\ et ZST76L -
e e s e | /1 Y || LFETY AT =X FIACS
s : =N N ~ -~
wmwhhqquaau ? W 7928z Bissas 3E Mummmmummm &1
= fzgii.ul-...lii.l.ll|||||;lﬂ| \ | s s e iovlsiv[ta e o |2 o s |21
T ST EE TN
. NS e e 2
T e e T e I - < 5 SEOTF
7 5o v T =7 Sre-gy ST = 45t EERSEEREERE i
oy LR LN A
T N RN )
Zoww | W =9 = - = - rrrq RRERRBIRNSEREFRE RNy gy gy v
wwT 4 kil uanqwm_ﬁwm s H | : —_ %.w.s oo 65 551 L5 12555 Ao |89 05| 15O (62100 (L& 00 |58 (64 | E# | 28| 13 (00| 60| 88| £8 98| 551 s 88 e v .
e : ¥ . X . LA oel salez|capelsz pzics w2lrzlon ater e el o el e 2 vlal sl s loivielelz]r “
- M | | Aot 7”0 70 °© i EE L.
M 8 ’ ;
s B SR WETE T 7 T T T LTy R R RERRRERRF FF # F F &
el LZ GO i e G Ll SO R P IN NG
O . rEw b ¥ sixn g L2y o e[S P s P ey s s i S gt ———
p KR = WL TR <230 3 TLILIE TN
[ J : < o
22d ! : [2Ey 1 i
E7b I (£95 1, 414 : At FALAE  HIFD ;
TR i w52 ey \mbﬁtw M XL i I ; i S Ed
izt { L i g1 &t
| romhm&, 3 e il S TN A 2508
(ATNC S 7] ! «i\v 1 = 73 534 m L8 vy S nEE==4 T - 7 oy
LIFNNGT O[T vl d WAL f - ol corbr] A5+ v S R v EZIA l‘llwumAv\ | b - pona JEI
A gl
fl m szror70 [ N A v 77h o rw.mu\k _
s 27 ; = -
= |57 pe BTl 4 Qw: gl i PR | | 2T = y #97 S T
‘ v 5 gz g v 77 i 2 ratad EFTVET TN m |4 E—— B(\ln_y'A _ T " i P ‘m\..z.m».ul
&7 4 /o T4 5 M | iy - FE W .
| _ ! 1T FET T oy
BN Lo A
£ 2 ] -
@ 2 SHESTEL & i | T ER TRl K Za i 2 T VoA ) A
N ! | O Motk 3 & i _
/| 4 IS TeL 511 (T 14w 2] 508 —ar £ 7 IR ¥
oz | or PEZETHL 2401 04407 ﬁ si¥ | i \NQQMMQN\«_..M'_ t ,0 QLNWQ\MM\\;/_M\ _ s
2 b NOEWT £n | TE| e, - " N TZ%; 2t d
oz | o $HZ 570 o417 | ATE ! oz HEI g W,W _zm@m,m.a&w Nan ) L ligr
2, @ EE/S Tod 2/ 'e 57 L * _ .w b i ast ! L0 1 S g ya
s A | AL T e 2 S o C e LT
23 | 2/ |ere? mwore gy yzioz s I T TYESIS TEL . gy | q\‘q«v\&uk\xo.u g 1y
sz | e/ |eeszmesz axye| cLroesrEm ﬂ Frers© i < v L
g | 8 |enzmwwvrezer L0on _ b yua vy e
bl 4 vOSTbL or L 2 T m w5 27 o RSP0
P s e - “1 = \\FJM%%IEJ e el gy e e e e —————————— e e -7
IV ETid d Sain{aiaihdondpm s daidn[alnpolas Ry NSNS 3 2O
a,| = DE/GWT 21 2 o S P i b~ T RieRe ‘2 b I P A R R Afnininininih iy (n ) i
; : T | ceng ceayoae el 1] 15 Y o O O R = inie|w ey b fais s A wggza/W»sZIW ! Dt e PN T B Ed £ P — o ' -
' _w%w 208D W 1 " YYeTTTITYTNT 3 m F&T & ovo ACGT
+ A . ‘on 30 | | % s LN
(o) M i ﬁ.ﬁQQ\IMH\.\ﬁ \m\ [ &7 T
_ _ w _ i | W cArries ol lsie|si2 14| Helslsislelsl o speled Azlsielslaisl g | £ 1 Pl A Y P P A 0 ﬂﬁQ\\o(b& mmHHMM:@
! : ] = e
REES B S b ok B 2 hoh S FEEEEEREES h h oM IR EEEEY o Y AT
a3sn LON '$30 439 | e L AR AR I I 7 B S Y| et =
N iy F2d
f weser mm%w ot i NS } TN e §55 0 o m o b kvm\nw\&\ 7 feginpets
14§ oo Jrawr] gnyj 2y fRuD o [210d w 2 o J S o I 3 £/ 11 Ty ﬁ ; e s (7 F Loty
: g T ; =< £ ot—tm , - M N
S50 439 LS3HOH | g bk T oEg y 2 B %g @l v ez s oy LRl vor Fopr o oy T 1B i T yx e ge 18 e |w s e X m.m;mmm
| Letorigr g ler (o Jor 1EAT £l g (oo s for lor 18 aps oo |grfoe| e e or e ASE d L2 4 # f kQ\n M M w w W w M MM@\
EF]
FrTAA i
. | i 11 .
o0T | ] L T
_ slolblojp P P e fo o o ! SO O |
N IR TRREEREE cppfrRR R shiklrprl YRER I :
| o e e o g g o 2ot L O O T T S e T o — WA S S e P e s w V) - -
43 o0 L~ TR [ LS Lo S ] ] W (OB oI o A Lo eI LI I VI o [ n o w0 iy |6 is w8 L o-Fdo ZHELL DR
i o R L T - [ R A 14 3 = 0 O v R ~ e s (e (N = * LS e PV B N % r
vovs R e S e 2D OROR E
i ! T I U A - S !
sin 4320 ; L S e Loy [ m a4 ALA T Lr oy Lo 1dy 1B 0 o 18 i g e Bl o | S VRt [ D MW MM hid g
k<] ™ = — TRy 4
; PR AR MER TR mwxmmoaa TErToxee T T T T . Mo/o&w
sin 4332 | e Fe @ =1 A o |® 52 712 DrF2 puz e | USTRS SR |
ooos i Wi B X HE N A sxekm\m.kaﬁ..% ¥ ¥Z AWQ%&;%J N o 2 it BEY b X BT 3V whs \
A 2 ozn o’ g BN ¢ 2 "7 T vin 7 on  £2[F L R
o | | Flayarazssdi] ¢ Fliraazanadtid g o m? spazeadi] L TFfanuaazynes 23335383238 N i o 24
: b = 2 ’ N
4340 | R S 1 F A5k eieded 1 zleielsloizle A | BT - sherfpr| [z |6 [#l5]012 R : i e e P o] AL B e 20 hie 2N sk w\\wg
; : ’ 7
an 0060 m | : pBsTRL % ey By o
>
| I seRtER ! NNy " n zel =
! 7ot U0 ¢ oy i e
3T eTEEEY SIS AN NN wlafai nfaispins NN 5 wininisisialaininiy N rIPT TF i e
| T EA0 S Y EN e o (R EN N Y MBR[EF RS mwwww%w;zn# 2 Fo D e X PR PN I S WWMWWWWKTW e
LYTHD SSIHG0Y AKOWIW (“ | SN L W WL A VL S G W [ — i M e B B g e vk T e e e Wb Mpe e S S s R e e b e N e e L I - [P — vhw O k Mu
) St Pr CSLRE ECENGTY FEFRS

120089%



6-L0L

O[1BWIBLDS J0IRIBUDD) B1BD) b/ B4nfig

"0 wond( 104 g1 UOILES 88G HO/C0-L6 10055 Jeawiny Lied lo1eisuan) alee) sy

30 uolsian zg uondQ Byl yum peoeidos S| AlGUesse SIYE ZO UOIG() SUIBIUGD JBIUROD INOA i

F:3 .
w! T qH P 3LON
gy
& mumuuu.suou i ’
{ .I\|III‘MI|.||'Hf_\t““.rtl'|’.ilkl.l...%Qf!%%i!itiiliSIIIIIII ||||| \
i o A F
Mwijﬁﬂ T 514 ;
Bl b ylovles metiete iz |
:WW :W__N_ sjarfe It | .o_mom%m i
™ '3 4 A
ERBFREERE T : P L e
1! M g v
i SOE
“ k H M.. zm<_;5
i 1fG #HR o0 ! [31ET
9-20/10-£6 10059 iR m 3 STt
4 ', o A R 20
i { ERE B
) i releclzsliclosjeefaelicloriselye _N.H« m silen 3 } s AR T T
1 H3GIAID SR I3RTLELE T L Wiz IR
z Iw 7 i 434 58P z e 1] g mtm%mﬁzﬂ i P GECHTS
e sn
4] REERCEE g 5 12690m V12 o R U il £ P
; # 2066 oGy N 006G SEAYOLY . 9 g |EeegE TR TErSIrL
groowjCp M & ﬂ»ﬂo.n?ﬁ o, s vd oy ) =
" . > A A wmww AZI-| AZIHAT S| AS+ | OND|ON 3T A0 B S
- L AZI-| AZI-| A2 5 AS+|GND] ON D1
4915 W13
m»:%_ 435 i
ﬂut.. i 438 ﬁ n -
- AT p? LNdSel 1AS! IWih N+ il
TS j Py WA 95 WIS gd ok e ffi-
«.Nmm T sovw | 1L % e BL3GWOD BLYD . H.mm.ﬁa PELFEN ] JMEETERT e s bs i B -
D e ™ s . | I 4 i i e a1 [0
Bt e "
[ m@ﬂﬁ | r ¥ »Nﬁ.ﬁ»Ow& L_M4 4350 LON 'S30 438
dazedoz § awes T 0 T e S |  on TERR £ [52n] 80 [0%8 [+¥3][ 927
€7 | sz zzZy A o s S il F HOIvVT A CR P P
s | WV, IN3S3Yd v Tag
h- P 5 - 7 i TeNDIS PEVAN 3 § 530 43% 1SIHSIH
wLz ;.ﬂc viigifz »..._ ﬁ.l. e ¥ 3 _ 2
= S = Lt vt
At FEVR B N+ AnEN L e e THEE ¥ ¥ 1
s24 = Ag+ {400 48008 HA AXF s ey azi. 4
1 ol s_u qn el gl Zew a5 ! N
o7 ¥V e vave andn OO MNND”_ 9 e o 435 aHD
234 g kr e B Bdd . ENCVEE R 1 3 AM
e ¢ ¢ Tl._+m L e PP il T % G T SR apnen &
[ . 4nC *HY oot * Nn%mom Wovw_ T :uo\umnxO“ # Bws 1 ...0.. pRasam : omdtl\r_
¥IOTT THH OO ot 4 = LI§ ¥ T¥na T 5 % WILS I_L
P <~<n 5106 AN uudu_!H B B¥ {gdroey woxa)
s HOLVHINTO 3ivo o Sataune— v — ! __‘_‘.,E\
P e
. e flF {E IR 01 R ¢ S - i
3 . HoEBEENE S
L L e oD ORES U i
oo 135 w72 Jo 138 3% !
s e - !
H o b ! AN
2 .
SLISHE maoofm,_xnho = uao?ﬁvﬂuvﬂ; ; W Age =
yzzal” =" g2n MT ven HILIN YIMOQ wefih et .,
SLISTRLNG . o ATI-
+ I %
vtz .M,_ AT ! %z %5
= ﬁOX w w ﬁ m _ R ; WEE nnwrwp
2 B T— -
: It T E ezx 6ot
“ Bl || EEEERL
ﬁ 4 M 2N LA S-2-TA e .hn_ -] urrzscow i
Iy ﬁ _w?iiiii!f. ' Jva 118 8 ol v
T " BN wavg 2R Ay ¥ 4 NPT
. i 2515w | T % v w ‘_wl.. B m P N e E
1512 s v i
5 ' Az 6 fg jc i3 i3 |»
| <2 ! [z | 7 sl
: < LT Eopiy wess AINO
n 250P0'CO NOIEdO §
M3GIAIG /H01037138 0S0  J3d « ! s g0 0437 MILIN HIMO =

L8/Y

1200845



5580021

A108
CONVERTER CONTROL
{2020200)

The Converter Control performs two major functions. One of the functions is to provide a precise yig
tuning current which is controlled by the microprocessor via P.LLA. U4, The other function is to phase lock
the VCO in the microwave converter to a selected harmonic of a 50 kHz reference signal to provide a
synthesized L.O. The converter controt also permits the microprocessor 1o control the L.O. power amplifier
and provides the microprocessor input for the |, F. threshold signal.

YIG FREQUENCY CONTROL DAC and DRIVERS

The yig tuning current is supplied by the yig driver {U3, Q1, G2, & O3} which is controlled by the BAC.
The DAC is composed of a 12 bit monolithic DAC (U2}, summing amplifier {U1) and resistors to provide
a totat resolution of 14 bits, PA ports 0 and 1 of the P.LLA. {U4) are used to drive the 2 ieast significant
hits of the DAC directly. A change in the least significant bit of the DAC corresponds to a vig frequency
change of 2 MHz. A voltage analog of yig current appears across R25 and is compared fo the DAC output
at the summing junction of U3, with resistors Bt and R18

The slope of vig current vs DAC voltage is adjustable with RG and the offset is adjusted with R10.

OFFSET

YIG

DRIVER

VOLTAGE DAC U3, a1,
REFERENCE U1, uz2 sLope |02, & Q3

TO YiG

T4
e L ) POWER CONTROL
PRI A, U4
et | THRESHOLD
J1
RF SAMPLE |  pROGRAMMABLE pHage [ CHARGE
FREQUENCY DIVIDER |—gm DETECTOR
L~ 50 kHz
~118 REFERENCE
DIVIDER JONING
VOLTAGE
Poi AL UT 015, U6 oA

10 MHz
REFERENCE
@—————- FILTER

Figure 108-1. Converter Control Diagram
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VCO CONTROL

The VCO control, together with the VCO, form a phase lock loop frequency synthesizer, The frequency
range over which the synthesizer is used is from 370 M#z to 500 MHz.

An output of the VCO (via a buffer amplitude on the Band 2 converter board) is applied to the program-
mable frequency divider (U5-U13}). The programmable frequency divider is programmead by the micro-
processor via P.LA. U7. The output of the programmabie frequency divider is compared to the 50 kHz
reference {derived from & 10 MHz clock from the gate generator board) in the phase detector U14. A
phase difference between the divided down VCQ and the 50 kHz reference will result in an output from the
phase detector, The phase detector has two output ports, a pump-up port and a pump-down port. Pump-
down is U14, pin 2. Pump-down is normally high and goes low to reduce the VCO frequency. Pump-up
is U18, pin 3. Pump-up is normally low and goes high to increase the VCO frequency. The outputs of the
phase detector go to the charge pump, which converis them to a single tri-state outpui. The charge purnp
output is open with no pump command, sources current with pump-up, and sinks current with pump-
down. The output of the charge pump is connected to the input of the loop ampfifier U189 and U17. The
toop amplifier provides the proper gain and filtering to achieve the desired loop responce, The output of
the loop amplifier is the VCO tuning voltage.

40/41 CONTROL
veo 40/ 41 FREQUENGY
e PRESCALER 83?3??T0

u 2o
5, U6 PHASE
DETECTOR
i
R
PR
1 D Q D G p—
PL. PERIQD
ELP PART
1L1P FLOP R
PART
OF U11 _ 4074t
CONTROL
FLIP FLOP
Bt GK [ —3 | CK e
EARLY DECODE ] pEeno.
PART OF U11
PART OF U1
BL PROGRAMMABLE b PROGRAMMABLE
bt #
. COUNTER A cLocK COUNTER B B
us, s, U1 Uiz, U13
Ll Ll
PROGRAM INPUT PROGHAM INPUT

Figure 108-2. Programmable Frequency Divider Diagram
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PROGRAMMABLE FREQUENCY DIVIDER

The programmable frequency divider uses a two modulus {divide number} prescaler (U5, U8} and two
programmable counters {A & B}. The prescaler is used to divide the VCO frequency down to a lower
frequency which can be handled by low power schottky TTL progranymable counters, The two modulus
prescaler permits prescaling without loss of resolution. At the start of the programmabie frequency divider
cycle, the prescaler is set to divide by the larger modutus (41}, and both programmable counters have been
toaded with their respective program numbers from the PIA, The programmable counters each
decrement 1 count for each ocutput pulse from the prescaler. When programmabte counter B (U412, U13)
reaches the count of zero the 40/41 control flip-flop {part of Utl)changes state and causes the prescaler to
divide by the lower modulus {40}. When programmable countar A reaches the count of 2 the D input of
the PL period Hip-flop {part of U11) goes high, so that on the count of 1 the flip-flop changes state, which
causes hoth programmable counters to be reloaded with their respective program numbers and the 40/41
controt flip-flop to reset {prescaler in + 47 state}. The very next count causes the PL period flip-flop to
reset, starting the programmable frequency divider cycle over again. The equation for the divide ratic of
the programmable frequency divider N is:

Ng =40 (N counter A+ N counter B

with the condition that:

N counter B Must notexceed N ooy nter A

The weighting of the command bits is:

US P, —400MHz U10 P, — 4MHz

Ug P, — 200MH2 U10 Py — 2MHz

Ug Py — 160MHz U13 Py — 1.6MHz
Ug P, — 80OMHz U13 P, — 0.8MHz
US P, — 40MHz U13 P, — 0.4MHz
U8 Py — 20MHz U13 P, — 0.2MHz
U10 Py — 16MHz U13 P, — 100KHz
U10P, — 8 MHz U13 Py — 50KHz

4/83 108-3
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A108 CONVERTER CONTROL

202020002 - &

REF fip | UNITS TYP
DES DESCRIPTION I\_EO PER TYP MFG NO. FSCM
: ASSY NO.
A108 CONVERTER CONTROL ASSY 2020200-02 i EIP 34257
C1 Dise, .00BuF, 20%, 100V 2150008 1 TG-DbO 56289
c2 Disc, .01uF, 20%, 100V 2150003 14 TG-S10 56289
C3 Mono, .022uF, 18%, 60OV 2350027 2 2130X7RO50R223K 26654
c4 Tant, TuF, 10%, 35V 2300008 3 TAPA 1.0M35 14433
Ch C4
CB C2
c7 Disc, .001uF, 20%, 1KV 2150001 4 5GA-DI0 56289
cg c4
Cs Tant, 33uF, 10%, 10V 2300015 2 TAPA 33M10 14433
Cio&tt C7
€12 Not Used
€13 thru
Ci7 c2
cig Tant, 10pF, 20%, 25V 2300029 4 DF106M253 72136
C19 Cci8
C20 Cg
c21 C18
C22 thru
C24 Cc2 ‘
C25 Mono, b60pF, 5%, 100V 2150029 2 SH211ALG1TJAA 14158
C26 Tant, 47uF, 20%, 35V 23000058 1 TAPA-47M35 14433
cz7 c3
28 Ci8
C28 C2
C30 Mono, 330pF, 10%, 100V 2150030 1 SR211A331KAA 14158
C31 Tant, 2,2uF, 50%, 16V 2300012 1 TAPA 2-2M18 14433
Cc32 Mica, 82pF, 5%, bOOV 2260032 2 CD10EDS820403 72136
€33 c2
C34 Mica, 470pF, 5%, 500V 2250018 2 DM-15-471J 72136
C35 c34 :
€36 Mica, S.A.T. 2269999 1 30pF, NOM.
C37 Mano, .1uF, 10%, BOV 2150028 1 RCBO104KB Murata
€38 Cc2
C38 Mono, 2200pF, 5%, 100V 2150026 1 SR2Z11AZ24AA 14158
o1} C28
C41 c2
c42 c3z
CR1 Hot Carrier 2710004-00 1 5082-2835 28480
CR2 Zener, 56V 2704758-00 1 iN4758 07263
CR3 General Purpose 27041564 14 IN4154 07263
CR4 Zener, 6.2V 2700827 1 INB27 07263
CRE Power Rectifier 2704001 1 IN4QO1 07263
CR&
thruy
CR18 CR3
L1 Inductor, 100uH 3520007 H 1537-76 99800
L2 inductor, TuH 3510018 1 1537-12 99800
1.3 tnductor, 4700uH 3610017 2 1641-475 99800
L4 L3
o1 PNP 4710009 1 MJE350 04713
Q2 PNP Amplifier 4710018 1 MPSLEB1 04713
Q3 NPN General Purpose 4704124 1 2N4124 04713
4/83
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A108 CONVERTER CONTROL

2020200-02- D

REF EIp UNITS TY
DESCRIPTION NO PER TYP MFG NO. FSCM

DES - | ASSY NO .

R1 Prec., 8.45K, 1% 4120019 1 VAR-1/10C-6-1% ACI

R2 Comp, 4.7K, 5%, 1/4W 4010472 1 RCOTGF472) 81348

R3 Comp, 1K, 5%, 1/4W 4010102 13 RNB5CA092F 81349

R4 Met Film, 48.9K, 1%, 1/10W 4054092 1 RNBBC4092F 81348

RB Met Ox, 380 ohm, 2%, 1/4W 4130391 2 CA /2% /390 24546

R6 Variable, Cer, MT, 20K 4280011 2 89PR-20K 73138

R7 Comp, 5.1M, 5%, 1/4W 4010515 1 RCO7GFS1Sd 81348

R8 R3

R9 Met Ox, 10K, 2%, 1/4W 4130103 2 C4/2%/10K 24546

R10 R&

R11 Rg

R12 Met Fitm, 1M, 1%, 1/10W 4051004 1 RNBSC1004F 81349

R13 Rb6

R14 Comyp, 750, 5% 1/4W 4010751 1 RCOMGF751d 81349

R15 Comp, 820K, 8%, 1/4W 4010824 1 RCO7GF8244 81349

R16 R3

R17 Met Ox, 1.6K, 2%, 1/4W 4130162 1 CA/2%/1.8K 24546

R18 Comp, 1.60K, 5%, 1/4W 4010164 1 RCO7GF164d 813492

Rig Prec, 3.01K, 1% 4120020 1 VAR-1/10C-8-1% ACH

R20 Comp, 10K, 5%, 1/4W 4010103 3 RCO7GF103J 81349

R21 Comp, 82K, 5%, t/4W 4010823 1 RCO7GFB2Z3 51349

R22 R20

R23 R20

R24 R3

R25 Wire Wound 5, 1%, 7W 4110003 1 T7 (10 PPM) 12463

R26 Comp, 2.7K, 5%, 1/4W 4010272 1 RCO7GF272) 81349

R27 Comp, 51,5%, 1/4 W 4010510 2 RCO7GFE10J 81349

R28 Comp, 390, 5%, 1/4W 4010391 3 RCO7GF3491 81349

R29 R28

R30 R28

R31 R3

R32 Comp, 100, 5%, 1/4W 4410101 3 RCO7GF101J 81349

R33 R3

R34 Comp, 2.4K, 5%, 1/4W 4010242 1 RCO7GF242) 81349

R35 R32

R36 Comp, 220K, 5%, 1/4W 4010224 1 RCO7GF224d 81349

R37 R32

R38 Comp, 4.3K, 5%, 1/4W, NOM S.AT. 4010009 1 SAT 8134¢

R39 Comp, 2K, 6%, 1/4W 4010202 1 RCO7GF202) 81348

R40 R27

R41 Comp, 1.5M, 5%, 1/4W 4010168 1 RCO7GF155J 81349

R42 Comp, 300, 5%, 1/4W 4010301 1 RCO7GF301J 81349

R43 Comp, 8.2K, 5%, 1/4W 4010822 1 RCO7GFE224 81349

R44 Comp, B1K, 8%, 1/4W 4010513 2 RCO7GF513J 81349

R45 Comp, 5.1K, 5%, 1/4W 4010512 1 RCO7GFB1I2J 81349

R46 R44

R47 Comp, 3.3K, 5%, 1/4W 4010332 1 RCO7GF332J

Ut Prec, J-FET Op Amp 3041016 1 OP16Fd 06665

U2 12 Bit DAC 3080012 1 H57641-1 0000X

U3 Op Amp, Lin. 3040741 1 LM741CN 27014

U4 Peripheral Interface Adaptor 3086820 2 MCB6820P (4713

us Two-Mod Prescaler 3112013-02 i MC12013L 04713

ue Digital Dual "D’ Hip-flop 3110131 1 MC101311L. 04713

u7 U4

U8 thru

u1o UP/DOWN Counter 3084192 4 DM74LS5192N 27014

4/83 108-6
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A108 CONVERTER CONTROL

2020200-02 - D

REF EiP UNITS TYP
DES DESCRIPTION NO PER TYP MFG NO. FSCM
’ ASSY NO.
Ui Counter Control Logic 3112014 1 MC12014P 04713
Uiz UP/DOWN Counter 3084193 1 DM74LS193N 27014
U3 U8
U4 Phase Frequency Detector 3014044 i MC4044P 04713
U1b Quad Duat Flip-flop 3084175 1 SN74L517S 01295
U16 Decade Counter 2084490 1 SN741L.5490N 01255
W17 J-FET Op Amp 3040071 2 TLOTICP 01295
t118 Guad 2 INP NAND 3087400 1 DM741.500 27014
U19 Utz
4/83 108-7
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Figure 108-3, Converier Control Component Locator
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A109
BAND 2 CONVERTER
{2020139)

The Band 2 Converter accepts Band 1 and Band 2 RBF signals from the front panel, and local oscillator
{LO) signal from the Band 3 Converter {A203}). The appropriate signal is selected and processed to produce
an iF signal between 10 Hz and 200 MHz, The IF signal output is sent to the Count Chain board {A106),
and lock information is routed through the PI1A {peripheral interface adapter) U2 to the Microprocessor
{A105).

IMPEDANCE CONVERTER

Band 1 input from the front panel enters the converter at I8 and is terminated by R75. The signal is cou-
pled to the input of a field effect transistor (FET) amplifier (015} through an RC netwark {R73, C42).
Two timiter diodes (CR4, CRE) protect the FET against large input signals. The FET is a source follower
with slightly less than unity gain. The FET drives a buffer amplifier (Q14) which has enough gain to in-
crease the impedance converier overall gain to near unity. A decoupling capacitor {C38) controls the
amplifiers low frequency cutoff, and C41 provides high frequency peaking to keep the gain flat to fre-
quencies above 100 MHz,

SIGNAL SELECT

The output of the impadance converter circuit drives one input of the signal select circuitry. Signal select-
jon is made by enabling one of three differential amplifiers, U4A, U4B, or UbA. When Band 1 is selected,
& logic high signal on the PIA {UZ pin 2} wrns on Q16, Q16 biases on the current source in U4A, This
current source generates an 11ma current which is split between the two differential amplifier transistors
in U4A. The currents from pins 5 and 6 flow through matched collector loads (R94, L7/RG5, L), R94 and
RO5 are equal, and are selected for the proper low frequency gain during board alignment, Inductors L7
and L8 provide peaking to give an approximate fat gain through 200MHz. Diodes CRY and CR10 provide
limiting on very strong signals to prevent the next stage from being over driven.

The next stage is a differential amplifier similar to U4A, but it is driven differentially. To generate a single
ended output signal, one output of USB (pin 12} is passed through a current mirror (018}, The output
of the current mirror is then added 1o the second ocutput of UBB (pin 11) at J5, The load for this stage
is a 51 ohm resistor located on the A106 Count Chain board in order to terminate the coax for RF signals.
In the quiescent state, the current from Q18 equals the collector current of the differential amplifier UBB,
and the output current is zero, When a signal is applied, the current will be unbatanced to generate a signat
at the load resistor. To provide frequency compensation of the current mirror, an BC netwark {R108,
C34) is connected between the emitter of Q18 and ground.

BAND 1 LOCK DETECTOR

The output signal at J5 is coupled to detector CR12, Amplifier U8 is a threshold comparator that will
produce a logic low signal when the IF output from J5 is more than —8dBm. The output of U6 goes
through a resistor divider network to generate a BV TTL logic signal for the PIA. R90 provides about 1 dB
of positive feedback at threshold level to prevent eratic output from the comparator.

4/83
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ISOLATION AMPLIFIER

The Band 2 input signal enters on J4. This RF signal is terminated in B0 ohms by the combination of R1
and the input impedance of the amplifier. The input signal level is detected by CR1, filtered by C3, and
applied to one input of the Band 2 lock detector (U1).

The isolation amplifier is a common base amplifier with a gain of —10 dB. An input signal range of +10 to
—20dBm is translated to a 0 to —30dBm range into the mixer so the mixer will be in its linear range for

ail signal input levels. The amplifier peaks slightly near 1 GHz to overcome an increase in mixer conversion
toss at these frequencies.

MIXER OPERATION

The local oscillator {LO} is applied to the IF terminal and the IF is removed from the LO terminal. This
swap allows the mixer {MX1} 10 be unbalanced and act as a low loss attenuator for signals between 10MHz
and 200MHz where no mixing is necessary. The mixer has a nominal 400MHMz LO for signals between
200MHz and 600MHz; and has a nominal 800MiHz LO for signals between 600MHz and 1GHz. A 980MHz
LO atlows operation with input signals to 1T160MMz,

iF AMPLIFIER

The output of the mixer drives an IF amplifier through a 7 section, 200MHz low-pass filter, The IF amp-
lifier is a “feedback pair’” amplifier whose gain is stabilized by feedback, to be equal to 24dB. Inductor
LG is used to extend the high frequency response to 2000z, The 1 pF capacitor (C26) between R34 and
R35 is a low pass filter to reduce the 1200 to 1500 MHz LO harmonics that reach the IF amplifier.

BAND 2 LOCK DETECTOR

The IF amplifier output goes to the signal select circuit and 1o the Band 2 Lock Detector. The Band 2 Lock
Detector has a voltage proportional io the 1F level on the positive input, and a voltage proportional to the
RF signal on the Negative input, The conversion gain from RF input to IF ampiifier output is a +8dB for
all valid signals, and less than —8dB for all spurious signals, The output of L1 is positive only when a valid
IF signal is present, A small offset is added by R12 and R13 to guarantes a non lock condition when no
signal is present. Resistor R90 provides about 1dB of positive feedback to pravent eratic output from
noise at the paint of threshold,

LO BUFFER

The VCO signal from the Band 3 Converter (A201A, J2) enters on J1. The signal goes through a6 dB
attenuator {R111, R112, R114), and a low pass filter (L1, C63, C64 to attenuate high order harmonics),
and is terminated by a Bt ohm resistor {R168}). Two high input impedance signal splitters {02, Q3} get
their input signals from R16. 02 and Q3 operate on the same basic principal. One output is taken from
the emitter {acting as an emitter follower} which provides unity gain for the input signal. The AC terminat-
ing impedance on the ernitter is adjusted to be B0 ohms so the amplifier will act as a unity gain amplifier
for the BO ohm load which terminates the collector when a coax cable is connected. U2 has an additional
transformer {T1} in its collector lead to increase the signal output to J3 by about 4 dB.
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DIVIDE-BY-TWO

The emitter output of Q3 drives the input of a divide-by-two IC {U3), The impedance is held at 50 ohms
by two terminating/biasing resistors (R61, R62). The resistors keep the input bias to U3 below the emitter-
coupled logic (ECL) low level {approx. —2.0V}. The microprocessor enables self-test by putting a low level
signat on pin 5 of the PIA (U2}, This turns on O13, and raises the voltage at U3 pin 7 to the center of an
ECL signal {approx. —1.2V), This allows U3 to divide the input signat by two. The output of U3 goes to
the signal select ¢ircuits.

LO SELECT

The signat from the emitter of Q2 drives the LO select circuitry, The LO provides one {of three} signals
to the mixer IMX 1), in Band 2A a bias current is generated to unbalance the mixer and allow signals below
190MHz to pass. In Band 2B a 370MHz or 425MHz 1O signal is generated that will mix with signals of
200 to 600MHz, and provide the 10 to 200MHz 1F signal desired. In Band 2C a 750MHz, 850MHz or
980MHz LO signal is generated to mix with input signals between 600MHz and 1160MHz to provide the
desired IF signal.

In Band 2A, the 3ma current to blas mixer MX1 is generated when G12 is turned on by the PlA, 1o apply
+12V to MX1 through RB7. This will allow signals to pass that are less than the cutoff freguency of the
fow pass filter {200MMz). The LO signhal to mixer MX2 from Q2 is not allowed to pass MX2 because of the
inherent balarnce of the mixer. No signal can enter pin 2 of MX2 because Q7 has been saturated, removing
bias from buffer Qf, and shunting any RF signals to ground,

When Band 2B is selected, Q12 is turned off thus balancing mixer MX1; Q8 is turned on to unbalance
mixer MX2., With MX2 unbalanced, the LO signal from Q2 can pass through MX2 and be amplified by
Q10 and Q11, and be applied to mixer MX1,

When Band 2C is selected both (6 and Q12 are off, and both mixers are balanced. in this mode Q7 is shut
off and an L.O signal is applied 1o pin 1 and 2 of MX2, The sum output of MX2 is selected by a DC block-
ing capaciter (C31). This sum (that is two times the incoming LO frequency) is amplified by 010 and Q11
and applied to MX1.

The Q10 and Q11 amplifier is a series shunt pair. Q10 applies most of the RF input signal across the emitter
resistor R47, This determines the transistor emitier current, which will be the collector current if the out-
put is terminated in a low impedance, Q117 is used as a current-to-voltage converter. The output voltage of
this converter is the product of the input current times the feedback resistor {RB1}. Since the input of this
stage is a summing junction, it appears very close to zero ohms to the previous stage, Q10. The voltage gain
of the two transistors can be approximated by R51/R47, which is about 3 or 10dB, Since the gain re-
quired at B00MMWHz is slightly greater than required at 400MHz, a low pass matching network {consisting
of L2 and C20 peaks the cutput signal current to MX1 at 800 MHz, The remaining components around
G180 and Q11 are used to bias the transistors. Shunt biasing is used to provide collector bias voltages of
3.4V for Q10, and 4.7V for Q11.
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OPTION SELECTION

Provision has been made on this assembly for a set of jumpers that will let the microprocessor know when
it has the componerts required for a B48A (26.5 GHz) counter, and if it has an extended frequency option
{Option 06}, These jumpers are read by the microprocessor when the counter is turned on, and will select
micro code which is applicable only when those options are available, A jumper from E1 to E3 (from pins

8 and 9 on the PIA U2} indicate that this is a 548A counter. A jumper from E2 to E4 indicates that Option
06 {Band 4 } has been instailed.

BAND 2 BAL MiXER
INPUT Low "
P (SCLATION PasS A;v:;;i,
AMPLIFIER TR iR
4098 Gy 200MHz GAIN
BAND 2
LOCK
DETECTOR SIGNAL
BAND 1
LOTAL
e
OSCHLATOR IMPEDANCE  |—md 3 LHTER < i
SELECT CONVERTER AMPLIFIER
BAND 2
BAND 1 s ,% i
INPUT &
45
cCcveo 5
(4108, J1) LoCAL
LBIVIDE
i 3B OSEILL By 2 SELECT
——| -
VCO G—ef M0
{AZ018B, ) ) ATOR A
iz auFrER
BAND 4 VCO B ]
{A204, J3)
¥
BAND 4 & OPFION 06 2 PEMIPHERAL  INTERFACE aND 1 TEEE BAND 1
1 OCK
Soarens AoAPTOR W2 DETECTOR

Figure 109a. Band 2 Converter Block Diagram
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A108 BAND 2 CONVERTER

2020139-03-B

REF EIp UNITS TYP
DES DESCRIPTION NO FER TYP MFG NO. FS5CM
) ASSY NO.

A1OS Band 2 Converter Assy 2020139-03 i EiP 34257
Ct Cer, .G1uF, 10%, 100V 2150014-00 9 6123X7R103KA100 26654
C2 C1
C3 Cer, .001uF 10%, 100V 2150015 11 G183X7TR102IKA100 26654
C4
thru
cé Ci
C7 Mica, 100pF, 5%, 500V 2260034 3 FD101403 72138
Cc8 Disc, .001uF, 20%, 1KV 2150001 3 SGA - D10 56289
Co Disc, .01uF, 20%, 100V 2150003 11 TG -S10 56289
Ci0 ce
C11 c8
C12 c7
C13 ca
C14 c7
Cis
thru
Ci8 c3
Ci18g Ccs
C20 Mica, 1pF, 5%, 50OV 22680005 pd CDG10CO3 (22680015) 56289
C21 Mica, 18pF, b%, 500V, NOM - S AT 2260999 3 CB180J03 56289
22 Mica, 33pF, 5%, 500V, NOM - S AT, 2260999 2 ED330J03 (2260021} 56288
C23 c22
Ci4 Mica, 27pF, 5%, 500V NOM S.A.T. 2260999 1 CD180J03 56289
C25 C1
cz2a c20
C27 Mot Used
c28 C1
C29 Co
C30 C1
C31 c3
€3z C3
c33 C1
C34
thru
C36 c3
C37 ce
c3g C3
C39 Tant, 100uF, 20%, 6.3V 2300624 1 TAG20 - 47/6.3 - B0 14433
c40 Co
Ca1 Mica, 22pF, 5%, 500V 2660017 1 ED220J03 72136
C42 Mica, 47pF, B%, 500V 2260004 1 DM10 - 4704 72136
Ca3 Tant, 33uF,10%, 10V 23000156 6 TAG20 - 33/10- BO 14433
C44 co
C4h C43
C46 ca
C47
thru
c43 ce
ChG Tant, 10uF, 20%, 25V 2360029 3 TAG20 - 10/25 14433
C51 C43
Ch2 Co
C83 Co
C54 Mica, 18pF, 5%, 500V 2260015 1 CD180J03 56289
C55 c8
Ch8 C8
cs7 50
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AT09 BAND 2 CONVERTER, continued

20201358-03 - B

REF EIP UNITS TYP
DESCRIPTION NO PER TYP MFG NO. FSCM
DES . ASSY NO.

C58 C43

C59 C9

C60 C43

C81 C50

C62 Ca3

c63 Mica, 8pF, 5%, 500V 2660011 2 CD08CJ03 56289

C64 C83

CR1 Mix UHF 2710038 3 ND4991 00005

CR2 Not Used

CR3 CR1

CR4 General Purpose 2704154 3 TN4 154 07263

CRB CR4

CR8B

thru

CR1G6 | Not Used

CR11 1 CR4

CR12 | CR1

L1

thru

L5 Part of Board

L6 inductor, 0.47 =H 3510006 1 DD -0.47 S9800

L7 L1

L8 L1

MX1 Batanced Mixer 2030016 2 TFM-12

MX2 | MX1

Q1 NPN, RF 4710030 8 BFR-80 04713

Q2 Q1

a3 Q1

84 PNP, General Purpose 4704124 i 2N4124 04713
5 Q1

Q6 PPNP, General Purpose 4704126 7 ZN4126 04313

Q7 Qi

Q8 01

Q9 Q1

Q10 NPN,RF, graded 4710030-02 1 BFR-80

Q11 Q1

Q12 a6

Q13 Q8

Q14 NPN, RF 4710039 2 ABT4281 01295

Q15 NN-Channel, JFET 4704416 1 2N4416 04713

Q16 Q6

Q17 Q6

Q18 Q14

Q19 Q6

Q20 Q6

Rt Comp, 150, B%, 1/8 W 4000151 1 RCOBGF151J 81349

R2 Met Ox, 75, 2%, 1/4 W 4130750 1 C4/2%/75 24546

R3 Comp, 1.1K, 5%, 1/4 W 4010112 1 RCO7GF1124 81349

R4 Comp, 820, 5%, 1/4 W 4010821 3 RCO7GF8214 81349

R5 Comp, 33, 5%, 1/8W 4000330 1 RCO5GF330J 81349

RB6 Comp, 51, 5%, 1/8W 4000510 1 RCO5GF510d 81349

R7 Comp, 10K, b%, 1/4 W 4010103 3 RCO7GF103) 81349

R8 Met Ox, 8.2K, 2%, 1/4 W 4130822 2 CA4/2%/8.2K 81349

Ro Met Ox, 30K, 2%, 1/4 W 4130303 1 C4/2%/30K 24546

R10 Met Ox, 43K, 2%, 1/4 W 4130433 2 C4/2%/43K 24546

R11 Comp, 43K, 5%, 1/4 W 4010433 1 RCO7GF4334 81349

R12 Met Ox, S.A.T., Nom, 15K 4130989 1 C4/2%/ 18K 24546

R13 Met Ox, 12, 2%, 1/4 W 4130120 1 C4/2%/12 24546
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A109 BAND 2 CONVERTER, continued

2020139-03 - B

REF EIp UNITS TYP
DES DESCRIPTION I:JO PER TYP MFG NO. FSCM
. ASSY NO.

R4 Comp, 36, 5%, 1/4 W 4010360 1 RCO7GF36. 81349
R15 Comp, 11, 5%, 1/4 W 4010110 2 RCO7GF 1104 81349
R18 Mat Ox, 51, 2%, 1/4 W 4130510 2 C4/2%/51 24546
R17 Comp, 1K, 5%, 1/4 W 4010102 5 RCO7GF102d 81349
Ri8 Met Ox, 820, 2%, 1/4W 413082100 3 C4/2%/820 24546
R19 R15
Rz0 R17
R21 Comp, 220, 5%, 1/4 W 4010221 2 RCOTGF221) 81348
R22 Comp, 20K, 5%, 1/4 W 4010203 1 RCO7GF2034 81349
R23 R4
R24 Comp, 10, 5%, 1/8 W 4010100 11 RCO7GF 1004 81349
R25 et Ox, 750, 2%, 1/4 W 4130751 ) C4/2%/750 IABAG
R26 Comp, 11k, 5%, 1/4 W 4010113 3 RCO7GF1134 81349
R27 Met Ox, 4.7K, 2%, 1/4 W 4130472 1 C4/2%/4.7K 24546
R2Z8 Met Ox, 33, 2%, 1/4 W 4130330 2 C4/2%/33 245486
R29 Comp, 47K, 5%, 1/4 W 4010472 2 RCO7GF472] 81349
R30 R26
R31 Comp, B.2K, 5%, 1/4 W 4010822 2 RCO7GF822) 81349
R32 R7
R33 R7
R34 Met Ox, 27, 2%, 1/4 W 4130270 1 CA/2%/27 24546
R35 Met Ox, 24, 2%, 1/4 W 4130240 1 CA/2%/24 24548
R385 RZ4
R37 Comp, 10, 5%, 1/8 W 4000100 1 RCO5GF 100 81349
R38 R17
R39 R18
R40 R18
R41 R24
R42 R16
R43 R24
R44 Comp, 910, 5%, 1/4 W 4010911 1 RCO7GF911J 81349
R45 Comp, 3.8K, 5%, 1/4 W 4010392 3 RCO7GF392] 81349
R46 Comp, 27K, 5%, 1/4 W 4010273 1 RCOTGF273) 81349
R47 F28
R48 Comp, 3.3K, 5%, 1/4 W 4010332 1 RCO7GF3324 81348
R49 Comp, 380, 5%, 1/4 W 4010391 1 RCO7GF3g1) 81349
R50 Comp, 13K, 5%, 1/4 W 4010133 1 RCO7GF133J 81349
RE51 Met Ox, 120, 2%, 1/4 W 4130121 i C4/2%/120 24546
R52 R24
R53 R31
R54 R26
R55 R25
RG6 R24
R57 Met Ox, 2.8K, 2%, 1/4 W 4130392 4 C4/2%13.9K 24546
R58 R17
R59 H45
R60 R12 :
R61 Met Ox, B2, 2%, 1/4 W 4130820 1 C4/2%/82 24548
R62 Met Ox, 130, 2%, 1/4 W 4130131 2 C4/2%/130 24646
R6&3 Comp, 510, 5%, 1/4 W 4010511 1 RCO7GF511Y 81349
R&4 Comp, 51, 5%, 1/4 W 4010510 2 RCO7GF510J 81349
R65 Comp, 200, 5%, 1/4 W 4010201 1 RCO7GF201J 81349
R68 Comp, 160K, 5%, 1/4 W 4010164 1 RCO7GF 180K 813489
R&7 Met Ox, 1.8K, 2%, 1/4 W 4130182 1 C4/2%/1.8K 24546
R68 R24
R69 Met Ox, 510, 2%, 1/4 W 4130511 2 C4/2%/510 24546
R70 Met Ox, S.A.T. Nom 1.2K 4130999 i C4/2%/1.2K 24546
R71 R29
R72 R24
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A109 BAND 2 CONVERTER, continued

202013903 -B

REF Elp UNITS TYP
DES DESCRIPTION NO PER TYP MFG NO. FSCM
: ASSY NO.
R73 | Comp, 1M, 8%, 1/4 W 4010105 2 RCO7GF 105 81348
R74 R54
R75 R73
R76 | Met Ox, 2.2K, 2%, 1/4 W 4130222 3 Ca4/2%/2.2K 24548
R77 R57
R78 | Comp, 5.6K, 5%, 1/4 W 4010562 1 RCO7GF562 81349
R79 | Comp, 3.6I, 5%, 1/4 W 4010362 3 RCO7GF362) 81349
R80 | Met Ox, 7.5K, 2%, 1/4 W 4130752 3 Ca4/2%/7.5K 24546
RE1 R76
Rz R24
R83 | Met Ox, 200, 2%, 1/4 W 4130201 3 CA/2%/ 200 24546
R84 R57
R85 | Met Ox, 330, 2%, 1/4 W 4130331 1 C4/2%/330 24546
R86 | Comp, 8.8K, 5%, 1/4W 4010682 2 RCO7GF682) 81349
R87 R79
R88 | RS8O
R8% | RS
RO0 | Comp, 75K, 5%, 1/4 W 4010753 1 RCO7GF753) 81349
Ro1 Met Ox, 33K, 2%, 1/4 W 4130333 i C4/2%/33K 24546
RG2 | Met Ox, 160, 2%, 1/4 W 4130161 1 CA/2%/ 161 24548
R93 R21
RO4 | Met Ox, S.AT. 4130899 2 C4/2%/12 24547
R95 RO4
RO6 RE83
R97 R83
RO8 R57
R99 | R86
R10G | R79
R101 | R8O
R102 | Ri0
R103 | R76
R104 | Comp, 180, 5%, 1/4 W 4010181 1 RCO7GF181J 81349
R105 | R24
R106 | Met Ox, 91, 2%, 1/4 W 4130910 i C4/2%/91 24548
R107 | R82
R108 | R24
R109 | R69
K110 | R17
R111 | Comp, 160, 5%, 1/4 W 4010161 y; RCO7GF181J 81349
R112 | R111
R113 | Met Ox, 20, 2%, 1/4 W 4130200 1 C4/2%/9.1K 24546
R114 | Met Ox, 2K, 2%, 1/4 W 4130202 2 C4/2/2K 24546
R116 | R114
R116 | MetOx, 9,1K, 2%, 1/4 W 4130912 2 C4/2%/9. 1K 24546
R1117] R1186
R118 | Comp, 3000 5%, 1/4 W 4010301 1 RCO7GF301) 81349
R119 | R4% _
R120 | R4
R121 1 Como, 56, 5%, 1/4 W 4010560 - 1 RCO7GF560J 81349
R122 | Comp, 10082, 5%, 1/4 W 4010101 i RCO7GF 1004 81349
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AT09 BAND 2 CONVERTER, continued 2020139-03- B
REE Eip UNITS TYP
DES DESCRIPTION NO PER TYP MFGC NO, FSCM

MY ASSY | No.

T Transformer Assy 4910001 1 EIP 34527

TP1

thru

TP18 | Conn, Pin, .04D 2620032 16 460 -2970-02-03 71279

L Prec, JFET Op Amplifier 3041016 1 OP16FJ (6665

Uz Periph. Interface Adaptor 3086820 1 MCBE20 04713

U3 750 MHz, D-Type Flip Flop 3001106 1 11C086 07263

U4 Dual/Diff. Amplifier 30430489 2 CA3049 0000X

U5 U4

L8 Op Amplifier 3040741 1 L M741CN 000X
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5680021

AT10

FRONT PANEL

DISPLAY AND KEYBOARD
{2020140)

The Front Panel Display and Keyboard assembly {A7110) is divided into two functional sections.
® Numeric display and annunciators

@ Keyhoard

NUMERIC DISPLAY AND ANNUNCIATORS

This section of the assernbly contains twelve common ancde 7-segment numeric display units (DS1-DS12)
two green LED's {DS37 and B838), and a maximum of twenty-four vellow LED's (DS13-D536),

r

The twelve 7-segment LEED's are mounted side-by-side, with space between each third digit from the right.
The corresponding cathode segments of the 7-segment LED's are connected, and the drive signals come
from the segment drivers O3 through 010, The sigrials to drive the digits come from the digit drivers
iocated on the Front Panel Logic board {AT11).

The twenty-four yellow LED's (D513-D5386) are divided into three groups of 8 LED's each. The anodes of
all LED's in each group are connected. The cathode of each LED in a group are connected to one of the
segment drivers {Q3-Q10). With this arrangement each group of annunciator lights can be regarded as simi-
lar to one 7-segment LED., The digit drives for the 3 groups of annunciator lights also come from the
Front Panel Logic board {4111},

The two green LED's {D837 and DS38} are driven by G1 and (2. When these LED's light they indicate
that GATE and CONVERTER SEARCH are in operation,

KEYBOARD

This section of the assemibly makes provision for a maximum of 25 {single-pole double-throw) switches,
of which only 21 are used, The switches are arranged in a 4 row by 8 column matrix, with the extra switch
taking the row 4 column 7 position. The columns are connected to +5Y through the resistor network
{RNT1} on the Front Panel Logic board {A111).

The keyboard is continuously scanned. The signals scanning the keyboard are derived from A111. To scan
the keyboard the 4 rows are grounded sequentially, When a row is grounded, and a key in that row is

pushed, one of the columns will be grounded. This information is sent to the A111 board where key
debouncing is performed,
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A110 FRONT PANEL DISPLAY AND KEYBOARD

2020140-01-E

REF EIp UNITS TYP
DES DESCRIPTION NO PER TYP MFG NO. FSCM
: ASSY NO.
A110 | Front Panel Display & Keyboard 2020140-01 1 EiP 34257
Q1
aie PNP, Amp. 4710019 10 MPS - D55 04713
Rt Comp, 4.7K, 5%, 1/4 W 4010472 2 RCO7GF472] 81349
Rz Comp, 130, 5%, 1/4 W 4010131 2 RCO7GF1314 81349
R3 R1
R4 R2
RSB Comp, 240, 6%, 1/4 W 4010241 8 RCO7GF241J 81349
R6& Comp, 18, 5%, 1/4 W 4010180 8 RCO7GF 1804 81349
R7 k5
R8 R6
Rg RE&
R1d Ré
R11 R5
R12 R&
R13 R&
Ri4 REé
R15 RB
Rig R&
R17 R5
Rig R&
Rig R5
R20 Rg
DS
thru
0S12]  LED, Numeric, Red 2800004 12 HP&082 - 7730 28480
Ds13
thru
DS36| LED, Lamp, Yel 2800020¢ 24 MVET124 50522
D&s37 LED, Lamp, Grn 2080618 Z MVE274 50622
D38 DS37
51
52
thru
sh Not Used
S8
thru
525 Switch, Mon, 8PDT 4500013 21 REK
P1i 9 pin Recept. 2620065 1 22-14- 209 0000A
P2 17 pin Recept, 2620067 1 22.14.2171 0000A
P3 13 pin Recept. 2620066 1 22.14-212 0000A
4/83
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5580021

ATt
FRONT PANEL LOGIC
(2020191}

The Front Panel Logic assembly (A111) contains logic circuitry for control of two functions,

e DISPLAY CONTROL

¢ KEYBOARD CONTROL
The +5 V power supply to the front panel assemblies {(A110 and A111) is regulated by a voltage
regulator that is located behind the AT11 board. For heatsinking purposes, this voltage regualtor is
mounted on the chassis. Please refer to figure 111b. Front Panel Logic block diagram on page 111-3.

DISPLAY CONTROL

The twelve 7-segment |LEDs and the three groups of annunciator lights on AT10 are multiplexed, To
turn on a particular segment in a digit, both the digit driver for that digit and the segment driver for
that segment must be on,

The display logic is in constant operation in either the self-scan mode or the memory updaie mode,
SELF-SCAN MODE

This is the normal operating mode. in this mode the display scan clock is clocking the display counter
{U6}. The state of the display counter determines which digit will be turned on.

The state of the display counter is decoded by 4 to 16 line multiplexer {U2), and the appropriate digit
driver is turned on. At this time the display memory (U7 and UB8) is read, and the on/off information
{stored in the display memory for that specific digit), turns the segment drivers {A110)} on or off.

The display intensity is controlled by varying the duty cycle of the multiplexing. This is done by
varying the resistance of the potentiometer (R4} which, in turn, varies the length of time the decoder

{U2} and the display memories (U7, U8} are disabled between each scan clock cycle,

At the start of each gate operation the GATE light control is triggered, and the GATE LED lights
for the length of the GATE,

MEMORY UPDATE MODE

In this mode the multiplexer logic is disabled by setting the display scan/update control line (PA4)
to logic 0. The microprocessor controtled clock {clock, PAT) is used to clock the display counter{UB).

Before updating the display memory {U7 and UB), the display counter is cleared by setting the
clear/load control line (PAB) to logic 1, and clocking the clock input of UB. Update mode timing is
ilustrated in figure 117a.
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KEYBOARD CONTROL

When the keyboard is not being read by the microprocessor, the Keyboard READ/SCAN contrel line
{PAD) is at logic 0. AH the outputs of the shift register are at logic 0. If no key on the keyboard is
pushed, all the inputs to the 8-input NAND gate (U13}are at logic 1 level. When a key is pushed, the
column containing that key will be grounded. The output of U13 goes to logic 1 and C7 {in the
debounce circuit ) starts to discharge. When the voltage across C7 reaches approximately +0.7 V
above ground, the debounce circuit will trigger the interrupt input on the PIA {U11, pin 18) indicating
that a key is being pushed.

e i CLEAR DISPLAY COUNTER :
SELF-SCAN ! : SELF-SCAN
=" : - DiSPLAY MEMORY UPDATE o -

e g

DISPLAY
SCAN/UPDATE (PA4}

_
e

CLEAR/LOAD
CONTROL (PAS)

Ao
P

i

)

P

A
A
o]

CLOCK {PA1}

A
~
L

DATA {PBG-PB7) : X X X ) X
MEMORY : : U U [ . U :
WRITE {PAB) : : :

.
e
L
b
b

Figure 111a. Memory Update Mode Sequence
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READ KEYBOARD

When the rnicroprocessor needs to read the keyboard, a logic 1 is put on the keyboard READ/SCAN
contro! line {PAQD), This enables the data buffer (U8}, A 0111 is then loaded into the shift register {3}
by putting a logic 1 on the CLEAR/LCAD control line {PAB) and clocking the clock input of U3, The
logic 0 at the output of the shift register {U3) is shifted through the shift register once. The micro-
processor reads the keyhoard row and column information with the logic 0 at each of the 4 outputs
of U3 to determine the coordinate of the key pushed., After the keyboard is read, the keyboard READ/
SCAN line is returned to jogic 0.

DISPLAY CONTROL LOGIC l

B ANNUNCIATOR ONJOFF
I C1LOCK l
§ | STRETCHER 3, [
45016 7
ECODER
| INTENSITY v %C; f
; ; CONTROL |
LOGIC DIGHT
1y 12 ik TGO AT10
] > 7 EN 77 SRWERS 7T COMMON ANGDE
- - ’ INPUT OF DIGITS
U] oiseeay !
SCAN .
[ ] &lock i
| > ?’}é“ % COUNTER ] H
e i OUNT 3
| . cK " ER AESET] |
CLOCK LT
| " LSELECT 7 I
! ‘ - |
DISPLAY 8 ¢ o TOAT1D
| 1 R MEMORY 7 1 SEGMENT DRIVERS
MEMORY READMRIYE L7, us |
' o
DISPLAY DATA 8y

| [
| w l

- KEYBOARD CONTROL LOGIC
i < KEYBOARD DATA 13,

G| 7 { {

D
! 2| l | Toate

SHIFT

I 35 | ! w_i]é_,, KEY MATREX

& {-a»‘ HEG:}S’:'ER | (ROW)

I I ; '
! 1
I

i 1 | [
}

HEAD/SCAN LA
PERIPHERAL INTERFACE staoims Vrerue 4
7 :
ADAPTOR UN ! BEBOUNGE /! FROM AT10
H DCIRCINT KEY MATRIX
i i I coLumn
- - s, T T = ENARLE
FROM COUNTER % i 5, ; 1
DATA /
INTERCONNECT ] 7 BUEFER 7 I
A100 g

Figure 111b. Front Panel Logic Block Diagram
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A111 FRONT PANEL DRIVER 2020181-A
REF Eip UNITS TYP
DES DESCRIPTION NO PER TYP MFGC NO. FSCM

: ASSY NO.
ATH] Front Panel Driver Assy 2020191 i EP 34257
C1 Tant, 0.1uF, 10%, 35V 2300020 1 TAPA 10M35 14433
Ccz Cer., .002uF, 20%, 1KV 2150005 2 TG - 820 56289
C3 Cc2
C4 Not Used
Cc5 Tant, 47uF, 20%, 16V 2300025 1 TAPA 47M16 14433
C6 Tant, 2.2uF, 20%, 16V 2300012 1 TAPA 2.2M16 14433
Cc7 Tant, 22uF, 20%, 16V 2300030 1 TAPA 22M16 14433
c8 Tant, .33uF, 20%, 35V 2310031 1 TAPA .33M186 14433
C9 Tant, 33uF, 20%, 10V 2300015 1 TAPA 33M16 14433
c10
thru
Ci5 Cer., .01uF, 20%, 100V 2150003 8 TG -510 56289
CRt General Purpose 2704154 i IN4154 07263

J1 g Pin Maie 2620062 1 22-03- 20901 00008
32 17 Pin Male 2620064 1 22-03.-211 00008
43 13 Pin Male 2620063 1 22-03-2131 0cooB
J4 4 Pin, FR. LOCK 2620068 1 640456-4 - 74868
JB 3 Pin 2620121 1 640456-3 74868
P2 26 Pin, Right Angle 2620131 1 3483 - 1002 76381
03
thru
Q156 PNP, Power 4710027 15 MPS - DB4 04713
G16 NPN, General Purpose 4704124 2 2N4124 04713
Q17 Q16
Rt Comp, 10K, 5%, 1/4W 4010103 2 RCO7GF 1034 81349
R2 Comp, 220, 5%, 1/4W 4010221 1 RCO7GF2214 81349
R3 Comp, 78K, 5%, 1/4W 4010753 1 RCO7GF753l 81348
R4 Variabie, Cer., 200i 4250022 1 72XR200 73138
R5 Comp, 120K, 5%, 1/4W 4010124 1 RCO7GF 1244 81349
R6 Comp, 2.4K, 5%, 1/4W 4010242 1 RCO7GF242J 81349
R7
thru
R21 Comp, 1K, 5%, 1/4W 4010102 15 RCO7GF102) 81349
R22 Mot Used
R23 Comp, 15K, 5%, 1/4W 4010153 1 RCO7GF153J 81349
R24 Comp, 390, 5%, 1/4W 4010391 1 RCO7GF391J 81349
R25 Comp, 200, 5%, 1/4W 4010201 1 RCG7GF201d 81349
R26 Comp, 820, 5%, 1/4W 4010821 1 RCO7GF821J 81349
R27 R1
R28 Not Used
R29 Comp, 2.2K, 5%, 1/4W 4010222 1 RCO7GF222J 81349
R30 Not Used
R31 Comp, 27K, 5%, 1/4W 4010273 1 RCO7GF273) 81349
R32

thru
R34 Comp, 39K, 5%, 1/4W 4010393 3 RCO7GF393J 81349
RN1 Network, 10K 4170003 2 785-1-R10K 32997
RN2 RNt
RN3 Network, 10K 4170004 1 784-1-B10K 32997
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A1t1 FRONT PANEL DRIVER continued 2020181 - A

REF Eip UNITS TYP
DESCRIPTICN NO FPER TYP MFG NO. FSCM

DES . ASSY NO.

TP1

thru

TPG 040D Pin 2620032 9 460-2970-02-03 71279

TPY Mot Used

TP8

thru

TP1D TP1

U1 TTL, Monostable, MV 3084123 2 DM74£S123N 0000X

uz2 4-186 Line Decoder 3074154 1 DM74154N 000X

u3 4 Bit Shift Register 3084195 1 DM74LS195N (000X

U4 AND - OR - INVERT Gates 3087451 1 SN74LSB1IN 01295

Us Quad, 2 INP NAND Gate 3084132 1 DM74LS132N 0000X

Ue Binary Sync Clear 3084163 1 SN74LS163 01295

U7 Bipolar RAMS 3057489 2 DM74L5189 0000X

us U7

Ug Oct Bus Trans 3084244 1 SN741.5244N 01286

Ut (E) |

Ut Periph, interface Adaptor 3086820 1 MCB6820¢ 04713

Uiz Hex Inverter 3087414 1 SN74L514N 01295

U13 BINP NAND Gates 3087430 1 DM74LS30N 0000X

ul4 Pos. Voltage Regulator {reference only - 3057805 1 MC7806CT 04713

U14 part of front panel power supply)

4/83
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5680021

AZ01A
VOLTAGE CONTROL OSCILLATOR

(2020199)

The VCO assembiy contains three functional sub-assemblies as shown in Figure 201A-1. The VCO
consists of a transistor osciilator {Q1-2) whose frequency is determined by inductor L13, variable
capacitor C2 and Varactor CR2. The capacitance of CR2 is determined by the appiied tuning voltage
at J3. The oscitlator is buffered by Q3 and the output is spiit two ways using T1,

The second sub-assembly is a single stage common emmiter amplifier that is broadly {uned and loaded
with 50 ohm. The output level is approximately +9 to +12 dBm over the range of 370 to 800 MHz, This
output is the VCO reference.

The third sub-assembly is a three stage power amplifier consisting of a comman emmiter ampiifier {Q5)
and two class C stages (O6 and QB), This amplifier provides approximately 20 dB of gain and 0.8 watts
output over the tuning range of 400 to 500 MHz, The variable capacitors C24 and C25 are adjusted to
optimize output power and flatness, Output power is switched on or off by applying bias to Q5 — QF,
which is controlled by Q8. On to off power ratio exceeds 80 dB,

POWER ENABLE TTL {MIGH = ON)

VOLTAGE

vT 370 - 500MHz Fyeg OUTPUT
ey CONTROLLED - POWER AMPLIFIER =
TUNING 400 - 500MHz
VOLTAGE ATOR + 2BdBm

[-1V 1o +9V]) OsCILL AT 18 OMM LOAD

REFERENCE VCO REFERENGE
BUFFER OUTPUT -
s 370 - 500MHz
AMPLIFIER 5 8d8m AT
50 GHM

Figure 201A-1, VCO Block Diagram

201A41



5580021

A201A VOLTAGE CONTROL OSCILLATOR

2020199-01-M

REF gip | UNETS TYP

DES DESCRIPTION NO FER TYP MFG NO. FSCM
: ASSY NO.
AZG1A YCO Assembly 2020199 % EiP
P/O Band 3 Converter Assy {A203) 2010241 REF

C1i Cer., .001 uF, 10%, 100V 2150015 12 G183XTRINZKAICD 80031
c2 Variable, B-15 pt, 100V 2350036 4 DVS3A15A JED
C3 Cer., .01 uF, 10%, 256V 2150014 i 6123X7R1G3KA1T00 80031
C4 Chip, 8.2 pF, 8%, 50V 2100021 2 100AGR2DBOXC 29580
Cch5 Tant, 10 uF, 20%, 25V 2300029 2 DF1068M255 72136
C6 Cer., 33pF, 10%, 100V 2150069 1 6113X7R470KATO0D 80031
c7 Ct
ce Cchs
Co c4
Cig Vartable, 1.5:6 pF, 25V 2350035 1 DVS3AGA JFD
C11 Cer, 33pF, 10%, 100V 2150068-00 4 160-100-NPQ-330K 80031
C12 Ci

C13 Cer, 6.8 pF, 10%, 100V 2160087-00 1 5018EM100RDBESK 80031
C14 c2
Ci5 Mica, 12 pF, 5%, 500V 2260013 i CD10CHh 120403 14655
Ci6
thru
Cci8 C1
C18 Cer, 22 pF, 10%, 100V 2150067-00 1 150-100-NPO-220K
C20
thru
¢22 Ci
C23- Chip, 15 pF, 5%, 50V 2100022 i TO0AT50J50XC 28880
C24 c2
C25 cz
C26 Ci
C27 C1
C28 Cer., 15 pF, 10%, 100V 2180033 1 5113X7R150KAT0O0 20031
C29 Not Used
C30 Ci
CR1 Tuning UHF/VHF 2710046 1 20802 18518
L1 inductor, 1.0 uH 3510003 4 DD-1.00

L2 Inductor, .027 uH 3520012 3 551517202 72259
L3 L1

L4 inductor, 047 uH 3520015 1 551-5172-05 72259
L5 Not Used

LG inductor, .G33uH 3620013 t b51-5172-03 72259
L7 L2

L8 L%

LY L1

L10 Part of Board

L1t 1.2

Li2 Not Used

L13 L10
01 NPN, Microwave 4710032 6 NE}Z137 TZ2136
Q2
thru
Qs 1 ‘
Q7 NPN, UHF/VHF Power 4710029 1 NE0Q50381-12 72136
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A201A VOLTAGE CONTROL OSCILLATOR, continuad

2020198-01-M

REF Erp | UNITS TYpP
DES DESCRIPTION NO PER TYP MFG NO. FSCM
E - | ASsY NO.

Q8 NPN, General Purpose 4704124 1 2N4124 04713
Q8 PNP, Generat Purposa 4704126 1 ZN4126 04713
R1 Met Ox, 1K, 2%, 1/4 W 4130102 3 Ca/2%/1K 24546
B2 Met Ox, 10K, 2%, 1/4 W 4130103 2 CA/2%/ 10K 24546
R3 Met Ox, 100 K, 2%, 1/4 W 4130104 1 C4/2%/ 100K 24546
R4 Met Ox, 1.BK, 2%, 1/4 W 4130182 1 C4/2%/1.8K 24548
R5 Met Ox, 300 ohm, 2%, 1/4 W 4130301 1 C4/2%/300 24548
Re Met Ox, 1.5K, 2%, 1/4 W 4130152 2 Ca/2%/1.5K 24546
R7 Met Gx, 510 ohm, 2%, 1/4 W 4130611 2 Ca/2%/510 24548
R8 Met Ox, 15 ohm, 2%, 1/4 W 4130150 4 Ca/2%/156 24548
R8 Met Ox, 180 ohm, 2%, 1/4 W 4130181 1 C4/2%/180 24546
R1G R8
R11 Met Ox, 68 ohm, 2%, 1/4 W 4130680 2 CAa/2%/68 24546
R12 R6
R13 RY
R14 Met Ox, 120 ohm, 2%, 1/4 W 4130121 1 C4/2%/120 24548
R15 Met Ox, 470 ohm, 2%, 1/4 W 4130471 3 C4/2%/470 24548
R16 Met Ox, 560 ohm, 2%, 1/4 W 4130561 1 C4/2%/560 24546
R17 Met Ox, 430 ohm, 2%, 1/4 W 4130431 1 C4/2%/430 24545
R1i8 R1
R19 R1
R20 Ri%
R21 Met Ox, 2K, 2%, 1/4 W 4130202 1 Ca/2%/2K 24546
R22 Met Ox, 100 ohm, 2%, 1/4 W 4130101 1 C4/2%/100 24546
R23 22 ohm Nom, 5%, 2.5 W, S.A.T, 4119808 ] RWegW2204
R24 Not Used
R25 Met Ox, 30 ohm, 2%, 1/4 W, NOM 4130859 2 CAS2%/SAT 24548
R26 R258
R27 Met Ox, 27 ohm, 2%, 1/4W, NOM 4130999 1 C4/2%/SAT 24546
Rz8 R8
RZ9 R8
R30 R11
R31 Met Ox, 4.7K, 2%, 1/4 W 4130472 i Ca/2%/4.7K 24848
R32 R2
R33 R15
R34 Comp, 5.6, 5%, 1/4 W 4010866 1 RCO7GFE69J 81349
T1 Transformer, RF 4910002 1 EiP

&/83 201A-3



5580021

2020199 -01-M

Figure 201A-2, Voltage Controlied Gscillator Component Locator
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AZ03
BAND 3 MICROWAVE CONVERTER

The A203 Microwave Converter consists of three sub-assemblies,
L AZ01A Voltage Control Oscillator

® AZ01B [F Amplifier

8 AZ02 Microwave (yig)
CAUTION

Disassembly of the A202 Microwave assembly, or

removal of it from the A201A VCO or A201B IF
Amplifier will void the EIP warranty.

The assembly drawing and schematic for both the VCO and ¥ cireuits are included only for reference, The
entire A203 assembly must be tested as a complete unit to ensure proper performance of the counter,
Repair of the A202 Microwave assembly can only be done at the factory, The VCO and IF Amplifier
boards require special test equipmen't, therefore field repair is not recommended.

The Band 3 Converter is a complete microwave subsystem {see Figure 203-1) which converts an input signal
in the 1 to 18 (26.6) GHz range down to an IF of 125MHz. Down conversion is achieved in this heterodyne
system by combining the input signal with a harmonic of a precisely krown reference signal (Fyco). The
mixer then preduces a signal {FiE) equal to the difference between the input and reference harmonic. If
this difference is clase to 126MHz, it is amplified to a level of about 0dBm and then counted. The input
signal is then determined from the equation FiNy = NFygo + FIF. FyCo is set by the instrument pro-
gram via a phase locked loop located on the converter control board (A108) and is thus known exactly.
Harmonics of the VCO are produced by the comb generator and coupled to the mixer. The frequency
ranges of the VCO and IF are such that for any VCO frequency and any input frequency, only one harm-
onic can produce an IF frequency. The YIG filter located between the RF input and the mixer is used to
approximatley determine the input frequeney and from this information the desired values of N, Fyep
and +/— are determined.

Two other outputs are obtained from the Band 3 Converter. The first is an analog signal which is a measure

of inpui BF power. The second is a digital signal (IF THRESHOLD) which indicates that an tF signal
exists at a level of —3dBm or greater.

4/83 2031
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A201B
IF AMPLIFIER
{2020143)

The tF Amplifier performs three major functions,
® Amplifies the down-converted intermediate IF frequency to £ 0dBm.
® Provides a digital threshoid output when the IF power exceeds -3dBm.

® Provides an analog signal that is proportional to the total power at the Band 3 input. A gain scaling
controt alters the output by 15dB {(=X30}.

The Microwave assembly mixer output is the input to the tF board. The IF goes through a high pass filter
to three similar amplifier stages, Stage 1 consists of transistors Q1 and 02 operating under closed loop
feedback via R4, Resonant peaking of the output at 125MHz using 1.4 and C8 gives a power gain of 23dB.
Successive stages are similar except that stagger tuning is used for optimum response shape. Inductors
L4, L5, and L7 are printed on the circuit board and are adjusted by means of shorting bars placed across
portions of the spiral. The IF output signal is sampled by a detector CR3. 11's level is compared to a voltage
corresponding to —3dBm. When this leve!l is exceeded, the 1T threshold output goes low.

The low frequency signal from the mixer is the current caused by rectification of the input power, This
is converted to a voltage in U2, To provide a larger dynamic range, a gain change is made by switching
the Field Effect Transistor {FET) Q7, thus lowering the feedback resistor. Assemblies used in —02 con-
verters {26.5 GHz) also include transistors Q8 & (9 to transtate a TTL input to £ 12V necessary to drive
FET Q10. This circuit sets the mixer bias current to 0 when the VCO power amplifier is enabled.

-
DG | HIGH PASS 5 IF AMPLIFIER ) o 1FOUT
FILTER 65 ¢B @ 125MHz
IF P —
FRGOM MIXER 4 LOW PASS THRESHOLED s 1F THRESHOLD
GND REF FILTER CETECTOR
1 . CURRENT TQ
VOLTAGE
[14v] CONVERTER s  BAND 3 RF LEVEL
4 4
L BIAS CONTROL. T

Figure 201R-1. |F Amplifier Functional Diagram
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AZ018 IF AMPLIFIER 2020143-01-AA

REF EIpP UNITS TYP
DESCRIPTION NO PER TYP MFG NO, FSCM
DES - | ASSY NO.
A201B IF Amplifier Assy 2020143-01 1 EIP 34257
P/O VCO/IF Mod Assy 2010142 Ref

C1 Mica, 8pF, 5%, 500V 2260011 i CD080C03 56289

cz2 Mica, 100pF, 5%, 500V 2260034 6 FB101J03 72136

C3 Mica, 51pF, 5%, 500 v NOM S.A.T. 2260014 1 CD120J03 £E6289

c4 Cer, .O1uF, 20% 2150003 7 TG -510 56289

Ch MNot Used

C6 c4 2150003 4] TG - 810 56289

C7 C4

cg Mica, 33pF, NOM S.A.T. 2269998 1 CD10 56289

ce C2

c1a c4a

C11 C4

Cci2 C3 2269584 1 DM - 10 72136

Ci3 cz

C14 c4

Ci5 Tant, 10ul, 20%, 25V 2300029 2 TAGZ0 - 16/25{M) 14433

Cig Mica, 39pF, 5%, 500V 2260023 1 CD10ED320J03 56289

c17 c2

ci8 cz2

Cig C4

C20 C15

Cc21 Not Used

c22 Cc2

C23 Cer, .001uF, 10%, 100V 21500156 1 URZ0206100X7R102K 80031

CRI Hot Carrier 2710004 2 FH1100 07263

CR2 CR1

CR3 Zero Bias Shottky 2710028 1 ND4221 21843

L1 Inductor, .082uH 3520018 1 551-5172-08-00 72253

L2 Not used

L3 inductor, 068uH 3520017 1 1641-475

L4 Part of Board

L5 Part of Board

L8 Not Used

L7 Part of Board

18 inductor, 1uH 3510003 2 DD - 1.00 72259

L9 L8

a1

thru

Q6 NPN, RF 4710026-02 6 NE73432R 0000s

Q7 D - MOS FET Switch 4710031 1 sDhz215 18324

R1 Met Ox, 47, 2%, 1/4 W 4130479 3 C4/2%/47 24546

RZ Prec, 1.82K, 1%, 1/10W 4051821 1 RNBBC182F 81349

R3 Comp, 1K, 5%, 1/4 W 4010102 3 RCO7GF102J 81349

R4 Met Ox, 580, 2%, 1/4 W 4130561 1 C4/2%/60 245486

Rb5 Comp, 10, 5%, 1/4 W 4010100 5 RCO7GF1004 81349

R6 Met Ox, 82, 2%, 1/4 W 4130820 2 C4/2%/82 24548

R7 R5

R& R1

4/83 2018-2
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AZ01B IF AMPLIFIER

2020143-01-AA

REF Elp UNITS TYP
DES DESCRIPTION NO PER TYP MFG NO. FSCM
: ASSY NO,
Rg Comp, 2K, 5%, 1/4 W 4010202 1 RCG7GH202J 81349
R10 Met Ox, 470, 2%, 1/4 W 4130471 2 CA/2%/470 24546
R11 B
R12 Met Ox, 75, 2%, 1/4 W 4130750 1 Ca/2%/75 24546
R13 R5
R14 R1
R15 R3
R18 R10
R17 R5
R18 n6
R19 Comp, 20K, 5%, 1/4 W 4010203 1 RCO7GF203d 81349
R20 Met Ox, 4.3K, 2%, 1/4 W, NOM SAT 4019999-00 2 C4/2%/4.3 24546
R21 Met Fim, 681K, 5%, 1/8 W 4066813-00 1 RNB5CE813D 81349
R2Z | Met Fim, 470K, 5%, 1/8 W 4054703-00] 1 ANBECA703D 81349
R23 Met Ox, 6.BK, 2%, 1/4 W 4130682-00 1 C4/2%/6.8K 24546
R24 | Met Ox, 4.7K, 2%, 1/4 W 4130472-00 C4/2%/4.7K 24546
R25 Not used
R26 Precision, B7.6K, 1%, 1/10W 4055762-00 1 RNBECE762F 81349
R27 Met Ox, 100 ohm, 2%, 1/4 W 4130101 1 C4/2%/100 24546
R28 Comp, 100K, 5%, 1/4 W 4010104 1 RCO7GF104J 81349
R29 Comp, 15K, 5%, 1/4 W 4010153 1 RCO7GF153J 81349
R30 R3
Ut Dual Comp, Low Power 3050393 7 LM393 0000X
u2 Pual Op Amp. 3045532 1 NEB532 0000%
4/83 201B-3
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Figure 201B-2. IF Amplifier Component Locator
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Section 10
Options

Section 10 provides descriptions, specifications (where applicable), schematic diagrams and component
locators for the options available for use with the Model 5454 or 548A Counter.

OPTION

01 D TO A CONVERTER

DAC will convert any three consecutively displayed digits into an analog voltage output on rear
panel.

02 POWER MEASUREMENT

1 to 18/28.5 GHz will measure sine wave amplitude to 0.1 dBm resolution and disptay simuitane-
ously with frequency.

Power offset 1o 0.1 dB resolution, selectable from front panel.
Option will not degrade the basic performance of the counter.
03 TIME BASE OSCILLATOR <5 X 109 (2010143-03).
04 TIME BASE OSCILLATOR <1 X 10-2 {2010143-04).
05  TIME BASE OSCILLATOR <5 X 10-10 {2010143.05).
66 EXTENDED FREQUENCY CAPABILITY - 548A

Use in conjunction with model 530 Frequency Extension Cable Kit
and optional Remote Sensors models 91 thru 95,

07 REMOTE PROGRAMMING/BCD output
08 GEMERAL PURPOSE INTERFACE BUS {GPiB}
09 REAR PANEL INPUT

10 CHASSIS SLIDES

4/83 10-1
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OPTION 01
DIGITAL TO ANALOCG CONVERTER

Option 01 will convert three consecutive digits to an analog voltage, available on the rear panel. The output
will reflect the display, and substitute zeros for any non-numeric characters that appear. The output wil
be updated after every display update.

SPECIFICATIONS
Qutput Voltage 0.000 volts to 0.998 volts
Accuracy {25° C) +0.5%+t mVy
Temp. Stability (0-50°C)  +0.01%/°C
Resolution 1T mV
Load Impedance 1 K ohm minimum
Connector BNC fermnale {on rear panel}
Protection £ 10 V AC or DC applied 1o output
connector will not cause damage.
No damage will occur by any load.
OPERATION

On power up the DAC is in off state.
LOCAL OPERATION WITH KEYBOARD

A three key sequence selects the location of the three digits desired, by entering the most significant
digit wanted, Digits are numbered 01 through 12.
DAC

PRESS : [j XX can vary from 01 to 12,

oac

EXAMPLES : L_} [_&J [_1‘] 1 Hz digit selected
oK
Ef] E 10 Mz, 1 Hz digits sefected

DAC

(] [[@] [(3] 100Hz 10Hz, 1 Hz digits

DAC

(] (o] 1 kHz, 100 Hz, 10 Hz digits
&

DAC
1 (1] [(2] 100GHz, 10 GHz, 1 GHz digits

DAC
After pressing || , the display will show the present DAC status, like DAC OFF or DAC XX, and

three decimal points will show the locations of the currently selected digits {if DAC is onh.

4/83 a1-1
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After préssing the first [ X |, the display will show the temporary entry, like DAC X , but the three
decimal points will stili show the previous DAC status.

After pressing the second , the dispiay will show the new entry, like DAC X X, and the three decimal
points will move fo the new places. The DAC output will start to be updated accordingly. Release of the
button pressed will return the display back to normal frequency display.

Any wrong key pressed wilt result in displaying ERROR 10. The operator must restart the key sequence
to enter the correct data.

CLEAR
To clear display from DAC data, ERROR display, or ignoring half-sequence entered, press D
Display will return to normal and DAC status will not be changed. ' DISPLAY
DAC  DATA DAC
To shut off DAC press [:] D or [:] @
CLEAR

REMOTE OPERATION

For remote operation through GPIB refer to the GPIB {Option 08) section of this manual.

For remote operation through BCD/RMT refer to the BCD/RMT (Option 07} section of this manual.

THEORY OF OPERATION

A simplified block diagram of the DAC board is shown in figure 01-1.

REFERENCE n 12 bit BCD DAC . OUTPUT
VOLTAGE = Uz » AMP " DAC
CIRCUIT UTPUT
} u3 VOLTAGE
12 1~

LATCH and DRIVERS
U4, Us, UB

]

131~

PiA

111

ADDRESS DATA COUNT
BUS BUS BUS

{
FROM MICROPROCESSOR

/

Figure 01-1. DAC Board, Simplified
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HARDWARE
PIA AND LATCH DRIVER BLOCKS

The three selected digits are manipulated by the program and sent to the PIA. First the two LSD’s are

sent to port A, then the third digit {MSD} plus a positive-going pluse {on pin 14 of U7} that triggers the
latch UG so that the complete 12 bit word appears to the DAC inputs (U2}, U4 and U5 are level trans-
lators from T2L to CMOS for the DAC.

ANALOG BLOCKS
The DAC is referenced to a 1 volt reference voltage that is generated by CR1 zener and U1 Operational

Amplifier, Gain adjustment is provided to calibrate the reference voltage. The DAC U2 converts the 12 bit
digital inputs to an analog voltage (0.000V — 0.998V}. The output amplifier U3 provides the necessary

I/V conversion, output isolation and protection. Zero offset adjustment is provided for calibration
purposes, also.

SOFTWARE

The DAC software is described in figures 01-2 and 01-3,

4/83 01-3
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PUSH DAC BUTTON

¥

DISPLAY DAC STATUS

|

PUSH 1st DIGIT

CLEAR
DISPLAY
?

e ar 1
?

RETURN TO
NORMAL DISPLAY

SHUT DAC OFF
RETURNTO
NORMAL DISPLAY

STORE ENTRY
DISPLAY TEMP DAC

4/83

f

PUSH 2nd DIGIT

CLEAR
DISPLAY
?

vALID
NUMBER
?

NO

]

RETURN TO
NORMAL DISPLAY

STORE NEW STATUS

DISPLAY ERROR 10

Figure 01-2.

Keyboard Control
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AFTER
DISPLAY
UPDATE

GET DAC STATUS

TAKE 3
SELECTED DIGITS

f

CONVERT TQ
THE REQUIRED
FORMAT

|

SEND TO
DACPIA

|

( CONTINUE )

Figure 01-3. DAC Board Update
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CALIBRATION

The following instruments or their equivalents are required to perform calibration of the DAC
Calibration is required every six months or after the board has been repaired.

board.

BRAND MODEL TYPE SPECIFICATIONS

Fiuke 80504 DVM 4 % digit resolution

ZERO OFFSET CALIBRATION

1. Turn on the counter with no input, so that the display shows all zeros.
DAC

2, PUSH L...} LE_] Ls_}

3. Connect digital volt meter to the rear DAC output.

Adjust R6 to reach 0,000 voits on the DVM disp!a\).

b

FULL SCALE CALIBRATION

1. Short TP3 to TP4.

2. Adjust R4 to reach 1.000 volts on the DVM display.
3. Remove the short.

The calibration for the DAC board is complete.

PERFORMARNCE TESTS
Refer to the instruments table in Calibration for the required test equipment.

Connect the DVM to the DAC output {rear panet). Connect rear 10 MHz output to Rand 1 input.
BAND RESOL

enter: [ ] [} [ ] [(2] Dbisplay shows 10.000 0 MHz.

ACCURACY TEST

DAC
ENTER : ) 6 1 DVM should read O1mV,
FREQ WMHz
ENTER : { } [ . } { g } g [ g H ] DVM should read 0.999+0.006 V.

OFFSET

Repeat the second test in accuracy for entries between 888 and .111. DVM should read the entry = 1 mV

t 0.6 % of entry.

4/83
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TROUBLESHOOTING

1.

i zero offset calibration cannot be achieved check that all digital inputs to U2 {pins 3 to 158} are at

“low" levels { < + 0.5 V). If they are , try to replace U2 or U3,

If full scale calibration cannot be achieved check that there is 6.2 volts at TP1. If voltage is wrong,

replace CR1 or R1 after verifying the + 12 V supply. If the voltage at TP1 is correct check TP2.
The voltage at TP2 should read 1.000 volts, If wrong the fallure is in U1 or the resistors R2, R3 or

R4,

4/83

H still wrong replace U2,
The digital lines in the DAC board can be checked in three ways.

@ A static test by connecting the rear time base 10 MHz output to Band 1 input.

BAND RESOL
ENTER : D @ 1 @ Dispiay shows 10.000 0 MHz
DAC

ewren: [ (o]
Now entering ﬁ @ @ {%Hi will cause a display of 10.XXX0 MHz.

OFFSET

The XXX are selected to the DAC board, so the three BCD's should appear on U7, pins
2 to 13 (pin 2 is the LSB). On pin 14 there should be positive pulses. Checking two com-
binations like 777 and 888 can locate a fault in the digital path between U7 outputs and
12 inputs.

A dynamic test that is provided with the DAC option,
TEST

ewten: () (7]

A continuous count ramp from 000 to 899 is sent to the DAC board, regardiess of DAC status
or display.

Connect the DAC rear output to an oscilloscope. A ramp should be observed going from
0 10 .999 volts. The ramp is built with T mV amplitude steps. Any failure in one or more
digital lines in the board will cause efther breaking in the ramp or a multipte amplitude

steps (2mV, 4 mV, ect.). Careful analysis will show the bad line or lines.

By Signature analysis while operating in the dynamic test just described, and checking
the following signatures,

01-7
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DAC OPTION SIGNATURES

STARTY $TOP CLOCK
CONNECTIONS A106 TPS AT(B TPS ATOETPS
BUTTONS ouT { N | N |
LINE SIGNATURE LINE SIGNATURE
L4 pin— 2 46F0 5V 1818
4 79HH
G 7U80
?{} gf?g U7 pin — 2 OFg81
12 17HP 3 7831
4 ACAZ
5 3241
5] U738
7 sUPU
5V 1815 g 0659
9 SEEF
10 7UB0
U5 pin — 2 2597 M 4F30
4 7POL 12 21186
6 UBASG 13 17HP
g P1CO 14 3oUC
10 7808
12 7CAC
U6 pin — 2 2597
5 TROU
6 UBAD
g P1CO
12 7808
15 7CAC
16 46F0
18 " 79HH

4/83
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OPTION 01T — DIGITAL TO ANALOG CONVERTER 2020145 - H
REF I E1p UNITS TYP
DES DESCRIPTION NO PER TYP MFG NO. FSCM
: ASSY NO.,
Al104 Digitat to Analog Converter Assy 2020145-02 Ref, ElIP
C1 Cer, OtuF, 20%, 100V 2150003 g TG-810 56289
c2 C1
C3 Mica, 100pF, 5%, 600V 2260034 i CD10FD101J03 56289
c4 1 :
C5 C1
ce Tant, 33 u F, 20%, 10V 2300015 2 TAG20-33/10-50 14433
c7 C1
c8 C1i
Co CB
G180 Tant, 10 uF, 20%, 25V 2300029 2 TAG20-10/25-20 14433
Ci1 c10
Ciz2 C8
CR1 Zener, 8.2V 2700827 1 IN827
CR2 Shottky, Barrier 2710004 [ FH1100 07263
R1 Comp, 750, 5%, % W 4010751 1 RCO7GF7514 81349
R2 Prac, 20K, 1%, “WW 4052002 1 BNLEC3 2002F 81349
R3 Prec, 2.87K, 1%, %W 4062871 1 RNB5CE1G1F 81349
R4 Variable, 500 ohm : 4280009 1 B9PRBOG
R5 Comp, 10K, 5%, % W 4010103 T RCO7GF 1034 81349
Rg Variable, 10K ohm 4280008 1 89PR10K
R7 Comp, 1K, 5%, % W 4010102 1 RCO7GF 1024 81349
RN1 Network of 7,10K 4170004 P 4308R-101-103 32997
RN2 RN1
U1 Op Amplifier 3040741 1 LM741N 0000X
uz BAC 3050752 1 AD7B25KN 0000X
u3 Prec, Op Ampiifier, JFET 3041016 1 OP16FP 06665
U4 Hex Buffer 3007404 2 DM7407N 0000X
Us u4
(81 8 Bit Latch 3034373 1 MM74C373N
U7 PIA 3086820 1 MC6821 04731
U Qct. Driver 3084244 L SN741.5244N 01295
Ug Program PROM 9 6400001-08 1 TM2708 01295
u10 6 Bit Comparitor 3078131 1 BM8131 Q000X

4/83 01-9
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U8, U9, U10 are not used in models S45AF548A

Figure 01-4. DAC Component Locator
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OPTION 02
POWER MEASUREMENT

Option 02 measures the power of signals applied to Band 3, The power is displaved (to 0.1 dB resolution)
simultaneously with frequency (to 100 kHz max. resolution}, For A.M. and F.M. averaging purposes, gate
time is controllable in the power meter mode, through the resolution function. Power gate time mirrors
frequency gate time. For example, in resolution 0 the frequency gate time is 1 second, and the power gate
iime is 1 second, in resolution 1 the frequency gate time is 100 msec., and the power gate time is 100 msec.
Option 02 allows power offsets from -89.8 dB 1o 99.9 dB, with & (0.1 dB resclution and will not degrade
the basic performance of the counter.

SPECIFICATIONS
ACCURACY + 1.2 dB Typical 0-50° C
0.5 dB Typical 25° C
TIME ADDED 1 GATE TIME + 50 msec.
RESGLUTION 0.1 dB POWER, Sensitivity to -10 dBM; 0.2 dBm -10 dBm to overload,
Sefectable 100 KHz -1 GHz Frequency
RANGE ENTIRE OPERATING RANGE OF BAND 3
KEYBOARD GPERATION POWER METER
ON/OFE
To turn the power meter ON or OFF PRESS: (:_]

H the POWER METER option is off, pushing the POWER METER ON/OFF key will turn the POWER
METER on. Pushing that key again will turn the POWER METER off. If the counter is displaying only
frequency it will begin displaying frequency and power. If the counter is displaying frequency and power it
will begin displaying frequency only,

Turn the power meter on. Observe the display. Frequency is displayed on the left, and power is displayed
on the right. The dBm annunciator fights to indicate power meter operation. Hf the signal is too small to
measure the power, the display will show EE.E in the power meter digits. {Since 0 dBm is a valid power,
00.0 cannot be used as a no power indicator.)

When the POWER METER aoption is on, the frequency measurements displayed on the front panel are to
a maximum resolution of 100 kHz. The last selected gate time will be retained.

Power meter offset function enables the entry of a positive or negative power offset to 0.1 dB resolution.
The offset will be incorporated into the power measurement after the next gate.

TO INPUT POWER OFFSETS
POWER METER
PRESS: OFFSEY Notice Hlashing annunciator and power offset last entered.

PRESS: '1% | Number keys corresponding to desired power offset.

4B
PRESS: [::] To terminate input sequence. Notice OFFSET PWR annunciator solidly it after
terminator key is released.

4/83 021
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TO RECALL STORED OFFSETS
POWER METER

PRESS: OFFSET Stored offset is displayed.
CLEAR

PRESS: [‘j Returns counter to display measurements.
DISELAY

TO REMOVE POWER OFFSETS

POWER METER POWER METER POWER METER
PRESS: OFFSET DATA OFFEET ,_E? GFFSET as :
3 ) or [ o ) or (3
CLEAR

GPiB QPERATION
PA — Power Active. Turns POWER METER option on.
PP — Power Passive. Turns POWER METER option off.

PO — Power Offset. Enables entry of positive or negative power offseis te 0.1 dB resolution. Take a
new reading after data entry if counter is not in HOLD,

4/83 02-2



5880021

The “power vs power'’ and “power vs frequency” corrections are added, and the sum is displayed. A
detailed flowchart of the power meter is shown is figure 02-2.

2 min,
AREAL TIME CLOCK
SET

YES ZERO

OFFSET

INTTIALIZE POWER
REGISTERS.START
GATE TIMING

“

TURN OFF VCO
Y1G B0 MHz
-+¥1G
WRITE ATTEN.

i

VARY Y1G

Figure 82-2. Power Meter Task
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B

oy

ATTEN.-3 dB
-+ ATTEN.

MiNIMUM
ATTENUATION
?

VARY Y4

Y
B

¥

ATTEN, +3dB
+ ATTEN,

MAXIMUM YES

DISPLAY
EEE
{No power)

ATTENUATION
?

VARY YIG

DISPLAY
OVERLCAD

YI1G +50 MHz
-~ Y EG
TURN ON VCO

1F. NO

THRESHOLD
?

YES

ATTEN. -3dB8
~ATTEN.

¥

]

ENABLE
CONVERTER
TASK

Figure 02-2. Power Meter Task, continued
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1.6 + ATTEN,
0.8 + STEP SIZE

R —y

i

VARY YIG

ATTEN. - STEP SIZE
- ATTEN
STEPSIZE+ 2
-+ STEP SIZE

ATTEN. + STEP SIZE
- ATTEN
STEP SIZE + 2
- STEP 512K

ATTEN + 01
-+ ATTEN,

STORE ATTEN

/

YiG +B0 MHz
- Y1G
TURN ON VCO

LE. YES

GATE
TIMING
COMPLEYE
?

¥

YES

LOOP
THROUGH
SUPERVISOR

AVERAGE
READING

!

ADD
POWER vs POWER
CORRECTION

[

ADD
POWER vs FREQ.
CORRECTION

THRESHOLD
?

ENABLE
CONVERTER
TASK

Figure 02-2. Power Meter Task, continued
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CALIBRATION
The power meter contains 680 correction factors, stored in PROM,

The 150 “power vs power™ correction fagtors compensate for variations from square law in the detector
and power meter circuits, They are divided into three tables. The first table corrects variations below
10 GHz. The second corrects variations between 10 and 20 GHz. The third corrects variations above
20 GHz.

The 540 "power vs frequency’” correction factors compensate for variations in the detector outiput at
different frequencies. *‘Power vs frequency'’ corrections cover 0-27 GHz every 50 MHz,

The power meter is calibrated at the factory using specialized automatic test equipment. Because of the
accuracy reguired, recalibration in the field is not recommended. If, however, recalibration is required,

use the procedures given herein.

The test equipment required for calibration is:

MFG MODEL DESCRIPTION CRITICAL PARAMETERS

H.P. 4354, FPower Meter Measures -30 to +15 dBm

Wavetek | 2002 Sweeper 960 MHz - 2 GHz

EIP 928 Microwave Source 1 GHz -18.6 GHz

Wiltron 6100 Microwave Sweeper 18 GHz - 26.5 GHz

E.H. PROM Programmer Programs T1 2616 PROMS
CAUTION

Be sure all connections are clean
and tight. Loose or dirty connections
will cause calibration errors,

1.  Duplicate the power meter PROM, zeroing ail corrections {address 0000-02B2 in the PROM}. Install
the uncorrected PROM in the counter.

2. Set the Wavetek to 2 GHz +1 MHz. Connect the Wavetek to band 3 of the counter, Adiust the output
until the counter reads -35 dBm.

3. Connect Wavetek to the power meter, Subtract the counter reading from the power meter reading.
Round the result (R1) to 0.1 dBm.

4.  Using the following formulas, justify the correction to a number between 10 and 20,
int (R{)-1=N{int{R) = Whole number portion of R}
10 (R -N} = CORR ¢
Convert CORR i {decimal) - CORR ¢ {hexidecimal)

{R 1 is the result of step 3.}
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5. Program the correction in these locations.
G000 - 0006 inclusive
8032 - 6037 inclusive
0064 - 0069 inclusive

5. Connect the Wavetek to the counter. increase power until the counter reads 1 dB higher,

7. Connect the Wavetek to the power meter, Subtract the counter reading from the power meter
reading. Round the result {Ro) to (.7 dBm,

o

Using the following formulas, calculate the correction.
10 {R2-N) = CORR 15
Convert CORR 19 -» CORR 44
(R 2 is the result of step 7, and N was found in step 4.}
9. Program the correction ir} the 3 addresses found by the following formulas.
40+ P=Add 1 o, Add 1 45 »Add 1 16
A0+ P+ 50 = Add 2 1, Add 2 10 - Add 2 16
40+ P+ 100= Add 3 10, Add 3 10 > Add 3 1¢
{P is the power the counter was set at in step 8.}
10. Repeat steps § through 9 until overload is reached on the counter.
11. Install the partially corrected PROM in the counter.
12. Set the Wavetek to 880 MHz, about-15dBm,

13. Measure the power on the counter and power meter. Subtract the counter reading from the power
meter reading. Round the resulis to 0.1 dBm. Multiply the results by 10 and convert to hex.

14. Program the correction in the address found by the following formula.
FREQ {(MHz) + 150 = Add |4
~ B0

Add ;o — Add 4

15. increase frequency by 50 MHz. Repeat steps 13 and 14, Adjust the sweepers as necessary, until the
upper frequency limit of the counter is reached,

Refer 1o section 9, pages 107-5 through 107.8, for parts list and schematic diagram. The counter
recalibration is now complete,

3
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02-8

2020197 -03/04 - H

Figure 02-3. Gate Generator Component Locator
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OPTIONS 03, 04, 05
TIME BASE OSCILLATORS

Three Time Base Oscillators are available as options for either the model b45A or 548A. These high stability
options enhance the accuracy of the counter by the addition of oven stabilized crystal oscillators. These
oscillators improve counter operation by reducing both time temperature variations.

When any ane of these options is installed, the TCXO is removed from the Gate Generator board {A107}
and the following components are added,

® One of three Oven Oscillators {A114) mounted on the chassis.

] 28 VDC Power Supply board (A112), assembly part number 2010226

@ Power Supply Transformer T1 {part number 4800006} mounted on A112.

2 Tirme Base Adjustment Pot J2 {part number 2010180} mounted on the rear panel.

@ Related interconnecting cable harnesses,

OPTION 03 OPTION 04 OPTION 0b
CHARACTERISTIC 2030010- M1 2030010 - 02 2030010 - 03
AGING RATE/24 HOURS <i5x%x 109 <]1x109| <! 5x10-10]
{After 72 hour warm-up)
SHORT TERM STABILITY
{1 second average) < 1x10"%rms <1x10-10 rms <1 x 1070 rmg
0° to + 50° C TEMPERA- <i6x 108 <|3x10-8) <13x10-8]
TURE STABILITY
+ 10% LINE VOLTAGE <{5x10-10] <]2x10-10} <|2x10-10]
CHANGE

Figure 03/04/05-1. Time Base Oscillator Option Specifications
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$101
POWER &
ON/OFF_

A112

OPTIGN
ASSYS

Al14
03/04/05

W13

| S
VOLTAGE
SELECT

" 10 MHz
INJOUT

Figure 03/04/05-2. Component Location, Time Base Option

A10G
COUNTER
INTERCONNECT
2020180

REAR
PANEL
2010219

J
FIN 1, 2,3

J2

| TIME BASE
ADJ POT
| ASSEMBLY

: 2010190

Figure 03/04/05-3. Time Base Option, Iaterconnection Diagram

L o TRANSFORMER | OVEN OSCIL oa0rrs
TRANSE ILLATOR 4017
! ST?RMER I POWER SUPPLY
Lo 2 4 A112
3 55
28V PIN DG, &
GATE GENERATOR | CABLE OVEN CABLE
ATG7 OSCILLATCR | 2040179
- = @———-i A114
IOTeX0 1y ~03/~04/or 05
Loy e J T 3
4183 03/4/5 - 2
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OVEN OSCILLATOR POWER SUPPLY

The Qven Oscillator Power Supply board (A112} is a simple 28V regulated, current limited power supply.
U1 and U2 provide voltage regulation, thermal protection and current limiting.

The transformer T1, CR1, C1 and €2 provide a 40V nominal unregulated DC voltage. The output voliage
is set by voliage divider RB, R3 and R4. These resistors were seiected so that 28V out provides 2.23V at
U2 pin 2 (to U2 pin 1). Diode CRZ protects the supply from being pulled more negative than ground.
See the schematic in figure 03/04/05-6,

The power supply {A112) is on and operating as long as the counter is connected 1o an active AC power
source. The counter's POWER ON/OFF switch on the front panel does not control this assembly.

2020186

Figure 03/04/05-4. QOven Oscillator Power Supply {A112) Component Location

4/83 03/4/5- 3
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CVEN OSCILLATOR CALIBRATION

When options 03, 04 or 05 are installed in the counter, the effects of temperature perturbations and aging
must still be considered, aithough the magnitude of the inaccuracies associated with each oscillator are
greatly reduced,

Full benefit of the oven stabilized oscillator characteristics can only be realized if the oscillator is running
continuously (with counter always connected to a source of AC power), Under these conditions the per-
turbations in frequency will generally be in the positive direction for either an increase or decrease in
temperature from + 25° C. The aging characteristic is also generally in the positive direction,

How frequently the oscillator is adjusted is determined by the level of accuracy required. To adjust the
oscillator to an inaccuracy of less than 1 X 10-2 parts, relative to a standard, use this procedure. The test
is iHustrated in figure 03/04/05 - 5.

Observe the drift of the oscilloscope pattern. The fractional frequency offset is computed from:

Tdrift of zero crossing N\ f

Tobservation time of drift f

If the pattern drifts, at a rate of .01 microsecond every 10 seconds, the frequency is in error by 1 part
in 109.

VERTICAL
INPUT .
- 0SCILLO-
COUNTER 10 MHz
OUTPUT SCOPE
\
ANTENNA EXTERNAL
Y TRIGGER
VLF 100 kHz QUTPUT | rREQUENCY
COMPARATOR[ STANDARD

OVEN CGSCILLATOR Al114

Figure 03/04/05-5, Time Base Calibration,
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All frequency checks and adjustments should be made only after the oscillator has been cennected to its
power source for 24 hours. If the oscillator has been disconnected from its power source for more than
24 hours it may require 72 hours of continuous operation to achieve the specified frequency aging rate.

To measure osciliator frequency:

1, Connect the counter’s internal oscillator output signal from the 10 MHz IN/OUT connector {on the
rear panel of the counter) to the vertical input of the oscilloscope.

2. Trigger oscilloscope externally with the frequency standard. The VLF Comparator is used to determine
the absolute frequency of the standard.

3. Set oscilloscope sweep rate to 0.1 u sec/cm and expand X10; this resulis in a sweep rate of .01 u
sec/ocm,

4, Adjust oscilloscope vertical controls for maximum gain.

5. Determine the frequency difference (see page 6-24).

8. Horizontal drift of oscilloscope display in U sec/sec, is a measure of the difference between the fre-
quency standard and the counter oscillator frequency. If the difference is excessive for the desired
counter application, vary the TIME BASE ADJUST control on the rear panel of the counter until
the pattern stops drifting.

NOTE

For highest accuracy, the counter should be operated
for 72 hours prior to adjustment.

OPTION 03/04/05 - TIME BASE OSCILLATOR PCB ASSYs 2020186 - A
REE ep | UNITS TYP
DES DESCRIFTION NO PER TYP MFG NO. FSCM

: ASSY NO,
AT12 QSCILLATOR POWER SUPPLY 20201886 1 EIP
C1  [Elec, 680 uF, 40V 2200021 2 J07INFERIT0408 80031
c2 Cct
C3  [Tant, 10 uF, 25V 2300029 2 DF106M25S NEC
C4 |C3
CR1 |Bridge Rectifier 2700019 1 SBMB1 14049
CR2 | Rectifier 2704001 1 INADOY
R1 Met Ox, 3.3K, 2% 4130332 1 C4/2%13.3K 245486
R2 |Met Ox, 2K, 2% 4130202 1 CA[2%/2K 245646
R3 | Met Ox, 560, 2% 4130561 1 C4/2%/560 24546
R4 Variable, Cer, 500, 10% 4250614 i T2XR5B00 72138
RS | Met Ox, 3.6K, 2% 4130362 1 C4/2%/3.6K 24548
U1 Positive Voltage Reguiator 3040786 1 uATEMGUIC 072863
L2 Negative Voltage Regulator 3040790 1 uATSMGUIC 07263
483

03/4/5 - 5
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OPTION 06

EXTENDED FREQUENCY CAPABILITY

The frequency range extension option is available on the B48A counter. This option, when used with the
mode! 590 Freguency Extension Cable kit and one of the optional remote sensors, enables the counter

to count signais above 26.5 GHz. The option consists of:

& & ® @

SPECIFICATIONS

Band 4 Converter Module, A204

Band 4 Software

Coax Cable, Front panel to A204 J1 - P/N 2040232
Coax Cable, Front panel to A204 J2 - P/N 2040231

BAND | FREQUENCY RANGE | SENSITIVITY | MAX. INPUT | REMOTE SENSOR MODEL
(TYPICAL)
a1 26.5-40 GHz { Z5d8mtyp. +5 dBm g1
a2 40-60 GHz 25 dBm +5 dBm 92
43 6090 Giz -25 dBm +5 dBm 93
as $0-110 GHz .25 dBm +5 dBm 94
OPERATION

To operate the counter in the 26.5 - 40 range, connect the short cable (supplied with the frequency ex-
tension kit) from the lower output jack on the front panel, to the Band 3 input. Connect the long cable
from the upper outjack 1o the remote sensor,

PRESS:

PRESS:

PRESS:

=
>
=
o

EREn

The counter is now in the proper mode for operation.

BAND annunciator blinks

BAND 4 annunciator blinks

BAND 4 annunciator lights stays on

NOTE: Before connecting the remote sensor to the frequency source, verify that the power level is within
the limits specified for the sensor. When you connect the sensor the counter will automatically display

the reading.
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THEORY OF OPERATION — HARDWARE

When measuring a signal frequency greater than 26.5 GHz the 548A using the Option 08 Frequency Exten-
sion with a model 590 kit and a 91 remote sensor, down converts the input to approximately 1.0 GHz. This
signal is then fed to the Band 3 input, where a second conversion produces a 125 MHz IF.

A multiplier chain increases the VCO output frequency to the 5.28-8 GHz range, which is referenced to
the time base. See Figure 06-1. This signal providas the [ocal oscillator {LO) power, which is transmitted
to the remote sensor, an external harmonic mixer. When the input frequency and harmonics of the LO,
{generated in the mixer} combine, a first iF is generated in the rangs of 1.00-1.35 GHz.

A diplexer separates the LO and IF signals received from the harmonic mixer. The level of the IF is then
increased to a minimum of ~25 dBm via the IF amplifier, then supplied to the Band 3 converter input.

89X REMOTE SENSOR
v a1
BAND 2 INPUT 3113
12
o
1.80 - 1.35GH .
o e f O] oiprexen | MFLITIER.
RE e 5.28 . 6.0GHz ' . z
| *‘ 5.28- 6.0GHz2
{NOT PART OF OPTION 08) X4
FRONT %3
PANEL
POWER
AMPLIFIER
VCO
WPUT% 440 - 500MHz

Figure 06-1. Fregquency Extension Block Disgram
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THECRY OF OPERATION — SOFTWARE

Band 4 acquires a signal by using a double conversion process, The microprocessor has controt over the YiG
filter and the VCO, thus making it possible to compute the approximeate RF input signal, and down-convert
the 1F signal so it can be counted,

DACIYIG
I >
\}/ {125 Mz + 10 MHz)

coms
GENERATOR
X2 OUTPUT
UsED)

" % i
Yo PHASE LOCK
i PORT H CIRCUITRY veo

Figure 06-2. Down-conversion of Band 4 Signat

11-1.35 GHz}

The following equations characterize this process,
RF INPUT =12 N Fycpo ist IF
st IF=2Fyco+2nd IF

therefore:
caleulated ———— r{F counted
RF INPUT = FyC0 (12N £2) £2nd IF
o

Controlied by Processor Sign depends on hi/low side mixing
to produce 1st iF.

Where N = the harmonic number which is mixing with the RF to produce the first {F.

There are two main functions that the Band 4 program performs. It locks on 1o an incoming RF signal,
and tracks an RF signal once it is locked.

The locking routine is catled by the supervisor when any of the following conditions are met.

1. Selection of Band 4
2. Loss of IF threshold after being locked
3. Any reset condition

The tracking routine is used under the following two conditions.
1. After locking, the tracking routine is used to "fine tune” the locked signal.

2. When the RF signal is moving, the tracking routine is used to give a
constant update of corrected parameters so that the YIG filter and VCO
can stay tocked onto the signal.
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(TR — — e o e e e

BAND 4 TRACKING
ROUTINE:

CALLED FROM
FREQUENCY SAMPLE
TASK WHEN

115MHz < IF < 135MH2

4/83

CALLED WHEN ENTERING
BAND 4, {f THRESHOLD LOSS,
OR RESET CONDITHOMN.

f

INITIALIZE
ROUTINE

!

veo
SWEEP
RCUTINE

SIGNAL
PRESENT

N
° EXIT R U — -

CENTERING AND
HARMONIC NUMBER
DETERMINATION

SUPERVISCR
CONTROL

NO

CALCULATION

ROUTINE £X1T e o]

SEY VCO
B YIG
ON SIGNAL

NO

IF
THRESHOLD

SHALLOW
SEARCH
ROUTINE

YES YES

BAND 4 TRACK
ROUTINE
FINE TUNE

k

5

!

E

5

!

I

!

3

|

|
VGO AND Y16 |
A

Figure 06-3. Band 4 Program, Flow Diagram
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The process by which the program locks onto an RF signal is defined in the next six sections. Refer to
Figure 06-3.

INITIALIZATION — The working table (BANDTP} for band 4 is cleared and the appropriate table of
constants, used by the program for the particular Band 4 that has been selected, are loaded from PROM in
this area. BANDTP is an area in RAM that is 27 bytes long.

VCO SWEEP — This routine steps the VCO frequency by a step size stored in BANDTP. After each step,
the VCO frequency is checked for three stop points,

1. Top VCO freguency limit {500 MHz)
2. Wraparound frequency
3. Lockout frequency

If the top VCO frequency has been reached and no signa! has been found, the program will return to the
supervisor, i the top frequency is reached, and a signal has been detected, then the VCO is set to its low
limit and the bottom range is searched until the wraparound frequency is reached.

1¥ the wraparound frequency has been reached {the frequency at which the last VCO frequency has pro-
duced the strongest IF frequency), then the program will stay at this frequency, and will perform the cen-
tering and harmonic number determination routines.

If a lockout frequency (a VCO frequency at which erroneous locking results) is detected, the VCO fre-
quency will be incremented by:

13 * STEP SIZE = NEW VCO FREQUENCY
and the program wilt continue from this frequency.

After each VCO step the YIG filter is swept to see if a signal.is detected by the power DAC attenuator, If
a signal was detectad, the Y1G is swept back and forth, and the attenuation is increased until the signal is
lost. At this point a new VCO frequency is stepped and the process of signal detection continues, thus
leaving the power DAC at the last setting 1o detect the next highest signal.

CENTERING AND HARMONIC NUMBER DETERMINATION — This routine will determine the har-
monic number of the VCO which is causing the mix product to be in the proper range. (Refer to Figure
06-4}.

First we obtain the proper step size for the calculation of the harmonic number (N}, After the VCO sweep
routine is complete and the VCO frequency is set, the incoming signal is mixed with a harmonic of the
VCO frequency to produce a signal in a predetermined passband region. This signal is stepped to the outer
edge of the passhand {* step depending on whether the signat is high or low side mixed} by the following
process.

Increment the VCO
Power level the IF signal
Center on the signal
Test for band limits

BN

These steps are repeated until the edge of the passband is reached.
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Harmonic input Frequency Ranges
Mumber High Side Mixing Low Side Mixing
N {MiHz} (M=)
3 25,398 — 28,875 27,405 - 31,125
6 30675 — 34,875 32,685 — 37,126
7 35,055 — 40,875 37,865 — 43,1256
8 41,235 — 46,875 43,245 - 48,125
9 46,515 — 56,875 48,525 — 55125
10 51,795 — 58,875 53,805 - &1,125
11 57,076 — 64,875 59,085 - 87,125
12 62,355 — 70,875 64,365 — 73,125
13 67,635 ~ 76,875 69,645 - 78,125
14 72915 — 82,875 74,925 - B85 125
15 78,195 — 88,875 80,205 — 91,126
16 83,475 — 94,875 85485 — 97,125
17 88,755 - 100,875 90,765 - 103,125
18 ! 94,035 — 106,875 96,045 — 109,126
18 99,135 — 112 875 101,325~ 116,125

Figure 06-4. Harmonic Mixing Ranges

Next the VCO is stepped back into the passband and a new centering takes place. This second center fre-
quency is stored for later calculation of the harmonic number, Next the signal is stepped to the edge of the
passband position it had just left, and it is centered. This center frequency is now compared to the first
edge of the passband center frequency, and must be within 8 MHz, If it is not within 8 MHz it will be

assumed that the signal is moving, and the Band 4 program is exited,

The IF frequency step size, caused by the VCO frequency step, is used to determine the harmonic number
by the following equation.

A TF FREQ. DU.E TO VCO STEP _
HARMONIC SPACING

HARMONIC #{N}

Where harmonic spacing = VCO step size X 12

CALCULATION ROUTINE — The calculation routine is used to find the approximate RF frequency Fin
in the following manner,

1. Compute F' = 12N~ Fvco

Center the Y1G filter on the first IF

Convert the binary YIG frequency to BCD

. Compute FtN =F'+ FYIG (where FYIG gives the approximate value for
the firsy 1F).

5. Compute a corrected VCO frequency using the équation:

Fyco = (F iy $125) / (12N 2)

»woN

Then tune the VCO with the corrected frequency and centsr the first |F freauency in the vig passband.

SHALLOW SEARCH — This routine tests for a signat in the IF passhand, If a signal is present, the routine
is exited. If a signal is not present, the routine will search an RF range of +680 MHz {in steps of 200 kHz},
for the signal, and continues if a signal is found. If a signat is not found, the Band 4 program returms control
1o the supervisor.
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BAND 4 TRACKING — The tracking routine centers the second I in the following range.
116 MHz <2nd IF SIGNAL <135 MHz

This routine is catled from outside of the Band 4 program to track a signal. A test is first made to determine
if an IF threshold is present. if IF threshold is present it continues, if not the program returns to the super-
visor o start the locking process from the beginning.

This routine reads the second IF frequency and computes the new VCO frequency so that the second IF is
in the range given above. A new YIG frequency is calculated and the VCO and YI1G are ""tuned” to produce
a new IF. A new FLO {frequency added to the second IF to prodiics the displayed frequency), is calculated.
The equation for this process is:

The YIG frequency is: NEW FY!G =2 {(NEW VCO} + 125 MHz,

PERFORMANCE TESTS

The Band 4 converter module is not field repairable. When a malfunction is suspected, its operation can be
checked from the front panel as foliows:

IF AMPLIFIER Apply a -B0 dBm signal to the diplexer port {upper output jack} from 1.0 to 1.35
GHz, Qutput should be greater than -13 dBm as checked on a spectrum analyzer
connected to the IF cutput {lower jack).

LO SIGNAL Connect a spectrum analyzer o the diplexer port {upper output jack), Using the fol-
lowing formutla, set the VCO frequency between 440 and 500 MHz. The spectrum
analyzer should show the 12th harmonic of the VCO frequency (5.28-8 GHz). The
spectrum analyzer signal should be +8 dBm minimum, and free of breakup and spuri-
ous signals to -30 dBc.

To convert from the desired VCO frequency o the PIA program number:

EXAMPLE {440.75 MHz)

1. Round the desired frequency to a multipie of 50 KHz
{The resolution of the VCO frequency is 80 KHz).

2, Multiply the desired frequency {in MHz} by 5 .. ... ... 440.75 X 5= 2203.75
3. If the resuit contains no fractional part, go to step 8.
4. Multipty only the fractionalpartby 16 . . . . ... .. . o .o .. T x 16= 12

B, Add the result to-the most significant digit from
SEBD 2 L L e e MSD of 2203.756=2 -2+ 12= 14

8. Convert the result to hexadecimal , . ... . ... .. .. .. ... ... 1430 = E16

7. Replace the MSED from step 2 with the result from
step B and drop the fractional part . . ... .. ... e, 2203.75 - E203

8. The two most significant digits are programmed to address 9822, and the two
least significant digits are programnmed to address 3820,
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To remove a defective converter:

Remove the line cord and both the top and bottom cover of the counter,
Remove the two screws holding the converter in piace from the bottom,
Remove coaxial cables and unplug DC harness.

Lift the converter out of the counter.

bl

To repiace, proceed in the reverse order. See Figure 06-5 for location of the converter in the counter,

3 'V e v Y foste e
67 (a7 F el o6
e e (4] T i

i

! £
| ;
I H
[ BAND 3 COMNVERTER AssY |
BOIOIZT, REE ﬁ
[ TEA(- SRIDZ4B <h
BEE

(1) Band 4 Converter - 2010229
(@ Cable (FP to A204J1) — 2040232-01
Cabte (FP to A204J2) — 2040231-01

Figure 06-5. Location of Installed Band 4 Converter {A204})
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OPTION 07
REMOTE PROGRAMMING/BCD OUTPUT

This option makes it possible to use a conventional printer or other readout device, and remotely program
the functions that are normally done on the front panel of the counter.

SPECIFICATIONS
BCD QUTPUT
FORMAT 11 digits plus sign in parallel
“0'" STATE 0.4 Volts at 4mA
1T STATE 2.7 Volts at -400uA
NEGATIVE REF. Ground
POSITIVE REF. +5 Volts at 2K £2 Source Impedance
PRINT COMMAND 20 us wide TTL Low level logic signal
INHIBIT INPUT 2 to B0 Voits High level iogic signal
REMOTE PROGRAMMING
INPUT LOADING 1 jow power ShottkeyTTL load plus 10K pult up to +b Volts
FUNCTIONS All front panel controls except: Power ON/OFF, Sampie rate, Clear Dis-
play, and test functions greater than 01.
OUTPUT LEVEL Refer to 0" State and 1" State for BCD.
OPERATION
BCD QUTPUT

This binary-coded decimal {(BCD) output {plus sign information) represents any numerical data that would
normally be displayed by the eleven digits on the front panel of the counter, When the information being
displayed represents the frequency alone the minus sign refers to the frequency. When the information
heing dispiayved represents frequency and power the minus sign refers to the power.

A 20 microsecond print command is provided to indicate when the data is valid. An inhibit command is
provided that will prevent the data from being altered.

BCD QUTPUT PIN CONNECTIONS

PIN FUNCTION PN FUNCTION PIN FUNCTION PIN FUNCTION

1 G A 16 108 B 31 163 D 46 100 ¢

2 10! B 17 107 A 32 104 € 47 . 10% B

3 102 A 18 i0° 8 a3 104 D 48 Print Command

4 102 B 18 1010 A 34 105 C 49 Minus Sign

5 103 A 20 10108 a5 105 D B0 Ground

& 190 2 o R A

EY

8 104 8 gg 1?;3 33 §g; 8 NOTE

18 nsh 25 TRef. bt 108 & The 100 bit is the least significant digit,
and corresponds 1o the 1 Hz cutput,

PR 1 T -
A, B, C, and D are the 1, Z, 4, and B bits

13 107 A 28 102 C 43 16% D RS P

1% 107 B 28 102 D a4 1910 C g:‘ iteaCh binary coded decimal output

15 108 A 30 103 ¢ 45 1010 3 it

4/83
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FEMOTE PROGRAMMING

All front panel functions can be remotely programmed except the Power on/off, Sample Rate, Clear
Display, and test functions greater than 01. All the inputs are activated by a ground contact closure, or a
“9" levet TTL signal {0 = true). The input load is equal to one low power shottkey TTL lcadplus a 10 KQ
pullup to +5 voits.

CONTROL LINE FUNCTIONS

REMOTE ENABLE — A low level con this line transfers counter control from the front panel keyboard to
the rear panel remeote programming connector,

INPUT DATA — A low level on this line initiates a data read cycle to read the function/program data con-
tained on the 22 data input Hnes, If this line is held low the counter will continuously poll the input data.

DATA ACCEPTED — This signal is output from the counter to the controtler. The line goes high when data
is being read by the counter, and goes low upon completion of a data read cycle.

PROGRAM DATA — A low level on this line indicates that the 22 data lines will be interpreted as program
data. A high level on this line indicates that these lines will be interpreted as function data,

DATA LINE FUNCTIONS

RESET COUNTER - A low level on this line will reset the counter and initiate a new search for a vaiid
signal.

UPDATE READING — A low level on this line will cause the counter ta take a new reading, update the
front panel display, and update the BCD output.

BAND SELECT {3 lines} — These lines select the band, or Test 01, in accordance with the following:

C B A BAND
0 0 0 Test 01
0 a 1 Band 1
o 1 ] Bang 2
0 1 1 Band 3
1 0 0 Band 4.1%
1 0 1 Band 4.2%
1 1 0 Band 4,3
1 1 1 Band 4.4%

*In counters that do not have Option 6, the C bit does not apply.

4/83 g7-2
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RESOLUTION (4 iines) — These lines program the remote resolution. A four digit BCD number {G through
9) will indicate the number of digits that are blanked.

BAC SELECT (4 lines} — These lines select the most significant digit of the DAC option {01), when itis
installed in the counter. A hexadecimal number {1 to B} will select digit 1 to 11 as the MSD of the 3 digits
output to the DAC. Any other digit disables the DAC option.

HOLD MODE — A low level on this line will place the counter in the hold mode (data not updated until
the counter is reset).

FAST CYCLE — A low tevel on this line will place the counter in the fast cycle mode {no display time).

POWER METER — A low level on this line will enable the power meter on counters with Option Q2.

VIEW FUNCTION LINES (b lines) — A low level on one of these lines wil cause the counter to display the
indicated function on the front pane! and the BCD output. If more than one line is enabled at a time, the
counter will display the first one found in the following order,

DAC Select
Frequency Limit Low
Frequency Limit High
Frequenty Offset
Power Offset

L o

PROGRAM LINE FUNCTIONS

PROGRAM SELECT {2 lines) — These two lines select one of four functions to be programmed by the
program data in accordance with the following.

SELSCT 3’; FUNCTION PROGRAMMED
4] 0 Frequency limit low
0 1 Freauency limit high
1 ¢] Frequency Offset
i 1 Power Offset

MINUS SIGN — When this tine is tow the four digits of programming data are interpreted as a negative
number,

EXPONENT (3 lines) — These three lines are interpreted as a BCD number {0 to 7). This number is the
i, power of 10 that is to be multiplied, times the four digits of data (data X 10%). This multiplier is used for
all frequency input data, and is ignored for the power input data.

DIGIT 1 TO DIGIT IV {4 lines each}) — These are four BCD digits that represent the input data. Digit 1 is
the MSD and Digit 1V is the LSD. For power input, a decimal point is located between Digit il and Digit
HI, and Digit IV is not used.
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5580021

DATA ENTRY

Preceeding any data entry sequence, the counter must be placed in the remote mode {remote enable line
low). Once in remaote mode, the input data line is brought low 1o initiate a data read sequence. The data
read is normally function data. When the program data line is brought low, the data read will be interpreted
as program data. The data accept line wili go high to indicate that the data has been latched in, and will
remain high while the counter processes this data.

Figure D7-1 shows the data entry timing sequence, The input data line debounce time {1} is typically 16 to
18 ms. Data is latched into the counter 48 us before the data accept Hine goes high (2). As soon as the data
accept line goes high, all data {except remote enable) can be removed. The data accept line stays high while
the counter processes the input data. This process is data dependent, and can take from 1 to 140 ms (3). To
preventi the counter from setting the poll mode, the input data line must go high within 100 us after the
data accept line goes low {4}, if poll mode is set, the next data read cycie will occur between 0 and 100 ms
after the high to low transition of the data accept line. After this first data read cycle, all subsequent data
read cycles will occur at 100 ms intervals.

INPUT BATA

©

DATA ACCEPTED t

Figure 07-1, Data Entry Timing

DATA ENTRY EXAMPLE

The following example remotely programs the counter to be in Band 3 with T kHz resolution, and a -160
MHz frequency offset.
Put counter in remote mode by bringing the remote enable line low.
2.  Set the program data to be entered by bringing the program data line low.
a. Setdigitli=1
Set digit 2=6
Set digit 3=0
Set digit 4=0
b, Set the exponent =5 {1600 x 10°%)
c. Set program select A=0, B=1 {frequency offset}
d. Set minus sign low {negative offset}

3. Enter program data by bringing the input data line fow until the data accept line goes high.

4, Set the remote function data.
a.  Return all lines high except the remote enable line.
b. Set the resolution A and B lines low (resolution 3).
¢. Set the Band select C line tow {Band 3}.

NOTE: Counters that do not have Option 06 {Band 4} will set Band 3, even with the select line C high.

5. Enter function data by bringing the input data line low until the data accept line goes high.
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REMOTE PROGRAMMING PIN CONNECTIONS

PIN FUNCTION DATA PROGRAM DATA
-5 BCD Data {Do not use these pins}
6-12 Ground
13 DAC Select A Digit I A
14 DAC Select B Digitil B
1b DAC Select C Digit Il C
16 DAC Select b Digith D
17 Resolution A Digitt A
18 Resolution B Digit1 B
19 Resolution C Pigitl C
20 Resolution D Pigitl D
21-24 No connection
25 Program Data ) Program Data )}
26 Remote Enable ) Control Lines Remote Enable ) Control Lines
27 Input Data ) Input Data )
28 Data Accepted } Data Accepted }
29 View Power Offset Digit IV A
30 View Frequency Offset Digit IV B
31 View Frequency Limit High Digit IV C
32 View Frequency Limit Low Digit v D
33 View DAC Select Digit H1 A
34 Power Meter Enable Digit 1l B
35 Fast Cycle Mode Digit 11! C
36 Hold Mode Digittl D
37 Ground Ground
38-44 No connection
45 Band Select A Exponent A
46 Band Select B Exponent B
47 Band Select C Exponent C
48 {No functionj Minus Sign
49 Update Reading Program Select A
50 Reset Counter Program Select B

4/83
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THEORY OF OPERATICN

The BCD/REMOTE programming board takes data from the display and formats it as parallel data output
for the rear panel. It also receives counter control and programming information from the 28 line input on
the rear panel to provide for remote control of the counter,

BCD THEORY OF OPERATION

During each update cycle, the eounter checks for the existence of the BCR/RMT board. I the board exists,
the program checks the state of the inhibit input. If the inhibit input is true (+2 to +50V on the input), the
program jumps past the BCD output but the counter continues to update the display. I the input is low,
the program scans through each of the 17 digits {L.SB to MSB), Each digit is checked, and any non-numeri-
cal digit is replaced by a zero. The resuiting BCD digit is then sent to U2 through 4 bits of port B of the PIA
{U14). After each digit is made available to U2, 4 clock pulses (RCD Clock) are sent to U2 {through U7} to
shift alt the data in the shift registers to the right by 4 bits {1 digit}. At the end of these data shift puises, a
BCD load puise enters the new data into U2, When the Jast digit (MSB) is entered into U2, the sign bitis
simultaneousty entered into U1. After atl the data has been entered into the shift register, the program
sends out a 20 microsecond print command.

REMOTE PRCGRAMMING THEORY OF OPERATION

When the remoite enable fine is high, none of the other remote programming lines can effect the counter.
When the remote enable line is brought fow, the counter changes from local to remote operating conditions
and switches control for the counter from the front panel keyboard to the rear panel remote programming
connector, When in the remote mode, the counter waits for an input from the INPUT DATA request fine.
When the input data line is brought low, the data direction control line is sent low 1o put U8 in the low
impedance buffer mode, The RMT LOAD line is then toggled 1o load all remote input data into the input
registers {(U8-U12}. The counter then changes the data accepted output from a low to a high to indicate
that the data has been read, The 8 bits of data into U14 {from UB and U10}, are read by the microprocessor.
Groups of 4 clock pulses are then sent out {on the RMT CLOCK line}, to shift the input data into U10
where the data is read by the microprocessor through U14. When all the data has been read, the data direc-
tion control line is returned to a high fevel, and the data accept line is returned to low, indicating the data
has been accepted by the counter,

When the INPUT DATA line is held low, the counter sets a flag and returns to read the input data at ap-
proximately 100 millisecond intervals. This continues until the INPUT DATA line is returned to high, at
which time the counter returns to the condition where it is waiting for a high to low transition on the IN-
PUT DATA line,

When the remote enable line is returned to the high state {local mode)}, the counter exercises a clear dispiay
function and then returns to the (previous} local mode condition.

4/83
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DATA DIRECTION CONTROL

CAZ
TRI
PORT B /8 @] STATE | g
/ BUFFER
4 8
PIA /! At //
- RAMT LOAD
. RMT CLOCK \
e i ¥
24 BIT PAR IN /8 BIT PAR OUT
BCD LOAD SHIFT REGISTER
. BCDCLOCK  \
-4
b oo
o
o -
0. Y
CB 2
¥ ¥ ¢ ¥ o w
w 2
1 BIT 5o 2
4 BIT PAR IN 44 W &
o
- LATCH BIT PAR OUT SHIFT S| o w
o H < 5 9 S
iz z g 2l % @ 8
a8 5 = al ¥ = / 24
@ oy 44 /
& Y ¥ 4 4 A
[N ¥ 1,
v v
47 LINES BCD OUTPUT 27 LINES RMT PGM OUTPUT

Figure 07-2. Remaote Programming/BCD Output Simplified Block Diagram
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OPTION 07 - REMOTE PROGRAMMING / BCD QUTPUT 2010231 - A
DES DESCRIPTION NO PER TYP MFG NO. FS5CM
) ASSY NO.

07 REMOTE PROGRAMMING / BCD , PCB 2020132 EIP 34257
-1 Bail Mount Kit 5000196 1 34751 76381
-2 Cable, Flat Ribbon (to A100 J2, J3) 2040176-01 2
-3 PCB Assy, A102 A 2020132 1 EIP
1 Tant, 33ufF, 10%, 10V 2300015 1 TAG-20-33/10-50 14433
c2
thru
ChE Cer, .01uF, 20%, 100V 2150003 4 TAG-510 56289
Q1 Transistor, NPN 470440 1 2N4401 04713
R1 Comp, 1K,6%, %W 4010102 1 RCO7GF102d 81349
RrR2 Cotnp, 5.6K, 5%, & W 4010562 4 RCO7GFb62) 81349
R3 Comp, 10K, 5%, 1/8W 4010103 1 RCO7GF103J 81349
R4 R2
R5 Comp, 2.7K, 5%, % W 4010272 2 RCO7GF2724 81349
373 R5
R7 R2
R8 RZ
RN1
thru
RN3 Network, 10 pin, 10K, + 2%, 1.25W 4170003 3 4310R-101-103 32997
TP1
thru
TP11 | .040 Dia. Conn. Pin 2620032 11 460-2970-02-03 71279
U1 4 bit Shift Register 3084195 4 SN74LS195AN 01285
U2 Ut
U3
thru
u7 8 Bit Paraliel QUT Register 3074164 5 DM74164 01285
us U1
ug Line Driver/Octal Buffer inverter 3084244 1 SN741L5244N 01295
uto U1
U1t 8 bit Shift Register 3084166 2 " SN74LS166N 01295
Uiz U1
ui3 Hex Inverter/Schmitt Trig. 3087414 1 SM74LS14N 01295
U4 P.LA. 3086821 1 MC6821 04713

A105
uie PROM Set 2060002-05 ]
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5580021

OPTION 08
GENERAL PURPOSE INTERFACE BUS

Option 08 makes 545A/548A microwave counters fuily compatible with the General Purpose Interface Bus
{GPIB). With this option the counter can respond to remote control instructions and can output measure-
ment results via the IEEE 488-1878 Bus interface. At the simplest level the counter can output data to
other devices such as the HP 5150A Thermal Printer. In more sophisticated systems a calculator or other
system controlier can remotely program the counter, trigger measurements, and read results. Of course, a
calculator or computer adds other benefits to a GPIB based measurement system. The calculator can
manipulate data to compute the mean and standard deviation, check for linearity, and compare restlts to
iimits, or perform many other functions.

GPIB FUNCTIONS IMPLEMENTED
The GPIB interface function subsets implemented are:

SHT complete capability

AH1 complete capability

Th basic talker, serial poll, Tatk Only mode, unaddress if MLA
1.3 basic listener, Listen Only mode, unaddress if MTA

SR1  compiete capability

RL1 complete capability

DC1  complete capability

DT1  complete capability

NOTE

When DEVICE CLEAR or SELECTED DEVICE CLEAR GPiB bus
command is received, the counter will revert to the power on state.
When DEVICE TRIGGER GPIB bus command is received, the counter
will initiate a new frequency reading cycte. The converter will not
be reset. When counter is in REMOTE the RESET key, on the front
panel keyboard, acts as the RETURN to LOCAL key.

SETTING ADDRESS SWITCH

The counter employs & decimal address switch located inside the unit. This is set for decimal address 19
at the factory. To verify the switch setting without removing the top of the counter, simply initiate test 10;
enter 904 and read the address on the display. A description of test 10 can be found on page 6-7. After
reading the address, terminate the test by pushing the clear display key.

The address switch is also used to put the counter in the Talk Only {to) or Listen Only {lo) mode. To put
the counter in the Listen Only mode simply set the addrass switch to any number 41 or higher,
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The counter can be put in four different modes of operation in the Tatk Only mode, The following is a list
of the address settings for entering these modes.

ADDRESS MODE OF OPERATION
32 Continvous ocutput determined by SAMPLE RATE control. Exponent in scientific format.
33 Continuous output - fast active. SAMPLE RATE control inactive. Exponent in scientific
format.
34 Continuous output determined by SAMPLE RATE control. Exponent in zero output format,
35 Continuous output - fast active. SAMPLE RATE control inactive. Exponent in zero output
format.
NOTE

In the Talk Only or the Listen Only mode, the address of the counter is

always automatically set to decimal 0.
DEVICE DEPENDENT DATA INPUT
It takes a specific amount of time for the counter to process the input data {error checking, formatting,
changing the mode of operation, etc.). To prevent the data rate of the bus from slowing down while the
counter is doing input data processing, the data is accepted as soon as it is available on the bus, and it
is temporarily stored in memory. The size of the storage memory is 100 characters.
The users of the GPIB option need to be aware that there is a difference between accepting data and
complying with it. If the counter is asked to output a reading before it has finished processing the input
data, the output will be in error if the operator makes the assumption that the counter is in the mode
that was just programmed, To prevent this, sufficient programmed delays must be provided, or use must
be made of the counter’s Service Request status byte. See Service Request (SR} command description.
GPIB INSTRUCTION FORMAT

<OP CODE> <NUMBER> <TERMINATOR>

OPERATION CODE or OP CODE c¢an take any of the following formats:

<LETTER> <LETTER> or <LETTER> <DIGIT>

Example: FH {Frequency limit high} or B3 {band 3}
The NUMBER portion of the statement can take the form of any of the following:

<SIGN> <DIGIT STRING>

Example: —2457

<SIGN> <DIGIT STRING> - <DIGIT STRING>

Example: -3.483

NOTE: Spaces within the <OP CODE> and <NUMBER> portions of the instructions are always ignored.
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The TERMINATOR allows the operator to choose the scale of an input number as well as implement
special functions.

TERMINATOR = G/M/K/H/D/P/C
G, M, K, H, represent GHz, MHz, kHz and Hz respectively

D = dB, P = clear data, {equivalent to “"clear data’” key on keyboard)

C = clear display {equivalent to “clear display” key on keyboard}
FORMAL DEFINITION OF INSTRUCTIONS

<OP CODE> <NUMBER> <TERMINATOR>>

<OP CODE> 1= <LETTER> <LETTER> | <LETTER> <DIGIT>

<NUMBER> ;= <SIGN> <DIGIT STRING> |
<SIGN> <DIGIT STRING> - <DiGIT STRING> |
NULL

<TERMINATOR> !!= GIMIKIH|DIP|C|NULL
<SIGN> 1=+ |~ [NULL
<DIGIT STRING> I <DIGIT> <DIGIT> <DIGIT>-------

<LETTER> &i= A|B|CIDIE|F|GIH[I]JIKILIM|N]|
OIPIQIRISITIVIVIWIXIY]|Z

<DIGIT> 0= 1]2]3]4|5i6(|7|8]9|0
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PROGRAM CODE SET

Codes underlined indicate start-up conditions. These conditions are set by the device clear or selected
device clear, or power on.

DISPLAY

DA — Display Active: Output Frequency Reading te Front Panel and Bus
DP — Display Passive: Gutput Frequency Reading to Bus only
DN —  Display Mormal

BAND

B1 Band 1: 10Hz - 100MHz

B2 — Band 2: 10MHz - 1GHz

B3 -~ Band 3: 1GHz - 18GHz {Model 54BA} / 26.6GHz {Model b48A)
B4 — Band4: {(Model 548A / Option 06}

RESOLUTION

B0 — Resolution 0= 1Hz

R1 — Resolution 1 = 10Hz
R2 — Resolution 2 = 100Hz
R3 — Resolution 3 = 1KHz
R4 - Resolution 4 = 10KHz
R5 — Resolution 5 = 100KHz
RE -~ Resolution 6 = tMHz
R7 — Resolution 7 = 10MHz
R8 -~ Resolution 8 = 100MHz
R8 — Resolution 9= 1GHz

MEASUREMENT FUNCTIONS

FA —  Fast Active {Ignore sample rate Pot)
FP — Fast Passive {Terminates FA)
RS - Reset Basic Counter and Converter. Take a new reading after reset.

HA — Hold Active
HP — Hold Passive

DATA MANIPULATION FUNCTIONS

FO - Freguency Offset. Take a new reading after data entry if counter not in hold,
PO — Power Offset. Take a new reading after data entry if counter not in hold.
*OA — Offset Active:
—Add Frequency Offset to Frequency Reading
—Add Power Offset to Power Reading it Power Meter Function is active
OP —  (Offset Passive {Terminates OA)
ML Multiptier. Multiplies frequency readings by an integer number,

*In Start-up Condition, although OA is Active, 0" (zero) Freguency and Power Offsets are
programimed.
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POWER METER

PA — Power Meter Option Active. Initiate a new gate.
PP — Power Meter Option Passive {Terminates PA}

*MEASUREMENT PARAMETERS

FH — Freguency Limit High. Basic counter and converter will be reset after data entry.
FL —  Freguency Limit Low. Basic counter and converter will be reset after data entry,

SELF-TEST FUNCTIONS

TA —  Test Active.
TP — Test Passive. (clear test function}

DATA FORMAT

EZ — Exponent Zero
ES - Exponent Scientific
DATA GUTPUT
BR -~ Qutput both frequency and power readings
FR —  Qutput frequency readings only
PR — Output power readings only

SERVICE REQUEST

SR — Service request enable

PAC OPTION

DT —  Select DAC option

*Measurement parameters: Standard Software
Limits of 950MHz (LOW) and 18.5GHz (HIGH) (27GHz for Model b48A) are featured in
each counter at turn on.
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DESCRIPTION OF AVAILABLE COMMARNDS

DISPLAY

DA - Display Active - Qutputs readings to both front bane! and GPIB bus

DP — Display Passive - Outputs readings to GPIB bus only. It will decrease the cycle time of
the counter. :

BN — Display Normal - Resets display only; used for clearing error messages on the display.
Cannot be used after verifying preprogrammed data such as Frequency Offsets or
Frequency Limits, This GPCODE affects only the display.

BAND

B1 - Selects Band 1
B2 — Selects Band 2
B3 — Selects Band 3

B4 - Selects Band 4. Requires an additional digit input to desighate individual remote
SENsors.
Example: B41 = remote sensor 1 which covers range of 26.5 to 40GHz.

RESOLUTION

RO thru

R9 —~ Resolution O thru 9 - Picks the front panel resolution from 1Hz to 1GHz. Also
chooses gate time which is related to resofution: THz = 1 Sec, 10Hz = 100 Sec. 100Hz
= 10 msec. 1kHz to 1GHz = 1 msec.

MEASUREMENT FUNCTIONS

FA — Fast Active - Causes the counter 10 go into the fast cycle mode of operation. In this
made, the front pane! sample rate/hold centrol is inactive and the fastest sample rate
is attained. The counter will not go into the Fast Active mode of operation until Hold
Active is disabled.

FP — Fast Passive - Terminates FA.
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4/83

HA —

HP —

Reset Basic Counter and Converter - Re-acquires input signal and takes a new readmg
Has the same function as manual reset button.

Hold Active - The counter stops taking readings and the last frequency and power
readings are displayed and held. The counter can be directed to take one reading
when it is in this mode by sending Device Trigger or Selected Device Trigger GP!B bus
command to the counter. it will also update the reading if the RS mnemonic is re-
ceived.

Hold Passive ~ Terminates MA.

DATA MANTPULATION FUNCTIONS

FO —

PO —

OA —

op —

ML —

Frequency Offset ~ Enables entry of frequency offsets. {1 Mz resolution available.}
A new gate will be initiated after data entry if counter is not in HOLD.

Power Offset ~ Enables entry of power offsets. Take a new reading after data entry if
counter is not in HOLD,

Offset Active - Add frequency offset to frequency readings. Add power offset to
power readings if power meter function is active.

Offset Passive - Does not add frequency and power offset to readings.

Multiplier ~ Enables entry of a 2-digit frequency readings muitiplier. The multiplier
must be an integer between 00 and 99, The results are to TkHz resolution. A new
reading will be initiated after the data entry If the counter is not in HOLD. If the
results of the multiplications are larger than, or equal to 999.999999989GHz, the
counter will output 899.988999399GH2 to the bus if asked to output readings.

POWER METER

PA —

L

Power Active -~ Enables power meter option,

Power Passive - Terminates powsar meter option.
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MEASUREMENT PARAMETERS

FH — Frequeney Limit High - Enables entry of frequency limit high (10 MHz resolution
avaitable). The basic counter and converter wiil be reset after the data entry.

Fi. — Frequency Limit Low - Enables entry of frequency limit low (10 MHz resclution
available), The basic counter and convelter will be reset after the data entry.

SELF-TEST FUNCTIONS

TA —  Tesi Active - Enables the counter to perform the selected test function by entering
the mnemonic TA followed by two digits. When Test 05, 08, 09, or 10 is active and
the counter is baing asked to output data, the data that is displayed on the front
panel is the data being output,

The output data format is as Toilows:
S RIHK KA KKK AXXKKCRLF

X = alpha-numeric
CR = carriage return
LF = line feed

For detailed descriptions of tests 01 through 09 and test 11, see the section on Key-
board Controiled Circuit Tests.

Test 10 operates in the following manner:

1. To activate Test 10 input TA10,

2. To read the data stored in & specific memory location, input the address of the
memory location in a Tour digit hexadecimal number. Enable the counter to talk
and then read data from the counter.

3. To alter the data stored in a certain memory location:

{f 2. has been performed - input the desired data for that memory location.

(¥ 2. has not been performed - input the memory address, followed by a two
digit hexadecirnal number.

TP — Test Passive -~ Terminates test Tunction.

4/83 (3-8



5580021

DATA FORMAT
EZ — Exponent Zero - output format.

ES -~ Exponent Scientific ~ output format.

DATA QUTPUT

BR — Qutput both frequency and power readings. (See section on output data format.}
ER — Output frequency readings only. (See section on output data format.)
PR — OQutput power readings only. {See section on output deta format.)

SERVICE REQUEST

SR — Service Request Enable - Enables the counter to send Service Request 1o the bus when
a certain event has taken place in the counter. To enable the function, input SR {ol-
lowed by two decimal digits. The two digits are the decimal equivalent of the content
of the eight bit status register. More than one bit of the status register can be set,

Decimal equivalent: 32 16 8 4 2 1

X |sSRQO X | x

I——measurea"mar'si: available

counter searching

frequency reading register overflow
{multiplier too large)

input buffer empty

To disable the Service Request function, input SRO0.

MOTE

Even when the Service Request function is disabled, the Service Re-

quest status byte will still be continuously altered to refiect the internal
states of the counier.

EXAMPLE: To enable service request on measurement available or input buffer empty,
send SR33.

DaC OPTION

DC —  DAC Option - Enables the DAC option to convert three consecutive digits to an ana-
log voltage, available on the rear panel. The output will reflect the display, and zeros
are substituted for any non-numeric characiers that appear. The output will be up-
dated after every display update.

DCO0 — turns DAC option off

DCOY — selects 1 Hz digit

thiu .
DC12 — selects 100 GHz, 10GHz and 1 GHz digits.
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DATA OQUTPUT FORMAT

The B4bA/BA8A transmit the following string of characters to output a measurement.

Position t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Format

EZ (ExponentZero} b + D D D _ B D DDDD D DDE 0O CR LF
ES (ExponentSC}® + D D D D D D D D. DD DD D E D CR LF
Power™* 4 46 6 4 H b B b b6 6 £ D D D . D CR LF

Freq. + Power
e FREQinEZmode: $+DDDDDDDDBDDDDED  BEBH0BHHH5H6:DDD.DCRLF

s FREQinESmode: tDDDDDDDDDDDDDED BHBHDHBHH6HH:DDBD . DCRLF

When the counter is in Test 05, 08, 09, or 10, the output will reflect the data on the display. The format is
as follows:

KAKAKXKAAXKXXXKCRLE.
B = Blank

D "= Digit

X = Alpha-numeric

CR = Carriage Return

LF

Line Fead

*in Exponent Scientific one digit represents the position of the decimal point. Exponent digit can be
either 0, 3, 6, or 9.

**The power information always have the decimal point fixed for 0.1dB resolution.

Under different output modes, the following counter outputs can be expected by a listener.

COUNTER
OUTPUT OPERATING
MODE MODE OUTPUT
BR PA FREQ + PWR
PP FREQ
TAOY FREQ
FR PA FREQ
PP FREQ
TAD EREQ
PR PA PWR
PP 9899
TAO —-989.9
BR, FR
or PR TA 05, 08, 09, or 10 Data on front panel display
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PROGRAM EXAMPLES

The examples given here assume an address setting of decimal 18 or ASCH tatk address “S™ and listen
address "3" for the counter. By addressing the counter to listen and sending the following program: string, it
sets up the folowing measurement conditions.

“B3 R2 FO79.36.M FH12.3G F14.26G EAD

prr

BAND 3
RESOLUTION 100 Hz
FREQUENCY OFFSET 79.36 MHz
FREQUENCY LIMIT HIGH 12.3 GHz
FREQUENCY LIMIT LOW 4.26 GHz
FAST ACTIVE
DISPLAY POSITIVE

The following programs illustrate how controliers function with the counter. These programs cause the
counter to make a series of frequency measurements. The calculators read the measurements into memary
and print the results. The programs assume the counter Tatk and Listen address is decimal “*19.”
HP 9825A 4] dim A (10}
1 rem 7
2 wrt 719, “"B3R2FOC-4.55M""
3 wait 300
4 for 1 =110 10
5: red 719, A {H)
6: prt A (1}
7 next |
8: end
10 output 718, "B3R2F0-4.55M
15 wait 300
20:  input 718, A
30:  print “Frequency minus offset equals,” A
40: Goto 20
TED 4051 10:  print @19: “B3R2F0-4.55M"
200 input@19: A
30:  print “Frequency minus offset equals,” A
40 Goto 20

HP 9848A

The 982BA program will cause the counter 1o take a series of ten readings, print them on the 9825A paper
tape and stop. Notice that an offset of 4.55 MHz is subtracted from each reading.

The program shown for the 98454 and TEK 4057 cause the counter to make a frequency measurement and
print that measurement. To end the program, initiate a “STOP" command, This is accomplished on the
9845A with the key labeled “STOP.” On the TEK 4051 use the key labeled "BREAK.” To restart the
program enter the RUN statement foliowed by the line number that is printed in the INTERRUPT message.
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READING A MEASUREMENT

To read a measurement from the counter to a caiculator, the counter must first be addressed to talk and
the calculator te listen. The examples below indicate how a calculator may read a measurement from the

counter.
10red 719, A 10 input @ 1A
} HP 98264 } TEK 4051
20prt A 20 print A
10 enter 719, A
} HP 9845A

20 print A

The EIP counters can use two different modes. HA which takes one reading then waits for a reset command
or a Device Trigger GPIB Bus Command. In this condition the counter is sent a reset or Device Trigger and
{when addressed to talk) a new reading is output to the BUS. The counter will hold that particular reading
on the display until another reset command or Device Trigger command is received. The other mode is HP
or HOLD PASSIVE, In this mode data is read out in a normal BUS fashion, The display automatically up-
dates corresponding to the sample rate chosen. In this condition successive readings can be output without
generating a reset or Device Trigger command each time,
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ADDRESS ADDRESS
CHARACTERS CODES
Listen Talk binary decimal
5 4 3 2 1 *
SP @ ¢ 0 0 o 0 00
1 A 0o 0 0o 0 1 01
" B o 0 0 1 0 02
# C 0 ¢ o 1 1 03
$ D 0 0 1 ¢ 0 04
% E c 0 1 0 1 05
& F o 0 1 10 06
’ G o o 1 1 1 07
{ H 6 1 6 0 0 08
} ! o 1 0 0 1 08
* J o 1 o 1 0 10
+ K o 1 o 1 1 11
, L 0 1 1 0 0 12
- M 01 T 0 1 13
N o 1 1 1 0 14
/ 0 0 1 1 1 1 15
0 P 1 0 ¢ 0 © 18
1 Q 1 o 0 0 i 17
yi R 1 0 0 1 0 18
3 S i 0 0 1 1 19
4 T 10 1 o0 0 20
5 u 1 6 1 0 1 21
6 v 1 o 1 1 0 22
7 w 1 0 1 1 1 23
8 X 1 1 0 0 0 24
g Y T T 0 0 1 25
: z i 1t 0 1 0 26
: [ 10 11 27
< / i 1 1 0 0o 28
= ] 1t 1 0 1 29
> A 1 1 1 10 30

%

Decimal Talk/Listen Address is provided as a cross reference
for those controllers which use decimal address,

Figure 08-1. Allowable Address Codes
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o G,P.1.B. IEEE STD.488/1878
: :

1.¥5, L3, §11, RL2, boy, pry,

B o
CONTAC TISIEMNAL LINE | COMTACT [SIGA AL LINE

QM 5 1 oG g i% oo 5
. 2 Do 2 =3 oo @
= DI % 5 Do 7
En i 4 %) oo &
= 2| 7 REN
DETAL A-A 2 DAY 1& GBD. (G)
e — T CNRED 19 @ND. (7Y
=4 NDAC yie) [CINTOAR N
9 Tl A GSND. (D)
10 HRE 2L D, 110
i AT 2= GD. (1)
[ SHIELD s [GINIS R Kot

- REAR PAKEL

e ey

ADDRESS SWITCH

[—

SEE G.A LB MANUAL FOR ADUDEEDS
SETTIMNG (METRUCTIONS.

Figure 08-2, Location of GPIB in Counter
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OPTION 08— GENERAL PURPOSE INTERFACE BUS 2010232
REE EIp UNITS TYP
DES DESCRIPTION NO PER TYP MFC NO. FSCM

' ASSY NO.
08 GPIB Option 2010232 EiP 34257
-1 PCB Assy, GPIB (A1028B) 2020133 1 EIP 34957
Ct Cer, ,U‘EMF, 20%, 100V 2150003 3 TG - 510 56289
c2 C1
C3 C1
c4 Tant, 33ufF, 20%, 10V 2300015 2 TAG20 - 33/10 - 60 14433
cs Ca
Ri
thru
R8 Comp, 5.6K, 5%, 1/4W 4010562 8 RCO7GFBB2) 81349
SW1A
and
SW1B: Thumbwheel Swiich 4540004 2 1X2270 - 0000
TPt
thru
TPS P.C. pin 040 diameter 2620032 6 460-2970-02-03 71279
L
thru )
L4 Quad 3-state Bus Transciever 3063448 4 MC3448 04713
b Hex Inverter 3087404 1 741,504 27014
313 General Purpose Interface Adaptor 3068488 1 MC6B488 04713
U7 Tri lnput NAND Gate 3087410 1 741510 27014
Us Oct Bus Transciever 3084245 1 7415245 27014
Cahile, Fiat Ribbon {Rear Panel to A100 J2) 2040177 i EIP

A105

16 PROM Set 2060002-02 1 Elp
4/83 08-15
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OPTION G2
REAR PANEL INPUT

Option 0% provides rear panel input for 545A/848A counters and counters equipped with option 06 in the
following manner:

5454 / 548A COUNTERS :

1. Reversing the converter assembly so that the Band 3 input connector protrudes through the hole
in the rear panel that is identified as J113,

2. Reversing the Band 1 and Band 2 connectors to the holes marked J117 and J112 respectively on
the rear panel.
Option 06 Equipped Counters:
1. Reversing the converter assembly so that the Band 3 input connector protrudes through the hole
in the rear panel that is identified as J113. Reversing the Remote Sensor and Band 3 jumper con-

nectors to the holes marked J114A {Rmt. Sensor) and J114B (Band 3 connector} respectively.

2. Reversing the Band 1 and Band 2 connectors 1o the holes marked J111 and J112 respectively on
the rear panel,

NOTE: The specifications for the counter do not change when the input is from the rear panel.

483 08-1
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OPTION 10
CHASSIS SLIDE

Option 10 equips your counter with the hardware required to mount the unit in a standard 19" wide
cansole, With the chassis slide installed the counter can be serviced without removing it from the rack.

The option consists of:

OPTION 10 — 2010147

®

(3) Slide Set
@ Side Panels
@ Spacers

- BIWE FLIBNESHED
WATH  SLIDES,

Rack Mount Kit — 2010008-01

— 5000188
- 5210179
~ 5210249

Tv
;
E

|

l

|
|

L “

STD EACLOSUES
- l .]\_4

REAE MITG: REAKET
CABINENT TG HOWE. EHTG HDWE
HELUDED WITH SUIDE ]
SET AND ASSEMBLED 87
USEE.
r ¥ 4t S S

3w ey [ —

Ei;mg &= m PP 032 RATG HOWE -

i 8 puls -

© CABMENT ACTG FLANGES

|
E
i

-~ TG REMOVE CHASS:S, DEPEEDS
\suwou § PuLL FORMALD

i

|

|

7

J

'—NSOQCL -J \

/

g

e CABIENT TG FLMEES

e .00
SHOMWN FULLY EWTENDED

1. All MTG HDWR and hole spacing
conforms to MIL-8TD-189.

2. To install slides in field; Remove top
cover and top frame; Mount special

side panels (5210178} on Std.
enciosure,
3. Mem numbers within symbot

are on P/l 2010147, All other items
assermbled or exploded are shown
for ciarffication or reference only.

Side View of Counter With Option 10 instalied
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APPENDIX A
ACCESSORIES
MODEL 590 FREQUENCY EXTENSICON CABLE KiIT
The kit, part number 2000025 contains:
1 — LO Cable {long) — 2040217
1 — iF Cable {short} — 2040218
1 — Adaptor {SMA 1o TNC) — 2610083
05 — Remoie Sensors {Options 891 thru 95}
REMOTE SENSOR OFTIONS
PART NUMBER FREGUENCY RANGE
a1 2030022 26,540 GHz
92 2030029 40-80 GHz
93 2030030 6080 GHz
84 2030031 80~-110 GHz
95 _ 2030038 50 - 75 GHz
SPECIFICATIONS
BAND 4
Used with 548A/06 Counter and 590 Frequency Extension Kit
OPTIONS 21 92 93 94 95
SELECT BAND 41 42 43 44 42 or 43
Waveguide Band Ka U E W v
Range 26.5-40 GHz 40-60 GHz 60-90 GHz 80-110 GHz 50- 76 GHz
Sensitivity {typ) -25dBm{-20dBm min) -25 dBm -25 dBm 25 dBm ~25 dBm
Waveguide Size Wr-28 WR-18 WR-12 WH-10 WR - 15
Waveguide Flange UG-599/1) UG-383/U UG-387/U 1JG-387/4 UG - 388/U
Max. input (typ} +B dBm +5 dBm +5 dBm +5 dBm +5-dBm
Damage Level +10dBm +10dBm + 10 dBm +1G dBm +10 dBm

EXAMPLE: If desired measurement is 60 - 80 GHz the required equipment is :
Model 548A with Gption 06 - Extended Frequency and
Mode! 580 - Extended Frequency Cabie Kit with
Option 93 - Remote Sensor
4783 A-l
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INSTALLATION

Before connecting the remote sensor to the frequency source, verify that the power level is within the
limits specified for the sensor.

Connect the long LO cable from the upper jack 1o the remote sensor. When using the sensor option 81,
use the SMA-TNC adaptor in the 590 kit.

Connect the short IF cable from the lower jack to the Band 3 input.

CAUTION

Static discharge or ground loops can damage or destroy the diode in a
remote sensor. ALWAYS connect the LO cable to the counter first,
then touch the shield to the body of the sensor before connecting.

Be sure that the counter and waveguide port, to which the sensor will
connect have a common ground, 1T in doubt, cennect with a ground
strap hefore connecting the remote sensor.

OPERATION

After connection, select Band 41, 42, 43 or 44 on the B48A counter {equipped with option 08). Select the
band by: )

PRESS: | | (&) (1) or42 430r44,

Be certain that the band selected coincides with the remote sensor in use. See specifications Table,

NOTE

Frequency limits (iow/high) and power meter function {Option 02)
only operate to 26,5 GHaz.

REPAIR

1T loss of sensitivity oceurs the diode in the sensor may be damaged. The 31 sensor diode can be veplaced,
all others require factory repair.

To replace the 91 sensor diode, unscrew the knurled cap and pull out the diode. Beplace it with a TN53B
type diode that can be ordered from the manufacturer.

Alpha Industries, Inc.
20 Svlvan Road
Woburn, MA G1807

On order from EIP by part number 2730053,

EiP has an assembly exchange program for rapid repair of damaged units, Consult factory for details.

4/83 A2
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SERVICE KIT

The service kit for the 345A/548A counter will contain the following itemns.

2000017 — SERVICE KIT

2020147 — GPIB/BCD EXTENDER CARD
2020184 — STANDARD EXTENDER BCARD
2020185 — BAND 2 EXTENDER BOARD
2040221 — CABLE, BNC TGO SELECT
2040227 — CABLE, BNC TO PC UK

2040225 — CABEL, 3WAY ADAPTOR
2610054 — TEST CABLE , BNC E/Z HK
5000084 — IC EXTRACTOR TOOL

This kit is useful as a carrying case.

A3
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Appendix B
List of Manufacturers

FSCM MANUFACTURER

2000X Any Manufacturer of this product.

006586 Aerovox Inc,, 740 Belleville Ave, New Bedford, MA 02741

CO809 Croven L.td., Whitby, Ontario, Canada

pi121 Alten-Bradley Co., South Milwaukee, Wi 53204

01285 Texas Instruments nc,, Daltas, TX 75222

02660 Armphenal Connector Div,, Bunker Ramo Corp., Broadview, [l. 60183
02735 Solid State Div, RCA Corp,, Somerville, N.J 08878

04818 American Pamcor Inc., Paoti, PA 18301

04713 Motaorota Inc., Semiconductor Div., Phoenix, AZ 85008

06665 Precision Monolithic Ine., 1500 Space Park Drive, Santa Clara, CA 95050
07263 Fairchild Semiconductor, Meuntain View, CA 94040

08717 Sioan Company, Sun Valley, CA 81352

09353 C & K Components Inc., Watertown, MA 02172

11235 CTS of Berne Inc., Berng, IN 46711

11237 CTS, Keen, Paso Robles, CA 93446

124863 Qprronics Mfg., 2420 S, 60th 3¢, Omaha, NE 68106

14158 AVX, Filters, 10080 Willow Creek Rd., San Diego, CA 92131
142083 American Components Inc., Conshohocken, PA 19428

14433 ITT Semiconductor Div,, West Paim Beach, FL 33401

14455 Quality Hardware Mfg. Co., 12605 Daphine, Hawthorn, CA 80250
14655 Cornell Dubitier, Dept. 150, Ave. L, Newark, NJ 07101

18324 Signetics Corp,, Sunnyvale, CA 94088

23880 Stanford Applied Engineering Inc,, Santa Clara, CA 95050

23036 Pamotor Inc,, Burlingame, CA 8401Q

24546 Corning Glass Works, Bragford, PA 16701

26654 Varadyne Ind., Santa Monica, CA 90404

27014 Nationa! Semiconductor Corp,, Santa Clara, CA 95051

28480 Hewlett-Packard Co., Palo Alto, CA 94304

29990 ATC Div,, Phase Ind., Huntington Station, NY 11746

34287 E1P Microwave Inc., Santa Clara, CA 95134

34649 tntel Corp., 3585 SW 198th Ave., Alcha, OR 97605

51406 Murata Corp. of America, 1148 Franklin Rd,, Marietta, GA 30068
56289 Sprague Electric Co., North Adams, MA 01247

59660 Tusonix Inc., 2155 Forbes Bldg,, Tucson, AZ B57056

70963 Beiden Corp., Chicago, il 60644

71580 Centralab Div,, Glebe-Union inc., Milwaukee, WI 53201

72136 Electro Mative Corp., Sub, of Int, Elect, Corp,, Florence, Santa Ciara, CA 95050
72258 Nytronics Inc., Pelham Manor, NY 10803

72982 Erie Technological Products Inc., Erie, PA 16512

73445 Amperex Electronic Corp., Hicksville, NY 11802

80031 Mepco/Electra Inc., Morristown, NJ 07960

80740 Beckman Instruments Inc,, Fullerton; CA 92634

81349 Military Specification

86797 Rogan Bros. Inc., Skokie, 1L 60078

916237 Dale Electronics Inc., Cotumbus, NE 68601

95275 Vitramon bnc,, Bridgepart, CT 06601

98291 Sealectro, Mamaroneck, NY 10544

95800 Delavan Div., American Precision Industries, East Aurora, NY 140862
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B a0 A
V2 A

VOLTAGE CONTROL OSCILLATOR

{2020199)

The VCO assembly contains three functional sub-assembiies as shown in Figure 201A-1, The VCO
consists of a transistor oscillator {Q%1-2) whose frequency is determined by inductor L13, variable
capacitor C2 and Varactor CR2. The capacitance of CR2 is determined by the applied tuning voltage

at J3. The oscillator is buffered by Q3 and the output is split two ways using T1.

The second sub-assembly is a single stage common emmiter amplifier that is broadly tuned and ioaded
with 50 chm. The output level is approximately +9 to +12 dBm over the range of 370 to 500 MHz. This
output is the VCO reference.

The third sub-assembly is a three stage power amplifier consisting of a common emmiter amplifier {Q5)
and two class C stages {06 and Q5}. This amplifier provides approximately 20 dB of gain and 0.8 watts
output over the tuning range of 400 to 500 MHMz. The variable capacitors C24 and C25 are adjusted to
cptimize output power and flatness.

which is controfled by 8, On to off power ratio exceeds b0 dB.

POWER ENABLE TTL {MIGH = ON}

M

TUNING
VOLTAGE

{1V 1o +9Vv)

VOLTAGE
CONTRCGLLED

OSCILLATOR

370 - B00MHz

September 1982

POWER AMPLIFIER

Cutput power is switched on or off by applying bias to Qb — Q9,

Fyco OUTPUT

REFERENCE
BUFFER

AMPLIFIER

400 - 500MHz
+ 28d8m
AT 18 OHM LOAD

VOO REFERENCE
QUTPUT

Figure 201A-1. VCO Block Diagram

201A-1

370 - 500MH:
+ 8dBm AT
50 OHM
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AZ201A VOLTAGE CONTROL OSCILLATOR

2020199-M
REF ElP UNITS TYP
DES DESCRIPTION NO PER TYP MFGC NO. FSCM
) ASSY NO.
AZ0TA VCO Assembly 2020198 1 EIP
P/O Band 3 Converter Assy {AZ03) 2010241 REF

1 Cer., .001 uF, 10%, 100V 2180015 12 6183X7TRI0ZKA100 80031
c2 Variable, 5-15 pF, 100V 2350036 4 DVS3A15A JFD
C3 Cer., .01 uF, 10%, 100V 2150014 1 6123XT7TR103KAT00 80031
C4 Chip, 8.2 pF, 8%, bov 2100021 Z T00ABR2060XC 29980
Ch Tant, 10 pF, 20%, 25V 2300029 2 DF106M25S 72136
s Cer,, 33 pF, 10%, 100V 2150069 1 6113XTR4ATOKAI00 80031
C7 C1

c8 ch

co C4

Ct Variable, 1.8.6 pF, 26V 2350035 1 DVS3ABA JFD
C11 Cer. 47 pF, 10%, 100V 2160039 4 5018EMT00RDAT 0K 80631
c12 Ci

C13 C1

Cl4 c2
ci8s Mica, 12 pF, %, 500V 2260013 1 CD10CD120J03 14855
Cis
thru

cig Ci

ci9 CH1

C20
thru
c22 C1

C23 Chip, 15 pF, 5%, 50V 2100022 i 100A160J50XC 29990
C24 c2

C25 cz

C26 C1

C27 C1

c8 Cer., 15 pF, 10%, 100V 2150033 1 6113X7R150KA 100 80031
C29 Not Used

C30 C1
C3i Cit
CR1 Tuning UMF/VHF 2710048 1 2802 18818
k1 Inductor, 1,0 uH 3510003 4 DD-1.00

t.2 Inductor, .027 uH 3520012 3 551-5172-02 72255
L3 Lt

L4 inductor, .056 3520016 3 551-5172-03 72259
L5 Not Used

L8 Inductor, .033 uH 3520013 1

L7 L2

L8 L1

L9 L1

L10 Part of Board

Ltt L2

L12 Not Used

L3 L0
Q1 NPN, Microwave 4710032 6 NE)2137 72136
Q2
thru
813 01
a7 NPN, UHF/VHF Power 4710029 1 NEOB0391-12 72138

September 1982
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A201A VOLTAGE CONTROL OSCILLATOR, continued 2020199-M
1
REF ElP UNITS TYP
DES DESCRIPTION NO PER TYP MFG NG. FSCM
: ASSY NO.
ag MNPN, General Purpose 4704124 1 2N4124 04713
(8]2] PNP, General Purpose 4704126 1 2N4126 04713
R1 Met Ox, 1K, 2%, 1/4 W 4130102 3 C4/2%/1K 24548
"2 Met Ox, 10K, 2%, 1/4 W 4130103 2 C4/2%/10K 24548
R3 Met Ox, 100 K, 2%, 1/4 W 4130104 1 C4/2%/ 100K 24546
R4 Met Ox, 1.8K, 2%, 1/4 W 4130182 1 Ca4/2%/1.8K 24546
R5 Met Ox, 300 ohm, 2%, 1/4 W 4130301 1 Ca/2%/300 24546
RG Met Ox, 1.BK, 2%, 1/4 W 4130162 2 C4/2%/1.6K 24546
R7 Met Ox, 510 ohm, 2%, 1/4 W 4130b11 2 C4/2%/510 24546
RS Met Ox, 15 ohm, 2%, 1/4 W 4130150 4 C4/2%/15 24546
R9 Met Ox, 180 ohm, 2%, 1/4 W 4130181 1 C4/2%/180 24546
R10 R8
R11 Met Ox, 68 chm, 2%, 1/4 W 4130680 2 C4/2%/68 24548
R12 R&G
R13 R7
R14 Met Ox, 120 ohm, 2%, 1/4 W 4130121 1 Ca/2%/120 24546
R15 Met Ox, 470 ohm, 2%, 1/4 W 4130471 3 CA4/2%/470 245486
R16 Met Ox, 560 ohm, 2%, 1/4 W 4130561 1 C4/2%/ 560 24546
R17 Met Ox, 430 chm, 2%, 1/4 W 4130431 1 C4/2%/430 24546
R18 R1
R19 "1
R20 R15
R21 Met Ox, 2K, 2%, 1/4 W 4130202 1 C4/2%/2K 24546
R22 Met Ox, 100 ohm, 2%, 1/4W 4130101 1 C4/2%/100 245486
R23 22 ohm Nom, 5%, 2.8 W, S.A.T, 4119999 1 RWegvV220J
R24 Not Used
R25 Met Ox, 30 ohm, 2%, 1/4 W, Nom. 4130300 2 C4/2/SAT 245486
R26 R25
R27 Met Ox, 27 ohm, 2%, 1/4 W, Nom, 4130270 1 CA/2%/ SAT 24546
R28 R8
R28 R&
R30 R11
R31 Met Ox, 4.7K, 2%, 1/4 W 4130472 1 Ca/2%/4.7K 24546
R32 R2
R33 R16
T1 Transformer, RF 4910002 1 EIP
September 1982 201A-3
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2020195 - M

Figure 201A-2. Voltage Controlled Qscillator Component Locator

September 1982 201A -4
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MANUAL CHANGE INFORMATION

MODELS 545A / 548A

At EIP we continuzlly strive to keep up with the |atest 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 manuat

s. As a result, your counter may contain
some or all of the changes iisted below.

IMPORTANT, PLEASE READ

The signatures will change with the revision level of the PROMs that are installed in each counter. nsert this page
in your manual as scon as you unpack the instrument. Match vour PROMs to the signatures in the following table,

PROM SET, BASIC
START sTop CLOCK
CONNECTION A105 TP14 AT05 TP1S A105 TP8
BUTTON IN ouT I
NODE . SIGNATURE
A105 REV.C | REV.D | REV.E REV.F || REV. |REV. REV. REV. REV.
JMP 1 pin
9| aeH8 EH1C U105 49HA
10 | 424H FA74 2324 3UsH
11| 1248 UASS UAH4 _ | 7CP7
12| Fpsa 4940 2P18 USHA
13| A095 1560 29H9 80FU
14| u1ss 1790 10HF 9573
15| Adau 40A2 FP7H 7303
16 | 1FOH CAsU SHFF 84uU
. +BV | 1817 1817 1817 1817
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MANUAL CHANGE. INF'ORMATION
MODEL 545A/5484

At EIP we continually strive to keep up with the latest_e!ectrohic"d_e_veiopments by adding circuits
and component improvements to our instruments as they are developed and tested,

Somatimes, due to printing and shipping requirerments, we cai’mct get these changes into the printed
manuals immediately, As a result, your counter may contain some or all of the following changes,

PAGE
3-3

312
4.9
411

&5

81
g1

100-3
101-3

106-3
106-4

107-6

108-6
1101

KEYBOARD, tine 1 should read

Paragraph 3 should read **Band 3 input s !

=UantRdRuces oy e

KEYBOARD TEST — Line 2 should read **See Figure 8.5 for coardinates,

Paragraph 3, line 1 — Should read “......... o USiNg 3 heterodyne.......,." N

First question, arrows should point TO §TEP Y“I\G DOWN and TO STEP YiG UP,

BUTTON — 2nd and 3rd lines should be “POWER METER ON/OFF and

“POWER METER OFFSET.”

TEST EQUIPMENT REQUI RED - Aeplace Wiltron with EIP, 828, Microwave
Source, 1-18 GHz, '

TEST EQUIPMENT REQUIRED ~ Replage Wiltron with EIp, 928, Microwave
Source, 1-18 GHz. . .

TEST EQUIPMENT REQUIRED — Replace Wiltron with EiP, 928, Microwave
Source, 1-18 GHz, :

1

Paragraph 3, line 3 should read “........are given in Appendix B."

-A203 should be part number 2010241,

A102 should be part number 2620135, : ™.

C1 - Units per assernbly should be 3,

8 — Units per assembly should be 2,

C12 ~ Should be same as C1

U3 - Should be part number 3057805-01.

CRE should be part number 2710004-00,

R18is now Comp, 100 ohm, 5%, 1/4W, part number 4010101
R23is now Comp, 360 ahm, part number 4010361,

U0 should be part nurber 3045534,
U20 should be part number 2060002-03,

U2 should be part number 30500172,

"This section of the assembly makas provision

for a maximum of 25 (single pole, double throw} switches, of which only 21 are

Hsed,

{ovens






