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SAFETY SUMMARY

The general safety information contained in this summary is for servicing personnel. Specific warnings and cautions will be
found throughout the manual where they apply, but may not appear in this summary.

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

é 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 will not apply mare than 250 volts rms between the supply
conductors or between either supply conductor and ground. A protective ground connection by way of the grounding conduc-
tor in the power cord is essential for safe operation.

USE THE PROPER POWER CORD
Use only the power cord and connector specified for your product. Use only a power cord that is in good condition.

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor of the power cord. To avoid electrical shock, piug the power cord
into a properly wired receptacle before making connections to the product input or output terminals. A protective ground
connection by way of the grounding conductor in the power cord is essential for safe operation.
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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 hazard, use only the fuse specified in the parts list for your product, and which is identical in type, voitage rating, and
current rating.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES
To avoid explosion, do not operate this product in an atmosphere of explosive gases unless it has been specifically certified for
such operation.

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 components.

SILICONE GREASE HANDLING
Handle silicone grease with care. Avoid getting the silicone grease in your eyes. Wash hands thoroughly after using silicone

grease.

ADD JUN 1986 v



The TEKTRONIX R7903 Oscilloscope is a solid state, high performance instrument designed for generai-purpose applications.
This instrument includes a readout system which provides alphanumeric information; encoded by the plug-ins, to be displayed
on the cathode-ray tube. This instrument accepts TEKTRONIX 7-series plug-in units to form a complete measurement system.

The two compartments on the left are connected to the vertical deflection system. Electronic switching between the vertical
plug-in compartments allows a multi-trace vertical display. The right plug-in compartment is connected to the horizontal
deflection system. The flexibility of this plug-in feature and the variety of plug-in units available allow this system to be used for
many measurement applications.

The R7903 features a Cathode-ray tube with a fast writing rate and small spot size. The graticule size is 8 X 10 centimeters.
An option is available for a pulsed readout display and pulsed graticule lights. This provides maximum use of the photographic
speed of the film in the single shot mode. On the rear panel are four signal out connectors (SIG OUT, SAWTOOTH, GATE
(MAIN & AUX) and SINGLE SWEEP READY INDICATOR), and four input connector (Z-AXIS INPUT, READOUT SS, SINGLE
SWEEP RESET and READOUT INHIBIT).

WARNING

During rackmount installation, interchanging the left and right slide-out track assemblies defeats the exten-
sion stop (safety latch) feature of the tracks. Equipment could, when extended, come out of the slides and
fall from the rack, possibly causing personal injury and equipment damage.

When mounting the supplied slide-out tracks, inspect both assemblies to find the LH (left hand) and RH (right
hand) designations to determine correct placement. Install the LH assembly to your left side as you face the
front of the rack and install the RH assembly to your right side.

s S ————
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Section 1-R7903 Service

OPERATING INFORMATION

The R7903 can be operated from either a 115 Volt or
230 Volt nominal line voltage source. The Line Selector
assembly on the rear panel converts this instrument from
one operating voltage to the other. This assembly also
includes the Line Fuse, and the Inverter Fuse. See Fig. 1-1
for Line Selector details. The instrument is designed to be
used with a three-wire system (neutral wire is a separate
safety-earth conductor). If a three to two-wire adapter is
used to connect this instrument to an AC source, be sure to
connect the ground lead of the adapter to earth ground.
Failure to complete the ground system may allow the
chassis of this insirument to be elevated above ground
potential, posing a shock hazard.

INSTALLATION OF PLUG-IN UNITS

CAUTION

Plug-in units should not be installed or removed
without first turning the instrument power off, to
prevent instrument damage.

The R7903 is designed to accept up to three Tektronix
7-Series plug-in units. To install a plug-in unit into one of
the plug-in compartments, align the slots in the top and
bottom of the plug-in unit with the associated .guide rails in
the plug-in compartment. Push the plug-in unit firmly into
the plug-in compartment until it locks into place. To
remove the plug-in unit, pull the release latch on the plug-in
unit to disengage it and pull the unit out of the plug-in
compartment.

OPERATING SET-UP INFORMATION

1. Set the front panel controls as follows:

INTENSITY Midrange

READOUT Midrange

FOCUS Midrange

BEAM FINDER Out

GRAT ILLUM As desired

VERT MODE LEFT

TRIG SOURCE VERT MODE

POWER ON

CONTROL ILLUM As desired
CALIBRATOR Both buttonsin (0.4 V)

2. Connect the R7903 to a power source which meets
the voltage and frequency requirements of the instrument.

3. Install a Tektronix 7A-Series vertical amplifier plug-in
unit in the left vertical compartment. Install a 7B-Series
time-base plug-in unit in the horizontal compartment.

REV. B, MAR. 1978

4. Set the vertical amplifier plug-in unit for a deflection
factor of 0.1 Volt/division and center the vertical position
controls. A trace should be present on the CRT screen.

5. Set the time-base plug-in unit for a sweep rate of one
millisecond/division in the Auto, Internal Trigger mode.

6. Connect the 0.4 V calibrator signal to the input of
the left vertical amplifier plug-in unit with the BNC patch
cord cable (supplied accessory). To use the right vertical
channel, push the RIGHT VERT MODE button. Install the
vertical amplifier plug-in unit in the right vertical compart-
ment.

An external calibrator sigral is required for the R7903
with Option 10.

CONTROLS AND CONNECTORS

The major controls for operation of the R7903 are
located on the front panel. Figs. 1-2, 1-3, and 1-4 provide
a brief description of each control and connector. More de-
tailed operating information is given under General Op-
erating Information.

Line Selector

WARNING
DANGEAOUS VOLTAGES
-~ vint

UNE VOLTAGE
e -

P

Line
g Inverter
(Top)
o Fuse Cover
{Bottom)

Fig. 1-1. Line selector assembly on rear panel (shown with cover
removed).

1-1



Operating Information—R7903 Service

R7903 FUNCTIONS OF CONTROLS AND CONNECTORS

1. VERT MODE —Selects vertical mode of operations.

LEFT: Signals from the left plug-in compartment are
displayed.

ALT: Signals from both vertical plug-in compartments are
displayed (dual trace). Display is switched from one vertical
to the other after each sweep.

ADD: Signals from both vertical plug-in compartments are
algebraically added, and the sum is displayed.

CHOP: Signals from both vertical compartments are
displayed (dual trace). Display switches from the left
vertical compartment signal to the right vertical

compartment signal at a one megahertz rate.

RIGHT: Signals from the right plug-in compartment are
displayed.

2. TRIG SOURCE-Selects the source of the internal trigger signals

for the horizontal compartment.

LEFT: Trigger signals are from the left vertical plug-in
compartment only.

VERT MODE: Trigger signals are from the vertical plug-in
compartment being displayed except in the CHOP mode;
then the trigger is automatically switched to the left plug-in
compartment.

RIGHT: Trigger signals are from the right vertical plug-in
compartment only.

3. INTENSITY —Controls the brightness of the display.

4. READOUT—Turns on the Readout display, and controls the
brightness of the Readout display.

5. FOCUS—Provides adjustment for optimum display definition.

1-2

10.

11.

12.

13.

14.

Fig. 1-2

L
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. BEAM FINDER—~When pressed

. GRATICULE ILLUM-Controls graticule illumination.

in the display is limited to
within the graticule area. Display is returned to normal when
Beam Finder button is out (pressed and released ).

. Camera Power—Three pin connector on the CRT bezel, (top)

+15 volt power source, {middle) receives remote signal sweep
reset signal from compatible camera system, and (bottom)
ground pin.

. POWER—Switch and indicator; switch turns on instrument, and

the indicator is on when the instrument is connected to a power
source and turned on.

CONTROL-ILLUM—Controls illumination level of the
push-button switches of the associated plug-in units. (Top
button on-off, button high or low.)

ASTIG —Screwdriver adjustment used in conjunction with the
FOCUS control to obtain a well-defined display.

CALIBRATOR—Positive-going square-wave. Output selected by
pushbuttons.

Top button In In Out Out
Bottom button Out In Out In
Output 4 mV 40mV 04V 40V

PROBE POWER-Two power source plugs for active probe
system.

TRACE ROT-—Adjusts alignment of the trace with the hori-
zontal graticule line.

REV. B, JAN. 1975



Operating Information—R7903 Service

OPTION 10 R7903 FUNCTIONS OF CONTROLS AND CONNECTORS

1. VERT MODE —Selects vertical mode of operation.

LEFT: Signals from the left plug-in compartment are
displayed.

ALT: Signals from both vertical plug-in compartments are
displayed (dual trace). Display is switched from one vertical
to the other after each sweep.

ADD: Signals from both vertical plug-in compartments are
algebraically added; and the sum is displayed.

CHOP: Signals from both vertical compartments are
displayed (dual trace). Display switches from the left
vertical compartment signal to the right vertical
compartment signal .at a one megahertz rate.

RIGHT: Signals from the right plug-in compartment are
displayed.

2. TRIG SOURCE—Selects the source of the internal trigger

signals for the horizontal compartment.

LEFT: Trigger signals are from the left vertical plug-in
compartment only.

VERT MODE: Trigger signals are from the vertical plug-in
compartment being displayed except in the CHOP mode;
then the trigger is automatically switched to the left plug-in
compartment.

RIGHT: Trigger signals are from the right vertical plug-in
compartment only.

. INTENSITY —Controls the brightness of the display.

. READOUT—Turns on readout character generator and controls
the intensity of the readout display. In the clockwise detent the
readout system is in the pulsed mode.

Pulsed Modes

MANUAL—When pressed, one readout frame will be dis-

a.
played on the CRT screen.

b. EXT/AUTO
AUTO-Displays one frame of characters at the end of each
sweep.

REV. B, JAN. 1975

Fig. 1-3
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10.

11.

12.

remote input to the GRAT/READOUT BNC

EXT-A
connector on the rear panel will display one frame of
characters.

PRESET—(Screwdriver adjustment) controls the readout
intensity in the pulsed mode.

. FOCUS—Provides adjustment for optimum display definition.

. GRAT ILLUM~Controls graticule illumination. In the clock-

wise detent the graticule is in the pulsed mode.

a. MANUAL—When pressed the graticule will be illuminated
for a predetermined period of time.

b. EXT/AUTO
AUTO—Graticule will be illuminated for a predetermined
period of time at the end of each sweep.
EXT—A remote input to GRAT/READOUT BNC con-
nector on the rear panel will illuminate the graticule for a
predetermined period of time.

c. PRESET—(Screwdriver adjustment) controls the illumina-

tion of the graticule in the pulsed mode.

BEAM FINDER—When pressed the display is limited to within
the graticule area. Display is returned to normal when BEAM
FINDER button is out (pressed and released).

. Camera Power—Three pin connector on the CRT bezel (top)

+15 volt power source, {middle) receives remote single sweep
reset signal from compatible camera system, and (bottom)
ground pin.

. POWER-—Switch and indicator; switch turns on instrument, and

the indicator is on when the instrument is connected to a power
source and turned on.

CONTROL-ILLUM—Controls illumination level of the
push-button switches of the associated plug-in units. (Top
button on-off, button high or low.)

ASTIG—Screwdriver adjustment used in conjunction with the
FOCUS control to obtain a well-defined display.

TRACE ROT—Adjusts alignment of the trace with the hori-
zontal graticule line.
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REAR PANEL R7903 CONTROLS AND CONNECTORS

. READOUT ss

Remote input provides one readout frame.

. SS RESET

Remote input to reset single sweep function of the time-base
unit.

. SS READY

Provides an external single sweep ready indicator signal after
single sweep function has been reset.

. +GATE

Positive-going gate signal coincident with the respective sweep.
Switching allows selection of one of 2 possible gate signals
{Main Gate, Aux Gate) from the time-base piug-in unit.

. READOUT INHIBIT
Inhibits readout display.
. SIGOUT

Provides output signal from the vertical plug-ins. Source of the
output signal at the SIG OUT connector is selected by the

l &y

TRIG SOURCE switch. {Left vert is output when vert mode is
in chop and the TRIG SOURCE switch is in VERT MODE )

. +SAWTOOTH

Positive-going sample of the sawtooth signal from the time-base
unit in the horizontal compartment.

. Z-AXIS INPUT

Input connector for intensity modulation of the CRT display.

. GRAT/READOUT SS (OPTION 10)

Remote input provides one readout frame and turns on
graticule lights for predetermined time. (If appropriate Auto/
Extin Ext.)

10. Line Selector on all instruments (not labeled)

Line Selector on all instruments (not labeled)

Switching assembly to select the nominal operating voltage
(115 or 230 volts). The assembly also includes the line and

inverter fuses.
®

%ﬂt ‘

Ke)

’

OPTION 10 REAR PANEL CONTROLS AND CONNECTORS

Fig. 1-4
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DISPLAY MODES

Left or Right

A display of a single plot produced by one vertical
signal. Selected by VERT MODE switch for (LEFT or
RIGHT) and one sweep.

Alternate Mode

A time-sharing method of displaying two or more
signals. The vertical signals are alternately displayed, switch-
ing occurs at the end of each sweep. Selected by VERT
MODE switch (ALT).

Chopped Mode

A timesharing method of displaying two or more
signals. The vertical signals are displayed sequentially,
switching from one vertical signal to the other occurs at a
rate determined by an internal clock generator.

Add Mode

The vertical signals from both vertical plug-in units are
algebraically added.

Operating Information—R7903 Service

Intensified Sweep

The delaying sweep (main) is intensified for a period of
time determined by the delayed sweep setting. The inten-
sified portion may be set to any point on the delaying
sweep by the Delay Time Multiplier.

Delayed Sweep

The intensified segment of the delaying sweep is
displayed over the full 10 divisions of the graticule {Dual
Time base only).

Mixed Sweep

This is a combination of a slow and a fast sweep
combined. The main sweep is displayed at a slower sweep;
at a selectable point on the main sweep, a faster sweep rate
is displayed.

Alternate Sweep

The sweep will alternate between main sweep and
delayed sweep. The repetition rate is determined by the
duration of the delaying sweep.



Section 2—R7903 Service

CALIBRATION

Calibration Interval

To ensure instrument accuracy, check the calibration of
the R7903 every 1000 hours of operation, or every six
months if used infrequently. Before complete calibration,
thoroughly clean and inspect this instrument as outlined in
the Maintenance Section of the manual.

Tektronix Field Services

Tektronix, Inc. provides complete instrument repair and
recalibration at local Field Service Centers and the Factory
Service Center. Contact your local Tektronix Field Office
or representative for further information.

Using This Procedure

The following features are provided to aid in Calibrating
the R7903:

Index. An index is given preceding the Calibration
procedure to aid in locating steps.

Performance Check. The performance of this instrument
can be checked by performing only the v/ CHECK steps.
The \/ preceding a step indicates that performing this step
checks the instrument against the tolerances listed as a
Performance Requirement (see Specification section in
Operators manual). Limits and tolerances given in other
check steps are calibration guides and should not be
interpreted as instrument specifications. Operator front-
panel adjustments are adjusted as part of the Performance
Check procedure.

Partial Calibration. A partial calibration is often desir-
able after replacing components, or, between major recal-
ibrations, to touch up the adjustment of a portion of the
instrument. To calibrate only part of the instrument, set
the controls as given under Preliminary Control Settings
and start with the nearest Equipment Required list pre-
ceding the desired portion. To prevent unnecessary recal-
ibration of other parts of the instrument, re-adjust only if
the tolerance given in the CHECK — part of the step is not
met. If re-adjustment is necessary, also check the calibra-
tion of any steps listed in the INTERACTION - part of
the step.

®

Complete Calibration Procedure. Completion of each
step in complete Calibration procedure ensures that this
instrument is correctly adjusted and performing within all
given tolerances.

NOTE

All waveforms shown in this section were taken with
an Oscilloscope Camera System, unless noted other-
wise.

TEST EQUIPMENT REQUIRED

The following test equipment and accessories, or its
equivalent, is required for complete calibration of the
R7903. Specifications given for the test equipment are the
minimum necessary for accurate calibration. Therefore, the
specifications of any test equipment used must meet or
exceed the listed specifications. All test equipment is
assumed to be correctly calibrated and operating within the
listed specifications. Detailed operating instructions for the
test equipment are not given in this procedure. Refer to the
instruction manual for the test equipment if more infor-
mation is needed. The calibration of the plug-in units
should first be checked according to the procedure given in
their respective service manuals before performing the
R7903 calibration.

Special Calibration Fixtures

Special Tektronix calibration fixtures are used in this
procedure only where they facilitate instrument calibration.
These special calibration fixtures are available from
Tektronix, Inc. Order by part number through your local
Tektronix Field Office or representative.

Calibration Equipment Alternatives

All of the listed test equipment, or its equivalent, is
required to completely check and adjust this instrument.
The Calibration procedure is based on the first item of
equipment given as an example of applicable equipment.
When other equipment is substituted, control settings or
calibration setup may need to be altered slightly to meet
the requirements of the substitute equipment. If the exact
item of test equipment given as an example in the Test
Equipment list is not available, first check the Specifica-

21



Calibration—R7903 Service

tions column carefully to see if any other equipment is
available that might suffice. Then check the Usage column
to see what this item of test equipment is used for. If used
for a check or adjustment that is of little or no importance
to your measurement requirements, the item and cor-
responding step(s) can be deleted.

The following procedure is written to completely check
and adjust the R7903 to the Performance Requirements
given in the Operators Manua! and to allow interchange-
ability of 7000-series plug-in units between 7000-series
mainframes without the need to completely recalibrate the

instruments each time. If the applications for which you
will use the R7903 do not require the full available
performance from the R7903 plug-in combination, this
procedure and the required equipment list can be shortened
accordingly. For example, the basic measurement cap-
abilities of this instrument can be verified by just checking
vertical deflection accuracy and basic horizontal timing
with 7000-series real-time plug-in units and the R7903
Calibrator signal. Also, if the R7903 plug-in combination is
to be used as a fixed system without the need to
interchange plug-in units, all tests can be made by sub-
stituting amplifier plug-in units and applicable test signals
for the 067-0587-01 Signal Standardizer Calibration Fix-
ture.

TEST EQUIPMENT

Examples of Applicable

Description Minimum Specifications Usage Test Equipment
1. Precision DC voltmeter Range, zero to 150 volts; | Calibrator output voltage | a. Tektronix DM 501 Digital Multi-
accuracy, within 0.2%. adjustment, L ow-voltage | meter' (either test oscilloscope or R7903
power supply adjustment and | under calibration must have Readout
check. System).
b. Fluke Model 825A Differential DC
Voltmeter.

2. DC voltmeter (VOM)
With Test Leads

Range, zero to 150 volts; accu-
racy, within 3%.

Auto-focus adjustment.

a. Valhalla Model 4500 H.V. Digital Multimeter

Tektronix part number 003-0120-00

Marker outputs, two nano-
seconds to 0.5 second; marker
accuracy, within 0.1% trigger

3. Time-mark generator

output, one millisecond. ment.
petition rate adjustment. CRT | ator.
edge-focus adjustment.

CRT geometry adjustment. | a. Tektronix TG 501 Time-Mark Gen-
Horizontal timing adjustment. | erator.’
Horizontal amplifier adjust-

Calibrator 1 kHz re- | b. Tektronix 2901 Time-Mark Gener-

4, Medium-frequency con- | Frequency, 500 kilohertz to
stant amplitude signal gen- | two megahertz; reference fre-
erator quency, 50 kilohertz; output
amplitude, variable from 50
millivolts to two volts peak to
peak into 50 ohms; amplitude
accuracy, constant within 3%
of reference frequency as out-
put frequency changes.

Horizontal bandwidth check. | a. Tektronix SG 503 Sine-Wave Gen-

erator.’

b. Tektronix Type 191 Constant Am-
plitude Signal Generator.

Frequency, 220 megahertz to
500 megahertz; reference fre-

5. High-frequency constant-
amplitude signal generator

lower; output amplitude, var-
iable from 0.5 to 4 volts;
amplitude accuracy, constant
within 1% of reference as out-
put frequency changes.

Vertical bandwidth check. | a. Tektronix SG 504 Leveled Sine-
Vertical channel isolation | Wave Generator.!
quency, 10 megahertz or | check.

b. Wavetek 1002 Sweep/Signal Gener-
ator.

c. General Radio 1362 UHF Oscillator
with 1263-C Amplitude-Regulating
Power Supply.

d. Wiltron Model 610B Swept Frequency
Generator with Model 61083, 10 to 1220
megahertz plug-in.

! Requires a TM 500-Series Power Module.
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TEST EQUIPMENT {cont)

Calibration—R7903 Service

Description

Minimum Specifications

Usage

Examples of Applicable
Test Equipment

6. Test-oscilloscope system | Bandwidth, DC to 75 mega- | Z-Axis DC Level adjustments. | a. Tektronix 7704A Oscilloscope with
{dual-trace) hertz; minimum deflection | Z-Axis transient response | two 7A15A Amplifier units, 7850 or
factor; 10 millivolts/division; | adjustment. Horizontai DC | 7B70 Time Base, and two P6053 Probes.
s oo limi . . ]
aceuracy, within 3%. :::Iterc::e:mg d'at:::::‘ntent b. Tektronix 454A Oscilloscope with
gger selector adju . two P6054 Probes.
7. Amplifier plug-in unit Tektronix 7A-series. 80 mega- | Used throughout procedure to | a. Tektronix 7A15A or 7A16A Ampli-

hertz bandwidth required for
complete procedure as
written.

provide vertical input to
R7903 under calibration.

fier. May be shared with 7000-series test
oscilloscope.

b. Any 7A-series plug-in unit {tolerances
in some steps may be limited if low-
frequency units are used}.

8. Wide-band amplifier plug-in

unit

Tektronix 7A-Series, 500
megahertz bandwidth required
for complete procedure as
written.

Vertical amplifier bandwidth
and isolation checks. Hori-
zontal timing adjustment.

a. Tektronix 7A19 Amplifier.

9. Time-base plug-in

unit

Tektronix 7B-series. 0.5 nano-
second sweep rate required for
complete procedure.

Used throughout procedure to
provide sweep. 0.5 nano-
second sweep required only
for high-frequency horizontal
timing (one unit only).

a. Tektronix 7B92A Time Base. May be
shared with 7000-series test oscifloscope.

b. Any 7B-series plug-in unit (high-
frequency timing cannot be adjusted if
0.5 nanosecond sweep is not available).

10. Signal standardizer cali-

bration fixture

Produces gaincheck and

pulse-response waveforms.

Used through procedure to
standardize instrument so
plug-in units can be inter-
changed without complete re-
calibration.

a. Tektronix 067-0587-01 Calibration

Fixture.

b. Calibrated 7000-series plug-in units
with suitable signal sources may be sub-
stituted if lower preformance is accept-
able.

11. Plug-in extender

Provides connection to inter-
nal trigger system outputs.

Trigger selector adjustments.

a. Tektronix 067-0589-00 Calibration
Fixture.

12. Pulse generator

Risetime, 70 picoseconds or
less; pulse width, at least 350
nanaseconds; aberrations, less
than 3%, 3% total peak-to-
peak within first 2 nano-
seconds after step; amplitude,
at least 200 millivolts into
50-ohm load.

Vertical high-frequency
compensation,

a. Tektronix Type 284 Pulse Generator.

b. Tektronix S-52 Pulse Generator Head
used with 7S12 TDR/Sampler or Type
285 Power Supply.

13. 2X Attenuator

Impedance, 50 ohms; atten-
uation, 2X; connectors,
GR874.

Vertical high-freqency
compensation.

a. Tektronix Part No. 017-0080-00.

14. 5X Attenuator

Impedance, 50 ohms; atten-

Vertical amplifier bandwidth

a. Tektronix Part No. 017-0079-00.

uation, 5X; connectors, | bandwidth check. Vertical

GR874. channel isolation check.
15. T Connector Connectors, BNC. External Z-Axis check. a. Tektronix Part No. 103-0030-00.
16. Termination (two re- | Impedance, 50 ohms; | Calibrator 1 kHz repetition | a. Tektronix Part No. 011-0049-01.
quired) accuracy, *2%; connectors, | rate adjustment. Trigger

BNC. selector adjustments. Also

used for SIG OUT +GATE
SAWTOOTH OUT CAL-
IBRATOR.

REV. B, APR. 1977

2-3



Calibration—R7903 Service

TEST EQUIPMENT ({cont)

Description

Minimum Specifications

Usage

Examples of Applicable
Test Equipment

17. Cable (two required)

Impedance, 50 ohms; type
RG-58/U; length 42-inches;
connectors, BNC.

Used throughout procedure
for signal interconnection.
Two required for trigger

selector adjustments.

a. Tektronix Part No. 012-0057-01.

18. Cable Impedance, 50 ohms; type, | Used throughout procedure | a. Tektronix Part No. 012-0076-00.
RG-68/U; length 18-inches; | for signal interconnection.
connectors, BNC.

19. GR in-line termination Impedance, 50 ohms; | External Z-Axis check. Hori- | a. Tektronix Part No. 017-0083-00.
accuracy, *2%; connectors, | zontal bandwidth check.

GR874 input with BNC male
output.

20, Cable Impedance, 50 ohms; type, | External Z-Axis check. Hori- | a. Tektronix Part No. 017-0502-00.
RG-213/U; electrical length, | zontal bandwidth check. Vert-
five nanoseconds; connectors, | ical high-frequency compen-
GR874. sation.
21. Adapter Connectors, GR874 and BNC | Vertical bandwidth check. | a. Tektronix Part No. 017-0064-00.
male. Verticat amplifier isolation
check.

22, BNC post jack

Adapts BNC connector to clip
post.

Calibrator output voltage ad-
justment Calibrator 4.0 V rise-
time check.

a. Tektronix Part No. 012-0092-00 (one
supplied as standard accessory).

23. BNC to alligator clip ad-
apter

Connectors, BNC female and
two alligator clips.

Readout System adjustment.

a. Tektronix Part No. 013-0076-00.

24. 10X passive probe

Compatible with 7A-series
used in test oscilloscope. Com-
bined risetime of vertical unit
and probe must be less than
two microseconds.

Calibrator 4.0V risetime

check.

a. Tektronix P6053 Probe.

25. Screwdriver

Three-inch shaft, 3/32-inch

bit.

Used throughout to adjust
variable resistors.

a. Xcelite R-3323.

26. Low-capacitance screw-

driver

1-1/2-inch shaft.

Used throughout procedure to
adjust variable capacitors.

a. Tektronix Part No. 003-0000-00.

27. Nylon tuning tool

Fits 5/64-inch (ID) hex cores.

Vertical high-frequency com-
pensation.

a. Handle and insert, Tektronix Part No.
003-0307-00 and 003-0310-00.

28. Time-base unit

TEKTRONIX dual time-base
with Aux Z-axis output.

Used to check Aux Z-axis
circuitry.

TEKTRONIX 7B53A or 7B92A Time-
Base.

24

REV APR 1984



INDEX TO CALIBRATION PROCEDURE

Power Supply Calibration
1. Check/Adjust Inverter Control (R1293)

2. Adjust —50 Volt Power Supply (R1513)

3. Check Remaining Power Supply Voltages

Z-Axis Calibration

4. Adjust Z-Axis DC Levels (R1817, R1674,
R1810)

5. Adjust Z-Axis Transient Response
(C1871, R1842, (C1842, R1844, C1846,
C1824)

v/ 6. Adjust Astigmatism (ASTIG)

7. Adjust CRT Edge Focus (R1711, R1733)

V8. Adjust  Trace
ROTATION, R1725)

Alignment (TRACE

v/ 9. Adjust Geometry (R1727)

10. Adjust Auto-Fucus Operation (R1757,
R1751)

v/ 11. Check External Z-Axis Operation

Vertical System Calibration
12A. Adjust Vertical Centering (For Instru-
ments With Readout Only) (R712, R707)

12B. Adjust Vertical Centering (For Instru-
ments Without Readout) (R712)

V13A. Check/Adjust  Vertical Amplifier
Gain (R730, R4619 SN B160000 - Up)

V/13B. Check/Adjust Vertical
Gain (R730 SN B159999 - Below)

Amplifier

\/14. Check Low-Frequency Linearity
\/15. Check/Adjust Vertical High-Frequen-
cy Compensation (R743, R758, C658, R658,
L667, R764)

\/16. Check Vertical Amplifier Bandwidth
\/17. Check Vertical Channel Isolation

\/1 8. Check Vertical Display Modes
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Trigger System Calibration

19. Adjust Trigger Selector DC Centering
(R5570, R5575 SN B140585 Above)
(R5575 SN B130525 - B140584) (R586 SN
B130524 - Below)

\/20. Check Trigger Selector Operation
Horizontal System Calibration

21A. Adjust Limit Centering (R4925 SN
B150000 - Above)

21B. Adjust Amplifier Centering (R4868 SN
B150000 - Above)

21C. Adjust Amplifier Centering (R868 SN
B149999 - Below)

V22A. Adjust Gain and Check Low-Fre-
quency Linearity (R4873 SN B150000 -
Above)

\/22B. Adjust Gain and Check Low-Fre-
quency Linearity (R872 SN B149999 -
Below)

23. Adjust High-Frequency Timing (C4909,
C4913, C4874 SN B150000 - Above)

\/24. Check High-Frequency Timing

25. Adjust High-Frequency Compensation
(R906, R870, €905, (928, €948 SN
B149999 - Below)

v/26. Check Horizontal Bandwidth
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Calibrator Signal and Output Signals Calibration

vV 27. Check/Adjust
Voltage (R1101)

Calibrator OQOutput

v/ 28. Check/Adjust Calibrator 1 kHz
Repetition Rate (R1129)

\/29. Check Calibrator Risetime, Falltime,
and Duty Cycle

v/ 30. Check Sawtooth Output Signals
v/ 31. Check Gate Output Signals

32. Adjust
(R1013)

Vertical Signal Centering

v/ 33. Check Vertical Signals Output

Readout System Calibration

34. Adjust Readout System Operation
(R2273, R2291, R2128, R2214, R2183)

v/ 35. Check Pulse Grat and Readout
(Option 10 only)
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Calibration—R7903 Service

CALIBRATION PROCEDURE

R7903, Serial No.

Calibration Date

Elapsed-Time Reading

Calibrated by

Introduction

The completion of the following procedure returns the
R7903 to correct calibration. All limits and tolerances given
in this procedure are calibration guides, and should not be
interpreted as instrument specifications except as listed as a
Performance Requirement in the Operator’s Manual.

NOTE

This instrument should be calibrated at an ambient
temperature of 25°C +5°C for best overall accuracy.

1. Remove the covers from the R7903.

2. Connect the R7903 to a power source that meets the
voltage and frequency requirements of this instrument. The
applied voltage should be near the center of the voltage
range selected by the Line Selector assembly (see Operators
manual for information on converting this instrument from
one operating voltage to another).

NOTE

If correct line voltage is not available, use a variable
autotransformer to provide the correct input voltage.

2-6

3. Set the controls as given under the Preliminary
Control Settings. Allow at least 20 minutes warmup before
proceeding.

NOTE

Titles for external controls of this instrument are
capitalized in this procedure fe.g., INTENSITY).
Internal adjustments are initial capitalized only (e.g.,
Vertical Amplifier Gain).

Preliminary Control Settings
Set the R7903 as follows:

Display Controls

INTENSITY Midrange (As desired)
FOCUS Adjusted for well-
defined display
BEAM FINDER Out
READOUT Off (Counterclockwise)
CONTROL fLLUM As desired
GRAT iLLUM As desired
POWER On
Mode Selectors
VERT MODE LEFT
TRIG SOURCE VERT MODE
CALIBRATOR 4 V (0.4 into 50 ohms)
OPTION 10
READOUT (CW detent)  Midrange (As desired)
GRAT ILLUM Midrange (As desired)
(CW detent)

NOTE

There is no Calibrator Signal provided for Option 10
instruments. An external Calibrator signal is required.
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POWER SUPPLY CALIBRATION

Equipment Required

1. Precision DC Voltmeter

2. Three-inch screwdriver

Control Settings

Set the controls as given in the Preliminary Control
Settings. Leave all plug-in compartments vacant.

1. Check/Adjust Inverter Control

a. Connect the precision DC voltmeter between TP1625
(Cap-Rectifier board; see Fig. 2-1) and chassis ground.

b. CHECK—Meter reading; +55 volts £25 volts. If the
meter reading is in the given tolerance, proceed to step 2.

c. ADJUST—Inverter control R1293 (Cap-Rectifier
board; see Fig. 2-1) for a meter reading of +55 volts +25
volts. Any change in this adjustment may affect operation
of all circuits within the instrument.

2. Adjust —50 Volt Power Supply

a. Connect the precision DC voltmeter between TP
—~50V and TP GND SENS on the Z-Axis circuit board (see
Fig. 2-2).

b. CHECK—Meter reading; —50 volts +0.2 volt.

c. ADJUST—-50 volts adjustment R1513 for a meter
reading of —50 volts within 0.2 volt.

d. INTERACTION—Check steps 1 and 2. Any change in
R1513 (—50 volts adjustment) may change the voltage at
TP1625 (Inverter control test point). A change in this
adjustment may also affect operation of all circuits within
the R7903.

1464-06

Fig. 2-1. (A} Location of Test Point 1625, (B) Location of R1293 Inverter control adjustments.

REV. B, APR. 1977



Calibration—R7903 Service

3. Check Remaining Power Supply Voltages

Check—Table 2-1 lists the low voltage supplies and their
tolerances. Check each supply with the precision DC volt-
meter for voltage output within the given tolerance. Connect
meter ground lead to GND (Pin 1) P1896. The low-voltage
supplies may also be checked at locations as shown in
Fig. 2-2.

4. Check Protection Circuit (For Instruments SN
B180000-up)

a. Connect the precision DC voltmeter between the
emitter of Q785 (vertical amplifier) and chassis ground.

b. CHECK—Meter reading for approximately +49 volts.

c. With the voltmeter probe lead still attached to the
emitter of Q785, momentarily short across TP 786 (vertical
amplifier) while reading the voltage. The meter reading
should be approximately +31 volts. (If meter reading is cor-
rect, the protection circuit will operate properly.)

d. Disconnect the precision DC voltmeter.

5. Aux. Z-Axis Check

a. Install a dual time-base unit into the horizontal
compartment.

b. Set the time-base as follows:

Time/Div 1ms

Dly’d Time/Div Ams

Delay Time Mult 5.0

Dly’d Trig Level Runs After Delay Time

c. CHECK—for approximately 1 division of intensified
trace in the middle of the screen.

2-8

Fig. 2-2. Location of the Low Voltage Test Points

TABLE 2-1
SUPPLIES AND TOLERANCE

P1896

Test Point Supply Tolerance
Pin 7 —50 Volts +0.20 Volt
Pin 6 —15 Volts +0.15 Volt
Pin § +5 Volts +0.10 Voit
Pin 4 +15 Volts +0.15 Volt
Pin 3 +50 Volts +0.50 Volt
Pin 2 +130 Volts +5.2 Volts

Control Hlum
(+5 lights) +0.2 to —0.5 Volts

NOTE

+15 V and —15 V supplies must be measured at
either P1896 or the pin side of their indicated de-
coupling resistors. Otherwise, if measured at the test
points located at the center of the board, these
supplies will measure low.

REV APR 1984
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Z-AXIS AND DISPLAY CALIBRATION

Equipment Required

1. Signal standardizer calibration fixture

2. 7B92 time-base plug-in unit

3. DC voltmeter (VOM)

4. Test oscilloscope system with 10X probe
5. 7A19 vertical amplifier plug-in unit

6. Time mark generator

7. Medium-frequency constant-amplitude signal generator

. 13. Three-inch screwdriver

8. 18-inch 50-ohm BNC cable
9. 42-inch 50-ohm BNC cable
10. Five nanosecond GR cable
11. BNC T-connector

12. GR to BNC male adapter

14, | ow-capacitance screwdriver

Control Settings

Set the controls as given in the Preliminary Control
Settings. See Fig. 2-3 for adjustment and Test Point
locations.

4. Adjust Z-Axis DC Levels

a. Install the vertical amplifier plug-in unit in the
vertical compartment and install the time-base plug-in unit
in the horizontal compartment,

b. Set the time-base plug-in unit for a free running
sweep at 50 ps/div.

c. Set the INTENSITY control fully counterclockwise.
Turn READOUT control off.

d. Connect the 10X probe to the input of the test
oscifloscope. Check the probe compensation. Set the test
oscilloscope for a vertical deflection factor of 0.2 volt/
division (two volts/division at probe tip) and a sweep rate
of one millisecond/division.

e. Establish a ground reference for the test oscilloscope
by either grounding the probe tip or setting the vertical
amplifier plug-in unit input coupling switch to ground.
Then, position the test oscilloscope trace to the bottom
horizontal graticule line. Do not change the test-
oscilloscope position control after setting this ground
reference.

f. Connect the probe tip to TP1876; connect the probe
ground to chassis ground with a short grounding strap.

REV C JAN 1981

g. CHECK—Test oscilloscope display for a DC level of
+9 volts 1.0 volt (4.5 divisions within 0.5 division) above
ground reference level.

h. ADJUST—Z REF adjustment R1817 for a DC level of
exactly +9 volts (4.5 divisions) above ground reference
level.

i. Set the vertical amplifier-unit position control fully
clockwise. This positions the trace off screen and the beam
limit circuit is bypassed.

i. Set the test oscilloscope for a deflection factor of 1
volt/division (ten volts/division at the probe tip).

k. Set the INTENSITY control fully clockwise.

I. CHECK—Test oscilloscope display for a pulse
waveform having a peak amplitude of 74 volts £3 volts (7.4
divisions £0.3 division) above ground reference level.

m. ADJUST—Z GAIN adjustment R1810 for a puise
waveform with a peak amplitude of 74 volts +3 volts (7.4
divisions +0.3 division) above ground reference level.

n. Set the INTENSITY control fully counterclockwise,
and repeat part g of this step. Repeat parts g through n as
necessary to obtain proper voltage levels.

29
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All'a s 3
co R17
‘ . Y-Axis §
Align § o
o 1751 B
| Focus PR
Amp ¥
Gain

TP1778
Auto Focush

Fig. 2-3. Location of Z-axis adjustments and Z-axis Test Points.

o. Remove the vertical amplifier plug-in unit and the
time-base plug-in unit. Place the time-base plug-in unit in
the left vertical compartment and place the vertical
amplifier plug-in unit in the horizontal compartment.

p. Set the INTENSITY control for midrange. Use the
position control of the vertical amplifier plug-in to move the
dot onto the crtscreen. Then set the INTENSITY control fully
counterclockwise.

g. Set the test oscilloscope for a vertical deflection
factor of 0.2 volt/division (two volts/division at probe tip).

r. Set the INTENSITY control for a DC level of +14 volts
+0.5 volt (7.0 divisions +0.25 division above ground
reference level).

s. CHECK—That the dot on the crt screen is just visible.

t. ADJUST—CRT Grid Bias adjustment R1674 so that
the dot on the crt screen is just visible.

5. Adjust Z-Axis Compensation

a. Set the test oscilloscope for a sweep rate of
0.1 us/divandtrigger on the negative slope. Set the vertical
deflection factor for one volt/division. Connect the probe to
TP1827 and connect the probe ground to the closest circuit
board ground with a short grounding strap.

2-10

b. Set the INTENSITY control for approximately 75% of
the intensity range. Set the time-base plug-in unit for a
sweep rate of 2 ns.

c. CHECK/ADJUST—C1824 for best front corner level
of the negative pulse.

d. Connect the probe to TP1883.

e. Set the test oscilloscope vertical deflection factor for
20 millivolts/division (200 millivolts/division at probe tip).
Set the time-base plug-in unit for positive slope triggering.

f. Adjust the INTENSITY control for approximately 40%
of the intensity range.

g. CHECK—Test oscilloscope display for optimum
square corner and flat top on the display pulse.

h. ADJUST—C1871 for flat top; change the adjustment
setting to determine if adjustment is needed or return to
original setting. If adjustment is not needed, adjust C1842
and R1842 for optimum square corner on displayed pulse
(use low capacitance screwdriver to adjust variable
capacitors).

i. Set the test oscilloscope for a vertical deflection factor
of 0.1 volt/division (one volt/division at probe tip).

j. ADJUST—The INTENSITY control fully clockwise.

Rev B, Nov 1974



k. CHECK/ADJUST—Check the test oscilloscope dis-
play for optimum square corner. Adjust R1844 and C1846
for optimum square corner.

I. Disconnect all test equipment.

6. Adjust Auto Focus

a. Set INTENSITY control counterclockwise.

b. Connect the DC voltmeter between TP1778 and
chassis ground.

¢c. CHECK—Meter reading; +123 volts +2 volts.

d. ADJUST—F Ref. adjustment R1757 for +123 volts
+2 volts.

e. Disconnect voltmeter.

f. Set INTENSITY and FOCUS controls to midrange.

g. Set the time-base plug-in unit for a sweep rate of 10
nanoseconds/division.

h. Connect the time-mark output of the time-mark
generator to the vertical amplifier plug-in unit input
connector through a 50-ohm termination. (If the input
impedance is 50 ohms, no termination is required). Set the
marker output for 10 nanoseconds.

i. Set thevertical amplifier plug-in unit for a deflection
factor of 0.1 volt/division, and position the trace to the
center of the screen.

j. ADJUST—ASTIG and Focus Preset adjustment
R1711 for the thinnest displayed markers in the first and
tenth horizontal divisions of the graticule area, and Shield
Volts adjustment R1733 for uniform width of the individual
markers. Repeat the adjustments until no interaction is
noted.

k. Set INTENSITY control fully clockwise. Use the
position control of the vertical amplifier plug-in unit to
position the top of the waveform just above the graticule
horizontal center tine.

Rev B, Nov 1974
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I. ADJUST—Focus Amp. Gain R1751 so that the peaks
of the waveform appear to have uniform rounded dots at the
peaks.

m. Disconnect all testequipment and remove all plug-in
units.

7. Adjust Y-Axis Alignhment

a. Install the vertical amplifier plug-unit in the horizon-
tal compartment and install the time-base plug-in unit in
the left vertical compartment.

b. Set the time-base plug-in unit for a sweep rate of 0.1
millisecond/division.

c. Setthe INTENSITY control for a low-intensity display.

d. Use the position control of the vertical amplifier plug-
in unit to position the trace to the center vertical graticule
line.

e. CHECK—Thatthe trace aligns with the center vertical
graticule line within 0.1 division.

f. ADJUST—Y-Axis Align adjustment R1730 so thatthe
trace is aligned with the center vertical graticule line.

g. Remove all plug-in units.

8. Adjust Trace Rotation

a. Install the vertical amplifier plug-in unit in the left
vertical compartment and install the time-base plug-in unit
in the horizontal compartment.

b. Use the position control of the vertical amplifier plug-
in to position the trace to the horizontal center line.

c¢. CHECK—That the horizontal trace aligns with the
center horizontal graticule line within 0.1 division.

d. ADJUST—Trace Rotation adjustment (front panel),
so the trace aligns with the graticule line.

9. Adjust Geometry

a. Connect the marker output of the time-mark
generator to the vertical amplifier plug-in unit input

2-1
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connector through a 50-ohm termination. (If the input
impedance is 50-ohms, no termination is required).

b. Set the time-mark generator for 0.1 millisecond
markers.

c. Set the time-base for a triggered display at 0.1
millisecond/division sweep rate. Use the variable
time/division control to obtain one marker for each major
graticule division.

d. Set the time-mark generator for both 0.1 millisecond
and one microsecond markers.

e. Set the vertical deflection factor and the position
control of the vertical amplifier plug-in unit so that the
markers extend above and below the top and bottom
graticule lines.

f. CHECK—Vertical bowing andtilt of the marker display
is less than 0.1 division (each one microsecond marker
represents 0.1 division).

g. ADJUST—Geom. adjustment R1727 for minimum
bowing of the time markers. Adjustment might have to be
compromised to obtain less than 0.1 division bowing and
tilt within the entire graticule area.

h. Disconnect all test equipment.

10. Adjust Auto Focus Operation

a. Set INTENSITY and READOUT controls counter-
clockwise.

b. Connect the DC voltmeter {(VOM) between TP1778
and chassis ground (see Fig. 2-3).

c. CHECK—Meter reading; +123 volts 2 volts.

d. Set INTENISTY, READOUT, and FOCUS controls
to midrange.

2-12

e. ADJUST—ASTIG and Focus Preset for a well defined
readout display (the square-wave calibrator signal can be
used instead of the readout display).

f. Set the time-base plug-in unit sweep rate contro} for
0.02 us with X10 mag, or 2 ns/division.

d. Set INTENSITY control fully clockwise.
h. ADJUST —Focus Preset Gain for thinnest trace.
i. Reduce the INTENSITY control setting to midrange.

i. ADJUST—ASTIG Adjustment for a well-defined dis-
play.

v/ 11. Check External Z-Axis Operation

a. Connect the medium-frequncy constant-amplitude
signal generator to the vertical amplifier plug-in unit
through the five-nanosecond GR cable, GR to BNC male
adapter and BNC-T-connector.

b. Set the vertical amplifier plug-in unit for a deflection
factor of one volt.

c. Set the time-base plug-in unit for a sweep rate of
10 microseconds/division.

d. Set the medium-frequency generator for a two-
division display at 50 kilohertz.

e. Remove the cover from the Z-Axis input connector
on the rear panel. Connect the output of the BNC
T-connector to the Z-Axis input connector with the 42-inch
50-ohm BNC cable.

f. CHECK—Top portion of displayed waveform is
blanked out.

g. Disconnect all test equipment and replace cover on
Z-Axis input connector.
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VERTICAL SYSTEM CALIBRATION

Equipment Required

1. Time-base plug-in unit

2. Calibration Fixture (Signal Standardizer)

3. High-frequency constant-amplitude signal generator
4. Vertical amplifier plug-in unit

5. GR to BNC adapter

6. Pulse generator

7. 2X GR attenuator

8. 5X GR attenuator

9. Five-nanosecond GR cable
10. Three-inch screwdriver

11. Low-capacitance screwdriver

12. Nylon tuning tool

Control Settings

Set the controls as given under the Preliminary Control
Settings.

Location of Adjustments

The vertical system adjustments are located on the
Vertical Amplifier board (on left side of instrument). See Fig.
2-4 for location of adjustments.

NOTE

If this instrument does not contain a Readout System
(Option 1), omit step 12A and proceed with step 128B.

12A. Adjust Vertical Centering (For Instruments
With Readout Only)

a. Remove Q2225 (see Fig. 2-10B) from its socket on the
Readout System board.

b. Install the time-base unit in the horizontal compart-
ment.

c. Set the time-base unit for auto, internal triggering at
a sweep rate of one millisecond/division.

d. Set the READOUT intensity control for a visible
display of readout characters at the top and bottom of the
display area.

L

- “~
e =

Fig. 2-4. Location of Vertical adjustments.
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e. Set the VERT MODE switch to ALT.

f. CHECK—Displayed readout characters should be
equally spaced above and below the center horizontal
graticule line and the traces should be within 0.5 division of
the center line.

g. ADJUST—Vertical Centering, R712, for equal spac-
ing of the alternating traces from the graticule center line.
(If the alternating traces appear as a single trace, adjust
R712 to position the trace to the center line.) Adjust
Readout Vertical Centering adjustment R707 for equal
spacing of the displayed readout characters from the
graticule center line. Repeat the adjustments until no
interaction is noted.

h. Set the READOQUT intensity control to OFF and
replace Q2225.

NOTE

If step 12A was performed, omitstep 12B and proceed
with step 13A.

12B. Adjust Vertical Centering (For Instruments
Without Readout)

a. Install the time-base unit in the horizontal compart-
ment.

b. Set the time-base unit for auto, internal triggering at
a sweep rate of one millisecond/division.

c. Set the VERT MODE switch to ALT.

d. CHECK—The alternating traces (may appear as a
single trace) should be within 0.5 division of the graticule
center line.

e. ADJUST—Vertical Centering, R712, for equal spac-
ing of the alternating traces from the graticule center line.
(if the alternating traces appear as a single trace, adjust
R712 to position the trace to the graticule center line.}

f. Set the VERT MODE switch to ADD.

g. CHECK—Trace should be within 0.5 division of the
graticule center line.
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V/ 13A. Check/Adjust Vertical Amplifier Gain (For
instruments SN B160000-up)

a. Install the Calibration Fixture in the right vertical
compartment.

b. Set the VERT MODE switch to RIGHT.

c. Set the Calibration Fixture Test switch to Vert or Horiz
Gain with the Rep Rate switch set to 100 kHz.

d. Position the display to align the bright center trace
with the center horizontal line of the graticule.

\/ e. CHECK—Deflection between the second and
eighth traces should be six divisions +0.06 division. Note
the exact deflection for part i of this step.

f. ADJUST—Vertical Gain, R730, for exactly six
divisions of deflection between the second and eighth
traces.

g. Remove the Calibration Fixture from the right
vertical compartment and install it in the left vertical
compartment.

h. Set the VERT MODE switch to LEFT.

v/ i. CHECK—Deflection between the second and
eighth traces should be the same as step 13A parte £1%
(six divisions +0.06 division if R730 was adjusted in step
13A part f).

j. ADJUST—Vertical Interface, R4619, for exactly six
divisions of deflection between the second and eighth
traces.

k. Remove the Calibration Fixture from the leftcompart-
ment and install it in the right vertical compartment.

|. Set the VERT MODE switch to RIGHT.
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\/ 13B.Check/Adjust Vertical Amplifier Gain (For
instruments SN B159999-below)

a. Install the Calibration Fixture in the vertical compart-
ment.

b. Set the VERT MODE switch to LEFT.

c. Setthe Calibration Fixture Test switch to Vert or Horiz
Gain with the Rep Rate switch set to 100 kHz.

d. Position the display to align the bright center trace
with the center horizontal line of the graticule.

\ e. CHECK—Deflection between the second and eight
traces should be six divisions +0.06 divisions. Note the
exact deflection for part i of this step.

f. ADJUST—Vertical Gain, R730, for exactly six
divisions of deflection between the second and eighth
traces.

g. Remove the Calibration Fixture from the left vertical
compartment and install it in the right vertical compart-
ment.

h. Set the VERT MODE switch to RIGHT.

\ i. CHECK—Deflection between the second and
eighth traces should be the same as step 13B parte +1%
(six divisions +0.06 division if R730 was adjusted in step
13B part f).

j. ADJUST—If necessary, compromise the setting of
R730 for optimum gain for both vertical compartments. If
re-adjustment is necessary, recheck parts e through i.

\/ 14. Check Low-Frequency Linearity

a. Set the Calibration Fixture Test switch to Vert or Horiz
+Step Resp with the Rep Rate switch set to 1 kHz.

b. Set the Calibration Fixture Amplitude control so the
display is exactly two divisions in amplitude in the center of
the graticule area.

V ¢. CHECK—Position the two-division display vertical-
ly and check for not more than 0.1 division of compression
or expansion anywhere within the graticule area.
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v/ 15. Check/Adjust Vertical High-Frequency
Compensation

a. Set the Calibration Fixture Test switch to Vertor Horiz
+Step Resp, Rep Rate switch to 100 Hz, and adjust the
Amplitude control for a six-division display.

b. Set the time-base unit for auto, internal triggering at
a sweep rate of one millisecond/division. Set the triggering
and position controls for a stable display, centered on the
graticule.

v/ ¢. CHECK—Check for optimum square corner and flat
top on displayed pulse with aberrations not to exceed £0.42
or —0.42 division.

d. ADJUST—R764 for flat top within limits given in part

e. Set the Calibration Fixture Rep Rate switch to 1 MHz
and the time-base unit for a sweep rate of 10 nano-
seconds/division.

V/ f. CHECK—For optimum square corner and flat topon
displayed pulse with aberrations not to exceed +0.42 or
—0.42 division with total peak-to-peak aberrations not to
exceed 0.42 division.

g. ADJUST—High-frequency compensation as given in
Table 2-2 for optimum square leading corner and flat top
with minimum aberrations within [imits given in part f.
Location of the adjustments is shown in Fig. 2-4. Use the
low-capacitance screwdriver to adjust variable capacitors.
Repeat the complete adjustment procedure as necessary to
obtain optimum adjustment.

TABLE 2-2
High-Frequency Compensation
Primary Area
Adjustment of Pulse Affected |Best Sweep Rate
R758 First 100 10 nanoseconds/
nanoseconds division
R743 First 25 5 nanoseconds/
nanoseconds division
CRT leads to termi- First 5 10 nanoseconds/
nation resistor nanoseconds division
C658, R658 Leading Edge |2 nanoseconds/
division
L667 First 3 2 nanoseconds/
nanoseconds division
R751, C751 First 3 2 nanoseconds/
(SN B180000 - nanoseconds division
above)
2-15
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h. Remove the Calibration Fixture from the right vertical
compartment and install the vertical amplifier unit in this
compartment.

NOTE

For optimum high-frequency performance, install the
vertical amplifier unit normally used with the R7903
being calibrated.

i. Set the vertical amplifier unit for a vertical deflection
factor of 20 millivolts/division with dc input coupling.

j. Connect the pulse generator output to the vertical
amplifier unit with the five-nanosecond GR cable, 2X GR
attenuator, and GR to bnc female adapter.

k. Set the time-base unit sweep rate to display several
cycles of the pulse and note the peak-to-peak pulse
amplitude. Vertically center the display.

I. Set the time-base unit for a sweep rate of
10 nanoseconds/division. Set the trigger controls for a
stable display, triggered on the positive slope.

v/ m. CHECK—For optimum square corner and flat top
ondisplayed pulse. Aberrations should not exceed 7% of the
pulse amplitude noted in part k. (For example: If the pulse
amplitude noted in part k is six divisions, the aberrations
should not exceed +0.42 or —0.42 division with total peak-
to-peak aberrations 0.42 division or less.)

n. ADJUST—High-frequency compensation ad-
justments given in Table 2-2 that affect the first five
nanoseconds of the pulse.

o. Remove the vertical amplifier unit from the right
vertical compartment and install it in the left vertical
compartment {leave signal connected).

p. Set the VERT MODE switch to LEFT.

N q. CHECK—For optimum square corner and flat top
ondisplayed pulse. Aberrations should not exceed 7% of the
pulse amplitude noted in part k. (For example: If the pulse
amplitude noted in part k is six divisions, the aberrations
should not exceed +0.42 or —0.42 division with total peak-
to-peak aberrations 0.42 division or less.)
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NOTE

(For instruments SN B120000-up)

L4661 and L4681 (located at bottom of vertical
interface) may be shortened or lengthened to match
the initial transient response overshoot to the Left
Vert compartment. Larger loops cause more
overshoot. Both loops on both sides of the vertical
interface may be changed as needed to gain more or
less overshoot.

r. ADJUST—If necessary, compromise the high-
frequency compensation adjustments for optimum pulse
response for both vertical compartments. If re-adjustment
is necessary, recheck parts h through n.

s. Disconnect all test equipment.
t. INTERACTION—Check step 16.

\/ 16. Check Vertical Amplifier Bandwidth

a. Connect the high-frequency constant-amplitude
signal generator to the vertical amplifier unit with the 56X
GR attenuator and GR to bnc male adapter.

b. Set the time-base unit for a free-running sweep ata
sweep rate of 0.2 microsecond/division.

c. Set the high-frequency generator for six divisions of
deflection, centered on the graticule, at its reference
frequency.

d. Without changing the output amplitude, increase the
output frequency of the high-frequency generator until the
display is reduced to 4.2 divisions (—3 dB point).

V e. CHECK—Output frequency must be
500 megahertz or higher {400 megahertz if checked out-
side the +20°C to +30°C temperature range). Note actual
frequency (left vertical).

f. Remove the vertical amplifier unit from the left
vertical compartment and install it in the right vertical
compartment (leave signal connected).

g. Set the VERT MODE switch to RIGHT.

h. Repeat parts ¢ through e, noting actual frequency
(right vertical).
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v/ 17. Check Vertical Channel Isolation

a. Set the vertical amplifier unit for a deflection factor of
0.1 volts/division.

b. Set the high-frequency generator for eight divisions
of deflection at 500 megahertz.

c. Set the VERT MODE switch to LEFT.

v/ d. CHECK—Crt display for not more than 0.1 division
of 600 megahertz signal (channel isolation at least 100:1).

e. Remove the vertical amplifier unit from the right
vertical compartment and install it in the left vertical
compartment (leave signal connected).

f. Set the high-frequency generator for eight divisions
of deflection at 500 megahertz.

g. Set the VERT MODE switch to RIGHT.

\/ h. CHECK—Crt display for not more than 0.2 division
of 500 megahertz signal.

i. Disconnect all test equipment.
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\/ 18. Check Vertical Display Modes

a. Position the trace to the upper half of the graticule
area with the vertical amplifier unit Position control.

b. Install the vertical amplifier unit in the right vertical
compartment.

c. Position the trace to the lower half of the graticule
area with the vertical amplifier unit Position control.

V/ d. CHECK—Crt display for two traces in the ALT and
CHOP positions of the VERT MODE switch.

e. Set the VERT MODE switch to ADD.

\/ f. CHECK—CRT display for a single trace that can be
positioned vertically with either vertical unit position
control.
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TRIGGER SYSTEM CALIBRATION

Equipment Required

1. Calibration Fixture (Signal Standardizer)
2. Time-base plug-in unit

3. Vertical amplifier plug-in unit

4. Plug-in extender calibration fixture

5. Precision dc voltmeter

6. Test-oscilloscope {dual trace)
7. Two 42-inch 50-ohm bnc cables
8. Two 50-ohm terminations

9. Seven-inch screwdriver

Control Settings

Set the controls as given under the Preliminary Control
Settings.

19. Adjust Trigger Selector DC Centering

a. Remove all plug-in units. Install the plug-in extender
fixture in the horizontal compartment.

b. Connect the trigger lines from the plug-in extender
(A20 and B20) to the test-oscilloscope. Use one 50-ohm bnc
cable and 50-ohm termination from each trigger line to the
test-oscilloscope vertical channels.

c. Set both test-oscilloscope vertical channels for a
deflection factor 50 millivolts/division ground input coupl-
ing. Set the test oscilloscope for differential operation
between the two channels (added display mode with one
channel inverted) at a sweep rate of 20 microseconds/divi-
sion. Set input coupling to dc.

d. CHECK—The test-oscilloscope display for a dc level
within 0.5 division (25 millivolts) of the ground reference
level in the LEFT, RIGHT, and ADD positions of the VERT
MODE switch.

NOTE

Refer to instrument serial number for appropriate
adjustment procedure for parts e, f, and g of this step.

1464 10

Fig. 2-5A. Location of Trigger Selector adjustments (SN
B130525-above).
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Fig. 2-5B. Location of Trigger Selector adjustments (SN
B130524-below).
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e. ADJUST—(SN B140585-above)
1. Set digital voltmeter to the two volt scale.

2. Connect the negative lead of the digital voltmeter
to chassis ground.

3. Connect the positive lead of the digital voltmeter
to the plus (+) output connector on the Trigger
board.

4. CHECK—For less than +0.05 volts.

5. ADJUST—Trig Common Mode, R5570, for ap-
proximately zero volts, £0.05 volts. See Fig. 2-5A.

6. ADJUST—Trigger DC Centering, R5575, for a
display DC level within 0.5 division (25 millivolts) of
ground reference level in the LEFT, RIGHT, and
ADD positions of the VERT MODE switch. See Fig.
2-5A for adjustment location.

f. ADJUST—(SN B130525-SN B140584) Trigger DC
Centering, R5575, for a display dc level within 0.5 division
(25 millivolts) of ground reference level in the LEFT, RIGHT,
and ADD positions of the VERT MODE switch. See Fig. 2-5A
for adjustment location.

g. ADJUST—{SN B130524-below) Trigger DC Center-
ing, R686, for a display dc level within 0.5 division (25
millivolts) of ground reference level in the LEFT, RIGHT, and
ADD positions of the VERT MODE switch. See Fig. 2-5B for
adjustment location.

h. Install the Calibration Fixture in the left vertical
compartment. Set the Calibration Fixture to triggering
gain.

i. Set the VERT MODE switch to LEFT.

j. CHECK—Test-oscilloscope display for nine traces
with the deflection between the second and eighth traces of
six divisions $0.2 division (300 millivolts within 45
millivolts). Install the Calibration Fixture in the right vertical
compartment. Set the VERT MODE switch to RIGHT.

k. CHECK—Trigger gain of the right vertical compart-
ment.
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\/ 20. Check Trigger Selector Operation

a. Install the time-base plug-in unit in the horizontal
compartment and the vertical amplifier plug-in unit in the
left vertical compartment.

b. Set the left vertical amplifier plug-in for a deflection
factor of 0.2 volt/division.

c. Connectthe 0.4 calibrator signal to input connector of
the left vertical amplifier plug-in unit.

d. Setthe Calibration Fixture test switch to Vert or Horiz
+ Step Resp, and the Rep Rate switch to 1 kHz. Set the
amplitude control for a two-division display.

e. Set the VERT MODE switch to ALT position, the left
vertical display to bottom half of the graticule. Position the
right vertical display to the upper half of the graticule.

f. Set the time-base plug-in unit for a sweep rate of
0.2 millisecond/division.

\/ g. CHECK—That both displays are triggered (stable
display).

V h. CHECK—Press, in sequence, the VERT MODE
switch pushbuttons. Check that a stable display is obtained
in all switch positions. Except the CHOP MODE, then only
the left vertical display is triggered.

i. Press the LEFT TRIG SOURCE button.

V j. CHECK—Press, in sequence, the VERT MODE
switch pushbuttons. Check that only the right vertical
display is triggered.

k. Press the RIGHT TRIG SOURCE button.

V I. CHECK—Press, in sequence, the VERT MODE
switch pushbuttons. Check that only the right vertical
display is triggered.

m. Disconnect all test equipment and remove the plug-
in units.
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HORIZONTAL SYSTEM CALIBRATION

Equipment Required

1. Vertical amplifier plug-in unit

2. Time-base plug-in unit

3. Calibration Fixture (Signal Standardizer)

4. Time-mark generator

5. Test-oscilloscope system with two 10X probes

6. Medium-frequency signal generator

7. 42-inch 50-ohm bnc cable

8. Five-nanosecond GR cable

9. 50-ohm bnc termination

10. 50-ohm GR in-line termination
11. 12-inch jumper cable

12. Three-inch screwdriver

13. Low-capacitance screwdriver

Location of Adjustments

The horizontal system adjustments are located on the
main Horizontal Amplifier board (top of instrument). See
Fig. 2-6A and Fig. 2-6B for location of adjustments.

21A. Adjust Limit Centering (For Instruments SN
B150000-Above)

a. Install the time-base unit in the left vertical compart-
ment.

b. Install the Calibration Fixture in the horizontal com-
partment.

c. Set the time-base unit for auto, internal triggering at
a sweep rate of five microseconds/division.

S 2 ns s

BLimit Ctr
R4925

Fig. 2-6A. Location of Horizontal adjustments (SN B150000-
above).
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d. Set the Test Switch on the Calibration Fixture to
Triggering Gain.

e. Short TP4901 and TP4911 with a 12-inch jumper
cable. See Fig. 2-6A for location.

f. CHECK—Vertical trace is aligned with the vertical
center line of the graticule, within 0.5 division.

g. ADJUST—Limit Ctr, R4925, to position the trace to
the vertical center line.

h. Remove the 12-inch jumper cable.

Centering
R868

R

Fig. 2-6B. Location of Horizontal adjustments (SN B149999-
below).
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21B. Adjust Amplifier Centering (For Instruments
SN B150000-Above)

a. CHECK—Vertical trace is aligned with the vertical
center line of the graticule, within 0.5 division.

b. ADJUST—Ctr, R4868, to position the trace to the
vertical center line.

21C. Adjust Amplifier Centering (For Instruments
SN B149999-Below)

a. Install the time-base unit in the left vertical compart-
ment.

b. Install the Calibration Fixture in the horizontal com-
partment.

c. Set the Test switch on the Calibration Fixture to
Triggering Gain.

d. CHECK—Vertical trace aligns with the vertical center
line of the graticule, within 0.5 division.

e. ADJUST—Centering, R868, to position the trace to
the vertical center line.

22A. Adjust Gain and Check Low-Frequency
Linearity (For Instruments SN B150000-Above)

a. Setthe Calibration Fixture Test switch to Vert or Horiz
Gain with the Rep Rate switch setto 1 MHz. Align the bright
vertical trace with the center vertical graticule line using
the Calibration Fixture Position control.

b. CHECK—That the second and tenth vertical traces
align with the second and tenth graticule lines, within 0.5
division.

c. ADJUST—Gain, R4873, for eight divisions of deflec-
tion between the second and tenth traces.
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22B. Adjust Gain and Check Low-Frequency
Linearity (For Instruments SN B149999-Below)

a. Set the Calibration Fixture Test switch to Vertor Horiz
Gain with the Rep Rate switch setto 1 MHz. Align the bright
vertical trace with the center vertical graticule line using
the Calibration Fixture Position control.

b. CHECK—That the second and tenth vertical traces
align with the second and tenth graticule lines, within 0.08
division.

¢. ADJUST—Gain, R872, for eight divisions of deflec-
tion between the second and tenth traces.

d. CHECK—That the other vertical traces align with
their respective graticule lines, within 0.05 division.

e. Remove all plug-ins.

23. Adjust High-Frequency Timing (For

Instruments SN B150000-Above)

a. Install the time-base unit in the horizontal compart-
ment.

b. Install the vertical amplifier unit in the left vertical
compartment.

c. Set the time-base unit for auto, internal triggering at
a sweep rate of one millisecond/division.

d. Connect the time-mark generator to the input of the
vertical amplifier unit.

e. Set the time-mark generator for one-millisecond
markers. Set the vertical amplifier deflection factor so the
markers are at least two divisions in amplitude.

f. Position the first marker to the extreme left line on the
graticule.

g. Setthetime-base unit sweep-calibration adjustment
for one marker at each major graticule division between the
second and tenth graticule lines (center eight divisions).
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h. Set the time-mark generator for two nanosecond
markers and the time-base unit sweep rate to two
nanosecond/division. If necessary, change the deflection
factor of the vertical amplifier to maintain a vertical display
of at least two divisions.

i. CHECK—For one cycle/division and timing over the
center eight divisions, within 4% (0.32 division).

j- ADJUST—2NS, C4909 and C4919, equally for one
cycle/division over the center eight divisions.

k. Set the time-base unit sweep rate to 0.5
nanosecond/division.

I. CHECK—For one cycle every fourdivisions and timing
over the center eight divisions, within 5% (0.40 division).

m. ADJUST—HF Adj, C4874, for one cycle every four
divisions over the center eight divisions.

n. INTERACTION—Repeat parts h through m of this
step.

o. Disconnect all test equipment and remove all plug-in
units.

24. Check High-Frequency Timing (For
Instruments SN B149999-Below)

a. Install a time-base unit in the horizontal compart-
ment.

b. Install a vertical amplifier unit in the left vertical
compartment.

c. Set the time-base unit for auto, internal triggering at
a sweep rate of one millisecond/division.

d. Connect the time-mark generator to the input of the
vertical amplifier unit.

e. Set the time-mark generator for one-millisecond
markers. Set the vertical amplifier deflection factor so the
markers are at least two divisions in amplitude.

f. Position the first marker to the extreme leftline on the
graticule.
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g. Setthe time-base unit sweep-calibration adjustment
for one marker at each major graticule division between the
second and tenth graticule lines (center eight divisions).

h. CHECK-—Refer to the time-base instruction manual
for performance check or calibration procedures for check-
ing high-frequency timing and linearity. Use the procedures
and limits given for the three fastest sweep rates that do not
exceed one nanosecond/division. If the given limits are
met, omit the remainder of this step.

i. Set the time-mark generator for 10 nanosecond
markers.

j. Set the sweep rate of the time-base unit to 10
nanosecond/division.

k. CHECK—One cycle/division +0.32 division.

I. Set the time-mark generator for five nanosecond
markers.

m. Set the sweep rate of the time-base unit to five
nanosecond/division.

n. CHECK—One cycle/division -0.32 division.

o. Set the time-mark generator for two nanosecond
markers.

p. Set the sweep rate of the time-base unit to two
nanosecond/division.

q. CHECK—One cycle/division +0.32 division.

r. Set the sweep rate of the time-base unit to one
nanosecond/division.

s. CHECK—One cycle/two divisions £0.32 division.

t. Set the sweep rate of the time-base unit to 0.5
nanosecond/division.

u. CHECK—One cycle/four divisions 1+0.4 division.

v. If the high-frequency timing is within the given
tolerance, the high-frequency compensation step can be
omitted.
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25. Adjust High-Frequency Compensation (For
Instruments SN B149999-Below)

a. Install the time-base unit in the left vertical compart-
ment and the Calibration Fixture in the horizontal compart-
ment.

b. Setthe Calibration Fixture Test switch to Vert or Horiz
+Step Resp, and the Rep Rate switch to 1 MHz. Set the
Amplitude and Position controls for a three-division display,
centered on the graticule area.

c. Setthe time-base unit for auto, external triggering on
the negative slope at a sweep rate of 200 nanosecon-
ds/division.

d. Connect the Calibration Fixture trigger output to the
time-base unit external trigger input.

e. Check for optimum square corner and flat top on the
displayed pulse. Aberrations in the first 50 nanoseconds
after the step should not exceed 0.42 division peak-to-peak.
Aberrations from 50 nanoseconds after the step should not
exceed 0.06 division peak-to-peak; except allow 0.12
division of aberrations for delay-line termination at ap-
proximately 125 nanoseconds from step.

f. ADJUST—High-frequency compensation as given in
Table 2-4 for optimum square leading corner and flat top
with minimum aberrations within limits given in part e of
this step. Use low-capacitance screwdriver to adjust
variable capacitors. Repeat part e and f as necessary to
obtain optimum response.

Table 2-4

High-Frequency Compensation
(For Instruments SN B149999-Below)

Adjustment Primary Area of

(see Fig. 2-6B) Pulse Affected
R906 First 100 ns
R870 First 200 ns
C905 First 500 ns
C928 First 1 us
Cc948 First 1 us
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26. Check Horizontal Bandwidth

a. Remove the Calibration Fixture from the horizontal
compartment and install a vertical amplifier in this compart-
ment.

b. Set the VERT MODE switch to LEFT.

c. Set the time-base unit for auto triggering at a sweep
rate of one millisecond/division. (Disconnect the external
trigger input; display will drift).

d. Connect the medium-frequency generator to the
input of the vertical amplifier with a five-nanosecond GR
cable and a 50-ohm GR in-line termination.

e. Set the medium-frequency generator for ten
divisions of horizontal deflection at its reference frequency
of 50 kHz.

f. Without changing the output amplitude, increase the
output frequency of the generator to one megahertz.

g. CHECK—The crt display for 7.1 divisions or more
horizontal deflection.

h. Disconnect all test equipment and remove plug-in
units.

i. This completes the calibration procedure of the
horizontal system.
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CALIBRATOR SIGNAL AND OUTPUT SIGNALS CALIBRATION

Equipment Required

1. Precision DC voltmeter

2. Vertical amplifier plug-in unit
3. Time-mark generator

4. Time-base plug-in unit

5. 10X probe

6. BNC post jack

7. 18-inch 50-ohm BNC cable
8. 42-inch 50-ohm BNC cable
9. Three-inch screwdriver

10. Low-capacitance screwdriver

Control Settings

Set the controls as given under the Preliminary Control
Settings.

Location of Adjustments

The calibrator and output signals adjustments are locat-
ed on the Calibrator board (on right side of instrument).
The location of these adjustments is shown in Fig. 2-8.

v/ 27. Check/Adjust Calibrator Output Voltage

a. Connect the precision DC voltmeter between the
center pin of the CAL VOLTS connector (use BNC post
jack) and chassis ground.

b. Set the CALIBRATOR for 0.4 V.

c. Remove transistors Q1115 and Q1119 (A DC level is
present at CAL VOLTS connector).

v/ d. CHECK—Meter reading; 0.4 volt +0.004 volt
{within 0.008 volt if this measurement is made outside the
15°C to +35°C range).

e. ADJUST—-0.4 volt adjustment R1101 for a meter
reading of exactly 0.4 volt.

f. Disconnect the precision DC voltmeter, and replace
transistors Q1115 and Q1119.
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28. Check/Adjust Calibrator 1 kHz Repetition
ate

NOTE

If a frequency counter with an accuracy of at least
0.1% is available (such as Tektronix 7D14 Digital
Counter), it can be used to adjust calibrator repeti-
tion rate.

PANEL REMOVED

Fig. 2-8. Location of Calibrator Adjustments and Transistors.
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a. Install two vertical amplifier plug-in units in the
vertical compartments. Install the time-base plug-in unit in
the horizontal compartment.

b. Connect the CAL VOLTS connector to the right
vertical plug-in unit with the 18-inch 50-ohm BNC cable.

c. Set the vertical amplifier plug-in unit for a deflection
factor of 100 millivolts/division.

d. Connect the marker output of the time-mark gener-
ator to the left vertical amplifier plug-in unit with the
42-inch 50-ohm BNC cable.

e. Set the time-mark generator for one-millisecond
markers.

f. Set the deflection factor of the left vertical amplifier
plug-in unit so that the markers are at least two divisions in
amplitude.

g. Set the time-base plug-in unit for a stable display of
both waveforms in the normal, interna! triggering mode at a
sweep rate of one millisecond/division.

h. Position the markers with the Position control of the
left vertical amplifier plug-in unit so that the tips of the
markers fall just below the bottom of the square wave.

i. ADJUST—1 kHz adjustment R1101 to align the
leading edges of the calibrator square wave with the
markers over the entire display area (preliminary adjust-
ment).

j. Change the following control settings:

VERTICAL MODE ADD
TRIGGER SOURCE .RIGHT VERT

k. Set the time-base plug-in unit for a sweep rate of
0.2 millisecond/division.

I. ADJUST—1 kHz adjustment for minimum drift of the
time markers across the calibrator square wave.

m. Set the TRIGGER SOURCE switch to VERT
MODE.
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n. Adjust the time-base plug-in unit triggering so that a
triggered trace is presented only when the time markers
occur during the positive portion of the calibrator square
wave.

o. Set the time-base plug-in unit for AC low-frequency
reject coupling at a sweep rate of 0.2 second/division.

v/ p. CHECK—The amount of time required for a time
mark to drift across the positive level of the calibrator
square wave, to the negative level and back to the positive
level, must be at least 0.4 second (0.2 second if outside the
+15°C to +35°C temperature range). This time can be
measured directly from the display by observing the
number of divisions that the marker moves across the
display area before it returns to the positive level. If the
above time is not met, repeat parts i through p.

g. Disconnect the time-mark generator.

29. Check Calibrator Risetime, Falltime, and
Duty Cycle

a. Change the following control settings:

VERTICAL MODE LEFT
CALIBRATOR 40V

b. Set the left vertical amplifier plug-in unit for a
deflection factor of 0.5 volt/division; then set the variable
control for exactly six divisions of vertical deflection.

c. Set the time-base plug-in unit for a sweep rate of one
millisecond/division.

d. Position the display to the center vertical line of the
graticule.

e. Set the time-base plug-in unit for a stable display
triggered on the rising portion of the waveform at a sweep
rate of 0.1 microsecond/division.

v/ . CHECK-Displayed waveform for not more than
2.5 divisions between the 10% and 90% points (risetime
0.25 microsecond or less).

g. Set the time-base plug-in unit for a stable display
triggered on the falling portion of the waveform.
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\/h. CHECK -Displayed waveform for not more than
2.5 divisions between the 90% and 10% points (falltime
0.25 microsecond or less).

i. Set the left vertical amplifier plug-in unit for a
calibrated deflection factor of two volts/division.

j- Set the time-base plug-in unit for auto, internal
triggering controls so that the display starts at the 50%
point on the rising edge of the waveform.

k. Set the time-base plug-in unit X10 magnifier on.
Then position the display horizontally so that the falling
edge of the waveform aligns with the vertical center line.

I. Set the left vertical amplifer plug-in unit to invert the
display. (NOTE: The display is triggered on the opposite
slope, even though the display appears the same.)

v/ m. CHECK-50% point on falling edge of the
waveform now displayed is within 0.5 division of the center
line (indicates duty cycle of 50% +10%).

n. Disconnect the calibrator signal.

v/ 30. Check Sawtooth Output Signal

a. Connect the + Sawtooth output connector to the left
vertical amplifier plug-in unit with the 18-inch 50-ohm BNC
cable.

b. Set the vertical amplifier plug-in unit for a deflection
factor of two volts/division with DC coupling.

c. Set the time-base plug-in unit for a sweep rate of two
milliseconds/division.

\/d. CHECK—-CRT display for a sawtooth waveform
about five divisions in amplitude with a duration of at least
10 divisions.

v/ 31. Check Gate Output Signals

a. Remove the cable from the + SAWTOOTH connector
and connect it to the + GATE connector.

b. Set the Gate Selector Switch (Rear Panel) to main.
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c. Install a dual sweep time-base plug-in unit in the
horizontal compartment.

d. Set the time-base plug-in unit for a sweep rate of
10 us/division. Set the intensifying sweep for 1 us/division.

\/e. CHECK—CRT display for an intensified pulse about
one division long.

f. Set the Gate Selector switch (Rear Panel) to AUX.

\/g. CHECK—CRT display for an intensified trace about
one division long.

32. Adjust Vertical Signal Centering

a. Change the TRIG SOURCE control setting to
RIGHT.

b. Remove the vertical amplifier plug-in unit from the
left vertical compartment.

c. Set the right vertical amplifier plug-in unit for a
deflection factor of one volt/division with DC input
coupling.

d. Set the time-base plug-in unit for auto, internal
triggering at a sweep rate of 10 microseconds/division.

e. Establish a zero-volt reference level at the center
horizontal graticule line with the vertical amplifier plug-in
unit Position control.

f. Connect the SIG OUT connector to the vertical
amplifier plug-in unit with the 18-inch 50-ohm BNC cable.

V5. CHECK~Display for DC level of zero volt within
one division (zero volt * one volt).

h. ADJUST—Vertical Signal DC centering adjustment
R1013 for a DC level of zero volt within one volt (see
Fig. 2-9).

1/33. Check Vertical Signal Output

a. Install a vertical amplifier plug-in unit in the left
vertical compartment.
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b. Change the following control settings:

VERTICAL MODE LEFT
CALIBRATOR 40V (04 V into 50-ohms)

c. Set the vertical amplifier plug-in unit for a deflection
factor of 2.0 volts/division and the time-base plug-in unit
for auto triggering at a sweep rate of 0.5 millisecond/
division.

d. Connect the CAL VOLTS connector to the left
vertical amplifier plug-in unit with the 42-inch 50-ohm BNC
cable.

e. Set the vertical amplifier plug-in unit for a deflection
of eight divisions and center the display vertically.

f. Set the VERT MODE switch to RIGHT.

\/g. CHECK—CRT display for a waveform of four
divisions amplitude, within one division.

h. Disconnect all test equipment and remove the plug-in
units.
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INSTRUMENT

Fig. 2-9. Location of Vertical Sig Out Centering Adjustment.
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READOUT SYSTEM CALIBRATION

SN B0202641 & Below

Equipment Required
1. Vertical amplifier plug-in unit
2. Time-base plug-in unit

3. 18-inch 50-ohm BNC cable

4. BNC to clip-lead adapter
5. 0.1 uF 25-volt capacitor
6. 10 kilohm 5% resistor

7. Three-inch screwdriver

Control Settings

Set the controls as given under the Preliminary Control
Settings.

Location of Adjustments

The location of the readout system adjustments on the
Readout System board is shown in Fig. 2-10A (right side of
instrument).

34. Adjust Readout System Operation

a. Set the POWER switch to off and remove Q2225 (see
Fig. 2-10A) from its socket; return the POWER switch to
on.

b. Set the READOUT intensity control for visible
characters (all zeros).

¢. CHECK—CRT display for two rows of zeros, 30 zeros
to a row with no overlap. Total length of each row of
characters should be between 9.5 and 10.5 divisions. The
two rows of zeros should be located vertically in the middle
of the top and bottom divisions of the graticule (see
Fig. 2-10B).

NOTE

These tolerances are provided as guides to correct
instrument operation and are not instrument
specifications.

d. ADJUST —Vertical Separation adjustment R2291 to
position the two rows of readout characters to the middle
of the top and bottom divisions of the graticule.
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& Separation 2= —re m A
AY L /3
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Fig. 2-10. (A) Location of Readout Adjustments, Q2225 and Test Point 2199 and 2209, (B) Readout Display.

2-28

REV JUN 1986



NOTE

Readout Vertical Centering adjustment must be
correct before making this adjustment, see step 12.

e. Set the POWER switch to off and replace Q2225 in
its socket; return the POWER switch to on.

f. Install the vertical amplifier plug-in unit in the left
vertical compartment.

g. Set the vertical amplifier plug-in unit for a deflection
factor of 50 millivolts/division.

h. CHECK—Displayed characters for completeness.

i. ADJUST—Full Character Scan adjustment R2128 for
fully scanned characters. The m and the 5 will show the
most change.

j- Install the time-base plug-in unit in the HORIZ
compartment.

k. Set the time-base plug-in unit in the HORIZ com-
partment.

|. Set the Readout Mode switch, S2110 to Free Run-
Remote. See Fig. 2-10.

m. CHECK—Turn the time-base plug-in unit time/
division switch throughout its complete range. Check that
the readout characters are presented on a free-run basis,
independent of the sweep rate.

n. Set the Readout Mode switch, $2110 to Gate Trig'd.

0. Set the time-base plug-in unit for a sweep rate of
0.1 second/division.

p. CHECK—Readout characters are blanked out while
the sweep is running, and are displayed immediately after
the end of the sweep; each character encoded by the plug-in
units is displayed only once for each sweep.

q. Return the Readout Mode switch, S2110 to Free
Run-Remote.
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NOTE

Two methods of adjustment follow. If digital plug-in
units such as the Tektronix 7D13 or 7D14 are to be
used in this instruments, parts r through z must be
used to ensure correct readout operation. However,
with other types of plug-in units, the alternative
procedure given in parts aa through ac will provide
correct operation in most cases.

r. Set the CALIBRATOR switch to 0.4 V.

s. Connect the calibrator signal to TP2199 with the
18-inch BNC cable, BNC to clip-lead adapter (use red lead),
0.1 uF, 25-volt capacitor, and a 10-kilohm 5% resistor, in
given order. The resistor can either be temporarily sotdered
in place or a minialligator clip can be added to the resistor
to clip it in place.

t. Press and hold the ldentify button on the vertical
amplifier plug-in unit.

u. CHECK—Readout display for correct indication of
“IDENTIFY"”. i the readout display either blinks or is
incorrect, adjustment is required.

v. ADJUST—Column Match adjustment R2214 for the
correct readout indication. Set R2214 to the center of the
adjustment range which provides correct readout indica-
tion. Release the ldentify button.

w. Disconnect the 10 kilohm resistor and reconnect it
to TP2209.

x. Press and hold the ldentify button on the vertical
amplifier plug-in unit,

y. CHECK—Readout display for correct indication of
“IDENTIFY". If the readout display either blinks or is
incorrect, adjustment is required.

2. ADJUST—Row Match adjustment R2183 for correct
readout indication. Set R2183 to the center of the
adjustment range which provides correct readout indica-
tion. Release the Identify button and disconnect the 10
kilohm resistor.

Alternative Procedure

aa. Press and hold the ldentify button on the vertical
amplifier plug-in unit.

2-29



Calibration—R7903 Service

ab. CHECK—Readout display for correct indication of
“IDENTIFY".

ac. ADJUST—Column Match adjustment R2214 and
Row Match Adjustment R2183 for correct readout indica-
tion. Set these adjustments to the center of the adjustment
range which provides correct readout indication. Release
ldentify button.

This completes the Calibration procedure for the R7903.
Disconnect all test equipment and replace the side panels.

Continue to the next step for R7903 Option 10
adjustments.

35. Check Pulse Grat and Readout (Option 10
nly)

a. Change GRAT ILLUM and READOUT to clockwise
detent. Select AUTO for both GRAT ILLUM and READ-
OUT modes.

b. ADJUST—The GRAT ILLUM PRESET adjustment
for the desired graticule illumination.

2-30

¢. ADJUST—-The READOUT PRESET adjustment for
the desired readout intensity.

d. Change the time-base plug-in unit sweep rate switch
to 0.2 second/division.

\/e. CHECK-—That the graticule illuminates after each
sweep and that the readout display is turned on after each
sweep.

f. Press the GRAT ILLUM and READOUT AUTO EXT
in (EXT position).

g. Press the MANUAL buttons.

v/h. CHECK—For one frame of characters and that the
graticule is illuminated for a short period of time.

v/i. CHECK—That graticule is illuminated and the read-
out displayed is turned on when the center pin of the
GRAT/READOUT connector is grounded (Rear Panel).
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READOUT SYSTEM CALIBRATION

SN B0202642 & Above

Equipment Required
1. Vertical Amplifier plug-in unit
2. Time-Base Plug-in unit

3. 18-inch 50 @ BNC cable

4. BNC to clip-lead adapter
5. 0.1 uF 25-volt capacitor
6. 10 KQ, 5% resistor

7. Three-inch screwdriver

Control Settings

Set the controls as given under the Preliminary Control
Settings.

Location of Adjustments

The location of the Readout System adjustments are
shown on the Readout System component locator diagram in
Section 6 of this manual.

34. Adjust Readout System Operation

a. Set the POWER switch to OFF and move plug P2184 to
Pins 2 and 3. Return the POWER switch to ON.

b. Setthe READOUT intensity control for visible characters
(alt zeros).

c. CHECK —the crt display for two rows of zeros, 30 zeros
to a row with no character overlap. The two rows of zeros
should be located vertically in the middie of the top and bottom
divisions of the graticule and total length of each row of char-
acters should be between 9.5 and 10.5 divisions.

NOTE

These tolerances are provided as guides to correct
instrument operation and are not instrument
specifications. ’

d. ADJUST —Vertical Separation adjustment, R2260 on
the A21 Readout System Board to position the two rows of
readout characters to the middle of the top and bottom divi-
sions of the graticule.

NOTE

Readout Vertical Centering adjustment must be cor-
rect before making this adjustment; see step 12.
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e. Set the POWER switch to OFF and move plug P2184 to
pins 1 and 2. Return the POWER switch to ON.

f. Install the vertical amplifier plug-in unit in the left vertical
compartment.

g. Set the vertical amplifier plug-in unit for a deflection fac-
tor of 50 millivolts/division.

h. CHECK —Displayed characters for completeness.

i. Connect test oscilloscope Channel 1 to pin 12 of U2202.

j. Set the test oscilloscope time base sweep rate for
5 mS/div, negative triggers.

k. Set the test oscilloscope amplifier unit Trigger Source to
CH 1 and connect Channel 2 to pin 13 of U2202.

I. ADJUST—C2155 (on A21 Readout System Board) for
seventeen positive pulses on the test oscilloscope.

m. Install the time-base plug-in unit in the HORIZ
compartment.

n. Move the Readout Mode plug P2112 (on A21 Readout
System Board) to FREE RUN (pins 1 and 2).

0. CHECK—Turn the time-base plug-in unit Time/Division
switch throughout its complete range. Check that the readout
characters are presented on a free-run basis, independent of
the sweep.

p. Move the Readout Mode plug P2112 (on A21 Readout
System Board) to GATE TRIG'D (pins 2 and 3).
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g. Set the time-base plug-in unit for a sweep rate of 0.1
second/division.

r. CHECK —Readout characters are blanked out while the
sweep is running, and are displayed immediately after the end
of the sweep; each character encoded by the plug-in units is
displayed only once for each sweep.

s. Return the Readout Mode plug P2112 (on A21 Readout
System Board) to FREE RUN (pins 1 and 2).

NOTE

Two methods of adjustment follow. If digital plug-in
units such as the 7D13A or 7D14 are to be used in
this instrument, parts p through z must be used to
insure correct readout operation. However, with other
types of plug-in units, the alternative procedure given
in parts aa through ac will provide correct operation in
most cases.

t. Set the CALIBRATOR switch to 0.4 V.

u. Connect the calibrator signal to any one of the eight re-
sistor leads connected to pin 8 of U2190 (R2191-R2199) on
the A21 Readout System Board with an 18-inch BNC cable,
BNC to ciip-lead adapter (use red lead), 0.1 xF 25 V capacitor,
and a 10 KQ 5% resistor, in the order given. The resistor can
be temporarily soldered in place.
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v. Press and hold the IDENTIFY button on the vertical am-
plifier plug-in unit.

w. CHECK—the readout display for correct indication of
“IDENTIFY". If the readout display is incorrect, adjustment is
required.

x. ADJUST —Column Match adjustment R2214, and Row
Match adjustment, R2183 (on the A21 Readout System
board), for correct readout of “IDENTIFY". Set these adjust-
ments to the center of the range which provides correct read-
out indication. Release the amplifier trace-identify button.

y. Disconnect the 10 K resistor from the Readout circuit.

Alternate Procedure

aa. Press and hold the IDENTIFY button on the vertical
amplifier plug-in unit.

ab. CHECK—the readout display for correct indication of
“IDENTIFY”. If the readout display is incorrect, adjustment is
required.

ac. ADJUST —Column Match adjustment R2214, and Row
Match adjustment, R2183 (on the A21 Readout System
board), for correct readout of “IDENTIFY”. Set these adjust-
ments to the center of the range which provides correct read-
out indication. Release the amplifier trace-identify button.
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CIRCUIT DESCRIPTION

Introduction

This section of the manual contains a description of the
circuitry used in the R7903 Oscilloscope. The description
begins with a discussion of the instrument using the basic
block diagram shown in Fig.3-1. Then, each circuit is
described in detail, using detailed block diagrams to show
the interconnections between the stages within each major
circuit and the relationship of the external controls and
connectors to the individual stages.

A complete block diagram is located in the Diagrams
section at the rear of this manual. This block diagram shows
the overall relationship between all of the circuits. Com-
plete schematics of each circuit are also given in the
Diagrams section. Refer to these diagrams throughout the
following circuit description for electrical values and
relationship.

BLOCK DIAGRAM

The following discussion is provided to aid in under-
standing to overall concept of the R7903 before the
individual circuits are discussed in detail. A basic block
diagram of the R7903 is shown in Fig. 3-1. Only the basic
interconnections between the individual blocks are shown
on this diagram. Each block represents a major circuit
within the instrument. The number on each block refers to
the complete circuit diagram located at the rear of the
manual.

Vertical signals to be displayed on the CRT are applied
to the Vertical Interface circuit from both vertical plug-in
compartments. The Vertical Interface circuit determines
whether the signal from the left or right vertical unit is
displayed. The selected vertical signal is then amplified by
the Vertical Amplifier circuit to bring it to the level
necessary to drive the vertical deflection plates of the CRT.
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Horizontal signals for the CRT are connected to the
Horizontal Amplifier circuit from the horizontal plug-in
compartment. The Horizontal Amplifier circuit amplifies
the signals to provide the horizontal deflection for the
CRT.

The internal trigger signals from the Vertical Amplifier
plug-in units are connected to the Trigger Selector circuit.
This circuit selects which trigger signal is to be connected to
the horizontal plug-in unit. The Calibrator circuit produces
a square-wave output signal with accurate amplitude, which
can be used to check the calibration of this instrument and
the compensation of probes.

The Logic circuit develops control signals for use in
other circuits within this instrument and the plug-in units.
These output signals automatically determine the correct
instrument operation in refation to the plug-ins installed or
selected, plug-in control settings, and R7903 control
settings. The CRT circuit produces the voltages and
contains the controls necessary for operation of the
cathode-ray tube. It also contains the Z-Axis Amplifier,
which provides the drive signal to control the intensity level
of the CRT display.

The power necessary for the operation of this
instrument is produced by the Low-Voltage Power Supply
circuit. These voltages are connected to all circuits within
the instrument.

CIRCUIT OPERATION

This section provides a detailed description of the
electrical operation and relationship of the circuits in the
R7903. The theory of operation for circuits unique to this
instrument is described in detail in this discussion. Circuits
that are commonly used in the electronics industry are not
described in detail.
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Fig. 3-1. Basic Block Diagram of the R7903.




The following circuit analysis is written around the
detailed block diagrams, which are given for each major
circuit. These detailed block diagrams give the names of the
individual stages within the major circuits and show how
they are connected together to form the major circuit. The
block diagrams also show the inputs and outputs for each
circuit and the relationship of the external controls and
connectors to the individual stages. The circuit diagrams
from which the detailed block diagrams are derived are
shown in the Diagrams section.

Digital logic techniques are used to perform many
functions within this instrument. The function and oper-
ation of the logic circuits are described using standard logic
symbology and terminology. The logic symbology and
terminology are set forth in the Military Standard Manual
MIL-STD-806B. Any deviations from the standard symbol-
ogy, or devices not defined by this standard, will be
described in the circuit description for the applicable
device.

Main Interface

Diagram 1 shows the plug-in interface and the inter-
connections between the plug-in compartments, and the
main circuit boards of this instrument.

Logic Circuit

Diagram 4 shows the Logic Circuit. The Logic Circuit de-
velops the control signals for use in other circuits within this
instrument, and in the associated plug-in units. These con-
trol signals automatically determine the correct instrument
operation in relation to the plug-in installed or selected, plug-
in control settings, and the control settings of this
instrument.

Logic Block Diagram. The block diagram of the Logic
Circuit is shown in Fig. 3-2. This diagram shows the source
of the input control signals, the output signals produced by
logic circuit, and the basic interconnections between
blocks. The interconnections shown are intended only to
indicate inter-relation between blocks and do not indicate a
direct connection or that only a single connection is made
between the given blocks.

The operation of each of these stages is discussed by
relating the input signals or levels to the output, with
consideration given to the various modes of operation that
may affect the stage. A logic diagram is also provided where
applicable. These diagrams are not discussed in detail, but
are provided to aid in relating the function performed by a
given stage to standard logic techniques. It should be noted
that these logic diagrams are not an exact representation of
the circuit but are only a logic diagram of the function
performed by the stage. An input/output table is given,
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where applicable, for use along with this circuit description
and logic diagram. These input/output tables document the
combination on input conditions that are of importance to
perform the prescribed function of an individual stage.

Clock Generator. One half of integrated circuit U230,
along with the external components shown in Fig. 3-3A,
make up the Clock Generator stage. R1, Q1, Q2, and Q3
represent an equivalent circuit contained within U230A. This
circuit and discrete components C231, R231, R233, and
R235 compose a two-megahertz free-running oscillator to
provide a timing signal (clock) for mainframe vertical and
plug-in chopping, and blanking.

The stage operates as follows: Assume that Q2 is
ocnducting and Q1 is off. The collector current of Q2 pro-
duces a voltage drop across R1, which holds Q1 off. This
negative level at the collector of Q2 is also connected to pin
14 through Q3 (see waveforms in Fig. 3-3B at time T).
Since there is no current through Q1, C231 begins to charge
towards — 15 volts through R231-R233. The emitter of Q1
goes negative as C231 charges until it reaches a level about
0.6 voit more negative than the level at its base. Then, Q1 is
forward biased and its emitter rapidly rises positive. Since
C231 cannot change its charge instantaneously, the sudden
change in voltage at the emitter of Q1 pulls the emitter of Q2
positive also, to reverse-bias it. With Q2 reverse biased, its
collector rises positive to produce a positive output level at
pin 15 (see time T, on the waveforms).

Now, conditions are reversed. Q2 is reverse biased, so it
does not conduct. Therefore, C231 can begin to discharge
through R235. The emitter level of Q2 follows the discharge
of C231 until it reaches a level about 0.6 volt more negative
than its base. Then Q2 is forward biased and its collector
drops negative to reverse-bias Q1. The level at pin 14 drops
negative also, to complete the cycle. Once again, C231 be-
gins to charge through R231-R233 to start the second
cycle.

Two outputs are provided from this oscillator. The Delay
Ramp signal from the junction of R231-R233 is connected
to the Vertical Chopped Blanking stage. This signal has the
same waveshape as shown by the waveform at pin 13, with
its slope determined by the divider ratio between R231-
R233. A square-wave output is provided at pin 14. The fre-
quency of this square wave is determined by the RC
relationship between C231 and R1. The duty cycle is deter-
mined by the ratio of R231-R233 to R235.

The square wave at pin 14 is connected to pin 16
through C237. C237, along with the internal resistance of
U230A, differentiates the square wave at pin 14 to produce
a negative-going pulse coincident with the falling edge of
the square wave (positive-going pulse coincident with rising
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Fig. 3-2. Logic Block Diagram.
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Fig. 3-3. (A) Diagram of Clock Generator stage. (B) Idealized waveforms from Clock Generator stage.

edge has no effect on circuit operation). This negative-going
pulse is connected to pin 15 through an inverter-shaper,
which is also part of U230A. The output at pin 15 is a
positive-going Clock pulse having a frequency of about two
megahertz.

Vertical Chopped Blanking. The Vertical Chopped
Blanking stage is made up of the remaining half of
integrated circuit U230B; see Fig. 3-5A. This stage deter-
mines if Vertical Chopped Blanking pulses are required,
based upon the operating mode of the vertical system or
the plug-in units (dual trace units only). Vertical Chopped
Blanking pulses are produced if: (1) VERT MODE switch
is set to CHOP; (2) dual-trace vertical unit is operating in
the chopped mode and that unit is being displayed;
(3) dual-trace vertical unit is operating in the chopped
mode with the VERT MODE switch set to ADD. The
frequency of the negative-going Vertical Chopped Blanking
pulse output at pin4 is always two megahertz, as deter-
mined by the Clock Generator stage.

The Delay Ramp signal from the Clock Generator stage
determines the repetition rate and pulse width of the
Vertical Chopped Blanking pulses. The Delay Ramp applied
to pin 10 starts to go negative from a level of about
+1.1 volts, coincident with the leading edge of the Clock
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pulse (see waveforms in Fig. 3-4B). This resutts in a Hi
quiescent condition for the Vertical Chopped Blanking
pulse. The slope of the negative-going Delay Ramp is
determined by the Clock Generator stage. As it reaches a
level slightly negative from ground, the Vertical Chopped
Blanking puise output level changes to the LO state. This
signal remains LO until the Delay Ramp goes HI again.
Notice the delay between the leading edge of the Clock
pulse generated by U230A and the leading edge of the
Vertical Chopped Blanking pulses (see Fig. 3-4B). The
amount of delay between the leading edges of these pulses
is determined by the slope of the Delay Ramp applied to
pin 10. This delay is necessary due to the delay line in the
vertical deflection system. Otherwise, the trace blanking
resulting from the Vertical Chopped Blanking pulse would
not coincide with the switching between the display traces.
The duty cycle of the square wave produced in the Clock
Generator stage determines the pulse width of the Vertical
Chopped Blanking pulses (see Clock Generator discussion
for more information).

Whenever this instrument is turned on, the Vertical
Chopped Blanking pulses are being produced at a two-
megahertz rate. However, these pulses are available as an
output at pin 4 only when the remaining inputs to U230B
are at the correct levels. The following discussions give the
operating conditions which produce Vertical Chopped
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To
(
CHOP MODE (VERT) f 3 CLOCK, PIN
LEFT PLUG-IN MODE u2308 1o V28 '
(cHoP inHIBIT) ™™ 5 b o
R B Ay TN
o R PN | )
ADD MODE (VERT) gpd 7 u2308 | |
] |
RIGHT PLUG-IN MODE gl 8 1 i
(CHOP INHIBIT) VERTICAL |
CHOPPED |
DELAY RAMP - 10 BLAN§||NNC2 | k_
u23oe | !
(A) DELAY (B)

Fig. 3-4. (A) Input and Output pins for Vertical Chopped Blanking stage. (B) Idealized waveforms for Vertical Chopped Blanking stage.

Blanking pulses to blank the CRT during vertical trace
switching. Fig. 3-4A identifies the functions of the pins of
U2308B.

1. CHOP VERTICAL MODE. When the VERT MODE
switch is set to CHOP, Vertical Chopped Blanking pulses
are available at pin 4 at all times. The input conditions
necessary are:

PIN 3 HI - VERT MODE switch set to CHOP.

PIN 7 LO - VERT MODE switch set to any position
except ADD.

PIN 10 LO - Delay Ramp more negative than about
0 volts.

2. LEFT VERTICAL UNIT SET FOR CHOPPED
OPERATION. If the Left Vertical unit is set for chopped
operation, the setting of the VERT MODE switch deter-
mines whether the Vertical Chopped Blanking pulses are
available. If the VERT MODE switch is set to the CHOP
position, conditions are as described in No.1 above.
Operation in the ADD position of the VERT MODE switch
is given later. For the LEFT position of the VERT MODE
switch, or when the left vertical unit is to be displayed in
the ALT mode, Vertical Chopped Blanking puises are
available at all times ({two-megahertz rate}). The input
conditions are:

PIN 3 LO - VERT MODE switch set to any position
except CHOP.

PIN 5 LO - Left vertical unit set to chopped mode.

36

PIN 6 LO - Left vertical unit to be displayed (Vertical
Mode Command LO).

PIN 7 LO - VERT MODE switch set to any position
except ADD.

PIN 10 LO - Delay Ramp more negative than about
0 volts.

Notice that the Vertical Mode Command at pin 6 must
be LO for output pulses to be available at pin 4. This means
that when the VERT MODE switch is set to ALT, Vertical
Chopped Blanking pulses are produced only during the time
that the left vertical unit is to be displayed (unless the right
vertical unit is also set for chopped operation).

3. RIGHT VERTICAL UNIT SET FOR CHOPPED
OPERATION. If the Right Vertical unit is set for chopped
mode, operation is the same as described previously for the
Left Vertical unit except that Vertical Chopped Blanking
pulses are produced when the VERT MODE switch is set to
RIGHT or when the Vertical Mode Command is HIl in the
ALT mode. The input conditions are:

PIN 3 LO - VERT MODE switch set to any position
except CHOP.

PIN 6 HI - Right vertical unit to be displayed (Ver-
tical Mode Command HI).

PIN 7 LO - VERT MODE switch set to any position
except ADD.

PIN 8 LO - Right vertical unit set to chopped mode.

PIN 10 LO - Delay Ramp more negative than about
0 volts.
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(A) US5B COMPARATOR

3 Conditions
HI CHOP Mode (vert)
Lo Left Plug-in Chopped
LO Lo HI LO LO LO LO Right Plug-in Chopped
3 3 ADD Mode, Left or Right
LO LO ® HI LO Lo LO | Ppiug-in Chopped
No Vertical Chopped Blanking
ALL OTHER COMBINATIONS Hi pulses at output

@ = HAS NO EFFECT IN THIS CASE.

(B)

LRAMP SIGNAL; CONSIDERED LO WHEN MORE NEGATIVE THAN ABOUT ZERO VOLTS.

2NEGATIVE-GOING PULSE AT TWO MEGAHERTZ RATE.
3pIN 5 CAN BE HI AND NOT AFFECT OPERATION IF PIN 8 1S LO; AND VICE VERSA.

Fig. 3-5. {A) Logic Diagram for Vertical Chopped Blanking stage. (B) Table of input/output combinations for Vertical Chopped Blanking stage.

4, ADD VERTICAL MODE. When the VERT MODE
switch is in the ADD position, and either or both of the
vertical units are operating in the chopped mode, Vertical
Chopped Blanking pulses must be available to block out the
transition between traces of the vertical units. The input
conditions are:

PIN 3 LO - VERT MODE switch set to any position
except CHOP.

PIN 5 LO - Left vertical unit set to chopped mode
{can be HI if pin 8 is LO).

PIN 7 HI - VERT MODE switch set to ADD.

PIN 8 LO - Right vertical unit set to chopped mode
(can be HIl if pin 5is LO).

PIN 10 LO - Delay Ramp more negative than about
0 volt.

3-7
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Fig. 3-5A shows a logic diagram of the Vertical Chopped
Blanking stage. Notice the comparator block on this
diagram (one input connected to pin 10). The output of
this comparator is determined by the relationship between
the levels at its inputs. If pin 10 is more positive (HI) than
the grounded input, the output is HI also; if it is more
negative {(LO), the output is LO. An input/output table for
this stage is given in Fig. 3-5B.

Chop Counter. The Chop Counter stage produces the
Mainframe Chop Signal and the Vertical Plug-in Chop
Signal. The Clock pulses produced by the Clock Generator
stage provides the timing signal for this stage. A logic
diagram of the Chop Counter, identifying the inputs and
outputs, is shown in Fig. 3-6.

The Chop Counter stage consists of integrated circuit
U250, a dual D flip-flop with direct-set, direct-clear inputs
(see Table 3-1 for operation of D flip-flop). As connected in
this circuit, these D flip-flops operate as triggered (toggle)
flip-flops.

The two-megahertz clock pulses from the Clock Genera-
tor stage are connected to the trigger (T) input of U250B. As
connected, U250B changes output states with each
positive-going Clock pulse, and the signal at its “1” output is
a square wave that switches between the HI and LO levels
at a one-megahertz rate. This signal is connected to the
Vertical Mode Control stage to provide the Vertical Main-
frame Chop Signal. It is also connected to the trigger input
of U250A. U250A also changes output states with each
positive-going pulse at its trigger input to produce a 500
kilohertz square wave at its “1” output. The output from
U250A provides the Vertical Plug-in Chop Signal to the
Plug-in Chop Buffer stage. ldealized waveforms showing
the timing relationships between the input and output sig-
nals for this stage are shown in Fig. 3-7.

Vertical Mode Control. The Vertical Mode Control stage
is made up of discrete components CR249, CR266, CR257,
CR262, CR263 and buffer amplifier 0267-Q275. These
components develop the Mainframe Channel Switch Signal,
which is connected to the Main Interface circuit (vertical
plug-in compartments and trigger selection circuitry) and

MAINFRAME
CHOP SIGNAL TO

VERTICAL MODE
CONTROL STAGE

PLUG-IN

FF
1 r 3
2 MHz T
CLOCK PULSES J
FROM CLOCK

GENERATOR STAGE u1238

PLUG-IN
CHOP DRIVE

‘ CHOP
Ssp 1™ :urrer
Q142,147

FF

U123A

Fig. 3-6. Detailed Logic Diagram of Chop Counter stage.

CLOCK PULSES FROM
CLOCK GENERATOR STAGE

(2 MHz)

MAINFRAME
PIN 9 U123B CHOP SIGNAL
(1 MHz) TO VERTICAL MODE

i CONTROL STAGE

PIN 5 U123A ——— VERTICAL PLUG-IN
(500 kHz2) | CHOP SIGNAL

TO PLUG-IN

CHOP BUFFER STAGE

Fig. 3-7. ldealized input and output waveforms for Chop Counter stage.
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the Vertica! Interface circuit to indicate which vertical unit
is to be displayed. When this output level is HI, the right
vertical unit is displayed and when it is LO, the left vertical
unit is displayed.

The VERT MODE switch located on diagrams 1 and 2
provides control levels for this stage. This switch provides a
HI level on only one of four output lines to indicate the
selected vertical mode; the remaining three lines are LO.
The fifth mode, LEFT, is indicated when all four output
lines are LO. Operation of this stage in all positions of the
VERT MODE switch is as follows:

1. Right. When the VERT MODE switch is set to
RIGHT, a HI level is connected to the Buffer Amplifier
through R257 and CR257. The LO level at the anodes of
diodes CR256 and CR263 holds them reverse-biased. The
resultant output from the Vertical Mode Buffer Amplifier is
a HI level to indicate that the right vertical unit is to be
displayed.

2. Chop. In the CHOP position of the VERT MODE
switch, a HI level is applied to the anodes of diodes
CR249-CR256 through R255. Both diodes are forward
biased so the Vertical Chop Signal from pin 9 of U250B can
pass to the emitter of Q267. This signal switches between
the HI and LO levels at a one-megahertz rate and it
produces a corresponding Mainframe Channel Switch Signal
output at the emitter of Q275. When this output is HIi, the
right vertical unit is displayed; when it switches to LO, the
left vertical unit is displayed.

3. Alt. In the ALT mode, the VERT MODE switch applies
a Hl level to the anodes of diodes CR263, CR262, through

Circuit Description—R7903 Service

R260. These diodes are forward-biased so the Display Right
Command from pin 9 of U287B can pass to the emitter of
Q267 to determine the Mainframe Channel Switch signal.
The Display Right Command switches between its HI and
LO levels at a rate determined by the Vertical Binary stage.

4, Add and Left. The control levels in the ADD and
LEFT positions of the VERT MODE switch are not
connected to this stage. However, since only the line
corresponding to the selected vertical mode can be HI, the
RIGHT, CHOP, and ALT lines must remain at the LO level
when either LEFT or ADD are selected. Therefore, the
emitter of Q132 remains LO to produce a LO Mainframe
Channel Switch signal. Final control of LEFT or ADD
mode is made by the Vertical Interface circuit.

A logic diagram of the Vertical Mode Control stage is
shown in Fig. 3-8. The discrete components that make up
each logic function are identified. The gate connected to
the input of the Vertical Mode Buffer Amplifier is a
phantom-OR gate. A phantom-OR gate performs the OR
logic function merely by interconnection of the three
inputs.

Vertical Binary. The Vertical Binary stage consists of
integrated circuit U287B and transistor Q283. U287B isa D
flip-flop with direct-set and direct-clear inputs (see
Table 3-1 for operating details). The connection between
the “O"” output and the data (D) input enables this flip-flop
to operate in the triggered mode. A logic diagram of the
Vertical Binary stage is shown in Fig. 3-9.

r RIGHT MODE ~8
FROM
VERT { CHOP MODE @
MODE
SWITCH
\ ALTMODE —8—
D MAINFRAME MF
CR249 CHANNEL
VERTICAL CR256 3‘;2,“"“ SwWiTcH SWITCH
CHOP SIGNAL —- Q275 SIGNAL
FROM PIN 9, U250B
DISPLAY RIGHT 2R262 \
COMMAND R263
FROM PIN 5, u2878 — —J
OR Q283

Fig. 3-8. Logic Diagram of Mainframe Vertical Mode Control and Mainframe Channel Switch Buffer Amplifier stage.
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Fig. 3-9. Logic Diagram of Vertical Binary stage.

The operation of the Vertical Binary stage is controlled
by the level of the ALT Mode line from the VERT MODE
switch. When this switch is set to ALT, a HI fevel is
coneected to the emitter of Q283 through R282. This HI
level disables Q283 so its collector remains HI. As a result,
Q283 has no effect upon operation of the Vertical Binary
stage and the direct-clear input of U287B remains HI, so it
does not affect the operation of U287B. Therefore, U287B
operates as a basic triggered flip-flop which changes output
states with each positive-going Sweep Hold-off pulse at the
trigger (T) input. The Sweep Holdoff pulse goes positive at
the end of each sweep. The signal at the 1 output of U287B
switches between the HIl and LO level at one-half the rate
of the Sweep Holdoff signal from the horizontal plug-in
unit. Fig. 3-10 shows the time relationship between the
input and output signals for this stage, and gives the
resultant display with each signal combination.

For any other position, the emitter of Q283 is pufied LO
by the ALT Mode command from the VERT MODE
switch. This enables Q283, but it does not change output
state unless the level at the 1 output of U287B is HI.
Quiescently, the output of Q283 is LO. Therefore, when
the positive-going Sweep Hold-off pulse is received at the
end of the sweep, the 1 output of U287B goes HI. This
activates Q283 and is output goes LO to provide a

END OF

/ SWEEP
[
|

SWEEP SAWTOOTH

e

START OF
SWEEP

SWEEP HOLDOFF FROM
TIME-BASE UNIT

DISPLAY RIGHT COMMAND
VERTICAL BINARY STAGE

OUTPUT

DISPLAY CHANNEL
2 COMMAND
PLUG-IN BINARY
STAGE OUTPUT

RIGHT
VERTICAL
UNIT

LEFT

DISPLAY WHEN USING
TWO DUAL-TRACE
VERTICAL UNITS IN
ALT MODE

UNIT

CH2 CH 2

VERTICAL

LEFT
VERTICAL
UNIT

RIGHT
VERTICAL
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CH1 CH1

e v —— o o——— — ——

Fig. 3-10. Idealized waveforms showing relationship between input and output waveforms for the Vertical Binary and Plug-in stages when

operating in the ALT mode.
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direct-clear reset to U287B. The 1 output of U2878B is reset
to its LO level, and Q283 is again disabled, so its output
returns to the HI level. The stage is now ready for the next
positive-going Sweep Hold-off pulse. The action is the same
with each pulse, so the signal at the output of this stage is
at the same repetition rate as the Sweep Hold-off input.
Therefore, this stage is now operating as a divide-by-one
counter instead of the divide-by-two counter described
previously. The output under this condition is used only by
the Plug-In Binary stage.

Since the Vertical Binary stage can change output states
only at the end of each sweep, there is no Alternate Drive
signal for either the mainframe or vertical plug-in units if a
sweep is not being produced by the horizontal plug-in unit.

Plug-in Binary. The Plug-In Binary stage consists of
U287A, which is connected as a triggered flip-flop with
direct-set input. The trigger input for this stage is the
Display Right Command from the Vertical Binary stage.
When the VERT MODE switch is set to ALT, the repetition
rate of the Display Channel 2 Command output of this
stage is one-fourth of the Sweep Hold-off input (see
waveforms in Fig. 3-10). For any position of the VERT
MODE switch except ALT, the repetition rate of the
output signal from this stage is one-half of the Sweep
Hold-off input. A logic diagram of the Plug-In Binary stage
is shown in Fig. 3-11.

Circuit Description—R7903 Service

QOutput Buffers. The output switching commands from
the logic circuits are provided through buffer stages
Q267-0275, Q295-Q302, and Q312-0319. Each of these
stages includes a common-base input transistor to provide a
low-impedance load for the associated driving stages. The
output transistors are connected as emitter-followers to
provide isolation between the Logic circuits, and other
circuits within this instrument or the plug-in units.

Z-Axis Logic. The Z-Axis stage produces an output
current that sets the intensity of the display on the CRT.
The level of this output is determined by the setting of the
front-panel INTENSITY control, or an external signal form
the rear-panel EXT Z-AXIS input connector, or signals
from the plug-in compartments. The Vertical Chopped
Blanking from U230 is applied to this stage to blank the
CRT display during vertical trace switching. The intensity
Limit input from the horizontal plug-in compartment
provides protection for the CRT phosphor at slow sweep
rates, or if the horizontal compartment is left vacant.

The Z-Axis Logic stage consists of transistors Q335 and
Q342, plus integrated circuit U356, which serves as a signal
conditioner for the main Z-Axis amplifier (see Fig. 3-12).

The Sweep Gate signal at pin 14 of U356 provides the
unblanking signal for the sweep. The (AUX) Z-Axis input at
pin 9 U356 increases or decreases the intensity level,

2 5
D a Q295 ALTERNATE
DISPLAY @302 DRIVE
CHANNEL
2 COMMAND
3
FROM
VERTICAL — 1/2 U287A
BINARY
6
Q
Fig. 3-11. Plug-In binary stage.
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Fig. 3-12. Z-Axis Block Diagram.

depending upon the input signal at the Z-Axis input
connector on the rear-panel, or Aux Z-Axis input from the
plug-in compartments allows trace intensification. The
intensity Limit decreases the Z-Axis output at slow sweep
rates to protect the CRT phosphor. When the beam current
is too high, the Beam | Sens command line and Q342 will
blank the trace to prevent damage to the CRT phosphor.
The Z-Axis inhibit signal turns U356 off during the readout
display time. Then the READOUT (INTENS!TY) controls
the intensity of the readout display. When an X/Y Inhibit
signal is generated by the Readout system, Q370 is turned
on, allowing the READOUT control in thé emitter circuit
to control the collector current in Q370. The collector
circuit of Q370 controls the intensity of the Readout
display.

Power Supply Inverter Regulator

General. The Power Inverter/Regulator circuit provides
the operating power for this instrument from a line voltage
source or DC voltage source. This circuit also includes the
Line Voltage Selector switch to allow for selection of a
115 V or 230 V nominal operating voltage. Fig. 3-13 shows
a block diagram of the Power Inverter/Regulator circuit. A
schematic is shown on diagram 9 at the rear of this manual.

Line Filter. The purpose of the Line Filter is to prevent
the instrument from injecting power supply frequency
interference into the power line, or power-line interference
from entering the instrument. L1201 and L1203 provide
both common-mode and differential filtering, using R1201
and R1203 as damping resistors and C1201 and C1203 as
common-mode filters.
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Line Input Circuit. Thermal cutout S1201 provides
thermal protection for this instrument. |f the temperature
exceeds a safe operating level, S1201 opens to interrupt the
applied power. When the temperature returns to a safe
operating level, S1201 automatically closes to re-apply the
power.

CR1215 contains the main power rectifiers for the Line
Input circuit. C1216 and C1217 are the line-storage
capacitors. With S1212 in the 115 V position, the circuit
acts as a full-wave voltage doubler so that the voltage across
the series combination of C1215 and C1217 will be the
peak-to-peak value of the line voltage. In the 230V
position, CR1215 acts as a full-wave bridge rectifier.
Therefore, the voltage developed across C1216 and C1217
will be approximately the same for either 115V or 230 V
operation.

RT1209 is a thermistor that limits the charging currents
during turn-on. When the POWER switch is turned off, the
Line Stop circuit stops the Inverter and C1216 and C1217
discharge through R1221.

Because the discharge is slow, dangerous potentials
will exist across capacitors C1216, C1217 and other
connected components for several minutes after the
POWER switch is turned off. The presence of voltage
in the circuit is indicated by relaxation oscillator
R1219, C1219, and DS1219. Neon bulb DS1219
blinks until the potential drops to approximately
100 V.
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DS1213 and DS1208 are line voltage transient pro-
tectors. With S1212 in the 1156 V position, only DS1208 is
connected across the line. If a peak voltage surge in excess
of approximately 230 V is present on the line, DS1208 will
breakdown and conduct producing sufficient current to
open the line fuse F1801. In the 230 V position, DS1213
and DS1208 are in series across the line to protect against
voltage surges exceeding 460 V.

Transformer T1208 provides a sample of the line voltage
for triggering at line frequencies. It also provides a signal to
the Line Stop circuit to indicate the presence of Line
Voltage at the input to this circuit. T1225, C1227, and
C1228 provide common-mode filtering. C1229 and L1229
act as a differential filter.

Start Network. Resistive divider R1210 and R1242 is
connected between the input line and the negative side of
C1217. When the line voltage goes positive, C1214 charges.
At the same time CR1242 conducts charging C1237. When
the voltage on C1242 reaches approximately 32 V, CR1238
conducts discharging C1242 through the base of Q1241. As
Q1241 turns on, current flows through C1237, L1237 and
the one turn primary of T1230 to start the Inverter. After

operation has begun, CR1242 discharges C1242 with each
cycle of the inverter. This disables the start network.

Inverter. Refer to the simplified schematic shown in
Fig. 3-14. In normal operation the Inverter is self-oscillating.
Feedback required for oscillation is provided by regenera-
tion of the base-drive transformer T1230. The turns ratio of
T1230 causes the base current to be one-fourth the
collector current; i.e., Q1234 and Q1241 operate with a
forced beta of four.

Polarity of the base-drive windings causes Q1234 and
Q1241 to switch alternately on and off. This generates a
square-wave voltage at the emitter of Q1234. The ampli-
tude is approximately equal to the DC voltage at the input
of this stage. The switching action of Q1234 and Q1241
supplies the drive necessary to maintain a sine-wave current
in the series resonant circuit L1237 and C1237. This
sine-wave current also drives the primary of T1310 and the
one turn primary of T1230. Since the primary current in
T1310 is a sine wave, the secondary currents at the
cathodes of the diodes will be half sine waves; each diode
conducts for half of the cycle. Q1252 is the regulator
transistor, controlled by the regulator amplifier. Whenever

CR1251

Q1234

+

CR1234

T1310
L1237 C1237

ET

CR1252

FROM REGULAR Q1252
CONTROL CIRCUIT

Q1241

CR1241

Fig. 3-14. Simplified Schematic of the Inverter Circuit,



Q1252 is on, the voltage on all secondaries of T1230 will be
zero, therefore both Q1241 and Q1234 must be off when
Q1252 is on. Current in the resonant circuit conducts
through diodes CR1234 and CR1241 when Q1234 and
Q1241 are off.

In normal operation the sequence of events is as
follows: assume that the current in the series resonant
circuit is passing through zero and is increasing in the
direction to cause conduction in CR1234. At zero crossing,
Q1252 turns on, holding Q1241 off. CR1234 conducts as
long as Q1241 is off. At a controlled time after zero
crossing, Q1252 is turned off by the regulator amplifier, or
by regeneration developed by T1230. Q1241 then turns on,
causing CR1234 to be reverse biased. Q1241 conducts as
the current goes through its peak and back to zero. At zero
crossing, with current increasing in the opposite direction,
Q1252 turns on, holding Q1234 off. During the regulator
control time, CR1241 conducts while Q1234 is off. When
the regulator turns Q1252 off, Q1234 turns on, causing
CR1241 to be reverse biased. Q1234 conducts as the
current goes through its peak and back to zero. The cycle is
then repeated.

Inverter Control

The Inverter Control circuit schematic is located in
diagram 9 at the rear of this manual. The purpose of the
Inverter Control circuit is to maintain constant voltages at
the semi-regulated supply outputs. This is accomplished by
varying the inverter frequency. The nominal resonant
frequency of L1237 and C1237 is 28 kHz. Regulation is
achieved by operating on the low side of resonance, in the
range of 20 to 28 kHz. At the lowest line voltage and
highest load, the inverter operates at a frequency close to
resonance. If either the line voltage increases or the load
reduces, the inverter frequency decreases.

Power and phase information to the regulator circuit is
provided by transformer T1235. CR1280, CR1281,
CR1282, and CR1283 are connected as a bridge rectifier to
deliver both positive and negative voltages. The +7.5 V at
pin 6 of U1275 is internally shunt regulated. The —2 V at
pin 7 is unregulated. VR1297 provides a stable reference
for the sensing divider string consisting of R1292, R1293,
R1296 and R1924.

U1275 contains the regulator circuit, consisting of a
voltage amplifier and a variable pulse-width monostable
multivibrator. Pin 15 (normally near ground potential) is
the input to the voltage amplifier. The charging ramp of the
monostable is available at pin 12. Inputs that trigger the
monostable appears at pins 10 and 11. The output at pin 9
drives the regulator transistor Q1252. Circuit operation is as
follows: In the stable state of the multivibrator, pin 9 will

®
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be near ground, holding Q1252 off. As the inverter current
goes through zero, either pin 10 or pin 11 will go positive,
depending on polarity. This positive pulse sets the multi-
vibrator into its unstable state. During the unstable state,
pin 9 will be positive holding Q1252 on. The duration of
the unstable state is determined by the voltage sensed at
pin 15. If the voltage is low, the duration will be short. As
the voltage increases, the duration becomes longer.

The unstable state pulse width controls the inverter
frequency because when Q1252 is on, both Q1234 and
Q1241 are off. Power delivered to T1230 varies with
inverter frequency because the impedance of the series
resonant circuit L1237 and C1237 varies with frequency.

Inverter Current Limiting Circuit. U1275 also contains
the Inverter Current Limiting circuit. Circuit operation is
similar to voltage regulation, except that the pulse width of
the multivibrator is varied so that the inverter current never
exceeds a safe operating level. The current limit circuit
takes over control of the multivibrator during the turn-on
surge or whenever an overload on a semi-regulated supply
causes the inverter current to reach the limit value. R1287
is the current sensing resistor. Voltage at the junction of
R1287 and R1286 will be the negative rectified inverter
current, at a scale of approximately 0.7 volt/ampere. The
current sense input at pin 13 is normally held positive by
R1285. During current limit, the negative voltage at the
junction of R1287 and R1286 pulls pin 13 toward ground.
Multivibrator pulse width then increases until the current
limits at a value that holds pin 13 near ground. If the circuit
remains in current limit for more than approximately
30 ms, pin 8 goes positive, tripping the stop monostable,
which stops the inverter (see protection circuit description).

Overvoltage Stop Circuit. Transistors Q1246 and Q1248
provide a circuit to stop the inverter whenever the voltage
across the primary of T1310 exceeds a safe level. CR1242
charges C1242 to peak of the voltages across T1310. If this
voltage exceeds a safe level, VR1246 condusts turning on
Q1248. Capacitor C1242 then discharges through Q1248
into the base of Q1246. When Q1246 is on, Q1241 is held
off, stopping the inverter. The inverter cannot restart until
CR1272 has charged C1242 to the breakdown voltage of
CR1238.

Line Stop Circuit and Surge Limiting. The Line Stop
Circuit stops the inverter when the POWER switch is turned
off, or the AC line voltage falls below a minimum value.
This circuit function is necessary to limit the turn-on surge
current and thereby protect the POWER switch, Line Fuse,
and Line Bridge Rectifier.

When the instrument is first turned on, thermistor
RT1209 has a value of approximately 5 ohms. The ther-
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mistor limits line current charging of C1216 and C1217. As
the instrument continues to operate, the thermistor warms
up and drops in resistance. When the instrument is turned
off, the Line Stop circuit stops the inverter, leaving C1216
and C1217 charged. The line storage capacitors now
discharge through R1221 at a rate approximately equal to
the thermal recovery of the thermistors. This rate ensures
enough thermistor resistance to limit surge current when-
ever the instrument is turned back on.

A simplified schematic of the Line Stop circuit is shown
in Fig. 3-15. Line Trigger transformer T1208 generates a
ground reference Line Frequency signal of approximately
1 V peak-to-peak. This signal is biased to +0.4 V by R1270
and R1269. Under normal operation, C1267 charges
toward +7.5 V through R1267 until a positive-going signal
from T1208 turns Q1, on discharging C1267. This repeats
each line cycle. When the POWER switch is turned off. Q1
stays off, allowing C1267 to charge. When the voltage at
pin 3 of U1275 reaches approximately +0.7 V, the inverter
control circuit inside U1275 allows pin 8 to go positive,
triggering the stop monostable, which stops the inverter.
For trouble shooting at low voltage, the line stop circuit
may be disabled by grounding the Line Stop Time pin 3.
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Power Supply Protection Circuit. The power supply
protection circuit provides fault protection for the inverter,
low voltage, and high voltage power circuits. Fig. 3-16
shows a simplified block diagram of the power supply
protection circuit. A schematic of this circuit is shown on
diagram 13 at the rear of this manual.

Power supply protection is accomplished by operating
the inverter in a pulse mode. When a fault is present, the
inverter will come on for a short period of time, then shut
off for a longer period of time. The cycle repeats until the
fault is removed.

Stop Monostable. Q1252 and Q1254 form a monostable
multivibrator, which acts to stop the inverter when a fault
is detected by U1275. During the start period T1230
supplies current to charge C1259 and C1256 through
CR1251, CR1256, CR1252 and CR1259. At the same time
T1235 supplies power to U1275. As U1275 becomes active,
pin 8 acts as a current sink, holding Q1254 off. Pin 8 of
U1275 will remain at ground during the start period and
sampling period. If a fault exists at the end of the sampling
period, pin 8 of U1275 stops conducting, allowing Q1252
and Q1254 to turn on. When these transistors turn on, the
voltage on all secondaries of T1230 will go to zero,
stopping the inverter. Once triggered on, the stop mono-
stable will stay on while C1259 discharges through R1261
into the base of Q1254. If U1275 is removed from its
socket or is otherwise nonfunctional, the monostable stops
the inverter after the first few cycles of operation. In this
mode, the duty cycle is much shorter because C1259 does
not have sufficient time to charge.
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Fig. 3-15. Line Stop Circuit simplified schematic.
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Balance Mode. The Balance Mode provides short-circuit
protection for all semi-regulated and regulated DC voltages.
It also provides over-current protection for the CRT. Pin 2
of U1275 is the input to the voltage balance amplifier. If
the voltage at pin2 of U1275 is more positive than
+200 mV or more negative than —200 mV, the output will
generate an error to stop the inverter. Under normal
operating conditions, the current from the +6 L to the
Balance Mode pin equals the current from the —17 supply,
allowing pin 2 to shift into the error region. Shorting a
positive supply moves the Balance Mode negative and vice
versa. Normally, the BEAM | sense signal does not have
sufficient amplitude to cause conduction in CR1378;
therefore it has no effect on the Balance Mode. If excessive
current is drawn from the cathode multiplier or the H.V.
winding in T1310, the amplitude of the BEAM | sense
signal increases, causing CR1378 to conduct, and producing
an error that stops the inverter. This will only occur when
the normal beam limit circuit is inoperative.

Overcurrent Protection. Pin 13 of U1275 is the input to
the Inverter Current Regulator circuit. If a semi-regulated
supply is shorted, the regulator circuit allows the inverter
current to increase to the limit value and remain there
throughout the sampling period. At the end of the sampling
period, pin 8 of U1275 goes positive, stopping the inverter.

Low Line Voltage Protection. If the line voltage drops
significantly below the minimum specified value, the
inverter cannot maintain the correct volitages at the
semi-requlated supply outputs. When this occurs, an error is
generated by the voltage regulator, causing pin 8 of U1275
to go positive and stopping the inverter. The Line Stop
Circuit also stops the inverter if the line voltage is low (see
Line Stop Circuit Description).

Sampling Period Timer and Overvoltage Protection.
When an error is present at the input to the circuit a current
is generated which charges C1264 through pin 1 of U1275.
When pin 1 reaches +0.7 V, pin 8 of U1275 will go positive
and stop the inverter,

CRT Circuit

The CRT Circuit produces the high voltage potentials
and provides the control circuits necessary for the oper-
ation of the cathode-ray tube (CRT). This circuit also
includes the Z-Axis amplifier and the Auto-Focus amplifier.
Figure 3-17 shows a detailed block diagram of the CRT
circuit. A schematic of this circuit is shown on diagram 11
in the rear of this manual.

Filament Voltage. Filament voltage for the CRT heaters
is provided by a separate winding on T1310. The filament
voltage is not elevated to cathode potential.

®

Circuit Description—R7903 Service

High Voltage Supplies. A semi-regulated voltage for
operation of the high voltage supplies is provided by the
high voltage winding of T1310. One end of T1310 is
connected to ground through high-voltage current-sensing
resistor R1604. A 3 kV peak-to-peak square wave is
generated and provides the power necessary to operate the
Anode Supply, Cathode Supply, and DC Restorer Circuits.

1. ANODE SUPPLY. The Anode Supply consists of 7X
multiplier assembly U1615.

2. CATHODE SUPPLY. The CRT cathode voltage
(3kV) is generated by a 2X multiplier consisting of
CR1607, CR1608, C1607 and C1608. R1609 and C1609
provide high frequency filtering. R1612 and C1612 provide
high frequency filtering and an AC coupling path for the
cathode regulator.

3. CATHODE REGULATOR. The cathode regulator
maintains the cathode at 3 kV and reduces AC ripple.
U1635 is a noninverting preamplifier and Q1627 and
Q1631 form an inverting output amplifier. A DC charge at
U1635 input, sensed by R1640B and R1640A (thick film
resistors) starts the regulator action. If the voltage at U1635
input goes positive, the output at TP1625 goes negative.
This causes the voltage on C1606 to increase during the
positive voltage cycle of T1310. Note that the voltage on
C1606 is the difference between the positive voltage on
T1310 and the voltage at TP1625.

During the negative half of the voltage cycle, the
increased voltage on C1606 increases the voltage at the
output of the cathode multiplier, thus correcting the
original error. R1642 and C1642 provide a low impedance
coupling path or AC changes to the input of U1635. The
output correction is ACcoupled through C1612 directly to
the cathode. CR1625, CR1632, CR1638 and CR1639
provide short circuit protection.

Grid DC Restorer. The purpose of the DC restorer
circuit is to elevate the output of the Z-Axis amplifier to a
potential more negative than the cathode, thereby allowing
the grid to control the beam current of the CRT. The
circuits are short-circuit protected by R1719, DS1718 and
DS1719; R1682, DS1687 and DS1688.

The DC Restorers are current driven from the square
wave at the high voltage winding through R1618, R1619,
R1651, R1652, R1671 and R1672. When R1674 goes
positive, CR1676 conducts at the grid bias voltage poten-
tial. This clamping action establishes the positive swing of
the DC Restorer drive. On the negative swing of T1310,
CR1680 conducts at the voltage established by the Z-Axis
output. This clamping action establishes the negative swing
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of the DC Restorer drive. The AC swing of the DC Restorer
drive is coupled from the low-voltage section to the
high-voltage section by C1678. On the positive swing of the
DC Restorer drive, the high voltage end of C1678 is
clamped to the cathode voltage by CR1682. During the
negative swing of the DC Restorer drive, CR1679 charges
C1680 to a voltage more negative than the cathode by an
amount equal to the difference between the grid bias
setting and the voltage at the output of the Z-Axis
amplifier. Fast AC coupling between the Z-Axis and the
CRT grid is provided by C1684. A slower AC path is by
way of R1686 and C1680.

Focus DC Restorer. The operation of the Focus DC
Restorer circuit is similar to the operation of the Grid DC
Restorer. The AC swing of the DC Restorer drive is coupled
from the low-voltage circuit to the high-voltage circuit by
C1654. The positive swing is established when CR1653
clamps at the Focus DC Restorer level voltage. This voltage
is approximately 130 V. The negative swing is established
when CR1656 clamps at the output voltage of the
Auto-Focus amplifier. During the positive swing of the
Focus DC Restorer drive, the high voltage end of C1654 is
clamped to the focus potentiometer voltage by CR1658.
During the negative swing of the Focus DC Restorer drive,
CR1655 charges C1656 and thereby establishes the proper
level at the focus electrode. The focus adjustment R1700 is
set for optimum focus at low intensity level.

Auto-Focus Circuit. The Auto-Focus circuit provides an
output voltage that keeps the display focused for all
settings of INTENSITY control. Transistors Q1755, Q1757,
Q1765 and Q1769 form a noninverting operational
amplifier. Resistors R1751, R1752, R1753 and R1754,
combined with diodes CR1753 and CR1754, form a
waveshaping circuit. This circuit provides non-linear
amplification to conform to the requirements of the CRT
focus electrode.

Z-Axis Amplifier. The Z-Axis signal from the logic
circuitry is connected to Q1805 through R1801 or R1802.
Transistor Q1805 provides impedance matching between
the logic circuitry output and Q1808. Transistors Q1808,
Q1824, Q1815 and Q1827 form a noninverting current-
driven operational amplifier. The gain and output level is
set in this stage. The output stage consists of Q1874,
Q1876, Q1854, Q1836, Q1834 and Q1838, a high speed
operational amplifier. Transistor Q1838 is a constant
current source for transistors Q1834 and Q1836. Tran-
sistors Q1834 and Q1836 force current into the emitter of
Q1854 to provide a fast rising pulse at the output.
Transistors Q1874 and Q1876 maintain the output pulse
level. The Z-Axis amplifier is compensated in this stage by
R1842, R1844, C1842 and C1846, to provide a fast rising
pulse with optimum square corner.

®
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Beam Current Limit. For sweep speeds 50 ms/div and
slower or for the X-Y mode, the beam current is limited to
5 uA, to protect the CRT phosphor. The Intensity Limit
provides this function. For sweep speeds faster than
50 ms/div, the Beam current sense allows 20 uA. The Beam
current sense line is connected to Q342 (Z-Axis logic) and
to Q1373. The collector circuit of Q1373 provides an input
to the Balance sense input (pin 2 U1275). When the input is
greater than 20 uA, an error is developed, causing the
inverter to stop. Power supply shutdown in caused by
excessive beam current. When the control circuits are
unable to keep the average beam current within the 5 uA or
the 20 pA limit, the voltage at CR1306 causes an error. To
prevent shutdown from being signaled during the first
200 ms of instrument turn-on, capacitor C1371 and resistor
R1371 provides a delay to compensate for charging
currents in the CRT supply. At this time, a higher beam
current limit (approximately 30 tA) is required to stop the
inverter.

CRT Control Circuits. The ASTIG adjustment (R1736)
is used in conjunction with the FOCUS adjustment
(R1700) to obtain a well-defined display. R1736 varies the
positive level on the astigmatism grid. Geometry adjustment
R1727 varies the positive potential on the mesh to control
the overall geometry of the display.

Two adjustments control the trace alignment by varying
the magnetic field around the CRT. Y Axis Align adjust-
ment R1730 controls the current through L1730, which
affects the CRT beam after vertical deflection but before
horizontal deflection. Therefore, it affects only the vertical
(Y) components of the display. TRACE ROTATION
adjustment R1725 controls current through L1725, which
affects both the vertical and horizontal rotation of the
beam. See the Calibration procedure for Focus Preset and
Shields Volt adjustment.

Low-Voltage Supplies

The secondary windings of T1310 provide the source
voltage for the low-voltage rectifiers and regulators. Each
supply is full-wave rectified, then sent through pi filters. A
schematic is shown on diagram 10 at the rear of this manual
of each regulator. The regulators are series type; the 50 V
supply is used as the reference supply.

The basic operation of all the regulators is the same as
the +50 V regulator. Thus, only the +50 V regulator is
discussed here. See Fig. 3-18 for the Low-Voltage block
diagram. Transistors Q1409A and Q1409B form a com-
parator between the —50V supply and the +50 V SENS
line. Figure 3-19 illustrates the reason for using SENS lines.
The inherent resistance of the interconnecting wire between
the supply and load produces a voltage drop that is equal to
the output current multiplied by the resistance of the
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interconnecting wire. Even though the resistance of the
wire is small, it results in a substantial voltage drop, due to
the high output current of this supply. Therefore, the SENS
voltage is taken from a point as close to the load as
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possible. Transistor Q1415 is an error amplifier that drives
Q1425, which in turn drives series regulating transistor
Q1428. Transistor Q1418 provides overload protection.
When the output voltage of the +50 V supply is greater
than +50 V, Q1409B is turned on and Q1409A is turned
off. When this occurs, Q1415 reduces the conduction of
Q1425 and Q1428 to limit the output voltage. When the
+50 V supply decreases, Q1409A is turned on, which
provides Q1415 with an error signal to turn Q1425 and
Q1428 on harder, increasing the output voltage.

Vertical System

Introduction. The Vertical System circuit includes the
vertical channel switch, a delay line, and the vertical output
amplifier. The channel switch determines which vertical
signal is displayed (or turns off both vertical channels), and
allows the encode readout data to be displayed. The delay
line provides approximately 60 nanoseconds delay for the
vertical signal to allow the horizontal circuits time to
initiate a sweep before the vertical signal reaches the
vertical deflection plates of the CRT. This delay allows the
vertical amplifier to display the leading edge of the signal
originating the trigger for the sweep. The vertical output
amplifier stage provides the final amplification of the
vertical signal to drive the vertical deflection plates.
Figure 3-20 shows a detailed block diagram of the Vertical
System.
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Fig. 3-20. Vertical Output Amplifier Block Diagram.
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Vertical Channel Switch. The main component is
integrated circuit U625. It provides high-impedance differ-
ential inputs for both vertical plug-in compartments. The
output signal at pins 1 and 2 is a push-pull signal, which is
connected to the delay line. The sum of the DC currents at
the output is always equal to the sum of the DC currents at
the bias inputs (pins 10, 11, 12 and 17) in all modes. This
provides a constant DC bias to the following stage as the
VERT MODE switch is changed. The X/Y inhibit signa!
stops both vertical channels from reaching the output. The
X/Y inhibit signal also lowers the supply voltage by turning
Q616 on and reducing the conduction of Q617, limiting the
voltage on pin 3 of U625. For SN B119999 and below.

Vertical Amplifier. The main components of this stage
are integrated circuits U685, associated vertical centering
circuitry, and U745, Integrated circuit U685 provides a low
input impedance to permit accurate delay line termination.
Pins 5, 6, 11, and 12 permit the quiescent operating level,
gain and balance to be set by discrete components. The
balance of the stage is maintained by a paraphase amplifier
(Q723, 728, 0710, Q716, 0698 and Q694) and the Vert
Cent adjustment (R712), the RO Vert Cent adjustment
(R676) or the Aux Y Axis input signal. The Aux Y Axis
input is used by dual trace vertical plug-in units for vertical
trace separation. When the readout data is ready to be
displayed, the Y Readout signal is connected to the base of
Q723 through R719. The signal is a single-ended signal that
is converted to a push-pull signal by transistors Q723 and
Q728. Since the signal from the vertical plug-in unit is
blocked, only the Readout signal provides the vertical
deflection. The X/Y inhibit signal turns on Q705, allowing
the RO Vert Cent adjustment to control the DC balance of

the stage. Vert Gain adjustment R730 and thermistor
RT731 controls the current gain of the Vertical system.
The thermistor provides thermal compensation. Integrated
circuit U745 provides final amplification for the vertical
signal to drive the CRT vertical deflection plates. Pins 12, 1,
7 and 6 of U745 permit the quiescent operating level, gain
and frequency compensation to be set by discrete com-
ponents. The series RC networks in parallel with R741 and
R756 provide frequency compensation. The current for
U745 is supplied from ground through the BEAM FINDER
switch (S125). When the BEAM FINDER switch is
actuated, the only current source for U745 is through
R771. This limits the dynamic range of this stage by
limiting its current, so the display is compressed vertically.
When an X/Y inhibit signal is applied to the base of Q776,
it is turned off and Q773 is turned on, providing a current
source for U745 even if the BEAM FINDER switch is
actuated. The output signal of U745 is connected directly
to the vertical deflection plates of the CRT. A distributed
deflection plate system is used for maximum frequency
response and sensitivity. For SN B120000 and up.

Horizontal System

Introduction. The Horizontal System includes the
Horizontal Channel switch and the Horizontal Amplifier.
The Horizontal Amplifier circuit amplifies the push-pull
horizontal signal from the Horizontal Channel switch and
connects it to the horizontal deflection plates of the CRT.
The single-ended Readout signal is converted to a push-pull
signal in this stage, and amplified for the X portion of the
Readout display. Figures 3-21A and B show a detailed block
diagram of the horizontal system. A schematic diagram of
this circuitis shown ondiagram 7 attherear of this manual.
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Fig. 3-21B. (SN B149999—below). Horizontal Detailed Block Diagram.

Horizontal Switch. Integrated circuit U825 is the main
component of this stage. U825 provides a high-impedance
differential input for the horizontal plug-in unit. The
output signal at pins 12 and 13 is a differential signal that is
connected to the Horizontal Amplifier. The X/Y inhibit
signal blocks the horizontal signal from reaching the
output. At this time, the X Readout signal is provided as an
input to the Horizontal Amplifier. A constant DC output
current level is provided by the Channel Switch in all modes
(horizontal signal or X Readout Signal).

Horizontal Amplifier (for instruments
SN B150000—above).

Input Amplifier. The Input Amplifier stage is a
paraphase amplifier consisting of Q4885 and Q4895.
Overall gain for the Horizontal Amplifier is determined by
Gain adjustment R4873. Thermal compensation for the
horizontal system is provided by the thermistor network,
RT4877 and R4877. The Display Center adjustment,
R4867, compensates for centering error in the channel
switch and input amplifier circuit. Capacitor C4874 in-
creases the gain of the input stage at high frequency and
provides adjustment for the 0.5 ns/div timing.

The Input Amplifier emitter current source is normally
supplied from the +15 Volt Supply through R4882 and
R4881, with Q4883 off. When the BEAM FINDER switch is
actuated the emitter current to Q4885 and Q4895 is
supplied only through R4881. This reduces the dynamic
range of the input stage by limiting its current source.
Transistor Q4883 is forward biased and supplies the

REV B JAN 1981

required current to the Driver and Output Amplifiers. This
action reduces the dynamic range of the horizontal system
to keep the display within the horizontal limits of the
graticule, regardless of the setting of the positioning
controls or signal amplitude.

Left and Right Driver Amplifiers

The Left and Right Driver Amplifiers are current-driven
shunt-feedback amplifiers, consisting of Q4901 and Q4911
and feedback resistors R4889 and R4899. Transistors
Q4905 and Q4915 are emitter followers that drive the
capacitive load that is presented by the output stage.

Left Output Amplifier

The Left Output Amplifier is an operational amplifier
consisting of common-emitter transistors Q4948 and
Q4949, and common-base transistor Q4953. R4912 is the
input resistor and R4955 is the feedback resistor. To
provide higher speed, the input resistor is paralleled by
input capacitors C4918 and C4919, and the feedback
resistor is paralleled by C4955. C4919 also provides the
2 ns/div timing adjustment. Q4959 acts as a current
source for the output stage.

Right Output Amplifier

Basic operation of the Right Qutput Amplifier is similar
as just described for the Left Qutput Amplifier. However,
Q4939 in addition to serving as a collector current source
for the output amplifier Q4933 is also the high-frequency
signal path from the collectors of Q4928 and Q4929 to the
crt deflection plates.
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Horizontal Amplifier (SN B149999—below). The
Horizontal Amplifier provides the necessary amplification
for the horizontal deflection system. When the BEAM
FINDER switch is actuated, resistor R864 is added to the
emitter circuitry of Q863 and Q873 to limit the current
source. The +15 V supply is also connected to the input of
the next stage, reducing the amplification of the remaining
stages. In normal operation, adjustment R868 provides DC
centering and adjustment R872 provides the gain adjust-
ment. Adjustments R906, R870, C905, C928 and C948
provide the high-frequency compensation for the Horizon-
tal Amplifier.

Output Signals

The SIG OQUT, SAWTOOTH, and GATE amplifier
schematics are shown on diagram 8 at the rear of this
manual. These output signals are either generated within
the instrument or are signals taken from the associated
plug-in units, See Fig. 3-22, a detailed block diagram of the
Output Ampilifiers.

Sig Out Amplifier. The vertical signal is selected by the
TRIG SOURCE switch {see Trigger Selector Circuit descrip-

~N
v

VERTICAL SIGNAL

FROM TRIGGER

SELECTOR BOARD
N
/
N~
Ve

SWEEP SIGNAL FROM

MAIN INTERFACE
\_
/

GATE
SELECTOR
SWITCH

GATE SIGNAL FROM -
MAIN INTERFACE 0

SIG OUT
a1034
Q1038 SAWTOOTH
Q1040

GATE

Fig. 3-22. Output Signal Amplifier.
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tion for more information). The Vertical signal DC
centering adjustment R1013 is set for a0 V level when the
vertical input is at a 0 V level. The push-pull Vertical signal
is converted to a single-ended signal and connected 1o the
SIG OUT connector on the rear panel.

Sawtooth Amplifier. The sweep signals from the time-
base plug-in unit are connected to the Sawtooth Amplifier
input. The output of the Sawtooth Amplifier is connected
to the SAWTOOTH connector on the rear panel.

Gate Amplifier. The gate signals from the time-base
plug-in unit are connected to the input of the Gate
Amplifier. Switch S1050 selects the MAIN GATE signal or
the AUX GATE signal. The output of the Gate Amplifier is
connected to the GATE connector on the rear panel. The
MAIN GATE signal is generated from the sweep that is
being displayed. The AUX GATE signal is generated from
the delaying sweep.

Calibrator

The Calibrator circuit provides a voltage output in
calibrated steps from 4mV to 4V at the CAL OUT
connector. Transistors Q1128 and Q1123 are connected as
a square-wave oscillator. Adjustment R1129 is used to set
the frequency to 1kHz. See Fig. 3-23 a detailed block
diagram of the calibrator circuit.

Transistors Q1111 and Q1115 are connected as a
comparator. The reference level at the base of Q1111 is
determined by network R1101, R1102, R1103 and R1105.
The square-wave signal is connected to the base of Q1115
through Q1119. When the voltage level at Q1115 decreases
below the reference level, transistor Q1115 turns on, and
Q1111 turns off. When Q1111 is on, a positive signal is
developed across the output voltage divider, and there is an
output at the CAL OUT connector. When Q1111 is off, no
voltage is applied to the output voltage divider, and there is
no signal at the CAL OUT connector.

Option 10 Description

Option 10 for this instrument provides a pulsed graticule
circuit, and a pulsed readout circuit, in addition to the
normal graticule and readout circuits. The main circuit
(U1124 and Q1148) is a monostable multivibrator that
controls the time that the graticule lights are on, or the
time that the readout display is on. In the clockwise detent
of both the GRAT ILLUM and the READOUT INTEN-
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SITY, a preset adjustment controls the intensity of the
readout display or the graticule illumination. In the pulsed
graticule circuit the timing components are C1124 and
R1124. In the pulsed readout circuit, C1148 is the timing
component. The sweep gate signal is amplified by Q1104
and Q1106, and applied to the input of the monostable
multivibrator in the AUTO mode. When the MANUAL
switch is pressed, a negative pulse to pin5 of U1148
triggers the multivibrator, or a ground closure to pin 5 of
U1124 triggers the multivibrator. In the EXT mode, a
ground closure to the REMOTE connector applies a
negative trigger pulse to pin 5 of the multivibrator. See
Fig. 3-24 a detailed block diagram of Option 10 pulsed
GRATICULE and READOUT circuitry.

DC Fan
(SN B209999 & Below)

The DC fan uses a brushless, Hall-effect motor. The
Hall-effect devices, located inside the motor housing, control
the base current to motor-driving transistors
Q2536A-Q2536B-Q2436C-Q2536D depending upon the mag-
nitude and polarity of the magnetic field around them. A perma-
nent magnet, located in the rotor, changes the magnetic field
as the rotor turns, causing the Hall-effect devices to turn on the
appropriate transistors to drive the motor windings.

The —17V supply provides a current source for the
Hall-effect devices, responding to voltage changes at the base
of the driving transistors, thus controlling the motor current.
Transistor Q2512, along with R2533 and R2335 provides a
biasing arrangement to make the Hall-effect devices compat-
ible with the silicon driving transistors.

DC Fan
(SN B210000 & Above)

Current for the fan is provided by the —17 V supply via
P1598 on Low Voltage Regulator board A16. The fan’s 12 volt
operating level is achieved by dropping approximately 5 volts
across R1598 and R2536.

READOUT SYSTEM
SN B0202641 & Below

The Readout System in the R7903 provides alphanumeric
display of information encoded by the plug in units. This display
is presented on the CRT and is written by the CRT beam on a
time-shared basis. Schematics for the total Readout System
are shown on diagrams at the rear of this manual.

The definitions of several terms must be clearly understood
to follow this description of the Readout System. These are:

Character — A character is a single number, letter, or symbol

which is displayed on the CRT, either alone or in combina-
tion with other characters.
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Fig. 3-23. Detailed Block Diagram of the Calibrator Circuit.
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Fig. 3-24. Detailed Block Diagram of the Option 10 Front Panel.
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Word—A word is made up of a related group of characters.
In the Readout System, a word can consist of up to ten
characters.

Frame—A frame is a display of all words for a given
operating mode and plug-in combination. Up to six
words can be displayed in one frame. Fig. 3-25 shows
one complete frame (simulated readout) and the posi-
tion at which each of the six words is displayed.

Column—One of the vertical lines in the Character Selection
Matrix (see Fig. 3-26). Columns C-0 (columns zero) to
C-10 {column 10) can be addressed in the Readout
System.

Row—One of the horizontal lines in the Character Selection
Matrix (Fig. 3-26). Rows R-1 (row 1) to R-10 {row 10)
can be addressed in the R7903 system.

Time-slot—A location in a pulse train. In the Readout
System, the pulse train consists of 10 negative-going
pulses. Each of these time-slots is assigned a number
between one and ten. 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 six words of readout information
can be displayed on the CRT. The position of each word is

Left Vert Right Vert Horizontal
| ! T ) T |
Channel 1 ! Channel 1 ' Channel 1
h + 1
H 4 1
H T 1
! 4 1
¥ 4 i
] 1
T [}
' T 1
) T 1
1 + ]
] -+ 1
1 &+ 1
Ll <+ 1
) 4 ]
] “+ Ll
I DT EUUNE SEETEAT NS UL NN FETTE TS SRt
4+ HHHHHHHH +H+
! T ]
: I !
! + )
L T N
! T H
I -+ )
: -+ :
) + H
' I i
1 [ L}
1 1
4 ¢
1 - 1
Channel 2 | | | Channel 2 h Channel 2
| i T ‘ | |

Fig. 3-25. Location of readout words on the CRT identifying the
originating plug-in unit and channel (one complete frame shown,
simulated readout).
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fixed and is directly related to the plug-in unit from which
it originated. Fig. 3-25 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
within the top division of the CRT and channel 2 is
displayed directly below within the bottom division. Fig.
3-27 shows a typical display.

Each word in the readout display can contain up to 10
characters, although the typical display will contain be-
tween two and seven characters per word. The characters
are selected from the Character Selection Matrix shown in
Fig. 3-26. Any one of the 50 separate characters can be
addressed and displayed on the CRT. In addition, 12
operational addresses are provided for special instructions
to the Readout System. The unused locations in the Matrix
(shaded areas) 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.

Developing the Display. The following basic description
of the Readout System uses the block diagram shown in
Fig. 3-28. 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.
This stage produces the basic signals which establish the
timing sequences within the Readout System. Period of the
timing signal is about 250 microseconds (drops to about
210 microseconds when Display-Skip is received; see
detailed description of Timing stage for further informa-
tion). This stage also produces control signals for other
stages within this circuit and interrupt signals to the
Vertical Interface, Horizontal Interface, CRT Circuit, and
Z-Axis Logic stage which allow a readout display to be
presented. The Time-Slot Counter stage receives a trape-
zoidal voltage signal from the Timer stage and directs it to
one of ten output lines. These output lines are labeled TS-1
through TS-10 (time-slots one through ten) and are
connected to the vertical and horizontal plug-in compart-
ments as well as to various stages within the Readout
System. The output lines are energized sequentially so there
is a pulse on only one of the 10 lines during any 250
microsecond timing period. When the Time-Slot Counter
stage has completed time-slot 10, it produces an End-of-
Word puise which advances the system to the next channel.

Two output lines, row and column, are connected from
each channel of the plug-in units back to the Readout
System. Data is encoded on these output lines by con-
necting resistors between them and the time-slot input
lines. The resultant output is a sequence of ten analog
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Fig. 3-26. Character Selection Matrix for the Readout System (SN B202641 & Below).
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w| sooL,s

Fig. 3-27. Typical readout display where only channel 1 of the
Right Vertical and Horizontal units is displayed.

current levels which range from zero to one milliampere
(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 Fig. 3-26. The
standard format in which information is encoded onto the
output lines is given in Table 3-1 (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
currents from the six data lines (two channels from each
of the three plug-in compartments) and produce a single
time-multiplexed analog voltage output which contains all
of the column or row information from the plug-ins. The
Column Data Switch and Row Data Switch are sequenced
by the binary Channel Address No. 1 code from the
Channel Counter.

The time multiplexed output of the Colamn Data
Switch is monitored by the Display-Skip Generator to
determine if it represents valid information which 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 which normally interrupt the CRT display and
present a character.

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
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output current on one of ten lines. The outputs of the
Column Decoder stage are identified as C-1 to C-10

{column 1 to 10) which correspond to the column

information encoded by the plug-in unit. Likewise, the
outputs of the Row Decoder stage are identified as R-1 to
R-10 (row 1 to 10) which correspond to the row
information encoded by the plug-in unit. 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. However, these
outputs are also used at other points within 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 if zero-adding or prefix-shifting
information has been encoded by the plug-in unit and
stores it in memory until time-slots b, 6, or 8. After storing
this information, it triggers the Display-Skip Generator
stage so there is no display during this time slot (as defined
by Standard Readout Format; see Table 3-1). When
time-slots 5, 6, and 8 occur, the memory is addressed and
any information stored there during time-siot 1 is trans-
ferred out and connected to the input of the Column
Decoder stage to modify the analog data during the
applicable time-slot.

TABLE 3-1

Standard Readout Format

Time-Slot Number Description

TS-1 Determines decimal magnitude
{number of zeros displayed or pre-
fix change information) or the
IDENTIFY function (no display
during this time-siot).

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

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

dition).
TS-4 1-2-5 scaling.
TS-6 Not encoded by plug-in unit. Left
TS-6 blank to allow addition of zeros by
TS-7 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.
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Another operation of the Zeros Logic and Memory stage
is to produce the IDENTIFY function. When time-stot 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 2 through 9,
an analog current output is produced from the Column
Data Switch and Row Data Switch 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 stage produces the characters
which are displayed on the CRT. Any of the 50 characters
shown on the Character Selection Matrix of Fig. 3-26 can
be addressed by proper selection of the column and row
current. Only one character is addressable in any one
time-slot; a space can be added into the displayed word by
the Decimal Point Logic and Character Position Counter
stage when encoded by the plug-in. The latter stage counts
how many characters have been 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 1, 2,
and 3 whether a character is generated during these
time-slots or not. 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 within each
word regardless of the information encoded in time-slot 2
{normal/invert) or time-slot 3 (cal/uncal) which precedes
this digit. Also, by encoding row 10 and column O during
any time-slot, a blank space can be added to the display.
Decimal points can be added to the display at any time by
addressing row 7 and columns 3 through 7 (see Character
Selection Matrix for location of these decimal points). The
Decimal Point Logic and Character Position Counter stage
is reset after each word by the Word Trigger pulse.

The Format Generator stage provides the output signals
to the vertical and horizontal deflection systems of the
instrument to produce the character display. The binary
Channel Address No. 2 code from the Channet Counter
stage is connected to this stage so that the display from
each channel is positioned to the area of the CRT which is
associated with the plug-in and channel originating the
word (see Fig. 3-25). The positioning current or decimal
point location current generated by the Decimal Point
Logic and Character Position Counter stage is added to the
horizontal {X) signal at the input to the Format Generator
stage to provide horizontal positioning of the characters
within each word. The X- and Y-output signals are
connected to the Horizontal Amplifier and Vertical Ampli-
fier through the Horizontal Output and Vertical Output
stages respectively.

The Word Trigger stage produces a trigger from the
End-of- Word pulse generated by the Time-Slot Counter
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stage after the tenth time-slot. This Word Trigger pulse
advances the Channel Counter to display the information
from the next channel or plug-in. It aiso provides a reset
pulse to the Zeros Logic and Memory stage and the Decimal
Point Logic and Character Position Counter stage. The
Word Trigger stage can also be advanced to jump a
complete word or a portion of a word when a Jump
command is received from the Row Decoder stage.

The Single-Shot Lockout stage allows the display se-
quence of the Readout System to be changed. Normally,
the Readout System operates in a free-running mode so the
waveform display is interrupted randomly to display
characters. However, under certain conditions (such as
single-shot photography), it is desirable that the Readout
System operate in a triggered mode where the readout
portion of the display is normally blanked out but can be
presented on command. The Readout Mode switch deter-
mines the operating mode of the readout system.

Circuit Analysis of Readout System

The following analysis of the Readout System describes
the operation of each stage in detail. Complete schematics
of the Readout System are shown on diagram 12 at the rear
of this manual.

Timer

Timer U2126 establishes the timing sequence for all
circuits within the Readout System This stage produces
seven time-related output waveforms (see Fig. 3-29). The
triangle waveform produced at pin 6 forms the basis for the
remaining signals. The basic period of this triangle wave-
form is about 250 microseconds as controlled by RC
network C1214-R1214. The triangle waveform is clipped
and amplified by U1210 to form the trapezoidal output
signal at pin 10. The amplitude of this output signal is
exactly 15 volts as determined by V2126 {exact amplitude
necessary to accurately encode data in plug-in units; see
Encoding the Data). The Trigger output at pin 5 provides
the switching signal for the Time-Slot Counter and Word
Trigger stages.

The signals at pins 12, 13, 14, and 16 are produced only
when the triangle waveform is on its negative slope and the
trapezoidal waveform has reached the lower level. The
timing sequence of these waveforms is very important to
the correct operation of the Readout System (see expanded
waveforms in Fig. 3-30). The Z-Axis Logic OFF Command
at pin 14 is produced first. This negative-going signal
provides a blanking pulse to the Z-Axis Logic stage (see
diagram 2) to blank the CRT before the display is switched
to the Readout System. It also produces the Strobe pulse
through R2137, 02138, and CR2142 to signal other stages
within the Readout System to begin the sequence necessary
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Fig. 3-28. Detailed block diagram of Readout System (SN B202641 & Below).
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Fig. 3-28. Detailed block diagram of Readout System (cont). (SN B202641 & Below).
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Fig. 3-29. Output waveforms of Timer stage.
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Fig. 3-30. Detail of outputs at pins 12, 13, 14, and 16 of U2126.

to produce a character. The collector of Q2138 is also
connected to Character Generator No. 2, U2272 through
C2140, CR2140. This activated U2272 during the quiescent
period of the Strobe pulse (collector of Q2138 negative)
and diverts the output current of Row Decoder U2185 to
row 2. The purpose of this configuration is to prevent the
Zeros Logic and Memory stage U2232 from storing
incorrect data during the quiescent period of the Strobe
pulse, When the Strobe pulse goes positive, CR2140 is
reverse biased to disconnect Q2138 from U2272 and allow
the Row Decoder stage to operate in the normal manner.

The next signal to be produced is the Vertical/
Horizontal Channel Switch OFF Command at pin 13. This
positive-going signal disconnects the plug-in signals in the
vertical and horizontal deflection systems so the plug-in
units do not control the position of the CRT beam during
the readout display. The Ready signal derived from this
output is connected to the Decimal Point Logic and
Character Position Counter stage and the Format Generator
stage (see diagram 12). The Readout Intensity output at pin
12 is produced next. This current is connected to the CRT
Circuit to unblank the CRT to the intensity level deter-
mined by READOUT intensity control R2124. The Char-
acter Scan ramp at pin 16 started to go negative as this
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timing sequence began. However, character-generation does
not start until the readout intensity level has been
established. The triangular Character Scan ramp runs
negatively from about —2 volts to about —8.5 volts and
then returns back to the original level. This waveform
provides the scanning signal for the Character Generator
stages (see diagram 12). The Full Character Scan adjust-
ment R2128 sets the DC level of the Character Scan ramp
to provide 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 which does not occur
unless all ten characters of each word (60 characters total)
are displayed on the CRT. Under typical conditions only a
few characters are displayed in each word. The Display-Skip
fevel at pin 4 determines the period of the Timer output
signal. When a character is to be generated, pin 4 is LO and
the circuit operates as just described. However, when a
character is not to be displayed, a H! level is applied to pin
4 of U2126 through CR2125 from the Display-Skip
Generator stage. This signal causes the Timer to shorten its
period of operation to about 210 microseconds. The
waveforms shown in Fig. 3-31 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 pin
12, 13, 14, and 16 under 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 Single-Shot Lockout level at pin 2 determines the
operating mode of U2126. If this level is LO, the Timer
operates as just described. However, if the Single-Shot
Lockout stage sets a Hl level at this pin, the Timer stage is
locked out and can not produce any output signals (see
Single-Shot Lockout description for further information).

The READOUT intensity control R2124 sets the inten-
sity of the readout display independently of the INTEN-
SITY control. The READOUT intensity control also
provides a means of turning the Readout System off when a
readout display is not desired. When R2124 is turned fully
counterclockwise, switch S102 opens. The current to pin
11 of U2126 is interrupted and at the same time a positive
voltage is applied to pin 4 through R2122 and CR2124.
This positive voltage switches the stage to the same
conditions as were present under the Display-Skip con-
dition. Therefore, the CRT display is not interrupted to
present characters. However, time-slot pulse continue to be
generated.
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Fig. 3-31. Timer stage operation when Display-Skip condition
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Time-Slot Counter

Time-Slot Counter U2126 is a sequential switch which
directs the trapezoidal waveform input at pin 8 to one of its
10 output lines. These time-stot 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-stot
10. Fig. 3-32 shows the time-relationship of the time-slot
pulses. Notice that only one of the lines 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 LO, the Time-Slot Counter resets to
time-slot 1. The Time-Slot Counter can be reset in this
manner only when a Jump signal is received by U2155C
(see following discussion).

Word Trigger

The Word Trigger stage is made up of the 4 two-input
NOR gates contained in U2155. Quiescently, pin 2 of
U2155A is LO as established by the operating conditions of
U2155D and U2165C. Therefore, the LO End-of-Word
pulse produced by the Time-Slot Counter results in a HI
level at pin 1 of U2155A. This level is inverted by U2155B
to provide a negative-going advance pulse to the Channel
Counter.

An advance pulse is also produced by U2155A when a
Jump signal is received at pin 8 of U2155C. This condition
can occur during any time-slot {(see Row Decoder for
further information on origin of the Jump signal). U2155D
and U2155C are connected as a bistable flip-flop. The
positive-going Jump signal at pin 8 of U2155C produces a
LO at pin 10. This LO is inverted by U21550 to produce a
HI at pin 13, which aliows pin 9 of U2155C to be pulled HI
through R2155. The flip-flop has now been set and it
remains in this condition until reset, even though the Jump
signal at pin 8 returns to its LO level. The Hi output level at
pin 13 turns on Q2159 through R2158 to pull pin 16 of the
Time-Slot Counter LO. This resets the Time-Slot Counter
to time-slot 1 and holds it there until U2155C is reset. At
the same time, a HI level is applied to pin 4 of the Timer
through CR2125 and CR2124. This HI level causes the
Timer to operate in the display-skip mode so that a
character is not generated.

The next Trigger pulse is not recognized by the
Time-Slot Counter since U2159 is locked in time-slot 1 by
U2155. However, this Trigger pulse resets the Word Trigger
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Fig. 3-32. Time relationship of the time-slot (TS) pulses produced
by U2126.
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stage through C2155. Pin 13 of U2155D goes LO to enable
the Time-Slot Counter and Timer stages for the next
time-slot pulse. At the same time, the negative-going edge
produced at U2155D switches output states which is
connected to pin 3 of U2155D. This results in a negative-
going Word Trigger output at pin 4 of U2155B to advance
the Channel Counter to the next word. When the next
Trigger pulse is received at pin 15, the Time-Slot Counter
returns to the normal sequence of operation and produces
an output on the time-slot 1 line.

Channel Counter

The Channel Counter, made up of integrated circuit
U2250 is a binary counter which 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. The input channel which is
displayed with each combination of the Channel Address
code is given in the discussion of the applicable stages.

Singie-Shot Lockout

Q2108, Q2117, and U2120 makes up the Single-Shot
Lockout stage. This 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. U2120C
and U21208B are connected to form a bistable flip-flop. For
normal operation, pin 3 of U2120 is pulled HI through
R2108. This activates U2120C to result in a LO output
level at pin 10. This level enables the Timer stage so it can
operate in the free-running manner as described previously.
The LO at pin 10 of U2120C is also applied to pin 5 of
U2120B. Since pin 6 of U2120A is LO, U21208B is disabled
and its output goes HI.

The output of this stage remains LO to allow U2126 to
operate in the free-running mode until a LO is received at
pin 8 of U2120C. When this occurs, the output level at pin
10 of U2120C 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 six {Channel 2 of the Horizontal unit),
the Readout System continues to operate in the normal
manner. However, when word six is completed, a positive-
going End-of-Frame pulse is produced at pin 9 of U21208
as the Channel Counter shifts to the code necessary to
display word one. This pulse is coupled to pin 3 of U2120A
and pin 12 of U2120D. The momentary HI at pin 3
activates U2120B and its output goes LO to disable
U2120C (pin 3 already LO). The output of U2120C goes
H!l to disable the Timer so it operates in the display-skip
mode. The HI at pin 10 of U2120C also holds U2120B
enabled so it maintains control of the flip-flop.
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The Single-Shot Lockout stage remains in this condition
until a positive-going trigger pulse is applied to pin 8 of
U2120C. This trigger pulse produces a LO at pin 10 of
U2120C which enables U2120B and disables U2120C.
Now, the Timer can operate in the normal manner for
another complete frame. When word six is completed, the
Channel Counter produces another End-of-Frame pulse to
again 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 code having up to 11
current levels (from zero to one milliampere in 100
microampere steps). The characters which can be selected
by the encoded data are shown on the Character Selection
Matrix {see Fig. 3-26). Each character requires two currents
to define it; these currents are identified as the column
current and the row current which correspond to the
column and row of the matrix. The column and row data is
encoded by resistive programming in the plug-in units. Fig.
3-33 shows a typical encoding scheme for a voltage-sensing
amplifier plug-in unit. Notice that the 10 time-slot (TS}
pulses produced by the Time-Slot Counter stage are
connected to the plug-in unit. However, time-siots 5, 6, 7,
and 10 are not used by the plug-in unit to encode data
when using the Standard Readout Format (see Table 3-1
for Standard Readout Format). The amplitude of the
time-slot pulses 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 Fig. 3-33, resistors R10 through R90
control the row analog data which is connected back to the
Readout System. These resistors are of fixed value and
define the format in which the information will be
presented by the Readout System. Fig. 3-34A shows an
idealized output current waveform of row analog data
which results from the 10 time-slot pulses. Each of the
steps of current shown in these waveforms corresponds to
100 microamperes of current. The row numbers on the
left-hand side of the waveform correspond to the rows in
the Character Selection Matrix shown in Fig. 3-26. The row
analog data is connected back to the Readout System via
terminal B37 of the plug-in interface.

The Column analog data is defined by resistors R110
through R190. 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 Fig. 3-33
indicates a 100 microvolt sensitivity with the display
inverted and calibrated vertical deflection factors. This
results in the idealized output current waveforms shown in
Fig. 3-34 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
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Fig. 3-33. Typical encoding scheme for voltage-sensing amplifier plug-in unit. Coding shown for deflection factor of 100 microvolts.

Character Selection Matrix, two units of column current
along with the two units of row current encoded by 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. R130 is not connected
to the time-slot 3 line since the vertical deflection factors
are calibrated. Therefore, there is no column current output
during this time-slot and 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 and 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-siot 9 by R190 connected to
the column output and R90 1o the row output. These
resistors encode three units of column current and four
units of row current to cause a V (volts) to be displayed.
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Time-slot 10 is not encoded In accordance with the
Standard Readout Format. The resultant CRT readout will
be ¥ 100 uV.

In the above example, the row analog data was pro-
grammed 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 appli-
cable 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 lines. This encodes 10
units of column current (see shaded area in time-slot 3 of
the waveform shown in Fig. 3-34B). Since one unit of row
current is also encoded during this time-slot by R30, a >
symbol is added to the display. The CRT readout will now
say { >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 the plug-in can be
modified by attenuator probes connected to the input

REV JUN 1986




Vme-Slot—)—
Row\: 1 /2 .3 4 /5 .6 17 '8 19 110 .

S AWAW, | N
he T
o [
R-6
ne
R-9
R-10 (A)

CN.rnl:-s'?tz_.‘)‘sw.s.6.7.8.9.10.
\ [ I N
] L1

Cc6
C-7
Cc-8
c9
C-10

(B)

Program for 100 uV, inverted, calibrated (uncalibrated operation
shown by shaded area)

Fig. 3-34. ldealized current waveforms of: {A) Row analog data,
(B) Column analog data.

connectors of vertical 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-coded probes
only). The probe contains a resistor which results in
additional column current. For example, if a 10X attenua-
tor probe is connected to a plug-in with the coding for 100
microvolts as shown in Fig. 3-33, 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 (see
Fig. 3-33), 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
reduced. Since this instruction occurs in the same time-slot
which 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.

Likewise, if a 100X readout-coded probe is connected to
the input of the plug-in unit, the column current during
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time-slot 1 will be increased two units for a total of four
units of column current. This addresses an instruction in
the Character Selection Matrix which reduces the prefix
and adds one zero to the display. The resuitant CRT
readout with the previous program is 10 mV.

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, respec-
tively. Force readout information is encoded on terminal
A35; 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 manual.

Column and Row Data Switches

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

TABLE 3-2
Channel Address Code
SN B202641 & Below

Pin 1
u2232
“Identify”” | Pin11| Pin8 | Pin9 Channel
Command | U2250 | U2250 | U2250 Selected
HI HI HI Hi Channel 1
Left Vertical
HI Hi HI LO Channel 2
Left Vertical
HI HI LO HI Channel 1
Right Vertical
HI HI LO LO Channel 2
Right Vertical
Hi LO Hi HI Channel 1
Horizontal
Hi LO HI LO Channel 2
Horizontal

The Column Data Switch U2190 and the Row Data
Switch U2180 receive the Channel Address No. 1 code
from the Channel Counter. This binary code directs the
Column Data Switch and the Row Data Switch as to which
channel should be the source of the readout data. Table 3-2
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gives the eight combinations of the Channel Address No. 1
code and the resultant channel which is selected with each
combination. These stages have nine inputs and provide a
single 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 R2201 through R2209 and R2191
through R2199 (see Zeros Logic and Memory description
for further information on ninth channel).

In addition to the data inputs from the plug-in units,
channel-inhibit inputs are provided from each of the plug-in
units. The channel inhibit lines are LO only when the
associated plug-in unit has been selected for display. When a
plug-in unit is not selected, the respective line is Hl which
forward biases the associated diode CR2162, CR2163,
CR2167, CR2166, CR2171, CR2170, CR2175, or CR1174
to by-pass the encoded data from this plug-in. However,
since it may be desired to display information from
special-purpose plug-ins even though they do not produce a
normal waveform display on the CRT, a feature is provided
to over-ride the channel inhibit. This is done by applying a
LO to the associated forcing over-ride input. The LO level
diverts the HI 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 switches.

Display-Skip Generator

The Display-Skip Generator, Q2215, Q2223, Q2229,

and Q2225 monitors the time-multiplexed column data at
the output of the Column Data Switch during each
time-slot to determine if the information at this point is
valid data which should result in a CRT display. The voltage
at the base of Q2215B is set by divider R2219, R2220, and
R2221. Quiescently, there is about 100 microamperes of
current flowing through R2213 and R2214 from Q2240
and the Zeros Logic and Memory stage {purpose of this
quiescent current will be discussed in connection with the
Zeros Logic and Memory stage). This current biases
Q2215A so its base is about 0.2 volt more positive than the
base of Q22158 in the absence of column data. Therefore,
since Q2215A and Q22158 are-connected as a comparator,
Q2215A will remain on unless its base is pulled more
negative than the base of Q2215B. The analog data output
from the Column Data Switch produces a 0.5 volt change at
the base of Q2215A for each unit of column current that
has been encoded by the plug-in unit. Therefore, whenever
any information appears at the output of the Column Data
Switch, the base of Q2215A is pulled more negative than
the base of Q2215B resulting in a negative (LO) Display-
Skip output to the Timer stage through 02225, Recall that
a LO was necessary at the skip input of the Timer so it
could perform the complete sequence necessary to display a
character.
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Q2223-Q02229 also provide display-skip action. The
End-of-Word level connected to their emitters through
R2229 is LO only during time-slot 1. This means that
Q2223-02229 are enabled only during time-slot. These
transistors allow the Zeros Logic and Memory stage to
generate a display-skip signal during time-slot 1 when
information has been stored in memory which is not to be
displayed on the CRT (further information given under
Zeros Logic and Memory discussion).

Column and Row Decoder

The Column Decoder U2244 and Row Decoder U2185
sense the magnitude of the analog voltages at their inputs
and produce a binary output on one of ten lines corres-
ponding to the column or row data which was encoded by
the plug-in. 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 func-
tions. The input current at pin 9 of the Column Decoder
stage is steered to only one of the ten Column Digita! Data
outputs. The size of the character which will be displayed
on the CRT is determined by the value of R2227. When a
display-skip signal is present {collector of Q2225 is Hi}, pin
9 is pulled HI through CR2226. 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 Q2153 and its associated components, is a Row 13
detector which produces the Jump command. This row
current is encoded by special-purpose plug-ins to cause all
or part of a word to be jumped. Whenever row 13 (thirteen
units of row current; 1.3 milliamperes) is encoded, the base
of Q2153 is pulled negative enough so that this transistor is
reverse biased to produce a H! Jump output at its collector.
This Jump command is connected to the Word Trigger stage
(diagram 12) to advance the Channel Counter stage 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 U2232 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 it can store the encoded data. A block
representation of the memory sequence is shown in Fig.
3-3b. Typical output waveforms for the five possible input
conditions that can occur are shown in Fig. 3-36. When
time-slot 1 occurs, a store command is given to all of the
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Fig. 3-35. Block representation of memory sequence in U2232.

memories. If the plug-in unit encoded data for column 1, 2,
3, 4, or 10 during time-slot 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 U2232. If data was encoded
during time-slot 1, a negative-going output is produced at
pin 7 as the memories are being set. This negative-going
pulse is connected to the base of Q2229 in the Display-Skip
Generator to produce a Display-Skip output. Since the
information that was encoded during time-slot 1 was only
provided to set the memories and was 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-slot 5, memory A 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 Q2240 to add one unit
of current at the input of the Column Decoder. This
produces a zero after the character displayed on the CRT
during time-slot 4. During time-slot 6, memory B is
interrogated to see if another zero should be added. If
another zero is necessary, a second positive output is
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produced at pin 7 which again results in a column 1 output
from the Column Decoder and a second zero in the CRT
display.

Finally, memory C is interrogated during time-slot 8 to
obtain information on whether the prefix should be
reduced or left at the value which was encoded. If data has
been encoded which calls for a reduction 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 Fig. 3-26 that a reduction of
one column when row 4 is programmed results in a one unit
reduction of the prefix. For example, with the 100 uV
program shown in Fig. 3-33, if the data received from the
plug-in called for a reduction 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
R2213 and R2214 that was provided by Q2240 (see
Display-Skip Generator) allows the prefix to be reduced
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Fig. 3-36. Typical output waveforms for Zeros Logic and Memory stage operation (at pin 7 of U2232).
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from m (100 microamperes column current; column 1) to
no prefix {zero column current; column zero) so only the
unit of measurement encoded during time-slot 9 is dis-
played. 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.

A further 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-slot 1, the Zeros Logic and Memory produces a
negative-going output pulse at pin 1 which switches the
Column Data Switch and Row Data Switch to the ninth
channel. Then, time-slot pulses 2 through 9 encode an
output current through resistors R2191-R2199 for column
data and R2201-R2209 for row data. This provides the
currents necessary to display the word IDENTIFY on the
CRT in the word position allotted to the channe! which
originated the ldentify command. After completion of 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 LO. This
erases the four memories in the Zeros Logic and Memory in
preparation for the data to be received from the next
channel.

Character Generators

The Character Generator stage consists of five similar
integrated circuits U2270, U2272, U2274, U2276, and
U2278, which generate the X (horizontal) and Y (vertical)
outputs at pins 16 and 1 respectively to produce the
character displayed on the CRT. Each integrated circuit can
produce 10 individual characters. U2270, which is desig-
nated as the “Numerals’” Character Generator, can produce
the numerals O through 9 shown in row 1 of the Character
Selection Matrix (Fig. 3-26). U2272 can produce the
symbols shown in row 2 of the Character Selection Matrix
and U2274 produces the prefixes and some letters of the
alphabet which are used as prefixes in row 4. U2276 and
U2278 produce the remaining letters of the alphabet shown
in rows 5 and 6 of the Character Selection Matrix. All of
the stages receive the column digital data from Column
Decoder U2244 in parallel. However, only one of the
character generators receives row data at a particular time;
only the stage which receives both row and column data is
activated. For example, if column 2 is encoded by a plug-in
unit, the five Character Generators are enabled so that
either a 1, < u, V, or an N can be produced. However, if at
the same time row 4 has also been encoded by the plug-in
unit, only the Prefix Character Generator U2274 will
produce an output to result in a u displayed on the screen.
This integrated circuit provides current outputs to the
Format Generator which produce the selected character on
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the CRT. In a similar manner, any of the 50 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

The Decimal Point Logic and Character Position Counter
stage U2260 performs two functions. The first function is
to produce a staircase current which is added 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 produced one character space to
the right. This stage can also be advanced when a Space
instruction is encoded by the plug-in unit so that a space is
left between the displayed characters on the CRT. Row 10
information from the Row Decoder is connected to pin 4
of U2260 through R2265. When row 10 and column O 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 time-slot.

Time-slot pulses 1, 2, and 3 are also connected to pin 4
of U2260 through VR2262, VR2263, and VR2264 respec-
tively and R2262-R2265. 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 which is
displayed during time-slot 4 (1-2-5 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 by the plug-in. The Word
Trigger pulse connected to pin 8 of U2260 through C2255 .
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 as encoded
by the plug-in units. When row 7 is encoded in coincidence
with columns 3 through 7 (usually encoded during time-slot
1), a decimal point is placed at one of the five locations on
the CRT identified in row 7 of the Character Selection
Matrix (Fig. 3-26). This instruction refers to the decimal
point location in relation to the total number of characters
that can be displayed on the CRT (see Fig. 3-37). For
example, if column 3 and row 7 are encoded during
time-lost 1, the system is instructed to place a decimal
point in location No. 3. As shown in Fig. 3-37, this displays
a decimal point before the third character that can be
displayed on the CRT (first three time-slots produce a space
whether data is encoded or not; see previous paragraph).
The simultaneous application of row 7 data to the Y-input
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Decimal-point location en-
coded during this time-slot
-- no display

First possible character dis-
played on CRT at this loca-
tion

First number of measure-

ment normally displayed at
/ this location
NEREREN D.Q ][

LU
——

Always

skippt_ed Decimal point
even if Decimal point location No. 7
no data location No. 4 {column 7)
encoded {column 4)

Decimal point
location No. 6

Decimal point
" (column 6}

location No. 3

Decimal point
{column 3)

location No. 5
{column 5)

Fig. 3-37. Readout word relating 10 possible character locations to
the decimal-point instructions that can be encoded and the resulting

display.

of the Format Generator through R2280 raises the decimal
point so it appears between the displayed characters.

When decimal-point data is encoded, the CRT is un-
blanked so a readout display is presented. However, since
row 7 does not activate any of the five Character
Generators, the CRT beam is not deflected but instead
remains in a fixed position to display a 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 Format Generator U2284. The Channel
Address No. 2 code from the Channel Counter is also
connected to pins 1, 8, and 15 of this stage. The Channel
Address No. 2 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 which is associated.with the plug-in
channel that originated the information {see Fig. 3-26). The
Channel Address No. 2 Code and the resultant word
positions are shown in Table 3-3. In addition, the character
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position current from the Decimal Point Logic and Char-
acter Position stage is added to the X {horizontal} input
signal to space the characters horizontally on the CRT (see
previous discussion}. The Ready signal at pin 13 (coincident
with Vertical/Horizontal Channel Switch OFF Command)
activates this stage when a character is to be displayed on
the CRT.

TABLE 3-3
Channel Address Code
SN B202641 & Below

Pin 11 Pin 8 Pin 9 Channel
u2250 U2250 U2250 Displayed
HI Hi Hi Channel 1
Left Vertical
HI Hl LO Channel! 2
Left Vertical
HI LO Hi Channel 1
Right Vertical
HI LO LO Channel 2
Right Vertical
LO HI Hi Channel 1
Horizontal
LO Hl LO Channel 2
| Horizontal

Y-Output Amplifiers

The Y-output signal at pin 6 of U2284 is connected to
the Y-Output Amplifier Q2287-Q2299. This stage provides
a low impedance load for the Format Generator while
providing isolation between the Readout System and the
Vertical Amplifier. Vertical Separation adjustment R2291
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 Amplifier

The X-Output Amplifier Q2286-Q2296 operates simi-
farly to the Y-Output Amplifier to provide the horizontal
deflection from the readout signal available at pin 4 of
U2284. The gain of this stage is fixed by the values of the
resistors in the circuit.

Display Sequence

Fig. 3-38 shows a flow chart for the Readout System.
This chart illustrates the sequence of events which occurs in
the Readout System each time a character is generated and
displayed on the CRT.
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Fig. 3-38. Flow chart of character generation sequence by the Readout System.
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READOUT SYSTEM
SN B0202642 & Above

The Readout System provides an alphanumeric display of
information encoded by the plug-in units. This display is pre-
sented on the CRT and is written by the CRT beam on a
shared basis with the analog waveform display.

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 6 words can be displayed in one
frame. Figure 3-25 shows the position of each word in a
complete frame.

Column — One of the vertical lines in the Character Selection
Matrix (see Fig. 3-39). 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 (row 10) and R-14
(row 14) can be addressed by the system.

Time-Slot— 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-Muitiplexing— Transmission of data from two or more
sources over a common path by using different time inter-
vals for different signals.

Hexidecimal — The hexidecimal numbering system uses the nu-
merals 0 through 9 and the letters A through F to represent
the sixteen possible cominations of four binary digits.

Octal—-The octal numbering system uses the numerals 0
through 7 to represent the eight possible combinations of
three binary digits.

Binary Coded Decimal—The Binary Coded Decimal system
uses ten unique combinations of four binary digits to repre-
sent the decimal numbers 0 through 9.

NOTE

The 7000-series Readout System is compatible with
both three- and four-compartment mainframes. How-
ever, since three-compartment mainframes do not
have a B Horizontal plug-in compartment, the B Hori-
zontal channels are not used. In these instruments, a
Jump command is encoded on the Main Interface for
this compartment during time-slot one (see the discus-
sion for Jump in the Column and Row Decoder portion

3-46

of this Circuit Description). The Jump command (Row
13 current) is applied to pins 16 and 15 (B Horizontal
channels 1 and 2 respectively) of U2180. Colurmnn data
current is not required for a Jump command. This al-
lows the Readout System to sense a ‘jump” during
time-slot one at channel 2, which causes it to “jump”
the remaining nine time slots for that channel and go
to channel 1, where it again senses a “Jump” com-
mand during time-slot one. This permits it to “jump”
the remaining nine time-siots in channel 1 and the
Readout System begins a new frame. The unused
horizontal channels will be ignored in the following
discussions.

Display Format. Up to 6 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 from which it origi-
nated. Figure 3-25 shows the area of the graticule where the
readout from each plug-in unit is displayed. Notice that Chan-
nel 1 of each plug-in unit is displayed within the top division of
the CRT, and Channel 2 is displayed directly below within the
bottom division. Figure 3-27 shows a typical display where only
Channel 1 of the Right Vertical and Horizontal units are se-
lected for display.

Each word in the readout display can contain up to 10 char-
acters, although the typical display will contain between 2 and
7 characters per word. The characters are selected from the
Character Selection Matrix shown in Figure 3-39. In addition,
13 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 Charac-
ter selection Matrix is described in the following discussion.

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 opera-
tion is given later.

The key biock in the Readout System is the Timer Stage
(see schematic). 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 (it
drops to about 210 microseconds when Display-Skip is re-
ceived; see detailed description of Timer stage for further in-
formation). This stage also produces control signals for other
stages within this circuit, and inhibit signals to the Vertical Am-
plifier, Horizontal Amplifier, and Logic circuits, which allow 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 ten 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 piug-in compartments,
as well as to various stages within the Readout System. The
output lines are energized sequentially, so there is a puise 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.
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Fig. 3-39. Character Selection Matrix for the Readout System (SN B202642 & Above).
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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 resis-
tors 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 corresponds to
the row and column of the Character Selection Matrix in Figure
3-39. The standard format for encoding information onto the
output lines is given in Table 3-1 (Special-purpose plug-in units
may have their own format for readout and these special for-
mats 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 6 data lines (2 channels from each of the 3 plug-in compart-
ments) and produce a time-multiplexed analog voltage output
containing all of the column and row information from the plug-
ins. The Column Data Switch and Row Data Switch are se-
quenced 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 rep-
resents valid information that should be displayed. Whenever
information is not encoded in a time-siot, the Display-Skip Gen-
erator produces an output level to prevent the Timer stage
from producing the control signals that normally interrupt the
CRT display and present a character.

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 magni-
tude of the analog voltage input and produce an output current
on one of ten lines. The outputs of the Column Decoder stage
are identified as C-1 through C-10 (column 1 through 10) cor-
responding 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 row and column outputs are then con-
verted to Binary Coded Decimal and used to address memory
locations within the Character Generator. These outputs are
aiso used at other points within 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 if zero-adding or prefix-shifting information. has been
encoded by the plug-in unit, and stores it in the memory until
time-slots 5, 6, or 8. After storing this information, it triggers
the Display-Skip Generator stage so that there is no display
during time-siot 1 (as defined by Standard Readout Format;
see Tabie 3-1). When time-slots 5, 6, and 8 occur, the memory
is addressed and any information stored there during time-siot
1 is transferred to the input of the Coiumn Decoder stage to
modify the analog data during the applicable time-slot.

Another operation of the Zeros Logic and Memory stage is
to produce the Identify function. When time-siot 1 is encoded
for Identify (column 10, row 3), this stage produces an output
level. connected with the Row Decimal-to-BCD Converter and
the Row and Column Data Switches. This output level con-
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nects the Column Data Switch with a coding network within
the Readout system to produce an analog current during time-
slots 2 through 9. The current is then converted to Binary
Coded Decimal and combined with the Row Decimal-to-BCD
Converter output to address locations within the Character
Generator necessary to display “IDENTIFY” on the CRT. The
Zeros Logic and Memory stage is reset after each word by the
End-of-Word puise.

Each character displayed on the CRT consists of a series of
connected points within an 8-point by 8-point grid. The Charac-
ter Generator contains grid locations of the points required to
create any of the 50 possible characters shown in the Charac-
ter Selection Matrix of Figure 3-39. The row and column data
encoded during a time-siot are converted to BCD and used to
address a location within the Character Generator containing
the first grid point of the character to be displayed. The 4-bit
binary output from the Lower Order Address Generator is com-
bined with the address created by the row and column data to
provide the other grid points necessary to complete the
character.

Only one character is addressable in any one time-slot or a
space can be added into the displayed word by the Horizontal
Character Position Counter stage, when encoded by the plug-
in. The latter stage counts the number of characters generated
and produces an output current to step the display one charac-
ter position to the right for each character. In addition, the
character position is advanced once during each of time-siots
1, 2, and 3, whether a character is generated during these
time-slots or not. 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 within each word re-
gardiess of the information encoded in time-slot 1, 2, or 3 pre-
ceding this digit. Also, by encoding row 10 and column 0 during
any time-slot, a blank space can be added to the display. Deci-
mal points can be added to the display at any time by address-
ing the appropriate row and column (See Character Selection
Matrix for location of decimal points). The Horizontal Character
Position Counter stage is reset after each word by the Word
Trigger pulse.

The Character Generators binary output is shaped by the X
and Y Vector Generators into the appropriate X and Y-Axis
signals to create characters. The Vector Amplifier outputs are
amplified by the X and Y Output Amplifiers for use by the in-
struments horizontal and vertical deflection systems. The
Channel Counter output is also used by these stages so the
display from each channel is positioned to the area of the CRT
which is associated with the plug-in and channel originating the
word (see Fig. 3-25). The character positioning current or deci-
mal positioning current generated by the Horizontal Character
Position Counter or Decimal Point Logic stages is added to the
X (horizontal) signal at the input to the X Output Amplifier,
providing horizontal positioning of the characters within each
word.

The Word Trigger stage produces a trigger from the End-of-
Word pulse generated by the Time-Slot Counter stage after the
tenth time-slot. This Word Trigger pulse advances the Channel
Counter to display the information from the next channel or
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plug-in. This Word Trigger stage can also be advanced to jump
a complete word, or a portion of a word, when a Jump Com-
mand is received from the Row Data Switch stage.

Timer

The Timer stage produces the timing sequence for all cir-
cuits within the Readout System. This stage produces six time-
related output waveforms (see Fig. 3-29). The triangle
waveform produced at pin 6 forms the basis for the remaining
signals. The basic period of this triangle waveform is about 250
microseconds, as controlled by RC network R2135 and
C2135. The triangle waveform is clipped and amplified by
U2126 to form the trapezoidal output signal at pin 10. The
amplitude of this output signal is exactly 15 volts, as deter-
mined by U2126 (exact amplitude is necessary to accurately
encode data in plug-in units; see Encoding the Data). The trig-
ger output at pin 5 provides the switching signal for the Time-
Siot Counter.

The signals at pin 12, 13, and 14 are produced only when
the triangle waveform is on its negative slope and the trape-
zoidal waveform has reached the lower level. The timing se-
quence of these waveforms is important to the operation of the
Readout System (see expanded waveforms in Fig. 3-30). The
Z-Axis inhibit command at pin 14 is produced first. This nega-
tive-going signal provides a blanking pulse to the Z-Axis Logic
stage to blank the CRT before the display is switched to the
Readout System. It also produces the strobe pulse through
Q2138 and CR2139 which is connected to pin 15 of U2232.

The purpose of this configuration is to prevent the Zeros
Logic and Memory stage U2232 from storing incorrect data
during the quiescent period of the strobe pulse. When the
strobe pulse goes positive, CR2139 is reverse biased to dis-
connect Q2138 and allow U2232 to operate in the normal
manner.

The next signal to be produced is the X-Y Inhibit Command
at pin 13. This positive-going signal disconnects the plug-in
signals from the verticai and horizontal deflection systems. The
Ready signal is also derived from this output and connected to
the Character Generator stage and the two Output Amplifier
stages.

The Z Readout output at pin 12 is produced next. This cur-
rent is connected to the CRT circuit to unblank the CRT to the
intensity level determined by the voltage on the Readout Inten-
sity line.

The Timer stage operates in one of two modes as con-
trolled by the Display-Skip level at pin 4. The basic mode just
described is a condition that does not occur unless all ten char-
acters of each word (60 characters total) are displayed on the
CRT. Under typical conditions, only a few characters are dis-
played 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 LO and the circuit operates as just de-
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scribed. However, when a character is not to be displayed, a Hi
level is applied to pin 4 of U2126 through CR2125 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 3-31 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, and 14
under 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 pin 2. If this level is LO, the Timer operates as
just described. However, if the Single-Shot Lockout stage sets
a Hl level at this pin, the Timer stage is locked out and can not
produce any output signals (see Single-Shot Lockout descrip-
tion for further information).

A negative voltage on the readout intensity line sets the
intensity of the readout display independently of the A or B
INTENSITY controls. 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 U2126 is interrupted, and at
the same time, a positive voltage is applied to pin 4 through
CR2124. 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 char-
acters. However, time-siot pulses continue to be generated.

Time-Slot Counter

Time-Slot Counter U2159 is a sequential switch which di-
rects the trapezoidal waveform input at pin 8 to one of its 10
output lines. These time-siot pulses are used to interrogate the
plug-in units to obtain data for the Readout System. The trig-
ger pulse at pin 15 switches the Time-Slot Counter to the next
output line, causing the output signal to be sequenced consec-
utively from time-slot 1 through time-slot 10. Figure 3-32
shows the time relationship of the time-slot pulses. Notice that
only one line carries a time-siot puise at any given time. When
time-siot 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 LO, the Time-Slot Counter resets to time-slot 1.

Word Trigger

The Word Trigger U2127B is a single-shot multivibrator that
provides a reset pulse for the Horizontal Character Position
Counter stage. The negative-going end-of-word pulse from pin
2 of U21509 triggers the single shot and causes its output to go
high at pin 11.
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Fig. 3-40. Detailed block diagram of Readout System (SN B202642 & Above).
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Fig. 3-40. Detailed block diagram of Readout System (cont). (SN B202642 & Above).
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Channel Counter

Channel Counter U2127A is a binary counter that produces
the Channel Address Code for the Column and Row Decoder
stages and the Output Amplifier stages. This code instructs
these stages to sequentially select and display the 6 channels
of data from the plug-ins. Table 3-4 gives the 6 combinations of
the Channel Address Code and the resultant channel selected
with each combination.

TABLE 3-4
Channel Address Code
SN B0202642 & Above

Pin 11 Pin 8 Pin 9 Channel
U2250 U2250 U2250 Displayed

LO LO LO Channel 1
Left Vertical

LO LO HI Channel 2
Left Vertical

LO HI LO Channel 1
Right Vertical

LO HI Hi Channel 2
Right Vertical

HI LO LO Channel 1

Horizontal

H! LO HI Channel 2

Horizontal

Single-Shot Lockout

The Single-Shot Lockout stage allows a single readout
frame (6 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 U2120C and U21208B are connected to form a bistable
flip-flop. For free-run operation, pin 8 of U2120C is held HI.
This activates U2120C and results in a LO 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 LO to
aliow U2126 to operate in the free-running mode until a LO is
received at pin 8 of U2120C. When this occurs, the output level
at pin 10 of U2120C does not change immediately. However,
the Single Shot Lockout circuit is now enabled.

If the Channel Counter has not completed word 6, the
Readout System continues to operate in the normal manner.
When word 6 is completed, the negative-going end-of-frame
pulse is produced at pin 5 of U2127A as the Channel Counter
shifts to the code necessary to display word one. This pulse is
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applied to pin 8 of U2120C, which produces a HI at pin 6 of
U2120B because of the momentary LO at pin 9. The HI at pin 6
produces a LO at pin 4, which causes pin 3 of U2120A to go
LO. Because pin 2 is already LO, pin 1 goes Hl. This disables
the Timer stage, so it operates in the Display-Skip mode.

The Single-Shot Lockout stage remains in this condition un-
til a positive-going trigger pulse is applied to pin 2 of U2120A.
This trigger pulse produces a LO at pin 1 of U2120A to enable
U2126 and disable U2120B. Now, the Timer stage can operate
in the normal manner for another complete frame. When word
6 is completed, the Channel Counter produces another end-of-
frame pulse to again lock out the Timer stage.

Encoding the Data

Data is conveyed from the plug-in units to the Readout Sys-
tem in the form of an analog (current level) code. The charac-
ters that can be selected by the encoded data are shown on
the Character Selection Matrix (see Fig. 3-39). Each character
or special function requires two currents to define it (except
Jump, which requires only one). 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 programming the plug-in units. Figure 3-33 shows
a typical encoding scheme using resistors for a voltage-sens-
ing amplifier plug-in unit. Notice that the 10 TS (time slot)
pulses produced by the Time-Slot Counter stage are con-
nected 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 3-1 for Standard Read-
out Format). The amplitude of the time-slot pulse is exactly
—15 volts as determined by the Timer stage. Therefore, the
resultant output current from the plug-in units can be accu-
rately controlled by the programming resistors in the plug-in
units.

For exampile, in Figure 3-33 resistors R10 through R90 con-
trol the row analog data, which is connected back to the Read-
out System. Figure 3-34 shows an idealized output current
waveform of row analog data resulting from the time-slot
pulses. Each of the row-current levels shown in these wave-
forms correspond to 100 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. 3-39). The
row analog data is connected back to the Readout System via
terminal B37 of the plug-in interface.

The column analog data is defined by resistors R110
through R190. 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 3-33, indi-
cates a 100 microvolt sensitivity, with the CRT display showing
inverted and calibrated deflection factors. This results in the
idealized output current waveforms shown in Figure 3-34 at the
column analog data output, terminal A37 of the plug-in
interface.

Resistor R111, connected between time-slot 1 and the col-
umn anaiog data output, encodes two units of current during
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time-siot 1. Referring to the Character Selection Matrix, Figure
3-39, 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, since the deflection
factor is calibrated. Therefore, there is no display on the CRT
during TS-3. (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,
resulting 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-siot 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 dis-
played. Time-siot 10 is not encoded, in accordance with the
Standard Readout Format. The resuitant CRT readout will be
100 uV.

In the above example, the row analog data was pro-
grammed to define which row of the Character Selection Ma-
trix 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 con-
nected 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. 3-34). 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 V. In a similar manner, the
other switches can change the encoded data for the column
output and thereby change the readout display. See the de-
scriptions 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 con-
nectors 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 cur-
rent. For example, if a 10X attenuator probe is connected to a
plug-in unit encoded for 100 microvoits as shown in Figure
3-34, an additional unit of current is added to the column ana-
log 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. Re-
ferring 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
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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 in-
formation is encoded on terminal A35 and 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 cir-
cuitry 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 6 data
sources (2 channels from each of the 3 plug-in compartments).

The Column Data Switch U2190 and the Row Data Switch
U2180 receive the Channel Address Code from the Channel
Counter. This binary code directs the Column Data Switch and
the Row Data Switch to the channel which should be the
source of the encoding data. Table 3-4 gives the six combina-
tions of the Channel Address Code 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 and the ninth
input to U2190 comes from a special data-encoding network
composed of resistors R2191 through R2199. (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 HI to forward bias
the associated diodes: CR2162 and CR2163, CR2166 and
CR2167, CR2170 and CR2171, or CR2174 and CR2175. The
forward-biased diodes cause the channel switches to bypass
the encoded data from the inhibited channel. However, since it
may be desired to display information from special-purpose
plug-in units (even through they do not produce a normal
waveform display on the CRT), a feature is provided to over-
ride the channel inhibit. This is done by applying a LO to the
associated Force Readout input. The LO level diverts the HI
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, R2183, sets the gain of the Row
Data Switch to match the gain of the Row Decoder for correct
output. Column Match adjustment, R2243 performs the same
function for the Column Data Switch stage.
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Display-Skip Generator

The Display-Skip Generator is made up of Q2223, Q2226,
Q2227 and Q2229. 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, about 100
microamperes of current flows through R2242 from Q2243 and
the Zeros Logic and Memory stage. (The purpose of this quies-
cent current will be discussed in connection with the Zeros
Logic and Memory stage). This current biases Q2223A so that
its base is about 0.2 volt more positive than the base of
Q2223B in the absence of column data. Therefore, since
Q2223A and Q2223B are connected as a comparator,
Q2223A will remain on unless its base is pulled more negative
than the base of Q2223B.

The analog data output from the Column Data Switch pro-
duces a 0.5 volt (approximately) change for each unit of col-
umn current that has been encoded by the plug-in unit.
Whenever any information appears at the output of the Col-
umn Data Switch, the base of Q2223A is pulled more negative
than the base of Q2223B, resulting in a negative (LO) Display-
Skip output to the Timer stage through Q2229. Recall that a
LO was necessary at the skip input of the Timer so it could
perform the complete sequence necessary to display a
character.

Transistors Q2226 and Q2227 also provide Display-Skip
action. The end-of-word level connected to their emitters is LO
only during time-slot 1. This means they are enabled only dur-
ing this time-slot. These transistors allow the Zeros Logic and
Memory stage to generate a Display-Skip signal during time-
siot 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 U2244 and Row Decoder U2185
sense the magnitude of the analog voltages at their inputs (pin
10) and produce a binary output on one of ten lines cor-
responding 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 encoded by the Decimal-to-BCD convert-
ers to create the address used by the Character Generator in
determining which character will be displayed. The column and
row data is also used throughout the Readout Sysfem to per-
form other functions.

The input current at pin 9 of 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 Q2229 HI),
pin 9 is pulled HI through CR2229. This ensures that no current
is connected to the Character Generator stage under this con-
dition. 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
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Q2181 and its associated components, is a Row-14 detector
that produces the Jump Command. This row current is en-
coded by special-purpose plug-ins to cause all or part of a
word to be jumped. Whenever row 14 (13 units of row current,
or 1.3 millamperes) is encoded, the base of Q2181 pulled nega-
tive enough so that this transistor is forward biased to produce
a LO Jump Command output at its emitter. The Jump Com-
mand is connected to the set input of RS fiip-flop U21628B,
whose reset input is connected to the Trigger Signal from pin 5
of the Timer. When the Jump Command and Trigger inputs are
Jow, U2162B produces a LO output to reset the time-slot
Counter as well as advancing the Horizontal Character Posi-
tion Counter and the Channel Counter. U2162B also produces
a HI output to signal Display Skip at pin 4 of the Timer.

Zeros Logic and Memory

The Zeros Logic and Memory stage U2232 stores data en-
coded 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 in-
spected. This activates the Zeros Logic and Memory stage so
that it can store the encoded data.

Typical output waveforms of the five possible input condi-
tions that can occur are shown in Figure 3-36. 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-siot 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
u2232.

If data was encoded during time-siot 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 Q2229 in
the Display-Skip Generator to produce a Display-Skip output.
Since the information encoded during time-slot 1 was only pro-
vided to set the memories and not intended to be displayed on
the CRT at this time, the Display-Skip output prevents a read-
out display during this time-slot.

During time-slot 5, a memory within U2232 is interrogated.
If information was stored in this memory, a positive-going out-
put is produced at pin 7. This pulse is connected to pin 10 of
the Column Decoder through Q2243 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 U2232 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 U2232 is interrogated during
time-slot 8 to determine 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
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column current from the data at the input to the Column De-
coder. Notice, on the Character Selection Matrix of Figure
3-39, that when row 4 is programmed, a reduction of one col-
umn results in a one-column shift of the prefix. For example,
with the 100 uV program shown in Figure 3-34. If the data
received from the plug-in 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 R2242
provided by Q2243 (see Display-Skip Generator) allows the
prefix to be shifted from m (100 microamperes of column cur-
rent, column 1) to no prefix (0 column current, column 0) so
only the unit of measurement encoded during time-siot 9 is
displayed. Notice that reducing the prefix program from column
1 to column O programs the Readout System to not display a
character at this readout location.

A further 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 9 encode
an output current through resistors R2191 through R2199 for
column data and enable pin 10 of U2186. This provides the
addresses necessary to display the word IDENTIFY in the
word position allotted to the channel that originated the Iden-
tify command. After completion of this word, the Column Data
Switch and Row Data Switch continue with the next word in
the sequence.

The end-of-word signal from the Time-Slot Counter is con-
nected to pin 9 of U2232 through C2239. At the end of each
word of readout information, this pulse goes LO. This erases
the four memories in the Zeros Logic and Memory in prepara-
tion for the data to be received from the next channel.

Character Generator

Each character to be displayed on the instrument CRT con-
sists of a series of connecting points developed on a possible
8-point by 8-point grid (see Fig. 3-41). The 8-bit binary output
from the Character Generator is used to determine the location
of points within the grid, whether or not to provide a trace
connecting two points, and the point at which a character has
been completed. The Character Generator stage consists of an
oscillator, the Lower Order Address Generator, and an
EPROM connected to a latch.

Q2151 and Q2152 form a square-wave oscillator whose fre-
quency is adjustable with C2155 to provide 16 cycles within
the time allotted for developing a character. The base of Q2152
goes LO when the Timer produces a negative going Ready
pulse at pin 13. This starts the oscillator by turning Q2152 on.
The emitter of Q2151 becomes more negative as C2154 and
2155 discharge through R2154. The capacitors continue to
discharge until the emitter-base junction of Q2151 becomes
forward biased. Q2151 then begins to conduct and causes the
oscillator to begin changing states. As Q2151 conducts, the
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discharge through C2154 and C2155 stops and causes a col-
lector current reduction in Q2152. The current reduction
causes the emitter and base of Q2152 to rise positive which
pulls the emitter of Q2151 along with them through C2154 and
C2155. This positive shift on the emitter of Q2151 turns it off.
Now with C2151 conducting and Q2152 turned off, the voitage
on the emitter of Q2152 begins to go negative with C2154 and
C2155 beginning to charge through R2155. When the emitter-
base junction of Q2152 becomes forward biased, the oscillator
again changes states and completes one cycle.

The signal produced by the oscillator at the collector of
Q2152 switches Q2153 on and off to create the clock pulses
used by the Lower Order Address Generator and the EPROM
latch. The oscillator will continue to run until the Timer Ready
output at pin 13 goes positive and pulls up the base of Q2152.

The Lower Order Address Generator is a 4-bit binary
counter and consists of U2202B. The negative going Timer
Ready pulse is inverted by Q2142 and used to reset U2202B.
The oscillator is also enabled by the Ready signal and begins
providing the clock input at pin 13. The counter then begins at
“0000” and counts at the frequency of the oscillator, continuing
to do so until the Ready signal goes positive. The Lower Order
Address Generator's 4-bit output is connected to the four
lower order address inputs on the Character Generator,
U2203.

U2204 is an octal D-type flip-flop used as a latch to stabilize
and synchronize the Character Generator EPROM output. It is
reset by the same signal that starts the oscillator and is
clocked at pin 11 by the oscillator output from Q2153. Q2204
will be considered to be part of the Character Generator in the
discussion that follows.

The Character Generator U2203 is a 4k X 8-bit EPROM
which contains the binary words used by the output stages in
creating the signals necessary to form readout characters.
There are twelve address inputs, with the lower four coming
from the Lower Order Address Generator, the center four from
the Column Decimal-to-BCD Converter, and the upper four
from the Row Decimal-to-BCD Converter. As previously men-
tioned, each character is developed on an 8-point by 8-point
grid (see Fig. 3-41 for a typical character). The Character
Generator's 8-bit output provides the information necessary to
move the instrument beam around within the grid, to turn the
beam on and off, and to indicate when a character is complete.

The row and column data cause a 4-bit binary code to be
generated at the outputs of the Row and Column Decimal-to-
BCD Converters when a readout character is to be displayed.
The Lower Order Address Generator is enabled and also pro-
vides a 4-bit binary code. These twelve bits are combined to
form the EPROM address containing the 8-bit binary word
which will locate the instrument beam at the character’s start-
ing grid location.

The 8-bit word can be broken down into four parts. The
lower three bits are the horizontal grid coordinate, bits 4
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0 1 2 3 4 5 7
HORIZONTAL (OCTAL)
“K” CHARACTER
CHARACTER | CHARACTER GENERATOR OUTPUT | BIT 7 BIT 8
Gﬁgg:gg“ BINARY MOVE — — — — | END OF
2
(HEXIDECIMAL)| 87654321 OCTAL DRAW CHARACTER?

B90 00000000 000 MOVE NO
B91 00001000 010 MOVE NO
B92 01111000 170 DRAW NO
B93 01001000 110 DRAW NO
B 94 01111000 170 DRAW NO
B9S5 00001100 014 MOVE NO
B96 01100000 140 DRAW NO
B97 01111100 174 DRAW NO
B98 01100000 140 DRAW NO
B99 01001100 114 DRAW NO
BYA 10000000 200 MOVE YES

Fig. 3-41. Developing a typical character on the crt (SN B202642 & Above).
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through 6 are the vertical coordinate, bit 7 turns the Z Readout
on and off, and bit 8 indicates whether or not the character is
complete.

The character grid (Fig. 3-41) can be thought of as having
vertical and horizontal coordinates numbered 0 through 7, with
location “0,0” in the lower left corner. The 8-bit binary word
from the Character Generator is converted to octal to easier
recognize the vertical and horizontal coordinates. A binary
“00001010" becomes octal “012". This number would cause
the instrument CRT beam to point at grid coordinates vertical
“1" and horizontal “2". The fact that the first octal digit is “0”
indicates two things. First it shows that bit 7 of the binary word
is LO which turns off Q2132 and the Z Readout signal to the
instrument. It also shows that bit 8 is LO so the character is
not complete. When bit 7 is HI, it advances the Horizontal
Character Position Counter for the next character within the
readout word.

The 4-bit outputs from the Row and Column Decimal-to-
BCD Converters remain the same until the character is com-
plete. However, the Lower Order Address Generator keeps
counting and combines with the Row and Column Decimal-to-
BCD Converter's outputs to address all the EPROM locations
necessary to form the readout character.

Suppose the next address produces a Character Generator
output of “01111010” or octal “172". The octal digit “1” indi-
cates binary bit 7 is high which will turn on Q2132 and the Z
Readout output to the instrument. The instrument will now pro-
vide a trace from the previous vertical and horizontal coordi-
nates to the new ones, vertical “7” and horizontal “2". Thus the
character is formed by a series of binary words causing the
instrument CRT beam to move or draw between points.

Horizontal Character Position Counter

The Horizontal Character Position Counter U2202A is a 4-
bit binary counter. Its output is converted to current by R2266
through R2269 and added to the X (horizontal) signal for spac-
ing readout characters horizontally on the CRT. The counter is
reset to “0000” with a Word Trigger pulse from U2127B and is
advanced with inputs from two possibie sources. The first is a
HI End-of-Character signal from pin 19 of U2204. The counter
can also be advanced when a Space instruction is encoded by
the plug-in unit to cause a space to be left between two char-
acters on the CRT. A Space instruction occurs when row 10
from the Row Decoder goes LO and is inverted by U2157D to
advance the Horizontal Character Position Counter. No char-
acter could be displayed in this situation as no character in-
formation is stored at the Character Generator addresses
formed using row 10.

Time slots 1, 2, and 3 are also connected to the Space
instruction through VR2185, VR2186, and VR2187 respec-
tively. This configuration adds a space to the displayed word
during time slots 1, 2, and 3, even if information is not encoded
during these time slots. With this feature, the information which
is disptayed during time-slot 4 (1-2-5 data) always starts in the
fourth character position whether data has been displayed in
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the previous time-slots or not. Therefore, the resultant CRT
display does not shift positions as normal/invert or cal/uncal
information is encoded by the plug-in.

Decimal Position Logic

The Decimal Position Logic stage allows decimal points to
be displayed at five possible locations within a readout word
(see Fig. 3-37). The decimal location encoded by a plug-in dur-
ing time-slot one is achieved by adding positioning current to
the X (horizontal) readout signal. Circuitry for this stage in-
cludes five 2-input NOR gates in U2157 and U2251 with preci-
sion resistors connected to their outputs. One input of each
NOR gate is connected to row 7 on the Row Decoder and the
other to one of columns 3 through 7 on the Column Decoder.
When a decimal is to be displayed, row 7 goes LO and disables
the Horizontal Character Position Counter by keeping the four
outputs of U2264 LO. It also sets one input of each of the five
NOR gates to LO. One of columns 3 through 7 also goes LO,
depending on which decimal position is encoded, causing the
NOR gate to which it’s connected to go HI. This high adds
current to the X (horizontal) signal in the amount determined by
the resistor connected to the NOR gate's output. Each Charac-
ter Generator location addressed by row 7 and column 3
through 7 contains information necessary to form a decimal
point on the CRT in the position indicated. The Horizontal
Character Position Counter resumes normal operation and the
Decimal Position Logic is disabled when row 7 goes back up at
the end of the time-slot.

Some plug-ins require decimal points at locations in the
readout word other than the five provided by the Decimal Posi-
tion Logic stage. An additional decimal point can be displayed
in any position normally available to characters by encoding
row 8 with column 9. The Horizontal Character Position
Counter provides positioning current in this mode and the Deci-
mal Position Logic stage is disabled.

Vector Generators

The Y Vector Generator is in two stages and consists of
U2210A and B. Vertical character size adjustment is provided
with R2210 as a variable feedback resistor for U2210A. Input
to the Vector Generator is provided by the three bits of vertical
character information from pins 9, 12, and 15 of the Character
Generator latch U2204. The digital highs and lows across
R2206, R2207 and R2208 are mixed as stepped current levels
at pin 2 of U2210A. These sudden analog steps are converted
into a smooth transition from one level to the next by RCL
network R2212, C2212, and L2212. U2210B current buffers
the resuiting signal to be mixed with the Channel Counter verti-
cal information at the input of the Y Output Ampilifier.

The X Vector Generator operates similarly to the Y Vector
Generator. Gain for the stage is fixed by the circuit compo-
nents and its output is current buffered to be mixed at the input
of the X Output Amplifier.
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Output Amplifiers

The Y Output Amplifier provides the Y (vertical) signal to the
instrument by combining the signal from the Y Vector Genera-
tor with the channel 1 or 2 information from the Channel
Counter. The amplifier consists of U2257B with Q2255 in its
input circuit. Amplifier gain is adjustable with R2260 to control
the vertical separation between readout words displayed at the
top and bottom of the graticule area. Q2255 switches the am-
plifier input on and off with the Timer Ready signal, using
Q2250 to provide impedance matching. The channel 1 or 2
information from pin 3 of the Channel Counter U2127A is in-
verted by U2251A and converted to current by R2252 and
R2253. The Channel Counter produces a LO at pin 3 when the
readout word is to be displayed at the top of the graticule. The
LO is inverted to HI by U2251A and adds current to the Y
(vertical) readout signal.
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The X Output Amplifier consists of U2257A and Q2296. It
operates similarly to the