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OPERATORS SAFETY SUMMARY

The following general safety information applies to all operators and service personnel. Specific warnings and cautions
will be found throughout the manual where they apply and should be followed in each instance.

TERMS

IN THIS MANUAL
CAUTION statements identify conditions or practices that could result in damage to the equipment or other property.

WARNING statements identify conditions or practices that could result in personal injury or loss of life.

AS MARKED ON EQUIPMENT

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

DANGER indicates a personal injury hazard immediately accessible as one reads the marking.

SYMBOLS
IN THIS MANUAL
@ Static-Sensitive Devices
A This symbol indicates where applicable cautionary or other information is to be found.
AS MARKED ON EQUIPMENT
; DANGER—High voltage.
@ Protective ground (earth) terminal.

A ATTENTION—Refer to manual.

WARNINGS

POWER SOURCE

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

GROUNDING THE INSTRUMENT

The R7103 is grounded through the grounding conductor of the power cord. To avoid electrical shock, plug the power
cord into a properly wired receptacle, where earth ground has been verified by a qualified service person, before
making connections to the input or output terminals of the instrument. A protective-ground connection, by way of the
grounding conductor in the power cord, is essential for safe operation.

viii
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DANGER ARISING FROM LOSS OF GROUND

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

USE THE PROPER FUSE

To avoid fire hazard, use only the fuse specified in the parts list for your product, and which is identical in type, voltage
rating, and current rating.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERE
To avoid explosion, do not operate this instrument in an atmosphere of explosive gases.

DO NOT REMOVE PANELS OR COVERS

To avoid personal injury, do not remove the protective cabinet panels or covers. Do not operate this instrument without
the panels or covers properly installed.

DO NOT OPERATE WITHOUT COVERS
To avoid personal injury, do not operate this product without covers

Scans by ArtekMedia => 2009
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R7103 FEATURES

The TEKTRONIX R7103 Oscilloscope is a solid-state, wide-bandwidth instrument designed for general-purpose
applications. The R7103 can be used to display or make photographs of very fast repetitive or single-shot waveforms.

The R7103 accepts Tektronix 7000-series plug-in units; the flexibility of the plug-in feature and the variety of plug-in
units available can configure the system to suit many measurement applications. The left pair of plug-in compartments
are for vertical deflection and the right one is for horizontal deflection. Electronic switching between the two left
compartments will produce a multi-trace vertical display.




Section 1—R7103

GENERAL INFORMATION

INTRODUCTION

OPERATORS MANUAL
The Operators Manual has the following three sections:

Section |—General Information, contains a
description of the R7103, its electrical specifications,
environmental characteristics, standard and
recommended accessories, installation, and
packaging for shipment instructions.

Section 2—Operating Instructions, contains
information about operating and checking the
instrument operation.

Section 3—Instrument Options, contains a
description of available options and gives the location
of the incorporated information about those options.

INSTRUCTION MANUAL

The first two sections of the Instruction Manual contain
operating instructions which are identical to the first two
sections of the Operators Manual.

THE REMAINING PORTIONS OF THE
INSTRUCTION MANUAL CONTAIN
SERVICING INSTRUCTIONS. THESE
SERVICING INSTRUCTIONS ARE FOR USE
BY QUALIFIED SERVICE PERSONNEL
ONLY. TO AVOID ELECTRIC SHOCK OR
OTHER PERSONAL INJURY, DO NOT
PERFORM ANY SERVICING OTHER THAN
THAT DESCRIBED IN THE OPERATING
INSTRUCTIONS UNLESS YOU ARE
QUALIFIED TO DO SO.

Section 3—Theory of Operation, contains basic and
general circuit analysis that may be useful for
servicing or operating the instrument.

Section 4—Maintenance, describes routine and
corrective maintenance procedures with detailed
instructions for replacing assemblies, subassemblies,
and individual components.

Section 5—Calibration, contains procedures to check
the operational performance and electrical

characteristics of the instrument. Procedures also
include methods for adjustment of the instrument to
meet specifications.

Section 6—Instrument Options, contains a
description of available options and locations of
incorporated information about those options.

Section 7—Replaceable Electrical Parts, contains
information necessary to order replaceable electrical
parts and assemblies.

Section 8—Diagrams and Circuit Board lllustrations,
includes detailed circuit schematics, locations of
assembled circuit boards, voltage and waveform
information, circuit board component locators, and
locations of adjustments to aid in the performing the
Adjustment and Performance Check part of the
Calibration procedure.

Section 9—Replaceable Mechanical Parts, includes
information necessary to order replaceable
mechanical parts and shows exploded drawings
which identify assemblies.

INSTALLATION

INITIAL INSPECTION

The R7103 was inspected both mechanically and
electrically before shipment. It should be free of mars or
scratches and should meet or exceed all electrical
specifications. To confirm this, inspect the instrument
for physical damage incurred in transit and test its
electrical performance by following the Operators
Checkout Procedure in Section 2, Operating
Instructions. Verify Performance Requirements by
referring a qualified service person to the servicing
sections of the Instruction Manual. If there is damage or
deficiency, contact your local Tektronix Field Office or
representative.

OPERATING-POWER INFORMATION

This instrument can be operated from either a 115-volt
or 230-volt nominal supply source, 48 to 440 hertz. The
line fuse remains the same for both 115-volt and 230-volt
operation.

1-1
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To prevent damage to the instrument, always
check the LINE VOLTAGE SELECTOR
switch located on the rear of the instrument
before connecting the instrument to the
supply circuit.

AC POWER SOURCE AND CONNECTION.
The R7103 operates from a single-phase
power source. It has a three-wire power cord
and two-pole, three-terminal grounding-type
plug. The voltage to ground (earth) from
either pole of the power source must not
exceed the maximum rated operating
voltage, 250 volts.

Before making connection to the power
source, check that the R7103 line voltage
selector is set to match the voltage of the
power source, and has a suitable two-pole,
three-terminal grounding-type plug. Refer
any changes to qualified service personnel.

GROUNDING. This instrument is safety
class | equipment (IEC designation). All
accessible conductive parts are directly
connected through the grounding conductor
of the power cord to the grounding contact
of the power plug.

The power input plug must be inserted only
in a mating receptacle with a grounding
contact where earth ground has been
verified by a qualitied service person. Do not
defeat the grounding connection. Any
interruption of the grounding connection can
create an electric shock hazard.

For electric shock protection, the grounding
connection must be made before making
connection to the instrument’s input or
output terminals.

TABLE 1-1
Power-Cord Conductor Identification

Conductor Color Alternate Color
Ungrounded (Line) Brown Black
Grounded (Neutral) Light Blue White
Grounded Green-Yellow Green

(Protective Ground)

1-2
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POWER-CORD INFORMATION

A power cord with the appropriate plug configuration is
supplied with each R7103. For your convenience the
color-coding of the conductors in the power cord is
given in Table 1-1. Also, should you require a power-
cord plug other than that supplied, refer to Table 1-2,
Power-Cord and Plug Identification.

OPERATING VOLTAGE

The LINE VOLTAGE SELECTOR (located on the rear-
panel) allows you to select 115-volt or 230-volt nominal
line voltage operation. To convert from 115-volt to 230-
volt operation, change the power cord and piug to
match the power-source receptacle, then use a small
screwdriver to move the LINE VOLTAGE SELECTOR to
the desired range. The line fuse remains the same for
both 115-volt and 230-voit operation.

OPERATING TEMPERATURE

The R7103 can be operated where the ambient air
temperature is between 0° and +50° C and can be stored
in ambient temperatures from -55° to +75° C. After
storage at temperatures outside the operating limits,
allow the chassis to reach a safe operating temperature
before applying power.

The R7103 is cooled by air drawn in through the rear of
the instrument by the fan and blown out through the
sides.

PACKAGING FOR SHIPMENT

If the R7103 is to be shipped for long distances by
commercial transportation, it is recommended that the
instrument be packaged in the original manner. The
carton and packaging material in which your instrument
was shipped should be saved and used for this purpose.

Also, if this instrument is to be shipped to a Tektronix
Service Center for service or repair, attach a tag to the
instrument showing the following: Owner of the
instrument (with address), the name of a person at your
firm who can be contacted, complete instrument type
and serial number, and a description of the service
required.

If the original packaging is unfit for use or not available,
package the instrument as follows:

1. Obtain a corrugated cardboard shipping carton
having inside dimensions at least six inches greater
than the instrument dimensions; refer to Table 1-3
for carton test strength requirements.

2. Enclose the instrument with polyethylene sheeting
or equivalent to protect the finish of the instrument.
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TABLE 1-2
Power-Cord and Plug Identification Information
Plug Nominal Reference
Configuration Usage Line-Voltage (AC) Standards Option #
/ff North American ;ANS' C73.11
oy ) 120V/15A 120V NEMA 5-15-P Standard
? , *IEC 83
<
Universal Euro “CEE (7),11,IV,VII
220V/6-16A 220V %EC 83 A1
UK °BS 1363
240V/6-13A 240V YEC 83 A2
Australian 6
240 V AS C112 A3
240V/6-10A
) 'ANSI C73.20
O o " 240 V *NEMA 6-15-P A4
SIEC 83
Switzerland 7
220V EV A
220V/6-10A S 5
'ANSI—American National Standards Institute °BS—British Standards Institution
NEMA—National Electrical Manufacturer's Association SAS—Standards Association of Australia
3lEC—International Electrotechnical Commission "SEV—Schweizevischer Elektrotechischer Verein
‘CEE—Intemational Commission on Rules for the Approval
Electrical EqQuipment
3. Cushion the instrument on all sides by tightly TABLE 1-3
packing dunnage or urethane foam between the Shipping Carton Test Strength
carton and the instrument, allowing three inches on
each side. Gross Weight (Ib) Carton Test Strength (Ib)
4. Seal the carton with shipping tape or with an 0-10 200
industrial stapler. 10-30 275
5. Mark the address of the Tektronix Service Center 30-120 375
and your return address on the carton in one or
more prominent locations. 120-140 500

1-3
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SPECIFICATION

The electrical characteristics listed in Table 1-4 apply at an ambient temperature of 0° to +50° C, unless otherwise
stated, when the following conditions are met: (1) the instrument must have been adjusted at an ambient temperature
between +20° and +30° C, (2) the instrument must be allowed a 20-minute warm-up period, (3) the instrument must be
in an environment that meets the limits described in Table 1-5.

General Information—R7103

Any applicable conditions not listed above are expressly stated as part of that characteristic. Table 1-5 lists
Environmental characteristics and Table 1-6 gives the Physical characteristics.

TABLE 1-4
Electrical Characteristics

Characteristic Performance Requirement

VERTICAL SYSTEM

Deflection Factor Compatible with all 7000-series plug-in units.
Difference Between Vertical Compartments 1% or less.
Low-Frequency Linearity 0.1 div or less compression or expansion of a center-screen

two-division display positioned anywhere vertically within the
graticule area.

Frequency Response Varies with plug-in unit selected. See R7103 Oscilloscope
Vertical Systems Specification, Table 1-8.

Step Response

Rise Time (10 to 90%), with 7A29 350 ps or less (calculated from bandwidth).
Amplifier (0° to +35°C)

Isolation between Vertical Compartments
(eight-division signal)

LEFT, RIGHT, ALT modes At least 160:1 from dc to 100 MHz and at least 80:1 from
100 MHz to 1 GHz.

Delay Line Permits viewing leading edge of triggering signal.

NOTE

7B50-series time bases will not display leading edge of
the trigger signal in R7103 (except 7B50A).

Difference in Signal Delay Between 50 ps or less.
Vertical Compartments

Vertical Display Modes Selected by front-panel VERTICAL MODE selector.
LEFT Signal from left vertical plug-in unit displayed.
ALT : Display alternates between left and right vertical plug-in units

at a rate determined by the horizontal plug-in unit.

ADD Display is algebraic sum of left and right vertical plug-in units.

CHOP Display chops between left and right vertical plug-in units
asynchronously to horizontal plug-in unit.

Repetition Rate 1 MHz within 20%.

RIGHT Signal from right vertical plug-in unit displayed.
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TABLE 1-4 (CONT)
Electrical Characteristics

Characteristic

I Performance Requirement

TRIGGERING

TRIGGER SOURCE

Selected by front-panel TRIGGER SOURCE buttons. Lights behind
buttons illuminate to indicate trigger source.

VERT MODE

The trigger source is controlled by vertical display mode
selection. Source(s) is(are) shown by the illumination

of the LEFT VERT and RIGHT VERT button(s). Source
follows (is same as) the vertical display with the following
two exceptions:

VERT MODE Trigger Source

CHOP Left

ALT Right Trigger, then

Left Trigger

LEFT VERT

Trigger source: Left vertical unit. LEFT VERT trigger
source button illuminated.

RIGHT VERT

Trigger source: Right vertical unit. RIGHT VERT trigger
source button illuminated.

HORIZO

NTAL SYSTEM

Deflection Factor

Compatible with all 7000-series plug-in units.

DC Linearity

0.05 division or less error at each graticule line after
adjusting for no error at second and tenth graticule lines.

Fastest Calibrated Sweep Rate

200 ps/div. (See R7103 Horizontal System Specs., Table 1-9).

Phase Shift Between Vertical and Horizontal
Deflection Systems

2° or less from dc to at least 50 kHz.

Bandwidth 350 MHz.
CALIBRATOR
Waveshape Square wave.
Polarity Positive going, with baseline near 0 volt.

Output Resistance

450 Q.

Output voltage

(Selected by front-panel CALIBRATOR switch).

Into 100 kQ or greater

40mV, 0.4V, 4 V.

Into 50 Q

4mV,40mV, 04 V.

Output Current

40 mA available through CALIBRATOR output with optional
bnc-to-Current Loop adapter. CALIBRATOR must be set to
4V for calibrated output.

Amplitude Accuracy (P-P Voitage)

Within 1%.

Repetition Rate

1 kHz within 0.25%.

1-5
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TABLE 1-4 (CONT)
Electrical Characteristics

Characteristic

Performance Requirement

CALIBRATOR (CONT)

Duty Factor

49.8% to 50.2%.

Rise Time and Fall Time

500 ns or less into 100 pF or less.

SIGNAL OUTPUTS

+SAWTOOTH OUT

Source

HORIZ time-base.

Polarity

Positive-going with baseline at 0 V within 1 V into 1 MQ.

Output Voltage

Rate of Rise

Into 50 Q 50 mV/unit of time selected by time base time/div
switch, within 15%, 100 ns/div maximum sweep rate.
Into 1 MQ 1 V/unit of time selected by the time base time/div switch,

within 10%; 1 u s/div maximum sweep rate.

Output Resistance

Approximately 950 Q.

+GATE
Source Gate, derived from HORIZ time base main gate.
Polarity Positive-going with baseline at 0 V within 1.0 V into 1 MQ.

Output Voltage
Into 50 Q

0.5 V within 10%.

Into 1 MQ

10 V within 10% (up to 1 us/div sweep rate).

Rise Time Into 50 Q

5 ns or less.

Fall Time Into 50 O

15 ns or less.

Output Resistance

Approximately 950 Q.

SIG OUT

Selected by TRIGGER SOURCE selector.

Source

Same as TRIGGER SOURCE.

Output Voltage
Into 50 Q

25 mV/div of vertical deflection within 25%.

Into 1 MQ

For a maximum output of £2 V: 0.5 V/div of vertical deflection
within 25%.

Bandwidth into 50 Q

Varies with vertical plug-in selected; see Table 1-8, R7103
Oscilloscope Verticai System Specification.

DC Centering

0 V within 1V into 1 MQ.

Aberrations

15% or less p-p within 50 ns of step.

Output Resistance

Approximately 950 Q.
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TABLE 1-4 (CONT)
Electrical Characteristics

Characteristic

Performance Requirement

READOUT DISPLAY

Readout Modes

Free-Run (not labeled)

Continuously displayed.

PULSED

Single-shot operation.

Pulse Source

Selected by front-panel switches.

+GATE: Triggered by the trailing edge of the +GATE.
EXT: Controlled through rear-panel remote control connector.
MAN: Manual trigger, independent of other pulse sources.

DISPLAY
Graticule
Type Internal, illuminated with variable edge lighting.
Lighting
Normal Continuously lighted.
PULSED Signal-shot operation. Lights are puised on for approximately

0.5 seconds.

Pulse Source

Selected by front-panel switches.

+GATE: Triggered by trailing edge of +GATE.
EXT: Controlled through rear-panel remote control connector.
MAN: Manual trigger, independent of other puise sources.

Area 8 x 10 div {one division equals 8.5 mm).
Phosphor P31.
Vertical and Horizontal Resolution 17 lines/div.

High Voltage

Screen Voltage

Approximately 12.5 kV.

Limited Viewing Time Indicator

Steady Yellow

Crt display time is limited to approximately 1 hour or less, depending
on intensity of display.

Flashing Yellow

Crt display time is limited to approximately 1 minute and intensity
is being limited.

Shutdown Indicator

Flashing Red Crt display will be shut off within 10 seconds.

Steady Red Indicates crt display is shut off.
Geometry Within 0.1 div of vertical and horizontal graticuie lines.
BEAMFINDER When actuated, limits display to within graticule area

and defocuses display.

1-7
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TABLE 1-4 (CONT)
Electrical Characteristics

Characteristic

Performance Requirement

DISP

LAY (CONT)

Photographic Writing Speed

20 cm/nsec (without mesh or blue filter).

PHOSPHOR: Standard P31.
CAMERA: TEKTRONIX C53; f/1.9 1:0.85 lens.
FILM: Polaroid Type 107; 3000 ASA.

REMOTE CONNE

CTORS AND SWITCHES

Contro! lllumination

HIGH, MEDIUM and OFF. Three-position switch iocated on
rear panel of power supply.

Camera Power

Three-contact connector compatible with TEKTRONIX C-50
Series Cameras.

Bottom Pin Ground
Center Pin Single sweep reset.
Top Pin +15 V.

SINGLE SWEEP RESET

Connector (bnc) on rear panel to reset single-sweep function of time
base installed in HORIZ compartment. Also resets the Limited View
Time function.

Signal Required

Closure to ground or switching from the high level (+50 to

+10 V; sink less than 40 uA) to low level (+0.5V to -5 V;

sink less than 12 mA) in less than 1 msec, resets the sweep and the
Limited View Time function. Compatible with 15 V open-collector TTL
source.

Minimum Pulse Width

10 us at 50% amplitude points.

Maximum Safe Input Voltage

+50 V to -5 V (dc + peak ac).

SINGLE SWEEP READY

Connector (bnc) on rear panel. Remote ready indicator
for HORIZ time base.

Output Signal

Open when not ready. +5 V at 47 Q2 source impedance
when ready. Output will light a No. 48 bulb.

GRATICULE/READOUT SINGLE SHOT

Connector (bnc) on rear panel. Switching to the low level

(+1 V to -5 V; sink less than 2 mA) from the high level

(+10 V to +15 V; sink less than 0.3 mA), in less than

1 usec, triggers the readout to display one complete readout
frame and the GRAT ILLUM to be illuminated for approximately
0.5 sec.

Compatible to 15 V open collector TTL source.

Maximum Open Circuit Voltage

+15 V.

Maximum Safe Input Voltage

+15 V to -5 V (dc plus peak ac).

Probe Power

Two probe power connectors on rear panel.

Pin 1

+5 V.

Pin 2

Chassis ground.
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TABLE 1-4 (CONT)
Electrical Characteristics

Characteristic

Performance Requirement

REMOTE CONNECTORS AND SWITCHES (CONT)

Probe Power (cont)

Pin 3

-15 V.

Pin 4

+15 V.

Z-AXIS INPUT (External)

Connector (bnc) on rear panel.

Polarity and Sensitivity

Positive 2 V provides complete blanking from maximum
intensity condition. Negative 2 V provides complete unblanking
from minimum intensity condition.

Low Frequency Limit

Dc.

Input Resistance

Approximately 500 Q.

Input Capacitance

Less than 50 pF.

Open Circuit Voltage

oVv.

Maximum Safe Input Voltage

15V, dc plus peak ac.

Maximum Repetition Rate

1 MHz.

POWER SOURCE

Voltage Range (AC, RMS)

Selected by rear-panel LINE VOLTAGE SELECTOR.

115 V Rated

From 90 Vto 132 V.

230 V Rated

From 180 V to 250 V.

Line Frequency

From 48 Hz to 440 Hz.

Maximum Power Consumption

165 W, worst case.

Maximum Current

3.3 A at 60 Hz, 90 V Line.

1.7 A at 60 Hz, 180 V Line.

Fuse

4 A fast blow. (For both LINE VOLTAGE SELECTOR settings.)

1-9
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TABLE 1-5
Environmental Characteristics

Characteristics Information

NOTE

This instrument will meet the electrical characteristics given in the Performance Requirement column of
Table 1-4 over the following environmental limits.

Temperature
Operating 0° to +50° C.
Storage -55° to +75° C.
Altitude
Operating 5 km (15,000 feet).
Storage 15 km (50,000 feet).
EMC (Electromagnetic Compatibility) NOTE
The EMI mesh filter must be installed and any unused
plug-in compartments must be covered with a blank
plug-in panel (EMI shielded) in order to meet EMC
specifications.
Meets requirements of MIL-STD-461B, when tested in
accordance with the foliowing test methods of MIL-STD-462:
CE-03 part 4 curve 1, CS-01 part 4, CS-02 part 4, CS-06
part 5, RE-02 part 4 (limited to 1 GHz), RS-01 part 2,
RS-03 part 7 (limited to 1 GHz), and VDE 0871 class B.
TABLE 1-6
Physical Characteristics
Characteristic Information
Ventilation Safe operating temperature maintained by dc fan. Automatic
resetting thermal cutout protects instrument from overheating.
Finish Anodized front panel.
Overall Dimensions (measured at maximum points) See Figure 1-1.
Height 177 mm (6.98 inches).
Width 483 mm (19.0 inches).
Length 742 mm (29.22 inches).
Net Weight (Instrument without plug-in units) 19.96 kg (44 Ibs).
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Figure 1-1. Dimensions of R7103.
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SYSTEM ELECTRICAL SPECIFICATION

Your Tektronix R7103 Oscilloscope system provides
exceptional flexibility in operation with a wide choice of
general- and special-purpose plug-in units. The type
number of a particular plug-in unit identifies its usage as
follows:

The first digit (7) denotes that the unit is designed to
operate in a 7000-series oscilloscope system.

The second letter describes the purpose of the plug-in
unit:

A—Amplifier
B—“Real-time” time-base
C—Curve tracer
D-—Digital unit
L—Spectrum analyzer
M—Miscellaneous
S—Sampling unit
T—Sampling time-base

Scans by Artekmedia => 2009

The third and fourth digits of the plug-in type number
carry no special connotation.

A “N” suffix letter added to the normal four-digit type
number means that the instrument does not have the
circuitry necessary to encode data for the 7000-series
readout system.

Table 1-7 lists plug-in units which are incompatible with
the R7103, gives reasons for that incompatibility, and
lists the symptoms that will occur if the unit is used in
the R7103.

Table 1-8 lists the vertical specifications which are
system dependent. For more complete specifications on
plug-in units for the 7000-series oscilloscope system,
refer to the Tektronix Products catalog.

Table 1-9 lists the horizontal specifications which are
system dependent. For more complete specifications on
plug-in units for the 7000-series oscilloscope system,
refer to the Tektronix Products catalog.

TABLE 1-7
Plug-In Incompatibility

The R7103 Oscilloscope is compatible with Tektronix 7000-Series Plug-in units with the exceptions listed in the

following table.

Plug-In
Conditions Operating Conditions Symptoms Cause
7L13 7L13 set for single-sweep 7L13 will not start by remote 7L13 does not provide single-
operation. or camera connection. sweep reset.
705 7L5 set for single-scan Pulsed readout and pulsed 7L5 Sweep Gate remains high.
operation. graticule from + gate source
do not operate normally.
7512 7512 set for single-scan 7S12 will not start by remote 7812 does not provide single-
operation. or camera reset connector. sweep reset.
7B50 All Leading edge of triggering R7103 delay line length.
7B51 waveform cannot be viewed.
7B52
7B53N
7B53AN Intensified zone. The intensified zone is t00 No contrast control.
7BS3A bright and may be the only
part of the display visible.
7B92 Time base set for alternate Pulsed readout and pulsed Time base sweeps only once
7B92A and single-sweep modes. graticule from + gate source when reset, whereas both
do not operate normally. main and delayed sweeps
are required to produce a
holdoff pulse.
7B85 7B85 set for single sweep Pulsed readout and pulsed 7B85 sweeps once but needs
operation with A time graticule from + gate source to sweep twice to generate
function operational. do not operate normally. holdoff pulse.

1-12



TABLE 1-7 (CONT)
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Plug-In
Conditions Operating Conditions Symptoms Cause
7B15 Delta time function. No intensified zones, no
7B85 second sweep.
7B50 Fast sweep rates (time per Sweep nonlinearities and Extremely wide bandwidth
7B51 division typically 50 ns/div timing errors, particularly of the R7103 horizontal
7B52 or faster). when externally triggered. system allows resolution of
7B53,A sweep aberrations and
7B70 trigger crosstalk.
7B71
7D01 Any Not compatible with the The R7103 display from these
7002 R7103 Oscilloscope. Any crt Logic Analyzers can cause
7D20 damage caused by use of the permanent reduction in crt
7D01 or 7D02 or 7D20 in the microchannel plate gain,
R7103 Oscilloscope will not consequently, a permanent
be covered under instrument reduction in writing rate. For
warranty. more information, refer to
“Reduction of Display Gain
with Display Output Charge,”
in Section 2, Operating
Instructions.
TABLE 1-8
R7103 Oscilloscope Vertical System Specification
Amplifier Accuracy (1%)' | VERT SIG OUT
Plug-In Probe Bandwidth Rise Time 0° to +50° C 0°to +50° C BW Tr
Unit (MHz) (ns) EXT CAL INT CAL (MHz) {ns)
7A11 Integral 250 1.4 2 3 150 MHz 2.4ns
7TA12 None 2 3
105 3.4 110 MHz 3.2 ns
P6053B 3 4
7A13 None 100 MHz 3.5ns
100 3.5
P6053B 1.5 2.5 100 MHz 3.5ns
P6055 65 5.4 65 MHz 5.4 ns
7A14 P6021 55 6.4 50 MHz 7.0ns
2 3
pP6022 110 3.2 100 MHz 3.5ns
7TA15A/N None 2 3
80 4.4 70 MHz 5.0 ns
P6053A 3 4
7A16A None 2 3
225 1.6 150 MHz 2.4ns
P6053B 3 4
TA17 None 150 2.4 15 MHz 24 ns

' Deflection Factor accuracy Is checked as follows:
EXT CAL 0° to +50° C: Plug-in gain set at a temperature within 10° C of operating temperature, using an external calibrator with accuracy within 0.25%.
INT CAL 0° to +50° C: Plug-in gain set using the oscliloscope calibrator (within 10° C of the operating temperature) In atemperature range between 0°and

+50° C.

Scans by ArtekMedia => 2009
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TABLE 1-8 (CONT)
R7103 Oscilloscope Vertical System Specification

Amplifier Accuracy (1%)’ VERT SIG OUT
Plug-In Probe Bandwidth Rise Time 0° to +50° C 0° to +50° C BW Tr
Unit (MHz) (ns) EXT CAL INT CAL (MHz) (ns)
7A18 None 2 3
75 4.7 70 MHz 50ns
P6053B 3 4
7A19 None 3 4
P6056 600 0.6 600 MHz 0.6 ns
P6057 4 5
P6201 500 0.7 500 MHz 0.7 ns
7A22 None or 1 MHz 350 2 3 1.0 MHz 350 ns
Any (within 10%) (within 9%) +10% 9%
TA24 None 3 4
400 0.9
P6056, 200 MHz 1.75 ns
P6057 4 5
P6201 350 1.0
7A26 None 2 3
200? 1.752 150 MHz 2.4ns
P6053B 3 4
TA29 None 3 4 750 MHz 0.47 ns
1000° 0.35°
P6056 . 700 MHz 0.50 ns
P6057 800 0.45 4 5 600 MHz 0.60 ns
P6201 600 0.60 500 MHz 0.70 ns
7A42 None 3 4
350° 1.0°
P6230
4 5
P6131 300° 1.2°

! Deflection Factor accuracy is checked as follows:
EXT CAL 0° to +50° C: Plug-in gain set at a temperature within 10° C of operating temperature, using an external calibrator with accuracy within 0.25%.
INT CAL 0° to +50° C: Plug-in gain set using the oscilloscope calibrator (within 10° C of the operating temperature) in a temperature range between 0°and
+50° C.

2 System temperature range from 0° to +35° C; derate 10% from +35° to +50° C.

? System temperature range from 0° to +35° C.
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TABLE 1-9
R7103 Oscilloscope Horizontal System Specification

Maximum Triggering
Time Base Performance Feature Calibrated Frequency
Sweep Rate Range
7B10 Delayed Sweep 200 psec/div Dc to 1000 MHz
7B15 Delaying Sweep 200 psec/div Dc to 1000 MHz
7B92A Display Switching 500 psec/div Dc to 500 MHz
7B80 Delayed Sweep 1 ns/div Dc to 400 MHz
7B85 Delaying Sweep 1 ns/div Dc to 400 MHz
7B50A Delayed Sweep 5 ns/div Dc to 150 MHz
7B50 Series NOT RECOMMENDED. These time bases are not optimized for the extremely wide horizontal
(except 7B50A) bandwidth of the R7103 and will likely exhibit unacceptable degradation in sweep accuracy
7B70 Series and linearity.
7892

STANDARD ACCESSORIES

Operators ManUal . ... e 1 ea.
Instruction Manual . ... . 1 ea.
Filter, CRT Faceplate, blue . ........... o e et e 1 ea.
Frame Mask, PlastiC . ... ... 1 ea.
POWET COrd . .o e e e 1 ea.
EMI Filter, mesh (installed) . ... ... e 1 ea.
Slide, Drawer, eXterior. ... ...t i e e 1 pair
Rackmount Kit ... 1 ea.

For more detailed information, refer to the tabbed Accessories page at the rear of this manual.

RECOMMENDED ACCESSORIES
(not included)

The following accessories are available for use with your R7103 Oscilloscope. For more detailed information refer to
the page tabbed “Accessories” at the rear of the instruction manual. Order recommended accessories through your
local Tektronix Field Office or representative.

Current Loop Probe Adapter ... ... ... 1 ea.
Camera, fOr geNeral USE . ... ...ttt e e 1 ea.

1-15
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Section 2—R7103

OPERATING INSTRUCTIONS

PRELIMINARY OPERATION

To operate the R7103 effectively, the user must become
familiar with its operation and capabilities. This section
describes the use of front- and rear-panel controls and

connectors.

To avoid electric-shock hazard, see
Installation in the General Information
section of this manual before operating the
R7103.

REDUCTION OF DISPLAY GAIN WITH
DISPLAY OUTPUT CHARGE

It is a characteristic of the R7103 crt to have
permanently diminished display gain in locations of
sustained trace operation. This gain reduction manifests
itself as reduced writing speed. The gain is diminished
in proportion to the logarithm of the charge output
(current-time product) from a given display area of the
microchannel plate image amplifier.

The limited viewing time system with its two panel
indicators, LIMITED VIEWING TIME and SHUTDOWN,
and its RESET pushbutton, is included to enable long-
term use of the crt display by discouraging (1) high
continuous-trace-current operation and (2) long-term,
unattended trace-on operation:

For average display currents below 25 nA the
yellow LIMITED VIEWING TIME indicator remains
off, and display shutdown does not occur. When
the average display current is 25 nA, the indicator
comes on and shutdown occurs in one hour. This
time drops to one minute for an average display
current of 1.8 uA. The average display current is
limited by feedback to the 1.8 uA value. (Single-
shot display current is not limited by this system.)

The user can minimize gain loss by taking precautions
in three areas: (1) Readout intensity, (2) Trace baselines,
and (3) X-Y Displays.

1. Readout intensity
The fixed location, small area, and often fixed

pattern of the readout tends to aggravate the gain
loss in this area so it is advised that the readout
display intensity be kept low.

2. Trace baselines

There will, in time, be distinguishable gain loss in
the region of the trace baseline(s). Less severe gain
loss will result by using different baseline locations
rather than repeatedly using fixed locations for
these, such as the 0% line. Operating the timebase
in Normal trigger mode rather than Auto trigger
mode (bright baseline} will reduce the trace
baseline gain loss by removing the trace in the
absence of a triggering signal.

3. X-Y displays

Operating in an X-Y mode often means more
concentrated display current and hence more
concentrated associated gain loss. The user will
want to take care that stationary spots or small area
displays are not allowed to be operated for
extended time periods.

PLUG-IN UNITS

The R7103 accepts up to three Tektronix 7000-series
plug-in units, allowing selection of bandwidth,
sensitivity, display mode, etc., and provides for future
expansion of the system.

The overall capabilities of the system are mainly
determined by the characteristics of the selected plug-in
units. Some typical combinations are given under
Applications, in this section, along with simplified setup
instructions. For information on other plug-in units,
refer to the current Tektronix Products catalog.

INSTALLING PLUG-IN UNITS

A AT a Y avave

; CAUTION 5

)

Before installing or removing plug-in units,
turn the R7103 power off to prevent
instrument damage.

To install a plug-in unit, align the siots in the top and
bottom of the plug-in unit with the associated guide rails

2-1
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in the plug-in compartment. Insert the plug-in unit into
the compartment until it locks into place. To remove a
plug-in unit, pull outward on the release latch to
disengage the plug-in unit. To meet the EMC
(electromagnetic compatability) specifications, cover all
unused plug-in compartments with an EMC shielded
blank plug-in panel, Tektronix Part 016-0155-00.

The gain of the R7103 vertical and horizontal systems
has been normalized to allow plug-in units to be
interchanged among plug-in compartments without
adjustment of the system. The basic calibration of the
plug-in units should be checked when installed to verify
their accuracy (refer to the operating instructions in the
plug-in manual).

CONTROLS AND CONNECTORS

The R7103 front and rear panels are shown in Figure 2-1
and Figure 2-2. A brief, functional description of each
control and connector is included in the illustration.
Refer to Detailed Operating Information for additional
information.

FRONT-PANEL COLOR CODING

The R7103 front panel is color coded to define areas by
function. Blue identifies the display mode controls;
green identifies triggering controls.

Other colors, such as gray, have no functional
assignment, but indicate a relationship among controls
and/or connectors.

OPERATORS CHECKOUT
PROCEDURE

The Operators Checkout Procedure may be used to
verify proper operation of the front-panel controls and
to get acquainted with the instrument. Only instrument
functions (not measurement quantities or specifications)
are checked in the procedure; therefore, a minimum
amount of test equipment is required. If performing the
Operators Checkout Procedure reveals improper
performance or instrument malfunction, check the
operation of associated equipment; then refer to
gualified service personnel for repair or adjustment of
the instrument.

TEST EQUIPMENT REQUIRED

The following test equipment was used in preparing the
Operators Checkout Procedure. Other test equipment
that meets these requirements may be substituted.
When other equipment is substituted, the control
settings or setup may need to be altered.

2-2
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1. Function Generator

Description: Frequency range, 250 kilohertz to 1
megahertz; output amplitude, two volts peak-to-
peak into 50 ohms; waveform, sine wave.

Type Used: Tektronix SG 503 Leveled Sine Wave
Generator (used with TM 500 power module).

2. Cables, Coaxial (two required)
Description: Length, 42 inches; connectors, bnc.

Type Used: Type RG-58/U, 50-ohm coaxial,
Tektronix part 012-0057-01.

3. Adapter, bnc ‘T’

Description: Connectors, bnc female, two; bnc male,
one.

Type Used: bnc T adapter, Tektronix Part 103-0030-
00.

4. Adapter
Description: Connectors, bnc female to bnc female.

Type Used: Bnc female to bnc female adapter,
Tektronix Part 103-0028-00.

PRELIMINARY SETUP
1. Set the front-panel controls as follows:

INTENSITY . .............. counterciockwise
FOCUS. ... o midrange
READOUT ... OFF
GRAT ILLUM ........... counterclockwise
POWER ........ ... .. i OFF
CALIBRATOR ... 4V
VERTICAL MODE ................... LEFT
TRIGGER SOURCE ......... VERT MODE

2. Connect the R7103 to a power source that meets its
voltage and frequency requirements. If the available
line voltage is outside the limits of the LINE
VOLTAGE SELECTOR (on rear panel) setting, see
Operating Power Information under Installation
(General Information section).

3. Install Tektronix 7A-series amplifier units in the
LEFT VERT and RIGHT VERT compartments. Install
a Tektronix 7B-series time base in the HORIZ
compartment.

4. Press the POWER switch to the on (locked in)
position.



5. Set the time base as follows:

Time/div. . ... 1 ms
Triggering
Mode....... ... Auto
Coupling ....ovvvii AC
SOUICe ... e int

6. Rotate the INTENSITY control until the trace is at a
desirable viewing level (near midrange).

7. Connect the CALIBRATOR output to the input of
the left amplifier unit with a 42-inch coaxial cable.

8. Set the left amplifier deflection factor to display a
signal amplitude of two divisions on the crt.

9. Set the time-base Triggering Level control for a
stable display.

DISPLAY FOCUS

10. Rotate the FOCUS and ASTIG controls and observe
the square-wave display. Notice that the thickness
of the trace varies. Set the FOCUS and ASTIG
controls for a well-defined trace.

TRACE ALIGNMENT

11. Disconnect the input signal. Using the left amplifier
position control, align the trace with the center
horizontal graticule line. If necessary use the
TRACE ROTATION control to align the trace with
the center graticule line.

GRATICULE ILLUMINATION

12. Rotate the GRAT ILLUM control throughout its
range and notice that the graticule lines illuminate
more brightly as the control is turned clockwise.

CONTROL ILLUMINATION

13. Notice that the lighted push buttons are illuminated.
Sequentially press all the VERTICAL MODE
pushbuttons and watch the lights; an illuminated
button indicates an active control. Set the
CONTROL ILLUMINATION switch to MEDIUM, and
observe that the lighted push buttons on the plug-in
units are dimmed.

14. Set the rear-panel CONTROL ILLUMINATION
switch to the HIGH position.

VERTICAL DEFLECTION SYSTEM

15. Connect the 4 V CALIBRATOR output to the input
connectors of both amplifier units with two coaxial
cables and a bnc T connector. Set the deflection
factor of the left amplifier to display about two
divisions of signal on the crt.

Operating Instructions—R7103

16. Notice that the position control of the left amplifier
affects the vertical position of the displayed trace.
Position the trace to the upper half of the graticule.
(The right amplifier's position control should not
affect the trace position.)

17. Set the VERTICAL MODE selector to RIGHT. Set
the deflection factor of the right amplifier to display
about two divisions of signal on the crt.

18. Notice that the position control of the right amplifier
affects the vertical position of the displayed trace.
(The left amplifier's position control should not
affect the trace position.) Set the trace to the lower
half of the graticule.

19. Set the VERTICAL MODE selector to ALT. Two
traces should be displayed on the crt. The top trace
is produced by the left amplifier and the bottom
trace is produced by the right amplifier. Set the
time-base to 50 ms; notice that the display
alternates between the left and right amplifier plug-
in units after each sweep. Turn the time-base
Time/div control through its range and note that the
display alternates vertical amplifiers at all sweep
rates.

20. Set the VERTICAL MODE selector to CHOP. Turn
the time-base Time/Div control through its range. A
dual-trace display will be presented at all sweep
rates, and both amplifier signals are displayed by
the time base on a time-sharing basis. Set the time-
base to 0.5 ms/div.

21. Set the VERTICAL MODE selector to ADD. The
display should be four divisions in amplitude. Notice
that the Position control of either amplifier moves
the display. Set the VERTICAL MODE selector to
LEFT.

HORIZONTAL DEFLECTION SYSTEM

22. Set the start of the trace to the left graticule line
with the time-base position control.

23. Set the CALIBRATOR to 0.4 V. Set the VERTICAL
MODE to CHOP. Four traces should be displayed
on the crt. if not, adjust the position controls of the
amplifiers to bring the four traces into view. Set the
position controls of the plug-in units to identify
which trace is produced from each plug-in unit (if
amplifier units have the identify feature, they can be
used to identify the traces).

TRIGGERING

24, Set the VERTICAL MODE selector to LEFT. Center
the display on the crt with the left amplifier Position
control. Disconnect the input signal from the right
amplifier connector. Sequentially select all of the

2-3
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Camera Power Connector (not labeled)—Three-pin connector provides power to operate camera; it also receives single-
sweep reset signal.

@ TRACE ROTATION—screwdriver adjustment to align trace with graticule line.

@ BEAMFINDER button—when pressed, compresses and defocuses display within graticule area.
@ ASTIG—screwdriver adjustment; used with FOCUS control to obtain a well-defined display.
@ FOCUS control—optimizes crt trace definition.

@ INTENSITY control—sets brightness of trace produced by the plug-in unit installed in the horizontal plug-in compartment.

5039-201A

Figure 2-1. Front-panel controls, connectors, and indicators.
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RESET button—when pressed, initiates another cycle of display time.
SHUTDOWN indicator—when lit, indicates that crt display is off.

LIMITED VIEWING TIME indicator—indicates that beam intensity is set at level high enough to cause crt display shutdown to
occur.

+SAWTOOTH connector—furnishes sawtooth signal derived from the time-base sweep signal.
+GATE connector—furnishes positive-going gate signal from the time-base in the HORIZ plug-in compartment.

SIG OUT connector—provides output signal from compatible vertical plug-in units installed in left or right vertical
compartments, as selected by the TRIGGER SOURCE selector.

Ground connector (not labeled)—binding post for establishing common ground for associated equipment.

CALIBRATOR connector and 4 V, .4 V, and 40 mV buttons—the connector provides an accurate square-wave voltage as
selected by the button that is pressed in.

VERTICAL MODE buttons—select source of input signal (LEFT or RIGHT) and mode of display (ADD, ALT, or CHOP).
TRIGGER SOURCE buttons—select source of signal to trigger the plug-in unit in the HORIZONTAL compartment.
POWER switch and indicator—controls power to instrument and indicates when instrument is turned on.

READOUT control—sets brightness of readout display. When set fully counterclockwise, in OFF position, disables readout
system. When set fully clockwise, in PULSED position, the readout system operates in pulsed mode. It produces one frame of

readout for each +Gate or external pulse it receives, as selected by the +GATE/EXT button (see item 20).

READOUT PRESET adjustment—screwdriver adjustment that sets the brightness of the readout display when the
READOUT control is set to PULSED position.

READOUT +GATE/EXT button—selects the +Gate from the time base or a signal from the GRATICULE/READOUT SINGLE
SHOT input on the rear panel as the stimulus for the readout display.

READOUT MAN button—when pressed, causes one frame of readout display.
GRAT ILLUM control—sets level of graticule illumination. When set fully clockwise to the PULSED position, the graticule
illumination system operates in pulsed mode. The graticule will be illuminated once for each +Gate or Ext trigger pulse from

the rear panel, as selected by the GRAT ILLUM +GATE/EXT button (see item 24).

GRAT ILLUM PRESET adjustment—screwdriver adjustment that sets the level of graticule illumination when the GRAT
ILLUM control is set to PULSED position.

GRAT ILLUM +GATE/EXT button—selects the +Gate from the time base or a signal from the GRATICULE/READOUT
SINGLE SHOT input on the rear panel as the stimulus for the graticule illumination circuit.

GRAT ILLUM MAN button—when pressed, causes one momentary illumination of the graticule.

5039-2018B

Figure 2-1 (cont). Front-panel controls, connectors, and indicators.
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PROBE POWER connectors (2)—provide power for active probe system.

SINGLE SWEEP READY connector—provides the single-sweep ready signal from the time base in the HORIZ plug-in
compartment.

SINGLE SWEEP RESET connector—provides means of connecting an external signal to the single-sweep circuitin thetime
base in HORIZ plug-in compartment. Also resets the Limited View Time function.

GRATICULE/READOUT SINGLE SHOT connector—provides input for signal to actuate single-shot graticule illumination
and single-frame readout. The READOUT and GRAT ILLUM controls must be set to PULSED, and the READOUT
+GATE/EXT and GRAT ILLUM +GATE/EXT buttons must be set to EXT (out).

Z-AXIS INPUT connector—provides path for signal to intensity-modulate the display.

LINE-VOLTAGE SELECTOR—sets the R7103 to accept 115- or 230-volt nominal line voltage.

QP® ® © OO

CONTROL ILLUMINATION selector—controls the illumination level of the lighted pushbuttons on associated plug-in units,
and the TRIGGER SOURCE buttons.

5039-202

Figure 2-2. Rear-panel controls, connectors, and indicators.
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25.

26.

VERTICAL MODE selector positions. Notice that a
stable display is obtained for all positions of the
VERTICAL MODE selector (straight line display in
RIGHT position).

Set the TRIGGER SOURCE selector to LEFT VERT.
Again, sequentially select all of the VERTICAL
MODE selector positions; notice that the display is
again stable in all positions, as in the previous step,
and that the LEFT VERT pushbutton is illuminated.

Set the TRIGGER SOURCE selector to RIGHT
VERT. Sequentially select all of the VERTICAL
MODE selector positions and notice that a stable
display cannot be obtained in any position (this is
because there is no input signal connected to the
right vertical amplifier) and that the RIGHT VERT
pushbutton is illuminated. Return the A TRIGGER
SOURCE selector to VERT MODE and notice that it
is illuminated.

READOUT

27.

28.

29.

Turn the READOUT control clockwise until an
alphanumeric display is visible within the top or
bottom division of the crt. Change the deflection
factor of the amplifier selected for display. The
readout position of the display should change as the
deflection factor is changed. Likewise, change the
sweep rate of the time base; the readout display for
the time base should change as the sweep rate is
changed.

Set the time base for X10 magnification. Notice that
the readout display will change to indicate the
correct magnified sweep rate. If a readout-coded
10X probe is available for use with the amplifier,
install it on the input connector of the right
amplifier. Notice that the deflection factor indicated
by the readout is multiplied by 10 when the probe is
connected. Return the time base to unmagnified
sweep operation and disconnect the probe.

Sequentially select all of the positions of the
VERTICAL MODE selector. Notice that the readout
from a particular plug-in occupies a specific
location on the display area. If either vertical
amplifier is a dual-trace unit, the readout for
channel 2 is displayed within the lower division of
the crt. Return the VERTICAL MODE to LEFT. Set
the READOQUT control to OFF.

BEAMFINDER

30.

Set the deflection factor of the left amplifier to 10
millivolts/division and the calibrator for a 4 V output.
Notice that the square-wave display is not visible,
because the deflection exceeds the scan area of the
crt.

31.

32.

Operating Instructions—R7103

Press the BEAMFINDER pushbutton; notice that the
display is returned to the viewing area in
compressed form. Release the BEAMFINDER switch
and notice that the display again disappears from
the viewing area.

With the BEAMFINDER button pushed in, increase
the amplifier deflection factor until the display is
reduced to about two divisions vertically. Adjust the
Position control of the displayed amplifier to
position the compressed display near the center of
the graticule. Release the BEAMFINDER button and
observe that the display remains within the viewing
area.

CALIBRATOR

33.

34.

Connect the CALIBRATOR output to both the left
and right vertical units with two coaxial cables and a
bnc T connector. The display amplitude should be
approximately two divisions. If not, adjust the
deflection factor accordingly.

Press the different CALIBRATOR push buttons
(labeled 4 V, 0.4 V, and 40 mV) and notice that the
displayed signal changes accordingly
(CALIBRATOR output must be terminated into
more than a 100 kilohm load for stated output).
When the CALIBRATOR output is terminated into
50 ohms, the output is 10 percent of the stated
output.

Z-AXIS INPUT

35.

If an external signal is available (two volts peak-to-
peak minimum), the function of the Z-AXIS INPUT
can be demonstrated. Connect the external signal to
the input connector of the displayed amplifier and
the Z-AXIS INPUT connector. Set the sweep rate of
the time base to display about five cycles of signal.
Set the amplitude of the signal generator until
intensity modulation is visible on the display
(change the amplifier deflection factor as necessary
to produce an on-screen display). The positive
peaks of the waveform should be blanked and the
negative peaks should be intensified. Notice that the
setting of the intensity controls determines the
amount of intensity modulation that is visible.
Disconnect the cables.

INTENSITY LIMITING

36.

Connect a sine-wave to the input of the displayed
amplifier. Set the amplifier deflection factor to
display eight divisions of signal. Set the time base to
display at least 20 cycles. Rotate the INTENSITY
control clockwise and observe that the yellow
LIMITED VIEWING TIME light turns on, then flashes
on and off as the intensity control is rotated further
clockwise. With the LIMITED VIEWING TIME light
flashing, the intensity is limited. Rotating the

2-7
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intensity control clockwise does not increase the
displayed brightness. Notice that after about one
minute the red SHUTDOWN light starts flashing and
after about 10 seconds turns on steady; at the same
time the crt display is turned off. Press the RESET
button and the display should return.

DETAILED OPERATING INFORMATION

GRATICULE

The graticule is marked on the inside of the crt faceplate
to enable accurate, parallax-free measurements. The
graticule has eight vertical and 10 horizontal divisions.
Each divison is a 0.85 centimeter square divided into five
minor divisions along each axis. The vertical gain and
horizontal timing of the plug-in units are calibrated to
the graticule so that accurate measurements can be
made from the crt. The illumination of the graticule lines
can be varied with the GRAT ILLUM control.

Figure 2-3 shows the graticule and defines the various
measurement lines. The terminology defined here will
be used in all discussions involving measurements from
the graticule. The markings: 0%, 10%, 90%, and 100% on
the left side of the graticule are for accurate rise-time
measurements.

GRATICULE ILLUMINATION

The GRAT ILLUM control varies the illumination of the
graticule lines. The GRAT {LLUM can also be operated
in the PULSED mode. With the GRAT ILLUM control set
to the PULSED position (detent), and the +GATE/EXT
switch set to +GATE, the graticute will be illuminated

SECOND CENTER TENTH
VERTICAL VERTICAL VERTICAL
LINE LINE LINE
I +
100-
CENTER + 3
HORIZONTAL -+ + TS WS S
LUNE |
i
0x- 4
Cc1675-7

Figure 2-3. Definition of graticule measurement lines.
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momentarily after the +GATE occurs. With the GRAT
ILLUM +GATE/EXT switch set to EXT the momentary
graticule illumination can be actuated by applying a
remote signal to the rear panel GRATICULE/READOUT
SINGLE SHOT connector (see Table 1-4 for
specifications). When operating in the PULSED mode,
the level of illumination is controlled by the GRAT
ILLUM PRESET screwdriver adjustment.

LIGHT FILTER/EM! FILTER

The mesh filter installed in front of the crt improves the
display contrast when viewing the crt under high-
ambient-light conditions. This metal screen, with its
matte black surface, reduces light reflections and
provides shielding against radiated electro-magnetic
interference (EMI). It may be removed for waveform
photography or for viewing high-writing-rate displays.
To remove, pull outward from the bottom and replace it
with the plastic frame mask (standard accessory).

Do not remove the clear plastic face-
protector (implosion shield) that covers the
crt faceplate; the implosion shield provides
protection to the operator from crt implosion
and protects the crt face from scratches.

The blue crt faceplate filter may be used instead of the
mesh filter to reduce crt reflections in high-ambient-
light conditions. However, it does not provide EMI
shielding. When used, this filter should be installed
behind the plastic frame mask that is used in lieu of the
mesh filter.

CONTROL ILLUMINATION

The CONTROL ILLUMINATION switch, located on the
rear panel, sets the illumination level of the TRIGGER
SOURCE buttons, and the lighted pushbuttons on the
plug-in units. The positions available are OFF, MEDIUM,
and HIGH. The CONTROL ILLUMINATION switch does
not affect the function-indicator lights (such as
triggered or single-sweep ready lights).

INTENSITY CONTROL

The INTENSITY control determines the brightness of
the display produced by the plug-in unit installed in the
HORIZ compartment. The READOUT intensity control
affects the brightness of the readout portion of the crt
display only.
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Be careful when operating the INTENSITY
control. See Reduction of Display Gain with
Display Output Charge at the beginning of
this section.

DISPLAY FOCUS

The R7103 has an automatic-focusing circuit which
maintains optimum focus for all intensity settings after a
correct setting of the FOCUS control is established. The
easiest way to obtain the correct setting of the FOCUS
control is to set the READOUT INTENSITY control so
that the readout portion of the display is clearly visible.
Adjust the FOCUS control for the best definition of the
readout display.

ASTIGMATISM-FOCUS ADJUSTMENTS

If a well-defined display cannot be obtained with the
FOCUS control, adjust the ASTIG adjustment as
follows:

NOTE

To check for proper setting of the ASTIG
adjustment, slowly turn the FOCUS control
through the optimum setting. If the ASTIG
adjustment is correctly set, the vertical and
horizontal portions of the display will focus
at the same position of the FOCUS control.
This setting of the ASTIG adjustment should
be correct for any display.

1. Install an amplifier in the LEFT VERT compartment
and a time base in the HORIZ compartment.

2. Set the VERTICAL MODE to LEFT.

3. Connect the output of a sine-wave generator to the
input of the amplifier. Set the sine-wave generator
frequency to 1 kilohertz and the vertical amplifier
deflection factor for a two-division display.

4. Set the time-base Time/Div to 0.2 millisecond and
the triggering for a stable display. Set the
INTENSITY control so the display is at a usable
intensity level (about midrange).

5. Turn the FOCUS control fully counterclockwise and
set the ASTIG adjustment to midrange.

6. Set the FOCUS control so the thickness of the sine-
wave trace is as thin as possible.

7. Adjust the ASTIG adjustment so the width of the
sine-wave trace is as thin as possible.

Operating Instructions—R7103
8. Repeat steps 6 and 7 for the best overall focus.

BEAMFINDER

The BEAMFINDER helps to locate a display that
overscans the crt viewing area vertically or horizontally.
When the BEAMFINDER button is pressed, the display
is compressed and defocused within the graticule area.
To locate and reposition an overscanned display, use
the following procedure:

1. Press the BEAMFINDER button. While the display is
compressed adjust the vertical and horizontal
position controls to center the display. Change the
vertical and horizontal deflection factors untit the
vertical deflection is about four divisions high and
the horizontal deflection is about six divisions wide
(the horizontal deflection need be reduced only
when operating in an X-Y mode).

2. Release the BEAMFINDER button; the display
should remain within the graticule area.

TRACE ALIGNMENT

The TRACE ROTATION control allows the trace to be
aligned with the horizontal graticule lines. To set the
control, position the trace to the center horizontal line
and adjust the TRACE ROTATION control so that the
trace is parallel with the center horizontal graticule line.

READOUT DISPLAY

The Readout System provides an alphanumeric display
of information on the crt along with the analog
waveform display. The information displayed by the
Readout System is obtained from the plug-in units
installed in the plug-in compartments.

The readout information from each channel of the plug-
in units is called a word. Up to six words of readout
information can be displayed on the crt (two channels
from each of the three plug-in compartments). The
location of each readout word is fixed and is directly
related to the plug-in unit and channel of origin. Figure
2-4 shows the area of the graticule where the readout
from each plug-in unit and/or channel is displayed.
Notice that the readout from channel 1 of each plug-in
unit is displayed in the top division of the graticule and
the readout from channel 2 is displayed directly below in
the bottom division of the graticule. Usually, the readout
information for plug in units and/or channels, which are
selected by the mode switches, appear in the readout
display. (Some special purpose plug-in units may
override the mode switches to display readout even
though the compartment is not selected for display.)

Readout ldentify

An “ldentify” feature is provided by the Readout System
to correlate the readout word with the originating plug-

2-9

Scans by ArtekMedia => 2009



Scans by Artekmedia => 2009

to the VERT MODE position, each sweep is triggered by
the signal being displayed on the crt. This provides a
stable display of two unrelated signals, but does not
indicate the time relationship between the signals. When
the LEFT VERT or RIGHT VERT TRIGGER SOURCE
button is pressed in, the two signals are displayed
showing their true time relation. However, if the signals
are not time related, the display from the plug-in that is
not providing a trigger signal will be unstable. The
trigger source switches are illuminated to indicate the
source of the trigger signal.

Chopped Mode. The CHOP position of the VERTICAL
MODE selector produces a display which is
electronically switched between channels at about a
one-megahertz rate. In general, the CHOP mode
provides the best display at sweep rates slower than
about 2 milliseconds/division or whenever dual trace,
single-shot phenomena are to be displayed. At faster
sweep rates the chopped switching becomes apparent
and may interfere with the display.

When the TRIGGER SOURCE selector is set to VERT
MODE, the time base is triggered from the left vertical
plug-in trigger signal. The LEFT VERT or RIGHT VERT
trigger-source positions provide trigger signals to the

TABLE 2-1
Displays*
Vertical Comments
Mode
Left One trace. Vertical deflection from plug-in unit
in LEFT VERT plug-in compartment; horizontal
deflection from plug-in unit in HORIZ plug-in
compartment.
Alt Two traces. Vertical deflection from plug-in

units in LEFT VERT and RIGHT VERT;
horizontal deflection from plug-in unit in
HORIZ plug-in compartment.

Add One trace. Amplitude of vertical deflection
is algebraic sum of signals from LEFT VERT
and RIGHT VERT plug-in units; horizontal
deflection is produced by plug-in unit in
HORIZ plug-in compartment.

Chop Two traces. Vertical deflection from plug-in
units in LEFT VERT and RIGHT VERT;
horizontal deflection from plug-in unit in HORIZ
plug-in compartment.

Right One trace. Vertical deflection from plug-in unit
in RIGHT VERT plug-in compartment; horizontal
deflection from plug-in unit in HORIZ plug-in
compartment.

*Displays given for single-channel vertical and horizontal plug-in units
only.
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time-base unit from the selected vertical unit only. The
trigger source is indicated by the illuminated trigger
source pushbuttons. This allows two time-related
signals to be displayed showing true-time relationship.
(If the signals are not time-related, the display from the
channel that is not providing the trigger signal wil!
appear unstable.)

The CHOP mode can be used to compare two single-
shot, transient, or random signals that occur within the
time interval determined by the time-base unit (ten times
selected sweep rate). To provide correct triggering, the
displayed signal which provides the trigger signal must
precede the second display in time. Because the signals
show true-time relationship, time-difference
measurements can be made from the display.

Algebraic Addition. The ADD position of the
VERTICAL MODE selector can be used (1) to display
the sum or difference of two signals, (2) for common-
mode rejection to remove an undesired signal, or (3) for
dc offset (applying a dc¢ voltage to one channel to offset
the dc component of a signal on the other channel). The
common-mode rejection ratio between the vertical plug-
in compartments is at least 160:1 from dc to 100 MHz.
The rejection ratio decreases to 80:1 from 100 MHz to 1
GHz. The overall deflection on the crt in the Add mode
is the algebraic sum of the signals from the vertical
plug-in units. It is difficult to determine the voltage
amplitude of the resultant display unless the amplitude
of the signal applied to one of the plug-in units is
known. This is particularly true when the vertical units
are set to different deflection factors, because it is not
obvious which portion of the display results from the
signal applied to a given plug-in unit. The polarity and
repetition rate of the applied signals will also affect the
Add display.

The following precautions should be observed when
using Add mode.

1. Do not exceed the input-voltage ratings of the plug-
in units.

2. Do not apply large signals to the plug-in inputs. A
good rule is not to apply a signal of more than about
eight times the vertical deflection factor. Larger
voltages may result in a distorted display.

3. To ensure the greatest dynamic range in Add mode,
set the position controls of the plug-in units to a
setting which would result in a mid-screen display if
viewed in the LEFT or RIGHT positions of the
VERTICAL MODE selector.

4. For familiar response from each channel, use
identical plug-in units and set them for the same
input coupling mode.

2-11
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TRIGGER SOURCE

The TRIGGER SOURCE selector selects the internal
trigger signals for the HORIZ time base. For most
applications, the selector can be left in the VERT MODE
position. This is the most convenient position because
the internal trigger signal is automatically switched as
the VERTICAL MODE selector is changed or as the
display is electronically switched between the Left and
Right vertical plug-in units, in the ALT position of the
VERTICAL MODE selector. It also provides a usable
trigger signal in the ADD Vertical Mode, because in this
mode the internal trigger signal is the algebraic sum of
the signals applied to the vertical plug-in units. In the
CHOP position the left vertical plug-in unit is the trigger
source. Therefore, the VERT MODE position ensures
that the time base receives a trigger signal regardless of
the VERTICAL MODE selector setting without the need
to change the trigger source selection. The TRIGGER
SOURCE selector is illuminated and indicates the
source of the trigger.

If correct triggering for the desired display is not
obtained in the VERT MODE position, the trigger source
for the time base can be changed to obtain the trigger
signal from the left or right vertical plug-in unit. The
internal trigger signal is obtained from the selected
vertical compartment whether or not the plug-in in that
compartment is selected for display. If the internal
trigger signal is obtained from one of the vertical units
while the other vertical unit is selected for display, the
internal signal must be time-related to the display signal
in order to obtain a triggered (stable) display.

CALIBRATOR OUTPUT

The Calibrator provides a convenient signal for
checking basic vertical gain and sweep timing. The
calibrator signal is also useful for adjusting probe
compensation as described in probe instruction
manuals. The calibrator can be used as a convenient
signal source for external equipment.

Voltage

The Calibrator provides accurate output voltages of 40
millivolts, 0.4 volt, and 4 volts into high impedance
loads; or 4 millivolts, 40 millivolts, and 0.4 volt into 50-
ohm loads.

Current

The optional current loop accessory provides a 40-
milliampere output current (when the Calibrator is set
for a 4-volt output), which can be used to check and
calibrate current-measuring probe systems. The current
signal is obtained by clipping the probe around the
current loop.
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Repetition Rate

The Calibrator repetition rate is 1 kilohertz. The
calibrator circuit uses frequency-stable components to
maintain accurate frequency and a constant duty factor.
Thus, the Calibrator can be used for checking the basic
sweep timing of time bases (1-kilohertz rate only).

Wave Shape

The square-wave CALIBRATOR signal can be used as a
reference wave shape when checking or adjusting the
compensation of passive, high-resistance probes. The
square-wave output from the CALIBRATOR has a fiat
top; any distortion in the displayed waveform is due to
the probe compensation.

SIGNAL OUTPUTS
+Sawtooth Out

The +SAWTOOTH OUT connector provides a positive-
going sawtooth signal derived from the time base
installed in the HORIZ compartment.

The unit of time for the sawtooth output is determined
by the time-base Time/Div control. Refer to Table 1-4, in
the General Information section, for signal parameters.

+Gate Out

The +GATE OUT connector provides a positive-going
rectangular pulse derived from the time base installed in
the horizontal plug-in compartment. The duration of the
+GATE signal is the same as the duration of the
unmagnified sweep. The amplitude of the +GATE QUT
signal is about 0.5 volt into 50 ohms or about 10 volts
into 1 megohm.

Signal Out

The SIG OUT connector provides a sample of the
vertical deflection signal. The source of the output
signal is determined by the TRIGGER SOURCE
selector. In the VERT MODE position of the TRIGGER
SOURCE selector, the output signal is determined by
the setting of the VERTICAL MODE selector. The output
signal in the LEFT and RIGHT positions of the
VERTICAL MODE selector is obtained only from the
selected vertical unit. In the ALT position of the
VERTICAL MODE selector, the output signal at the SIG
OUT connector switches between signals from the two
vertical units, along with the crt display. However, the
vertical output signal in the ADD position is a composite
signal. In the CHOP position the signal out is derived
from the LEFT vertical plug-in unit.

Probe Power

The two PROBE POWER connectors on the R7103 rear
panel provide operating power for active probe systems.
It is not recommended that these connectors be used as
a power source for applications other than the

Scans by ArtekMedia => 2009
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TRIGGER SOURCE

The TRIGGER SOURCE selector selects the internal
trigger signals for the HORIZ time base. For most
applications, the selector can be left in the VERT MODE
position. This is the most convenient position because
the internal trigger signal is automatically switched as
the VERTICAL MODE selector is changed or as the
display is electronically switched between the Left and
Right vertical plug-in units, in the ALT position of the
VERTICAL MODE selector. It also provides a usable
trigger signal in the ADD Vertical Mode, because in this
mode the internal trigger signal is the algebraic sum of
the signals applied to the vertical plug-in units. In the
CHOP position the left vertical plug-in unit is the trigger
source. Therefore, the VERT MODE position ensures
that the time base receives a trigger signal regardless of
the VERTICAL MODE selector setting without the need
to change the trigger source selection. The TRIGGER
SOURCE selector is illuminated and indicates the
source of the trigger.

If correct triggering for the desired display is not
obtained in the VERT MODE position, the trigger source
for the time base can be changed to obtain the trigger
signal from the left or right vertical plug-in unit. The
internal trigger signal is obtained from the selected
vertical compartment whether or not the plug-in in that
compartment is selected for display. If the internal
trigger signal is obtained from one of the vertical units
while the other vertical unit is selected for display, the
internal signal must be time-related to the display signal
in order to obtain a triggered (stabie) display.

CALIBRATOR OUTPUT

The Calibrator provides a convenient signal for
checking basic vertical gain and sweep timing. The
calibrator signal is also useful for adjusting probe
compensation as described in probe instruction
manuals. The calibrator can be used as a convenient
signal source for external equipment.

Voltage

The Calibrator provides accurate output voltages of 40
millivolts, 0.4 volt, and 4 volts into high impedance
loads; or 4 millivolts, 40 millivolts, and 0.4 volt into 50-
ohm loads.

Current

The optional current loop accessory provides a 40-
milliampere output current (when the Calibrator is set
for a 4-volt output), which can be used to check and
calibrate current-measuring probe systems. The current
signal is obtained by clipping the probe around the
current loop.
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Repetition Rate

The Calibrator repetition rate is 1 kilohertz. The
calibrator circuit uses frequency-stable components to
maintain accurate frequency and a constant duty factor.
Thus, the Calibrator can be used for checking the basic
sweep timing of time bases (1-kilohertz rate only).

Wave Shape

The square-wave CALIBRATOR signal can be used as a
reference wave shape when checking or adjusting the
compensation of passive, high-resistance probes. The
square-wave output from the CALIBRATOR has a flat
top; any distortion in the displayed waveform is due to
the probe compensation.

SIGNAL OUTPUTS
+Sawtooth Out

The +SAWTOOTH OUT connector provides a positive-
going sawtooth signal derived from the time base
installed in the HORIZ compartment.

The unit of time for the sawtooth output is determined
by the time-base Time/Div control. Refer to Table 1-4, in
the General Information section, for signal parameters.

+Gate Out

The +GATE OUT connector provides a positive-going
rectangular pulse derived from the time base installed in
the horizontal plug-in compartment. The duration of the
+GATE signal is the same as the duration of the
unmagnified sweep. The amplitude of the +GATE OUT
signal is about 0.5 volt into 50 ohms or about 10 volts
into 1 megohm.

Signal OQut

The SIG OUT connector provides a sample of the
vertical deflection signal. The source of the output
signal is determined by the TRIGGER SOURCE
selector. In the VERT MODE position of the TRIGGER
SOURCE selector, the output signal is determined by
the setting of the VERTICAL MODE selector. The output
signal in the LEFT and RIGHT positions of the
VERTICAL MODE selector is obtained only from the
selected vertical unit. In the ALT position of the
VERTICAL MODE selector, the output signal at the SIG
OUT connector switches between signals from the two
vertical units, along with the crt display. However, the
vertical output signal in the ADD position is a composite
signal. In the CHOP position the signal out is derived
from the LEFT vertical plug-in unit.

Probe Power

The two PROBE POWER connectors on the R7103 rear
panel provide operating power for active probe systems.
It is not recommended that these connectors be used as
a power source for applications other than the



The 7514 is a dual-channel sampling unit with delaying
sweep capability. It must be used in the right two plug-in
comparF ents.

Dual-trace sampling displays can also be made with a
7512 in the right two compartments and a 7S11 in the
LEFT VERT compartment. In this application, the 7512
supplies the time base for both traces.

X-Y Sampling

One 7S11 inserted in the RIGHT VERT compartment
and one in the HORIZ compartment automatically share
a 50 kilohertz free-running strobe condition specified for
X-Y displays. The 7S14 has an X-Y operation
incorporated as one of its normal mode functions.

SPECIAL PURPOSE PLUG-IN UNITS

The variety of special-purpose plug-in units available
allows the R7103 Oscilloscope to be used for many
special applications. The following is a brief discussion
of some of the available special-purpose plug-in units.

Digital Counters and Multimeter Plug-In Units

Digital-multimeter plug-in units measure current,
voltage, temperature and resistance; digital-frequency
counter plug-in units measure frequency, from dc to
above 500 megahertz. These units make use of the
readout system to display the measured information on
the crt and can function in any compartment, in
combination with each other or with any other plug-in
units available for use with the R7103 oscilloscope
system.

The ability of digital readout plug-in units to operate
with other plug-in units makes it possibie to process and
monitor signals while the digital measurement is being
made. For example, by installing a frequency counter in
one vertical compartment and an amplifier in the other
vertical compartment, the crt can display the trigger
waveform, superimposed on the displayed signai, to
show the actual triggering point. Or, if the counter is
placed in the horizontal compartment, a low-amplitude
signal can be applied to a vertical amplifier and
amplified before it is internally routed by the trigger
source switches to the counter trigger circuit. This
allows the counnter to monitor signals too small to
trigger other counters.

Transistor Curve-Tracer Plug-in Units

The 7000-series transistor curve-tracer plug-in unit
checks small-signal transistors and diodes by producing
a display showing the basic characteristic curves for the
device being tested. Stepped sweep signals from an
internal power supply are applied to the device under
test. The resulting output signals are, in turn, applied to
the horizontal and vertical deflection systems of the
oscilloscope to plot a family of characteristic curves.

Operating Instructions—R7103

This plot can be used to check for damaged transistors
and diodes, or to select for special or matched
characteristics and to calculate gain, leakage,
breakdown voltage, etc.

Spectrum Analyzer Plug-in Units

The 7000-series spectrum analyzer plug-in units display
signal amplitudes dispersed over portions of the rf
spectrum. Absolute signal energy is plotted on the
vertical axis against frequency on the horizontal axis.
Applications include waveform and distortion analysis,
EMC and random noise measurements, filter design,
spectrum surveillance, etc.

X-Y OPERATION

In some applications, it is desirable to display one signal!
versus another (X-Y) rather than against time (interval
sweep). The flexibility of the amplifier piug-in units
available for use with the R7103 provide the means of
applying external signals to the horizontal-deflection
system.

RASTER DISPLAYS

A raster-type display can be used to increase the
apparent sweep length. For this type of display, the
trace is deflected both vertically and horizontally by
sawtooth signals. This is accomplished in the R7103 by
installing a 7B-series time base in one vertical plug-in
compartment. Normally, the time base in the vertical
compartment should be set at a slower sweep rate than
the time base in the horizontal compartment; the
number of horizontal traces in the raster depends upon
the ratio between the two rates.

Information can be displayed on the raster using several
different methods. In the ADD position of the VERTICAL
MODE selector, the signal from an amplifier can be
algebraically added to the vertical waveform. With this
method, the vertical signal amplitude on the crt should
not exceed the distance between the horizontal lines of
the raster. Another method of displaying information on
the raster is to use the Z-AXIS INPUT to provide
intensity modulation for the display. This type of raster
display could be used to provide a television-type
display. Complete information on operation using the Z-
axis feature is given under Intensity Modulation.

To provide a stable raster display, both time bases must
be correctly triggered. Internal triggering is not provided
for the time bases when they are in the vertical
compartments; external triggering must be used. Also,
blanking is not provided from the time bases when they
are installed in a vertical compartment.
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SERVICING SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY
Refer also to the preceding Operators Safety Summary

DO NOT SERVICE ALONE

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

USE CARE WHEN SERVICING WITH POWER ON

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

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

CRT HANDLING

Use care when handling a crt. Breakage of the crt causes a high-velocity scattering of glass fragments (implosion).
Protective clothing and safety glasses should be worn. Avoid striking the crt on anything that might cause it to crack or
implode. When storing a crt, put it in a protective carton or set it face down in a protected place on a smooth surface
with a soft mat under the faceplate.

S1



Section 3-——R7103

THEORY OF OPERATION

This section describes the circuitry used in the R7103 Oscilloscope. The description begins with a discussion of the
instrument, using the block diagram shown in Figure 3-1, and continues in detail, showing the relationships between
the stages in each major circuit. Schematics of all major circuits are given in Section 8, Diagrams and Circuit Board
llustrations. Stages are outlined on the schematics with wide shaded lines. Stage names are in shaded boxes. Refer to
these schematics throughout the following circuit description for specific electrical values and relationships.

BLOCK DIAGRAM

The following discussion is provided to assist in understanding the overall concept of the R7103 Oscilloscope
mainframe before the individual circuits are discussed in detail. Figure 3-1 is a basic block diagram of the R7103. Only
the basic interconnections between the individual blocks are shown on this diagram. Each major circuit within the
instrument is given a block. The number of each block refers to the complete circuit diagram located at the rear of this

manual.

DESCRIPTION

Vertical signals to be displayed on the crt are applied to
the Vertical Channel Switch circuit from both vertical
plug-in compartments. The VERTICAL MODE switch is
connected to the logic circuit and determines whether
the signal from the LEFT VERT or RIGHT VERT
compartment is displayed on the crt. The Vertical
Channel Switch receives an X-Y Inhibit signal from the
Readout system to provide the time sharing between the
vertical and readout signals.

The selected vertical signal passes through the Delay
Line and is amplified by the Vertical Amplifier circuit to
drive the vertical deflection plates of the crt (cathode-
ray tube). The Vertical Amplifier circuit includes an
input from the Readout System to produce the vertical
portion of the alphanumeric readout display.

Horizontal signals for display on the crt are connected
to the Horizontal Amplifier from the horizontal plug-in
compartment. The signal from the HORIZ plug-in
compartment passes through the Horizontal Input
Stage. The Horizontal Amplifier receives an X-Y Inhibit
signal from the Readout System to provide the time
sharing between the vertical and readout signals.

The Horizontal Amplifier enlarges the horizontal signal
enough to provide full horizontal deflection of the crt.
The Horizontal Amplifier circuit accepts an input signal
from the Readout System to produce the horizontal
portion of the alphanumeric readout display.

The Readout System provides an alphanumeric display

of information encoded by the plug-in unit(s). The
readout display is written on the crt on a time-shared
basis with the analog waveform display. The VERTICAL
MODE switch circuits determine which plug-in unit(s)
display(s) readout information. The Readout system
sends inhibit commands to the Vertical Channel Switch
and Z-Axis Logic circuits. The Readout System provides
signals to produce the alphanumeric display to the
Vertical, Horizontal and Z-Axis Amplifier circuits.

The Logic circuit develops control signals for use in
other circuits within the instrument and the plug-in
units. These control signals automatically determine the
correct instrument operation in relation to the plug-in
units, plug-in unit control settings, and R7103 front-
panel control settings. The Logic circuit performs three
functions. It

1. Receives
a. the external Z-Axis Input signal,

b. the Single Sweep Reset Input from the rear
panel, and

c. the Z-Axis Inhibit Command from the Readout
system.

2. Sends the SINGLE SWEEP READY signals to the
rear panel.

3. Develops the Z-Axis signal for use by the Z-Axis
Amplifier.

3-1
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Figure 3-1. Basic block diagram of the R7103 Oscilloscope.
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Figure 3-1 (cont). Basic block diagram of the R7103 Oscilloscope.
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In addition to control circuitry, the CRT Circuit supplies
voltages necessary for operation of the crt by:

e Developing the operating voltages for the crt
Microchannel Plate and the Scan Expansion Lens.

® Providing a signal proportional to the average screen
current to the input of the intensity limiter level.

e Receiving a signal proportional to the intensity level
setting from the logic circuit to be used by the
Microchannel Plate supply for biasing. The Z-Axis
Amplifier provides the drive signal to control the
intensity level of the crt display.

The Calibrator circuit produces a one-kilohertz square-
wave signal which can be used to check the calibration
of the R7103 and the compensation of probes. The
calibrator signal is available as a voltage at the

Scans by Artekmedia => 2009

CALIBRATOR connector or as a current through a 40
milliampere optional current loop accessory.

The internal trigger signals from the vertical plug-in
units are connected to the Trigger Selector circuit. The
Trigger Selector circuit determines whether the trigger
signal from the left or right vertical unit is connected to
the horizontal plug-in unit. The trigger switch also
produces the drive signal that the SIG OUT circuit sends
to the output as a sample of the vertical signal.

The Signals Out circuit processes signals from the plug-
in units for the front-panel +GATE and +SAWTOOTH
outputs.

The Control Rectifier and Low-Voltage Regulator
circuits provide the power necessary to operate the
instrument. These voltages are connected to all circuits
within the instrument.

DETAILED CIRCUIT OPERATION

A detailed description of the electrical operation and relationship of the circuits in the R7103 Oscilloscope mainframe
is provided here. The theory of operation for circuits unique to this instrument is described in detail in the discussion.
Circuits commonly used in the electronics industry are not described in detail.

&

CABLE DISTRIBUTION

Diagram 1 shows the cable interconnections between
circuit boards in the R71083.

&

MODE SWITCH AND CALIBRATOR

Diagram 2, in Section 8 (Diagrams and Circuit Board
Illustrations) of this manual, is a schematic of the Mode
Switch and Calibrator circuitry. Gray shaded lines divide
the circuitry into major stages. These stages aid in
locating components mentioned here. Subheadings use
the stage names to further identify portions of the
circuitry on diagram 2.

CALIBRATOR

The Calibrator circuit provides voltage outputs of 40
millivolts, 0.4 volt and 4 volts at the CALIBRATOR
output connector. A current output of 40 millamperes is

3-4

available from the Calibrator circuit with an optional
current-loop adapter. When using the current-loop
adapter the Calibrator must be operated only in the 4 V
switch position, for stated output.

Transistors Q376 and Q382 form a 1 kilohertz, square-
wave oscillator. Oscillation occurs as follows: Initially
assume that Q376 is conducting and Q382 is not
conducting. The voltage at the emitter of Q382 becomes
more negative as C376 discharges through R381.
Capacitor C376 discharges until the emitter-base
junction of Q382 becomes forward biased. As Q382
begins conducting the oscillator changes states.
Regeneration starts when Q382 conducts and C376
stops discharging; this reduces the collector current of
Q376. Thus, the collector voltage of Q376 rises positive
which causes the base and emitter of Q382 to rise
positive. The positive going voltage is coupled by C376
to the emitter of Q376, turning it off.

At this time, Q382 is conducting and Q376 is not
conducting. The voltage at the emitter of Q376 goes
negative as C376 charges through R376. When the
emitter-base junction of Q376 becomes forward biased
the oscillator will again change states to complete the
cycle.
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TABLE 3-1
Mode Switching Inputs/Outputs
FRONT-PANEL SWITCH POSITIONS (INPUTS) MODE SWITCHING OUTPUTS
SOURGE VERTICAL MODE SWITCH VERT | switon Lioks
SWITCH MODE | RIGHT | ADD
vere | e [ | eer | aur [ oo [ ovor e el Il B
e L H On
o H H On
L J ® L L H On On
o o L L L On On On
° ] Chop L H On Oon
o o H H H On On
o ® Alt Alt H On On On

The square-wave signal produced at the collector of
Q382 switches Q384 on and off. When Q384 is on, the
current from R383 and R384 flows to ground. When
Q384 is off, this current flows through CR386 and R386
into the voltage divider network of R387, R392, R393,
R394, R395, R396, and R397 to produce the 4 volt, 0.4
volt and 40 millivolt Calibrator output voltages. The
accuracy of the Calibrator is set by the 0.4 Volts
adjustment, R385. Both the 4 V and 0.4 V calibrator
switches must be engaged when adjusting R385. The
Calibrator frequency is set by the 1 kHz adjustment,
R375.

MODE SWITCHING

The Mode Switching circuit includes front-panel
switching and provides the logic for selecting which
vertical compartment is to provide deflection for the crt.
The Mode Switch circuit operates in conjunction with
the Logic circuit (Diagram 4) to develop control signals
for use in other circuits in the R7103 and its plug-in
units. Table 3-1 shows the outputs produced with all
combinations of the front-panel switch positions.

<

MAIN INTERFACE

Diagram 3 shows the plug-in interface and the
interconnections between the plug-in compartments,

circuit boards, etc., of the R7103. The signal and voltage
connections of each interface connector are aiso
identified on diagram 3.

<»

LOGIC

The Logic circuit develops control signals for use in
other circuits in the R7103 and any plug-in units
installed in the vertical and horizontal compartments.
These control signals automatically determine the
correct instrument operation in relation to the plug-in
units installed or selected, plug-in control settings, and
R7103 control settings.

Diagram 4, in Section 8 of this manual, shows the Logic
circuit. Gray shaded lines divide the circuitry into major
stages. Sub-headings in the following discussion use
these stage names to further identify portions of the
circuitry on Diagram 4.

Logic Block Diagram. Figure 3-2 is a block diagram of
the Logic circuit. It shows the sources of the input
control signals, the output signals it produces, and the
main interconnections between blocks. The
interconnections shown are intended only to indicate
interrelation between blocks and do not indicate a direct
connection or that only a single connection exists
between the depicted blocks.
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Figure 3-2. Block diagram of Logic circuit.



The operation of each stage is discussed by relating its
input signals or levels to the output, considering the
various modes of operation that may affect the stage. A
logic diagram is provided where applicable. Logic
diagrams are not discussed in detail, but are included to
aid in relating the function performed by a given stage
to standard logic techniques. These logic diagrams are
not exact representations of circuits, but only show the
function the stage performs. Where applicable, an
input/output table is included for use with this
description and the logic diagram. The input/output
tables show the combination of input conditions that are
important to perform the prescribed function of the
stage.

CLOCK GENERATOR

Half of U320 and associated parts make up the Clock
Generator stage. Figure 3-3a is an equivalent circuit of
the Clock Generator stage. Resistor R1, Q1, Q2 and Q3
represent the equivalent of the internal workings of
U320. This circuit and external parts C314. R312, R313,
and R314 comprise a 2-MHz free-running oscillator
which provides a clock signal for mainframe vertical and
plug-in chopping, and blanking.

Theory of Operation—R7103

The stage operates as follows: Assume that Q2 is
conducting and Q1 is turned off. The low collector
voltage from Q2 holds Q1 off, and via Q3 reaches pin 14
(see waveforms in Fig. 3-3b at time T0). Because Q1 is
not conducting, C314 starts to charge toward -15 V
through R312-R313. The emitter of Q1 goes negative as
C314 charges until it is about 0.6 V more negative than
its base. At that time Q1 starts conducting and its
emitter voltage goes positive rapidly. The positive
transition from Q1's emitter is coupled directly through
C4314 to Q2's emitter, which reverse-biases Q2. When
reverse-biased, Q2's collector produces a positive level
at pin 14 (see time T1 in Fig. 3-3b).

Conditions are now reversed. Q2 is off and C314 begins
to discharge through R314. The emitter voltage of Q2
follows the discharge of C314 until it is about 0.6 V more
negative that its base. At that time Q2's collector voltage
will go negative and reverse-bias Q1. Transistor Q3
couples the negative voltage from Q2's collector to Q3's
emitter, and the cycle is complete. Capacitor C314 again
starts to charge toward -15 V through R312-R313 to
start the second cycle.

= AT FREE RUNNING T
2 MHz FREE-RUNNING
OSCILLATOR
+ + + |

To T LP)

(7
Z

PIN 13

N
NN

PIN 12

15
| | ! I
_J
—
PIN 14
13 12 l , 16 CLOCK
| | |
| 1
' Fl PIN 16 ]
| c315 |
R314: R315 | | |
| PIN 15 |
[ CLOCK |
I
| | ! |
1 | ! |
(A) U320 (B)
5039-303
Figure 3-3. a) Simplified Clock Generator and b) its waveforms.
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The clock generator produces two outputs. The Delay
Ramp signal, from the junction of R312-R313, is
connected to the Vertical Chopped Blanking stage. This
signal has the same shape as the waveform at pin 13,
with its slope determined by the ratio of R312-R313. A
square wave is available at U320 pin 14. The frequency
of this square wave is determined by the C314 and R1,
and the duty cycle is set by the ratio of R312-R313 to
R314.

The square wave from U320 pin 14 is connected to pin
16 via C315. Capacitor C315, along with the internal
resistance of U320, differentiates the square-wave to
form a negative-going pulse coincident with the
negative transition of the square wave (the positive-
going pulse that coincides with the positive transition of
the square wave has no effect on the circuit operation).

CHOPPED BLANKING

The Chopped Blanking stage consists of the other part
of U320; see Figure 3-4a. This stage decides whether
Vertical Chopped Blanking pulses are required, based
on the operating mode of the vertical system or (if used)
dual-trace plug-in units. Vertical Chopped Blanking
pulses are produced if:

a. the VERTICAL MODE selector is set to CHOP,

b. a dual-trace vertical unit is operating in chop
mode and being displayed, and

c. a dual-trace vertical unit is operating in chop
mode with the R7103 VERTICAL MODE selector
set to ADD.

The frequency of the Vertical Chopped Blanking pulse
output at pin 4 is always 2 MHz, as set by the Clock
Generator stage.

The Delay Ramp from the Clock Generator determines
the repetition rate and pulse width of the Vertical
Chopped Blanking pulses. The Delay Ramp applied to
U320 pin 10 starts to go negative from about +1.1 V,
coincident with the leading edge of the Clock pulse (see
Fig. 3-4b). This results in a high quiescent condition for
the Vertical Chopped Blanking line. The slope of the
negative-going Delay Ramp is set by the Clock
Generator. As it reaches a level just below zero volts, the
Vertical Chopped Blanking pulse level changes to the
low state, and stays low until the Delay Ramp goes high
again. The leading edge of the Vertical Chopped
Blanking pulse is delayed from the leading edge of the
Clock pulse from U320 (see Fig 3-4b). The amount of
delay is determined by the slope of the Delay Ramp
applied to U320 pin 10. The delay is necessary due to
the delay line in the vertical deflection system. Without
delay, the trace blanking resulting from the Vertical
Chopped Blanking pulse would not coincide with the

3-8
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switching between display traces. The duty cycle of the
square-wave Clock pulse determines the pulse width of
the Vertical Chopped Blanking pulses.

Whenever the R7103 is turned on, it produces Vertical
Chopped Blanking pulses at a 2 MHz rate. However,
U320 produces these pulses (at pin 4) only when its
inputs are at specified levels. The following conditions
cause Vertical Chopped Blanking pulses to blank the crt
during vertical trace switching. Figure 3-4a shows the
functions of U320’s inputs.

1. Chop Vertical Mode. When the VERTICAL MODE
selector is set to CHOP, Vertical Chopped Blanking
pulses are available at U320 at all times. The input
conditions U320 needs are:

a. pin 3, high—VERTICAL MODE set to CHOP,

b. pin 7, low—VERTICAL MODE not set to ADD,
and

c. pin 10, low—Delay Ramp more negative than 0
volts.

2. Left Vertical unit set for Chopped Operation. When
the Left vertical unit is set for chopped operation,
the setting of the VERTICAL MODE selector
determines whether Vertical Chopped Blanking
pulses are available. If the VERTICAL MODE
selector is set to CHOP, conditions will be as
described in No. 1, above. Operation in the ADD
mode will be described later. When the R7103
VERTICAL MODE is set to LEFT, or the left vertical
unit is set to Alternate mode, Vertical Chopped
Blanking pulses are available times at a 2 MHz rate.
The input conditions U4320 requires are:

a. pin 3, low—VERTICAL MODE set anywhere
except CHOP,

b. pin 5, low—left vertical unit set to Chopped
mode,

c. pin 6, low—left vertical unit to be displayed
(Vertical Mode Command low),

d. pin 7, low—VERTICAL MODE set anywhere
except ADD, and

e. pin 10, low—Delay Ramp more negative than 0
volts.

Note that the Mode command at U320 pin 6 must be
low for output pulses to available at pin 4. This
means that when the R7103 VERTICAL MODE is set
to ALT, Vertical Chopped Blanking pulses are
produced only while the left vertical unit is



displayed (unless the right vertical unit is also set
for chopped operation).

. Right Vertical unit set to Chop. When the right
vertical unit is set for chop mode, the operation is
the same as when the left vertical is set for chop
mode, except that Vertical Chopped Blanking
pulses will be produced when the R7103 VERTICAL
MODE is set to RIGHT or when the Alternate Mode
command is high in Alternate mode. The input
conditions U320 requires are:

a. pin 3, low—VERTICAL MODE set anywhere but
CHOP,

b. pin 8, high—right vertical unit to be displayed
(Alternate Mode command high),

c. pin 7, low—VERTICAL MODE set anywhere but
ADD,

d. pin 8, low—right vertical unit set to chop mode,
and

Theory of Operation—R7103

e. pin 10, low—Delay Ramp more negative than 0
volts.

4. Add Vertical Mode. When the R7103 VERTICAL

MODE is set to ADD and either vertical unit is
operating in chop mode, Vertical Chopped Blanking
pulses must be available to blank the transition
between traces of the vertical units. The input
conditions U320 requires are:

a. pin 3, low—VERTICAL MODE set anywhere but
CHORP,

b. pin 5, low—left vertical unit set to chop mode
(pin 5 can be high if pin 8 is low),

c. pin 7, high—VERTICAL MODE set to ADD,

d. pin 8, low—right vertical unit set to chop mode
(pin 8 can be high if pin 5 is low), and

e. pin 10, low—Delay Ramp more negative than 0
volts.

(A) 3
CHOP MODE (VERT) —>

U320
LEFT PLUG-IN MODE __ 3|
(CHOP INHIBIT)

6
DISPLAY RIGHT —

7
ADD MODE (VERT) ——>

RIGHT PLUG-IN MODE — 5|
(CHOP INHIBIT)

10
DELAY RAMP —3

To

]

|
(B) l
CLOCK |
PIN 15 J_’|
|
|

DELAY RAMP ___I__ N LTS
PIN 10 l ZERO VO

|
||
VERTICAL CHOPPED | U
BLANKING |
PIN 4
e

DELAY

L

5039-304

Figure 3-4. a) Input and output pins of U320, and b) its waveforms.
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Figure 3-5a is a logic diagram of the Chopped Blanking CHOP COUNTER
circuit. The output of the comparator is determined by The Chop Counter produces the Display Right signai

the relation between its two inpUtS. If the Delay Ramp .is and the Chop Signa'. Clock pulses from U320 pl’OVide
more positive than the grounded input, the output will timing for the Chop counter. Figure 3-6 is a logic
be high; if the Delay Ramp is more negative, the output diagram of the Chop Counter.

will be low. Figure 3-5b is an input/output table for the
Chopped Blanking circuit.

CHOP MODE (VERT) %3

LEFT PLUG-IN MODE / 5

(CHOP MODE) <C —Y \\

6

DISPLAY RIGHT

ADD MODE (VERT) <2

RIGHT PLUG-IN MODE /' 8
(CHOP INHIBIT)

10 4 VERTICAL
DELAY RAMP & D)—> CHOPPED
BLANKING

(A) U320 COMPARATOR

OUTPUT

CONDITIONS
CHOP MODE (VERT)

LEFT PLUG-IN CHOPPED

RIGHT PLUG-IN CHOPPED

ADD MODE, LEFT OR RIGHT
PLUG-IN CHOPPED

H NO VERTICAL CHOPPED BLANKING
ALL OTHER COMBINATIONS PULSES AT OUTPUT

¢ = HAS NO EFFECT IN THIS CASE
' RAMP SIGNAL; CONSIDERED LOW WHEN MORE NEGATIVE THAN ABOUT ZERO VOLTS.
* NEGATIVE-GOING PULSE AT TWO MEGAHERTZ RATE.

’ PIN 5 CAN BE HIGH AND NOT AFFECT OPERATION IF PIN 8 IS LOW; AND VICE VERSA.
(B)

5039-327

Figure 3-5. a) Logic diagram for Vertical Chopped Blanking, and b) its 1-O table.
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Figure 3-6. Logic diagram of Chop Counter.

The Chop Counter consists principally of U383, a dual D
(edge triggered) flip-flop. As connected here, U383
operates as a toggled (T) flip-flop.

As shown in Figure 3-6, two-megahertz pulses from
U320 stimulate the trigger input of U383B, which
changes states on each positive transition at that T
input. The signal at U383B’s Q output is a one-
megahertz square wave, which is connected to the
Vertical Mode Control circuit to provide the Display
Right signal, and to the T input of U383A. Flip-flop
U383A produces a 500 kHz square wave which, via Q391
and Q395, becomes the Chop Drive signal. Figure 3-7
shows the timing relation of the signals in the Chop
Counter.

VERTICAL MODE CONTROL

The Vertical Mode Control circuit consists of CR333,
CR332, CR329, CR328, CR327 and buffer amplifier
Q336-Q342. These components produce the Display
Right signal for the Main Interface circuit (vertical plug-

in compartments and trigger-selection circuitry), and
the Vertical Interface circuit to indicate which vertical
unit is to be displayed. When the Display Right line is
high, the right vertical unit is displayed, and when it is
low the left vertical is displayed.

The R7103 VERTICAL MODE selector (shown on
diagrams 1 and 2) provides a high level on one of its
four output lines to indicate the selected vertical mode.
The other three lines stay low. The fifth mode, Left, is
indicated when all four output lines are low. Operation
of the Vertical Mode Control in all positions of the VERT
MODE selector is as follows:

Right

When the VERTICAL MODE selector is set to RIGHT, a
high level is connected to Q336 via R327 and CR327.
The low level at the anodes of diodes CR328 and CR333
reverse-biases them. The resultant output of Q342 is a
high level to indicate that the right vertical unit is to be
displayed

CLOCK PULSES FROM
CLOCK GENERATOR STAGE
(2 MHz)

]

LI

juju .

U383B PIN 9

MAINFRAME CHOP

(1 MHz)

SIGNAL TO
VERTICAL MODE

I

U383A PIN 5 -
(500 kHz)

CONTROL STAGE

VERTICAL PLUG-IN
CHOP SIGNAL TO
PLUG-IN CHOP
BUFFER STAGE

1

5038-322

Figure 3-7. Idealized input and output waveforms for Chop Counter.
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Figure 3-8. Logic diagram of Vertical Mode Control circuit.
Chop

When the VERTICAL MODE selector is set to CHOP, a
high level is applied to the anodes of diodes CR329 and
CR328 via R328. This forward-biases both diodes so the
vertical Chop signal from U383B pin 9 can reach the
emitter of Q336. This signal switches at a 1 MHz rate
and produces a corresponding Display Right signal at
the output of Q342.

Alternate

When the VERTICAL MODE selector is set to ALT it
applies a high level to the anodes of CR333 and CR332
via R332. These diodes are forward-biased, permitting
the Display Right command from U356A to reach the
emitter of Q336 and determine the Display Right signal.
The output of U356B switches at a rate set by the
Vertical Binary stage.

Add and Left

Because there are only three output lines (Right, Chop,
and Alternate) from the VERTICAL MODE selector,
when it is set to ADD or LEFT those three lines must
stay low. Therefore, the emitter of Q336 stays low to
produce a low Display Right signal. Final selection of
Add or Left mode is made by the Vertical Interface
circuit.

Figure 3-8 shows a logic diagram of the Vertical Mode
Control circuit.

VERTICAL BINARY

The Vertical Binary circuit consists of U356A and Q352.
Figure 3-9 is a logic diagram of the Vertical Binary
circuit.

The operation of the Vertical Binary circuit is controlled

3-12
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L

Figure 3-9. Logic diagram for Vertical Binary circuit.

5039-323

by the Alt line from the VERTICAL MODE selector.
When it is set to ALT, the VERTICAL MODE selector
applies a high level to the emitter of Q352 via R351. This
reverse-biases Q352, whose collector stays high. As a
result, Q352 has no effect on the operation of the
Vertical Binary stage. (The high output of Q352 does not
affect U356A.) Therefore, U356A operates as a triggered
FF which changes states with each positive transition of
the Sweep Holdoff Gate, which occurs at the end of
each sweep. The output of U356A switches at half the
rate of the Sweep Holdoff Gate from the time base.
Figure 3-10 show the time relationships between the
input and output signals for this stage, and shows the
resultant display for each combination of signals.

When the VERT MODE selector is set to any position
other than ALT, the Alt line will be low, enabling Q352.
However, Q352 does not turn on unless the Q output of
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Figure 3-10. Idealized relation between input and output waveforms of Vertical Binary and Plug-In Binary circuits when R7103 is set

to Alternate mode.

U356A goes high. Quiescently, the output of Q352 is
low. Therefore, when a positive Sweep Holdoff Gate
triggers U356A at the end of the sweep, the positive
output of U356A turns on Q352. Q352's output then
goes low and clears U356A, and the output of U356A
again disables Q352. The stage is then ready for the
next Sweep Holdoff Gate. This action is the same each
time, so the signal at the output has the same repetition
rate as the Sweep Holdoff Gate. Therefore, this stage is
now operating as a divide-by-one counter rather than as
the divide-by-two counter described previously. The
output in this condition is used only by the Plug-in
Binary stage.

Because the Vertical Binary stage can change states
only at the end of each sweep, there is no Alternate
Drive signal for the mainframe or the vertical plug-in
units if no sweep is being produced by the horizontal
plug-in unit.

PLUG-IN BINARY

The Plug-In Binary stage consists of U356B. The trigger
input for U356B is the Display Right command from the
Vertical Binary stage. When the VERTICAL MODE
selector is set to ALT, the repetition rate of the Display
Channel 2 Command output of this stage is one-fourth

the rate of the Sweep Holdoff Gate (see Fig. 3-10). For
any VERTICAL MODE setting other than ALT, the
repetition rate of U356B’s output will be half the rate of
the Sweep Holdoff Gate. Figure 3-11 is a logic diagram
of the Plug-In Binary stage.

CHANNEL SWITCH BUFFER

The Channel Switch buffer receives the output from the
Vertical Mode Control circuit, buffers it, and presents it
to the other parts of the R7103 on the Display Right line.

Common-base transistor Q336 presents a low
impedance to the Vertical Mode Control circuit. Emitter
follower Q342 supplies the Display Right signal to the
rest of the R7103, and isolates the logic circuits from
other circuits in the R7103 and its plug-in units.

PLUG-IN ALTERNATE BUFFER

The Plug-In Alternate Buffer receives the output of the
Plug-In Binary circuit, buffers it, and presents it to the
other parts of the R7103 as Alternate Drive.

Like the Channel Switch buffer, the Plug-In Alternate
Buffer has a common-base input (Q364) and an emitter-
follower output (Q368).

3-13
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Figure 3-11. Plug-In Binary stage.

PLUG-IN CHOP BUFFER

The Plug-ln Chop Buffer receives the output of the
Chop Counter and presents it to the other parts of the
R7103 as Chop Drive.

Like the Channel Switch Buffer, the Plug-In Chop Buffer
has a common-base input (Q391) and an emitter-
follower output (Q395).

Z-AXIS LOGIC

The Z-Axis Logic stage produces an output current
signal, at pin 8 of U440, which sets the intensity of the
crt display. (The intensity of the readout display is
controlled by the Readout System.) The output current
at pin 8 is determined by the setting of the INTENSITY
control and the Auxiliary Z-Axis input. The Auxiliary Z-
Axis input is produced by either the External Z-Axis
input or by an input from any of the plug-in units; see
Main Interface, diagram 3. The input current from the
INTENSITY control is switched, matching the output
current to the horizontal display. The Vertical Chopped
Blanking and readout blanking signals are applied to
this stage to block the output current and thus blank the
crt display vertical chopping or during a readout display.

The Z-Axis Logic stage consists of Q416 and U440,
which serves as a signal conditiioner for the main Z-Axis
Amplifier.

The Sweep Gate signal at pin 14 of U440 provides the
unblanking signal for the sweep. The Aux Z-Axis input
at U440 pin 9 controls the intensity level, depending on
the input signal at the Z-Axis input connector on the
rear panel, or the Aux Z-Axis input from the plug-in
compartments allows trace intensification. The intensity

3-14

Limit decreases the Z-Axis output at slow sweep speeds
to protect the crt phosphor.

MCP (MICROCHANNEL PLATE)
INTENSITY TRACKING

The MCP output voltage increases as the INTENSITY
control is rotated past midrange. Tracking is provided
by Q452.

&

TRIGGER SELECTOR

The Trigger Selector circuit determines the source of
the internal triggering signals connected to the
horizontal compartment. Diagram 5, in Section 8
(Diagrams and Circuit Board lllustrations) of this
manual, is a schematic of the Trigger Selector circuit.
Gray shaded lines divide the circuitry into major stages.
Subheadings in the following discussion use these stage
names to further identify portions of the circuitry on
Diagram 5.

TRIGGER CHANNEL SWITCH

Amplifier units installed in the vertical compartments
provide a differential trigger signal to the mainframe.

Channel switch U232 has two differential inputs and one
differential output. Control voltages at pins 1, 2, 11 and
12 determine whether the input signals are terminated
within the channel switch or are coupled through to the
output. Comparator U252A and Q254 keep the output dc
common-mode voltage on pins 3 and 13 at +3.2 volts for



all modes of channel switch U232. The dc common-
mode voltage is sensed by resistors R237 and R247 and
is compared with a +3.2 volt reference set by divider
R251 and R252. If resistors R237 and R247 sense a
voltage higher than +3.2 volts, the output of U252A goes
negative lowering the base voltage on Q254. This
reduces the current into pin 3A which causes the dc
common mode voltage at pin 3 and 13 to decrease. The
voltage at pin 3A depends on the channel switch mode.
When the VERTICAL MODE selector is set to LEFT,
RIGHT, or ALT the voltage on pin 3A is +3.8 volts. When
the VERTICAL MODE selector is set to ADD the voltage
on pin 3A is +4.6 volts.

Each channel within U232 has an independent pair of
control pins for channel selection. If the "On” pin is
more positive than the “Off’ pins that channel is
selected. All of the “On” pins are held at +2.0 volts, the
“Off" pins are either at +2.5 volts or at a T°L LO level.
The Trigger Channel Switch has four operating modes:
Left, Right, Alt, and Add; in the Left and Right modes the
Add logic level is high (on pin CE) and the Right logic
level (on pin CD) is low for Left and high for Right. In
the ALT mode Add is high and Right alternates between
low and high. In the ADD Mode both Add and Right are
low. (See the discussion on Mode Switching, Diagram 2,
in this section of the Manual).

Zener diodes VR237 and VR247 shift the dc level
negative by 9 volts, to set the output of U274 near
ground. Diodes VR237 and VR247 are matched to within
100 mV.

TRIGGER AMPLIFIER

Integrated circuit U274 provides final amplification of
the trigger signal. Zener diodes VR237 and VR247 have
a 5% voltage tolerance, therefore the dc voltage level at
pins 7 and 9 of U274 is -5.8 volt within 0.45 volt. The dc
common mode voltage with its 0.45 volt uncertainty is
picked off at pin 5 and pin 12 of U274 and applied to the
noninverting input of U252B. The output of U252B is 1.2
volts more positive than the input and is used for
internal biasing at pin 15 of U274. Variable resistor R274
determines the gain of U274. The overall voltage gain of
the trigger selector, from the input connectors J200,
J201 or J400 and J401 to the output at J270, J271 into a
load of 50 ohms per side, is one. The dc output level of
U274 is zero volts, R256 sets the dc centering and R279
adjusts the DC Common Mode voltage.

RC circuit R240 and C240, and C250 provide thermal
compensation for U232.

VERTICAL SIGNAL OUTPUT
AMPLIFIER

A differential signat is taken from pins 2 and 4 of U274
and amplified by U492. Before the signal reaches the
input of U492 it passes through a compensation circuit
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consisting of C483, R483, R486, L486, R496, C493 and
R493. The characteristic impedance of this circuit is 100
ohms differentially, which terminates the 50-ohm strip
transmission lines running from the pickoff points (pins
2 and 4 of U274). At pins 2 and 4 there is an uncertainty
in the dc common mode level due to the 5% voltage
tolerance of zener diodes VR237 and VR247. Integrated
circuit U252B passes on this uncertainty to bias U492.
The output signal at J497 is centered at 0 volt by R485.
The signal out amplitude is 25 millivolts/division of
vertical deflection into a load of 50 ohms, and 0.5
volt/division of vertical deflection into a 1 megohm load.
Two time constants, R480-L480, and R490-C490, provide
thermal compensation.

&

READOUT SYSTEM

The Readout System provides an alphanumeric display
of information encoded by the piug-in units. This
display is presented on the crt and is written by the crt
beam on a time-shared basis with the analog waveform
display.

Diagram 6, in Section 8 (Diagrams and Circuit Board
lustrations) of this manual, shows a schematic diagram
of the Readout System. Gray shaded lines divide the
schematic into major stages. These stage name
headings are used in the following discussion to further
identify portions of the circuitry on Diagram 6.

The following terms are used to describe the Readout
System:

Character—A single number, letter or symbol
displayed on the crt, either alone or in combination
with other characters.

Word—A group of related characters. In the
Readout System, a word can consist of up to 10
characters.

Frame—A display of all words for a given operating
mode and plug-in combination. Up to eight words
can be displayed in one frame. Figure 3-12 shows
the position of each word in a complete frame.

Column—One of the vertical lines in the Character
Selection Matrix (see Fig. 3-13). Columns C-0
(column zero) through C-10 (column 10) can be
addressed by the system.

Row—One of the horizontal lines in the Character
Selection matrix. Rows R-1 (row 1) through R-10
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Figure 3-12. Location of readout display on the crt identifying
the originating plug-in and channel.

(row 10) and R-14 (row 14) can be addressed by the
system.

Time-Siot—A location in a pulse train. In the
Readout System, the pulse train consists of 10
negative-going pulses. Each time-slot pulse is
assigned a number between 1 and 10. For example,
the first time-slot is TS-1.

Time-Multiplexing—Transmission of data from two
or more sources over a common path by using
different time intervals for different signals.

Display Format. Up to eight words of readout
information can be displayed on the crt. The position of
each word is fixed and is directly related to the plug-in
unit where it originated. Figure 3-12 shows the area of
the graticule where the readout from each plug-in unit is
displayed. Notice that Channel 1 of each plug-in unit is
displayed in the top division of the crt and Channel 2 is
displayed directly below in the bottom division. Figure
3-13 shows a typical display where only Channel 2 of
the Right Vertical unit is selected for display.

Each word in the readout display can contain up to 10
characters, although the typical display will contain
from two to seven characters per word. The characters
are selected from the Character Selection Matrix shown
in Figure 3-14. In addition, 12 operational addresses are
provided for special instructions to the Readout System.
The unused locations in the Matrix (shaded area) are
available for future expansion of the Readout System.
The method of addressing the locations in the Character
Selection Matrix is described in the following
discussion.
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Developing The Display. This description is intended
to relate the basic function of each stage to the
operation of the overall Readout System. Detailed
information on circuit operation is given later.

The key block in the Readout System is the Timer stage
(see schematic 6). This stage produces the basic signals
that establish the timing sequences within the Readout
System. The period of the timing signal is about 250
microseconds (drops to about 210 microseconds when
Display-Skip is received; see detailed description of
Timer stage further on for more information). This stage
also produces control signals for other stages in this
circuit and interrupt signals to the Vertical Amplifier,
Horizontal Amplifier, and Logic circuits, which aliow a
readout display to be presented. The Time-Slot Counter
stage receives a trapezoidal voltage signal from the
Timer stage and directs it to one of 10 output lines.
These output lines are labeled TS-1 through TS-10
(time-slots 1 through 10) and are connected to the
vertical and horizontal plug-in compartments and to
various stages within the Readout System. The output
lines are activated sequentially, so there is a pulse on
only one of the 10 lines during any 250 microsecond
timing period. After the Time-Slot Counter stage has
counted time-slot 10, it produces an End-of-Word pulse
which advances the system to the next channel.

Two output lines (row and column) are connected from
each channel of the plug-in unit back to the Readout
System. Data is typically encoded on these output lines
by connecting resistors between them and the time-slot
input lines. The resultant output is a sequence of 10
analog current levels that range from 0 to 1 millampere
(100 microamperes/step) on the row and column output
lines. This row and column correspond to the row and
column of the Character Selection Matrix in Figure 3-14.

//‘\ N 7\ 5

T

soy 1

5039-309

Figure 3-13. Typical readout display where only channel 2 of
the Right Vertical unit is displayed.
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TABLE 3-2
Standard Readout Format
Time-Slot Number Description
TS-1 Determines decimal magnitude

(number of zeros displayed or
prefix change information) or
the IDENTIFY function (no
display during this time-slot).

TS-2 Indicates normal or inverted input
(no display for normal).

TS-3 Indicates calibrated or uncalibrated
condition of plug-in variable
control (no display for calibrated

condition).
TS-4 1-2-5 scaling.
TS-5 Not encoding by plug-in unit.
TS-6 Left blank to allow addition of zeros
TS-7 by Readout System.
TS-8 Defines the prefix which modifies

the units of measurement.

TS-9 Define the units of measurement of
TS-10 the plug-in unit. May be standard
units of measurement (V, A, S,
etc.) or special units selected from
the Character Selection Matrix.

The standard format for encoding information onto the
output lines is given in Table 3-2. (Special-purpose
plug-in units may have their own format for readout;
these special formats will be defined in the manuals for
these units.)

The encoded column and row data from the plug-in
units is selected by the Column Data Switch and Row
Data Switch stages respectively. These stages take the
analog current from the eight data lines (two channels
from each of the four plug-in compartments) and
produce a time-multiplexed analog voltage output
containing all of the column and row information from
the plug-in units. The Column Data Switch and Row
Data Switch are sequenced by the binary Channel
Address Code from the Channel Counter.

The time-multiplexed output of the Column Data Switch
is monitored by the Display-Skip Generator to
determine if it represents valid information that should
be displayed. Whenever information is not encoded in a
time-slot, the Display-Skip Generator produces an
output level to prevent the Timer stage from producing
the control signals that normally interrupt the crt display
and present a character.
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The analog outputs of the Column Data Switch and Row
Data Switch are connected to the Column Decoder and
Row Decoder stages respectively. These stages sense
the magnitude of the analog voltage input and produce
an output current on one of the ten lines. The outputs of
the Column Decoder stage are identified as C-1 through
C-10 (column 1 through 10) corresponding to the
encoded column information. Likewise, the outputs of
the Row Decoder stage are identified as R-1 through R-
10 (row 1 through 10} corresponding to the encoded
row information. The primary function of the row and
column outputs is to select a character from the
Character Selection Matrix to be produced by the
Character Generator stage. These outputs are also used
at other points in the system to indicate when certain
information has been encoded. One such stage is the
Zeros Logic and Memory. During time-slot 1 (TS-1), this
stage checks whether zero-adding or prefix-shifting
information has been encoded by the plug-in unit, and
stores it in the memory until time-siots TS-5, TS-6, or
TS-8. After storing this information, it triggers the
Display-Skip Generator stage so that there is no display
during TS-1 (as defined by Standard Readout Format;
see Table 3-2). When TS-5, TS-6, and TS-8 occur, the
memory is addressed and any information stored there
during TS-1 is transferred to the input of the Column
Decoder stage to modify the analog data during the
applicable time-slot.

Also, the Zeros Logic and Memory stage produces the
IDENTIFY function. When time-slot 1 is encoded for
IDENTIFY (column 10, row 3), this stage produces an
output level, which connects the Column Data Switch
and Row Data Switch to a coding network within the
Readout System. Then, during time-slots TS-2 through
TS-9, an analog current output is produced from the
Column- and Row Data Switches, which addresses the
correct points in the Character Selection Matrix to
display the word “IDENTIFY” on the crt. The Zeros
Logic and Memory stage is reset after each word by the
Word Trigger pulse.

The Character Generator stages produce the characters
which are displayed on the crt. Any of the 50 characters
shown on the Character Selection Matrix of Figure 3-14
can be addressed by proper selection of the column and
row currents. Only one character is addressable in any
one time-slot; a space can be added to the displayed
word by the Decimal Point Logic and Character Position
Counter stage when encoded by the plug-in unit. The
latter stage counts the number of characters generated
and produces an output current to step the display one
character position to the right for each character. In
addition, the character position is advanced once during
each of time-slots TS-1, TS-2, and TS-3, whether or not
a character is generated. This action fixes the starting
point of the standard-format display such that the first
digit of the scaling factor always starts at the same point
in each word regardless of the information encoded in
time-slot TS-1, TS-2, or TS-3 preceding this digit. Also,
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by encoding row 10 and column zero during any time- o

slot, a blank space can be added to the dispiay. Decimal 2v }oo;#i‘ 1
points can be added to the display at any time by r A"A A A$A Aﬁk‘ ov
addressing the appropriate row and column. (See PIN 6 ‘ /AV ﬂﬁ
Character Selection Matrix for location of decimal } / / [ / / [\ ,
points.) The Decimal Point Logic and Character Position 5 \/ \[ V v
Counter stage is reset after each word by the Word LI D A LN
Trigger pulse.

— ~ T |
The Format Generator stage provides the output signals foom i y oV
to the vertical and horizontal deflection systems of the ﬂ ﬂ ﬂ ]T
instrument to produce the character display. The binary PIN 10 \ J \ [ \
Channel Address Code from the Channel Counter stage H ’ ]
is connected to this stage, so that the display from each :

channel is positioned to the area of the crt associated
with the plug-in and channel originating the word (see
Fig. 3-12). The positioning current or decimal point
location current generated by the Decimal Point Logic
and Character Position Counter stage is added to the TRIGGER
Horizontal (X) signal at the input to the Format PIN 5

Generator stage to provide horizontal positioning of the
characters within each word. The X- and Y-Readout
signals are connected to the Horizontal Amplifier and
Vertical Amplifier through the X- and Y-Buffer stages.

foh |

The Word Trigger stage produces a trigger from the CHARACTER |
End-of-Word pulse generated by the Time-Slot Counter SCAN
stage after the tenth time-slot. This Word Trigger pulse PIN 16—
advances the Channel Counter to display the b
information from the next channel or plug-in. it also
provides a reset pulse to the Zeros Logic and Memory
stage and the Decimal Point Logic and Character
Position Counter stage. This Word Trigger stage can

Z-AXIS
also be advanced to jump a complete word or a portion INHIBIT

L
of a word when a Jump Command is received from the COMMAND E -

Row Data Switch stage. PIN 14

TIMER

The Timer stage establishes the timing sequence for all
circuits within the Readout System. This stage produces v 1 20008 ‘

seven time-related output waveforms (see Fig. 3-15). XYINHIBIT | | T—j T
The triangle waveform produced at pin 6 forms the basis COMMAND F SASNARR P A C: SN N SN SR S
for the remaining signals. The basic period of this PIN13 | | [
triangle waveform is about 250 microseconds as -
controlled by RC network R3434 and C3434. The .
triangle waveform is clipped and amplified by U3433 to
form the trapezoidal output signal at pin 10. The — .
amplitude of this output signal is exactly 15 volts as 100my %om/% { I

determined by U3433 (exact amplitude is necessary to )

— oV

accurately encode data in plug-in units; see Encoding READOUT L T i : 1 ~+6V
. . . INTENSITY

the Data). The Trigger output at pin 5 provides the PIN12 +— ) —] _

switching signal for the Time-Slot Counter and Word

Trigger stages. JAR0 SS0 RDA RS RARAEEEDE A0S ARty SRaR A

NOTE: TEST OSCILLOSCOPE EXTERNALLY TRIGGERED

The signals at pins 12, 13, 14, and 16 are produced only FROM TP3450

when the triangle waveform is on its negative slope and

the trapezoidal waveform has reached the lower level. 5039-310

The timing sequence of these waveforms is important to

the operation of the Readout System (see expanded Figure 3-15. Output waveforms of the Timer stage.
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Figure 3-16. Detail of output at pins 12, 13, 14 and 16 of U3433.

waveforms in Fig. 3-16). The Z-Axis Inhibit command at
pin 14 is produced first. This negative-going signal
provides a blanking pulse to the Z-Axis Logic stage (see
Diagram 4) to blank the crt before the display is
switched to the Readout System. It also produces the
strobe pulse through Q3442 and CR3442 to signal other
stages within the Readout System to begin the sequence
necessary to produce a character. The collector level of
Q3442 is also connected, via CR2443, to the symbol
Character Generator U3463. This activates U3463 during
the quiescent period of the strobe pulse (collector of
Q3442 negative) and diverts the output current of Row
Decoder U3429 to row 2. The purpose of this
configuration is to prevent the Zeros Logic and Memory
stage U3401 from storing incorrect data during the
quiescent period of the strobe pulse. When the strobe
pulse goes positive, CR3443 is reverse biased to
disconnect Q3442 from U3463 and allow the Row
Decoder to operate in the normal manner. Figure 3-16
shows greater detail of the outputs of Timer U3433.

The next signal U3433 produces is the X-Y Inhibit
command at pin 13. This positive-going signal
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disconnects the plug-in signals from the vertical and
horizontal deflection systems. The Ready signal derived
from this output is connected to the Decimal Point Logic
and Character Position Counter stage and the Format
Generator stage.

The Z Readout output at pin 12 is produced next. This
current is connected to the crt circuit to unblank the crt
to the intensity level determined by the voltage on the
Gate Readout Intensity line. The Character Scan ramp
at pin 16 started to go negative as this timing sequence
began. However, character generation does not start
until the readout intensity level has been established.
The triangular Character Scan ramp runs from about -2
volts to about -85 volts, then returns back to the
original level. This waveform provides the scanning
signal for the Character Generator stages. Character
Scan adjustment R3437 sets the dc level of the
Character Scan ramp for complete characters on the
display.

The Timer stage operates in one of two modes as
controlled by the Display-Skip level at pin 4. The basic
mode just described is a condition that occurs only
when all ten characters of each word (80 characters
total) are displayed on the crt. Under typical conditions,
only a few characters are displayed in each word. The
Display-Skip level at pin 4 determines the period of the
Timer output signal. When a character is to be
generated, pin 4 is low and the circuit operates as just
described. However, when no character is to be
displayed, a high level is applied to pin 4 of U3433
through CR3432 from the Display-Skip Generator stage.
This signal causes the Timer to shorten its period of
operation to about 210 microseconds. The waveforms in
Figure 3-17 show the operation of the Timer stage when
the Display-Skip condition occurs for all positions in a
word. Notice that there is no output at pins 12, 13, 14,
and 16 in this condition. This means that the crt display
is not interrupted to display characters. Also notice that
the triangle waveform at pin 6 does not go as far
negative, and that the negative portion of the trapezoidal
waveform at pin 10 is shorter. Complete details on
operation of the Display-Skip Generator are given later.

The Timer operation is also controlled by the Single-
Shot Lockout level at U3433 pin 2. If this level is low, the
Timer operates as just described. However, if the Single-
Shot Lockout stage sets a high level at this pin, the
Timer stage is locked out and cannot produce any
output signals (see Single-Shot Lockout description for
further information).

A negative voltage on the Readout Intensity line sets the
intensity of the readout display independently of the
INTENSITY control. The Readout Intensity line also
provides a means of turning the Readout System off
when a readout display is not desired. When the
Readout Intensity line is left open, the current from pin
11 of U3433 is interrupted, and at the same time, a
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Figure 3-17. Timer stage operation when display-skip condition
occurs.
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positive voltage is applied to pin 4 through CR3431. The
positive voltage switches the stage to the same
conditions as were present under the Display-Skip
condition. Therefore, the crt display is not interrupted to
present characters. However, time-siot pulses continue
to be generated.

TIME-SLOT COUNTER

Time-Slot Counter U3445 is a sequential switch which
directs the trapezoidal waveform input at pin 8 to one of
its 10 output lines. These time-slot pulses are used to
interrogate the plug-in units to obtain data for the
Readout System. The trigger pulse at pin 15 switches
the Time-Slot Counter to the next output line; the output
signal is sequenced consecutively from time-slot 1
through time-slot 10. Figure 3-18 shows the time
relationship of the time-slot pulses. Notice that only one
line carries a time-slot pulse at any given time. When
time-slot 10 is completed, a negative-going end-of-word
pulse is produced at pin 2. The end-of-word pulse
provides a drive pulse for the Word Trigger stage and
also provides an enabling level to the Display-Skip
Generator during time-slot 1 only.

Pin 16 is a reset input for the Time-Slot Counter. When
this pin is held low, the Time-Slot Counter resets to
time-slot 1. The Time-Slot Counter can be reset in this
manner only when a Jump-Command is received by
U3447B and A (see following discussion).

WORD TRIGGER

The Word Trigger stage consists of U3447C and D.
Quiescently, pin 8 of U3447C is low as established by
the operating conditions of U3447B and A. Therefore,
the low end-of-word pulse produced by the Time-Siot
Counter results in a high level at pin 10 of U3447C.
U3447D inverts this level to provide a negative-going
Word Trigger pulse to the Channel Counter.

Aso, U3447D produces a Word Trigger pulse when
U3447B pin 6 receives a Jump Command. This
condition can occur during any time-slot (see Row
Decoder for further information on origin of the Jump
Command). Integrated circuit U3447B and A are
connected as a bistable flip-flop. The positive-going
Jump Command at U3447B pin 6 produces a low at
U3447B pin 4. Inverter U3447A inverts the low from
U3447B to produce a high at pin 1, which via CR3447,
allows pin 6 of U3447B to be pulled high. The flip-flop
has now been set and remains in this condition until
reset, even though the Jump Command at pin 5 returns
to its low level. The high output level at pin 1 turns on
Q3445 to pull pin 16 of the Time-Slot Counter low. This
resets the Time-Slot Counter to time-slot 1 and holds it
there until the Word Trigger is reset. At the same time, a
high level is applied to pin 4 of the Timer through
CR3445 and CR3432. This high level causes the Timer to
operate in the Display-Skip mode, so no character is
generated.
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Figure 3-18. Time relationship of the time-slot (TS) pulses
produced by Q2159.
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Because U3445 is locked in time-siot 1 by U3447, the
Time-Slot Counter does not recognize the next Trigger
pulse. However, this Trigger pulse resets the Word
Trigger stage through C3445. Pin 1 of U3447A goes iow
to enable the Time-Siot Counter and Timer stages for
the next time-slot pulse. Simultaneously, when U3447A
switches output states, the resulting negative-going
edge is connected to pin 8 of U3447C. This results in a
negative-going Word Trigger output at pin 13 of U3447D
to advance the Channel Counter to the next word. When
the next Trigger pulse is received at pin 15 of U3445, the
Time-Slot Counter returns to the normal sequence of
operation and produces an output on the time-siot 1
line.

CHANNEL COUNTER

Channel Counter U3450 is a binary counter that
produces the Channel Address Code for the Column
and Row Decoder stages and the Format Generator
stage. This code instructs these stages to sequentially
select and display the six channels of data from the
plug-in units. Table 3-3 gives the six combinations of the
Channel Address Code and the resultant channel
selected with each combination.

TABLE 3-3
Channel Address Code

Level on U3450 Channel

Pin 11 Pin 8 Pin 9 Disptayed
High High High L(e:fr:a\r/];zilclll
High High Low Li?fv”;‘i!c";l
High Low High Ricg:?r:/r:i'lci;al
High Low Low Rgﬂfvﬁéal
Low High High }(-:igzrai;giltagl
Low High Low 52?.’22215

SINGLE-SHOT LOCKOUT

The Single-Shot Lockout stage allows a single readout
frame (six complete words) to be displayed on the crt,
after which the Readout System is locked out, so further
readout displays are not presented until the circuit is
reset. Integrated circuit U3449C and U3449D are
connected to form a bistable flip-flop. For free-run
operation, pin 8 of U3449C is held high. This activates
U3449C and results in a low output level at pin 10,
enabling the Timer stage to operate in a free-running
manner.

The output of the Single-Shot Lockout stage remains
low to allow U3433 to operate in the free-running mode



until a low is received at pin 8 of U3449C. When this
occurs, the output level at pin 10 of U3449C does not
change immediately. However, the Readout System is
now enabled as far as the single-shot lockout function is
concerned. If the Channel Counter has not completed
word 8, the Readout System continues to operate in the
normal manner. However, when word 8 is completed,
the negative-going end-of-frame pulse is produced at
pin 11 of U3450 as the Channel Counter shifts to the
code necessary to display word one. The end-of-frame
puilse disables U3449B and U3449A. Gate U3449A is
disabled for the time needed for the positive output from
U3449B to charge C3449 positive enough to activates
U3449D, whose low output disables U3449C (its pin 8
input is already low). The output of U3449C goes high to
disable the Timer stage, so it operates in the Display-
Skip mode. The high at pin 10 of U3449C also holds
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U3449D enabled, so it maintains control of the flip-flop.

The Single-Shot Lockout stage remains in this condition
until a positive-going trigger pulse is applied to pin 8 of
U3449C. This trigger pulse produces a low at pin 10 of
U3449C to enable U3433 and disable U3449D. Now, the
Timer stage can operate in the normal manner for
another complete frame. When word eight is completed,
the Channel Counter produces another end-of-frame
pulse to lock out the Timer stage.

ENCODING THE DATA

Data is conveyed from the plug-in units to the Readout
System in the form of an analog (current level) code.
The characters that can be selected by the encoded data
are shown on the Character Selection Matrix (see Fig. 3-
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Figure 3-19. Typical encoding scheme for voltage-sensing plug-in unit. Coding shown for deflection factor of 100 microvolts.

3-23

Scans by ArtekMedia => 2009



Theory of Operation—R7103

14). Each character requires two currents to define it;
these currents are identified as the column current and
the row current, corresponding to the column and row
of the matrix. The column and row data is encoded by
the programming the plug-in units. Figure 3-19 shows a
typical encoding scheme using resistors for a voltage-
sensing amplifier plug-in unit. Notice that the 10 TS
(time slot) pulses produced by the Time-Slot Counter
stage are connected to the plug-in unit. However, time-
slots 5, 6, and 10 are not used by the plug-in unit to
encode data when using the Standard Readout Format.
(See Table 3-2 for Standard Readout Format.) The
amplitude of the time-slot puise is exactly -15 volts as
determined by the Timer stage. Therefore, the resultant
output current from the plug-in units can be accurately
controlled by the programming resistors in the plug-in
units.

For example, in Figure 3-19 resistors R10 through RS0
control the row analog data, which is connected back to
the Readout System. Figure 3-20 shows an idealized
output current waveform of row analog data, which
results from the time-slot puises. Each of the row levels
of current shown in these waveforms correspond to 100

\{ME-SLOT—b-

ROWN, 1 2 .3 /4 85 .6 7 8 9
PR AWAW, \
R-3 U \ \
R-4 u \ r
R-5 U
R-6
R-7
R-8
R-9
R-10 (A)

TIMESLOT —3»
Cot:0:1 iy 2 3 +4 5 6 7 .8 9 (10,
C-1
cz2
c3
ca
Cc5
c6
Cc-7
Cc-8
Cc9
Cc-10

PROGRAM FOR 100 uV,INVERTED, CALIBRATED (UNCALIB-;
RATED OPERATION SHOWN BY SHADED AREA)

(B)

C1195-34

Figure 3-20. |dealized current waveforms of a) Row analog data
and b) Column analog data.
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microamperes of current. The row numbers on the left-
hand side of the waveform correspond to the rows in the
Character Selection Matrix (see Fig. 3-14). The row
analog data is connected back to the Readout System
via terminal B37 of the plug-in interface.

Resistors R110 through R190 determine the column
analog data. The program resistors are connected to the
time-slot lines by switch closures to encode the desired
data. The data, as encoded by the circuit shown in
Figure 3-19, indicates a 100 microvolt sensitivity with the
crt display inverted and calibrated deflection factors.
This results in the idealized output current waveforms
shown in Figure 3-20 at the column analog data output,
terminal A37 of the plug-in interface.

Resistor R111, connected between time-slot 1 and the
column analog data output, encodes two units of
current during time-slot 1. Referring to the Character
Selection Matrix, two units of column current, along
with the two units of row current encoded by resistor
R10 (row 3), indicates that two zeros should be added to
the display. Resistor R120 adds one unit of column
current during time-slot 2 and, along with the one unit of
current from the row output, the Readout System is
instructed to add an invert arrow to the display. Resistor
R130 is not connected to the time-slot 3 line, because
the deflection factor is calibrated. Therefore, there is no
display on the crt. (See Display-Skip Generator for
further information.)

During time-slot 4, two units of column current are
encoded by R140. There is no row current encoded
during this time-slot; this results in the numeral 1 being
displayed on the crt. Neither row nor column analog
data is encoded during time-slots 5, 6, and 7 as defined
by the Standard Readout Format. During time-slot 8,
two units of column current and three units of row
current are encoded by resistors R181 and R80,
respectively. This addresses the u prefix in the
Character Selection Matrix. The final data output is
provided from time-slot 9 by R190 connected to the
column output and R90 to the row output. These
resistors encode two units of column current and four
units of row current to cause a V (volts) symbol to be
displayed. Time-slot 10 is not encoded, in accordance
with the Standard Readout Format. The resultant crt
readout wil be | 100 uV.

in the above example, the row analog data was
programmed to define which row of the Character
Selection Matrix was addressed to obtain information in
each time-slot. The column data changes to encode the
applicable readout data as the operating conditions
change. For example, if the variable control of the plug-
in unit was activated, R130 would be connected between
time-slot 3 and the column analog data output line. This
encodes 10 units of column current (see shaded area in
time-slot 3 of the waveform shown in Fig. 3-20). Since
one unit of row current is also encoded during this time-



slot by R30, a > (greater than) symbol is added to the
display. The crt readout will now show > 100 uV. In a
similar manner, the other switches can change the
encoded data for the column output and thereby change
the readout display. See the descriptions which follow
for decoding this information.

The column analog data encoded by most plug-in units
can be modified by attenuator probes connected to the
input connectors of ampiifier plug-in units. A special
coding ring around the input connector of the plug-in
unit senses the attenuation ratio of the probe (with
readout-encoded probes only). The probe contains a
circuit that provides additional column current. For
example, if a 10X attenuator probe is connected to a
plug-in unit encoded for 100 microvolts as shown in
Figure 3-19, an additional unit of current is added to the
column analog data during time-slot 1. Since two units
of current were encoded by R111, this additional current
results in a total of three units of column analog current
during this time-slot. Referring to the Character
Selection Matrix, three units of column current, along
with the two units of row current encoded by R10,
indicates that the prefix should be shifted one column to
the left. Since this instruction occurs in the same time-
slot that previously indicated that two zeros should be
added to the display and only one instruction can be
encoded during a time-slot, the zeros do not appear in
the display. The crt readout will now be changed to 1
mV (readout program produced by plug-in same as for
previous example).

Three other lines of information are connected from the
plug-in compartments to the Readout System. The
column and row analog data from channel 2 of a dual-
channel plug-in are connected to the Readout System
through terminals A38 and B38 of the plug-in interface,
respectively. Force readout information is encoded on
terminal A35; the function of this input is described
under Column and Row Data Switches. The preceding
information gave a typical example of encoding data
from an amplifier plug-in unit. Specific encoding data
and circuitry is shown in the individual plug-in unit
manuals.

COLUMN AND ROW DATA SWITCHES

The encoding data from the plug-in units is connected
to the Column and Row Data Switch stages. A column-
data line and a row-data line convey analog data from
each of the six data sources (two channels from each of
the three plug-in compartments).

The Column Data Switch U262 and the Row Data Switch
U232 receive the Channel Address Code from the
Channel Counter (refer to Diagram 6 at the rear of this
manual). This binary code directs the Column Data
Switch and the Row Data Switch as to which channel
should be the source of the encoding data. Table 3-3
gives the six combinations of the Channel Address Code

Theory of Operation—R7103

and the resultant channel selected with each
combination. These stages have nine inputs and provide
a time-multiplexed output at pin 7, which includes the
information from all of the input channels. Eight of the
nine inputs to each stage originate in the plug-in units;
the ninth input comes from a special data-encoding
network composed of resistors R241 through R248 and
R251 through R258. (See Zeros Logic and Memory
description for further information on ninth channel.)

in addition to the encoding data inputs from the plug-in
units, inputs are provided to the Column Data Switch
from the VERTICAL MODE switch to inhibit the readout
for any plug-in unit(s) not selected for display. When a
unit is not selected, the line corresponding to the
opposite channel is high to forward-bias the associated
diodes: CR212 and CR213, CR214 and CR215. The
forward-biased diodes cause the channel switches to
bypass the encoded data from the inhibited channel.
However, because it may be desirable to display
information from special-purpose plug-in units (even
though they do not produce a normal waveform display
on the crt), a feature is provided to override the channel
inhibit. This is done by applying a low to the associated
Force Readout input. The low level diverts the high
channel-inhibit current and allows the data from this
plug-in unit to reach the Column Data Switch, even
though it has not been selected for display by the mode
switch.

Row Match adjustment, R3422, sets the gain of the Row
Data Switch to match the gain of the Row Decoder for
correct output. Column Match adjustment, R3407,
performs the same function for the Column Data Switch
stage.

DISPLAY-SKIP GENERATOR

The Display-Skip Generator is made up of Q3406,
Q3411, Q3414, and Q3416. This stage monitors the time-
multiplexed column data at the output of the Column
Data Switch during each time-slot to determine if the
information is valid data that should result in a crt
display. Quiescently, there is about 100 microamperes
of current flowing through R3409 from Q3419 and the
Zeros Logic and Memory stage. (The purpose of this
quiescent current will be discussed in connection with
the Zeros Logic and Memory stage.) This current biases
Q3406A so that its base is about 0.2 volt more positive
than the base of Q3406B in the absence of column data.
Therefore, because Q3406A and B are connected as a
comparator, Q3406A will remain on unless its base is
pulled more negative than the base of Q3406B.

The analog data output from the Column Data Switch
produces a 0.5 volt (approximately) change for each unit
of column current that has been encoded by the plug-in
unit. Whenever any information appears at the output of
the Column Data Switch, the base of Q3406A is puiled
more negative than the base of Q3406B, resulting in a

3-25

Scans by ArtekMedia => 2009



Theory of Operation—R7103

negative (low) Display-Skip output to the Timer stage
through Q3416. Remember that a low was necessary at
the skip input of the Timer so it could perform the
complete sequence necessary to display a character.

Transistors Q3411 and Q3414 also provide Display-Skip
action. The end-of-word level connected to their
emitters is low only during time-slot 1. This means they
are enabled only during this time-slot. These transistors
allow the Zeros Logic and Memory stage to generate a
Display-Skip signal during time-slot 1 when information
that is not to be displayed on the crt has been stored in
memory (further information is given under Zeros Logic
and Memory).

COLUMN AND ROW DECODERS

The Column Decoder U3418 and Row Decoder U3429
sense the magnitude of the analog voltages at their
inputs (pin 10) and produce a binary output on one of 10
lines corresponding to the column or row data encoded
by the plug-in unit. These outputs provide the Column
Digital Data and Row Digital Data, which is used by the
Character Generator stages to select the desired
character for display on the crt. The column and row
data is also used throughout the Readout System to
perform other functions.

The input current at pin 9 of U3418, the Column
Decoder stage, is steered to only one of the ten Column
Digital Data outputs. When a Display-Skip signal is
present (collector of Q3416 high), pin 9 is pulled high
through CR3416. This ensures that no current is
connected to the Character Generator stage under this
condition. Notice the corresponding input on the Row
Decoder. This input is connected to ground and causes
only one of the ten row outputs to saturate to ground.

The network at the input of the Row Decoder, made up
of Q3427 and its assoctated components, is a Row-14
detector that produces the Jump Command. This row
current is encoded by special-purpose plug-in units to
cause all or part of a word to be jumped. Whenever row
14 (13 units of row current, or 1.3 milliamperes) is
encoded, the base of Q2153 is pulled negative enough
so that this transistor is reverse-biased to produce a
high Jump Command output at its collector. The Jump
Command is connected to the Word Trigger stage to
advance the Channel Counter to the next word and to
reset the Time-Slot Counter to time-slot 1.

ZEROS LOGIC AND MEMORY

The Zeros Logic and Memory stage U3401 stores data
encoded by the plug-in units to provide zeros-adding
and prefix-shifting logic for the Readout System. The
Strobe pulse at pin 15 goes positive when the data has
stabilized and can be inspected. This activates the Zeros
Logic and Memory stage so that it can store the
encoded data.
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Typical output waveforms of the five possible input
conditions that can occur are shown in Figure 3-21.
When time-slot 1 occurs, a store command is given to all
of the memories. If the plug-in units encoded data for
column 1, 2, 3, 4, or 10 during time-sliot 1, the
appropriate memory (or memories) is set. Notice that
row 3 information from the Row Decoder must also be
present at pin 16 for data to be stored in the memory of
U3401.

If data was encoded during time-slot 1, a negative-going
output is produced at pin 7 while the memories are
being set. This negative-going pulse is connected to the
base of Q3414 in the Display-Skip Generator to produce
a Display-Skip output. Since the information encoded
during time-slot 1 was only provided to set the
memories and not intended to be displayed on the crt at
this time, the Display-Skip output prevents a readout
display during this time-slot.

During time-siot 5, a memory within U3401 is
interrogated. If information was stored in this memory, a
positive-going output is produced at pin 7. This pulse is
connected to pin 10 of the Column Decoder through
Q3419 to add one unit of current at the input of the
Column Decoder. This produces a zero after the
character displayed during time-slot 4. During time-slot
6, another memory within U3401 is interrogated to see if
another zero should be added. If another zero is
necessary, a second positive output is produced at pin
7, which again results in a column 1 output from the
Column Decoder and a second 0 in the crt display.

Finally, another memory within U3401 is interrogated
during time-slot 8 to obtain information on whether the
prefix should be changed, or left at the value that was
encoded. If data has been encoded that calls for a shift
in prefix, a negative-going output level is produced at
pin 7. This negative level subtracts one unit of column
current from the data at the input to the Column
Decoder. Notice on the Character Selection Matrix of
Figure 3-14 that when row 4 is programmed, a reduction
of one column results in a one-column shift of the
prefix. For example, with the 100 4V program shown in
Figure 3-19, if the data received from the plug-in unit
called for a shift in prefix, the crt readout would be
changed to 1 mV (zeros deleted by program; see
Encoding the Data).

The 100 microamperes of quiescent current through
R3409 provided by Q3419 (see Display-Skip Generator)
allows the prefix to be shifted from m (100
microamperes of column current, column 1) to no prefix
(0O column current, column 0) so only the unit of
measurement encoded during time-slot 9 is displayed.
Notice that reducing the prefix program from column 1
to column 0 programs the Readout System to not
display a character at this readout location.
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Figure 3-21. Typical output waveforms for Zeros Logic and Memory stage operation (at pin 7 of U3401).

Another feature of the Zeros Logic and Memory is the
Identify function. If 10 units of column current are
encoded by the plug-in unit along with row 3 during
time-siot 1, the Zeros Logic and Memory produces a
negative-going output pulse at pin 1 to switch the
Column Data Switch and Row Data Switch to the ninth
channel. Then, time-slot pulses 2 through 8 encode an
output current through resistors R241 and R248 for
column data and R251 and R258 for row data. This

provides the current necessary to display the word
IDENTIFY in the word position allotted to the channel
that originated the Identify command. After completing
this word, the Column Data Switch and Row Data
Switch continue with the next word in the sequence.

The Word Trigger signal from the Word Trigger stage is

connected to pin 9 of U2232 through C2242. At the end
of each word of readout information, this pulse goes
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low. This erases the four memories in the Zeros Logic
and Memory in preparation for the data to be received
from the next channel.

CHARACTER GENERATOR

The Character Generator stage consists of five similar
integrated circuits (U3461, U3463, U3465, U3467,
U3469), which generate the X (horizonal) and Y
(vertical) outputs at pins 16 and 1, respectively, to
produce the character display on the crt. Each
integrated circuit can produce 10 individual characters;
U3461 (designated “Numerals”) can produce the
numerals 0 through 9 shown in row 1 of the Character
Selection Matrix (Fig. 3-14). Integrated circuit U3463
can produce the symbols shown in row 2 of the
Character Selection Matrix and U3465 produces the
prefixes and some letters, used as prefixes, shown in
row 4. Integrated circuits U3467 and U3469 produce the
remaining letters shown in rows 5 and 6 of the Character
Selection Matrix.

All the Character Generator stages receive the Column
Digital Data from the Column Decoder U3418 in parallel.
However, only one of the Character Generators receives
row data at a particular time and only the stage
receiving this row data is activated. For example, if
column 2 is encoded, the five character Generators are
enabled so that a 1, >, &, V, or an N can be produced. If
row 4 has been encoded at the same time, only the
Prefix Character Generator U3465 will produce an
output to result in a y being displayed. The activated
Character Generator provides current output for the
Format Generator to produce the selected character on
the crt. In a similar manner, any of the characters shown
in the Character Selection Matrix can be displayed by
correct addressing of the row and column.

DECIMAL POINT LOGIC AND
CHARACTER POSITION COUNTER

Decimal Point Logic and Character Position Counter
U3470 performs two functions. The first function is to
add a staircase current to the X (horizontal) signal to
space the characters horizontally on the crt. After each
character is generated, the negative-going edge of the
Ready signal at pin 5 advances the Character Position
Counter. This produces a current step output at pin 3
which, when added to the X signal, causes the next
character to be displayed one character space to the
right. This stage can also be advanced when a Space
instruction is encoded so a space is left between the
displayed characters on the crt. Row 10 information
from the Row Decoder is connected to pin 4 of U3470.
When row 10 and column 0O are encoded, the output of
this stage advances one step to move the next character
another space to the right. However, under this
condition, no display is produced on the crt during this

3-28

Scans by Artekmedia => 2009

time-slot, because the Character Generators are not
activated.

Time-slot pulses 1, 2, and 3 are also connected to pin 4
of U2260 through VR3470, VR3471, and VR3472
respectively, and R3470 and R3473. This configuration
adds a space to the displayed word during time-slots 1,
2, and 3 even if information is not encoded for display
during these time-slots. With this feature, the
information displayed during time-slot 4 (scaling data)
always starts in the fourth character position whether
data has been displayed in the previous time-slots or
not. Therefore, the resultant crt display does not shift
position as normal-invert or cal-uncal information is
encoded. The Word Trigger pulse connected to pin 8
resets the Character Position Counter to the first
character position at the end of each word.

The Decimal Point Logic portion of this stage allows
decimal points to be added to the crt display. With the
Standard Readout Format, row 7, encoded coincident
with columns 3 through 7, addresses a decimal at one of
the five locations identified in row 7 of the Character
Selection Matrix (Fig. 3-14). This instruction refers to
the decimal point location in relation to the total number
of characters possible in one word (see Fig. 3-22). For
example, column 3 encoded with row 7 during time-siot
1 places a decimal point in location number 3. As shown
in Figure 3-22, this displays a decimal point after the
third character that can be displayed on the crt. (The
first three time-slots produce a space whether data is
encoded or not; see previous paragraph.)

When decimal-point data is encoded, the crt is
unblanked so a readout display is presented. Because
row 7 does not activate any of the five Character
Generators, the crt beam is deflected vertically by the
application of row-7 data to the Y input of the Format
Generator through R3477. This places the decimal point
between the characters along the bottom line of the
readout word. After the decimal point is produced in the
addressed location, the crt beam returns to the location
indicated by the Character Position Counter to produce
the remainder of the display.

FORMAT GENERATOR

The X- and Y-deflection signals produced by the
Character Generator stage are connected to pins 2 and
7, respectively, of the Format Generator. The Channel
Address Code from the Channel Counter is also
connected to pins 1, 8, and 15 of this stage. The
Channel Address Code directs the Format Generator to
add current to the X and Y signals to deflect the crt
beam to the area of the crt associated with the plug-in
channel that originated the information (see Fig. 3-12).
The Channel Address Code and the resultant word
positions are shown in Table 3-3, in the Channel
Counter part of this discussion. The Ready signatl at pin
13 (coincident with the X/Y Inhibit Command output)



activates this stage when a character is to be displayed
on the crt. The ratio of resistor R3468 to R3480
determines the horizontal and vertical size of the
displayed characters. The character position current
from the Decimal Point Logic and Character Position
Counter stage is added to the X (horizontal) input signal
to space the characters horizontally on the crt (see
previous discussion).

Y-Output

The Y-output signal at pin 6 of Format Generator U3480
is connected to the Y-Output amplifier, Q3486 and
Q3493. This stage provides a low-impedance load for
the Format Generator while providing isolation between
the Readout System and the driven circuits. Vertical
Separation adjustment R3491 changes the gain of this
stage to control the vertical separation between the
readout words displayed at the top and bottom of the
graticule area.

X-Output

The X-Output amplifier Q3489 and Q3499 operates like
the Y-Output amplifier, to provide the horizontal
deflection from the readout signal availabie at pin 4 of
U3480. The gain of this stage is fixed by the values of
the resistors in the circuit.

Display Sequence. Figure 3-23 shows a flow chart for
the Readout System. This chart illustrates the sequence
of events that occurs in the Readout System each time a
character is generated and displayed on the crt.

Theory of Operation—R7103
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SIGNALS OUT

The Signals Out circuit provides the +SAWTOOTH and
+GATE signals to the front panel. These output signals
are samples of signals from the time base.

Diagram 7, a schematic of the Signals Out circuit, is
shown in Section 8 (Diagrams and Circuit Board
lllustrations) of this manual. Gray shaded lines divide
the circuitry into major stages. Subheadings in the
following discussion use the stage names to further
identify portions of the circuitry on diagram 7.

+SAWTOOTH AMPLIFIER

The sawtooth signal from the time base is connected to
the Sawtooth Amplifier stage through series resistor R91
(see Diagram 3).

Transistors Q1943-Q1942-Q1946 form an inverting
feedback amplifier. Gain of the stage is about 2, as
determined by the ratio of feedback resistor R1944 to
the input resistance (made up of R1940 and R81 on
diagram 3.)

+GATE AMPLIFIER

The +GATE signal originates in the time base. Before a
gate occurs, Q1934 is biased off and Q1938 is
conducting; its collector potential is low enough to turn
off Q1928. When a gate signal occurs, it is coupled to
the base of Q1934, causing it to conduct and thereby
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DURING THIS TIMESLOT -- NO

LOCATION NO. 3
(COLUMN 3)

DISPLAY
FIRST POSSIBLE CHARACTER DIS-
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° °
. y | |
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EVEN IF
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C1195-37

Figure 3-22. Readout word relating 10 possible character locations to the decimal point instructions that can be encoded; and the

resultant crt display.
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cutting off Q1938. The current through R1911 now flows
through Q1928 to produce the + GATE signal. In pulsed
mode, the signal at the the collector of Q1934 drives the
Graticule Illumination stage or the readout system.

GRATICULE ILLUMINATION

Variable resistor R1900 (GRAT ILLUM) determines the
brightness of the graticule lights (except when in the
PULSED position) by controlling the output of the
graticule light supply (see Low-Voltage Regulators,
diagram 15). Variable resistor R1902 (PRESET)
determines the brighness of the graticule lights when
the GRAT ILLUM control is set to PULSED. In the
PULSED mode, the graticule lights are gated on for
approximately 0.5 second. Programmable unijunction
transistor Q1908, in conjunction with Q1910, generates
the pulse to turn on the graticule lights. A negative
signal (from the MAN pushbutton, the +Gate or from an
external input) will cause Q1908 to conduct and start
discharging C1908. At this time, Q1910 turns off, which
allows R1902 to control the output of the graticule light
supply. Capacitor C1908 discharges until Q1908 cannot
maintain conduction. As Q1908 turns off C1908 begins
to charge positive until the zener voltage of VR1910 is
reached which turns on Q1910; its collector then goes
negative to turn the graticule light supply off.

When in the PULSED mode and operating from the
+GATE source, the graticule lights will turn on
momentarily at the trailing edge of the +Gate (end of
each sweep).

VERTICAL CHANNEL SWITCH

The Vertical Channel Switch circuit selects the vertical
deflection signal from the output of the LEFT and/or
RIGHT Vertical plug-in compartment(s) for display on
the crt.

Schematic diagram 8, in Section 8 (Diagrams and
Circuit Board Illustrations) of this manual, shows the
Vertical Channel Switch. Gray shaded lines divide the
circuitry into major stages. Sub-headings in the
following discussion use the stage names to further
identify portions of the circuitry on diagram 8.

CHANNEL SWITCH

The vertical deflection signal from the left and right
vertical plug-in units is either terminated within the
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stage or coupled through the stage as determined by the
Vertical Channel Selector stage. The Channel Switch
stage is made up primarily of integrated circuit U668.
Input pins 7 and 9 provide a differential input for the
signal from the right vertical plug-in unit. input pins 17
and 19 provide a differential input for the signal from the
left vertical plug-in unit. The differential output signal at
pins 3 and 13 is connected to J694 and J592,
respectively.

Components U682, Q682, Q676, and Q672 supply
standing current to U668 and maintain the output
common-mode dc level at +8.5 volts for all Channel
Switch modes. The common-mode level at pins 3 and 13
of U668 is sensed by R559-R659 and compared with a
reference level set by divider R680-R681. Assume, for
example that pin 2 of U682 is lower than pin 3,
indicating an output level below 8.5 volts. The pin 6
output of U682 will be driven positive and current will
flow in R683. This current must be supplied from the +15
V supply via R682, thereby lowering Q682’s base voltage
and increasing its the collector current. Transistor Q676
operates as a common-base amplifier and passes along
the increased collector current to pin 3a of U668. This
increases the output common-mode level and brings
U682 into balance. The voltage at pin 3a of U668
depends on the Channel Switch mode: in Left, Right,
Alt, or Chop modes, pin 3a is at +10.5V; in Add mode it
is +12.5 V; when X-Y Inhibit is high, pin 3a is +8.5 volts.
In all modes the current supplied by Q676 is 160
milliamperes plus or minus small variations required to
keep the output level at +8.5 volts.

VERTICAL CHANNEL SELECTOR

The Vertical Channel Selector interfaces the Channel
Switch, U668, to the logic signals arriving from the Main
Interface. The Channel Switch stage requires two pairs
of complementing control voltages; one pair for each
channel. The high control voltage is +4.0 V, the
complementing low voltage is +3.5 V. To select a
channel, the high level must be applied to the On input
of U668 (pin 2 for Left, and pin 12 for RIGHT VERTICAL
MODE selector positions) and the low level must appear
at the Off input (pin 1 for Left, and pin 11 for Right
VERTICAL MODE selector positions). To inhibit a
channel the control voltages are reversed.

When the VERTICAL MODE selector is set to LEFT the
Display Right Command line, entering on P680 pin 6, is
set low (-0.6 V), the Add line (P680 pin 5) is low (0 V)
and, normally, X-Y Inhibit is low (-0.6 V). Transistors
Q652, Q658 and Q558 are turned on; Q656 and Q556 are
off. The result is that pins 1 and 12 of U668 are pulled
down to +3.5 V but pins 2 and 11 are pulled down only to
+4.0 V. Consequently, the Left Vert channel is turned on
while the Right Vert channel is turned off. Signals
appearing at J602 and J603 are amplified and fed to the
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outputs at J592 and J694. Similarly, if Display Right is
high (+1 V), the Right Vert channel is turned on and the
Left Vert channel is turned off. Signals from the Right
Vert channel are amplified and fed to the outputs. Left
Vert channel signals are terminated in U668.

When the VERTICAL MODE selector is set to either ALT
or CHOP, the Display Right Command signal line
switches between the low and high levels at a rate
determined by either the Chop Counter or Vertical
Binary stages (see Logic description diagram 4). This
action displays the signal from the left vertical unit when
the Display Right signal line is low and displays the
signal from the right vertical unit when the signal line is
high.

When Add vertical mode operation is selected, the Add
signal line is high, and the Display Right Signal is low.
This allows both the right and left vertical signals to
pass to the output of U668. The signals from both
vertical units are algebraically added and the resultant
signal determines the vertical deflection. The X-Y Inhibit
command has absolute control over the output of the
Channel Switch stage. Quiescently, this signal is low;
however when the Readout System is ready to display
information on the crt, this level goes high, to block the
signals from both vertical units.

When the X-Y Inhibit line is high (+1 V) Q652 is turned
off. Current in R653 now flows via CR552 and CR654,
lowering the base voltage of Q556 by one diode drop,
and that of Q658 by two diode drops. This ensures that
Q558 and Q656 are turned on regardless of the state of
the Display Right Command or Add lines.

RIGHT AND LEFT CHANNEL
FEEDBESIDE

The operation of the Left and Right Channel Feedbeside
stages is identical. Only the Right Channel Feedbeside
is described here.

The Feedbeside stage compensates for low-frequency
imperfections in the frequency response of the Channel
Switch stage, U668. Self-heating of the transistor base-
emitter junctions of some transistors within U668 causes
the low-frequency gain to exceed the midband gain. To
correct this, a portion of the input signal is picked off
through R502 and R504 and applied to U508. This
differential signal is converted to a single-ended signal
and distributed into four RC networks with different time
constants. Variable components R512, R515, R520,
R525, R530, and C538 are adjusted to provide an
accumulated waveform. This waveform is converted to a
paraphase signal by U538, Q542 and Q548, and injected
into U668 via pins 6 and 4, where it is subtracted from
the signal entering U668 at pins 7 and 9. Proper
adjustment results in flat-frequency response and
optimum transient response at the output.
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VERTICAL AMPLIFIER

The Vertical Amplifier circuit provides final amplification
for the vertical signal received from delay-line DL592
(shown on diagram 8) before it is applied to the crt
vertical deflector. In addition, a low-frequency signal to
provide the crt scale factor readout is accepted at the Y
Readout input. The vertical portion of the Beamfinder
function is also handied in the Vertical Amplifier.

Diagram 9, in Section 8 (Diagrams and Circuit Board
Hlustrations) of this manual, is a schematic diagram of
the Vertical Amplifier. Gray shaded lines divide the
schematic into major stages. Subheadings in the
following discussion use the stage names to further
identify portions of the circuitry on diagram 9.

DELAY-LINE COMPENSATION

Delay-line DL592 (diagram 8) detays the vertical signal
approximately 51 nanoseconds to allow the horizontal
circuits time to initiate a sweep before the vertical signal
reaches the crt vertical deflector. This allows the
instrument to display the triggering event when using
internal triggering. The delay line is composed of a
matched pair of 50 ohm coaxial cables. The signal from
the delay lines is coupled on to the 50 QQ microstrip via
J702 and J704. Transient response front-corner
adjustment is provided by RLC network R705, C705 and
parasitic inductance of C704.

Hybrid circuit U762 and its associated circuitry provides
frequency compensation to offset delay line losses due
to “skin-effect” in the cable. This compensation is
achieved by attenuating the signal at low-frequencies
approximately 4.8 dB. At high frequencies (above 1.5
gigahertz) the signal passes with little attenuation.
Hybrid circuit U762 also terminates the delay line in its
characteristic impedance (50 ohms) at frequencies
greater than about 50 MHz. At dc U762 presents an
impedance of 41 Q to each cable; reverse termination of
U668, Vertical Channel Switch, prevents standing waves
below 50 MHz.

OUTPUT AMPLIFIER

The output amplifier consists of two thin-film, hybrid,
wideband amplifiers, U842 and U862, and their
associated bias circuitry. These amplifiers provide a
voltage gain of approximately 4.5 each, resuiting in an
overall voitage gain of about 11 from J702 and J704 to
the crt. All signal path interconnections between and
within hybrids are made with 50-ohm strip transmission
lines via the HYPCON system.

Integrated circuit U842 receives the delayed and
compensated signal from U762 at pins 7 and 9. Variable



resistor R830 provides vertical amplifier gain adjust by
shunting the differentiai signal. Trimmer R836 is a
transient response adjustment effective in the first 10
nanoseconds of the step response. The output of U842
is fed through level shifters VR852 and VR862 to U862.
Bias current for U842 is supplied by Q892 and R893
through U862. Active devices Q892, U876B and
associated circuitry operate as a power supply with
(negative) output impedance of -25 ohms. This supply
acts to maintain constant common-mode dc level at the
input to U862 regardless of current demand from U842.

When pressed, the BEAMFINDER button changes the
current source for U862 to provide the Beamfinder
function. Normally, the current source for U862 comes
from the +15 V supply through Q862 and R862.
However, when the BEAMFINDER is pressed in it turns
off Q862, ieaving R862 as the only current source for
U862. This limits the dynamic range of the stage by
limiting its available current, so the display is
compressed vertically within the crt graticule area.

Components Q878, VR878, and R878 clamp the output
dc common-mode level to less than 44 V when the
BEAMFINDER button is pressed.

The signal at the output of U862 (pins 17 and 19) is
connected via a flexible coplanar transmission line to
the crt vertical deflector neck pins. A distributed
deflector is used in the crt for maximum bandwidth. The
signal travels along the deflector at a velocity essentially
the same as the velocity of the electron beam passing
through the vertical deflector. This synchronism of the
deflection signal and the electron beam reduces the loss
in high-frequency sensitivity due to electron transit time
through the deflector. After propagating along the
deflector the signal exits the crt via a second flexible
coplanar transmission line and terminates in U883. A
double-terminated transmission-line system with a
characteristic impedance of 200 ohms side-to-side is
formed by the output of U862, the two flexible lines, the
crt Vertical deflector, U883, and the crt vertical
termination. Standing current for U862 is supplied from
+50 V supply via U883 and the crt deflector transmission
line system.

Bias levels for U862 are provided by UB876A. Diode
CRB875 temperature-compensates the +23.9 V supply to
maintain constant standing current in U862.

FEEDBESIDE

The Feedbeside stage compensates for low-frequency
imperfections in the frequency response of the Output
Amplifier stage, U842 and U862. Self-heating of the
transistor base-emitter junction of some transistors in
U842 and U862 cause the low-frequency gain to exceed
the midband gain. To correct this, a portion of the input
signal is picked off via the Delay Line Compensation
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stage and applied to U782. The paraphase signal is
converted to a single-ended signal by U782 and
distributed into six RC networks with different time
constants. Resistors R785, R787, R791, R795, R801,
R806, and C808 are adjusted to provide an accumulated
waveform. This waveform is converted to a paraphase
signal by U808, Q824, and Q814, and injected into U842
through pins 1 and 5, where it is subtracted from the
signal entering U842 at pins 7 and 9. Proper adjustment
of the seven RC components results in a flat frequency
response and optimum transient response at the output
of U862 (pins 17 and 19).

Diodes CR767 and CR777 improve the vertical amplifier
overdrive recovery by limiting the amplitude of the
feedbeside correction signals that exceed the dynamic
range of the Output Amplifier. Thermistor RT813 adjusts
the gain of the feedbeside amplifier to provide increased
correction at high ambient temperature where transistor
self-heating is aggravated.

AUXILIARY AMPLIFIER

The Auxiliary Amplifier is used to inject low-frequency
(¢ 2 MHz) signals associated with crt scale-factor
readout and alternate sweep switching into the vertical
deflection system. Normally, the X-Y Inhibit signal
entering on pin 8 of P789 is LO (-0.6 V), Q722 and Q712
are off, and Q732 is on. The Aux Y-Axis signal on pin 2
of of P790 is coupled through Q732 to the input of
paraphase amplifier Q742 and Q752. Transistors Q748
and Q758 form a shunt-feedback amplifier with
sufficient gain to drive the inputs of U762 (pins 5 and
11).

When the Readout system initiates a character display it
sets the X-Y Inhibit logic level high (+1 V). Emitter
follower Q718 turns Q722 on. The voltage on the
collector of Q722 drops to zero, which turns Q732 off
and turns Q712 on. The Aux Y-Axis signal is then
blocked by Q732 Y Readout signals are inverted by
U705. Readout centering is added to the composite
readout signal and applied to the input of the paraphase
amplifier via Q712. At the end of the character display
period X-Y Inhibit returns to -0.6 V.

POWER SUPPLY SHUTDOWN

The Power Supply Shutdown stage monitors the 23.9 V
supply. If this voltage drops significantly, indicating an
overload condition, Q864 will turn on pulling the gate of
Q873 positive to cause Q873 to turn on. This action
overloads the +50 V power supply which in turn causes
the high-efficiency power supply to shut down.

A drop in the +23.9 V supply may indicate an open
connection or a short to ground in the crt deflector
transmission line system (or supply). The latter case is
particularly serious and may damage U862 even with the
Power Supply Shutdown stage operating. For this
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reason care should be taken not to short or open the crt
deflector connections when the power is on.

The Power Supply Shutdown circuit also accepts an
input from the Horizontal Amplifier circuit (diagram 11)
via a thermal cutout, from pin 10 of P782. This input is
normally about +14.8 V but will decrease if a fault occurs
in the Horizontal Amplifier or if the thermal cutout
opens. The latter case indicates excessive temperature
in the Horizontal and Vertical Amplifier circuits which
will significantly reduce amplifier operating life. The
thermal cutout will open at about +55° C ambient if the
fan is operating properly or at +35° C ambient if the fan
is disabled or totally blocked.

HORIZONTAL CHANNEL SWITCH

The Horizontal Channel Switch receives the output of
the HORIZ plug-in unit and an X-Y Inhibit signal from
the Readout System.

The Horizontal Channel Switch has switching capability
that the R7103 does not need because it has only one
horizontal channel.

Diagram 10, in Section 8 (Diagrams and Circuit Board
lllustrations) of this manual shows the Horizontal
Channel Switch. Gray shaded lines divide the schematic
into major stages. Subheadings in the following
discussion use the stage names to further identify parts
of the circuitry on diagram 10.

CHANNEL SWITCH

The Channel Switch consists mainly of U962. The
differential horizontal signal from the HORIZ plug-in
compartment is applied to pins 7 and 9. The Display B
line is set permanently to -0.6 V, which turns Q924D on
and turns Q924C off. The output of Q924D and C turn
on the A channel of U962, and turn on Q924E. When
turned on, Q924E inhibits the B channel of U962.

Integrated circuit U962 has a standing current of about
37 mA per channel. The standing current in channel A is
the quiescent current drawn by current sinks Q992 and
Q994, and by R998 and R999. This standing current
flows out of pins 3 and 13, and becomes the standing
current in U1018 (diagram 11), the Input Clamp. It is
important that the current sink described above controls
the standing current in the Channel Switch and the
Input Clamp. The current comes from the +15 V supply
(diagram 11) mainly via R1047, R1043, R1067, and
R1063 at the stage output. Thus the current sink
described above affects dc levels from the Channel
Switch to the input of U1082.
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A CHANNEL FEEDBESIDE

The A Channel Feedbeside circuit compensates for low-
frequency imperfections in the frequency response of
Channel Switch U962. Self-heating of the emitter-base
junctions, of some transistors in U962, causes the low-
frequency gain to appear greater than the midfrequency
gain. To correct this, a portion of the input signal is
picked off via R972 and R971 and applied to U974. The
differential signal is converted to a single-ended signal
and distributed to four resistor-capacitor (RC) networks
of various time constants. Resistors R975, R980, R982,
R985, and R988 are adjusted to provide an accumulated
waveform. The accumulated waveform is converted to a
paraphase signal by Q992 and Q994, then injected into
U962 via pins 16 and 14, where it is subtracted from the
signal entering U962 at pins 7 and 9. Proper adjustment
results in a flat frequency-response and optimum
transient-response at the output.

D

HORIZONTAL AMPLIFIER

The Horizontal Amplifier circuit amplifies the push-pull
horizontal deflection signal from the plug-in unit
installed in the horizontal compartment, and connects it
to the horizontal deflection plates of the crt.

Diagram 11, in section 8 (Diagrams and Circuit Board
Illustrations) of this manual, is a schematic diagram of
the Horizontal Amplifer. Gray shaded lines divide the
schematic into major stages. Subheadings in the
following discussion use these stage names to identify
parts of the circuitry on diagram 11.

READOUT POSITIONING

When readout is displayed, the X Readout signai is
applied to the Horizontal Amplifier through P882. At the
same time, a high on the X-Y Inhibit line causes Q1022
to conduct, turning Q1024 off. This action enables the
horizontal readout center (R.O. CTR) adjustment R1025
to horizontally position the readout display on the crt.

OUTPUT AMPLIFIER

The Output Amplifier stage is a parallel path amplifier,
having a fast path and a slow path. The fast path is a
non-feedback amplifier, with 50 Q impedance
throughout, except at the output. The slow path is a
feedback ampilifier, used to correct thermal gain errors
in the fast path, and to inject the readout signal.

Fast Path

The fast path consists primarily of U1082 (the driver)
and U1094 (the output amplifier).



The differential signal is applied to pins 7 and 9 of
U1082. The input is 50 Q push-pull (100 Q differential).
The gain of U1082 is set by the HF Gain adjustment
R1082 to provide a nominal current gain of about 3. The
output of U1082 is applied to the input of U1094, the
output stage. This stage has a 50 Q push-pull input.
Accordingly, the voitage gain through the driver will be
about 3, because it has equal input and output
resistances.

The output stage, U1094, has a current gain of about
3.3, and has a differential load impedance of 365 Q. The
voltage gain of the stage is then about 12 (the current
gain times the resistance gain).

The crt has a distributed horizontal deflection structure
with a differential impedance of about 365 Q. The crt
horizontal deflection structure is connected to the
amplifier output and to the horizontal terminator resistor
via the 365 Q flexible transmission lines. The termination
board (A20) is adjustable to match the crt impedance.

Siow Path

The slow path is a feedback amplifier which is used to
correct for thermal errors inherent in the fast path. The
slow path can be considered to be an operational
amplifier.

The slow path receives its input via R1043 and R1063,
which pick off a fraction of the output signal from the
Input Clamp stage. The input signal is amplified by
Q1046 and Q1066 and injected into the operational
amplifier summing nodes (base of Q1052 and Q1072).
The output signal at the crt is picked off by a pair of 20
kilohm resistors within U1094. This signal is applied
through R1034 and R1037 to the summing nodes. Any
error signal at the summing nodes is amplified by the
differential pair Q1052 and Q1072 and by the differential
pair Q1058 and Q1078. The amplified signal is then
injected into the fast path via pins 1 and 5 of U1082, to
correct the signal applied to the crt.

The gain of the slow path is set with the LF Gain
adjustment, R1062, independent of the fast path gain.
The step response of the slow path is adjusted using the
Delay adjustment C1036 and S.P. Damp R1073, the slow
path damping adjustment.

Because the slow path is a feedback circuit, it can cause
difficulties in locating problems in the output amplifier
circuit. The feedback path can be disabled by removing
Q1052 and Q1072, and shorting the emitter run to the
collector run for each transistor on the circuit board.
This can be done by inserting a U-shaped wire, the
same diameter as the transistor leads, in the emitter and
collector sockets. With the feedback path open, the
amplifier will operate as before, with two exceptions.
First, thermal errors will not be corrected; and second,
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readout is disabled since it is injected into the slow path.
All dc voltages will remain essentially unchanged. This
will simplify troubleshooting the Horizontal Amplifier.

INPUT CLAMP

The Input Clamp prevents the Output Amplifier stage
from being overdriven. Signal limiting occurs in the
Input Clamp stage when the + and - horizontal signal,
applied to pins 5 and 8 of U1018, approaches a level
which will overdrive U1094’s input transistors. The Input
Clamp requires about 75 milliamperes from pin 16 to pin
5 and from pin 13 to pin 8 for proper operation. This
current is supplied by the Channel Switch stage on
diagram 10. Pins 13 and 16 are normally about 7.0 volts,
and pins 5 and 8 about +6.2 V.

The Clamp Adj, R1005, sets the voltage at pin 6 of U1018
about 0.3 volts more positive than pins 5 and 8. If a
differential signal is applied to pins 5 and 8 of the Input
Clamp stage, with pin 5 going negative and pin 8 going
positive; cltamping will occur when pin 5 goes negative
enough to turn on the transistor inside U1018 whose
emitter is tied to pin 5. The signal from pin 5 flows
through the transistor to pin 13, effectively shunting the
excess signal to the other side of the differential line. In
a like manner, the other transistor causes clamping
when pin 5 is positive going and pin 8 is negative going.
Note that both transistors are never on at the same time.

The Input Clamp stage output common-mode voltage is
sensed at pin 15 of U1018 and applied to U1006. This
causes the voltage at pin 6 to track the common-mode
voltage in the Input Clamp stage, so that the clamping
point does not change as the common-mode voltage
changes.

The Beamfinder input goes from 15 volts to ground
when the BEAMFINDER button is pressed. This raises
the voltage at pin 6 of U1018, which confines the
horizontal signal to the crt screen.

>

INTENSITY LIMITER AND
Z AXIS AMPLIFIER

Diagram 12, in Section 8 (Diagrams and Circuit Board
IHustrations) of this manual, shows a schematic of the
Intensity Limiter and Z-Axis Amplifier. Gray shaded
lines divide the circuitry into major stages. Sub-
headings in the following discussion use the stage
names to further identify portions of the circuitry in
diagram 12.
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INTENSITY LIMITER

The gain of the microchannel plate is reduced in
proportion to the logarithm of the charge output. In the
area of sustained trace operation this gain reduction
manifests itself as reduced writing speed. The Intensity
Limiter stage limits the crt screen current and prevents
long-term, on-screen trace operation. Even with the
Intensity Limiter stage it is possible to incur
distinguishable display gain loss, depending on the use
of the instrument. For more information on proper usage
see Reduction of Display Gain with Display Output
Charge, in the Operating Instructions part of this
manual.

The Screen | Sense output of the Anode Voltage
Multiplier, U1700 (diagram 13) carries a current equal to
the average screen current. Operational amplifier U1952,
with feedback resistor R1951, converts this current to a
voltage at the rate of 1 volt per microampere of average
screen current. A divider string formed by R1952, R1959
and R1960 biases the inverting input of operational
amplifier U1958B at 0.2 volt. When the average screen
current is greater than 0.2 microampere the noninverting
input of operational amplifier U1958B is more positive
than +0.2 volt and its output, TP1962, goes positive. Via
R1975, this turns on the LIMITED VIEWING TIME
indicator, DS1970., Also, Q1974 is turned off, allowing
C1971 to charge. In addition to this, the 3 hertz
oscillator is started (timer U1968 oscillates at a
frequency 3 hertz). When the output of operational
amplifier U1958B goes positive, pin 4 of U1968 will go
positive and start the oscillator.

Operational amplifier U1970 and C1971 form an
integrator, integrating the current through R1958. This
resistor is connected to the output of operational
amplifier U1952 so that the current through R1958 is
proportional to the screen current. The output of U1970
goes negative from ground. When the voltage reaches
-10 volts timer U1986 starts. How fast the output
reaches -10 volts depends on the average screen
current. As will be seen later the average screen current
cannot exceed 2 microamperes. At 2 uA of screen
current, the output of the integrator will reach the -10
volt output level in about one minute. For below-average
screen currents, Q1974 will be turned on to prevent the
integrator from operating. At an average screen current
of 25 nanoamperes the integrator reaches the -10 volt
level in about 1 hour. If the output of the integrator has
not reached the -10 volt level and the average screen
current drops below 25 nanoamperes, Q1974 will turn
on through R1974 to discharge C1971. This will give the
integrator a fresh start when the screen current again
exceeds the 25 nanoampere threshold.

When the output of U1970 reaches -10 V and pin 2 of
timer U1986 reaches about +2 volts, the timing starts.
The output of U1986, pin 3, goes high but returns low
after 10 seconds when the timer has timed out.
Capacitor C1985 sets the period of the timer.
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Timer U1986 starts the following sequence of events:
With pin 3 of U1986 low, diode CR1991 clamps the input
of the red LED (DS1944) to ground. When U1986 pin 3
goes high the SHUTDOWN LED receives current from
U1986 via R1969 and CR1993. It blinks at a 3 hertz rate
to indicate that shutdown will occur in about 10
seconds.

Integrator capacitor C1971 is discharged through
divider R1988 and R1989, and the base of Q1980 is held
at +2.4 volts. If pin 3 of U1986 is low Q1982 conducts,
and the collector voltage of Q1982 turns Q1978 off.
When pin 3 of U1986 goes high Q1982 stops conducting
and Q1978 turns on to discharge capacitor C1971,
which allows the integrator a fresh start. The waveform
at pin 3 of U1986 is differentiated by C1993 and inverted
by Q1997. Flip-flop U1992 triggers on a positive-going
pulse, so at the end of the 10-second timing interval
U1992 is triggered and produces a high on the Z-Axis
Off line.

This output goes high to cause the following to occur:

1. The Z-Axis Amplifier turns off.

2. The red LED is turned on steadily, to indicate that
the Z-Axis Amplifier is shut down. Transistor Q1994
turns off when the Z-Axis Off signal goes high and
the SHUTDOWN indicator is turned on from the +15
volt supply through R1994. U1970 applies a high to
pin 2 of U1986 to inhibit the 10-second timer.

The Intensity Limiter stage can be reset several ways:

1. By pressing RESET button $1988 before shutdown
occurs, or by reducing the display intensity so that
the average screen current is less than 25
nanoamperes.

If the RESET button is pressed before shutdown
occurs, it shorts the base of Q1980 to ground,
Q1982 turns off, and Q1978 conducts to discharge
timing capacitor C1971.

If the screen current is below 25 nanoamperes, the
output of U1958B goes low and Q1974 conducts,
discharging timing capacitor C1971 through R1974.

2. By pressing RESET button $1988 during the 10-
second delay before shutdown (when the red
SHUTDOWN indicator is flashing), or by reducing
the intensity so that the average screen current is
below 25 nanoampere.

If the RESET button is pressed during the 10-
second delay before shutdown occurs, the base of
Q1980 is shorted to ground, Q1982 turns off, and
Q1978 conducts to discharge timing capacitor
C1971.



If the screen current goes below 25 nanoamperes
during the 10-second delay before shutdown
occurs, the output of operational amplifier U1958B
goes low, the base of Q1998 is pulled low, Q1998
conducts and Q1999 is saturated. The saturation of
Q1999 has the same effect as pressing the RESET
button.

3. By pressing RESET button $1988 after shutdown
occurs. During shutdown, Q1974 and Q1978
conduct, discharging timing capacitor C1871
through R1974, and resetting the 10-second timer.

Also, flip-flop U1992 is reset and the Z-Axis Off
signal goes low and turning the Z-Axis Amplifier
back on.

4. By a low-logic level on the SINGLE SWEEP RESET
input on the rear panel.

If the average screen current exceeds 2 microamperes
the output of operational amplifier U1952 exceeds +2
volts. Because the noninverting input of U1958A is
biased at +2 volts, its output will go positive and diode
CR1963 will conduct. The current through Q1956 will
increase and the voltage of the intensity reference at
TP1956 will go positive from -10 volts. The intensity
reference is connected to the INTENSITY control
network (see Mode Switch and Calibrator, diagram 2). if
this reference goes more positive the input drive to the
Z-Axis logic is reduced. Therefore, the beam current of
the crt is reduced which results in a lower average
screen current. When this feedback loop reaches
equilibrium, the voltage of the intensity reference is
such that the average screen current equals 2
microamperes. Single-shot screen currents are not
limited to 2 microamperes because the feedback loop
has a long time constant.

When the intensity limiter is limiting the average screen
current to 2 microamperes the output of U1958A is high,
saturating Q1970. This causes the yellow LED to flash
(indicates that the intensity is limited).

Figure 3-24 illustrates two operating conditions of the
Intensity Limiter. The maximum viewing time
(approximately 20 minutes) is shown in Figure 3-24A;
this occurs with the minimum average screen current of
25 nanoamperes. The minimum viewing time
(approximately 2 minutes) is shown in Figure 3-24B; this
condition occurs when the intensity is limited to an
average screen current of 2 microamperes.

Z-AXIS AMPLIFIER

The Z-Axis Amplifier stage controls the crt display
intensity by varying the crt grid drive. The Logic circuit
and the Readout System provide input signals to the Z-
Axis Amplifier at J1606 and J1632 respectively.

Theory of Operation—R7103

The Z-Axis Amplifier consists of three stages; an
impedance-matching stage, a preamplifier, and an
output driver. The impedance-matching stage consists
of Q1618 and Q1608. This stage isolates the Readout
and Logic inputs from each other and terminates the
input cables. The collector current from this stage is fed
to the Auto Focus amplifier through R1606, which
develops a voltage to drive the Z-Axis preamplifier.
Transistor Q1626 limits the voltage drive to the
preamplifier by clamping the output of Q1608 at a level
by Clamp Level adjustment R1626.

The Z-Axis preamplifier provides a current drive for the
output stage. The preamplifier is a transconductance
amplifier which consists of Q1632, Q1648, and Q1652.
Z-Axis Gain adjust R1637 sets the gain of this stage and
is used to set the gain for the entire Z-Axis system.
Adjustments R1635, C1635, and R1651 provide current
peaking to the output stage for optimum transient
response. The Z-Axis Level adjustment R1645 is used to
adjust the Z-Axis baseline to the proper level. A Z-Axis
Off signal from the Intensity Limiter disables the
preamplifier by saturating Q1644.

The output driver is a shunt feedback stage with gain set
by R1660. Q1658, Q1668 Q1666, and Q1676 form a
direct coupled amplifier with a high open-loop gain;
thus the input at the base of Q1658 is a virtual ground.
These transistors can provide high- speed transitions in
the negative-going direction only. Fast positive
transitions are achieved by peaking the base of Q1676
via Q1664 and T1664. Capacitor C1663 adjusts the drive
to Q1676 for optimum response. Transistor Q1672
provides collector voltage for Q1676. VR1671, R1677,
CR1675, and CR1678 provide protection from high
transient voltages.

AUTO FOCUS

The Auto Focus stage maintains optimum focus of the
display over a range of sweep speeds. The crt needs
focus correction only at high Z-Axis drive conditions.
Consequently, the output of the Auto Focus amplifier is
ac coupled to the focus grid. The collector current of Z-
Axis impedance matching stage (Q1618 and Q1608), is
fed to the input of the Auto focus amplifier, Q1603. The
emitter voltage of Q1607 is -8.6 volts. At zero volts drive
the collector current of Q1603 is maximum (8
milliamperes) which causes clamping diode CR1609 to
conduct. At midrange Z-Axis drive the collector current
of Q1603 drops to 6 milliamperes and the voltage at the
anode of CR1609 is -8.0 volts which causes the
clamping diode CR1609 to barely conduct. A Z-Axis
drive greater than midrange will reverse-bias CR1609
and a negative-going signal will appear at the base of
Q1617. The amplifier, consisting of Q1617 and Q1620, is
noninverting and has a voltage gain of approximately
four. The negative going signal at the collector of Q1620
is connected to emitter follower Q1629, then ac coupled
through C1628 to the focus grid.
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Figure 3-24. Theoretical timing diagrams for the Intensity Limiting stage.

3-38



Theory of Operation—R7103

® T Ts RESET
| ) |
—— ~1 MINUTE —! !

1.8V
1.8 LA
PIN 6 OF
U1952 ! i
|

PIN 7 OF
U1958A 1 i

~0V

PIN 1 OF =12V
U1958A |

sislinls A M
PIN 3 OF —___J_,AIT_JLJ

|
l
|
t
|
|
U1968 ! | !
|
I
|
|
1
|
!

FLASHING YELLOW LIGHT |
~al

N NOn M M

ANODE OF __J_J___lﬂ__

DS1970

~-7V

TP1956 — =-ov)

PIN 6 OF '
u1970

!

!

|

t

I

| i

I 'I\
=10V | |

|

I

!

|

|

|

|

| 10 }
" SECONDS ,
|

|

|

[}

t

|

|

pd

PIN 3 OF
u1986

|
|
|
|
|
!
f

PIN 8 OF
U1992

|
STIEADY RED ITIGHT

| 1
| 1
( !
| |
! : ! |
H
FLASHING RED LIGHT | ' |

[

|

ANODE OF !
DS1994 K
!

|

1

|

PIN 4 OF =t2.4v
U1986

0

C2314-208B

.igure 3-24 (cont). Theoretical timing diagrams for the Intensity Limiting stage.

3-39
Scans by ArtekMedia => 2009



Theory of Operation—R7103

>

CRT CIRCUIT

Diagram 13, in Section 8 (Diagrams and Circuit Board
IMustrations) of this manual, is a schematic diagram of
the CRT Circuit. Gray shaded lines divide the circuitry
into major stages. Subheadings in the following
discussion use the stage names to further identify
portions of the circuitry on diagram 13.

CONTROL GRID DC RESTORER

The Control Grid DC Restorer stage submerges the two
low-voltage grid control signals to a large negative
potential. These inputs are 1) the output signal from the
Z-Axis amplifier, coupled through R1680 to the first
input of the Control Grid DC Restorer stage, and 2) the
crt grid bias (with its associated crt grid cut off warmup
compensation circuit) coupled through R1748 to the
second input of the Control Grid DC Restorer stage.

The Control Grid DC Restorer stage is current-driven
from the square wave at T1770 pin 9 via R1788, R1789,
R1812, and R1811. When the voltage at pin 9 of T1770
goes positive, CR1749 conducts at the voltage
determined by the first input, the Z-Axis Amplifier
output. This clamping action establishes the positive
swing of the dc restorer drive. On the negative swing of
T1770 diode CR1747 conducts at the voltage determined
by the second input; the crt grid bias voltage. This
clamping action establishes the negative swing of the dc
restorer drive. The ac swing of the dc restorer is coupled
from the low voltage section to the high voltage section
by capacitor C1793. On the negative swing of the dc
restorer drive, the high voltage end of C1793 is clamped
to the -2400 volt supply by CR1794. On the positive
swing of the dc restorer drive, CR1792 changes the high
voltage end of C1792 to a voltage more positive than the
-2400 volt supply by an amount equal to the sum of the
absolute value of the voltages of the two inputs; the Z-
Axis Amplifier output voltage level and the grid bias
voltage level.

The crt cathode voltage is 135 volts more positive than
the -2400 volt supply, as determined by the Cathode
Supply Regulator stage. Therefore the grid is negative
with respect to the cathode by 135 volts minus the sum
of the absolute values of the voltages of the Z-Axis
amplifier output voltage level and the crt grid bias
voltage level. CRT Grid Bias adjustment R1746 is set
with the Z-Axis amplifier output at the low level for the
proper crt cutoff voltage. The CRT Grid Bias adjustment
has a range of about 50 volts.

Cathode Supply Regulator

The Cathode Supply Regulator stage helps to protect
the crt during turn-on of the instrument (see circuit
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description of the Grid Crow Bar circuit) and when a
malfunction of the Control Grid DC Restorer stage
occurs. In the case of a malfunction, the grid will
become more negative than the cathode thereby turning
the crt off.

Neon lamps DS1792 and DS1794 and the resistors in
series with the diodes provide protection (voltage and
current limiting) to the Control Grid DC Restorer stage
during turn-on and turn-off, and short-circuit protection.
Capacitor C1681 provides fast ac coupling between the
Z-Axis Amplifier stage and the crt grid. The slower ac
path is by way of R1680 and C1792.

FOCUS GRID DC RESTORER

The Focus Grid DC Restorer stage elevates the low
voltage focus control to a high negative potential.

The Focus Grid DC Restorer stage is current-driven by
the square wave at T1770 pin 9 via R1788, R1789, R1813
and R1814. When that voltage goes positive, CR1820
conducts at the voltage determined by the setting of
FOCUS control R309. This clamping action establishes
the positive swing of the Focus Grid DC Restorer drive.
On the negative swing of T1770, CR1816 conducts at
ground. This clamping action establishes the negative
swing of the Focus Grid DC Restorer drive. The ac
swing of the Focus Grid DC Restorer is coupled from
the low voltage section to the high voltage section by
C1819. On the positive swing of the Focus Grid DC
Restorer drive signal, the high voitage end of C1819 is
clamped to the Focus Preset adjustment voltage by
CR1819. During the negative swing of the Focus Grid
DC Restorer drive, CR1818 charges C1818 to a voltage
more negative than the Focus Preset voltage by an
amount equal to the voltage set by the FOCUS control.

Neon lamps DS1818, DS1819, and DS1820 and the
resistors in series with the various diodes provide
protection (voltage and current limiting) to the Focus
Grid DC Restorer stage during turn-on and turn-off of
the instrument, and short circuit protection.

The voltage from the FOCUS control passes through the
BEAMFINDER switch. When the BEAMFINDER switch is
pressed, it grounds the input to the Focus Grid DC
Restorer, which defocuses the display.

GRID BIAS SUPPLY

The Grid Bias Supply is a 135-volt power supply
connected between the crt cathode and the -2400 Volt
Supply. The polarity is such that the cathode is at the
more positive potential (-2365 volits). The purpose of the
cathode supply is explained later in the Grid Crowbar
circuit description.

The -2400 Volt Supply holds the current in the thick film
high-voltage resistor R1802 constant at approximately



100 microamperes. The voltage developed across
R1802C is 100 volts and is used as the voltage reference
for the cathode supply. The comparator consisting of
Q1835 and Q1838 requires both bases to be at the same
potential. This condition is satisfied when there is 135
volts across the voltage divider of R1839 and R1840. If
the voltage across the voltage divider R1839, R1840 is
greater than 135 volts, the base voitage of Q1838
exceeds the base voltage of Q1835. Q1838 turns on
harder, increasing the current in the series regulator
Q1842. This reduces the current through the voltage
divider R1839 and R1840 and lowers the voltage until it
is 135 volts. The Grid Bias Supply furnishes current to
the cathode, to the focus string, and to the resistor
string which supplies the negative voltages to the scan
expansion tens. Protection neon lamps DS1842, DS1844,
and DS1846 limit the maximum voltage across the

supply.

MICROCHANNEL PLATE SUPPLY

The MCP (Microchannel Plate) Supply receives a 25-
kilohertz square-wave signal of about 54 volts peak from
the Converter/Rectifiers circuit (diagram 14). If pin 1 of
the transformer T1708 were grounded, the transformer
would step this voltage up to 625 volts peak.
Components C1711, CR1710, CR1711 and C1710 form a
voltage doubler to develop 1250 voits dc at TP1775.

Assume that by some means the collector of Q1708 is
held at a +20 volt level. The 25-kilohertz square-wave
signal is clipped by diode CR1708 to a maximum of
+20.6 volts and clipped by diode CR1707 to a minimum
of -0.6 volt at the cathode of diode CR1707. With the
circuit in equilibrium, the average current in capacitor
C1707 must be zero. This is reached when C1707 is
charged to 10 volts. This means that a 25-kilohertz
square-wave signal of 10.6 volts peak is on pin 1 of
transformer T1708. This voltage is subtracted from the
54 volt peak drive at pin 2 of T1708, so the primary of the
transformer is driven by a voltage of 43.4 volts peak. The
dc output voltage is then reduced to about 1000 volts.

Components U1714A and Q1708 regulate the dc output
voitage of T1708. Pin 2 of U1714A is at ground potential
and is the current summing point for the regulator. If
there is zero current in R1722 and R1719, pin 2 of
U1714A can be only at ground potential, when the dc
output voltage at TP1775 is +562.5 volts. If pin 2 is above
ground, the output of operational amplifier U1714A will
go negative, turning off Q1708. This will charge C1708
more positive and reduce the primary drive of the
transformer. This will result in a reduced dc output
voltage at TP1775 until the voltage on pin 2 of U1714A
returns to ground. Resistor R1722 carries the Intensity
Sense current developed by the MCP Intensity Tracking
stage on the Logic Schematic, diagram 4.

The Intensity Sense current varies between 0 and 50
microamperes depending on the setting of the
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INTENSITY Control, and gives the MCP Supply voltage
a maximum increase of 375 volts. The higher the voltage
across the MCP the greater the gain of the MCP
(electrons out for electrons in) which results in a
brighter crt display (this is needed at faster sweep
speeds to obtain writing rate). MCP Gain adjustment
R1720 sets the output voitage at TP1775; its range is 300
volts.

MCP Gain Adjustment R1720 controls the writing speed
of the instrument. At the factory this adjustment is set so
that a single shot, 1 gigahertz sine wave with an
amplitude of 7.5 divisions is visible when photographed
using type 107 3000 ASA Polaroid film (camera setting is
f 1.9 at a reduction ratio of 1:0.85). If the MCP output
voltage is set higher both the visual and photographic
writing rate increase, however a background scintitiation
of the MCP may appear on photographs. This effect
randomly covers the photographs with small bright
spots.

Depending on instrument use, increased MCP output
voltage may reduce the display gain. Refer to: Reduction
of Display Gain With Display Output Charge in the
Operating Instructions section of this manual.

When the INTENSITY control is turned clockwise, the
MCP output voltage increases to produce a brighter crt
display. This causes the Readout display to be brighter,
which is undesirable. IC U1714B prevents this. When the
Int Sense current increases from 0 to 50 microamperes,
the voltage at pin 5 of U1714B increases from 0 to 1 volt.
The voltage at the emitter of Q1724 follows this voltage
at pin 5 of U1714B. Therefore, the collector current of
Q1724 (Aux Readout Intensity current) increases from 0
to approximately 0.25 milliampere. Aux Readout
Intensity current is subtracted from the Readout
Intensity current to reduce the readout intensity current
while the MCP output voltage increases. This results in a
readout display of constant intensity.

Anode Voltage Multiplier

Positive accelerating potential for the crt anode is
supplied by the five-times voltage multiplier U1700. The
voltage applied to the input of U1700 from the high
voltage secondary of T1770 is about 2500 volts peak-to-
peak. This results in an output voltage of about 12.5
kilovolts at the crt anode. The output resistance of this
supply is about 100 megohms and may be subject to
meter loading when measured.

GRID BIAS

The Grid Bias stage provides a dc reference voltage for
the Control Grid DC Restorer. This reference level is
adjustable by means of CRT Grid Bias adjustment
R1746, which sets the grid cutoff voltage of the crt. Te
grid cutoff voltage drifts during warmup of the
instrument; U1736 and Q1742 compensate for this drift.
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Initially, at instrument turn-on, pin 6 of U1736 is at +7.5
V and pin 2 is slightly negative. This negative voltage at
U1736 pin 2 causes pin 6 to try to go positive, which
charges capacitor C1736. Transistor Q1742 conducts,
making the crt grid bias more positive by the voltage
developed across R1747. After 15 minutes, the voltage at
TP1736 approaches +13.5 V, which turns off Q1742 and
allows Q1748 to control the crt grid bias.

When the instrument is turned off capacitor C1736
discharges with the same time constant (diode CR1736
prevents a fast discharge). If, after a few minutes the
instrument is turned on again, less warmup
compensation is required.

-2400 VOLT SUPPLY

Components C1750, CR1762, CR1763, and C1764 form
a voltage doubler. A 1250-volt peak square wave is
applied to the input of this doubler. If the voltage at the
collector of Q1784 is near ground, the dc voltage at
TP1844 will be about -2500 volts. Components U1802
and Q1784 regulate the -2400 Volt Supply. Under
nominal conditions, the voltage at TP1784 is about +100
volts. Diodes CR1776 and CR1778 alternately clip the
waveform at pin 7 of the secondary winding of T1770
between the +100 volt level and ground level. The
voltage across the secondary of T1770 is 1250 volts
peak. With the waveform at pin 7, the voltage at pin 9
switches between 1250 and -1150 volts. This charges
C1750 to 1250 volts and C1764 (at TP1844) to -2400
volts. To maintain equilibrium the average current
through C1778 must be zero. During one half of the
cycle CR1778 conducts and draws current through
C1778; during the other half CR1776 conducts, and
CR1778 is turned off. The collector current from Q1784
that flows through C1778 is such that the total average
current in C1778 equals zero. The voltage at TP1784 can
be pulled down only by Q1784. Zener diode VR1784
limits the voltage at this point to a maximum of 200
volts. This would also happen if transistor Q1784 were
removed.

Pin 3 of the operational amplifier U1802 is at ground
potential; it is the current summing point. If the current
in R1804 and R1806 is zero, pin 3 can be at ground
potential only if the current in thick-film high voltage
resistor R1802A, R1802B and R1802C is 100
microamperes. This produces a voltage of -2400 volts at
TP1844 (100 pA x 24 Megohms=2400 V). If the voltage at
TP1844 is slightly more positive than -2400 volts, pin 3
of U1802 will be above ground, the output (pin 6) will go
more positive, Q1784 will turn on harder and conduct
more current to charge capacitor C1778 less positive.
The voltage at TP1784 will drop and as a result the
-2400 Volt Supply will return to -2400 volts dc.
Regulation by this path is slow (several cycies of the 25
kilohertz square wave are required to make a
correction), and C1786 provides for faster regulation.
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When Q1784 is turned on hard, current flows through
C1786 and pulls down the -2400 Volt Supply.

The -2265 Adjust, R1805, sets the dc high voltage.
Divider network R1800, R1803, R1804 and thermistor
RT1804 vary the -2400 Volt Supply with changes in
temperature. This means that the velocity of the electron
beam through the vertical and horizontal crt deflectors
changes, which in turn changes the vertical and
horizontal deflection sensitivity. The change in
deflection sensitivity compensates for gain change with
temperature in the vertical and horizontal amplifiers.

A regulated 2400 volt supply (TP1754) is generated for
use by the scan expansion lens. The -2400 Volt Supply
regulator also regulates the +2400 volt supply, but for
slow changes only, as described in the circuit
description of the -2400 Volt Supply. Under nominal
conditions for the -2400 Volt Supply regulator, the
collector of Q1784 is at 100 volts and the voltage at pin 9
of the high voltage transformer (T1770) switches at a 25
kilohertz rate, between 1250 volts and -1150 volts
resulting in -2400 volts dc at the output of the -2400 Volt
Supply. The voltage at the anode of CR1762 switches
between 0 volt and -2400 volts and is the input to the
+2400 supply voltage doubler (C1752, CR1752, CR1753,
and C1754) causing the output at TP1754 to be +2400
volts dc. The scan expansion lens requires a voltage
lower than +2400 volts. Because the lens draws zero
current, a resistive divider can be used to lower voltage.
Capacitors C1756 and C1880 filter the scan expansion
lens voltage.

A voltage doubler produces semi-regulated +105 volts
for use by the Z-Axis Amplifier. The input signal to
transformer T1770 is connected to the voltage doubler
formed by C1770, CR1772, CR1771 and C1774 to
generate +105 volts dc at R1771.

If it is overloaded, the +105-volt supply will develop a
negative voltage across R1774. If the + or -2400-volt
supply is overloaded, a negative voltage will develop
across R1776. The Fault Sense line is connected
through P1785, pin 8, to the voltage Fault Sense input of
U75, in the power supply. This is a high impedance
point, and when pin 2 of U75 is pulled 100 millivolts
negative or positive, U75 will shut down the power
supply. Under overload conditions of the above
mentioned supplies, either diode CR1774 or CR1775 will
turn on and shut down the power supply.

High-Voltage Transformer

High-Voltage Transformer T1770 provides pre-regulated
voltages for the +2400 volt and -2400 volt high-voltage
supplies, and 6.3 volts rms for the crt heater. The crt
heater is elevated to the cathode potential through
R1848. The high-voltage winding of T1770 also provides
the drive to the Anode Voltage Multiplier, Focus-Grid
DC Restorer, and the Control-Grid DC Restorer stage.



GRID CROWBAR

The Grid Crowbar stage prevents the crt grid from
becoming more positive than the cathode during turn-
on of the instrument. This action is needed to protect
the crt cathode while the cathode and grid voltages are
settling. The grid voltage is forced more negative than
the cathode by connecting the -2400 Volt Supply
voltage to the crt grid through VR1688, Q1687, DS1687
and R1688 (while Q1687 is on) which is primarily
determined by C1687 and R1687. Initially, C1687 has no
charge. When the instrument power is turned on C1687
receives charging current from the -2400 Volt Supply
through the emitter-base junction of Q1687 and R1685.
Transistor Q1687 remains on as long as the charging
current through R1685 is large enough to cause VR1688
to conduct.

CRT

The R7103 crt is a high resolution, high frequency,
micro-channel plate crt. Transformer T1770 has a
secondary winding that supplies 6.3 voits to the crt
heater. The crt heater is held at the cathode potential
through R1848 and DS1848. The conventional oxide
structured cathode is held at -2265 volts. The Z-Axis
Amplifier provides a maximum of 55 volts unblanking to
the grid.

An ion trap is incorporated into the first anode. Gas ions
which might normally damage the cathode are drawn
from the anode and deposited on a gas absorbing
surface. The demagnification lens which works in
conjunction with the primary focus lens, is operated at
the cathode potential.

Stigmator adjustment R1894 is connected to the
stigmator lens and used to adjust the axis of
astigmatism for optimum spot symmetry. The primary
focus lens is connected to the output of the Focus Grid
DC Restorer stage, which contains Focus Preset
adjustment R1825. At high voltage Z-Axis drive a focus
correction is required. Capacitor C1628 (Auto Focus
Stage on diagram 12) couples the focus grid voltage
drive to the output of the Auto Focus Amplifier. The
front-panel screwdriver adjustment ASTIG (R313)
applies a voltage to the astigmatism lens. The front
panel astigmatism and focus controls are used together
to obtain best overall focus.

The vertical and horizontal deflectors are traveling wave
deflectors. They are helical transmission line deflectors
where the velocity of the input signal along the helical
conductors is the speed of light. The phase velocity
along the length of the helix is matched to the crt
electron-beam velocity as it propagates along the helix.
The impedance of the vertical deflector is 200 ohms, the
deflection factor is 1 volt-per-division and the bandwidth
is about 3 gigahertz. The deflector is silver plated to
minimize skin-effect losses. The impedance of the
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horizontal deflector is 365 ohms, the deflection factor is
2 volts/division, and the bandwidth is about 1.5
gigahertz. The connections to the vertical and horizontal
deflectors are made via carefully spaced neck pins. The
vertical deflector also employs stripline lead-in wires
between the deflector and the neck pins. Both deflectors
use external termination resistors.

The R7103 crt uses a scan expansion lens. Without this
lens, the crt would have to be over seven feet in length
to obtain the desired scan size and deflector
sensitivities. This lens operates as a strong positive lens
in the vertical axis and causes the beam to cross over or
invert the vertical deflection to produce a vertical scan
expansion of 4.5 times. In the horizontal axis the lens is
a negative lens, which enhances the deflection of the
beam. The horizontal scan is expanded 4 times. Seven
potentials are required to operate the lens. The voltages
are adjustable, differentially absolutely. The adjustments
on diagram 13 are labeled for their primary function, and
they have secondary functions.

Vertical Linearity adjustments R1853 and R1856 align
the overall vertical linearity of the crt display. Vertical
Linearity adjustments R1854 and R1855 correct any
vertical imbalance. Geometry adjustments R1863 and
R1866 set the crt vertical geometry. Vertical Keystone
adjustments R1864 and R1865 align the vertical
keystone effect of the crt. Horizontal Sensitivity
adjustments R1873 and R1876 set the horizontal
deflection factor. Horizontal Linearity adjustments
R1874 and R1875 are set to minimize horizontal
nonlinearity or nonuniform bowing of vertical lines.

The input of the microchannel plate (MCP) is held at
ground potential and the output is connected to a
variable positive supply to provide bias for the MCP. The
higher the bias across the MCP, the higher the gain or
electron multiplication. The MCP is the basis for the
R7103's high writing rate.

The MCP bias is adjusted with the INTENSITY control.
The bias across the MCP is held constant at INTENSITY
settings below about midrange, but increases linearly
from midrange to the fully clockwise position.
Adjustment R1720 (MCP Gain) on the High Voltage
Board also adjusts the MCP output voltage. At the
factory this adjustment is set to achieve a photographic
writing speed of 20 cm/nanosecond using a standard
camera (f 1.9 lens) and standard film (Polaroid Type
107; 3000 ASA).

If the MCP output voltage adjustment is set high the
visual and photographic writing speeds will increase,
however, on photographs a background scintillation
may appear. At a high MCP bias setting, the channels
being excited by stray electrons can have an electron-
multiplication factor high enough to become visible on
photographs. Depending on instrument use, increased
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MCP output voltage may reduce the display gain. Refer
to Reduction of Display Gain With Display Output
Charge in the Operating Instructions section of this
manual. The MCP is located about 0.3 cm from an
aluminized screen with standard P31 phosphor crt's.
About 11.5 kilovolts is applied across this gap to
accelerate the electrons exiting the MCP.

The orthogonality coil, wound on the crt neck at the exit
of the vertical deflector, allows for correction of
rotational alignment errors between the deflection axis
and scan expansion lens. In addition to the
orthogonality coil, a trace rotation coil is wound on the
envelope ot the glass ceramic interface.
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CONVERTER/RECTIFIERS

The Converter/Rectifiers circuit provides the operating
power for the R7103 from an ac line-voltage source. This
circuit includes a LINE VOLTAGE SELECTOR located
on the rear panel. Figure 3-25 shows a detailed block
diagram of the Converter/Rectifiers circuit. Diagram 14,
in Section 8 (Diagrams and Circuit Board lllustrations)
of this manual, is a schematic of the Converter/Rectifier
circuit. Gray shaded lines divide the circuitrv into major
stages. Sub-headings In the following discussion use
the stage names to further identify portions of the
circuitry on diagram 14.
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Figure 3-25. Detailed block diagram of Converter/Rectifier circuit.
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LINE INPUT

Power is applied through line filter FL10, line fuse F10
and POWER switch $10. The line filter keeps power-tine
interference from entering the instrument, and keeps the
approximate 25-kilohertz Inverter signal from entering
the power line. Components R5, C5, and C6 suppress
reverse-recovery transients of CR15.

The LINE VOLTAGE SELECTOR, S12, allows the R7103
to operate from a 115- or 230-volt nominal line voltage
source. In the 115-volt position, rectifier CR15 operates
as a full-wave doubler with energy-storage capacitors
C16 and C17, so the voltage across the two capacitors in
series will be the approximate peak-to-peak value of the
line voltage. For 230-volt operation, CR15 is connected
as a bridge rectifier, and the voltage across C16 and C17
will be the approximate peak value of the line voltage.
Thus, the dc voltage applied to the Inverter stage is
about the same for either 115- or 230-volt operation.

Thermistors RT12 and RT13 limit the surge current
when the power supply is first turned on. After the
instrument is in operation, the resistance of the
thermistors decreases so that they have little effect on
the circuit. When the instrument is turned off, the
Inverter Control stage turns off the I[nverter, which
prevents it from discharging C16 and C17; C16 and C17
discharge slowly through R21 to allow for thermistor
thermal-recovery time. This ensures sufficient
thermistor resistance to limit the turn-on surge current
to a safe level. Because C16 and C17 discharge slowly,
dangerous potentials exist in the power supply for
several minutes after the POWER switch is turned OFF.
The presence of voltage in the circuit is indicated by the
relaxation oscillator R19, C19 and DS19. Neon bulb
DS19 will blink until the potential across C16 and C17
drops to about 80 volts.

Spark-gap electrodes E8 and E13 are surge-voltage
protectors. When the LINE VOLTAGE SELECTOR is in
the 115-volt position, only E8 is connected across the
line input. If a peak volitage greater than 230 volts is
present on the line, E8 will conduct and quickly open
line fuse F10 to interrupt the input power before the
instrument can be damaged. In the 230 volt position, E8
and E13 are connected in series across the line input to
provide protection for peak voltages greater than 460
volts.

Transformer T8 provides a sample of the line voitage to
the plug-in connectors for triggering at line frequencies.
This line frequency signal is also connected to the
inverter Control stage to sense when line voltage is
present.

INVERTER START NETWORK

Components R10 and C42 provide a turn-on path
between the input line and the negative side of line-
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input filter capacitor C17. Capacitor C42 charges on
each cycle of the input line voltage. When the charge on
C42 reaches about 33 volts, Zener diode VR38 turns on,
which causes Q30, the programmable unijunction
transistor, to fire. This provides base drive to turn on
Q40 through C39. When Q40 turns on, it shock-excites
series-resonant network L37 and C37 to generate a
damped oscillation. This damped oscillation provides
the drive necessary to start the Inverter switching action.
After the Inverter is operating, the recurrent waveform at
the collector of Q40 keeps C42 discharged through
CR49, thus disabling the Inverter Start network while the
instrument is on.

INVERTER

The Inverter stage converts the dc voitage across C16
and C17 to a sine-wave current to drive power
transformer T110. Once the Inverter has been started by
the Inverter Start Network, transformer T30 provides
feedback to the bases of Q34 and Q40 to sustain
oscillation. These transistors operate at a forced beta of
4 due to the turns ratio of T30. Also, T30 provides a 60:1
turn ratio center-tapped winding for pre-regulation and
fault protection shut-down. The Inverter Control stage
short circuits one-half of this winding to either delay the
turn-on of Q34 and Q40 or to stop their switching
action.

The switching action of Q34 and Q40 generates a
square-wave voltage with an amplitude approximately
equal to the dc voltage at the input to this stage. The
square-wave voltage at the emitter of Q34 supplies the
drive necessary to maintain a sine-wave current in the
series-resonant network of L37 and C37. Diodes CR34
and CR41 provide paths for series-resonant current
when Q34 and Q40 are held off for pre-regulation.

To aid in understanding circuit operation, Figure 3-26A
shows a representation of the Inverter stage as a switch.
The three possible states of the Inverter are depicted by
the three possible switch positions: Q34 is on in position
(a); Q40 is on in position (c); or both transistors are off,
for pre-regulation, in position (b). In the composite
current waveform of Figure 3-26B, the relative phase
and amplitude of each component of It is shown for
periods Ta, Tv, and Tc corresponding to the three switch
positions. Figure 3-26C and Figure 3-26D show the
relationship of the Inverter voltage and primary winding
voltages with respect to the current waveform.

The normal sequence of operation is as follows: assume
that the voltage at point X is more positive than the
negative supply voltage and that Q40 has just turned on.
The current labeled ls in Figures 3-26A and 3-26B flows
as the voltage at point W goes negative. Point X goes
toward the negative supply voltage as C37 charges
through L37. The voltage across the primaries of T110
and T35 at point Y produces a voltage at the secondary
of T35 that is sensed by the Inverter Control IC, U75
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Figure 3-26. (A) Representation of Inverter stage. Idealized waveforms of (B) total Inverter current, It, (C) Voltage across CR41 and
(D) Voltage across primaries of T110 and T35.
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(see Fig. 3-26D). When this voltage changes phase from
negative to positive, Q40 is held off (turned off) by U75.
Due to the inductive action of L37, current continues to
flow through the Inverter circuit, pulling the voltage at
point W below the negative supply voltage. This
forward-biases CR41, which now conducts |1 (Figures 3-
26A and 3-26B). After a predetermined time, the inverter
Control IC, U75, allows Q34 to turn on and conduct the
current labeled l2. Now that Q34 is conducting, the
voltage at point X charges toward the positive supply
voltage through L37. Again, voltage phase change is
sensed at the secondary of T35, by U75, as previously
described. Transistor Q34 is held off at this time, and Is
flows because the inductive action of L37 pulls the
anode of CR34 to a voltage greater than the positive
supply voltage. After a time set by the Inverter Control
stage, Q40 conducts |4, and the cycle repeats.

OVER-VOLTAGE STOP

Whenever the voltage across the primary of T110
exceeds a safe level, the Over-Voltage Stop stage shuts
down the Inverter to protect Inverter components from
damage. For example, this stage activates whenever the
normal voltage regulating path through Q52 and T30 is
inoperative.

Capacitor C43 charges through R44 and CR38 to the
peak voltage across the primary of T110. If this voltage
exceeds a safe level, Q45 conducts to cause Q43 and
Q46 to turn on. When Q46 turns on, the base-drive
winding of T30 is short-circuited, which stops the
Inverter. Because Q43 is turned on, C42 (in the Inverter
Start network) is prevented from charging and from
firing Q30; this prevents the Inverter from starting.
Transistors Q45 and Q43 continue to conduct until C43
has discharged sufficiently, through R45, to turn Q45
off. At this point, Q43 and Q46 will turn off and the
inverter will start on the next positive half cycle of the
line.

INVERTER CONTROL

The Inverter Control stage, which is principally U75,
provides pre-regulation and fault protection functions.
For pre-regulation purposes, U75 varies the hold-off
time (T, in Fig. 3-26B) of the Inverter switching
transistors.

Under normal operating conditions, only the voltage
sense (E Sense) input at pin 15 controls the hold-off
time. However, various fault conditions can affect hold-
off time or stop the Inverter operation altogether. The
operation of individual functions of the Inverter Control
stage is described in the following discussion.

Pre-Regulator

The pre-regulator operation of U75 maintains constant
voltage at the outputs of the Low-Voltage Rectifiers
stage. It also provides constant peak-to-peak voltage to
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the High-Voltage Power Supply in the CRT Circuit
(diagram 13).

Transformer T35 provides Inverter phase information
and power to U75. The phase information is connected
to pins 10 and 11 through C77 and C78. Bridge rectifier
CR73, CR74, CR75 and CR76, provides positive and
negative operating voltages to U75. A shunt regulator in
U75 maintains the +7.5 volts at pin 6. The -2 volt
(nominal) supply connected to pin 7 is unregulated.
Zener diode VR72 provides protection against open
circuit conduction (if U75 is removed) and normally
does not conduct.

Pin 15 is the voltage sensing (E Sense) point of the pre-
regulator circuit. Zero volts at pin 15 indicates proper
regulation. Zener diode VR88 provides a stable
reference voltage for sensing resistors R93, R95 R86
and R87. Variable resistor R93, in this divider, adjusts
the ratio of the divider to adjust the output of the +108
volt supply. Outputs of the other supplies are
determined by the turns ratio of T110.

Integrated circuit U75 regulates the Inverter by varying
the hold-off time of the switching transistors, Q34 and
Q40. A variable pulse-width monostable multivibrator in
U75 is triggered at pins 10 and 11 whenever the Inverter
current changes direction. The pulse width holds off the
Inverter by turning on Q52 through pin 9 of U75, thus
shorting out the base drive to Q34 and Q40. The pulse
width, and therefore holdoff, is controlled by a ramp at
U75 pin 12. If the voltage at the E Sense input, pin 15, is
too low, the ramp is not allowed to rise very high and the
pulse width and holdoff are short. As the E Sense
voltage rises, the ramp is allowed to rise to a higher
voltage level, increasing the holdoff time.

Fault Protection

The fault protection portions of U75 provide protection
for the power supply components due to short circuits,
turn-on surge currents, and other malfunctions. When a
fault is detected at the Fault Sense input (pin 2) or |
Sense input (pin 13), a current from the Fault Holdoff
Time output (pin 1) charges C64. If the detected fault
lasts longer than about 10 milliseconds, C64 will charge
positive enough to initiate a positive output at pin 8. This
output turns on Q54 and Q52, which turns off the
Inverter. The Inverter will remain off while C54
discharges through R54, keeping Q54 and Q52 turned
on. The Inverter restarts in roughly 500 milliseconds
when the current through R54 is insufficient to keep Q54
and Q52 turned on. When the inverter restarts, C54 is
recharged through CR59 and R59. This cycle repeats
until the fault is corrected, with the Inverter on for about
10 milliseconds, and off for about 500 milliseconds.

Inverter Current Limiter

The inverter current limiter protects the Inverter
components from damage due to excessive current or
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short circuits. Operation of this stage is simiiar to the
pre-regulator (voltage regulation). The inverter current
limiter takes control of the Inverter hold-off time
whenever pin 13 starts to go negative. Transformer T35
provides a current step-down. The current is rectified
and flows through R84, the current-sensing resistor. The
voltage across R84 is negative and proportional to the
Inverter current. The | Sense input at pin 13 U75 is
normally held positive through divider R81, R82 and
R83. The Inverter Current Limiter takes control of
regulation when pin 13 reaches near zero volts. Peak
Inverter current is limited to about 5 amperes. If the
voltage at pin 13 remains near zero for more than about
10 milliseconds, pin 8 will go positive to turn off the
Inverter.

Fault Sense

The fault sense portion of U75 provides overload
protection for supplies on the Low-Voltage Regulators
schematic (diagram 15), and other supplies throughout
the instrument. Resistive networks from supplies are
connected to the Fault Sense input at pin 2 of U75.
During normal operation, the voltage at the Fault Sense
input remains near zero. If one of the inputs changes
sufficiently to cause this voltage level to vary 200
millivolts (positive or negative) for more than 10
milliseconds, a positive output at pin 8 of U75 stops the
inverter.

Line Stop

The line stop portion of U75 stops the Inverter when the
POWER switch, on the front panel, is turned OFF. The
Line Stop stage will aiso stop the Inverter if the ac line
voltage falls below a minimum value.

The line-frequency signal from transformer T8 is
connected to pin 4, the Line Stop Sense input of U75.
During normal operation, the line-frequency signal
causes the Line Stop Timer terminal (pin 3) to
periodically discharge to ground. When the line-
frequency signal is interrupted or falls below a minimum
value, C67 will charge to approximately +0.7 volts
causing the Line Stop stage to produce a positive output
at pin 8 of U75 which stops the Inverter.

LOW-VOLTAGE RECTIFIERS

The Low-Voitage Rectifiers stage rectifies the square-
wave ac voltages from T110 to the dc levels used for all
regulated supplies in this instrument.

&

LOW-VOLTAGE REGULATORS

The Low-Voltage Regulators convert semi-regulated
voltages from the Converter/Rectifiers circuit (diagram
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14) to stabilized low-ripple output voltages. The
regulators are series type, using the +50 volt supply as a
reference.

A schematic diagram of the Low-Voltage Regulators
circuit is shown on diagram 15, in Section 8, Diagrams
and Circuit Board Illustrations. Gray shaded lines divide
the circuitry into major stages. Subheadings in the
following discussion use these stage names to further
identify the components and portions of the circuitry
shown on diagram 15.

Operational Amplifier Power Supplies. The
operational amplifiers used to regulate the +50, +15, +5,
-50, and -15 volt supplies require that four special
voltages be generated for their operation:

1. The +22 volt supply is generated from the semi-
regulated +54 volt supply by reference zener diode
VR32 and Q34.

2. The -22 volt supply is generated from the semi-
regulated -54 volt supply by reference zener diode
VR36 and Q38.

3. The +5.6 voit supply is generated from the semi-
regulated +17 volt supply by zener diode VR152.

4. The -5.6 volt supply is generated from the semi-
regulated -17 volt supply by zener diode VR156.

+50 V REGULATOR

Semi-regulated +54 volts from the Converter/Rectifiers
circuit (diagram 14) is the unregulated voltage source
for this supply. Differential amplifier U15 compares the
feedback voltage at pin 2 against the reference voltage
at pin 3. The error output at pin 6 of U15 reflects a
difference between these two inputs. Zener diode VR12
sets a reference level of about +9 volts at U15 pin 3. A
sample of the +50-volt output is connected to U15 pin 2
via divider network R16, R15 and R14. Variable resistor
R15 in this divider sets the output level of this supply.
Notice that the feedback voltage of this divider is
obtained from a line labeled +50 VS (sense). If the
feedback voltages were obtained at the supply, the
voltage at the load would not stay constant, due to the
resistance of the interconnecting cable between the
supply and its load. The sense configuration overcomes
this problem by sensing the voltage at the load. Because
the current in the sense line is small and constant, the
load voltage is held constant regardless of the foad
current.

Regulation of voltage occurs as follows; If the +50 V
output decreases (becomes less positive) due to an
increase in load or a decrease in input voltage (as a
result of line-voltage change or ripple), the voltage
across divider R16, R15 and R14 decreases also. This



results in a less positive level, at pin 2 of U15, than that
established by zener diode VR12 at pin 3 of U15. This
decreases the current through CR15 and VR17 causing
an increase in current through the base-emitter junction
of Q28. This results in increased conduction of Q28, the
+50 volt series regulator. The load current increases,
therefore the voltage across the load also increases
(becomes more positive) sufficiently to balance the
input into differential amplifier U15. The +50 V Adj, R15,
sets the output level of this supply.

Current limiting is provided for the +50 volt supply if
excessive current is demanded from the supply. All
current from the +50 volt supply must flow through R28.
Under normal operation, there is insufficient voltage
drop across R28 to turn Q22 off. However, when
excessive current is demanded from the +50 volt series
regulator (Q28) due to a short circuit or similar
malfunction at the output of this supply, the voltage
drop across R28 increases and begins to turn off Q22.
The reduced collector current of Q22 results in a
reduction of current through Q28. This current-limiting
protects Q28 from damage due to excessive power
dissipation.

Several protection diodes are also included in this
circuit. Diode CR28 prevents the output of this supply
from going more negative than about -0.6 volt if it is
shorted to a negative supply. Zener diode VR10 and
diode CR10 supply a turn-on voltage for U15 to start the
+50 volt supply when the instrument is first turned on.
As soon as the +50 volt supply turns on, CR10 stops
conducting.

-15 V REGULATOR

Basic operation of all stages in the —-15 Regulator is the
same as for the +50 Regulator. The reference level for
this supply is established through R82 at pin 5 of U84B.
The divider ratio of R80 and R81 sets a level of zero volts
at pin 6 of U84B. The level on the +50 VS (sense) line is
held stable by the +50 volt supply. Any change at the
output of the -15 volt supply appears at pin 6 of U84B as
an error signal. The output voltage is regulated in the
same manner as described for the +50 volt supply. Diode
CR96 keeps the output of this supply from going more
positive than about +0.6 volt if it is shorted to one of the
more positive supplies. Operational amplifier U84A
provides current limiting for Q94 by monitoring the
voltage drop across R95. When too much current is
demanded from the supply, the increased voltage drop
across R95 allows U84A to turn Q88 off, reducing the
current through Q94.

+5 V REGULATOR

The operation of the +5 V Regulator is basically the
same as described for the previous supply regulators.
Error voltage is provided through R131 to pin 2 of
U114A, and pin 3 is referenced to the +50 VS (sense)
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line. The divider ratio of R113 and R114 is 10:1, so pin 3
of U114A is at +5 volts when the supply is operating
normalily. The level on the +50 V Sense line is held stable
by the +50 volt supply. Therefore, any change at the
output of the +5 volt supply appears at pin 2 of U114A as
an error signal. The output voltage is regulated in the
manner described previously for the +50 volt supply.
Diode CR132 limits the output of this supply to about
-0.6 volt, if it is shorted to one of the negative supplies.

The +5 volt current limiting, accomplished by U114B,
protects the supply from excessive output current
damage. With normal supply current through R133 and
R134, the voltage drop across this parallel resistance
biases Q118 on. If the current through R133 and R134
increases above a safe level, pin 7 of U114B reduces the
forward bias current to Q118. Now, the base current of
Q122 is reduced which decreases the voltage on the
base of Q126. This limits the conduction of Q126 to a
safe current level.

+15 V REGULATOR

The +15 V Regulator regulates in the same manner as
the +50 volt supply; current limiting operates in the
manner described for the +5 volt supply. Error feedback
voltage to pin 2 of UB4A is provided through R69. Pin 3
of UB4A is referenced to the +50 VS (sense) line. The
divider ratio of R61 and R62 sets pin 3 of U64A at +15
volts. Any change in the output level of the +15 volt
supply appears at pin 2 of U64A as an error signal. This
results in an opposite change at the output, pin 1 of
UB4A, which is conveyed to the +15 volt series regulator
transistor Q74, through CR64 and Q#68, to correct the
error in the output voltage of the supply. Diode CR76
limits the output of this supply to about -0.6 volt if it is
shorted to one of the negative supplies.

-50 V REGULATOR

The -50 V Regulator operates basically the same as the
+50 volt supply; current limiting operates in a manner
similar to that described for the +50 volt supply. Error
voltage to pin 2 of U45 is provided by divider R45-R46
and is referenced to the -50 VS (sense) line. The divider
ratio of R45 and R46 sets the leve!l at pin 2 of U45 at zero
volts when the output of this supply is correct.
Protection diode CR58 limits the output voltage of this
supply to +0.6 volt should the supply be shorted to a
positive supply.

GRATICULE LIGHT SUPPLY

The Graticule Light Supply provides power for the
graticule lights. The front-panel GRAT ILLUM
potentiometer controls the output of this supply to set
the brightness of the graticule lights. Transistors Q144,
Q148 and diode CR148 form a voltage-following current
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buffer. The output voltage at the collector of Q148
follows the voltage set at the base of Q144 by the divider
made up of R142, R141, R143 and the front-panel GRAT

ILLUM control on diagram 7. Resistor R148 limits the

output current from this supply to protect Q148 from
damage due to a short circuit.
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Section 4—R7103

MAINTENANCE

This section of the manual contains information for performing preventive maintenance, troubleshooting, and

corrective maintenance for the R7103 Oscilloscope.

PREVENTIVE MAINTENANCE

Preventive maintenance, performed regularly, can prevent instrument breakdown and may improve the reliability of the
instrument. The severity of the environment to which the instrument is subjected will determine the frequency of
maintenance. A convenient time to perform preventive maintenance is preceding electrical adjustment of the

instrument.

CABINET PANEL REMOVAL

WARNING I

Dangerous potentials exist at several points
throughout this instrument. When the
instrument s operated with the covers
removed, do not touch exposed connections
or components. Some transistors have
voltages present on their cases. Disconnect
power before cleaning the instrument or
replacing parts.

The top and bottom cabinet panels provide protection
from operating potentials present within the instrument.
in addition, they reduce radiation of electromagnetic
interference from the instrument. Screws retain the
cabinet panels. To remove the panels, remove the
screws and lift the panels off. Operate the instrument
with the panels in place to protect the interior from dust.

CLEANING

The R7103 should be cleaned as often as operating
conditions require. Accumulation of dirt in the
instrument can cause overheating and component
breakdown. Dirt on components acts as an insulating
blanket and prevents efficient heat dissipation. It also
provides an electrical conduction path which may result
in instrument failure. The side panels reduce the amount
of dust reaching the interior of the instrument.
Operation without the panels in place necessitates more
frequent cleaning.

AV AV SV N

bl
2 CAUTION é

Avoid the use of chemical cleaning agents
which might damage the plastics used in this
instrument. Exercise care when cleaning
Hypcon connectors; see cleaning
instructions under Hypcon Connectors in
this section. Use a nonresidue type of
cleaner, preferably isopropyl alcohol or
totally denatured ethyl! alcohol. Before using
any other type of cleaner, consult your
Tektronix Service Center or representative.

EXTERIOR

Loose dust accumulated on the outside of the
instrument can be removed with a soft cloth or small
brush. The brush is also useful for dislodging dirt on
and around the front-panel controls. Dirt which remains
can be removed with a soft cloth dampened in a mild
detergent and water solution. Do not use abrasive
cleaners.

CRT

Clean the plastic light filter, implosion shield, and the crt
faceplate with a soft, lint-free cloth dampened with
denatured alcohol.

The crt mesh filter can be cleaned as follows:

1. Hold the mesh filter in a vertical position and brush
it lightly with a soft, No. 7 water-color brush to
remove light coatings of dust or lint.

2. Greasy residues, or dried-on dirt, can be removed
with a solution of warm water and a neutral-pH
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liquid detergent. Use the brush to lightly scrub the
filter.

3. Rinse the filter thoroughly in clean water and allow
it to air dry.

4. If any lint or dirt remains, use clean low-pressure air
to remove it. Do not use tweezers or other hard
cleaning tools on the filter, as the special finish may
be damaged.

5. When not in use, store the mesh filter in a lint-free
dust-proof container, such as a plastic bag.

INTERIOR

Cleaning the interior of the instrument should only be
occasionally necessary. The best way to clean the
interior is to blow off the accumulated dust with dry,
low-velocity air (approximately 5 [b/in®. Remove any dirt
which remains with a soft brush or a cloth dampened
with a mild detergent and water solution. A cotton-
tipped applicator is useful for cleaning in narrow spaces,
or for cleaning more delicate circuit components.

NI ST NT NN

S CAUTION é

Crrmrrrmmm A

Circuit boards and components must be dry
before applying power to prevent damage
from electrical arcing.

The high-voltage circuits should receive special
attention. Excessive dirt in this area may cause high-
voltage arcing and result in improper instrument
operation.
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VISUAL INSPECTION

The R7103 should be inspected occasionally for such
defects as broken connections, improperly seated
semiconductors, damaged or improperly installed circuit
boards, and heat-damaged parts. The corrective
procedure for most visible defects is obvious; however,
particular care must be taken if heat-damaged parts are
found. Overheating usually indicates other trouble in the
instrument; therefore, correcting the cause of
overheating is important to prevent recurrence of the
damage.

SEMICONDUCTOR CHECKS

Periodic checks of semiconductors are not
recommended. The best check of semiconductor
performance is actual operation in the instrument. More
details on semiconductors are given under
Troubleshooting later in this section.

PERIODIC ELECTRICAL ADJUSTMENT

To ensure accurate measurements, check the electrical
adjustment of this instrument after each 1000 hours of
operation, or every six months if used infrequently. In
addition, replacement of components may necessitate
adjustment of the affected circuits. Complete
adjustment instructions are given in Section 5, Checks
and Adjustment. This proc¢edure can be helpful in
localizing certain troubles in the instrument, and in
some cases, may correct them.
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TROUBLESHOOTING

The following information is provided to facilitate troubleshooting of the R7103 Oscilloscope. Information in other
sections of this manual should be used with the following data to aid in locating a defective component. An
understanding of the circuit operation is helpful in locating troubles. See Section 3, Theory of Operation, for this

information.

TROUBLESHOOTING AIDS

DIAGRAMS

Complete schematic diagrams are given on the puliout
pages in Section 8, Diagrams and Circuit Board
lllustrations. The component numbers and electrical
values of all components in this instrument are shown
on these diagrams. (See the first page of the Diagrams
and Circuit Board lllustrations section for definitions of
the reference designators and symbols used to identify
components in this instrument.) Important voltages and
numbered waveform test points are also shown on the
diagrams. important waveforms, and the numbered test
points where they were obtained, are located adjacent to
each diagram. The portions of circuits mounted on
circuit boards are enclosed with heavy, solid-black lines.

CIRCUIT BOARD ILLUSTRATIONS

To aid in locating circuit boards, a circuit board location
illustration appears on the back of the pullout page
facing the schematic diagram. In addition, an illustration
of the circuit board(s) is included here, with the physical
location of the components and waveform test points
that appear on the schematic diagram identified. Each
circuit board illustration is arranged in a grid locator
with an index to facilitate rapid location of components
contained in the schematic diagrams.

TROUBLESHOOTING CHART (also see p.7)

A troubleshooting chart is given in Section 8, Diagrams
and Circuit Board lllustrations to aid in locating a
defective circuit. The shaded blocks on the
Troubleshooting Chart indicate circuit(s) that may
cause the indicated malfunction. The circuits listed are
discussed in detail in Section 3, Theory of Operation.

ADJUSTMENT AND TEST POINT LOCATIONS

To aid in locating test points and adjustable
components called out in the various sections of the
Checks and Adjustment procedures, the Adjustment and
Test Point Locations pullout pages are provided in
Section 8, Diagrams and Circuit Board lllustrations.

COMPONENT COLOR CODING

The instrument contains brown composition resistors,
some metal-film resistors, and some wire-wound

resistors. The resistance values of wire-wound resistors
are usually printed on the component body. The
resistance values of composition resistors and metal-
film resistors are color coded on the components using
the EIA color code (some metal-film resistors may have
the value printed on the body). The color code is read
starting with the stripe nearest the end of the resistor.
Composition resistors have four stripes, which consist
of two significant figures, a muitiplier, and a tolerance
value (see Fig. 4-1). Metal-film resistors have five stripes
consisting of three significant figures, a multiplier, and a
tolerance value.

The values of common disc capacitors and small
electrolytics are marked on the side of the component
body.

The cathode end of glass-encased diodes is indicated
by a stripe, a series of stripes, or a dot. The cathode and
anode ends of metal-encased diodes can be identified
by the diode symbol marked on the body.

SEMICONDUCTOR LEAD CONFIGURATIONS

Lead configurations for semiconductor devices used in
the R7103 Oscilloscope are shown in Figure 4-2.

MULTI-PIN CONNECTORS

Pin 1 on multi-pin connectors is designated with a
triangle. A triangle, dot or square printed on circuit
boards denotes pin 1. When a connection is made to a
circuit board, the orientation of the triangle on the multi-
pin holder is determined by the index (triangle, dot or
square) printed on the circuit board (see Fig. 4-3). Some
multi-pin connectors are keyed with a plastic pin that
protrudes through a hole on the circuit board. Proper
mating with the multi-pin connector and the pin(s) on
the circuit board cannot be accomplished unless this pin
is aligned with the hole on the circuit board.

Some multi-pin connectors are equipped with a locking
mechanism to more readily secure the connector to the
circuit board. To remove these connectors, grasp the
connector body and pull perpendicular to the circuit
board. They should not be removed by pulling on the
wire leads; this causes the locking mechanism to clamp
onto the circuit board pins.
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COMPOSITION
RESISTORS

@ - MULTIPLIER (T)- TOLERANCE;
(© - TEMPERATURE COEFFICIENT.

0JO) and(@)- 1T, 2ND, AND 3RD SIGNI FICANT FIGS.

COLOR CODE

CERAMIC
CAPACITORS

METAL-FILM
RESISTORS +

@ AND/OR @ COLOR CODE MAY NOT
BE PRESENT ON SOME CAPACITORS;
(P) - POLARITY AND VOLTAGE RATING

DIPPED
TANTALUM

ELECTROLYTICS

RESISTORS CAPACITORS DIPPED
TANTALUM
SIGNIFICANT
COLOR
© FIGURES |MULTIPLIER|[TOLERANCE | MULTIPLIER TOLERANCE VOLTAGE
(OHMS) (pF) RATING
p OVER 10pF | UNDER 10pF
BLACK 0 1 —— 1 +20% * 2pF 4vDC
BROWN 1 10 1% 10 1% *0.1pF 6VDC
RED 2 102 or 100 +2% 1020r 100 +2% — 10VDC
ORANGE 3 1030r 1 K +3% 103 or 1000 +3% _ 15VDC
+100%
YELLOW 4 10% or 10K 4% 10% or 10,000 0% — 20vVDC
- (3]
5 10%0r
GREEN 5 105 or 100 K £1/2% 100000 +5% +0.5pF 25vDC
6 1140 106 or o o
BLUE 6 106 or 1 M *1/4% 1,000,000 35vDC
107 or
. + O [ N
VIOLET 7 +1/10% 10,000,000 50VDC
+80%
—— —— 102 . +0.25pF N
GRAY 8 0or0.01 | 500 p
WHITE 9 S — 10°1 or 0.1 £10% f1pF 3vVDC
GOLD - 10°1 or 0.1 +59% R _— S N
SILVER — 102 or 0.01 +10% - — — B
NONE —_— _——— T20% - +1 O% i'lpF I
5039-401

Figure 4-1. Color codes for resistors and capacitors.
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NOTE
LEAD CONFIGURATIONS AND CASE STYLES ARE TYPICAL, BUT MAY
VARY DUE TO VENDOR CHANGES OR INSTRUMENT MODIFICATIONS.
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Figure 4-2. Semiconductor lead configurations.
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END-LEAD
MULTI-PIN
CONNECTOR

INDEX

:

e

)

HOLDER END-LEAD
MULTI-PIN
CONNECTOR
m
-~
MULTI-PIN
CONNECTOR
INDEX C1986-68

Figure 4-3. Orientation of multi-pin connectors.

TROUBLESHOOTING EQUIPMENT

The following equipment is useful for troubleshooting
the 7103 Oscilloscope mainframe:

1. Transistor Tester
Description: Dynamic-type tester.
Purpose: Test semiconductors.

Recommended type: TEKTRONIX 577/177 Curve
Tracer, TEKTRONIX 576 Curve Tracer, 7CT1IN
Curve Tracer plug-in unit and a 7000-series
oscilloscope system, or a 5CT1N Curve Tracer plug-
in unit and a 5000-series oscilloscope system.

2. Digital Multimeter

Description: 10 megohm input impedance and 0 to 1
kilovolt range, ac and dc; ohmmeter, accuracy,
within 0.1%. Test probes must be insulated to
prevent accidental shorting.

Purpose: Check voltages and resistances.

Recommended type: TEKTRONIX DM 501A Digital
Multimeter.

4-6
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3. Test Oscilloscope

Description: Frequency response, dc to 100
megahertz minimum; deflection factor, 5 millivolts
to 5 volts/division and 1 milliampere to 1
ampere/division. A 10X, 10-megohm voltage probe
should be used to reduce circuit loading for voltage
measurements. For current waveforms, use a
Tektronix P6021 Current Probe with passive
termination, or the equivalent.

Purpose: Check operating waveforms.

Recommended type: Refer to the Tektronix
Products catalog for applicable oscilloscope
system.

4. Variable Autotransformer

Description: Output variable from 0 to 140 volts, 10
amperes minimum rating. Must have three-wire
power cord, plug, and receptacle.

Purpose: Vary input line voltage when
troubleshooting the power supply.

Recommended type: General Radio W10MT3wW
Variac Autotransformer.

5. Isolation Transformer

Description: 1:1 turns ratio, 500 volt-amperes
minimum, 50-60 cycle. Must have three-wire power
cord, plug, and receptacle with ground connection
carried through from input to output.

Purpose: To isolate R7103 from line potential when
troubleshooting power supply.

Recommended type: Stancor #P6298 (for 115-volt
line only) modified to include three-wire power
cord, plug, and receptacle.

TROUBLESHOOTING TECHNIQUES

This troubleshooting procedure is arranged to check the
simple trouble possibilities before proceeding with
extensive troubleshooting. The first few checks ensure
proper connection, operation, and adjustment. If the
trouble is not located by these checks, the remaining
steps aid in locating the defective component. When the
defective component is located, replace it following the
replacement procedures given under Corrective
Maintenance.



1. CHECK CONTROL SETTINGS

Incorrect control settings can indicate a nonexistent
trouble. If there is any question about the correct
function or operation of any control on the R7103, refer
to Section 2, Operating Instructions.

2. CHECK ASSOCIATED EQUIPMENT

Before proceeding with troubleshooting, check that the
equipment used with this instrument is operating
correctly. Also, check that the input signals are properly
connected and that the interconnecting cables are not
defective. Check the line-voltage source.

3. VISUAL CHECK

Visually check that portion of the instrument in which
the trouble is located. Many troubles can be found by
visible indications, such as unsoldered connections,
loose cable connections, broken wires, damaged circuit
boards, and damaged components.

4. CHECK INSTRUMENT ADJUSTMENT

Check the electrical adjustment of this instrument, or of
the affected circuit if the trouble appears in one circuit.
The apparent trouble may only be a result of
misadjustment. Complete adjustment instructions are
given in Section 5, Checks and Adjustments.

5. ISOLATE TROUBLE TO A CIRCUIT

To isolate trouble to a particular circuit, note the trouble
symptom. The symptom often identifies the circuit
where the trouble is located. When trouble symptoms
appear in more than one circuit, check the affected
circuits by taking voltage and waveform measurements.
Also check for the correct output signals at the front-
and rear-panel output connectors with a test
oscilloscope. If the signal is correct, the circuit is
working correctly up to that point. For example, correct
sawtooth output indicates that the time base and
sawtooth output portion of the Output Signals circuit is
operating correctly. If a malfunction in the Readout
System is suspected of causing trouble to appear in the
Z-Axis Amplifier, Vertical Amplifier, or Horizontal
Amplifier circuits, the trouble can be localized by
removing the Readout System circuit board. This board
can be removed without significantly affecting the
operation of other circuits in the instrument.

Incorrect operation of all circuits often indicates trouble
in the power supply. Check first for correct voltage of
the individual supplies. However, a defective component
elsewhere in the instrument can appear as a power-
supply trouble and may also affect the operation of
other circuits. If incorrect operation of the power
supplies is suspected, refer to Troubleshooting the
High-Efficiency Power Supply, later in this section.

Maintenance—R7103

The Troubleshooting Chart, in Section 8, Diagrams and
Circuit Board lllustrations, is a guide for locating
defective circuits. Start at the top of the chart and
perform the checks given on the left side of the page
until a step is found that does not produce the indicated
results. Further checks, or the circuit in which the
trouble is probably located, are listed to the right of the
step. This chart does not include checks for all possible
defects; use steps 6 and 7 in such cases.

After the defective circuit has been located, proceed
with steps 6 and 7 to locate the defective component(s).

6. CHECK VOLTAGES AND WAVEFORMS

Often the defective component can be located by
checking for the correct voltages or waveforms in the
circuit. Typical voltages and waveforms are given in
Section 8, Diagrams and Circuit Board lllustrations.

NOTE

Voltages and waveforms given in Section 8,
Diagrams and Circuit Board lllustrations, are
not absolute and may vary slightly among
R7103 Oscilloscopes. To obtain operating
conditions similar to those used to take these
readings, see the appropriate schematic.

7. CHECK INDIVIDUAL COMPONENTS

The following procedures describe methods of checking
individual components in the R7103. Components which
are soldered in place are best checked by first
disconnecting one end. This isolates the measurement
from the effects of surrounding circuitry.

To avoid electric-shock hazard, always
disconnect the R7103 from the power source
before removing or replacing components.

Fuses
Check fuses for continuity with an ohmmeter.

Transistors

A good check of transistor operation is actual
performance under operating conditions. A transistor
can most effectively be checked by substituting a new
component for it (or one which has been previously
checked). However, be sure that circuit conditions are
not such that a replacement transistor might also be
damaged. If substitute transistors are not available, use
a dynamic tester. Static-type testers are not
recommended, since they do not check operation under
simulated operating conditions.
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Integrated Circuits

integrated circuits (ICs) can be checked with a
voltmeter, test oscilloscope, or by direct substitution. A
good understanding of the circuit operation is essential
to troubleshooting circuits using ICs. In addition,
operating waveforms, logic levels, and other operating
information for the ICs are given in Section 3, Theory of
Operation and Section 8, Diagrams and Circuit Board
Ilustrations. Use care when checking voltages and
waveforms around the ICs so that adjacent leads are not
shorted together. A convenient means of clipping a test
probe to the in-line, multi-pin I1Cs is with an IC test clip.
This device also doubles as an |C-extraction tool.

Diodes

A diode can be checked for open or short circuits by
measuring the resistance between terminals with an
ohmmeter on a scale having a low internal source
current, such as the R X 1k scale. The resistance should
be very high in one direction and very low when the
meter leads are reversed.

AV A N D AV Ve

2 CAUTION

PN

When checking diodes, do not use an
ohmmeter scale that has a high internal
current, because high currents may damage
diodes.

Resistors

Check the resistors with an ohmmeter. Resistor
tolerances are given in Section 7, Replaceabie Electrical
Parts. Normally, resistors need not be replaced unless
the measured value varies widely from the specified
value.

Capacitors

A leaky or shorted capacitor can best be detected by
checking resistance with an ohmmeter on the highest
scale. Do not exceed the voltage rating of the capacitor.
The resistance reading should be high after initial
charge of the capacitor. An open capacitor can best be
detected with a capacitance meter or by checking that
the capacitor does not pass ac signals.

8. REPAIR AND ADJUST THE CIRCUIT

If any defective parts are located, follow the replacement
procedures given under Component Replacement in this
section. Check the performance of any circuit that has
been repaired or that has had any electrical components
replaced. Adjustment of the circuit may be necessary.

4-8
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TROUBLESHOOTING THE
HIGH-EFFICIENCY POWER SUPPLY

GENERAL

The following information is provided to facilitate
troubleshooting the high-efficiency power supply.
Information in other sections of this manual should be
used in conjunction with this procedure to aid in
locating a defective component. An understanding of
the circuit operation is valuable in locating troubles. See
Section 3, Theory of Operation, for this information.
Specifications for the troubleshooting equipment
mentioned in this procedure are given earlier in this
section under Troubleshooting Equipment.

Use extreme caution when troubleshooting
the power supply due to the line voltage and
the high-voltage/high-current potentials
present.

When a fault condition occurs which is of insufficient
magnitude to open the line fuse, protection circuitry will
cause the inverter to operate in a pulse mode. In pulse
mode the inverter will turn on for a short period of time,
and then turn off for a longer period of time. This cycle
repeats until the malfunction is corrected. This pulse
mode causes either a “ticking” or a “chirping” sound.
Whenever either of these sounds is heard, turn off the
R7103 and proceed with the Preliminary Procedure,
which follows.

PRELIMINARY PROCEDURE

WARNING I

To avoid electric shock, always disconnect
the instrument from the power source before
removing or replacing components or plug-
in units.

1. Remove all plug-in units from the mainframe.

2. Set the CONTROL ILLUMINATION switch on the
rear panel to the Off position, and the GRAT ILLUM
switch on the front panel to the fully
counterclockwise position.

3. Remove the power supply from the mainframe
following the procedure given later in the Corrective
Maintenance part of this section under Removing
and Replacing Parts.

4. Connect the power-cord plug of the R7103 to the
output of a variable autotransformer set for 115
volts. Connect the autotransformer to an isolation
transformer and plug the isolation transformer into
a 115-volt power source.
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5. Push the R7103 POWER button in (to turn the m
instrument on) and note the trouble symptoms.

6. Turn the R7103 off and proceed to the appropriate Use extreme caution when troubleshooting
step in the Troubleshooting Procedure as indicated the power supply to avoid electric shock.
by the Trouble Symptoms column in Table 4-1. Stored dc potentials on the A23-Inverter

circuit board remain long after the

instrument is disconnected from the power

source. Verify that the power-cord plug is
TROUBLESHOOTING PROCEDURE disconnected and that the line storage
Step A: Check Line Fuse capacitors (A23C16 and A23C17) are
completely discharged before attempting
any repairs or resistance measurements. (A
warning-indicator neon bulb, located on the
A23-Inverter Board, flashes when this stored
voltage exceeds about 80 volts. However,
simply because the neon bulb is not flashing
does not mean that the capacitors are fully
discharged.)

To check the line fuse, proceed as follows:

1. Check the line fuse (F10), which is located on the
rear panel of the power-supply, for continuity and
proper rating as given in Section 7, Replaceable
Electrical Parts.

2. If the line fuse is open, replace it with a new fuse of

proper rating. 1. Check the voltage at the collector of A17Q864 on
the Vertical Amplifier Board. This voltage should be
close to ground potential. If it is more positive than
+1 V, there is probably a fault in the Vertical or
Horizontal Amplifier or in the Chassis Mounted

Step B: Isolate Malfunction from the
Mainframe Circuitry

To isolate the malfunction proceed as follows: Thermal Cutout switch, S70 (shown on diagram 9).
TABLE 4-1
Recommended Power Supply Troubleshooting Sequence
Trouble Symptom Procedure Proceed to
Troubleshooting Step:
R7103 inoperative; no pulse mode. 1. Check line fuse. A
R7103 inoperative; no pulse mode; 1. Check line input circuit. D
line fuse open.
2. Check LV rectifier circuit. H
3. Check inverter circuit. G
R7103 inoperative; no pulse mode; 1. Check inverter circuit. G
line fuse normal.
R7103 operating in the pulse mode. 1a. Check +50 V Power Supply Shutdown B
circuit on A17 Vertical Amplifier Board,
diagram 9.
1b. Isolate malfunction from the mainframe B
circuitry.
2. Check pre-regulated power supplies. C
3. Check crt and high-voltage circuits. E
4. Check inverter control circuit. F
5. Check inverter circuit. G
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Remove the R7103 power-cord plug from the power
source.

Remove the protective cover from the power supply
following the procedure under Access to
Components in the Power Supply. This is located in
this section under Removing and Replacing Parts.

Manually discharge the line storage capacitors
using the procedure called Access to Components
in the Power Supply. A two-step procedure at the
end of this part describes the safest method of
discharging A23C16 and A23C17.

Check the resistance of the power supplies at the
test points given in Table 4-2. The Power Supply
test points are located on the A25 Regulator Board;
see Figure 8-25 in the Diagrams and Circuit Board
Ilustrations section.

NOTE

Connect the Common lead of the ohmmeter
to ground when measuring power-supply
resistance.

If any resistance reading is significantly lower than
that listed, remove the electrical connections
between the mainframe and the power-supply.
Disconnect P17, P82, and P83 on the A25 Regulator
Board. This isolates the circuitry in the mainframe
from the power supply. Recheck the resistance. if
the readings remain low, the malfunction is located
within the mainframe circuits. |f the readings
increase to normal or above, the malfunction is in
the power supplies.

Replace all electrical connections which were
disconnected in part 6.

Step C: Check the Pre-Regulated
Power Supplies

To check the pre-regulated power supplies, proceed as
follows:

1.

Connect a 10X voltage probe from the test
oscilloscope to resistor R84 on the A24 Control
Rectifier Board. (Refer to Access to Components in
the Power Supply for access to the A24 Control
Rectifier Board, and see the component locator,
opposite diagram 14 in Section 8, Diagrams and
Circuit Board lllustrations, for the location of
A24R84.) Set the test oscilloscope vertical
deflection factor as necessary for an on-screen
display; set the Time/Div to 2 ms.

Set the variable autotransformer to 115 volts.
Connect the R7103 power-cord plug to the variable
autotransformer; turn on the R7103.
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TABLE 4-2
Typical Power-Supply Resistance
Power Tgst Ohmmeter R:;::::Le
Supply Point* Scale Readout
+50 V TP891 2k >1.05 kQ
+15V TP893 2k ~0.115 kQ
+5V TP895 2k ~0.005 kQ
-15V TP897 2k ~0.19 kQ
5V TP899 2k 20.59 kQ
*See schematic diagram 9.
TABLE 4-3
Burst Voltage Test Points
P et "on ot Conivl
Rectifier Board
+108 V TP126
+54 V Pin 4 of P52
+17 V Pin 6 of P52
-17V Pin 2 of P52
+8V Pin 7 of P50
54 V Pin 3 of P52
+5 V Lights Pin 10 of P82
on A25 Regulator Board

3. Compare the waveform on the test oscilloscope to

those shown in Figure 4-4. If the waveform
resembles that of Figure 4-4A, proceed to Step E of
this procedure. If it resembles that of Figure 4-4B,
proceed with part 4 of this step.

. Disconnect the 10X voltage probe from A24R84. Set

the test oscilloscope vertical coupling to dc and the
Time/Div to 10 ms.

. Connect the 10X probe to each power supply at the

Burst Voltage Test Points given in Table 4-3. (To
locate the Burst Voltage Test Points, refer to the
component locator for the A24 Control Rectifier
Board, which is shown on diagram 14 in Section 8,
Diagrams and Circuit Board lllustrations.) Note the
polarity, amplitude, and shape of the waveform
present at each test point. (Adjust the verticai
deflection factor of the test oscilloscope as
necessary to maintain an on-screen display.)



oV

— ——{(VARIESWITH

| LOAD)
I
|
09V . . |
f— 10 ms —a] A
ov
—-09V — — —
f I
| [ B
I .
|<_10ms _4

C1988-115

Figure 4-4. Current sensing waveform at A24R84 showing: A.
Power supplies not in current limit operation. B. Power supplies
in current limit operation.

NOTE

Look for a power supply output whose burst
voltage is very low in relation to the specified
supply voltage.

6. When a low supply voltage is found, disconnect the

R7103 from the power source and discharge the line
storage capacitors following the procedure given
under Access to Components in the Power Supply.
Check for shorted components in the suspected
power supply; also check the filter capacitors for
leakage.

Step D: Check Line Input Circuit
To check the input circuit, proceed as follows:

1.

Disconnect the R7103 from the variable
autotransformer and discharge the line storage
capacitors as described under Access to
Components in the Power Supply.

Replace the line fuse.

Check diode bridge CR15 on the A23 Inverter Board
and the associated line input circuit for a shorted
component. {f the circuit appears normal, connect
the power cord to the variable autotransformer.

Maintenance—R7103

4. Connect a test probe from the digital multimeter to
one of the screws used to discharge A23C16 and
A23C17 (see Fig. 4-11). Connect the other test lead
to ground. Set the variable autotransformer to 20
volts and turn the R7103 on.

5. Check for a multimeter reading of about 27 V dc.
Move the probe tip to the other capacitor screw.
Check for a dc voltage which is equal and opposite
in polarity from the previous voltage. (This checks
the condition of the line storage capacitors.)

Step E: Check Crt and High-Voltage Circuit
To check the crt circuitry, proceed as follows:

1. Disconnect the R7103 from the power source and
discharge the line storage capacitors following the
procedure given under Access to Components in
the Power Supply.

2. Remove multi-lead cable P40 from the A24 Control
Rectifier board.

3. Set the variable autotransformer for 115 volts.
Connect the R7103 power-cord plug to the variable
autotransformer; turn the R7103 on.

4. Check for stable operation (no pulse mode) of the
power supplies. If the power supplies operate
properly, a crt failure or malfunction in the high-
voltage circuitry is indicated.

Step F: Check the Inverter Control Circuit
To check the inverter control circuit, proceed as follows:

1. Disconnect the R7103 from the power source and
discharge the line storage capacitors as described
in Access to Components in the Power Supply, later
in this section.

2. Remove Q54 from the A24 Control Rectifier Board.

3. Connect the R7103 power-cord piug to the variable
autotransformer. Turn the R7103 on and apply 115
volts from the variable autotransformer. If the power
supplies stabilize, check the inverter control circuit
for a malfunction. If the R7103 continues in puise
mode, proceed to part 4 of this step.

4. Repeat part 1 of this step. Then remove Q52 from
the A24 Control Rectifier Board.

5. Set the variable autotransformer to 0 volts. Connect
the R7103 power-cord plug to the variable
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autotransformer. Turn the R7103 on. While
monitoring the +108 V test point on the A25
Regulator Board with a voltmeter, slowly increase
the output of the variable autotransformer until the
voltmeter just reads +108 volts. (The 108-volt test
point is accessible through the A12R93 Pre Reg Adj
hole, marked R1293 on the panel, in the bottom of
the Power Supply.)

NOTE

If the variable transformer output is
increased past the point where the voltmeter
just reaches a reading of +108 volts, the
R7103 will switch to pulse mode.

If the power supplies stabilize, check A24U75 and
the inverter control circuit for a malfunction. If the
R71083 continues in the pulse mode, proceed to Step
G of this procedure.

Step G: Check Inverter Circuit
To check the inverter circuit, proceed as follows:

1.

Disconnect the R7103 power-cord plug from the
power source and discharge the line storage
capacitors following the procedure given under
Access to Components in the Power Supply.

Remove Q34, Q40, CR34, and CR41 on the A23
Inverter Board and check the characteristics of each
with a curve tracer. Install the checked or replaced
components in the A23 Inverter Board. Replace the
line fuse, if it is open.

If the faulty component was not found, check
A23Q43, A23Q45 and A23VR45 with a curve tracer.

NOTE

A shift in the zener voltage of A23VR45 can
cause erratic operation of the inverter circuit.

If the R7103 continues in the pulse mode or keeps
blowing line fuses, check the current waveform
through T30 on the A23 Inverter Board. To do this,
first repeat part 1 of this step. Then connect a
current probe from the test oscilloscope to the gray
lead that passes through toroid transformer T30. Set
the test oscilloscope for a vertical deflection factor
of about 1 volt/division and a horizontal sweep rate
of 2 milliseconds/division. Connect the R7103
power-cord plug to the variable transformer which
is set for 0 volt. Turn the R7103 on and slowly
increase the variable autotransformer’'s output to
about 60 volts. Check for a burst waveform on the
test oscilloscope (similar to that shown in Fig. 4-5).
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Figure 4-5. Current waveform at A23T30 showing burst
operation at line voltage of about 60 V.

5.

NOTE

The burst waveform indicates that the
inverter circuit is attempting to start. If no
burst waveform occurs, proceed to part 6; if
a burst waveform s obtained, proceed to
part 5.

If a burst waveform was obtained in part 4 above,
check for stable inverter operation when the line
input voltage is increased to about 85 volts. Figure
4-6 shows the current waveform at A23T30 for
normal inverter operation at a line source of 115
volts. (NOTE: The test oscilloscope horizontal
sweep rate has been changed to about 50
microseconds/division for Fig. 4-6.)

C1988-104

Figure 4-6. Current waveform at A23T30 for normal inverter
operation at line voltage of 115 V.
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Figure 4-7. Waveform at TP34 on the Power-Supply Inverter
board with the line voltage at about 20 V.

6. If no burst waveform occurred in part 4, repeat part
1 of this step. Then remove the current probe from
the R7103 and the test oscilloscope. Connect a 10X
voltage probe from the test oscilloscope to TP34 on
the A23 Inverter Board (provided that access to that
board has already been gained, remove the line
inverter shield from the circuit board. TP34 is
marked "TANK" on the A23 Inverter Board.) Set the
variable autotransformer for 20 volts and check for a
line-ripple waveform which is about dc centered
(see Fig. 4-7). If the waveform is not centered check
Q46, CR32, CR40, CR249, and CR45 on the A23
Inverter Board for shorts or leakage.

Step H: Check LV Rectifier Circuit

1. Disconnect the R7103 power-cord plug from the
power source and discharge the line storage
capacitors in the power supply, following the
procedure given under “Access to Components in
the Power Supply.” Inspect the A24 Control
Rectifier Board and connecting cables for shorts
and damaged components.

2. Remove dual diode CR151 from the A24 Control
Rectifier Board and check with a curve tracer.
Reinstall tested or replaced parts, making certain
that the case is not shorted to the heat sink.

3. Lift one lead each of CR140, CR141, CR142, and
CR143 on the A24 Control Rectifier Board and
check with a curve tracer. Reconnect tested or
replaced parts.

4. Lift one leg each of CR130, CR131, CR132, CR133,
CR150, and CR153 on the A24 Control Rectifier
Board and check with a curve tracer. Reconnect
tested or replaced parts.
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5. Check the electrolytic capacitors which filter the
supplies, including A24C154 (under the board) for
short circuits.

TROUBLESHOOTING THE CRT
AND ASSOCIATED CIRCUITRY

The following information is provided to facilitate
troubleshooting the crt connections and associated
circuitry, and is designed to prevent unnecessary crt
replacement. Information in Section 3, Theory of
Operation, should be used in conjunction with this
procedure to aid in locating troubles.

WARNING l

Extreme caution must be used when
troubleshooting the crt and associated
circuitry due to the high voltage present in
this area of the instrument.

CRT DISPLAY SYMPTOM CHECKOUT
PROCEDURE

Perform the following procedure to determine the
display symptoms associated with a crt circuit failure.
Then proceed to the appropriate step in the CRT Circuit
Troubleshooting Procedure as indicated by the Trouble
Symptom column of Table 4-4.

Preliminary Setup:

1. Set the R7103 front-panel controls as follows:

POWER ... OFF
INTENSITY.............. Counterclockwise
FOCUS. ... Midrange
READOUT. ... OFF
VERTICAL MODE .................. RIGHT
BEAMFINDER .............. Pushbutton in

2. Connect the R7103 to a power source that meets the
voltage and frequency requirements of the
instrument.

3. Install a Tektronix 7A-series amplifier in the RIGHT
VERT compartment.

4. Install a Tektronix 7B-series time-base in the HORIZ
compartment and set it to 1 ms/div. Set triggering
controls for a free-running sweep.

4-13

Scans by ArtekMedia => 2009



Maintenance—R7103 Scans by Artekmedia => 2009

TABLE 4-4
Recommended CRT Circuitry Troubleshooting Sequence

Trouble Symptom Recommended Procedure

Proceed to Step:

—_

1. Bright display; no response with INTENSITY controls. . Check CRT Grid; pin 3.

. Check Grid Bias Supply circuit.

. Check Control Grid DC Restorer circuit.

O|m|D

. Check Z-Axis Amplifier circuit.

2. No waveform or readout display. . Check Anode Voltage Multiplier output.

>

. Check CRT Heater supply.

. Check Microchannel Plate Supply circuit.

. Check -2400 Volt Supply circuit.

. Check Grid Bias Supply circuit.

m|oO|O

. Check Z-Axis Amplifier circuit.

. Check Intensity Limiter circuit.

. Check Grid Crowbar circuit.

. Check Control Grid DC Restorer circuit.

ClO|o|IN|JOTO |[A|WIN |2 BITW]|N

—_

. Check CRT First Anode, Second Section

—_

3. No waveform display; readout display only. . Check Intensity Limiter circuit.

-

4. Display only at sweep speeds below 5 us/div. . Check CRT Grid, pin 3.

5. Dim display.

. Check Microchannel Plate Supply circuit.

. Check Grid Crowbar circuit.

MOl V||V D|M| <~

. Check Z-Axis Amplifier circuit.

. Check Intensity Limiter circuit.

. Check Grid Bias Supply circuit.

. Check Anode Voltage Multiplier output.

N|jlo|lo|s|lw| D] =

. Check First Anode, First Section.

—

6. Display intensity varies during warmup. . Check Grid Bias circuit.

7. Geometry or linearity unsatisfactory. 1. Check CRT Scan Expansion Lens.

8. Focusing problems; charging phenomena 1. Check Focus Grid DC Restorer circuit.

I|Ofr|Cc|>» |m|c«

-may be observed. 2. Check following CRT pin connections:

a. Astigmatism, pin 10.

b. Stigmator, pin 11.

c. First Anode, First Section, pin 7.
d. D1-D2 Shield, P1813-pin 5.

e. Focus Electrode, pin 4.

. Spot Demagnification Lens, pin 5.
g. Cathode, pin 2.

h. Isolation Shield, P1813-pin 6.

—

9. Waveform and readout displays do not 1. Check Auto Focus circuit.
focus simultaneously.

X|lZnmn <D SsSC<Xx

10. Low writing rate.

. Check Microchannel Plate Supply circuit.

. Check Grid Bias Supply circuit.

wlin | =

. Check Anode Multiplier circuit.

11. Unacceptable background scintillation appears 1. Check Microchannel Plate Supply circuit.

in photographs.

o|l>» MmO

12. Display present with background glow. 1. Check CRT Exit Electrode.

<
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5.

10.

Press the POWER switch to the On (locked in)
position. If a trace appears on the crt, turn the
POWER switch Off and disconnect P1702 (crt
heater). See Trouble Symptom #1 in Table 4-4.

Rotate the INTENSITY and READOUT INTENSITY
controls clockwise to about midrange.

a. If no display appears on the crt, turn the POWER
switch Off and disconnect P1702 (crt heater).
Refer to Trouble Symptom #2 in Table 4-4.

b. If only the readout portion of the display appears
on the crt, refer to Trouble Symptom #3 in Table
4-4,

c. If the intensity of the displayed trace appears to
change during warmup, refer to Trouble
Symptom #6 in Table 4-4.

d. If the displayed trace appears dim with the
INTENSITY control set fully clockwise, refer to
Trouble Symptom #5 in Table 4-4.

Set the time base to 5 us/div. Adjust the INTENSITY
control for a visible display. Set the time base to 2
ns/div. If the display disappears and cannot be

obtained with the INTENSITY control, refer to
Trouble Symptom #4 in Table 4-4.
Rotate the INTENSITY control. If a charging

phenomena appears on the display, refer to Trouble
Symptom #8 in Table 4-4.

Perform the Geometry procedure in Section 5,
Checks and Adjustments. If the crt geometry or
linearity is unsatisfactory, refer to Trouble Symptom
#7 in Table 4-4.

Perform the Photographic Writing-Rate procedure
in Section 5, Checks and Adjustments.

a. If the waveform and readout display focuses at
different positions of the FOCUS control, refer to
Trouble Symptom #9 in Table 4-4.

b. If the photographic writing rate is unsatisfactory,
refer to Trouble Symptom #10 in Table 4-4.

c. If the photograph indicates background
scintillation, refer to Trouble Symptom #11 in
Table 4-4.

CRT CIRCUIT TROUBLESHOOTING
PROCEDURE

Step A: Check Anode Voltage Multiplier

1.

Check that the anode lead is properly installed.

6.
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Turn the INTENSITY controls counterclockwise.

Turn the instrument off, disconnect the anode lead.
Watch for an arc while you short the anode lead to
the chassis. An arc indicates that the Anode Voltage
Multiplier is at least partially working.

NOTE

If the crt anode is open, the screen
capacitance will not be charged and an arc
will not be drawn when the anode is
discharged to ground.

Turn the instrument on and measure the anode
voltage. The voltage should measure approximately
12.5 kV.

NOTE

The output impedance of the anode supply is
100 MQ. When measuring the anode voltage
the loading of the voltmeter should be taken
into account. Due to the 100 MQ output
impedance, the Anode Voitage Multiplier is
short-proof.

Check the input voltage to the Anode Voltage
Multiplier at A22R1750. This should be a square-
wave signal roughly centered about ground with an
amplitude of 2500 volts peak-to-peak and a
frequency of approximately 25 kHz. If this voltage is
correct, turn the instrument off and remove the A22
High Voltage board (see Fig. 8-1 in the Diagrams
and Circuit Board Locators section for the board
location). Check to see if the input and ground
leads of the A22V1700 Anode Voltage Multiplier are
connected.

Replace the A22 High Voltage Board.

Step B: Check CRT Heater Supply
1.

Check for loose connections to the crt. Then check
to see if the heater glows.

Potential shock hazard exists when
measuring the heater supply. The heater
supply is elevated to -2265 volts.

Disconnect harmonica P1702 and measure the
neater voltage with a true rms voltmeter. The
voltage should be 6.3 volts rms; frequency about 25
kHz. If a low reading of the supply is obtained, the
high voltage transformer may be defective.

Turn the instrument off. Check for continuity
between pins 1 and 2 of P1702, and between pins 1
and 14 of the crt.
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Step C: Check Microchannel Plate (MCP) Supply

1.

Potential shock hazard exists: the MCP
voltage can be as high as +1200 volts.

Visually check for loose connections on the High
Voltage Board. (See Fig. 8-1 in the Diagrams and
Circuit Board Locations section for board location.)

Turn the INTENSITY control counterclockwise.
Measure the MCP output voltage at A22TP1775 and
note the reading.

Turn A22R1720 (MCP Gain) clockwise. The voltage
reading should be about 860 volts. Turn A22R1720
counterclockwise. The voltage reading should be
about 460 volts. Reset A22R1720 to the voltage
reading noted in part 2.

a. If the MCP voltage at A22TP1775 is low, ground
A22TP1707 and again note the MCP voltage
reading. If the voltage now reads about 1250
volts: check components A22Q1708, A22U1714A,
A22CR1707, A22CR1708, A22C1707 and
A22C1708. If the voltage is still low, check
components A22CR1710, A22CR1711,
A22C1710, and A22C1711.

NOTE

With A22TP1707 grounded, the voltage at the
secondary of the MCP transformer should be
a square wave of about 625 volts peak.

Remove the ground from A22TP1707.

Remove the plug-in unit from the horizontal
compartment. Turn the INTENSITY control fully
clockwise. The MCP output voltage (at A22TP1775)
should increase by about 350 voits.

If the MCP voltage measurements are correct, check
for a loose connection to the microchannel plate at
the crt (P1819, pins 3 and 7). This can be done
without removing the crt by connecting a DVM
across resistors A22R1725 and A22R1726 and
checking for about 10 volts. Typically, the voltage
reading is around 10 volts, corresponding to a
current of 50 uA. If no current flows, remove the crt
and check for open connections.

Step D: Check -2400 Volt Supply

To avoid electric shock, use extreme caution
when troubleshooting the -2400 Volt Supply.

4-16
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. Check the voltage at TP1844 on the A22 High

Voltage board.

a. If the reading is -2400 volts, within 5 volts, the
supply is operating properly.

b. If the reading is more than 5 volts from -2400
volts, check the cathode supply at A22TP1846 for
-2265 volts. If necessary, adjust A22R1805 (-2265
V Adjust) to -2265 volts. If the adjustment has no
effect, check the high-voltage regulator
A22Q1784 (see below). If the adjustment has
some effect but fails to obtain -2265 volts at
A22TP1846, the Grid Bias Supply may not be
functioning properly. See Step E: Check Grid
Bias Supply.)

c. If the reading is near ground, check:

(1) For a 2500 volt (p-p) square-wave signal at
the junction A22R1750 and pin 9 of
A22T1770 with the other end of the winding
pin 7) held near ground. If the appropriate
signal is not obtained, check diodes
A22CR1776, A22CR1778, and A22VR1784.

(2) Check the voltage doubler by removing
regulator transistor A22Q1784. The dc
voltage at A22TP1844 should be
approximately -2300 volts. If not, check
diodes A22CR1762, A22CR1763 and
capacitors A22C1750 and A22C1764.

(3) Check the regulator transistor A22Q1784 and
zener diode A22VR1784. With transistor
A22Q1784 removed, the voltage at
A22TP1784 should be 200 volts dc.

(4) Check operational amplifier U1802.

(5) Check the -2265 Adjust, A22R1805. Remove
the regulator transistor A22Q1784 and
connect a DVM to A22TP1806. Moving
A22R1805 throughout its range should cause
a dc voltage change of about 200 mV. Check
for shorted or opened resistors if the 200 mV
change is not obtained.

(6) Check the thick-film high-voltage resistor
A22R1802.

Step E: Check Grid Bias Supply

WARNING

Potential shock hazard exists when
measuring the Grid Bias Supply; the DVM is
elevated to -2400 volts.



1. Place a voltmeter between A22TP1846 (-2265 volts)
and A22TP1844 (-2400 volts). Check for a reading
of 137 volts, within 5 volts.

a. If the voltage is low (approximately 60 to 70
volts), check A22Q1838, A22Q1842, and
A22C1846 for short circuits. Then check
A22Q1835 for an open junction.

b. If the voltage is high (approximately 200 volts),
check A22Q1842 and A22Q1838 for an open
junction.

c. If the voltage is more than 5 volts from 175 volts,
check transistors A22Q1835, A22Q1838, and
A22Q1842 on a curve tracer. Check capacitor
A22C 1846 for leakage by lifting one end of the
capacitor from the circuit board and remeasuring
the Grid Bias Supply voltage.

Step F: Check Grid Crowbar Circuit

WARNING I

Potential shock hazard exists when working
on the Grid Crowbar circuit since it is
elevated to -2400 volts.

1. Remove transistor A21Q1687 and check for a
display. If a display is obtained, check A21Q1687 on
a curve tracer. If a display is not obtained, check
A21C1687 for leakage.

SJV\/\/\J VAV eV

2 CAUTION

s )

To ensure crt cathode protection, check the
Grid Crowbar circuit for proper operation.

Step G: Check Control Grid DC Restorer

WARNING I

Turn instrument power off before attempting
to service high-voltage circuits.

1. Set the time base for a 20 wus/div, free-running
sweep.

2. Check that the waveform at the junction of
A22R1811 and A22CR1747 is similar to that shown
in Figure 4-8.

NOTE

A typical waveform at this junction is a
square wave with a frequency of about 25
kHz. The positive level should not exceed
+50 volts and the negative level should be
more positive than -50 volts.

Maintenance—R7103
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Figure 4-8. Typlcal waveform at junction of R1811 and CR1747
on the A22 High Voltage Board.

If the waveform is not like that of Figure 4-8, check
the Z-Axis Amplifier by advancing the INTENSITY
setting; the positive level of the square wave should
also rise until the Intensity Limiter limits the Z-Axis
drive. Then check the Grid Bias circuit by changing
the setting of CRT Grid Bias adjustment R1746; the
negative level of the square wave should also
change.

a. If the square wave appears normal, but the
display is bright and not subject to the
INTENSITY control, check for an open crt grid.

b. If the positive level of the square wave exceeds
+50 volts and the display is bright regardless of
the INTENSITY control, the low-frequency signal
from the Z-Axis Amplifier is disconnected from
the Control Grid DC Restorer. Check diode
A22CR1749 for an open, then check for loose
connections.

c. If the negative level of the square wave is more
negative than -50 volts and the display is bright
regardless of the INTENSITY control, the Grid
Bias circuit is disconnected from the Control
Grid DC Restorer. Check A22CR1747 for an
open.

d. If the square wave appears normal, but no
display can be obtained, check A22CR1792,
A22CR1794, and A22C1793 for an open.

e. If the waveform is a dc level which varies with the
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Z-Axis Amplifier output and no display can be
obtained, check A22CR1794 for a short.

If the square wave amplitude is about 10 to 20
volts and can be positioned with the CRT Grid
Bias adjustment, A22R1746, but no display can
be obtained, check A22CR1747 for a short.

. If the square-wave amplitude is about 10 to 20
volts, and cannot be positioned with CRT Grid
Bias adjustment or the INTENSITY control, and
no display can be obtained, check A22CR1792
and CR1794 for a short.

. If the square wave appears normal but the
INTENSITY control has no effect on its positive
level, check the Z-Axis Amplifier circuit.

If the square wave appears normal but a display
can be obtained only with the INTENSITY
control fully clockwise, the Grid Bias circuit is
not functioning. Check A22Q1748 and
A22Q1742.

If the waveform is not normal and no display can
be obtained, the high-voltage transformer is not
driving the Control Grid DC Restorer. Check the
resistor string of A22R1811, A22R1812,
A22R1788, and A22R1789.

Step H: Check Focus Grid DC Restorer

Turn instrument power off before attempting
to service high voltage circuits.

1. Check that the waveform at the junction of R1814
and CR1816 is similar to that shown in Figure 4-9.

a

4-18

NOTE

A typical waveform is a square wave of about
25 kHz. The negative level should be -0.7
volt. The positive level is determined by the
setting of the front-panel FOCUS control and
can be anywhere between +0.7 volt and +50
volts.

. If the negative level of the waveform is more

negative than -50 volts, check diode A22CR1816
for an open.

. If the positive level of the waveform exceeds +50

volts, check diode A22CR1820 for an open
circuit.
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Figure 4-9. Typical waveform at junction of R1814 and CR1816
on the A22 High Voltage Board.

. If the amplitude of the waveform is small and the

FOCUS control has no effect on the positive level
of the waveform, check A22CR1816 for a short
circuit.

. If the amplitude of the waveform is small and the

FOCUS control can vary the positive level from 0
to +50 volts, check A22CR1820 for a short circuit.

. If the waveform is not as shown in Figure 4-9 and

the dc level is above ground with the FOCUS
control at midrange, check diode CR1818 or
CR1819 for a short.

If the waveform is not as shown in Figure 4-9, the
Focus Grid DC Restorer may not be receiving
drive signal from the high voltage transformer.
Check resistors A22R1788, A22R1789, A22R1813,
and A22R1814.

. If the waveform appears normal but the display

has focusing problems, check for an open crt
focus electrode. Then check for proper
adjustment of the Focus Preset and for defective
resistors in the focus string. Check A22CR1819,
A22CR1818, and A22C1818 for an open circuit.

NOTE

The focus-preset voltage, across A22C1820,
ranges from about -1385 volts to -1560 volts
as determined by the setting of the Focus
Preset A22R1825.



Step I: Check Z-Axis Amplifier

1.

Check A21TP1678, on the Z-Axis Board, for a
waveform with a baseline at +8 volts, within 1 volt,
and an amplitude of at least 55 volts above the
baseline.

NOTE

To obtain maximum Z-Axis drive without
engaging the Intensity Limiter, set the time-
base Time/Division control fully clockwise
and position the trace off the crt screen.
Refer to Z-Axis and Display in Section 5,
Checks and Adjustment, to properly adjust
the Z-Axis Amplifier.

Check the dc voltage at A21TP1672. The voltage
should be +75 volts, within 5%. If it is not, check
transistor A21Q1672 and zener diode A21VR1671.

If the voltage at A21TP1672 is about +60 volts and
the display intensity is high, check the voltage at the
collector of A21Q1608: the baseline should be at
+1.6 volts, and the signal amplitude should be about
700 mV.

a. If the conditions in part 3 are met, check
transistors A21Q1648, A21Q1668, and A21Q1676.

b. If the conditions in part 3 are not met, check
transistors A21Q1608 and A21Q1618 for a short.

4. If the voltage at A21TP1678 is at ground and no
display can be obtained, the Intensity Limiter
may be inhibiting the Z-Axis Amplifier by
saturating A21Q1644, or A21Q1644 may be
shorted. Check A21Q1644.

a. If the baseline voltage at the collector of
A21Q1608 is not at +1.6 volts and the signal
amplitude is not about 700 mV, check
A21Q1626, A21Q1608, A21Q1632, and
A21Q1603.

b. If the signal is correct, check transistors
A21Q1668 and A21Q1644 for a short circuit.

Step J: Check Intensity Limiter

1.

NOTE

When troubleshooting the Intensity Limiter
circuit, flood the crt display with many cycles
of a large amplitude sine wave.

If the Intensity Limiter is inhibiting the Z-Axis
Amplifier, check the Z-Axis Off signal at A1TP1992
(on the A1 Front-Panel Board) On a properly
operating instrument the signal level at A1TP1992 is
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+120 mV; on an instrument which is shut-down the
signal level is +3.4 volts.

a. If the signal at A1TP1992 is +120 mV, the fault is
in the Z-Axis Amplifier. (Refer to Step I: Check Z-
Axis Amplifier.)

b. If the reading is +3.4 volts, check pin 2 of
A1U1992 (the flip-flop may not be receiving a
reset). Check A1U1992 by replacing it.

. Check that operational amplifier A1U1952 converts

the average screen current to a dc voltage at a rate
of 1 uA/volt. With the INTENSITY control turned
fully counterclockwise, the voltage at A1TP1952
should be zero volts; it should increase as the
INTENSITY control is advanced. If this does not
occur, check the Screen | Sense connection to the
Anode Voltage Multiplier. (When the INTENSITY
control is advanced, a negative voltage should be
measured at pin 8 of A1P1904. If zero volts is
measured here, either the connection is open or the
Anode Voltage Multiplier is defective.) Also check
A1U1952.

. Turn the INTENSITY control clockwise until the

LIMITED VIEWING TIME indicator turns on
steadily, and observe that this occurs when the
voltage at A1TP1952 is approximately +0.2 volt dc¢
(0.2 A of average screen current).

a. {f the condition in part 3 is not met, check that
the voltage at pin 6 of A1U1958B is +0.2 volt dc.
Measure the voltage at A1TP1962; with zero
screen current the reading should be about -12
volts. When the INTENSITY control is advanced
and the average screen current exceeds 0.2 uA,
the reading should be about +12 volts. If the
readings are much different, check operational
amplifier A1U1958 by replacing it.

b. If the condition in part 3 is not met, check for a
loose connection to the LIMITED VIEWING TIME
indicator (LED A1DS1970) Check A1DS1970.

c. if the LIMITED VIEWING TIME indicator is on
continuously (at zero screen current) and starts
flashing at an average screen current above 0.2
uA, transistor A1Q1970 is shorted.

. Advance the INTENSITY setting until the LIMITED

VIEWING TIME indicator starts flashing, and
observe that this occurs when the voltage at
A1TP1952 is aproximately +2.0 volts dc, or 2 uA
average screen current. If this does not occur,
check the following:

. Check 3 Hz Oscillator A1U1968; at zero screen

current the voltage at A1TP1968 is about +12 volts,
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but will oscillate between ground and +12 volts
when the INTENSITY control is advanced to the
limited-viewing condition (LIMITED VIEWING TIME
indicator is on steadily). If no oscillation occurs,
check U1968 by replacing it.

b. The voltage at pin 2 of ATU1958A should be +2.0
volts dc.

c. Measure the voltage at A1TP1958. With zero
screen current the reading should be at about
-12 volts. When the INTENSITY control is
advanced and the average screen current is 2 uyA,
the voltage reading should have increased to at
least -8.0 volts dc. If the readings are much
different, check operational amplifier A1U1958
by replacing it.

d. Check transistor A1Q1970 for conduction.

. Advance the INTENSITY setting until the LIMITED
VIEWING TIME indicator just starts to flash.
Observe that further advance of the INTENSITY
control does not increase the display intensity and
that limiting is taking place. (With proper limiting,
the voltage at A1TP1956 is -10.6 volts and increases
towards ground when limiting occurs.) If this does
not occur, check the following:

a. Check transistor A1Q1956 for a short circuit.

b. Check for proper connection of the Intensity
Reference line (pin 4 of P1904) to diode
A5CR319 on the A5 Mode Switch Board. (See Fig
8-1 for location of the A5 Mode Switch Board.)

c. Check A5CR319 for an open circuit.

. Advance the INTENSITY setting until the LIMITED
VIEWING TIME indicator flashes. Check that after
approximately one minute the SHUTDOWN
indicator starts to flash. If this does not occur:

a. Check integrator A1U1970. With zero screen
current, the voitage at A1TP1970 should be at
ground or moving toward ground. Observe that
when the INTENSITY setting is advanced until
the LIMITED VIEWING TIME indicator is on
steadily, the voltage starts moving toward -10
Voits. If the INTENSITY control is further
advanced, the voltage slew rate should increase.
The slew rate is maximum when limiting occurs
(LIMITED VIEWING TIME indicator is flashing)
and should be about § volts/minute. If this does
not occur, one of the following failures may have
occurred:

(1) The base of A1Q1980 is held at ground by
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either a shorted RESET button or by a
shorted or saturated A1Q1999.

(2) Transistor A1Q1982 is not conducting.
(8) Transistor A1Q1978 is shorted.
(4) Operational-amplifier A1U1970 is defective.

(5) Field-effect transistor (FET) A1Q1974 is not
conducting. This causes the voltage at
A1TP1970 to stop at about -2.0 or -3.0 volts
instead of -10 volts.

(6) Capacitor A1C1971 is leaking. The
symptoms are similar to those for an open
FET. Press the RESET button, then advance
the INTENSITY control until limiting occurs.
After about one minute, the voltage at
A1TP1970 should be -10 volts. If this differs
significantly, replace A1C1971.

(7) Check the 10-second delay timer. The
voltage at A1TP1986 should measure zero
volts at zero screen current. When the
INTENSITY setting is advanced and the
output of the integrator has reached about
-10 volts, the voltage at A1TP1986 should
jump to about +3.6 volts. After about 10
seconds, the voltage should drop to ground
level. If this does not occur, check A1U1986
by replacing it.

(8) Check SHUTDOWN LED A1DS1994 for
loose connections or failure.

7. Advance the INTENSITY setting until limiting

occurs, and wait approximately two minutes until
the SHUTDOWN indicator starts flashing. After
approximately 10 seconds, the indicator should be
on steadily and the display should shut down. If this
does not occur:

a. Check transistor A1Q1995. This transistor should
momentarily go out of saturation when timer
A1U1986 has timed out.

b. Check flip-flop A1U1992. The voltage at
A1TP1992 should increase from 0.1 volt to about
+3.4 volts when timer A1U19