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A9 — X-Y COMPENSATION CIRCUIT
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A11 — HORIZONTAL INTERFACE CIR-
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A26 — PARTIAL STORAGE CONTROL
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8-32.

8-33.
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POWER SUPPLY TEST POINTS AND
ADJUSTMENTS ON A14A1 — CONTROL
RECTIFIER CIRCUIT BOARD.

POWER SUPPLY TEST POINTS AND
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REGULATOR CIRCUIT BOARD.
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8-34. Z-AXIS TEST POINTS AND ADJUST-
MENTS ON A21 — Z-AXIS CIRCUIT
BOARD.
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8-41. TRIGGER ADJUSTMENTS AND TEST
POINTS ON A7 — TRIGGER SELECTOR
CIRCUIT BOARD.

8-42. HORIZONTAL ADJUSTMENTS AND TEST
POINTS ON A20 — HORIZONTAL AMPLI-
FIER CIRCUIT BOARD.

HORIZONTAL ADJUSTMENTS PULL OUT

8-43. REDUCED SCAN HORIZONTAL GAIN AD-
JUSTMENT ON A21 — Z-AXIS CIRCUIT
BOARD.
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8-48. READOUT ADJUSTMENTS ON A13 —
READOUT CIRCUIT BOARD.

8-49. READOUT ADJUSTMENTS ON A19 —
VERTICAL AMPLIFIER CIRCUIT BOARD.
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8-51. STORAGE ADJUSTMENTS AND TEST
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8-52. 7934 TROUBLESHOOTING CHART.
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7934 Service
OPERATORS SAFETY INFORMATION

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

WARNING statements identify conditions or practices which could result in personal injury or loss of life.
CAUTION statements identify conditions or practices which could result in damage to the equipment or other property.
The word DANGER on the equipment identifies areas of immediate hazard which could result in personal injury or loss of life.

The following safety symbols may appear on the equipment.

A CAUTION—Refer to manual
é DANGER—High voitage

@ Protective ground (earth) terminal

This instrument operates from a single-phase power source. It has a three-wire power cord and a two-pole, three-terminal
grounding-type plug. The voltage to ground (earth) from either pole of the power source must not exceed the maximum rated
operating voltage—250 vollts.

Other warning symbols where they apply.

AC Power Source and Connection

Before making connection to the power source, determine that the instrument is adjusted to match the voltage of the power
source, and has a suitable two-pole, three-terminal grounding-type connector. Refer any changes to qualified service
personnel.

Grounding the Instrument

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

The power-input plug must only be inserted in a mating receptacle with a grounding contact. Do not defeat the grounding
connection. Any interruption of the grounding connection can create an electric-shock hazard. Refer to qualified service
personnel for verification of adequate protective grounding system to which this instrument is to be connected.

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

Do Not Remove Instrument Covers

To avoid electric-shock hazard, operating personnel must not remove the protective instrument covers. Component replace-
ment and internal adjustments must be made by qualified service personnel only.

Do Not Remove CRT Implosion Shield

Do not remove the clear plastic implosion shield covering the crt face plate. This crt implosion shield provides protection to the
operator from crt implosion.
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Do Not Operate in Explosive Atmosphere

To avoid explosion, do not operate this instrument in an explosive atmosphere unless it has been certified for such operation.

Refer fuse replacement to qualified prersonnel only. To avoid fire hazard, use only the fuse specified in the parts list for your in-
strument and which is identical in the following respects:

Use the Proper Fuse

A. Type: Slow blow, fast blow, efc.
B. Voltage rating: 250 V, etc.
C. Current rating.

Operating-Power Considerations

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

Exercise Care with Intensity Level

Crt phosphor damage can occur under adverse conditions. Avoid any condition where an extremely bright, sharply-focused
dot exists on the crt. Also, remember that the light filter reduces the apparent light output from the crt.

Prevent Instrument Damage

Plug-in units should not be installed or removed without first turning the instrument power off, to prevent instrument damage.
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7934 FEATURES

The Tektronix 7934 Storage Oscilloscope is a solid-state, wide-bandwidth instrument designed for fast-writing speed
storage applications. Three display modes are available — Nonstore, Store, and Save; as well as four storage modes —
Bistable, Variable Persistence, Fast Bistable, and Fast Variable Persistence. In addition, the Reduced Scan feature increases
the stored-writing speed capability.

The 7934 accepts up to four Tektronix 7000-series plug-in units. The flexibility of the plug-in feature and variety of plug-in
units available allows the system to be used for many measurement applications. The left pair of plug-in compartments are
reserved for vertical deflection and the right pair are reserved for horizontal deflection. Electronic switching between each pair
produces multi-trace vertical and/or horizontal displays.

Power supply voltages are closely regulated to maintain instrument performance when variations in line voltage, line

frequency, or plug-in load occur. The light-weight, high-efficiency power supply operates from 115- or 230-volt nominal supply
sources (50 to 400 hertz).
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Section 1—7934 Service

GENERAL INFORMATION

INTRODUCTION

Operator’s Manual

The Operator's Manual is divided into three main
sections.

Section 1 — General Information contains instrument
description, electrical specifications, environmental charac-
teristics, standard and recommended accessories, installa-
tion, and instructions for packaging for shipment.

Section 2 — Operating Instructions contains informa-
tion relative to operating and checking the instrument
operation.

Section 3 — Instrument Options contains a description
of available options and gives the location of the associated
information for those options.

Instruction Manual

The Instruction Manual contains both operating and ser-
vicing information for the 7934 Storage Oscilloscope. Sec-
tions 1 through 3 of the Instruction Manual contain the same
information as Sections 1 through 3 of the Operator's Man-
ual; the remaining sections of the Instruction Manual are as

follows:

The additional sections of the Instruction Manual con-
tain servicing instructions. These servicing instruc-
tions are for use by qualified service personnel only.
To avoid electric shock or other personal injury, do
not perform any servicing other than that described in
the Operating Instructions unless you are qualified.

Section 4 — Theory of Operation contains basic and
general circuit analysis to help in understanding the opera-
tion of the instrument and that may be useful for servicing
the instrument.

Section 5 — Maintenance describes routine and correc-
tive maintenance procedures with detailed instructions for
replacing assemblies, subassemblies, and individual compo-
nents.

Section 6 — Checks and Adjustments contains proce-
dures to check the operational performance and electrical
characteristics of the instrument. Procedures also include
methods for adjustment of the instrument to meet
specifications.

Section 7 — Replaceable Electrical Parts contains in-
formation necessary to order replaceable parts and assem-
blies related to the electrical functions of the instrument.

Section 8 — Diagrams and Circuit Board lllustrations
includes detailed circuit schematics, locations of assembled
boards within the instrument, voltage and waveform in-
formation, circuit board and schematic component locators,
and locations of adjustments to aid in performing the adjust-
ment procedure.

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

INSTALLATION

Initial Inspection

This instrument was inspected both mechanically and
electrically before shipment. It should be free of mars or
scratches and should meet or exceed all electrical specifica-
tions. To confirm this, inspect the instrument for physical
damage incurred in transit and test the electrical perfor-
mance by following the Operator's Checkout Procedure in
the Operating Instructions, Section 2, and the Performance
Check given in Checks and Adjustments, Section 6 of the
Instruction Manual. If there is damage or deficiency, contact
your local Tektronix Field Office or representative.

1-1
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Operating Power Information

This instrument can be operated from either a 115-volt or
230-volt nominal supply source, 48 to 440 hertz.

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

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

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

The power input plug must only be inserted in a mat-
ing receptacle with a grounding contact. Do not defeat
the grounding connection. Any interruption of the
grounding connection can create an electric shock
hazard.

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

Power Cord Information

A power cord with the appropriate plug configuration is
supplied with the 7934. If you need to change the power
plug, refer to Table 1-1 and Table 1-2 for power-cord and
plug identification information.

Table 1-1
POWER-CORD CONDUCTOR IDENTIFICATION
Conductor Color Alternate Color
Ungrounded (Line) Brown Black
Grounded (Neutral) Blue White
Grounded (Earthing) | Green-Yellow Green-Yellow

1-2

Operating Voltage

The LINE VOLTAGE SELECTOR switch (located on the
rear panel) allows selection of 115-volt or 230-volt nominal
line voltage operation. To convert from 115-volt to 230-volt
operation, change the power cord and plug to match the
power-source receptacie. Then use a small screwdriver to
move the LINE VOLTAGE SELECTOR switch to the desired
range.

Operating Temperature

The 7934 can be operated where the ambient air tem-
perature is between 0 and +50° C. This instrument can be
stored in ambient temperatures from —55 to +75° C. After
storage at temperatures outside the operating limits, allow
the chassis temperature to reach a safe operating limit be-
fore applying power.

The 7934 is cooled by air drawn in through holes in the
top, side, and bottom panels and blown out through the fan
exhaust. To ensure proper cooling of the instrument, main-
tain the clearance provided by the feet on the bottom and
allow at least two inches clearance (more if possible) at the
top, sides, and rear of the instrument.

Operating Position

A bail-type stand, mounted on the bottom of the instru-
ment, permits the instrument to be tilted up about 10° for
more convenient crt viewing.

PACKAGING FOR SHIPMENT

if the 7934 is to be shipped for fong distances by com-
mercial transportation, it is recommended that the instru-
ment be repackaged in the original manner. The carton and
packaging material in which your instrument was shipped
should be saved and used for this purpose.

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

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

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



General Information—7934 Service

TABLE 1-2
Power-Cord and Plug Identification Information
Plug Nominal Reference 3
u Option #
Configuration soee Line-Voltage (AC) Standards pran
North American ;ANSl C73.11
120V/15A 120 \" NEMA 5-15-P Standard
lEC 83
Universal Euro *CEE (7),11,IV,VII
220V/6-16A 220V YEC 83 Al
UK *BS 1363
240V/6-13A Lo 3IEC 83 e
Australian &
240 V AS C112 A3
240V/6-10A
. 'ANSI C73.20
m bbb 240V *NEMA 6-15-P A4
IEC 83
Switzerland 7
220 V SEV A5
220V/6-10A

1ANSi—American National Standards Institute

2NEMA—National Electrical Manufacturer’s Association

3JEC—International Electrotechnical Commission

4CEE—International Commission on Rules for the Approval
Electrical Equipment

2. Enclose the instrument with polyethylene sheeting or
equivalent to protect the finish of the instrument.

3. Cushion the instrument on all sides by tightly packing
dunnage or urethane foam between the carton and the in-
strument, allowing three inches on each side.

4. Seal the carton with shipping tape or with an industrial
stapler.

5. Mark the address of the Tektronix Service Center and
your return address on the carton in one or more prominent
locations.

5BS—British Standards Institution
6AS—Standards Association of Australia
TSEV—Schweizevischer Elektrotechischer Verein

Table 1-3
SHIPPING CARTON TEST STRENGTH
Gross Weight (pounds) Carton Test Strength
{(pounds)
0-10 200
10-30 275
30-120 375
120 - 140 500
140 - 160 600
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SPECIFICATION

The electrical characteristics listed in Table 1-4 apply at environment that meets the limits described in Table 1-5. All
ambient temperatures between 0 and +50° C, unless oth- specifications are valid in both Full Scan and Reduced Scan
erwise stated, when the following conditions are met: 1) The modes unless stated otherwise.
instrument was adjusted at an ambient temperature be-
tween 420 and +30° C; 2) The instrument is allowed a 30- Any applicable conditions not listed above are expressly
minute warm-up period; 3) The instrument is operated in an stated as part of the appropriate characteristic.

Table 1-4

ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

VERTICAL SYSTEM

Deflection Factor

Compatible with all 7000-series plug-in units.

Difference Between Vertical
Compartments

1% or less.

Low-Frequency Linearity

0.1 division or less compression of a center-screen two-division display
positioned anywhere vertically within graticule area.

Bandwidth

Varies with plug-in unit selected. See 7934 Oscilloscope Vertical System
Specification, Table 1-8.

Isolation Between Vertical Compartments

Al Vertical Modes

At least 100:1 from dc to 150 MHz and at least 30:1 from 150 MHz to 500 MHz.

Delay Line

Permits viewing the leading edge of triggering signal.

NOTE

Not all 7B50-series time-base units can display the
leading edge of the trigger signal in the 7934. Refer to
the Tektronix Products Catalog under the specific
time-base unit for recommended mainframe use.

Vertical Display Modes

Selected by front-panel VERTICAL MODE switch.

LEFT Signal from left vertical plug-in unit displayed.

ALT Display alternates between left and right vertical plug-in units.
ADD Display is algebraic sum of left and right vertical plug-in units.
CHOP Display chops between left and right vertical plug-in units.
RIGHT Signal from right vertical plug-in unit displayed.

Chopped Mode Repetition Rate

1 MHz within 20%.

Vertical Trace Separation

Positions B trace at least four divisions above and below A trace when 7934
operates in dual-sweep mode.
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Table 1-4 (cont)

Characteristic

Performance Requirement

HORIZONTAL SYSTEM

Deflection Factor

Compatible with all 7000-series plug-in units.

Difference Between Horizontal
Compartments

1% or less.

Fastest Calibrated Sweep Rate

0.5 nanosecond/division.

Horizontal Display Mode

Selected by front-panel HORIZONTAL MODE switch.

A A horizontal plug-in unit displayed.

ALT Display alternates between A and B horizontal plug-in units.
CHOP Display chops between A and B horizontal plug-in units.

B B horizontal plug-in unit displayed.

Chopped Mode Repetition Rate

200 kHz within 20%.

Phase Shift Between Vertical and
Horizontal Deflection Systems

2° or less from dc to at least 35 kHz.

With Option 02 (B HORIZ
Compartment Only)

2° or less from dc to 1 MHz.

Bandwidth (7934 Horizontal System Only
with 10 Division Reference)

From dc to at least 1 MHz.

With Option 02 (B HORIZ
Compartment Only)

From dc to at least 1 MHz.

TRIGGER SYSTEM

A and B TRIGGER SOURCE

Selected by front-panel TRIGGER SOURCE switches.

VERT MODE From vertical plug-in unit selected by VERTICAL MODE switch; CHOP mode
signals are added algebraically.

LEFT VERT From left vertical plug-in unit only.

RIGHT VERT From right vertical plug-in unit only.
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Table 1-4 (cont)

Characteristic Performance Requirement
CALIBRATOR
Waveshape Square wave.
Polarity Positive going with baseline near zero volts.

Source Impedance

Approximately 450 ohms.

Output Voltage

Selected by front-panel CALIBRATOR switch.

Into 100 Kilohms or Greater

40mV, 04V, 4V,

Into 50 Ohms

4mV,40mV, 04 V.

Output Current

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

Amplitude Accuracy (P-P Voltage)

Within 1%.

Repetition Rate

1 kHz within 0.25%.

Duty Factor

49.8 to 50.2%.

Rise Time and Fall Time

250 nanoseconds or less into 100 pF or less.

SIGNAL OUTPUTS

Sawtooth Output

Selected by internal Sweep Selector jumper.

Source A HORIZ time-base unit or B HORIZ time-base unit.
A Sweep Derived from A HORIZ time-base sweep.
B Sweep Derived from B HORIZ time-base sweep.
Polarity Positive going with baseline at 0 V, within 1V, into 1 Megohm.

Output Voltage
Rate of Rise

Into 50 ohms

50 mV/unit of time selected by time-base unit time/division switch, within 15%;
100 ns/division sweep rate maximum.

Into 1 Megohm

1 V/unit of time selected by time-base unit time/division switch, within 10%;
1 ps/division sweep rate maximum.

Output Resistance

Approximately 950 ohms.
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Table 1-4 (cont)

Characteristic

Performance Requirement

Gate Qutput

Selected by internal Gate Selector jumper.

Source A HORIZ time-base unit or B HORIZ time-base unit.
A Gate Derived from the A HORIZ time-base unit main gate.
B Gate Derived from the B HORIZ time-base unit main gate.
Dly’d Gate Derived from the A HORIZ time-base unit delayed gate.
Polarity
A or B Gate Positive going with baseline at 0 V, within 1.0 V, into 1 Megohm.
A Dly’'d Gate Positive level when A time-base delayed sweep or B sweep is enabled. O V,

within 1.0 V, into 1 Megohm when sweeps are disabled. Output is always positive
when no plug-in is used or plug-in does not provide delayed gate.

Output Voltage
Into 50 Ohms

0.5 V within 10%.

Into 1 Megohm

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

Rise Time Into 50 ohms

20 nanoseconds or less.

Output Resistance

Approximately 950 ohms.

Vertical Signal Out

Selected by B TRIGGER SOURCE switch.

Source

Same as B TRIGGER SOURCE.

Output Voltage
Into 50 Ohms

25 mV/division of vertical deflection within 25%.

Into 1 Megohm

0.5 V/division of vertical deflection within 25%.

Bandwidth into 50 Ohms

Varies with vertical plug-in selected; see 7934 Oscilloscope Vertical System
Specification, Table 1-8.

DC Centering

0V, within 1 V, into 1 megohm.

Aberrations

25% or less p-p within 2 nanoseconds of step.

Qutput Resistance

Approximately 950 ohms.

Z-AXIS SYSTEM

External Z-Axis Input

Polarity and Sensitivity

Positive 2 V provides complete blanking from maximum-intensity condition;
negative 2 V provides complete unblanking from minimum-intensity condition.

Low-Frequency Response

To dc.

Input Resistance

Approximately 470 ohms.

Maximum Input Voltage

Within 15 V (dc plus peak ac).

Maximum Repetition Rate

1 MHz.
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Table 1-4 (cont)

Characteristic

Performance Requirement

READOUT DISPLAY

Readout Modes

Selected by front-panel READOUT control.

Free Run Readout (READOUT
Control in Variable Area)

Storage Mode
STORE OFF

Readout continuously displayed.

BISTABLE or VAR PERSIST

Readout continuously displayed, except turns off during erase cycle.

FAST BISTABLE or FAST VAR

Readout continuously displayed, except turns off at beginning of erase cycle or at

PERSIST initiation of single-sweep reset until end of transfer cycle. Also, turns off when
displayed time base operates in other than single-sweep mode and MULTI
TRACE DELAY control is not in detent.

SAVE Readout displayed for approximately one second after save mode is entered,

then turns off.

Pulsed Readout (READOUT Control in
PULSED Detent)

Storage Mode

STORE OFF One frame of readout is provided at end of displayed sweep.

BISTABLE Readout continuously displayed except turns off from beginning of erase cycle
until end of first displayed sweep.

VAR PERSIST One frame of readout is provided at the end of displayed sweep. Erase cycle

inhibits readout display.

FAST BISTABLE

Readout continuously displayed except turns off at beginning of erase cycle, or at
initiation of single-sweep reset until end of transfer cycle. Also, turns off when
displayed time base operates in other than single-sweep mode and when MULTI
TRACE DELAY control is not in detent.

FAST VAR PERSIST

One frame of readout is provided at the end of transfer cycle; turns off when
displayed time base operates in other than single-sweep mode and when the
MULTI TRACE DELAY control is not in detent.

SAVE
BISTABLE or FAST Readout displayed for approximately one second after SAVE mode is entered,
BISTABLE then turns off.
VAR PERSIST Allows one frame of readout to be displayed at end of displayed sweep.

FAST VAR PERSIST

Allows one frame of readout to be displayed at end of transfer cycle.

Character Height

Full Scan

0.35 to 0.5 division.

Reduced Scan

At least 0.2 division.
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Table 1-4 (cont)

Characteristic

Performance Requirement

DISPLAY

Cathode Ray Tube

Graticule
Type Internal; illuminated with variable edge lighting.
Area
Full Scan 8 x 10 divisions; 0.9 cm/division.

Reduced Scan

8 x 10 divisions; 0.45 cm/division, centered on faceplate.

Phosphor

P31.

Stored Vertical and Horizontal Resolution
in VAR PERSIST and FAST VAR

PERSIST (Full Scan Only)

10 lines/division.

High Voltage — Overall Accelerating

Approximately 10 kV (approximately 12 kV in Reduced Scan).

Voltage
Geometry Within 0.1 division of vertical and horizontal graticule lines.
Beamfinder Actuating BEAMFINDER limits display to within graticule area.

STORAGE

Stored Writing Speed

Full Scan (Center 6 x 8 Divisions)

FAST VAR PERSIST

300 divisions/microsecond (270 cm/us).

FAST BISTABLE

50 divisions/microsecond (45 cm/us).

VAR PERSIST

2 divisions/microsecond (1.8 cm/us).

BISTABLE

0.03 division/microsecond (0.027 cm/us).

Reduced Scan (Center 8 x 10

Divisions)
FAST VAR PERSIST

8,800 divisions/microsecond (4,000 cm/us).

FAST BISTABLE

776 divisions/microsecond (350 cm/us).

VAR PERSIST

12 divisions/microsecond (5.4 cm/us).

BISTABLE

0.2 division/microsecond (0.09 cm/us).

Stored Save Time (SAVE Mode)
BISTABLE and FAST BISTABLE

At least 30 minutes (SAVE INTENSITY at minimum).

Stored View Time

VAR PERSIST and FAST VAR

PERSIST

30 seconds or more at maximum persistence.
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Table 1-4 (cont)

Characteristic

Performance Requirement

Auto Erase View Time

Minimum

Less than 1 second.

Maximum

Greater than 10 seconds.

Multi Trace Delay Time

Minimum

Less than 1 second.

Maximum

Greater than 4 seconds.

REAR-PANEL CONNECTORS AND SWITCHES

CONTROL ILLUMINATION

High, medium, and off (three position switch located on rear panel of power
supply).

PROBE POWER

Two connectors for compatible Tektronix probes.

REMOTE RESET INPUT

Input to reset single-sweep function of time-base units installed in A and B
HORIZ compartments (compatible time-base units only). High-to-low transition
resets sweep.

REMOTE STORAGE GATE INPUT

Allows remote operation of high-speed transfer. Low-to-high transition enables
High Speed Target to receive information to be stored. High-to-low transition
initiates transfer from high-speed target to storage target.

REMOTE ERASE INPUT

Allows remote erasure of stored display. High-to-low transition initiates an erase
cycle when in a storage mode.

REMOTE SAVE INPUT

Allows remote control of Save mode. High state allows control from front panel.
Low state holds storage circuitry in Save mode when in storage mode.

POWER SOURCE

Voltage Range (ac, rms)

Selected by rear-panel LINE VOLTAGE SELECTOR switch.

115 V Nominal

From 90 V to 132 V.

230 V Nominal

From 180 V to 250 V

Line Frequency

From 48 to 440 Hz.

Maximum Power Consumption

230 Watts.

Maximum Current

90 V Line 3.5 amps at 60 Hz.
180 V Line 1.8 amps at 60 Hz.
Line Fuse 4 amp fast blow.
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Table 1-5
ENVIRONMENTAL

Characteristic

Information

NOTE

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

Temperature Range

Operating 0 to +50° C.
Nonoperating —55to +75° C.
Altitude
Operating 5 kilometers (15,000 feet).
Nonoperating Test limit 15 kilometers (50,000 feet).

EMC (Electromagnetic Compatibility)

Meets requirements of MIL-STD-461A, when tested in accordance with the
following test methods of MIL-STD-462.

All Instruments

CS-01, CS-06, and CE-03 Part 4 Curve 1.

Option 03

NOTE

The EMI mesh filter must be installed and any unused plug-in
compartments must be covered with a blank plug-in panel (EMC
shielded) in order to meet EMC specifications. See Instrument Op-
tions section for additional information.

FCC Part 15 Subpart J Class A, VDE 0871 Class B, RS01, RS03 (limited to
1 GHz), REO2 Part 7, RE02 Part 4.

Vibration

Tested to MIL-T-28800C, Section 4.5.5.3.1 Type lll, Class 5, Style F.

Shock

Tested to MIL-T-28800C, Section 4.5.5.4.1, Type lll, Class 5, Style F.

Bench Handling

Tested to MIL-T-28800C, Section 4.5.5.4.3, Type lll, Class 5, Style F.

Transportation

Qualified under National Safe Transit Committee test procedure 1A, Category II.

Bounce

NSTA, Project 1A-B-1.

Drop (Packaged Product)

NSTA, Project 1A-B-2.

Humidity

Tested to MIL-STD-810C, Method 507-1, Procedure IV, modified as specified in
Mil-T-28800C, paragraph 4.5.5.1.12, except: 90 - 95% relative humidity (steps 5
and 6); operating tests at 50° C (step 5, second cycle).

Electrostatic Discharge

Operating

0 to 15 kV with no performance degradation.

Nonoperating

0 to 20 kV with no instrument damage.
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Table 1-6
PHYSICAL

Characteristic

Information

Ventilation

Safe operating temperature maintained by dc fan.

Warm-up Time

30 minutes for rated accuracy.

Finish

Anodized front and rear panel with blue-vinyl painted aluminum cabinet.

Overall Dimensions

Measured at maximum points; see Fig. 1-1 for dimensional drawing.

Height 34.5 cm (13.6 inches).
Width 30.5 cm (12.0 inches).
Length 62.25 cm (24.5 inches).

Net Weight (Instrument Only)

17.2 kg (38.0 pounds).
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NOTE: DIMENSIONS ARE GIVEN WITH
TOP FIGURE IN INCHES AND BOTTOM
FIGURE IN CENTIMETERS. 5879-1
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SYSTEM ELECTRICAL SPECIFICATION

The Tektronix 7934 Oscilloscope system provides ex-
ceptional flexibility in operation with a wide choice of gen-
eral- and special-purpose plug-in units. The type number of
a particular plug-in unit identifies its usage as follows:

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

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

A — Amplifier

B — Real-time Time-base
C — Curve Tracer

D — Digital Unit

L — Spectrum Analyzer
M — Miscellaneous

S — Sampling Unit

T — Sampling Time-base

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

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

Table 1-7 lists any incompatibilities between the 7934
and the variety of plug-in units available.

Table 1-8 lists the vertical specifications which are sys-
tem dependent. For more complete specifications on vertical
plug-in units for the 7934 Oscilloscope system, refer to the
current Tektronix Products Catalog.

Table 1-9 lists the horizontal specifications which are
system dependent. For more complete specifications on
horizontal plug-in units for the 7934 Oscilloscope system,
refer to the current Tektronix Products Catalog.

Table 1-10 lists some of the special purpose plug-in units
that can be used with the 7934 Oscilloscope.
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Table 1-7

PLUG-IN INCOMPATIBILITIES

The 7934 Oscilloscope is compatible with Tektronix 7000-Series Plug-In units with the exceptions listed in the following

table:
Plug-In Unit Operating Conditions Symptoms Cause
7A21N All. No display. No vertical signal connection.
7B50 All. Leading edge of triggering 7934 delay line length.
7B51 waveform cannot be viewed.
7B52
7B53A
7B53AN
7B53N
7B50 7934 Horizontal Mode alternate | Only one time-base unit will 7934 alternate sweep switching
7851 with both horizontal time-base reset. SAVE, AUTO ERASE, logic locks out one time-base unit;
7B70 units set for single-sweep PULSED readout, and fast these time-base units do not reset
7B71 operation. storage modes do not operate when locked out.
normally.
7934 fast storage modes with Time-base unit will not Time-base unit is locked out during
time-base unit set for automatically reset. erase.
single-sweep operation.
7B51 7934 bistable or variable Intensified zone(s) may appear Delay in 7934 storage logic
7B71 persistence with horizontal ALT at incorrect position. between end of sweep lockout and
7B85 or CHOP mode and A HORIZ single-sweep reset.
time-base unit in repetitive
sweep mode, delaying B HORIZ
time-base unit in single-sweep
mode.
7B85 7B85 set for single-sweep SAVE, AUTO ERASE, PULSED | 7B85 sweeps once but needs to
operation with delta-time readout, and fast storage modes | sweep twice for generation of
function operational. do not operate normally. holdoff pulse.
7B92 Time-base unit set for alternate SAVE, AUTO ERASE, PULSED | Time-base unit sweeps only once
7B92A and single-sweep modes. readout, and fast storage modes | when reset, whereas both main and
do not operate normally. delayed sweeps are required to
generate a holdoff pulse.
715 7L5 set for stored display mode. | 7934 storage modes do not 7L5 Sweep Gate remains HI.

operate normally; no pulsed
readout display.

7L5 set for non-storage mode
with manual or normal sweep.

Single-sweep reset or erase
causes 7L.5 to operate in
single-sweep mode.

7L5 control logic.

7L5 set for non-storage mode
with 7934 set for fast storage
mode and MULTI TRACE
DELAY operation.

Crt display flashes.

7L5 single-sweep logic line pulses
when single-sweep reset occurs,
causing logic to oscillate.
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Table 1-7 (cont)

General Information—7934 Service

Plug-In Unit Operating Conditions Symptoms Cause

7L12 Any 7934 storage mode with 7L12 will not automatically reset | 7L12 single-sweep logic output is
7L12 set for single-sweep after an erase or multi-trace always LO.
operation. cycle.
7934 fast storage modes with Storage display will not remain
MULTI TRACE DELAY control viewable.
operational.

7L13 7934 fast storage modes with 7L13 will not activate multi-trace | 7L13 does not provide single-sweep
7L13 set for single-sweep function. reset.
operation.

7512 7512 set for single-scan 7512 will not start by remote 7512 does not provide single-

operation. reset or camera reset or after an | sweep reset.
erase cycle; 7512 start button
will not activate multi-trace
function.
7934 fast storage modes with Storage display will not remain 7512 single-sweep logic output is
MULTI TRACE DELAY control viewable. always LO.
operational and 7512 set for
single scan.

7514 7514 set for single-scan mode. 7934 storage modes and Sweep gate remains HI at the end
PULSED readout do not operate | of a scan. (Can be overcome by
norma"y' activating both the Rep and Single

Scan buttons.)
7514 set for single-scan 7514 will not start after an erase | 7S14 has no single-sweep logic
operation (both Rep and Singie | cycle. output.
Scan buttons activated).
7934 fast storage modes with Storage display will not remain
MULTI TRACE DELAY control viewable.
operable and 7514 set for single-
scan operation (both Rep and
Single Scan buttons activated).
7T11A All. SAVE, AUTO ERASE, PULSED | 7T11A does not generate holdoff

readout, and fast storage modes
do not operate normally; 7T11A
will not alternate with other
sweep plug-ins.

pulses.
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Table 1-8
7934 OSCILLOSCOPE VERTICAL SYSTEM SPECIFICATION
Amplifier Probe Bandwidth Rise Time Accuracy* Vertical Signal Out
Plug-In Unit (MHz) (ns) (0 to +50°C) Bandwidth Rise Time
Ext Cal (%) int Cal (%) (MHz) (ns)
7A11 Integral 250 1.4 140 25
7A12 None 120 29 2 110 3.2
7A13 None
105 3.4 100 35
P6130 1.5 25
P&055 65 54 65 5.4
7A14 P6021 55 6.4 50 7.0
2 3
P6022 120 29 100 3.5
7A15A None 2 3
80 4.4 70 5.0
P6057 3
7A16A None 225 1.6 2
140 25
P6130 200 1.8 3 4
TA17 None 150 24 15 24
TA18A None 100 3.5 2 3
20 4.7
P6130 75 47
7A19 None
500 0.8
P6056 300 1.2
4 5
P6201 430 0.9
TA22 None or 1 (within 350 (within | 2 3 1 (within 9%) | 350 (within 9%)
Any 10%) 9%)
7A24 None 500 1.0 3 4
P6056 300 1.2 140 2.5
4 5
P6201 280 1.3
TA26 None 200 1.8 2 3
140 2.5
P6201 155 24 3
TA29 None
500 0.7 300 1.2
P6056
7A42 None
P6320 300 1.2 NA NA
4 5
P6131

*EXT CAL, 0 to +50°C — Plug-in gain set at a temperature within 10°C of operating temperature using an external calibrator with accuracy

within 0.25%.

INT CAL, 0 to +50°C — Plug-in gain set at a temperature within 10°C of operating temperature using the 7934 calibrator output signal.
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Table 1-9
7934 OSCILLOSCOPE HORIZONTAL SYSTEM SPECIFICATION

General Information—7934 Service

Time-Base Performance Feature Maximum Calibrated Triggered Frequency
Unit Sweep Rate Range

7810 Delayed Sweep 0.5 ns/div DC to 700 MHz
7B15 Delta Delaying Sweep 0.5 ns/div DC to 700 MHz
7B50A Delayed Sweep 5 ns/div DC to 150 MHz
7B70 Delayed Sweep and Ext Amplifier 2 ns/div DC to 200 MHz
7871 Dual-Sweep Delaying and Delayed 2 ns/div DC to 200 MHz
7880 Delayed Sweep 1 ns/div DC to 400 MHz
7B85 Delaying Sweep 1 ns/div DC to 400 MHz
7887 Time Base (with pre-trigger acquire clock 1 ns/div DC to 400 MHz

when used with 7854 only)
7B92A Display Switching 0.5 ns/div DC to 500 MHz
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Table 1-10

SPECIAL PURPOSE PLUG-IN UNITS
Plug-In Unit Performance Feature
7CT1IN Low-Power Semiconductor Curve Tracer
7D01/7D0O1F Logic Analyzer
7D02/7D02F Logic Analyzer
7D10 Digital Events Delay
7D11 Digital Delay
7D12 A/D Converter — plug-in modules provide flexible measurement capability
7D13A Digital Multimeter — Temperature, voltage, current, and resistance measurement
7D14 Directly Gated Counter
7D15 Universal Counter Timer
7D20 Programmable Digitizer
7K1 CATV Preamplifier
7L5 20 Hz to 5 MHz Spectrum Analyzer
7L12 100 kHz to 1.7 GHz Spectrum Analyzer
7L13 1 kHz to 1.8 GHz Spectrum Analyzer
7L14 10 kHz to 1.8 GHz Spectrum Analyzer
7L18 1.5 GHz to 60 GHz Spectrum Analyzer
TM11 Dual 50-Ohm Delay Line
7™M13 Readout Access Unit
7511 Accepts Plug-In Sampling Heads
7812 Time Domain Reflectometer and Sampling Applications
7514 Dual-Trace Delay Sweep Sampler
7T11A Random or Sequential, Equivalent or Real-Time Sampling Time Base

1-18



General Information—7934 Service

STANDARD ACCESSORIES

Operators Manual 1 each 070-5879-00
Instruction Manual 1 each 070-5880-00
Gray Faceplate Protector (installed) 1 each 378-0625-02
Storage Green Faceplate Filter 1 each 378-0625-08
Power Cord 1 each 161-0066-00

RECOMMENDED ACCESSORIES
(not included)

The following accessories are available for use with the
7934 Oscilloscope. For more information or to order recom-
mended accessories, contact your local Tektronix Field Of-
fice or representative.

Current Loop Probe Adapter 012-0341-00
Camera, Low-Cost General Purpose C-5A
Camera, For Automatic Single-Sweep C-52

Photos
Tek Lab Cart Model 3
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Section 2 - 7934 Service

OPERATING INSTRUCTIONS

To operate the 7934 effectively, the user must become
familiar with its operation and capabilities. This section de-
scribes how to use the front- and rear-panel controls and
connectors.

For detailed operating information on specific plug-in
units used with the 7934, refer to the manual for that unit.

To avoid electric-shock hazard, see installation in the
General Information section of this manual before op-
erating this instrument.

PLUG-IN UNITS

The 7934 accepts up to four Tektronix 7000-Series plug-
in units. This feature allows selection of bandwidth, sensitiv-
ity, display mode, etc., and provides for future expansion of
the system.

The overall capabilities of the system are mainly deter-
mined by the characteristics of the selected plug-ins. Some
typical combinations are given under Applications in this
section. For information on other plug-in units, refer to the
current Tektronix Products Catalog.

Installation of Plug-In Units

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

To install a plug-in unit into a compartment, align the
slots in the top and bottom of the plug-in unit with the asso-
ciated guide rails in the plug-in compartment. Insert the
plug-in unit into the compartment until it locks into place. To
remove a plug-in unit, pull outward on the release latch to
disengage the plug-in. To meet the EMC (electromagnetic
compatibility) specifications, cover all unused plug-in
compartments with an EMC shielded blank plug-in panel,
Tektronix Part 016-0155-00.

The gain of the 7934 vertical and horizontal systems has
been normalized to allow plug-in units to be interchanged
among plug-in compartments without readjustment of the
system. The basic calibration of the plug-in units should be
checked when installed to verify their accuracy (refer to the
operating instructions in the plug-in manual).

CONTROLS AND CONNECTORS

The 7934 front and rear panels are shown in Figure 2-1
and Figure 2-2. A brief, functional description of each control
and connector is included in these illustrations. Refer to De-
tailed Operating Information for additional information.

Front-Panel Color Coding

The 7934 front panel is color coded to define areas by
function. Blue identifies controls that affect the display
mode; green identifies triggering controls.

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

OPERATOR’S CHECKOUT PROCEDURE

The Operator's Checkout Procedure may be used to ver-
ify proper operation of the controls and to get acquainted
with the instrument. Only instrument functions (not mea-
surement quantities or specifications) are checked in this
procedure; therefore, a minimum amount of test equipment
is required. If performing the Operator's Checkout Proce-
dure reveals improper performance or instrument malfunc-
tion, first check the operation of associated equipment; then
refer to qualified service personnel for repair or adjustment
of the instrument.

Test Equipment Required

The following test equipment is required for the
Operator's Checkout Procedure. Other test equipment
which meets these requirements may be substituted. When
other equipment is substituted, the control settings or setup
may need to be altered.
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FRONT-PANEL CONTROLS, CONNECTORS, AND INDICATORS

@ GRAT ILLUM — Controls illumination of graticule lines.
@ PRESET (Readout) — Screwdriver adjustment to set PULSED Readout Mode intensity.

@ READOUT — Controls brightness of the readout display. Disables Readout System in counterclockwise OFF detent. Activates
Pulsed Readout Mode in clockwise PULSED detent.

Camera Power Connector (not labeled) — Three-pin connector provides power for camera operation and receives
single-sweep-reset signal.

o TRACE ROTATION — Screwdriver adjustment to align trace(s) with graticule lines.
o ASTIG — Screwdriver adjustment used with the FOCUS control to obtain a well-defined display.

o A INTENSITY (indicator) — llluminates when A HORIZ plug-in selected for display.

A INTENSITY — Controls brightness of trace produced by the plug-in installed in the A HORIZ compartment.
@ FOCUS — Optimizes crt trace definition.

B INTENSITY (indicator) — llluminates when B HORIZ plug-in selected for display.

@ B INTENSITY — Controls brightness of trace produced by the plug-in installed in the B HORIZ compartment.
@ BEAMFINDER — When pressed, compresses and defocuses display within graticule area.

REDUCED SCAN (switch and indicator) — Calibrated area of crt is reduced to inner half-size graticule and stored writing
speed is increased when indicator is on.

Storage Mode Switch (not labeled) — Selects one of four storage modes or the STORE OFF display mode.
STORAGE LEVEL — Varies writing speed of VAR PERSIST, FAST BISTABLE, and FAST VAR PERSIST storage modes.

SAVE (control and indicator) — Retains stored display in a noneraseable mode with continuously variable intensity when
indicator is on.

MULTI TRACE DELAY — Controls time between successive sweeps when operating in FAST BISTABLE and FAST VAR
PERSIST storage modes.

AUTO ERASE — Controls viewtime in automatic erase mode.

ERASE — Erases stored display.

PERSISTENCE — Controls rate of continuous erasure of VAR PERSIST and FAST VAR PERSIST storage display modes.
@ SAVE INTENSITY — Controls intensity of the SAVE display.

@ Ground (not labeled) — Binding post to establish common ground between associated equipment.

@ B TRIGGER SOURCE — Selects internal trigger source for B HORIZ plug-in unit.

@ VERT TRACE SEPARATION (B) — Vertically positions the B HORIZ trace with respect to the A HORIZ trace
(dual-sweep modes only).

@ HORIZONTAL MODE — Selects source of horizontal signal and horizontal display mode.

A TRIGGER SOURCE — Selects internal trigger source for A HORIZ plug-in unit.

Horizontal Selector (located at rear of A HORIZ compartment) — Three position switch which over-rides the
HORIZONTAL MODE switch to determine the source of the horizontal display signal.

VERTICAL MODE — Selects source of vertical input signal and vertical display mode.
POWER (switch and indicator) — Switch controls power to instrument; indicator illuminates when power is applied.

CALIBRATOR — Provides calibrated square-wave voltages at 1 kHz repetition rate at CALIBRATOR output connector.

Fig. 2-1b. Front-panel controls, connectors and indicators.
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BEROERE ® EEO

REAR-PANEL CONTROLS AND CONNECTORS

REMOTE ERASE INPUT — Allows external operation of the ERASE function.
REMOTE SAVE INPUT — Allows external operation of the SAVE function.

REMOTE STORAGE GATE INPUT — Aliows external operation of the transfer function (FAST BISTABLE and FAST
VAR PERSIST only).

CONTROL ILLUMINATION — Sets illumination level of the indicators and the lighted pushbutton switches on the 7934
front panel and the associated plug-in units.

LINE VOLTAGE SELECTOR — Sets instrument to 115-volt or 230-volt nominal line operation.

PROBE POWER (two connectors) — Provides power to active probe system.

Z-AXIS INPUT — Input for external intensity modulation of the crt display.

VERT SIG OUT — Output signal derived from vertical signal as selected by the B TRIGGER SOURCE switch.
+SAWTOOTH OUT — Sawtooth output signal derived from the A or B time-base unit.

+GATE OUT — Output signal derived from the A Gate, B Gate, or the A Dely'd Gate.

REMOTE RESET IN — Allows external single-sweep reset of time-base unit(s).

Fig. 2-2b. Rear-panel controls and connectors.
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Operating Instructions—7934 Service

1. Amplifier Unit (two required)

Description: Compatible with 7934 Oscilloscope. One dual-
trace unit required to completely check vertical readout
fields.

Type: Any compatible 7A-series units. Refer to Table 1-8 in
the General Information Section for suitable units.

2. Time-Base Unit (two required)

Description: Compatible with 7934 Oscilloscope. One dual
time-base or delaying time-base required to completely
check horizontal readout fieids.

Type: Any compatible 7B-series units. Refer to Table 1-9 in
the General Information section for suitable units.

3. Sine-Wave Generator

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

Type: Tektronix SG 503 (requires TM 500 power module).

4. Cables (two required)

Description: Length, 42 inches; connectors, BNC.

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

5. BNC T Connector

Description: Connectors, two BNC female, one BNC male.

Type: BNC “T” connector, Tektronix Part 103-0300-00.

6. Adapter

Description: Connectors, BNC female to BNC female.

Type: BNC female to BNC female adapter, Tektronix part
103-0028-00.

2-6

Preliminary Set Up

1. Set the front-panel controls as follows:

A INTENSITY Counterclockwise
FOCUS Midrange

B INTENSITY Counterclockwise
READOUT OFF

GRAT ILLUM Counterclockwise
REDUCED SCAN Button out
STORE OFF Button in
POWER Button out
CALIBRATOR 4V

VERTICAL MODE LEFT

A TRIGGER SOURCE VERT MODE
HORIZONTAL MODE A

VERT TRACE SEPARATION (B) Midrange

B TRIGGER SOURCE VERT MODE

Horizontal Selector (at rear Norm
of A HORIZ compartment)

2. Connect the 7934 to a power source that meets the
voltage and frequency requirements. If the available line
voltage is outside the limits of the LINE VOLTAGE SELEC-
TOR switch setting (on rear panel), see Operating Power
information under Installation (General Information Section).

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

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

5. Set both time-base units to 1 millisecond/division and
triggering to auto mode with ac coupling from the internal
source.

6. Rotate the A INTENSITY control until the trace is at a
desirable viewing level (near midrange). Position the trace as
necessary for an on-screen display.

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

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

9. Set the A horizontal time-base triggering for a stable
display.



Display Focus

10. Rotate the FOCUS control and observe the square-
wave display. Notice that the thickness of the trace varies
as the FOCUS control is rotated. Set the FOCUS control for
a well-defined trace. If a well-defined trace cannot be ob-
tained, adjust the ASTIG screwdriver adjustment along with
the FOCUS control for the best trace.

Trace Alignment

11. Disconnect the input signal. Use the left amplifier
unit position control to align the trace with the center hori-
zontal graticule line. If necessary set the TRACE ROTA-
TION adjustment so the trace is parallel to the center
graticule line.

Graticule lllumination

12. Rotate the GRAT ILLUM control throughout its
range and notice that the graticule lines are illuminated as
the control is turned clockwise.

Control lllumination

13. Set the rear-panel CONTROL ILLUMINATION
switch to HIGH. Notice that the A INTENSITY indicator and
the lighted pushbutton switches are illuminated. Sequen-
tially press all of the HORIZONTAL MODE switch positions
and notice the A and B INTENSITY lights; these lights indi-
cate which intensity control is active. Set the CONTROL
ILLUMINATION switch to the MEDIUM position. Observe
that the selected intensity indicator and the lighted push-
button switches on the plug-in units are dimmed. Set the
CONTROL ILLUMINATION switch to OFF and notice that
the selected intensity indicator and pushbutton switches are
extinguished.

14. Set the rear-panel CONTROL ILLUMINATION
switch to the HIGH position. Return the HORIZONTAL
MODE switch to A.

Vertical Deflection System

15. Connect the 4 V CALIBRATOR output to the input
connectors of both amplifier units with two 42-inch BNC
cables and a BNC T connector. Set the deflection factor of
the left amplifier unit to display about two divisions of signal
on the screen.

16. Notice that the position control of only the left ampli-
fier unit affects the vertical position of the displayed trace.
Position the trace to the upper half of the graticule.
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17. Set the VERTICAL MODE switch to RIGHT. Set the
deflection factor of the right amplifier unit to display about
two divisions of signal on the screen.

18. Notice that the position control of only the right am-
plifier unit affects the vertical position of the displayed trace.
Position the trace to the lower half of the graticule.

19. Set the VERTICAL MODE switch to ALT. Notice
that two traces are displayed on the screen. The top trace is
produced by the left ampilifier unit and the bottom trace is
produced by the right amplifier unit; the sweep for both
traces is produced by the A time-base unit. Set the sweep
rate of the A time-base unit to 50 milliseconds/division; no-
tice that the display alternates between the left and right
amplifier plug-in units after each sweep. Turn the A time-
base sweep rate switch throughout its range; notice that the
display alternates between amplifier units at all sweep rates.

20. Set the VERTICAL MODE switch to CHOP. Turn the
A time-base unit sweep rate switch throughout its range.
Notice that a dual-trace display is presented at all sweep
rates, and that both amplifier units are displayed by the A
time-base unit on a time-sharing basis. Set the A time-base
unit sweep rate switch to 0.5 millisecond/division.

21. Set the VERTICAL MODE switch to ADD. The dis-
play should be four divisions in amplitude. Notice that the
position control of either amplifier unit moves the display.
Set the VERTICAL MODE switch to LEFT.

Horizontal Deflection System

22. Notice that the position control of only the A time-
base unit affects the horizontal position of the displayed
trace. Position the start of the trace to the left graticule line
with the A time-base unit position control.

23. Set the HORIZONTAL MODE switch to B. Advance
the B INTENSITY control until the display becomes
defocused. The defocused display indicates that the B IN-
TENSITY control is set too high. Reduce the setting of the B
INTENSITY control to obtain a bright, well-defined display.

24. Notice that only the B time-base unit position control
affects the horizontal position of the displayed trace. Posi-
tion the start of the trace to the left graticule line with the B
time-base unit position control. Set the B time-base unit trig-
gering controls for a stable display.
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25. Set the HORIZONTAL MODE switch to ALT. Two
traces should be presented on the screen. If the traces over-
lap, adjust the VERT TRACE SEPARATION (B) control to
position one trace to the bottom of the graticule area. Turn
the sweep rate switches of both time-base units throughout
their range. Observe that each time-base unit controls one
of the traces independently of the other time-base unit. Also
notice that when one of the time-base units is set to a slow
sweep rate (below about 50 milliseconds/division), sweep
alternation is evident (only one of the traces is presented on
the screen at a time). Set the sweep rates of both time-base
units to 0.5 millisecond/division. Adjust the A INTENSITY
control; notice that it changes the intensity of the trace pro-
duced by the A time-base unit only. Likewise, the B INTEN-
SITY control changes the intensity of the trace produced by
the B time-base unit only. Return both intensity controls to
desirable levels.

26. Set the HORIZONTAL MODE switch to CHOP. No-
tice that two traces are displayed on the screen in a manner
similar to that of the ALT display. Turn the sweep rate
switches of both time-base units throughout their ranges.
Observe that two traces are displayed on the screen at all
sweep rates. Also notice that when both time-base units are
set to a slow sweep rate (50 milliseconds/division or slower),
both traces are visible on the screen at the same time. Re-
turn the sweep rate switches of both time-base units to 0.5
millisecond/division.

27. Set the CALIBRATOR switch to 0.4 V. Set the VER-
TICAL MODE switch to CHOP. Four traces should be dis-
played on the screen. If not, adjust the position controls of
the amplifier units and the VERT TRACE SEPARATION (B)
control to position the four traces into view. Set the position
controls of the plug-in units to identify which trace is pro-
duced from each plug-in unit (if amplifier units have the iden-
tify feature, it can be used to identify the traces). Set the A
time-base unit for a sweep rate of 1 millisecond/division.
Notice that the left-amplifier unit is displayed at the sweep
rate of both the A and B time-base units and that the right-
amplifier unit is also displayed at the sweep rate of both
time-base units.

28. Set the HORIZONTAL MODE switch to ALT. Ob-
serve that the display is very similar to that obtained in the
previous step. The main difference in this display is that the
traces are now displayed alternately (noticeable only at slow
sweep rates).

29. Set the VERTICAL MODE switch to ALT. Set the
CALIBRATOR switch to 4 V. Notice that the trace produced
by the left amplifier unit is displayed at the sweep rate of the
B time-base unit and the trace produced by the right ampli-
fier unit is displayed at the A time-base unit sweep rate. This
feature is called slaved-alternate operation and is obtained
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only when the VERTICAL MODE switch is in the ALT posi-
tion, the HORIZONTAL MODE switch is in either the ALT or
the CHOP position, and the time-base units are in the inde-
pendent mode.

Triggering

30. Set the VERTICAL MODE switch to LEFT and the
HORIZONTAL MODE switch to A. Center the display on the
screen with the left amplifier unit position control. Discon-
nect the input signal from the right amplifier unit input con-
nector. Sequentially select all of the VERTICAL MODE
switch positions. Notice that a stable display is obtained for
all positions of the VERTICAL MODE switch (a straight line
in RIGHT switch position).

31. Set the A TRIGGER SOURCE switch to LEFT
VERT. Again, sequentially select all of the VERTICAL
MODE switch positions. Notice that the display is again sta-
ble in all positions, as in the previous step, and that the
LEFT VERT button is illuminated.

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

33. The B TRIGGER SOURCE switch operates in a
manner similar to the A TRIGGER SOURCE switch when
the B time-base unit is selected to provide the display. Set
the B TRIGGER SOURCE switch to VERT MODE, and the
VERTICAL MODE switch to ALT.

34. Set the HORIZONTAL MODE switch to ALT or
CHOP. Notice that this is the same display obtained in step
29 (slaved-alternate operation).

Readout

35. Turn the READOUT control clockwise until an alpha-
numeric display is visible within the top or bottom division of
the screen. Change the deflection factor of the amplifier unit
that is selected for display; notice that the readout display
changes as the deflection factor is changed. Likewise,
change the sweep rate of the time-base unit which is se-
lected for display; notice that the readout display for the
time-base unit changes as the sweep rate is changed.

36. Set the time-base unit for X10 magnification. Notice
that the readout display changes to indicate the correct



magnified sweep rate. If a readout-coded 10X probe is avail-
able for use with the amplifier unit, install it on the input
connector of the right amplifier plug-in unit. Notice that the
deflection factor indicated by the readout is increased by 10
times when the probe is added. Return the time-base unit to
normal sweep operation and disconnect the probe.

37. Sequentially select all of the VERTICAL MODE and
HORIZONTAL MODE switch positions. Notice that the
readout from a particular plug-in occupies a specific location
on the display area. If either of the vertical plug-in units is a
dual-trace unit, notice that the readout for channel 2 ap-
pears within the lower division of the screen. Return the
VERTICAL MODE switch to LEFT and the HORIZONTAL
MODE switch to A. Set the READOUT control to OFF.

Beamfinder

38. Set the deflection factor of the left amplifier unit to
0.1 volt/division. Notice that a square-wave display is not
visible, since the deflection exceeds the scan area of the crt.

39. Press the BEAMFINDER button; notice that the dis-
play is returned to the viewing area in compressed form
while the BEAMFINDER is pressed. Release the
BEAMFINDER and notice that the display again disappears
from the viewing area.

40. With the BEAMFINDER button pushed in, increase
the amplifier-unit deflection factor until the display is re-
duced to about two divisions vertically. Adjust the position
control of the displayed amplifier unit to position the com-
pressed display near the center of the graticule. Release the
BEAMFINDER and notice that the display remains within
the viewing area.

Calibrator

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

42. Press the different CALIBRATOR buttons (labeled
4V, 0.4 V, and 40 mV) and notice that the displayed signal
changes accordingly (CALIBRATOR output must be termi-
nated into more than a 100-kilohm load for stated output).
When the CALIBRATOR output is terminated into 50 ohms,
the output is one-tenth of the stated output. Disconnect the
CALIBRATOR signal.
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Z-Axis Input

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

Storage Operation

44. Connect the CALIBRATOR output to the input con-
nector of the left amplifier unit, press the 4 V button, and set
the vertical deflection factor for a two-division display. Set
the time-base unit triggering mode to single sweep and set
the sweep rate for 0.5 millisecond/division.

45. Press the BISTABLE button and set the AUTO
ERASE control fully counterclockwise intc the detent
position.

46. Press the ERASE button. The calibrator signal
should be stored on the screen. If not, increase the A IN-
TENSITY control slightly and press the ERASE button
again. Repeat this sequence until a stored display is
obtained.

47. Press the SAVE button. The signal stored in the pre-
vious step should remain on the screen; it may be neces-
sary to adjust the SAVE INTENSITY control to view the
display. Turn the SAVE INTENSITY control throughout its
range and observe the effect on the display.

48. Press the ERASE button. Notice that the display
cannot be erased (the SAVE mode inhibits the erase func-
tion). Press and release the SAVE button.

49, Set the STORAGE LEVEL and the PERSISTENCE
controls fully counterclockwise. Press the VAR PERSIST
button. Observe that an erase cycle and sweep occurs
(when switching between the BISTABLE and VAR PER-
SIST modes) and that the screen goes dark except for the
stored display.
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50. Slowly turn the PERSISTENCE control clockwise
and notice that the stored display fades into the background
{background lighting will be observed as the PERSISTENCE
control is advanced clockwise). The PERSISTENCE control
determines the time interval during which the stored display
is retained in the VAR PERSIST mode. Set the PERSIS-
TENCE control fully counterclockwise.

51. Press the ERASE button, then set the PERSIS-
TENCE control to midrange just long enough for the display
to fade out. Quickly turn the PERSISTENCE control fully
counterclockwise. Slowly increase the STORAGE LEVEL
(clockwise) and notice that the faded display again becomes
visible, against the background.

52. Turn the PERSISTENCE, STORAGE LEVEL, and A
INTENSITY controls fully counterclockwise and set the
time-base unit for auto triggering at a sweep rate of 0.5
second/division.

53. Set the PERSISTENCE control to midrange and
slowly increase the A INTENSITY (clockwise) until the trace
appears. Vary the PERSISTENCE control setting and notice
that the trace can be made to build up or fade more quickly,
depending on the control setting. Varying the A INTENSITY
control also affects the display in the same manner. Return
the PERSISTENCE control to midrange and slowly de-
crease the A INTENSITY control to the point where the
trace is just extinguished; then set the STORAGE LEVEL
control fully clockwise and notice that the trace becomes
visible again.

54. Turn the PERSISTENCE, STORAGE LEVEL, and A
INTENSITY controls fully counterclockwise and set the
time-base unit for auto triggering at a sweep rate of 0.5
millisecond/division.

55. Press the FAST BISTABLE button.

56. Press the ERASE button and notice that the screen
background appears to alternate between bright and dim.
This indicates that the sweep and transfer functions are op-
erating.

57. Set the MULTI TRACE DELAY control fully clock-
wise; then, slowly increase the A INTENSITY control (clock-
wise) until the display stores. Notice that each sweep is
stored without erasing the previously stored sweep. This is
easily observed if the vertical position control is varied be-
tween sweeps.
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58. Press the ERASE button and notice that the display
is erased.

59. Set the time-base unit for single sweep and press
the ERASE button. Notice that only one sweep is stored
(trigger time-base unit if necessary).

60. Change the setting of the vertical position control
and initiate another sweep by pressing the reset button on
the time-base unit. Notice that the new sweep is stored
along with the one stored in the previous step.

61. Alternately press the ERASE button and reduce the
A INTENSITY control to the point where the display just
fails to store.

62. Alternately increase the STORAGE LEVEL (clock-
wise) and press the ERASE button. Notice that as the
STORAGE LEVEL is increased, the display begins to store.

63. The FAST VAR PERSIST mode operates as out-
lined for the VAR PERSIST mode except that the sweep
and transfer functions are operative as described for FAST
BISTABLE operation.

64. Press the BISTABLE button. Set the time-base unit
for auto triggering.

65. Set the A INTENSITY control to the one o’clock po-
sition. Turn the AUTO ERASE control out of the detent po-
sition and notice that the erase cycles occur automatically
and with increasing frequency as the control is turned
clockwise.

66. Return the ERASE control to the detent (OFF) posi-
tion and set the time-base unit for single sweep and external
triggering. Turn the SAVE INTENSITY control fully
counterclockwise.

67. Press the ERASE button; notice that no sweep
occurs.

68. Press the SAVE button; notice that no sweep occurs
(this is the “Auto Save” mode). Since no trigger was avail-
able, the sweep did not run; therefore, the system waits in a
ready-to-store mode.



69. Set the time-base unit to internal trigger and notice
that the screen goes dark. This indicates that a sweep has
occurred and that the system has entered the SAVE mode.

70. Turn the SAVE INTENSITY control clockwise and
notice that the stored display becomes visible.

71. Press the STORE OFF button and set the time-base
unit for auto triggering.

This completes the Operator's Checkout Procedure for
the 7934.

DETAILED OPERATING INFORMATION

Graticule

The graticule is marked on the inside of the crt faceplate,
providing accurate, parallax-free measurements. The grati-
cule is divided into eight vertical and ten horizontal divisions.
Each full scan division is 0.9- centimeter square divided into
five minor divisions along each axis. A reduced scan grati-
cule is etched in the center of the full scan graticule. Each
reduced scan division is exactly one-half of a full scan divi-
sion (0.45 centimeter). The vertical gain and horizontal tim-
ing of the plug-in units are calibrated to the graticule so that
accurate measurements can be made from the crt in either
full or reduced scan mode. The illumination of the graticule
lines can be varied with the GRAT ILLUM control.

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

SECOND CENTER TENTH
VERTICAL VERTICAL VERTICAL
LINE LINE LINE

CENTER
HORIZONTAL
LINE
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Figure 2-3. Definition of graticule measurement lines.
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Light Filter

The tinted crt face-plate filter minimizes light reflections
from the face of the crt to improve contrast when viewing
the display under high-ambient-light conditions. This filter
may be removed for waveform photographs or for viewing
high-writing-rate displays. To remove the filter, pull outward
on the bottom of the plastic crt mask and remove it from the
crt bezel. Remove the tinted filter; leave the clear plastic
face-plate protector installed and replace the mask. The
face-plate protector should be left in place at all times to
protect the crt face plate from scratches, and to protect the
operator from crt implosion.

Do not remove the clear plastic implosion shield cov-
ering the crt face plate; the crt implosion shield pro-
vides protection to the operator from crt implosion.

An optional mesh filter is available from Tektronix (in-
cluded with Option 03). This filter provides shielding against
radiated electromagnetic interference from the face of the
crt. It also serves as a light filter to make the trace more
visible under high-ambient-light conditions. The mesh filter
fits in place of the plastic tinted filter. Order the mesh filter
by Tektronix Part 378-0603-00.

Control lllumination

The rear-panel CONTROL ILLUMINATION switch sets
the illumination level of the A and B INTENSITY indicators,
the A and B TRIGGER SOURCE switches, and the lighted
pushbutton switches on the plug-in units. The positions
available are OFF, MEDIUM, and HIGH. The CONTROL IL-
LUMINATION switch does not affect the function-indicator
lights on plug-in units (such as triggered or single-sweep
ready lights).

Intensity Controls

The A INTENSITY control determines the brightness of
the display produced by the plug-in unit installed in the A
HORIZ compartment; the B INTENSITY control determines
the brightness of the display produced by the plug-in unit
installed in the B HORIZ compartment. The READOUT in-
tensity control affects the brightness of only the readout
portion of the crt display.

Crt damage can occur under high-intensity conditions.
Avoid any condition where an extremely - bright,
sharply-focused dot exists on the crt. Also, remember
that the light filter reduces the apparent light output
from the crt.
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The beam current is limited during X-Y mode operation or
when either, or both, time-base units being displayed are set
for a slow sweep rate. This reduces the danger of damaging
the crt with a stationary or siowly moving spot.

Display Focus

This instrument contains an automatic-focusing circuit
which maintains optimum focus for all intensity levels after a
correct setting of the FOCUS control is established. The
easiest way to obtain the correct setting of the FOCUS con-
trol is to set the READOUT intensity control so that the
readout portion of the display is clearly visible. Then adjust
the FOCUS control for best definition of the readout display.

Astigmatism and Focus Adjustments

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

NOTE

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

1. Install an ampilifier unit in the LEFT VERT compart-
ment and a time-base unit in the A HORIZ compartment.

2. Set the VERTICAL MODE switch to LEFT and the
HORIZONTAL MODE switch to A.

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

4. Set the time-base unit sweep rate for 0.2
millisecond/division and the triggering for a stable display.
Set the A INTENSITY control so the display is at a usable
intensity level (about midrange).

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

6. Set the FOCUS control so the thickness of the sine-
wave trace is as thin as possible.
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7. Adjust the ASTIG adjustment so the width of the sine-
wave trace is as thin as possible.

8. Repeat steps 6 and 7 for the best overall focus

Beamfinder

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

1. Press the BEAMFINDER button. While the display is
compressed, change the vertical and horizontal deflection
factors untit the vertical deflection is about two divisions
high and the horizontal deflection is about four divisions
wide (the horizontal deflection needs to be reduced only
when operating in an X-Y mode).

2. Adjust the vertical and horizontal position controls to
center the display on the graticule.

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

Trace Alignment

The TRACE ROTATION adjustment allows the trace to
be aligned with the horizontal graticule lines. To set trace
alignment, set the amplifier unit input coupling to ground.
Then, position the trace to the center horizotal line and ad-
just the TRACE ROTATION adjustment so that the trace is
parallel with the center horizontal graticule line.

Readout Display

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

The readout information from each channel of each plug-
in unit is called a word. Up to eight words of readout in-
formation can be displayed on the crt (two channels from
each of the four plug-in compartments). The location of each
readout word is fixed and is directly related to the plug-in
unit and channel from which it originated. Figure 2-4 shows
the area of the graticule where the readout from each plug-
in unit and/or channel is displayed. Notice that the readout
from channel 1 of each plug-in unit is displayed in the top
division of the graticule and the readout from channel 2 is
displayed directly below in the bottom division of the
graticule.
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Figure 2-4. Location of readout on the crt identifying the origi-
nating plug-in and channel.

The reduced scan mode changes the location of the
readout display. Figure 2-5 shows the correct readout loca-
tion for the reduced scan mode. Notice that the readout
display is positioned outside the half-size inner graticule and
that the location of the readout words is directly related to
the plug-in unit and channel from which they originated.

Usually, the readout information for plug-in units and/or
channels, which are selected by the mode switches, appear
in the readout display. (Some special purpose plug-in units
may over-ride the mode switches to display readout even
though the compartment is not selected for display.)

Readout Identify

An identify feature is provided by the Readout System to
correlate the readout word with the originating plug-in unit
and channel (amplifier units only). When the “identify” button
of an amplifier unit is pressed, the word IDENTIFY appears
in the readout location allocated to that plug-in and channel.
Other readout words in the display remain unchanged.
When the “identify” button is released, the readout display
from this plug-in channel is again displayed. Circuitry may
also be provided in the amplifier unit to produce a noticeable
change in the analog waveform display to identify the asso-
ciated trace when the identify button is pressed (see the
plug-in unit instruction manual for details).

Readout Intensity

The READOUT control determines the intensity of only
the readout portion of the display, independently of the

Figure 2-5. Location of readout on the crt when reduced scan is
selected.

traces. The Readout System is inoperative when the READ-
OUT controal is in the fully counterclockwise OFF position.
This may be desirable when the top and bottom divisions of
the graticule are to be used for waveform display, or when
the trace interruptions necessary to display characters inter-
fere with the waveform display.

Readout Modes

The READOUT intensity control determines the operat-
ing mode of the Readout System. With the READOUT in-
tensity control set in the variable area, the Readout System
operates continuously, interrupting the crt display at ran-
dom (for about 20 microseconds) in order to write each
character on the crt. In the PULSED position, the Readout
System operates in a triggered mode; one complete frame
(up to eight words) of readout is displayed after the dis-
played time-base unit completes each sweep of the crt.
Brightness of the readout display when operating in the
PULSED mode is set by the READOUT PRESET
adjustment.

Readout Operation With Storage

Each of the storage modes modify the operation of the
Readout System to some extent.

Normal Readout Mode. With the READOUT control set
in the variable area, the Readout System operates as
follows:
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BISTABLE and VAR PERSIST. In the BISTABLE and
VAR PERSIST storage modes, the readout display is turned
off during the storage erase cycle; otherwise, the Readout
System operates as previously described under Readout
Modes.

FAST BISTABLE and FAST VAR PERSIST. In the FAST
BISTABLE and FAST VAR PERSIST storage modes, the
Readout System turns off at the beginning of an erase cycie
or when the single-sweep time-base mode is reset and re-
mains off until the end of the storage transfer cycle. In addi-
tion, the Readout System is held off whenever the MULTI
TRACE DELAY control is in operation (out of its detent posi-
tion) and the displayed time-base unit is in a repetitive
sweep mode.

Pulsed Readout Mode. With the READQUT control set
to PULSED, the Readout System operates as follows:

BISTABLE. In the BISTABLE storage mode, the readout
display runs continuously; however, the Readout System
turns off when the storage erase cycle begins and remains
off until the end of the first displayed sweep.

VAR PERSIST. In the VAR PERSIST storage mode one
complete frame of readout is dispiayed after the displayed
time-base unit completes each sweep; however, there is no
readout display during a storage erase cycle.

FAST BISTABLE. In the FAST BISTABLE storage mode
the readout display runs continuously (as in the normal
mode); however, the Readout System turns off at the begin-
ning of each erase cycle or when the single sweep time-
base mode is reset and remains off until the end of the
storage transfer cycle. in addition, the Readout System is
held off whenever the MULTI TRACE DELAY control is in
operation (out of its detent position) and the displayed time-
base unit is in a repetitive sweep mode.

FAST VAR PERSIST. in the FAST VAR PERSIST stor-
age mode, one complete frame of readout is displayed after
the completion of the storage transfer cycle. However, there
is no readout during the storage erase cycle and there is no
readout when the MULTI TRACE DELAY control is out of
the detent position and the displayed time-base unit is in a
repetitive sweep mode.

Readout With Save Storage Mode. When the SAVE
storage mode is used, operation of the Readout System
changes from that previously described. (Refer to the SAVE
mode discussion, in this manual, for information on SAVE
storage mode operation.)
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Save With Normal Readout. With the READOUT control
set in the variabie area and any of the storage modes se-
lected, the Readout System turns off approximately one
second after the storage system enters the SAVE mode.

Save With Pulsed Readout. With the READOUT control
set to PULSED and the storage mode switch set to
BISTABLE or FAST BISTABLE, the readout is displayed for
approximately one second after the storage system enters
the SAVE mode; then it turns off. With the READOUT con-
trol set to PULSED and the storage mode switch set to
VAR PERSIST, one complete frame of readout is displayed
at the end of the displayed sweep. With the READOUT con-
trol set to PULSED and the storage mode switch set to
FAST VAR PERSIST, one frame of readout is displayed at
the end of the storage transfer cycle, or whenever the stor-
age system is set to the SAVE mode and the MULTI
TRACE DELAY control is out of its detent position.

Reduced Scan Mode

The reduced scan mode increases the stored writing
speed. The calibrated graticule division is reduced to 0.45
centimeters in the reduced scan mode. Calibrated measure-
ments are confined to the inner half-size 8 x 10 graticule
area. The operation of the instrument controls do not
change from their operation in the fuil scan mode.

Storage Display

The 7934 Storage Oscilloscope has four selectable stor-
age modes. Listed in order of increasing writing speed, they
are: BISTABLE, VAR PERSIST, FAST BISTABLE, and
FAST VAR PERSIST. In each mode the viewed image is
stored on the storage target located in the front of the crt.

Bistable Storage. In the BISTABLE mode the luminance
of any point on the storage target takes on one of two dis-
crete levels, either written or unwritten. In this mode, only
the A or B INTENSITY controls affect the stored writing
speed; writing speed is quite low but the stored view time is
indefinitely long.

Variable Persistence Storage. In the VAR PERSIST
mode, points on the storage target can vary in luminance
between totally dark and very bright. In this mode, writing
speed is greater than in the BISTABLE mode, but the stored
display is essentially unstable, or continuously fading away.
The rate of fading is adjusted by the PERSISTENCE con-
trol. The VAR PERSIST storage mode is particularly useful
for viewing high-speed repetitive signals with low repetition
rates. The PERSISTENCE control can be adjusted in con-
junction with the STORAGE LEVEL and INTENSITY con-
trols, to produce a steady, bright trace. Writing speed is
varied in this mode by the STORAGE LEVEL control as well



as the crt INTENSITY controls. Maximum stored writing
speed is achieved by setting the INTENSITY controls and
the STORAGE LEVEL control fully clockwise.

Fast Storage. The 7934 crt has a special high-speed tar-
get, known as the fast target, located just behind the stor-
age target. The fast target has an extremely high writing
speed but retains images for only a fraction of a second. For
this reason images stored on the fast target are quickly and
automatically transferred to the storage target; this opera-
tion is called transfer storage. Transfer storage can be used
with the storage target operating in either bistable or vari-
able persistence mode, resulting in the FAST BISTABLE
and FAST VAR PERSIST modes.

In either of the FAST modes the writing speed is adjusted
by the STORAGE LEVEL control as well as the crt INTEN-
SITY controls. Maximum stored writing speed in both FAST
storage modes is attained by setting the STORAGE LEVEL
and INTENSITY controls fully clockwise.

Erase. In all storage modes, an erase cycle removes any
previous display from the storage target. This prepares the
storage and fast targets (in the FAST storage modes) to
receive the next waveform. Erase cycles are initiated by
pressing the ERASE button, grounding the rear-panel RE-
MOTE ERASE INPUT, or by rotating the AUTO ERASE
control out of the OFF (detent) position. The AUTO ERASE
control can be set to erase the storage display in 1- to-10-

second intervals.

Electric-shock hazard. Only qualified service person-
nel should internally modify the operation of the
instrument.

Two modes of operation are available for the AUTO
ERASE function, either Erase After Sweep or Periodic
Erase (selection jumper located behind right side panel; re-
fer selection of mode to qualified personnel only). The two
modes differ in the following ways: The Erase After Sweep
mode requires that the displayed time-base unit complete a
sweep in order to initiate the delay interval prior to the era-
sure; the Periodic Erase mode repetitively erases indepen-
dent of the displayed time-base operation. The 7934 is set
to the Erase After Sweep mode at the factory.

Both time-base units and the readout system are inhib-
ited during the erase cycle. Also during each erase cycle, the
displayed time-base unit is reset if it is in single-sweep
mode. (The other time base will also be reset at this time if it
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is also in single-sweep mode.) In the BISTABLE and VAR
PERSIST storage modes, the erase cycle takes approxi-
mately 1.4 seconds. The additional time is required for pre-
paring the fast target.

In all storage modes the time-base unit(s) is free to run
immediately following an erase cycle. However, in FAST
BISTABLE or FAST VAR PERSIST storage modes, the
time-base unit(s) is locked out immediately after the first
sweep occurs, so that transfer can occur. (In the ALT or
CHOP horizontal modes, both time-base units are allowed
to run once before transfer occurs.) If the time-base unit(s) is
set for single-sweep operation, it remains locked out indefi-
nitely after transfer occurs. The operator can initiate a cycle,
however, called the multi-trace cycle, which causes another
trace to be stored without erasing the initial display. This is
accomplished by pressing the single-sweep-reset button on
the time-base unit(s), or by grounding the REMOTE RESET
INPUT on the 7934 rear panel. When this is done the stor-
age system initiates a cycle, lasting approximately 600 milli-
seconds, which prepares the fast target to store another
display and sends an additional single-sweep-reset
command to the time-base unit(s). After the multi-trace cy-
cle, the time-base unit(s) can again sweep once, after which
it is again locked out and the transfer function occurs.

When the time-base unit(s) is operated in other than a
single-sweep mode, the multi-trace cycle is controlled by the
MULTI TRACE DELAY control. If the MULTI TRACE DE-
LAY control is set to its detent position, operation is as
previously described for the single-sweep mode. If the
MULTI TRACE DELAY control is out of the detent position,
the multi-trace cycle is triggered automatically following the
transfer cycle. The length of the cycle can be varied by the
MULTI TRACE DELAY control over a range from approxi-
mately 600 milliseconds to more than four seconds.

Save Mode. The SAVE mode can be entered from any
storage mode by pressing the SAVE button or by grounding
the rear-panel REMOTE SAVE INPUT. The indicator next to
the SAVE button illuminates when the SAVE mode is acti-
vated. When in the SAVE mode, the time-base unit(s) and
readout system are inhibited and the display cannot be
erased. The SAVE INTENSITY control adjusts the intensity
of the saved display. Minimum intensity provides the great-
est viewing time in the VAR PERSIST and FAST VAR PER-
SIST modes; and although the view time of the BISTABLE
and FAST BISTABLE storage modes is very long without
the use of the SAVE mode, the SAVE mode simplifies pho-
tography by allowing the operator to control the intensity of
the stored display.

The SAVE mode can be selected with or without a stored
display present. If it is selected after an erase cycle and
before a sweep has occurred (no stored display), the display
waits in the STORE mode until a sweep occurs, at which
time the display automatically enters the SAVE mode. (This
is referred to as the Auto Save mode.)
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Care of Storage Screen

The following precautions will prolong the useful storage
life of the crt in this instrument:

1. Use minimum beam intensity to produce a clear, well-
defined display.

2. Use minimum SAVE INTENSITY when storing images
for extended periods of time.

3. Avoid repeated use of the same area of the screen. If
a particular display is to be stored repeatedly, change the
vertical position occasionally to use other portions of the
display area.

Vertical and Horizontal Mode Combinations

There are 20 possible combinations of VERTICAL MODE
and HORIZONTAL MODE switch settings. The total possi-
ble number of display combinations is further multiplied by
the variety of plug-in units available for use with this instru-
ment, the interchangeability of plug-ins (e.g., either an ampli-

fier or a time-base unit can be installed in any compartment),
and by the capabilities of the plug-in units which are used in
the instrument (e.g., a dual-trace amplifier unit can be used
in either of the two single-channel modes, in the dual-trace
mode, or added-algebraically mode; a delaying time base
may be used either for a normal sweep or for delayed
sweep). Therefore, it is difficult to list all of the display com-
binations which can occur during use of the 7934 and avail-
able plug-in units. Table 2-1 lists the combination of
VERTICAL MODE and HORIZONTAL MODE switch posi-
tions available and the type of display obtained with each
combination.

Vertical Modes

Left or Right. When the LEFT or RIGHT button of the
VERTICAL MODE switch is pressed, only the signal from
the plug-in unit in the selected compartment is displayed.

Alternate Mode. The ALT position of the VERTICAL
MODE switch produces a display which alternates between
the LEFT VERT and RIGHT VERT compartments with each
sweep of the crt. Although the ALT mode can be used at all
sweep rates, the CHOP mode provides a more satisfactory

Table 2-1 .
DISPLAY COMBINATIONS
Vertical Horizontal
Mode Mode Comments

LEFT AorB One trace. Vertical deflection from single unit; horizontal deflection from single unit.
ALT or Two traces. Vertical deflection from single unit; horizontal deflection from both units.
CHOP

ALT AorB Two traces. Vertical deflection from both units; horizontal deflection from single unit.
ALT or Two traces. Vertical deflection from both units; horizontal deflection from both units.
CHOP independent-pairs (sweep slaving) operation, see Alternate Mode discussion in this

section.
ADD AorB One trace. Vertical deflection is algebraic summation of signals from both units; horizontal
deflection from single unit.

ALT or Two traces. Vertical deflection is algebraic summation of signals from both units; horizon-
CHOP tal deflection from both horizontal compartments.

CHOP AorB Two traces. Vertical deflection from both units; horizontal deflection from single unit.
ALT or Four traces. Vertical deflection from both units; horizontal deflection from both units.
CHOP

RIGHT AorB One trace. Vertical deflection from single unit; horizontal deflection from single unit.
ALT or Two traces. Vertical deflection from single unit; horizontal deflection from both units.
CHOP

“Combinations given for single-channel vertical and horizontal units only.
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display at sweep rates below about 20 milliseconds/division.
At these slower rates, alternate-mode switching becomes
perceptible.

Alternate Mode displays have three types of triggering
available. When the A and B TRIGGER SOURCE switches
are set to the VERT MODE positions, each sweep is trig-
gered by the signal being displayed on the crt. This provides
a stable display of two unrelated signals, but does not indi-
cate the time relationship between the signals. In either the
LEFT VERT or RIGHT VERT positions of the TRIGGER
SOURCE switches, the two signals are displayed showing
true time relationship. However, if the signals are not time
related, the display from the plug-in that is not providing a
trigger signal will be unstable on the crt.

When the ALT vertical mode is selected and either the
ALT or CHOP button of the HORIZONTAL MODE switch is
selected, the instrument operates in the slaved-alternate
mode. Under this condition, the signal from the LEFT VERT
unit is always displayed at the sweep rate of the B HORIZ
time-base unit, and the signal from the RIGHT VERT unit is
displayed at the sweep rate of the A HORIZ time-base unit
(non-delayed sweep only). This results in two displays that
are completely independent as to vertical deflection and
sweep rate. This display is equivalent to the display obtain-
able with a dual-beam oscilloscope for most repetitive-
display combinations.

If delayed-sweep operation is used with this mode, a dif-
ferent sequence is displayed. First the LEFT VERT unit is
displayed at the sweep rate of the A HORIZ time-base unit
(delaying sweep) and then at the sweep rate of the B HORIZ
time-base unit (delayed sweep). The vertical display then
shifts to the RIGHT VERT unit and its signal is displayed
consecutively at the delaying and delayed sweep rates.

Chopped Mode. The CHOP position of the VERTICAL
MODE switch produces a display which is electronically
switched between channels at about a one-megahertz rate.
In general, the CHOP mode provides the best display at
sweep rates slower than about 20 milliseconds/division or
whenever dual-trace, single-shot phenomena are to be dis-
played. At faster sweep rates the chopped switching be-
comes apparent and may interfere with the display.

When the A or B TRIGGER SOURCE switches are set to
VERT MODE, internal trigger signals from the vertical plug-
ins are algebraically added and the time-base units are trig-
gered from the resultant signal. In the LEFT VERT or RIGHT
VERT trigger-source positions, the trigger signal to the time-
base units is a sample of the internal trigger signal from the
selected vertical unit only. This allows two time-related
signals to be displayed showing true time relationship. (If the
signals are not time-related, the display from the channel
that is not providing the trigger signal will appear unstable.)
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The CHOP mode can be used to compare two single-
shot, transient, or random signals that occur within the time
interval determined by the time-base unit (ten times selected
sweep rate). To provide correct triggering, the displayed sig-
nal which provides the trigger signal must precede the sec-
ond display in time. Since the signals show true time
relationship, time-difference measurements can be made
from the display.

Algebraic Addition. The ADD position of the VERTICAL
MODE switch can be used to display the sum or difference
of two signals, for common-mode rejection to remove an
undesired signal, or for dc offset (applying a dc voltage to
one channel to offset the dc component of a signal on the
other channel). The common-mode rejection ratio between
the vertical plug-in compartments is at least 100:1 from dc
to 150 megahertz. The rejection ratio decreases to 30:1
from 150 to 500 megahertz.

The overall deflection on the crt in the ADD mode is the
algebraic sum of the signals from the two vertical plug-in
units. It is difficult to determine the voltage amplitude of the
resultant display unless the amplitude of the signal applied
to one of the plug-ins is known. This is particularly true
when the vertical units are set to different deflection factors,
since it is not obvious which portion of the display results
from the signal applied to a given plug-in unit. The polarity
and repetition rate of the applied signals also affect the ADD
display.

The following precautions should be observed when
using the ADD mode:

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

2. Do not apply large signals to the plug-in inputs. A
good rule is to not apply a signal of more than about eight
times the vertical deflection factor. For example, with a verti-
cal deflection factor of 0.5 volts/division, the voltage applied
to that plug-in should not exceed four volts. Larger voltages
may result in a distorted display.

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

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

2-17



Operating Instructions—7934 Service

Horizontal Modes

A or B. When either the A or B button of the HORIZON-
TAL MODE switch is pressed, the signal is displayed at the
sweep rate of the selected time-base unit. Set the applicable
intensity control and trigger-source switch for the desired
display.

Alternate Mode. The ALT position of the HORIZONTAL
MODE switch provides crt sweeps derived alternately from
the two time-base units. Although the ALT horizontal mode
can be used at all sweep rates, the CHOP mode provides a
more satisfactory display at sweep rates below about 20
milliseconds/division. At slower sweep rates, the switching
between the alternate-mode traces becomes apparent and
may interfere with correct analysis of the display.

NOTE

This instrument will not operate in the ALT position of
the HORIZONTAL MODE switch if either horizontal
plug-in compartment is left vacant.

The A and B INTENSITY controls allow individual adjust-
ment of the traces produced by the time-base units in the A
HORIZ and B HORIZ compartments. Correct triggering of
both time-base units is essential in obtaining the correct dis-
play in the ALT horizontal mode. If either of the time-base
units does not receive a correct trigger, and therefore does
not produce a sweep, the other unit cannot produce a
sweep either. This means that one time-base unit cannot
begin its sweep until the previous unit has completed its
entire display. This can be avoided if the time-base units are
set for auto-mode triggering (sweep free runs if not correctly
triggered). See Trigger Source for operation of the A and B
TRIGGER SOURCE switches. Also, see Vertical Trace
Separation for information on positioning the B HORIZ dis-
play when in the ALT dual-sweep mode.

Chopped Mode. When the CHOP button of the HORI-
ZONTAL MODE switch is pressed, the display is electroni-
cally switched between the two time-base units at about a
200-kilohertz rate. In general, the CHOP horizontal mode
provides the best display when either of the time-base units
is set to a sweep rate slower than about 20
milliseconds/division. It also provides the best display when
the two time-base units are set to widely differing sweep
rates. In the CHOP horizontal mode, equal time segments
are displayed from each of the time-base units. This pro-
vides a display which does not change greatly in intensity as
the sweep rate of either time-base unit is reduced (in con-
trast to ALT horizontal mode operation where the slowest
trace tends to be the brightest).

The A and B INTENSITY controls allow individual adjust-
ment of the intensity of the traces produced by the time-
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base units in the A HORIZ and B HORIZ compartments.
Triggering is not as critical in the CHOP horizontal mode as
in ALT; if one of the units is not triggered properly, only the
trace from the untriggered time-base unit is missing from the
display. The other trace is presented in the normal manner.
See Trigger Source and Vertical Trace Separation for in-
formation on positioning the trace produced by the B HORIZ
unit in relation to the trace from the A HORIZ unit.

Horizontal Selection. The Horizontal Selector switch (lo-
cated behind the metal shield at the rear of the A HORIZ
compartment) provides a means to override the HORIZON-
TAL MODE switch in selecting the horizontal compartment
for deflection. The Horizontal Selector switch has three po-
sitions (Normal, A, and B). In Normal the operation of the
HORIZONTAL MODE switch is unchanged. In A or B the
plug-in compartment selected by the Horizontal Selector
switch provides the signal for horizontal deflection. The
plug-in compartment selected by the HORIZONTAL MODE
switch provides the other control signals, such as
unblanking, storage control, etc. The Horizontal Selector
switch is set to Normal at the factory.

The Horizontal Selector switch provides a method of
storing X-Y displays using the FAST BISTABLE or FAST
VAR PERSIST storage modes. These storage modes re-
quire control signals provided by a time-base unit or an ex-
ternal input signal (see Remote Storage Gate Input), to
develop a stored display. For X-Y storage, the Horizontal
Selector switch can be set to display the signal from an
amplifier unit installed in one of the horizontal compart-
ments. The HORIZONTAL MODE switch can then select
the other horizontal compartment with a time-base unit in-
stalled, allowing the storage circuitry and crt unblanking to
be controlled by the time-base unit while the horizontal de-
flection is provided by the amplifier unit.

Vertical Trace Separation

When one of the dual-sweep horizontal modes is se-
lected, the VERT TRACE SEPARATION (B) control allows
the trace produced by the B HORIZ sweep to be positioned
above or below the trace produced by the A HORIZ sweep.
To use this control, first position the trace produced by the
A HORIZ plug-in unit with the vertical position control. Then
adjust the VERT TRACE SEPARATION (B) control to move
the trace produced by the B HORIZ plug-in unit away from
the A HORIZ display. If both waveforms are larger than four
divisions in amplitude, the displays can only be positioned
so they do not directly overlap since each waveform cannot
be positioned to a unique area of the crt.

Trigger Source

The A and B TRIGGER SOURCE switches select the
internal trigger signals for the A HORIZ and B HORIZ time-
base units. For most applications, these switches can be left



in the VERT MODE position. This position is the most con-
venient since the internal trigger signal is automatically
switched as the VERTICAL MODE switch is changed or as
the display is electronically switched between the LEFT
VERT and RIGHT VERT plug-ins in the ALT position of the
VERTICAL MODE switch. It also provides a usable trigger
signal in the ADD position of the VERTICAL MODE switch,
since the internal trigger signal in these modes is the alge-
braic sum of the signals applied to the vertical plug-in units.
In the CHOP position, the left vertical plug-in is the trigger
source. Therefore, the VERT MODE position ensures that
the time-base units receive a trigger signal regardless of the
VERTICAL MODE switch setting without the need to
change the trigger source selection.

If correct triggering for the desired display is not obtained
in the VERT MODE position, the trigger source for either the
A HORIZ or B HORIZ time-base unit can be changed to
obtain the trigger signal from either the LEFT VERT or
RIGHT VERT plug-in. The internal trigger signal is obtained
from the selected vertical compartment whether the plug-in
in that compartment is selected for display on the crt or not.
If the internal trigger signal is obtained from one of the verti-
cal units but the other vertical unit is selected for display, the
internal trigger signal must be time-related to the displayed
signal in order to obtain a triggered (stable) display.

Calibrator Output

The CALIBRATOR provides a convenient signal for
checking basic vertical gain and sweep timing. The calibra-
tor signal is also very useful for adjusting probe compensa-
tion as described in probe instruction manuals. In addition,
the calibrator can be used as a convenient signal source for
application to external equipment.

Voltage. The CALIBRATOR provides accurate output
oltages of 40 millivolts, 0.4 volt, and 4 volts into high-
npedance loads. In addition, it provides 4 millivolts, 40 milli-
olts, and 0.4 volt into 50-ohm loads.

Current. The optional current loop accessory provides a
}0-milliamp output current (the CALIBRATOR must be set
or 4 volt output), which can be used to check and calibrate
surrent-measuring probe systems. The current signal is ob-
tained by clipping the probe around the current loop.

Repetition Rate. The repetition rate of the CALIBRA-
TOR is 1 kilohertz. The calibrator circuit uses frequency-
stable components to maintain accurate frequency and a
constant duty factor. Thus, the CALIBRATOR can be used
for checking the basic sweep timing of time-base units.

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

Signal Outputs

+ Sawtooth Out. The + SAWTOOTH OUT connector
provides a positive-going sawtooth signal derived from the
time-base unit installed in the A HORIZ compartment or
from the time-base unit installed in the B HORIZ

compartment.

Electric-shock hazard present. Only qualified service
personnel should internally modify the operation of
this instrument.

It is possible to select either the A HORIZ or the B
HORIZ compartment as the source of the sawtooth output
signal (selection jumper located behind the right side panel;
refer selection to qualified service personnel only). The 7934
is set to A HORIZ at the factory. The unit of time for the
sawtooth output is determined by the setting of the time-
base-unit Time/Division switch. Refer to Table 1-4 in the
General Information section for signal parameters.

+ Gate Out. The + GATE OUT connector provides a
positive-going rectangular pulse which is derived from a
time-base unit installed in either horizontal plug-in

compartment.

Electric-shock hazard present. Only qualified service
personnel should internally modify the operation of
this instrument.

The Gate Out signal can be selected from the time-base
unit installed in the A HORIZ compartment or B HORIZ
compartment (selection jumper located behind the right side
panel; refer selection to qualified service personnel only).
The 7934 is set to A HORIZ at the factory. The duration of
the + GATE OUT signal is the same as the duration of the
respective sweep or, in the case of the delayed gate, it
starts at the end of the delay period and lasts until the end
of the sweep from the delaying time-base unit. Amplitude of
the output signal at the + GATE OUT connector is about
0.5 volt into 50 ohms or about 10 volts into 1 megohm.

Vertical Signal. The VERT SIG OUT connector provides
a sample of the vertical deflection signal. The source of the
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output signal at this connector is determined by the B TRIG-
GER SOURCE switch. In the VERT MODE position of the B
TRIGGER SOURCE switch, the output signal is determined
by the setting of the VERTICAL MODE switch. The output
signal in the LEFT and RIGHT positions of the VERTICAL
MODE switch is obtained only from the selected vertical
unit. In the ALT position of the VERTICAL MODE switch,
the output signal at the VERT SIG OUT connector switches
between signals from the two vertical units, along with the
crt display. However, the vertical output signal in the CHOP
position is a composite signal and is the same as that ob-
tained in the ADD position due to the requirements of the
triggering system. The LEFT VERT and RIGHT VERT posi-
tions of the B TRIGGER SOURCE switch are independent
of the selection of the VERTICAL MODE switch and provide
the vertical output signal only from the selected vertical unit
even when it is not selected for display.

The output voltage into a 50-ohm load is about 25
millivolts/division of crt display into a 1-megohm load. The
output signal frequencies are determined by the vertical
plug-in unit used (see Table 1-8, Vertical System Specifica-
tion, in the General Information section).

Probe Power. The two PROBE POWER connectors on
the rear panel provide operating power for active probe sys-
tems. It is not recommended that these connectors be used
as a power source for applications other than the compat-
ible probes or other accessories which are specifically de-
signed for use with this system.

Display Photography

A permanent record of the crt display can be obtained
with an oscilloscope camera system. The instruction manual
for the Tektronix Oscilloscope Cameras includes complete
instructions for obtaining waveform photographs.

The crt bezel provides integral mounting for Tektronix
Oscilloscope Cameras. The three pins located on the left
side of the crt bezel connect power to compatible camera
systems. Control signals can also be received from
Tektronix automatic cameras to allow camera-controlled
single-shot photography (see camera manual for further
information).

If the readout portion of the display is to be included on
waveform photographs, the following suggestions will aid in
obtaining good photographs.

1. Focus the oscilloscope display and the camera on the
readout portion of the crt display. The auto-focus feature in
this instrument will maintain the traces at optimum focus.
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2. Set the READOUT intensity control for the minimum
setting that allows the characters to be written. This nor-
mally occurs at a slightly lower intensity level than is neces-
sary for complete writing of the waveform display. Some
experimentation may be necessary to establish the correct
level. Too high a setting of the READOUT intensity control
will result in a broad, poorly defined photograph of the read-
out display.

3. If single-shot photography is used, set the READOUT
intensity control to the PULSED position (see Readout Dis-
play for complete operating information). Then, the readout
is displayed in a single-shot manner after the trace is com-
plete (be sure the camera shutter remains open at least 0.5
second after the sweep is completed to photograph the en-
tire readout). Also, set the GRAT ILLUM control counter-
clockwise while the trace is being photographed. Then, the
graticule can be photographed later to produce a double-
exposed picture showing the complete information.

Intensity Modulation

Intensity (Z-axis) modulation can be used to relate a third
item of electrical phenomena to the vertical (Y-axis) and the
horizontal (X-axis) coordinates without affecting the wave-
shape of the displayed signal. This is accomplished by
changing the intensity of the displayed waveform to provide
a “gray scale” display.

The voltage amplitude required for visible trace modula-
tion depends on the setting of the A and B INTENSITY con-
trols. A two-volt peak-to-peak signal will completely blank
the display even at maximum intensity levels; lower ampli-
tude signals can be used to change only the relative trace
brightness. Negative-going signals increase the display in-
tensity and positive-going signals decrease the display
intensity.

Refer to Table 1-4 in the General Information section for
specifications on Z-axis signal requirements.

Time markers applied to the rear-panel Z-AXIS INPUT
connector can provide direct time reference on the display.
With uncalibrated horizontal sweep or X-Y mode operation,
the time markers provide a means of reading time directly
from the display. If the markers are not time-related to the
displayed waveform, use a single-sweep display.

Remote Input Signals

The signal source requirements to operate the remote
input functions on the rear panel can be either active (pulse
generator, logic circuit, etc.) or passive (switch or relay). Re-
fer to Table 1-4, in the General Information section for spe-
cific parameters on each input.



Remote Reset Input. An external single-sweep-reset
signal can be applied to time-base units installed in the hori-
zontal plug-in compartments through the rear-panel RE-
MOTE RESET INPUT connector. This remote reset function
is a duplication of the manually-operated single sweep reset
function (pushbutton) located on the front panel of the 7B-
Series time-base units.

Remote Erase Input. The storage screen can be erased
by applying a signal to the REMOTE ERASE INPUT. How-
ever, if the SAVE mode is being used, the stored display
cannot be erased by either the front-panel erase button or
the rear-panel REMOTE ERASE INPUT signal.

Remote Save Input. The SAVE storage mode can be
entered into by applying a signal to the REMOTE SAVE
INPUT connector. The SAVE mode prevents accidental era-
sure and/or additional storage of the stored display.

Remote Storage Gate Input. The FAST BISTABLE and
FAST VAR PERSIST storage modes can be externally con-
trolled by applying a gate signal to the REMOTE STORAGE
GATE INPUT. The positive-going transition of the gate en-
ables the transfer storage mesh to retain the display. The
negative-going transition transfers the display stored on the
transfer storage mesh to the storage screen (the display is
not visible until transferred to the storage screen). However,
if the displayed sweep starts before the positive transition of
the remote storage gate, the transfer storage mesh is en-
abled at the start of the displayed sweep. Then, the display
stored on the transfer storage mesh will not be transferred
until the displayed sweep has ended and the negative transi-
tion of the remote storage gate occurs.

APPLICATIONS

The 7934 Oscilloscope and its associated plug-in units
provide a flexible measurement system. The capabilities of
the overall system depends mainly upon the plug-in units
selected for use with this instrument. Specific applications
for the individual plug-in units are described in the plug-in
unit instruction manuals. The overall system can also be
used for many applications which are not described in detail,
either in this manual or in the manuals for the individual plug-
in units. Contact your Tektronix Field Office or represen-
tative for assistance in making specific measurements with
this instrument.

The following books describe oscilloscope measurement
techniques which can be adapted for use with this
instrument:

John D. Lenk, “Handbook of Oscilloscopes, Theory, and
Application”, Prentice-Hall Inc., Englewood Cliffs, New
Jersey, 1968.

Operating Instructions—7934 Service

J. Czech, “Oscilloscope Measuring Techniques”,
Springer-Verlag, New York, 1965.

J. F. Golding, “Measuring Oscilloscopes”, Transatlantic
Arts, Inc., 1971.

Charles H. Roth, Jr., “Use of the Oscilloscope”, pro-
grammed text, Prentice-Hall Inc., Englewood Cliffs, New
Jersey, 1970.

Vertical Amplifier Plug-in Units

All 7A-Series plug-in units (except the 7A21N unit) can be
used with the 7934. Bandwidth and sensitivity ranges
should be taken into consideration when selecting amplifier
plug-in units.

Single-Trace. Any single-channel amplifier will display a
signal, with the sweep provided by any 7B-Series time-base
plug-in. This combination leaves two unused compartments
available for other special purpose units. Blank plug-in
panels are available to cover any unfilled plug-in
compartments.

Dual-Trace. A dual-channel amplifier in either vertical
compartment can display two separate signals with the
other vertical compartment free for other uses.

Three-trace. A dual-channel amplifier can be used with
any single-channel amplifier to display three separate sig-
nals. If two time-base plug-in units are used in the horizontal
compartments, two signals can be displayed at one sweep
rate while the third signal is displayed at the other sweep
rate.

Four-Trace. Two dual-channel amplifiers can display
four separate signals. if one time-base unit is used, all four
signals will be displayed at the same sweep rate.

Time-Base Plug-in Units

The 7934 is compatible with time-base units of the 7B70,
7B80, and 7B90 Series. Sweep rates and triggering ranges
should be taken into consideration when selecting time-base
plug-in units.

To obtain a delayed-sweep display, a delaying time-base
unit must be installed in the A HORIZ compartment and a
delayed time-base unit installed in the B HORIZ compart-
ment. If a dual time-base unit is used, a delayed-sweep dis-
play can be obtained with one horizontal plug-in unit in
either horizontal compartment. This leaves the other hori-
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zontal compartment available for other plug-in units as sug-
gested later in this section.

NOTE

7B50-Series time-base units are not recommended
for use with this instrument because they require a
longer delay line than is in the 7934. Therefore, the
triggering event may not appear on the display.

Sampling Displays

Sampling-system plug-in units for the 7000-Series oscil-
loscopes provide displays of fast-changing signals that can-
not be examined using any other method. For example,
sampling systems available for the 7934 can resolve repeti-
tive signals having less than 10 millivolts of peak amplitude
and occurring in less than 1 nanosecond.

The technique used for sampling is very similar in princi-
ple to the use of stroboscopic light to study fast motion.
Samples of successive waveforms are taken, amplified by a
relatively low-bandwidth amplifier, and then displayed on the
crt as a replica of the sample waveforms.

Three sampling systems are available at this time for the
7934: (1) the 7812, which provides time-domain-reflectome-
try displays for general-purpose measurements, (2) the
7511/7T11A system and (3) the 7514, a dual-channel verti-
cal sampling system, including main and delayed sweep
functions. See the Tektronix Products Catalog to determine
the characteristics of the individua!l units mentioned and of
additional units made available after this manual is
published.

Single-Trace Sampling. A single-trace sampling display
requires either a double-width 7S12 (which includes a time-
base), or the 7S11 sampling unit and the 7T11A sampling
sweep unit. Direct interconnections between the 7811 and
the 7T11A require these units to be adjacent, with the 7511
in the RIGHT VERT compartment and the 7T11A in the A
HORIZ compartment. If either the 7S12 or the 7514 is used,
it must be located in the middle two compartments to make
the proper connections with the 7934.

Dual-Trace Sampling. Two 7S11 plug-ins can be used
with a single sampling time-base unit for time-related dis-
plays of two signals. Direct interconnections from the LEFT
VERT 7S11 pass through the RIGHT VERT 7511 to reach
the A HORIZ time-base unit.

The 7S14 is a dual-channel sampling unit with delaying
sweep capability. It must be used in the middle two plug-in
compartments..
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Dual-trace sampling displays can also be made by a
7512 in the middle two compartments and a 7511 in the
LEFT VERT compartment. In this application, the 7512 sup-
plies the time-base for both traces.

X-Y Sampling. One 7511 inserted in the RIGHT VERT
compartment and one in the adjacent A HORIZ compart-
ment automatically share a 50 kilohertz free-running strobe
condition specified for X-Y displays. The 7S14 has an X-Y
operation incorporated as one of its normal mode functions.

Special Purpose Plug-In Units

Digital Counters and Muitimeter Plug-In Units. The digi-
tal-multimeter plug-in units measure current, voitage, tem-
perature, and resistance; digital-frequency-counter plug-in
units measure frequency, from dc to above 500 MHz. These
units make use of the readout system to display the mea-
sured information on the crt and can function in any com-
partment, in combination with each other, or with any other
plug-in units available for use with the 7934 oscilloscope
system.

The ability of digital readout plug-in units to operate with
other plug-in units makes it possible to process and monitor
signals at the same time the digital measurement is being
made. For example, by locating a frequency counter in one
of the vertical compartments and an amplifier unit in the
other vertical compartment, the crt can display the trigger
waveform, superimposed on the displayed signal, to indi-
cate the actual triggering point. Or, if the counter is placed in
a horizontal compartment, a low-amplitude signal can be
applied to a vertical amplifier and amplified before it is inter-
naily routed by the trigger source switches to the counter
trigger circuit. This allows the unit to be used on signals too
small to trigger other counters.

Readout Access Plug-in Unit. The 7M13 Readout plug-
in unit provides front-panel keyboard operation for conve-
nient access to the crt readout characters. This allows
information, such as dates and identifying nomenclature, to
be displayed on the crt with the normal crt display. This
capability is particularly useful when making photographs.

Transistor Curve-Tracer Plug-In Units. The 7CT1N
Curve Tracer plug-in checks small-signal transistors and di-
odes by producing a display showing the basic characteris-
tic curves for the device being tested. Stepped sweep
signals from an internal power supply are applied to the
device under test. The resulting output signals are, in turn,
applied to the horizontal and vertical deflection systems of
the oscilloscope to plot a family of characteristic curves.
This plot can be used to check for damaged transistors and
diodes, or to select for special or matched characteristics
and to calculate gain, leakage, breakdown voltage, etc.



Spectrum Analyzer Plug-In Units. The 7000-Series
spectrum analyzer plug-in units display applied-signal ampli-
tudes dispersed over portions of the rf spectrum. Absolute
signal energy is plotted on the vertical axis against fre-
quency on the horizontal axis. Applications include wave-
form and distortion analysis, EMC and random noise
measurements, filter design, spectrum surveillance, etc.

X-Y Operation

in some applications, it is desirable to display one signal
versus another (X-Y) rather than against time (internal
sweep). The flexibility of the amplifier plug-in units available
for use with the 7934 provide the means of applying exter-
nal signals to the horizontal-deflection system.

Installation of a 7A-Series amplifier plug-in unit in one of
the horizontal and one of the vertical compartments pro-
vides X-Y operation. For further information, refer to the
horizontal specifications in this manual and to the individual
instruction manuals for the amplifier units.

Some of the 7B-Series time-base units can be operated
as amplifiers in addition to their normal uses as time-base
generators. This feature allows an external signal to provide
the horizontal deflection to the crt. For most of the time-
base units with the amplifier function, the X (horizontal) de-
flection signal can be connected either to an external input
connector on the time-base unit, or it can be routed to the
time-base unit through the internal triggering system (see
time-base instruction manual for details). If the latter method
is used, the A and B TRIG SOURCE switches must be set
so that the X (horizontal) deflection signal is obtained from
one of the vertical amplifier units and Y (vertical) deflection
signal is obtained from the other vertical unit. The attenuator
switch on the amplifier unit can provide the horizontal with a
preconditioned signal, compatible with the horizontal defiec-
tion factor. Also, plug-in units need not be moved from one
compartment to another to change from X-Y operation to
other modes of operation.

Operating Instructions—7934 Service

The Horizontal Selector switch (located behind the metal
shield at the rear of the A HORIZ compartment) provides a
method of storing X-Y displays using the FAST BISTABLE
or FAST VAR PERSIST storage modes. Details on use of
this switch to store X-Y displays is given under Horizontal
Selection earlier in this section.

Raster Displays

A raster-type display can be used effectively to increase
the apparent sweep length. For this type of display, the
trace is deflected both vertically and horizontally by saw-
tooth signals. This is accomplished in the 7934 by installing
a 7B-Series time-base unit in one of the vertical plug-in com-
partments. Normally, the time-base unit in the vertical com-
partment should be set at a slower sweep rate than the
time-base unit in the horizontal compartment; the number of
horizontal traces in the raster depends upon the ratio be-
tween the two sweep rates.

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

To provide a stabie raster display, both time-base units
must be correctly triggered. Internal triggering is not pro-
vided for the time-base units when they are in the vertical
compartments; external triggering must be used. Also,
blanking is not provided from the time-base units when they
are installed in a vertical compartment.
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Table 3-1

OPTION INFORMATION LOCATOR

Instrument Option

Manual Section

Location of Information

Option 02 Section 1 Specification.
(Provides X-Y Delay General Table 1-4 contains the electrical characteristics for
Compensation) Information Option 02.
Section 6 Horizontal System.
Checks and E3. Check/Adjust X-Y Compensation.
Adjustments
Section 7 Replaceable Electrical Parts.
Replaceable Replaceable parts unique to Option 02 are
Electrical Parts footnoted “Option 02 only".
Section 8 Horizontal Interface (Diagram 8).
Diagrams and Diagram 8, shows circuitry unique to Option 02.
Circuit Board
lllustrations
Section 9 Instrument Options (pull-out page).
Replaceable Provides a mechanical parts list and an exploded-
Mechanical Parts view drawing unigue to Option 02.
Option 03 Section 1 Specification.
(Provides EMC) General Table 1-4 contains the electrical characteristics for
Information Option 03.
Section 02 Detailed Operating Information.
Operating Light Filter; includes basic description.
Instructions Installation of Plug-In Units.
Refers to EMC shielded blank plug-in panel.
Section 7 Replaceable Electrical Parts.
Replaceable Replaceable parts unique to Option 03 contain the
Electrical Parts footnote “Option 03 only”.
Section 9 Instrument Options (pull-out page).
Replaceable Provides a mechanical parts list and an exploded-

Mechanical Parts

view drawing unique to Option 03.
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THEORY OF OPERATION

This section describes the circuitry used in the 7934
Storage Oscilloscope. The description begins with a discus-
sion of the instrument, using the block diagram shown in
Figure 4-1. Next, each circuit is described in detail with sup-
porting illustrations, when appropriate, to show the relation-
ship between the stages in each major circuit. Detailed
schematics of each circuit are located in the Diagrams sec-
tion at the rear of this manual. Refer to these schematics
throughout the following circuit description for specific elec-
trical values and relationships.

BLOCK DIAGRAM DESCRIPTION

The following block diagram discussion is provided to aid
in understanding the overall concept of the 7934 before the
individual circuits are discussed in detail. A basic block dia-
gram of the 7934 is shown in Figure 4-1. Only the basic
interconnections between the individual blocks are shown
on this diagram. Each major circuit within the instrument is
given a block number (shown in a diamond). The number of
each block refers to the complete circuit diagram located at
the rear of this manual.

Vertical signals to be displayed on the crt are applied to
the Vertical Interface circuit from both vertical plug-in com-
partments. The VERTICAL MODE switch determines
whether the signals from the LEFT VERT or RIGHT VERT
compartment are displayed on the crt. The selected vertical
signal(s) are amplified by the Vertical Amplifier circuit to
bring them to the level necessary to drive the vertical deflec-
tion plates of the crt (cathode-ray tube). The Vertical Ampli-
fier circuit also includes an input from the Readout System
to produce the vertical portion of the alphanumeric readout
display.

Horizontal signals for display on the crt are connected to
the Horizontal Interface circuit from both horizontal plug-in
compartments. The HORIZONTAL MODE switch deter-
mines whether the signals from the A HORIZ or B HORIZ
units are displayed by the crt. The selected horizontal sig-
nal(s) are amplified by the Horizontal Amplifier circuit to pro-
vide horizontal deflection on the crt. The Horizontal Amplifier
circuit also accepts an input signal from the Readout Sys-
tem to produce the horizontal portion of the alphanumeric
display.

The Readout System provides an alphanumeric display
of information encoded by the plug-in uni(s). The readout
display is written on the crt on a time-shared basis with the
analog waveform display. The Mode Switch circuits deter-
mine which plug-in units display readout information.

The internal trigger signals from the vertical plug-in units
are connected to the Trigger Selector circuit. The Mode
Switch and Trigger Selector circuits direct trigger signals
from the LEFT VERT or RIGHT VERT units to the A HORIZ
or B HORIZ units. The A Trigger Selector circuit also pro-
duces the drive signal for the Vertical Signal Output which is
a sample of the vertical signal.

The Logic circuit develops control signals for use in other
circuits within this instrument and the plug-in units. These
control signals automatically determine the correct instru-
ment operation in relation to the plug-in units, plug-in unit
control settings, and the 7934 control settings.

The CRT Circuit contains the control circuits necessary
for operation of the crt. The Auto Focus Amplifier provides
control voltages to maintain optimum focus of the crt dis-
play. The Z-Axis Amplifier provides the drive signal to con-
trol the intensity level of the crt display.

The Calibrator circuit produces a 1 kilohertz square-wave
signal which can be used to check the calibration of this
instrument and the compensation of probes. The calibrator
signal is available as a voltage at the CALIBRATOR connec-
tor or as a current through a 40 milliamp optional current
loop accessory.

The Output Signals circuit processes signals from the
plug-in units for rear-panel output.

The Storage Display and Storage Control circuits pro-
duce the timing signals and control voltages required to op-
erate the storage functions of the crt.

The Converter/Rectifiers and Low-Voltage Regulator cir-
cuits provide the power necessary to operate this instru-
ment. These voltages are connected to all circuits within the
instrument. The CRT Circuit contains a high-voltage power
supply that provides accelerating potential for the crt.
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Figure 4-1a. Basic block diagram of the 7934 Storage Oscilloscope.
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Figure 4-1b. Basic block diagram of the 7934 Storage Oscilloscope.
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DETAILED CIRCUIT OPERATION

This portion of the Theory of Operation section provides
a detailed description of the electrical operation and relation-
ship of the circuits in the 7934. The theory of operation for
circuits unique to this instrument is described in detail in this
discussion. Circuits commonly used in the electronics indus-
try are not described in detail. If more information is desired
on these commonly used circuits, refer to available
textbooks.

The following circuit analysis is accompanied by support-
ing illustrations that give the names of the individual stages
within the major circuits, and show how they are connected
together to form the major circuit. These illustrations also
show the inputs and outputs for each circuit and the rela-
tionship of the front-panel controls to the individual stages.
The detailed circuit diagrams from which the illustrations are
derived are shown in the Diagrams section.

LOGIC FUNDAMENTALS

Digital logic techniques are used to perform many func-
tions within this instrument. The function and operation of
the logic circuits are described using logic symbology and
terminology. This portion of the manual is provided to aid in
the understanding of these symbols and logic concepts. It is
not a comprehensive discussion of the subject. For further
information on binary number systems and the associated
Boolean algebra concepts, the derivation of logic functions,
or a more detailed analysis of digital logic, refer to available
textbooks.

Symbols

The operation of circuits in this instrument which use dig-
ital techniques is described using graphic symbols set forth
in military standard MIL-STD-806B. Table 4-1 provides a
basic logic reference for the logic devices used within this
instrument. Any deviations from the standard symbology, or
devices not defined by the standard are described in the
circuit description for the applicable device.

NOTE

Logic Symbols used on the diagrams depict the logic
function as used in this instrument and may differ from
the manufacturer's data.

Logic Polarity

All logic functions are described using the positive logic
convention. Positive logic is a system of notation where the
more positive of two levels (HI) is called the true or 1-state;
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the more negative level (LO) is called the false or O-state.
The HI-LO method of notation is used in this logic descrip-
tion. The specific voltages that constitute a Hl or LO state
vary between individual devices. Whenever possible, the in-
put and output lines are named to indicate the function that
they perform when at the Hi (true) state.

Input/Output Tables

Input/Qutput (truth) tables are used to show the input
combinations important to a particular function, along with
the resultant output conditions. This table may be given ei-
ther for an individual device or for a complete logic stage.
For examples of input/output tables for individual devices,
see Table 4-1.

NON-DIGITAL DEVICES

Not all of the integrated circuit devices in this instrument
are digital logic devices. The function of non-digital devices
is described individually, using operating waveforms or
other techniques to illustrate their function.

CABLING
Diagram 1

Diagram 1, in the Diagrams and Circuit Board lllustra-
tions section at the rear of this manual, shows the inter-
connections between the circuit boards within the 7934.

CALIBRATOR AND MODE SWITCH
Diagram 2

The Calibrator circuit provides square-wave voltage out-
puts at the front-panel CALIBRATOR output connector. A
current output of 40 milliamp is available from the Calibrator
with an optional current loop adapter (CALIBRATOR switch
must be set to the 4 V position).

The Mode Switch circuit includes front-panel switching
and provides the logic for selection of the vertical and hori-
zontal compartments that provide deflection for the crt. The
Mode Switch circuit operates in conjunction with the Logic
circuit (diagram 4) to develop control signals for use in other
circuits within this instrument, and within plug-in units in-
stalled in the plug-in compartments.

Figure 4-2 shows a detailed block diagram of the Calibra-
tor and Mode Switch circuits. A schematic of these circuits
is shown on diagram 2 at the rear of this manual.
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Table 4-1

BASIC LOGIC REFERENCE

Device Symbol Description Input/Output Table
AND gate A device with two or more inputs Input /Output
and one output. The output of the A B X
P AND gate is Hi if and only if all of
:)- X the inputs are at the H1 state. LO LO LO
B —— LO HI LO
HI LO LO
Hi H! Hl
NAND gate A device with two or more inputs Input /0utput
and one output. The output of the A B X
A NAND gate is LO if and only if all o o vy
X of the inputs are at the H| state.
8 ___:})- Lo | Hl | Hi
HI LO HI
HI Hi LO
OR gate A device with two or more inputs Input /0utput
and one output. The output of the A B X
A OR gate is H! if one or more of the
D. X inputs are at the HI state. LO LO LO
B LO HI HI
HI LO Hi
HI HI Hi
NOR gate A device with two or more inputs Input Output
and one output. The output of the A B X
A NOR gate is LO if one or more of
D_‘ X the inputs are at the HI state. LO LO HI
B LO HI LO
Hi LO LO
HI Hl LO
Inverter A device with one input and one Input Output
output. The output state is always A X
A X opposite to the input state.
l : LO HI
HI LO
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Table 4-1 (cont.)

Device Symbol Description Input/Output Table
LO-state A small circle at the input or Input [Output
indicator output of a symbol indicates that A B X

the LO state is the significant state.
Absence of the circle indicates that LO LO LO
the HI state is the significant state, LO HI HI
Two examples follow: HI LO LO
AND gate with LO-state indicator Hl H ol
at the A input.
A —O The output of this gate is HI if and
X only if the A input is LO and the B
B | input is HI.
OR gate with LO-state indicator at Input IOutput
the A input: A B X
A The output of this gate is HI if LO LO Hi
Dx either the A input is LO or the B Lo A Hi
8 . =
inputis HI. HI Lo Lo
HI HI Hi
Edge symbol Normally superimposed on an input
line to a logic symbol. Indicates
that this input (usually the trigger
input of a flip-flop) responds to the
indicated transition of the applied
signal.
Triggered A bistable device with one input Input Output

(toggle) and two outputs (either or both Condition | Condition

Flip-Flop X outputs may be used). When trig- before trigger|after trigger
EF gered, the outputs change from one pulse pulse
stable state to the other stable state — —
T with each trigger. The outputs are X X X X
complementary (i.e., when one out- LO | HI HI LO
R put is HI the other is LO). The edge Hi | Lo |LO | HI

symbol on the trigger (T) input
may be of either polarity depending
on the device.

4-6




Theory of Operation—7934 Service

Table 4-1 (cont.)

Device Symbeol Description Input/Output Table
Set-Clear A bistable device with two inputs Input Output
(J-K) A 11— X and two outputs (either or both <
h A B X X
Flip-Flop outputs may be used). The outputs
- change state in response to the LO | LO | No change
states at the inputs. The outputs are LO | HI JLO | HI
complementary (i.e., when one out- HI | LO HI LO
B o—X put is HI the other is LO). Changes
HI HI state
D (data) Type A bistable device with two inputs Input Output
Flip-Flop and two outputs (either or both <
. A X X
A 1 X outputs may be used). When trig-
gered the state of the 1" output LO LO HI
changes to the state at the data (D) HI HI LO
FF input prior to the trigger. The
outputs are complementary (i.e., | Output conditions shown after
§ y trigger pulse
i | 0 % when one output is HI the other is
LO). The edge symbol on the trig-
ger (T) input may be of either
polarity, depending on the device.
Triggered A bistable device with three or Input [ Output
Set-Clear more inputs and two outputs A B X | %
(J-K) (either or both outputs may be
Flip-Flop A 1f—x used). When triggered, the outputs | |9 LO | No change
EF change state in response to the || LO | HI | LO | HI
__t states at the inputs prior to the HI LO HI LO
trigger. The outputs are comple- Changes
mentary (i.e., when one output is Hi HI state
B ob—x HI the other is LO). The edge
symbol on the trigger (T) input | Qutput conditions shown after
may be of either polarity depending | trigger pulse
on the device.
Flip-Flop with o For devices with direct-set (S, ) or Input IOutput
Dlrectlnputcs I direct-clear (CE_’} inputs, the‘ indi- Alslclolx|x
(may be applied s cated state at either of these inputs
to all triggered * B f—= over-rides all other inputs (in-|| ! | ! [LO|LO No {
flip-flops) FF cluding trigger) to set the outputs change
to the states shown in the input/ | | © | @ [LOJHIfLOjHI
output table, ® | P |{HI|LOJHI|LO
- Unde-
B K C, 0 —X @ | HI | HI fined

® = Has no effect in this case

1 Output state

determined by

conditions at triggered inputs
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Figure 4-2. Detailed block diagram of the Calibrator and Mode Switch circuit.




Calibrator

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

Now, Q382 is conducting and Q376 is not conducting.
The voltage at the emitter of Q376 goes negative as C376
charges through R376. When the emitter-base junction of
Q376 becomes forward biased the oscillator will again
change states to complete the cycle.

The square wave signal produced at the collector of
Q382 switches Q384 on and off. When Q384 is on, the cur-
rent from R383 and R384 flows to ground. When Q384 is
off, this current flows through CR386 and R386 into the
voltage divider network of R388, R392, R393, R394, R395,
R396, and R397 to produce the 4 volt, 0.4 voit, and 40
millivolt Calibrator output voltages. The accuracy of the Cali-
brator is set by the 0.4 Volts DC adjustment, R385. Both
the 4 V and 0.4 V Calibrator pushbutton switches must be
engaged when adjusting R385. The Calibrator frequency is
set by the 1 kHz adjustment, R375.

Plug-in Single Sweep Logic

The Plug-in Single Sweep Logic stage (consisting of
U322B, U326B, U326C, Q304, and Q308) develops the A or
B Single Sweep Logic level for use by the Storage Control
circuit on diagram 16. A Hl logic level is produced at pin 8 of
U326C whenever the time-base unit selected by the HORI-
ZONTAL MODE switch is set for single-sweep operation.
When the HORIZONTAL MODE switch is set to ALT or
CHOP, pin 8 of U326C will be HI if either the A or B time-
base unit is set for single-sweep operation.

Storage Sweep Gate Logic

The Storage Sweep Gate Logic stage develops the Stor-
age Sweep Gate used by the Storage Control circuit on
diagram 16. Gate signals from the time-base unit(s) selected
by the HORIZONTAL MODE switch determine when the
Storage Sweep Gate will occur.

Storage Sweep Gate Latch. The Storage Sweep Gate
Latch, U322C and U332D, produces the positive-going
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Storage Sweep Gate at pin 8 of U322C. Once pin 10 of
U322C goes LO, the output at pin 8 of U322C goes HI and
remains HI until pin 13 of U332D goes LO, at which time the
output will return to its LO state.

Storage Sweep Gate Latch Set. The Storage Sweep
Gate Latch Set stage, consisting of U322A, U322D, Q321,
Q325, U326A, and U326D provides the signal to set the
output of the Storage Sweep Gate Latch stage to the HI
state. The HORIZONTAL MODE switch determines whether
the A Sweep Gate/A Auxiliary Gate or the B Sweep Gate/B
Auxiliary Gate is used to set the Storage Sweep Gate Latch.
The HORIZONTAL MODE switch applies logic levels to pin
2 of U322A and U326A for the gate selection. When the
HORIZONTAL MODE switch is set to ALT or CHOP, pin 2
of U322A and U326A are HI so that the gate which occurs
first (from either the A or B time-base unit) sets the output of
the Storage Sweep Gate Latch HI.

Storage Sweep Gate Latch Reset. The Storage Sweep
Gate Latch Reset stage, consisting of U330A, U330B,
U332A, U332B, U332C, U334A, U334B, U334C, U334D,
Q328, Q332, and Q336, provides the signal to reset the
output of the Storage Sweep Gate Latch stage to its LO
state. The reset signal is produced when any one of the
following conditions occur:

(1) The Storage Lockout signal (pin 2 of J344) goes HI.

(2) The Alternate Pulse signal (pin 14 of J344) goes HI
with the HORIZONTAL MODE switch set to A or B.

(3) The A Holdoff and B Holdoff signals (pin 2 and 21 of
P344 respectively) both go HI with the HORIZONTAL
MODE switch set to ALT or CHOP.

In condition 1 above, the positive-going Storage Lockout
signal is inverted by Q328 to reset the Storage Sweep Gate
Latch through U322D. This reset can occur at any time with
any setting of the HORIZONTAL MODE switch.

In condition 2 the positive-going Alternate Pulse signal
occurs at the beginning of each A and B Holdoff signal. The
Alternate Pulse signal passes through U332C when pin 9 is
HI (HORIZONTAL MODE switch set to A or B). The signal is
then inverted by U332B and applied to the base of Q328;
this, in turn, resets the output of the Storage Gate Latch to
its LO state.

In condition 3 the positive-going A Holdoff signal is cou-
pled through Q332 and U334D to the clock input (pin 3) of
U330A setting pin 5 of U330A HI at the beginning of the A
Holdoff signal. Likewise, the positive-going B Holdoff signal
sets pin 9 of U330B HI. When pins 5 and 9 of U330A and
U330B are Hl, a LO is applied to pin 4 of U332B. This LO is
inverted by U332B and applied to the base of Q328 to reset
the Storage Sweep Gate Latch output to its LO state.

4.9



Theory of Operation—7934 Service

Trigger Control Logic

The Trigger Control Logic stage determines the control
signals to the A and B Trigger Selector circuits based on the
setting of the VERTICAL MODE and A and B TRIGGER
SOURCE switches. Active components for the A Trigger
Control signals are U340B, U344A, U344B, U346B, U346C,
and U350B. For B Trigger, U344C, U344D, U346A, U346D,
U350A, and U350C.

Control for the front panel A Trigger Source lights is pro-
vided by Q346, Q349, U304A, U338A, and U338B. This cir-
cuit allows the A Trigger Source lights to track the output
signals of the A Trigger Selector circuit and thereby provide
an indication of the A trigger source. The B Trigger Source
light driver, Q354, Q356, U338C, U338D, U340C, provides
the same function to indicate the B Trigger source.

MAIN INTERFACE
Diagram 3

Diagram 3 at the rear of this manual shows the plug-in
interface and the inter-connections between the plug-in
compartments, circuit boards, etc., of this instrument. Also,
the signal and voltage connections of each interface con-
nector are identified. Function of components on this dia-
gram are described along with other circuits as applicable.

LOGIC
Diagram 4

The Logic circuit develops control signals for use in other
circuits within this instrument and the plug-in units installed
in the vertical and horizontal compartments. These control
signals automatically determine the correct instrument oper-
ation in relation to the plug-in units installed or selected,
plug-in control settings, and 7934 control settings. A block
diagram of the Logic circuit is shown in Figure 4-3. A sche-
matic of the Logic circuit is given on diagram 4 at the rear of
this manual.

This circuit description for the Logic circuit is written with
the approach that each of the integrated circuits and its as-
sociated discrete components compose an individual stage
as shown by the block diagram (Fig. 4-3). The operation of
each stage is discussed, 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 for each stage. These diagrams are not dis-
cussed in detail but are provided to aid in relating the func-
tion performed by a given stage to standard logic
techniques. It should be noted that these logic diagrams are
not an exact representation of the internal structure of the
integrated 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 with the circuit description and
logic diagram. These input/output tables document the com-
bination of input conditions that are of importance to per-
form the described function of an individual stage.

Horizontal Logic

The Horizontal Logic stage performs three separate logic
functions: A Sweep Lockout, B Sweep Lockout, and Alter-
nate Pulse generation. Most of the logic for these functions
is contained within the Horizontal Logic IC, U4428. Figure 4-
4 identifies the three individual stages within U4428 and the
input and output terminals associated with each. Note that
some of the input levels are connected internally to more
than one of the individual stages.

A Sweep Lockout Stage. The A Sweep Lockout Stage
determines if the A HORIZ time-base unit can produce a
sweep. If this output is HI, the A HORIZ unit is locked out
(disabled) so it cannot produce a sweep. If the level is LO,
the A HORIZ unit is enabled and can produce a sweep when
triggered.

As shown by the logic diagram and input/output table of
Figure 4-5, only two combinations of input conditions to
U4428 produce an A Sweep Lockout level (HI).

The first combination disables the A sweep while the B
sweep is being displayed with the HORIZONTAL MODE
switch in ALT position (both time-base units must be in
sweep mode), if non-delayed operation is being used. The
second combination disables the A sweep during delayed-
sweep operation so that the B sweep can complete its
holdoff before the next A sweep begins. If neither of these
conditions occurs, the A Sweep Lockout level is determined
by the Storage Lockout signal. (This signal originates in the
Storage Control circuit on diagram 16.) Figure 4-5a shows
the Storage Lockout signal connected to the output of the A
Sweep Lockout stage through a phantom-OR gate. (A
phantom-OR gate performs the OR-logic function merely by
interconnection of two or more signal lines.)

B Sweep Lockout Stage. The B Sweep Lockout stage
produces an output level at the collector of Q4468 that de-
termines if the B HORIZ time-base unit can produce a
sweep. A HI output level locks out (inhibits) the B HORIZ
unit and a LO level enables the B HORIZ unit to produce a
sweep.
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Figure 4-4. Breakdown of separate stages within Horizontal Logic IC (U4428) showing inputs and outputs for each stage.

As shown by Figure 4-6B, the output of this stage is HI
only under one set of input conditions to U4428. This set of
conditions disables the B sweep while the A sweep is being
displayed in the ALT, HORIZONTAL MODE switch position,
if both time-base units are in a sweep mode and non-de-
layed sweep is used. For any other combination of input
conditions, the B Sweep Lockout level is determined by the
Delay Gate (from A time-base unit) and the Storage Lockout
signal (from Storage Control circuit, diagram 16).

Figure 4-6A shows Delay Gate and Storage Lockout
connections to the output of the B Sweep Lockout stage
through a phantom-OR gate.

Alternate Pulse Stage. The third function performed by
the Horizontal Logic stage is to produce an Alternate Pulse
signal for use by the Horizontal and Vertical Binary stages,
and the Storage Sweep Gate circuit on the mode switch
circuit board.
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Figure 4-5. (A) Logic diagram for A Sweep Lockout Stage; (B) Table of input/output combinations.
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Figure 4-6. (A) Logic diagram for B Sweep Lockout stage; (B) Table of input/output combinations.

The Alternate Pulse is produced at the end of either
sweep, depending upon the operating conditions as shown
in Figure 4-7B. The holdoff gate produced at the end of the
sweep by the respective time-base unit is differentiated by
either C4420 or C4423 to provide a positive-going pulse to
pin 6 or 9 of U4428.

In Figure 4-7A, note the resistors shown connected to
pins 6 and 9. These resistors, which are internal to the IC,
hold the levels at pin 6 and 9 LO unless a HI level is applied
to the corresponding input. Since the holdoff gate is capaci-
tively-coupled to pins 6 and 9, these inputs are at the LO
level except when a differentiated A or B Holdoff gate is
received.

The following discussions describe the operation of the
Alternate Pulse stage in relation to the various combinations
of input conditions shown in Figure 4-7B.

4-14

1. A (Only) Mode. An Alternate Pulse is produced at the
end of each A sweep when the HORIZONTAL MODE
switch is set to the A position.

2. B (Only) Mode. In the B position of the HORIZONTAL
MODE switch, an Alternate Pulse is produced at the end of
each B sweep. (A time-base must be in independent, non-
delayed mode.)

3. Alt or Chop Mode. When the HORIZONTAL MODE
switch is set to ALT or CHOP (A time-base must be in inde-
pendent, non-delayed mode), an Alternate Pulse is pro-
duced at the end of each sweep. For example, an Alternate
Pulse is produced at the end of the A sweep, then at the end
of the B sweep, again at the end of the A sweep, etc. Al-
though Alternate Pulses are produced in the CHOP horizon-
tal mode, they are not used in this instrument.
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Figure 4-7. (A) Logic diagram for Alternate Pulse Generator stage; (B) Table of input/output combinations.
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4. Delayed Sweep (A Delays B). When the A time-base
unit is set for delayed, the operation of the Alternate Pulse
Stage is changed so an Alternate Pulse is produced only at
the end of the A sweep, even when the HORIZONTAL
MODE switch is set to B. This is necessary since the A time-
base establishes the amount of delay time for the B time-
base unit whenever it is displayed.

5. Amplifier Unit in Horizontal Compartment. When an
amplifier unit is installed in either of the horizontal plug-in
compartments, the Alternate Pulse can be produced only
from the remaining time-base unit. If amplifier units are in-
stalled in both horizontal compartments, an Alternate Pulse
is not produced since there are no time-base units to pro-
duce a holdoff pulse.

Z-Axis Logic

Figure 4-8A shows a logic diagram of the Z-Axis Logic
stage. Notice the current-driven inputs as indicated by the
current generator symbols at the associated inputs. An
input/output table for the Z-Axis Logic stage is given in Fig-
ure 4-8B.

The Z-Axis Logic stage produces an output current sig-
nal at pin 8 of U4494 which sets the intensity of the crt
display except for the readout display which is controlled by
the Readout System. The output current at pin 8 is deter-
mined by the setting of the A or B INTENSITY controls, the
conditions of various logic gates, and by an external Z-Axis
signal. The input current from the A and B INTENSITY con-
trols is switched so the output current matches the horizon-
tal display. The Vertical Chopped Blanking, Horizontal
Chopped Blanking, and readout blanking signals are applied
to this stage to block the output current and blank the crt
display for vertical chopping, horizontal chopping, or during
a readout display.

The Z-Axis Logic stage is current-driven at all inputs ex-
cept pins 5 and 15. The current at pins 1, 2, and 16 is vari-
able from zero to four milliamp and is determined by the
applicable current source to control the output current at pin
8.

The Vertical Chopped Blanking signal connected to pin 7,
and the Horizontal Chopped Blanking connected to both
pins 6 and 7 through Q4336, CR4487, CR4488, enable or
disable this stage to control all output current. Quiescently,
the level at pins 6 and 7 is HI so that the intensity current
from pins 1, 2, 9, and 16 can pass to the output. However,
pin 7 goes LO during Vertical Chopped Blanking and both
pins 6 and 7 go LO for Horizontal Chopped Blanking or
during a readout display. This blocks the output current and
the crt is blanked. The Vertical Chopped Blanking signal is
connected to pin 7 of U4494 directly from pin 4 of U4320.
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The Horizontal Chopped Blanking signal is connected to
U4494 from pin 4 of 14340 through LR4338, Q4336,
CR4487, and CR4488. Notice that this signal is connected
to the collector of Q4336. This transistor is normally operat-
ing in the saturated condition, and the HI Horizontal
Chopped Blanking level from U4340 is the collector source
voltage. When the Horizontal Chopped Blanking level goes
LO, the current through Q4336 drops to produce a cor-
responding LO level at its emitter. This level is connected to
pins 6 and 7 of U4494 through CR4488 and CR4487
respectively.

Transistor Q4336 also controls the levels at pins 6 and 7
for readout displays. The Z-Axis Inhibit command from the
Readout System is connected to the base of Q4336 through
VR4334 and R4335. This level is normally HI, so Q4336
operates as controlled by the Horizontal Chopped Blanking
level at its collector. When a readout display is to be pre-
sented, the Z-Axis Inhibit command drops LO and this level
is coupled to the base of Q4336 through VR4334. Transis-
tor Q4336 is reverse biased to produce a LO level at its
emitter. This level is coupled to pins 6 and 7 of U4494
through CR4487 and CR4488 to block the Z-Axis Logic out-
put current during the readout display. (The intensity of the
readout display is determined by a separate READOUT in-
tensity level connected directly to the Z-Axis Amplifier; see
CRT Circuit description.) Diode CR4486 clamps the emitter
of Q4336 at about -0.6 volt when the transistor is off.

Intensity limiting is provided for high crt beam currents at
slow sweep rates and X-Y operation by the Intensity Limit
input. Quiescently, Q4474 is reverse biased; resistors
R4474, R4481, and R4485 establish the current at pins 6
and 10 of U4494. When the Intensity Limit input is con-
nected to ground in the plug-in units for slow sweep rates
and amplifier operation, the emitter of Q4474 is grounded
through CR4472. Transistor Q4474 takes current from pins
6 and 10 of U4494 to limit the output current from this
stage. Z-Axis Level adjustment R4480 sets the correct op-
erating levels for this stage.

The A INTENSITY control sets the output current level
when the A Gate at pin 14 is HI and the main frame channel
switch signal (Display B) at pin 15 is LO. Whenever the A
Gate level goes LO indicating that the A sweep is complete
or the Display B goes HI indicating that the B sweep is being
displayed, the A INTENSITY current is blocked. The current
from the A INTENSITY control (located on diagram 15) is
connected to pin 16 through R4496.

In the delayed mode, current is added to the A INTEN-
SITY current during the A-sweep time to intensify a portion
of the trace. This intensified portion is coincident with the B-
sweep time to provide an indication of which portion of the
A sweep is displayed in the delayed mode. The A intensifiec
current is supplied to pin 2 of U4494 from the A INTENSITY
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Figure 4-8. (A) Logic diagram for Z-Axis Logic stage; (B) Table of input/output combinations.
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control through R4497. With this configuration, the intensi-
fied current increases as the A INTENSITY control setting is
advanced to provide a proportional intensity increase in the
intensified zone as the overall A-sweep intensity increases.
Therefore, the intensified zone is more readily visible at high
intensity levels. The intensified current is added to the A
INTENSITY current to produce an intensified zone on the A
sweep under the following conditions: HI A Gate level at pin
14, LO Display B level at pin 15, HI B Gate level at pin 4, and
HI Delay Mode Control level at pin 5.

The B INTENSITY control determines the output current
when the B Gate level at pin 4 and the Display B at pin 15
are both HI. The current from the B INTENSITY control (dia-
gram 15) is connected to the Z-Axis Logic stage through
R4498.

The current levels established by the intensity controls
can be altered by the Auxiliary Z-Axis current level at pin 9.
The current at this pin can come from the Z-AXIS INPUT
connector on the rear panel or from any of the plug-in com-
partments. This current either increases or decreases (de-
pending on polarity) the output current to modulate the
intensity of the display. Input from the Z-AXIS INPUT con-
nector allows the trace to be modulated by external signais.
The Auxiliary Z-Axis inputs from the plug-in compartments
(see diagram 3) allow special-purpose plug-in units to modu-
late the display intensity. Diodes CR4473 and CR4474 limit
the maximum voltage change at pin 9 to about + and -0.6
volt to protect the Z-Axis Logic stage if an excessive volt-
age is applied to the Z AXIS INPUT connector.

Horizontal Binary

The Horizontal Binary stage produces the Main Frame
Channel Switch Signal (Display B) to determine which hori-
zontal unit provides the sweep display on the crt. When this
level is HI, the B HORIZ unit is displayed; when it is LO, the
A HORIZ unit is displayed.

The Display B signal is used in the following stages
within the Logic circuit: Horizontal Logic (A and B Sweep
Inhibit), Z-Axis Logic, Vertical Binary, and Trace Separation.
In addition, it is connected to the following circuits else-
where in the instrument to indicate which horizontal unit is
to be displayed: Main Interface (A and B HORIZ plug-in
compartments), Horizontal Interface (for horizontal channel
selection), and the Auto Focus Amplifier.

Figure 4-9A shows a logic diagram for the Horizontal Bi-
nary Stage. An input/output table showing the conditions for
each position of the HORIZONTAL MODE switch is shown
in Figure 4-9B. Notice that the levels at pins 3, 4, 7, and 10
of U4358 are determined by the HORIZONTAL MODE
switch (on Logic diagram 4). This switch indicates which
horizontal mode has been selected by providing a HI output
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level on only one of four output lines; the remaining lines are

LO.

The Horizontal Binary stage operates as follows for each
position of the HORIZONTAL MODE switch (refer to Figure
4-9B for input/output conditions):

1. A Mode. When the HORIZONTAL MODE switch is set
to A, Display B at pin 6 of U4358 is LO to indicate to all
circuits that the A HORIZ unit is to be displayed.

2. B Mode. Selecting the B HORIZONTAL MODE pro-
vides a HI Display B signal to all circuits.

3. CHOP Mode. In the CHOP position of the HORIZON-
TAL MODE switch, the Display B signal switches between
HI and LO levels to produce a display that switches be-
tween the A and B HORIZ units at a 0.2 megahertz rate.
The repetition rate of Display B in this mode is determined
by the Horizontal Chopped Blanking pulse (see Chop
Counter description). Each time the Horizontal Chopped
Blanking pulse at pin 1 drops LO, the output at pin 6
switches to the opposite state.

4. ALT Mode. For ALT HORIZONTAL MODE operation,
the Display B signal switches to the opposite state each
time the negative portion of the Alternate Pulse is received
from the Horizontal Logic stage. Repetition rate of Display B
in this mode is one-half the repetition rate of the Alternate
Pulse applied to pin 8.

Vertical Binary

The Vertical Binary stage produces the Vertical Alternate
Command to determine which vertical unit is to be displayed
when the VERTICAL MODE switch is set for ALT. When
this output level is HI, the RIGHT VERT unit is displayed,
when it is LO, the LEFT VERT unit is displayed. In the ALT
or CHOP positions of the HORIZONTAL MODE switch
(non-delayed operation only), the output of this stage is
slaved to the output of the Horizontal Binary stage so that
the Vertical Alternate Command is always HI when Display
B is LO, and vice versa. This action allows slaved-aiternate
operation (sweep-slaving) in the ALT position of the VERTI-
CAL MODE switch and the ALT or CHOP positions of the
HORIZONTAL MODE switch whereby the LEFT VERT unit
is always displayed at the sweep rate of the B time-base
and the RIGHT VERT unit is displayed at the sweep rate of
the A time-base. Thus, slaved-alternate operation can simu-
late dual-beam operation for repetitive sweeps.

When the A time-base unit is set to the delaying mode,
the repetition rate of the Vertical Alternate Command is one-
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Figure 4-9. (A) Logic diagram for Horizontal Binary stage; (B) Table of input/output combinations.

half the repetition rate of Display B. This results in each
vertical unit being displayed first against the A time-base
unit (delaying), then the B time-base unit (delayed), before
the display is switched to the other vertical unit.

The Vertical Alternate Command is used in the Plug-In
Binary and Vertical Mode Logic stages. This stage uses the
same type of IC as the Horizontal Binary stage. Notice the
Display A level at pin 7. This input is the inverse of the

Display B level at pin 8. Therefore, the Display A level is
always HI when the Display B level is LO, and vice versa
(Q4364 generates the Display A level). Also, notice the line
connected to pin 4 of the Vertical Binary U4368. The level at
pin 4 is generated by Q4424 and is HI only when the HORI-
ZONTAL MODE switch is set for ALT or CHOP and the A
time base unit is set for nondelayed operation. The Vertical
Binary uses the information at pin 4 for correct slaving of the
Vertical Alternate Command to the Display B signal (neces-
sary for slaved-alternate operation).
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A logic diagram of the Vertical Binary stage is shown in
Figure 4-10A. Several logic functions in this stage are per-

The following discussions describe operation of the Verti-
cal Binary stage in relation to the modes of operation that

formed by logic devices made up of discrete components. can occur.
The components that make up these logic devices are iden-
tified on the logic diagram. An input/output table for the Ver-
tical Binary stage is given in Figure 4-10B.
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(DISPLAY B) * <
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Figure 4-10. (A) Logic diagram for Vertical Binary stage; (B) Table of input/output combinations.
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1. A OR B Mode. When the HORIZONTAL MODE switch
is set to either A or B, the Vertical Alternate command
switches to the opposite state each time an Alternate Pulse
is received from the Horizontal Logic stage. Repetition rate
of the Vertical Alternate Command in this mode is one-half
the repetition rate of the Alternate Pulse. The input condi-
tions for these modes are:

Pin 1 LO — Alternate Puise generated by the Horizontal
Logic stage goes negative.

Pin 4 LO — HORIZONTAL MODE switch in any position
except ALT, CHOP, or when the A time-base unit is set
for delayed sweep.

Pin 10 HI — HORIZONTAL MODE switch set to A or B.

2. ALT OR CHOP Mode (HORIZ) — Nondelayed. In the
ALT or CHOP positions of the HORIZONTAL MODE switch,
the output level at pin 6 is the same as the Display A level at
pin 7. The display A level is produced by inverting the Dis-
play B level from the Horizontal Binary stage. Therefore, the
repetition rate of the output signal is the same as the Dis-
play B signal. The result (with the VERTICAL MODE switch
set to ALT or CHOP and the A time-base unit set for
nondelayed operation) is that the RIGHT VERT unit is al-
ways displayed at the sweep rate of the A time-base unit,
and the LEFT VERT unit at the sweep rate of the B time-
base unit (slaved-alternate operation or sweep slaving). The
input conditions to provide a HI output level so that the
RIGHT VERT unit can be displayed at the A sweep rate are:

Pin 4 HI — HORIZONTAL MODE switch set to ALT or
CHOP with nondelayed sweep.

Pin 7 HI — A sweep is to be displayed (Display B LO).

Pin 10 LO — HORIZONTAL MODE switch set to any
position except A or B.

The input conditions required to provide a LO output
level to display the LEFT VERT unit at the B sweep rate are:

Pin 4 HI — HORIZONTAL MODE switch set to ALT or
CHOP with nondelayed sweep.

Pin 7 LO — B sweep is to be displayed (Display B HI).

Pin 10 LO — HORIZONTAL MODE switch set to any
position except A or B.

3. ALT OR CHOP Mode (HORIZ) — Delayed. If the A
time-base unit is set to the delayed mode when the HORI-
ZONTAL MODE switch is set to either ALT or CHOP, the
operation of the stage is changed from that discussed
above. Now, the Vertical Alternate Command switches be-
tween the Hl and LO states at a rate that is one-half the
repetition rate of the Display B signal. The resultant crt dis-
play in the ALT position of the VERTICAL MODE switch
allows the RIGHT VERT unit to be displayed first against
the A sweep (delaying) and then against the B sweep (de-
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layed). Then the display switches to the LEFT VERT unit
and is displayed consecutively against the A and B sweeps
in the same manner. The input conditions for this mode of
operation are:

Pin 4 LO — A time-base unit set for delayed operation.

Pin 8 HI or LO — Vertical Alternate command changes
state at HI to LO transition of Display B.

Pin 10 LO — HORIZONTAL MODE switch set to any
position except A or B.

Plug-In binary

The Plug-In Binary stage produces the Alternate Drive
signal to alternate dual-trace units. This stage uses the
same type of integrated circuit as the Horizontal Binary and
Vertical Binary stages. Figure 4-11A shows a logic diagram
of the Plug-In Binary stage. An input/output table for this
stage is given in Figure 4-11B.

When the Alternate Drive level at pin 6 of U4412 is HI
and the plug-in unit is set for alternate operation, Channel 2
of the dual-trace unit is displayed. When it is LO, channel 1
is displayed. The repetition rate of the Plug-In Alternate
Drive signal is determined by the setting of the VERTICAL
MODE switch. For all positions of the VERTICAL MODE
switch except ALT, the Plug-in Alternate Drive level is the
same as the Vertical Alternate Command from the Vertical
Binary stage. Since the Vertical Alternate Command is de-
rived directly from the Display B signal, the two channels of
a dual-trace vertical unit are allowed to be slaved to the
time-base units (nondelayed, dual-sweep horizontal modes
only) in the same manner as previously described for slaved-
alternate operation between the vertical and time-base
units. The resultant crt presentation (when the dual-trace
unit is set for alternate operation) displays the Channel 1
trace at the sweep rate of the B time-base unit and Channel
2 trace at the sweep rate of the A time-base unit.

The Plug-In Alternate Drive switches from HI to LO as
the Display B signal (from the Horizontal Binary stage)
switches from LO to HI, and vice versa. When the VERTI-
CAL MODE switch is set to ALT, the Vertical Alternate
Command from the Vertical Binary stage switches the verti-
cal display between the two vertical units. However, if either
of the vertical plug-in units are dual-trace units, they can be
operated in the alternate mode also. To provide a switching
command to these units, the Plug-In Binary stage produces
an output signal with a repetition rate that is one-half the
repetition rate of the Vertical Alternate Command. The se-
quence of operation when two dual-trace vertical units are
installed in the vertical plug-in compartments and both are
set for alternate operation is as follows (VERTICAL MODE
and HORIZONTAL MODE switches set to ALT): 1) Channel
1 of LEFT VERT unit at sweep rate of B time-base unit,
2) Channel 1 of RIGHT VERT unit at sweep rate of A time-
base unit, 3) Channel 2 of LEFT VERT unit at sweep rate of
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Figure 4-11. (A) Logic diagram for Plug-in Binary stage; (B) Table of input/output combinations.

B time-base unit, 4) Channel 2 of RIGHT VERT unit at
sweep rate of A time-base unit. Notice that under these con-
ditions, both channels of the LEFT VERT unit are displayed
at the B-sweep rate and that both channels of the RIGHT
VERT unit are displayed at the A-sweep rate. Input condi-
tions when the VERTICAL MODE switch is set to ALT are:

Pin 4 LO — VERTICAL MODE switch set to ALT.

Pin 8 HI or LO — Plug-In Alternate Drive signal changes
state at HI to LO transition of Vertical Alternate Com-
mand pulse.
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Clock Generator

Part of integrated circuit U4320 along with the external
components shown in Figure 4-12A make up the Clock Gen-
erator stage. R1, Q1, Q2, and Q3 represent an equivalent
circuit within Q4320. This circuit along with discrete compo-
nents C4314-R4312-R4313-R4314 comprise a two-mega-
hertz free-running oscillator that provides a timing (clock)
signal used to synchronize the vertical, horizontal, and plug-
in chopping modes.
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Figure 4-12. (A) Diagram of Clock Generator stage; (B) Idealized waveforms for Clock Generator stage.

This stage operates as follows: Assume that Q2 is con-
ducting and Q1 is off. The collector current of Q2 produces
a voltage drop across R1 to turn off Q1. This negative level
at the collector of Q2 is also connected to pin 14 through Q3
(see waveforms in Figure 4-12B at time Tg). Since there is
no current through Q1, C4314 begins to charge towards
—15 volts through R4312-R4313. The emitter of Q1 goes
negative as C4314 charges, until it reaches a level about
0.6 volts more negative than the level at its base. Then Q1 is
forward biased and its emitter rapidly rises positive (see
Time T, on waveforms). Since C4314 cannot change its
charge instantaneously, the sudden change in voltage at the
emitter of Q1 also pulls the emitter of Q2 positive to re-
verse-bias it. With Q2 reverse biased, its collector rises pos-
itive to produce a positive output level at pin 14.

Now, conditions are reversed. Since Q2 is reverse bi-
ased, there is no current through it. Therefore, C4314 can
begin to discharge through R4314. The emitter level of Q2
folliows the discharge of C4314, until it reaches a level of
about 0.6 volt more negative than its base. Then Q2 is for-
ward biased and its coliector drops negative to reverse-bias
Q1. The level at pin 14 drops negative to complete the cycle.

Once again, C4314 begins to charge through R4312-R4313
to start the second cycle.

Two outputs are provided from this oscillator. The Delay
Ramp signal from the junction of R4312-R4313 is con-
nected to the Vertical Chopped Blanking stage. This signal
has the same waveshape as shown by the waveform at pin
13; its slope is determined by the divider ratio between
R4312-R4313. A wide-pulse train output is provided at pin
14. The frequency of this pulse train is determined by the
overall RC relationship between C4314-R4312-R4313-
R4314 and its duty cycle is determined by the ratio of R4312
and R4313 to R4314.

The pulse train at pin 14 is connected to pin 16 through
C4315. Capacitor C4315, along with the internal resistance
of U4320, differentiates the pulse train at pin 14 to produce
a narrow hegative-going pulse coincident with the falling
edge of the pulse train (positive-going pulse coincident with
rising edge has no effect on circuit operation). This negative-
going puise is connected to pin 15 through an inverter-
shaper that is also part of U4320A. The output at'pin 15 is a
positive-going clock with a repetition rate of about two
megahertz.
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Vertical Chopped Blanking

The Vertical Chopped Blanking stage is made up of the
remainder of U4320. This stage determines if Vertical
Chopped Blanking pulses are required, based upon the op-
erating mode of the vertical system or the plug-in units
(dual-trace units only). Vertical Chopped Blanking pulses are
produced if: 1) VERTICAL MODE switch is set to CHOP;
2) Dual-trace vertical unit is operating in the chopped mode
and is being displayed; 3) Dual-trace vertical unit operating
in the chopped mode with the VERTICAL MODE switch set
to ADD. The repetition rate of the negative-going Vertical
Chopped Blanking pulse output at pin 4 is two megahertz
for all of the above conditions as determined by the Clock
Generator stage.

Figure 4-13 shows a logic diagram and an input/output
table for the Vertical Chopped Blanking stage. Notice the
comparator block on the diagram. The output of this com-
parator 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, the output
is LO.

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 pulse (see
waveforms in Fig. 4-14). This results in a HI quiescent condi-
tion 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 pulse output level
changes to the LO state and remains LO until the Delay
Ramp goes HI again.

Notice the delay between the leading edge of the Clock
pulse generated by U4320A, and the leading edge of the
Vertical Chopped Blanking pulses. the amount of delay be-
tween the leading edges of these pulses is determined by
the Delay Ramp applied to pin 10. This delay is necessary
due to the delay line in the vertical deflection system. Other-
wise, the trace blanking resulting from the Vertical Chopped
Blanking pulse would not coincide with the switching be-
tween the displayed traces. The duty cycle of the wide pulse
train produced in the Clock Generator stage determines the
pulse width of the Vertical Chopped Blanking pulses (see
Clock Generator description for more information).

Chop Counter

Chop Counter stage U4340 produces the Vertical Chop-
ping Signal, the Plug-In Chop Drive, and the Horizontal
Chopped Blanking signal. The Clock pulse produced by the
Clock Generator stage provides the timing signal for this
stage. A logic diagram of the Chop Counter stage is shown
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in Figure 4-15A. Details of operation for the flip-flops (FF)
are shown in Table 4-1 at the front of this section. Idealized
waveforms showing the timing relationship between the in-
put and output signals for this stage are shown in Figure
4-15B.

The repetition rate of the output signals from this stage is
determined by the setting of the HORIZONTAL MODE
switch. When the HORIZONTAL MODE switch is set to any
position except CHOP, the repetition rate of the Vertical
Chopping Signal output at pin 1 is one megahertz (one-half
Clock rate). This determines the switching between the
LEFT and RIGHT VERT units when the VERTICAL MODE
switch is set to CHOP. At the same time, the repetition rate
of the Plug-In Chop Drive at pin 8 is 0.5 megahertz (one-
fourth Clock rate). This provides a chopping signal for
switching between the two channels of dual-trace vertical
units. The relationship between these output signals and the
Clock input is shown by the waveforms in Figure 4-15B dur-
ing the time between T, and T,. During this time, the level at
pin 4 remains HI.

When the HORIZONTAL MODE switch is set to CHOP,
the basic repetition rate of the Vertical Chopping Signal and
Plug-In Chop Drive is altered. For example, if the HORIZON-
TAL MODE switch is changed to the CHOP position at time
T, (see Fig. 4-15B), a HI level is applied to pin 6. This stage
continues to produce outputs at pins 1 and 8 in the normal
manner until both outputs are HI. (See time T,; this condi-
tion only occurs once every fifth Clock pulse and only when
the HORIZONTAL MODE switch is set to CHOP.) When
both of these outputs are HI, the next Clock pulse switches
both outputs LO, and at the same time switches the Hori-
zontal Chopped Blanking to the LO level.

This change at time T, does not appear at pin 4 immedi-
ately, due to a delay network in the circuit. The delay is
necessary to make the Horizontal Chopped Blanking coin-
cide with the Vertical Chopped Blanking produced by U4320
and the switching between the displayed signals. (Compare
bottom two waveforms of Fig. 4-15B; also see Vertical
Chopped Blanking for further information.) After the delay
time, the output level at pin 4 goes LO where it remains for
about 0.5 microsecond which is equal to the period of the
clock pulse (two-megahertz repetition rate).

The Horizontal Chopped Blanking time must be longer
than the Vertical Chopped Blanking time, since it takes
more time for the display to switch between horizontal units
than between vertical units. During the time that the level at
pin 4 is LO, the crt is blanked and the Vertical Chopping
Signal and the Plug-In Chop Drive cannot change levels.
The Clock pulse at T, changes only the Horizontal Chopped
Blanking output at pin 4. The level on this pin goes HI after
the delay time to unblank the crt.
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Figure 4-13. (A) Logic diagram for Vertical Chopped Blanking stage; (B) Table of input/output combinations.
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Figure 4-14. Idealized waveforms for Vertical Chopped Blanking stage.

For the next three Clock pulses, the Vertical Chopping
Signal output and Plug-In Chop Drive operate in the normal
manner. However, just prior to the fourth Clock pulse (time
T,4), both outputs are again at their Hl level. The fourth clock
pulse at T, switches the output at pin 1, pin 8, and pin 4
(after delay) to the LO level to start the next cycle. Notice
that a Horizontal Chopped Blanking pulse is produced at pin
4 with every fifth Clock pulse. Also notice that with the
HORIZONTAL MODE switch set to CHOP, two complete
cycles of the Vertical Chopping Signal are produced with
each five Clock pulses (repetition rate two-fifths clock rate)
and one complete cycle of the Plug-In Chop Drive for every
five clock pulses (one-fifth clock rate). Notice that the large
shaded area produced by the Horizontal Chopped Blanking
pulse (see Fig. 4-15B) is not part of the display time (crt
display blanked). However, about the same time segment is
displayed from the vertical signal source with or without
Horizontal Chopped Blanking, due to the change in repe-
tition rate with the HORIZONTAL MODE switch set to
CHOP.

The Vertical Chopping Signal at pin 1 of U4340 is con-
nected to the Vertical Mode Logic stage (see following de-
scription) through L4342-R4342. This signal is HI when the
RIGHT VERT unit is to be displayed and LO when the LEFT
VERT unit is to be displayed. The Plug-In Chop Drive at pin
8 is connected to the plug-in units in the vertical compart-
ments through L4344-R4344, via the Main Interface board.
When this signal is HI, Channel 2 of the plug-in units can be
displayed; when this level is LO, Channel 1 can be dis-
played. The Horizontal Chopped Blanking signal at pin 4 is
connected through L4338-R4338 to the Horizontal Binary
stage U4358, and to the Z-Axis Logic stage U4494 by way
of Q4336. When this signal is HI, the crt is unblanked to
display the selected signal. When it is LO, the crt is blanked
to allow switching between the horizontal units.

4-26

Vertical Mode Logic

The Vertical Mode Logic stage is made up of discrete
components CR4322-CR4323, CR4368-CR4369, and buf-
fer Q4382-Q4392. These components develop the Main
Frame Channel Switch signal (Display Right), which is con-
nected to the Main Interface, Vertical Interface, and Trigger
Selector circuits to indicate which vertical unit is to be dis-
played. When this output level is HI, the RIGHT VERT unit is
displayed; when itis LO, the LEFT VERT unit is displayed. A
logic diagram of the Vertical Mode Logic stage is shown in
Figure 4-16. The discrete components that make up each
logic function are identified.

The VERTICAL MODE switch shown on diagram 2 pro-
vides control levels to this stage. This switch provides a HI
level on only one of five output lines to indicate the selected
vertical mode; the remaining lines are LO. Notice that only
four of the lines from the VERTICAL MODE switch are con-
nected to the Logic circuit. Operation of this stage is as
follows:

When the VERTICAL MODE switch is set to RIGHT, a HI
level is connected to the base of Q4382 through R4321.
This forward biases Q4382, and the positive-going level at
its emitter is connected to the emitter of Q4392. The collec-
tor of Q4392 goes HI to indicate that the RIGHT VERT unit
is to be displayed. For the CHOP position of the VERTICAL
MODE switch, a HI level is applied to the anodes of
CR4322-CR4323 through R4322. Both diodes are forward
biased so that the Vertical Chopping Signal from pin 1 of
U4340 can pass to the base of Q4382. This signal switches
between the HI and LO levels at a one-megahertz rate and
produces a corresponding Display Right output at the col-
lector of Q4392. When the output is HI, the RIGHT VERT
unit is displayed and when it switches to LO, the LEFT
VERT unit is displayed.
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Figure 4-15, (A) Logic diagram of Chop Counter stage; (B) Ildealized waveforms for Chop Counter stage.
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Figure 4-16. Logic diagram of Vertical Mode Logic stage.

In the ALT position of the VERTICAL MODE switch, a HI
level is applied to the anodes of CR4368-CR4369 through
R4369. These diodes are forward biased so the Vertical Al-
ternate Command from pin 6 of the Vertical Binary stage
can pass to the base of Q4382 to determine the Display
Right Level. The Vertical Alternate Command switches be-
tween its HI and LO levels at a rate determined by the Verti-
cal Binary stage.

The control levels in the LEFT and ADD positions of the
VERTICAL 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 their LO level when either LEFT or ADD are
selected. Therefore, the base of Q4382 remains LO to pro-
duce a LO Display Right output level at the collector of
Q4392.

Trace Separation

The Trace Separation stage is made up of discrete com-
ponents Q4438, Q4442, Q4448, and Q4456. This stage pro-
duces the Trace Separation output to the Vertical Amplifier
circuit to offset the B-sweep display when operated in a
dual-sweep mode (horizontal). The level of this output cur-
rent is determined by the setting of the VERT TRACE
SEPARATION (B) control (on diagram 2). The current from
the VERT TRACE SEPARATION control is switched so that
the Trace Separation output is provided only when the B
sweep is being displayed in the ALT or CHOP horizontal
modes and not when the B sweep only is being displayed,
nor for independent-pairs operation (sweep slaving). Opera-
tion of this stage is as follows:

The VERT TRACE SEPARATION (B) control (on dia-
gram 2) provides current to the Trace Separation output
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through R4456 and Q4456 when Q4456 is forward biased.
When the B sweep is being displayed (for ALT or CHOP
horizontal operation), the Display B signal at the base of
Q4442 is Hl. This forward biases Q4442. Its collector goes
negative to forward bias Q4448, causing Q4448 to saturate
and its collector goes positive to forward bias Q4456. Dur-
ing the time the A sweep is being displayed, the Display B
signal is LO. This reverse biases Q4442 and Q4448; Q4456
is reverse biased and the VERT TRACE SEPARATION (B)
control is disconnected while the A sweep is being
displayed.

When the HORIZONTAL MODE switch is set to B, a HI
level is connected to the emitter of Q4442 through R4431.
This reverse biases Q4442 even though Display B at its
base is HI for this mode. Therefore, the VERT TRACE
SEPARATION (B) control has no effect. When the VERTI-
CAL MODE switch is set to ALT and the Delay Mode Con-
trol Out level from the A time-base unit is LO (indicating non-
delayed sweep operation), a HI level is applied to the emitter
of Q4442 even though the Display B level is HI. This action
disconnects the VERT TRACE SEPARATION (B) control for
slaved-alternate operation so that the vertical position of the
B sweep display is determined by the slaved LEFT VERT
plug-in unit only. If delayed-sweep operation is selected, the
Delay Mode Control level is HI to forward bias Q4438 and
Q4448. This allows the VERT TRACE SEPARATION (B)
control to position the B sweep display, since slaved-alter-
nate operation is not possible when operating in a delayed-
sweep mode.

A logic diagram of the Trace Separation stage is shown
in Figure 4-17A. The discrete components which make up
each logic function are identified. An input/output table for
this stage is given in figure 4-17B.
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Figure 4-17. (A) Logic diagram of Trace Separation stage; (B) Table of input/output combinations.

TRIGGER SELECTOR
Diagram 5

The Trigger Selector circuit determines the source of the
internal triggering signals connected to the A and B Horizon-
tal compartments. Figure 4-18 shows a detailed block dia-
gram of the Trigger Selector circuit. A schematic of the
Trigger Selector is given on diagram 5 at the rear of this
manual.

Operation of the A and B Trigger is similar. Circuit num-
bers in this discussion are for the B Trigger circuit.

Trigger Signals

Amplifier units installed in the vertical compartments pro-
vide a differential trigger signal to the mainframe. These sig-
nals are terminated into 50-ohm power dividers. The
50-ohm strip transmission lines carry half of the input signal
from the power dividers to the A and B Trigger Selector
circuits. The inputs of the channel switches, U3 and U4 have
a 50-ohm input impedance, and terminate the transmission
lines.

B Trigger Channel Switch

Channel Switch U4 has two differential inputs and one
differential output. Control voltages at pins 1, 2,11, and 12
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Figure 4-18. Detailed block diagram of the Trigger Selector circuit.

determine whether the trigger input signals are coupled
through to the output or are terminated within the channel
switch. U2B and Q1 set the output dc common-mode volt-
age as sensed by L1-R22 and L2-R25 and is compared with
a reference voltage set by divider R23 and R24. If a higher
than normal common-mode dc voltage is sensed, the output
of U2B goes negative to lower the base voltage of Q1. This
reduces the current into pin 13A, causing the dc common
mode voltage at pin 3 and 13 to decrease. The actual voli-
ages required at pin 13A to establish the correct output dc
common-mode voltage varies with the setting of the VERTI-
CAL MODE switch.
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Each channel within U4 has an independent pair of con-
trol pins for channel selection. If the “ON” pin is more posi-
tive than the “OFF” pin, that channel is selected. All of the
“ON" pins are held at about +2.0 volts. The *OFF" pins are
either HI (+2.5 volts) or LO. The B Trigger Channel Switch
has four operating modes: Left, Right, Alt, and Add. In the
Left and Right modes, the Add logic level is HI (on pin CF);
the Right Logic Level (on pin CD) is LO for Left and is HI for
Right. In the ALT mode, Add is HI, and Right alternates
between LO and HI. In the ADD Mode, both Add and Right
are LO.




B Trigger Output Amplifier

The B Trigger Output Amplifier provides the internal trig-
ger signal to the B HORIZ compartment. Transistors Q5
and Q6 are connected as a paraphase amplifier. The B Trig-
ger Center adjustment R44 balances the emitter current of
Q5 and Q6 for equal dc output levels. B Trigger Gain adjust-
ment R41 sets the emitter degeneration of Q5 and Q6 to
adjust the gain of the B Trigger Output Amplifier. Compo-
nents C4 and R99 are selected for optimum amplifier band-
width. The output impedance of this stage is 100 ohms
differentially, determined primarily by R48 and R50.

Vertical Signal Out Amplifier

The Vertical Signal Out Amplifier provides the signal to
the VERT SIG OUT connector on the rear panel. Transis-
tors Q3 and Q4 are connected as a push-pull to single-
phase convertor. DC Center adjustment R28 sets the
emitter current of Q3 and Q4 which determines the quies-
cent dc output voltage at J549. The source of the output
signal is determined by the B TRIGGER SOURCE switch
and the VERTICAL MODE switch.

VERTICAL INTERFACE
Diagram 7

The Vertical Interface circuit selects the vertical de-
flection signal for display on the crt from the output of the
LEFT and/or RIGHT VERT plug-in compartment(s). Figure
4-19 shows a detailed block diagram of the Vertical Inter-
face circuit. A schematic of the Vertical Interface circuit is
given on diagram 7 at the rear of this manual.

Vertical Channel Selector

The Vertical Channel Selector interfaces Channel Switch
U668 to logic signals from the Main Interface. The Channel
Switch stage requires two pairs of complementing control
voltages; one pair for each channel. To select a channel, a
HI level must be applied to the “ON” input of U668 (pin 2 for
LEFT and pin 12 for RIGHT VERTICAL MODE switch posi-
tions) and a LO level must appear at the “OFF” input (pin 1
for LEFT and pin 11 for RIGHT VERTICAL MODE switch
positions). To inhibit a channel the control voltages are
reversed.

When the VERTICAL MODE switch is set to LEFT, the
Display Right command from the Main Interface is set LO,
the Add line is LO and, normally, X-Y inhibit is LO. Transis-
tors Q652, Q658, and Q558 are turned on; Q656 and Q556
are off. The result is pins 1 and 12 of U668 are pulled LO but
pins 2 and 11 are HI. Consequently, the LEFT VERT chan-
nel is turned on while the RIGHT VERT channel is turned
off. Signals applied at J602 and J603 are fed to the outputs
at J592 and J694. Similarly, if Display Right is HI, the RIGHT
VERT channel is turned on and LEFT VERT channel off.
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RIGHT VERT channel signals are fed to the outputs and
LEFT VERT channel signals are terminated within U668.

When the VERTICAL MODE switch is set to either ALT
or CHOP, the Display Right signal line switches between the
LO and HI levels at a rate determined by either the Chop
Counter or Vertical Binary stages (see Logic circuit descrip-
tion). This action displays the signal from the LEFT VERT
unit when the Display Right signal line is LO and displays
the signal from the RIGHT VERT unit when the signal line is
HI.

When ADD vertical mode operation is selected the Add
signal line is HI, and the Display Right signal is LO. This
aliows both the RIGHT VERT and LEFT VERT signals to
pass to U668. The signals from both vertical units are alge-
braically added in U668 and the resultant signal determines
the vertical deflection.

The X-Y inhibit command has absolute control over the
output of the Channel Switch stage. Quiescently, this signal
is LO; however, when the Readout System is ready to dis-
play information on the crt, this level goes HI, blocking the
signals from both vertical units.

When X-Y Inhibit is HI, Q652 is turned off. Current in
R653 now flows through CR552 and CR654 lowering the
base voitage of Q556 by one diode drop, and that of Q658
by two diode drops. This insures that Q558 and Q656 are
turned on regardiess of the state of Display Right or Add.

Right And Left Channel Feedbeside

Operation of the Left and Right Channel Feedbeside
stages are identical. Circuit numbers used in this discussion
are for the Right Channel Feedbeside.

Function of the Feedbeside stage is to compensate for
low-frequency imperfections in the frequency response of
the Channel Switch stage, U668. Self heating of the transis-
tor base-emitter junction of some transistors within U668
causes the low-frequency gain to appear larger than the
midband gain. To correct this, a portion of the input signal is
picked off through R502 and R504 and applied to U508.
This differential signal is converted to a single-ended signal
and distributed into four RC (resistive-capacitative) net-
works, each having a different time constant. Variable com-
ponents R512, R515, R520, R525, R530, and C538 are
adjusted to provide an accumulated waveform. This wave-
form is converted to a paraphase signal by U538, Q542, and
Q548, and is then injected into U668 through pins 4 and 6,
where it is subtracted from the signal entering U668 at pins
7 and 9. Proper adjustment results in flat-frequency re-
sponse and optimum-transient response at output pins 3
and 13. Right Center adjustment R535 sets the level at pin 2
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Figure 4-19. Detailed block diagram of Vertical Interface circuit.

of U538 to determine the dc centering at the output of
U668.

Vertical Channel Switch

The vertical defiection signal from the left and right verti-
cal plug-in units is either terminated within this stage or cou-
pled through as determined by the Vertical Channel Selector
stage. The Vertical Channel Switch stage is made up pri-
marily of integrated circuit U668. Inputs 7 and 9 provide a
differential input for the signal from the right vertical plug-in
unit. Input pins 17 and 19 provide a differential input for the
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signal from the left vertical plug-in unit. The differential out-
put signal at pins 3 and 13 is connected to J694 and J592
respectively.

Components U672, Q672, Q676, and Q682 supply
standing current to pin 3A of U668 to maintain the output
common-mode dc level at pins 3 and 13. The output com-
mon-mode level at pins 3 and 13 of U668 is sensed by
R559-R659, and compared with a reference level deter-
mined by divider R680-R681. Assume for example that pin 2
of U682 is lower than pin 3, indicating a low common-mode



output level at pins 3 and 13. The output of U682 at pin 6 is
driven positive and current flows in R683. This current must
be supplied from the +15 V supply via R682, thereby lower-
ing the base voltage of Q682 and increasing its collector
current. Common-base amplifier Q676 passes along the in-
creased collector current to pin 3A of U668. This increases
the output common-mode level, thus bringing U682 into bal-
ance. The actual voltage required at pin 3A of U668 to es-
tablish the correct output dc common-mode voltage
depends on the Vertical Channel Switch mode.

VERTICAL AMPLIFIER
Diagram 8

The Vertical Amplifier circuit provides final amplification
for the vertical signal received from delay-line DL5 before it
is applied to the crt vertical deflector. In addition, low-
frequency signals to provide the VERT TRACE SEPARA-
TION (B) function, crt scale factor readout, and the vertical
portion of the BEAMFINDER function are also handled in
the Vertical Amplifier. Figure 4-20 shows a detailed block
diagram of the Vertical Amplifier circuit. A schematic of the
Vertical Amplifier is given on diagram 8 at the rear of this
manual.

Delay-Line

Delay-line DL5 delays the vertical signal approximately
65 nanoseconds to allow the horizontal circuits time to initi-
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ate a sweep before the vertical signal reaches the crt verti-
cal deflection plates. This allows the instrument to display
the leading edge of the signal originating the trigger pulse
when using internal triggering. The delay-line impedance is
100 ohms differentially, and because it is coaxial, does not
produce preshoot or phase distortion in the crt display.

Delay-Line Compensation

The Delay-Line Compensation stage provides frequency
compensation to offset delay line losses due to “skin-effect”
in the cable. This compensation is achieved by attenuating
the signal at low frequencies approximately 4.8 dB. At high
frequencies (about 1.0 gigahertz) the signal passes with little
attenuation. Transient response front-corner adjustment is
achieved by C215, L100, and R215. The components con-
necting the input signal to U415 provide forward termination
of the delay-line.

Feedbeside

The Feedbeside stage compensates for low-frequency
imperfections in the frequency response of the Output Am-
plifier stage, U415 and U515. Self heating of the transistor
base-emitter junction of some transistors within U415 and
U515 causes the low-frequency gain to appear larger than
the midband gain. To correct this, a portion of the input
signal is picked off via the Delay-Line Compensation stage
and applied to U335. The paraphase signal is converted to a
single-ended signal by U335 and distributed into six RC (re-
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Figure 4-20. Detailed block diagram of the Vertical Amplifier circuit.
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sistive capacitive) networks, each having a different time
constant. Resistors R130, R131, R132, R237, R238, R335,
and C200 are adjusted to provide an accumulated wave-
form. This waveform is converted to a paraphase signal by
U100, Q303, and Q400, and is then injected into U415
through Pins 1 and 5 where it is subtracted from the signal
entering U415 at pins 7 and 9. Proper adjustment of the RC
components results in a flat-frequency response and opti-
mum-transient response at the output of U415 (pins 17 and
19).

Diodes CR333 and CR334 improve the vertical amplifier
overdrive recovery by limiting the amplitude of the feed-
beside correction signals that exceed the dynamic range of
the Output Amplifier. Thermistor RT303 varies the gain of
the feedbeside ampilifier to provide increased correction at
high ambient temperature where transistor self-heating is
aggravated.

Output Amplifier

The Output Amplifier consists of two thin-film Hybrid
wideband amplifiers, U415 and U515, and their associated
bias circuitry. These amplifiers provide a voltage gain of 4
and 10 respectively resulting in an overall voltage gain from
J9 and J10 to the crt vertical deflector of about 40. All signal
path interconnections between and within hybrids are made
with 50-ohm strip transmission lines via the HYPCON
system.

Integrated circuit U415 receives the delayed and com-
pensated signal from the delay-line compensation stage at
input pins 7 and 9. Variable resistor R211 provides vertical
amplifier gain adjustment by shunting the differential signal.
Trimmers C401, R404, and R405 are transient response ad-
justments, effective in the first 10 nanoseconds of the step
response. Bias current for U415 is supplied by U700B.
U700A and associated circuitry operate as a power supply
to maintain a constant common-mode dc level at the input
to U515 regardless of current demand from U415.

When the BEAMFINDER switch (on diagram 15) is de-
pressed, the current source for U515 is changed to provide
the BEAMFINDER function. Normally, the current source for
U515 is directly from ground through the BEAMFINDER
switch. However, when the BEAMFINDER switch is actu-
ated, the only current source for U515 is through R712. This
limits the dynamic range of the stage by limiting its available
current, so the display is compressed vertically within the crt
graticule area.

The signal at the output of U515 (pins 17 and 19) is con-
nected, via a flexible coplaner transmission line, to the crt
vertical deflection plate neck pins. A distributed deflection
plate system is used in the crt for maximum bandwidth. The
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signal travels along the deflectors at a velocity essentially
the same as the velocity of the clectron beam passing
through the vertical deflector. This synchronism of the de-
flection signal and the electron beam reduces the loss in
high-frequency sensitivity due to electron-transit time
through the deflection plate structure. After propagating
along the deflection plates, the signal exits the crt into a
termination network consisting of R83. R83 is adjustable to
match the crt impedance deflection structure to the crt
termination.

Output Protection

Transistors Q720 and Q722 comprise a protection circuit
for U515 in case the + 15 volt supply is shorted to ground. If
this occurs, Q722 turns on causing the base of Q720 to
drop negative, limiting the emitter voltage of Q720 at a safe
level for U515.

Auxiliary Amplifier

The Auxiliary Amplifier is used to inject low-frequency
(less than 2 MHz) signals, associated with crt scale-factor
readout and alternate sweep switching, into the vertical de-
flection system. Normally, the X-Y Inhibit signal at J26 is LO,
Q541 and Q630 are off, and Q631 is on. The Vertical Trace
Separation signal at J43 is coupled through Q631 to the
input of paraphase amplifier Q530 and Q435. Transistors
Q430 and Q431 form a shunt-feedback amplifier with suffi-
cient gain to drive the inputs of U415 (pins 7 and 9).

When the Readout System initiates a character display,
it sets the X-Y Inhibit logic level HI. Emitter follower Q540
turns Q541 on. The voltage on the collector of Q541 drops
to zero which turns Q631 off and turns Q630 on. The Verti-
cal Trace Separation signal is then blocked by Q631. Y
Readout signals are inverted by U630 and coupled through
Q630 to paraphrase amplifier Q530 and Q435. Readout
centering is added to the composite readout signal from
R737. At the end of the character display period, X-Y inhibit
returns LO.

In the reduced scan mode the X-Y Reduced Scan input
to the gate of Q740 goes HI. Q740 turns off taking R633 out
of the circuit. R634, without the parallel resistance of R633,
reduces the Y readout drive to pin 2 of U630 resulting in
smaller readout characters on the crt in the reduced scan
mode.

HORIZONTAL INTERFACE
Diagram 9
The Horizontal Channel Switch circuit determines

whether the signal from the output of the A horizontal or B
horizontal plug-in unit provides the horizontal deflection sig-



nal. This circuit also accepts an input from the Readout Sys-
tem (diagram 6) which blocks the horizontal signal while the
readout display is presented on the crt. Figure 4-21 shows a
detailed block diagram of the Horizontal Interface circuit. A
schematic of the Horizontal Interface circuit is given on dia-
gram 9 at the rear of this manual.

Horizontal Channel Switch

The Horizontal Channel Switch operates as a switched
amplifier and consists primarily of U884. The differential hor-
izontal signal from the A HORIZ plug-in compartment is ap-
plied to pins 2 and 15. The differential horizontal signal from
the B HORIZ plug-in compartment is applied to pins 7 and
10. The Display B control signa! determines whether the A
or B horizontal signal is coupled to output pins 12 and 13.

When the HORIZONTAL MODE switch is set to A the
Display B signal, applied to pin 4 of U884 through S865, is
LO. This level allows the signal from the A horizontal unit to
pass to the output while the signal from the B horizontal unit
is blocked. In the B position of the HORIZONTAL MODE
switch, the level at pin 4 of U884 is HI. Now, the signal from
the B horizontal unit is connected to the output while the
signal from the A horizontal unit is blocked. When the HORI-
ZONTAL MODE switch is set to ALT or CHOP, the Display
B signal at pin 4 of U884 switches between the HI and LO
levels at a rate determined by the Horizontal Binary stage in
the Logic circuit. This action allows the signals from the A
horizontal unit to be displayed when the Display B signal is
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LO and the signal from the B horizontal unit to be displayed
when it is HI.

Horizontal Selector switch S865 selects the horizontal
compartment that provides horizontal deflection. In the
Norm position, horizontal deflection is determined by the
HORIZONTAL MODE switch as described above. In the A
position, the A horizontal compartment provides horizontal
deflection regardless of the HORIZONTAL MODE switch
setting. Likewise, the B horizontal compartment is selected
in the B position.

The X-Y Inhibit signal from the Readout System, diagram
6, applied to pin 6 of U884 has absolute control over the
Horizontal Channel Switch stage. Quiescently, this signal is
LO to allow the signal from the selected horizontal unit to
pass to the output. However, when the Readout System
displays information on the crt, this signal goes HI to block
the signals from both horizontal compartments.

B Horizontal X-Y Delay Compensation

The Horizontal Interface circuit includes the X-Y Com-
pensation network (Option 2 only). This network provides a
delay for the horizontal (X) signal from the B HORIZ plug-in
compartment to match the delay of the vertical (Y) signal
due to the delay line. For instruments which are not
equipped with this feature, the B horizontal signal from the
B HORIZ plug-in compartment is connected directly to the
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Figure 4-21. Detailed block diagram of the Horizontal Interface circuit.

4-35



Theory of Operation—7934 Service

Horizontal channel Switch U884 through the Horizontal In-
terconnect board.

Time-Base Operation. When the plug-in unit installed in
the B HORIZ compartment is operated as a standard time-
base unit to produce a horizontal sweep for deflection of the
crt beam, the B Delay Compensation network is effectively
disabled. The X-Y Compensation command, applied to pin
BY, is HI and relays K822-K838 are not actuated. Therefore,
the relay contacts remain in the normally-closed position so
the horizontal signal passes directly through this network to
the Horizontal Channel Switch.

X-Y Operation. If the time-base unit installed in the B
HORIZ compartment is operated as an amplifier, or if an
amplifier unit is installed in the B HORIZ compartment, the
X-Y Compensation command to the B Delay Compensation
network drops to the LO level. This actuates relays K822-
K838 to connect the B Delay Compensation network into
the circuit.

HORIZONTAL AMPLIFIER
Diagram 10

The Horizontal Amplifier circuit amplifies the push-pull
horizontal deflection signal from the plug-in unit installed in
either horizontal compartment and connects it to the hori-
zontal deflection plates of the crt. Figure 4-22 shows a de-
tailed block diagram of the Horizontal Ampilifier circuit. A
schematic of the Horizontal Amplifier is given on diagram 10
at the rear of this manual.

Input Amplifier

The Input Amplifier stage consists of an FT doubler,
Beamfinder, and readout positioning circuitry. Two differen-
tial pairs of transistors, Q3 - Q4 and Q5 - Q6, plus two
common-base amplifiers, Q9 - Q10, comprise the FT dou-
bler. The signal from the Horizontal Interface circuit is con-
nected to the bases of Q3 and Q6. The gain of this input
stage is controlled by the emitter resistors of the differential
pairs. Overall gain is set by Horizontal Gain adjustment R22.
High frequency adjustments are also provided in the dif-
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Figure 4-22. Detailed block diagram of the Horizontal Amplifier circuit.




ferential pair emitters by R15-C1 and R25-C5. Horizontal
Center adjustment R8 balances the base currents of Q3 and
Q6 to horizontally center the display.

Beamfinder Network

Emitter current for the differential pairs is normally sup-
plied through Q8 and the BEAMFINDER switch (see dia-
gram 15). However, when the BEAMFINDER switch is
pressed, Q8 turns off limiting the emitter current to Q3 - Q4
and Q5 - Q6. This reduces the dynamic range of the dif-
ferential pairs to keep the horizontal display confined to the
screen. When Q8 turns off, Q7 is turned on to maintain the
bias current for Q11 and Q13 at nearly the normal level even
though the output current from the differential pairs is
reduced.

Auxiliary Amplifier

When readout is to be displayed, the X-Y Inhibit signal
turns Q1 on. Readout Centering adjustment R13 balances
the base current of Q3 and Q6 to position the readout dis-
play horizontally. The X readout signal is connected to the
base of Q6 through Q2. The normal horizontal signal is
blocked in the Horizontal Interface circuit.

In the reduced scan mode the X-Y Reduced Scan input
to the gate of Q2 goes HlI, turning it off. R34 reduces the X
readout drive to Q6, resulting in smaller readout characters
on the crt in the reduced scan mode.

Left and Right Driver Amplifier

The Left and Right driver Amplifiers each consist of an
operational amplifier to drive their respective output ampli-
fier stages. Transistors Q13 and Q14 comprise the opera-
tional ampilifier for the Left Driver Amplifier. Transistors Q11
and Q12 comprise the operational amplifier for the Right
Driver Amplifier. To prevent the Left Output Amplifier from
being overdriven, signal limiting occurs in the Left Driver
Amplifier when the collector of Q13 is driven far enough
negative for CR1 and CR2 to become forward biased. As
CR1 and CR2 conduct, the effective gain of the stage is
greatly reduced, and in turn, the drive to the Left Driver
Amplifier. Similarly, to prevent the Right Output Ampilifier
from being overdriven, signal limiting occurs in the Right
Driver Amplifier when the collector of Q11 is driven far
enough positive for CR4 and CR5 to become forward bi-
ased. As CR4 and CRS5 conduct the gain of the stage is
greatly reduced, and in turn, the drive to the Right Output
Amplifier is reduced.

Left and Right Output Amplifier

The Left Output Amplifier consists of a mid-frequency
operational amplifier paralleled by a high-frequency signal
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path. The network of R68, R69, C13, and C14 comprise the
input impedance, while R73 and C41 comprise feedback im-
pedance for the operational amplifier. High-frequency com-
ponents of the horizontal signal are amplified by Q22 and
coupled directly to the common-base output transistor Q24
through C25. High-frequency compensation is provided by
C14, C24, and R86.

Basic operation of the Right Output Amplifier is the same
as just described for the Left Output Amplifier.

OUTPUT SIGNALS
Diagram 11

The Output Signals circuit provides the +SAWTOOTH
OUT and +GATE OUT signal to the rear panel. These out-
put signals are samples of signals from the associated plug-
in units. Figure 4-23 shows a detailed block diagram of the
Output Signals circuit. A schematic of the Output Signals
circuit is given on diagram 11 at the rear of this manual.

Sawtooth Out Amplifier

The sawtooth signals from the A and B time-base units
are connected to the Sawtooth Ampilifier stage through se-
ries resistors R192 and R193 respectively (see diagram 3).
Sweep Selector jumper S3 determines whether the A-
sweep or the B-sweep sawtooth signal provides the
+SAWTOOTH OUT signal. The unused sawtooth signal is
terminated by R3.

Transistors Q10-Q11-Q17 compose an inverting feed-
back ampilifier. The gain of the stage is about two, as deter-
mined by the ratio of feedback resistor R16 to the input
resistance (made up of R9 and either R192 or R193 depend-
ing on which sawtooth source is selected). RC network
R17-C17 provides frequency-response stabilization for this
stage.

Gate Out Amplifier

The +GATE OUT signal is selected from three input gate
signals by Gate Selector jumper S46. In the A and B posi-
tions a positive gate signal from the selected horizontal
compartment is connected to the base of Q62, and the base
of Q49 is connected to ground. Before a gate occurs, Q62 is
biased off and Q49 is conducting. The collector of Q49 is
low enough to cut off Q77. When a gate occurs, it is coupled
to the emitter of Q49, cutting it off. The current through R49
now flows through Q77 to produce the +GATE OUT.

In the DLY'D position, the base of Q62 is connected to
ground and the base of Q489 is ungrounded. This allows the
negative-going Delayed Gate signal from a delaying time-
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Figure 4-23. Detailed block diagram of the Output Signals circuit.

base unit to reach the base of Q49. When a gate occurs,
Q49 is cut off, producing a positive-going signal at the
+GATE OUT connector, as in the case of the A and B
Sweep Gates.

Probe Power

Connectors J30 and J33 provide power for compatible
active probes.

READOUT SYSTEM
Diagram 6

The Readout System provides an alpha-numeric 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 with the analog waveform display. A
schematic of the Readout System is given on diagram 6 at
the rear of this manual.

The following terms are used to describe the Readout
System:

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

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

Frame — A display of all words for a given operating
mode and plug-in combination. Up to eight words can be
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displayed in one frame. Figure 4-24 shows the position of
each word in a complete frame.

LEFT VERT RIGHT VERT A HORIZ B HORIZ
CHANNEL 1 CHANNEL 1 CHANNEL 1 CHANNEL 1
[
m. .
|
“ -
- $
E { + ]
0 T 1
| I
.
1 4
| i |
LEFT VERT RIGHT VERT A HORIZ B HORIZ
CHANNEL 2 CHANNEL 2 CHANNEL 2 CHANNEL 2
19874

Figure 4-24. Location of readout display on the crt identifying
the originating plug-in and channel.

Column — One of the vertical lines in the Character Se-
lection Matrix (see Figure 4-25). Columns C-0 (column
zero) through C-10 (column 10) can be addressed by the
system.
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Figure 4.25. Character selection matrix for 7934 Readout System.
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Row — One of the horizontal lines in the Character Se-
lection 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 be-
tween 1 and 10. For example, the first time-slot is TS-1.

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

Hexidecimal — The hexidecimal numbering system
uses the numerals 0 through 9 and the letters A through
F to represent the 16 possible combinations of four bi-
nary 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 (BCD) — The Binary-Coded
Decimal system uses 10 unigue combinations of four bi-
nary digits to represent the decimal numbers 0 through 9.

Display Format

Up to eight words of readout information can be dis-
played on the crt. The position of each word is fixed and is
directly related to the plug-in unit from which it originated.
Figure 4-24 shows the area of the graticule where the read-
out 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. Figure 4-26 shows a typical display where
only Channel 2 of the Right Vertical and B Horizontal units is
selected for display.
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Figure 4-26. Typical readout display where only Channel 2 of
the Right Vertical and B Horizontal units is displayed.
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Each word in the readout display can contain up to 10
characters, although the typical display will contain between
two and seven characters per word. The characters are se-
lected from the Character Selection Matrix shown in Figure
4-25. In addition, 13 operational addresses are provided for
special instructions to the Readout System. The unused lo-
cations in the Matrix (shaded area) are available for future
expansion of the Readout System. The method of address-
ing the locations in the Character Selection Matrix is de-
scribed 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 operation is given later. Fig-
ure 4-27 shows a detailed block diagram of the Readout
System.

The key block in the Readout System is the Timer stage.
This stage produces the basic signals that establish the tim-
ing sequences within the Readout System. The period of the
timing signal is about 250 microseconds (drops to about 210
microseconds when Display-Skip is received; see detailed
description of Timer stage for further information). This
stage also produces control signals for other stages within
this circuit and interrupt signals to the Vertical Amplifier,
Horizontal Amplifier, and Logic circuits, which allow a read-
out 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 plug-in
compartments as well as to various stages within the Read-
out System. The output lines are energized sequentially, so
there is a pulse on only one of the ten lines during any 250-
microsecond timing period. After the Time-Slot Counter
stage has counted time-slot 10, it produces an End-of-Word
pulse which advances the system to the next channel.

Two output lines (row and column) are connected from
each channel of the plug-in unit back to the Readout Sys-
tem. Data is typically encoded on these output lines by con-
necting resistors between them and the time-slot input lines.
The resultant output is a sequence of 10 analog current
levels that range from 0 to 1 milliamp (100 microamps/step)
on the row and column output lines. This row and column
corresponds to the row and column of the Character Selec-
tion Matrix in Figure 4-25. The standard format for encoding
information onto the output lines is given in Table 4-2. (Spe-
cial-purpose plug-in units may have their own format for
readout; these special formats will be defined in the manuals
for these units.)
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Table 4-2
STANDARD READOUT FORMAT

Time-Slot Number Description

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

TS-2 Indicates normal or inverted input (no display during this time-slot).

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

TS-4 Scaling.

T8-5 Not encoded by plug-in unit. Left blank to allow addition of zeros by Readout System.

TS-6

TS-7

TS-8 Defines the prefix which modifies the units of measurement.

TS-9 Defines the units of measurement of the plug-in unit. May be standard unit of measure-

TS-10 ment (V, A, S, etc.) or special units selected from the Character Selection Matrix.

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

The time-multiplexed output of the Column Data Switch
is monitored by the Display-Skip Generator to determine if it
represents valid information that should be displayed.
Whenever information is not encoded in a time-slot, the Dis-
play-Skip Generator produces an output level to prevent the
Timer stage from producing the control signals that normally
interrupt the crt display and present a character.

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 out-
put 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) corresponding to the encoded column informa-
tion. Likewise, the outputs of the Row Decoder stage are
identified as R-1 through R-10 (row 1 through 10) cor-
responding to the encoded row information. The row and
column outputs are then converted to binary coded decimal
(BCD) and used to address memory locations within the
Character Generator. These outputs are also used at other
points within the system to indicate when certain informa-
tion 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 5,
6, or 8. After storing this information, it triggers the Display-
Skip Generator stage so there is no display during time-slot
1 (as defined by Standard Readout Format; see Table 4-2).
When time-slots 5, 6, and 8 occur, the memory is addressed
and any information stored there during time-slot 1 is trans-
ferred to the input of the Column Decoder stage to modify
the analog data during the applicable time-siot.

Another operation of the Zeros Logic and Memory stage
is to produce the Identify function. When time-slot 1 is en-
coded 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 connects 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 “IDEN-
TIFY" on the crt. The Zeros Logic and Memory stage is
reset after each word by the End-of-Word pulse.

Each character displayed on the crt consists of a series
of connected points within an 8-point by 8-point grid. The
Character Generator contains grid locations of the points
required to create any of the 50 possible characters shown
in the Character Selection Matrix of Figure 4-25. The row
and column data encoded during a time-slot 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 combined with the address created by
the row and column data to provide the other grid points
necessary to complete the character.
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Figure 4-27a. Detailed block diagram of the Readout System.
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Figure 4-27b. Detailed biock diagram of the Readout System.
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Only one character is addressable in any one time-slot or
a space can be added into the displayed word by the Hori-
zontal Character Position Counter stage, when encoded by
the plug-in. The latter stage counts the number of charac-
ters generated and produces an output current to step the
display one character position to the right for each charac-
ter. In addition, the character position is advanced once dur-
ing 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 regardless of the information en-
coded in time-slot 1, 2, or 3 preceding this digit. Also, by
encoding row 10 and column 0 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 the appropri-
ate row and column (see Character Selection Matrix for lo-
cation of decimal points). The Horizontal Position Counter
stage is reset after each word by the Word Trigger pulse.

The Character Generator’s binary output is shaped by
the X and Y Vector Generators into the appropriate X- and
Y-axis signals to create characters. The Vector Generator
outputs are amplified by the X and Y Output Amplifiers for
use by the 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 Figure 4-24). The character positioning cur-
rent or decimal positioning current generated by the Hori-
zontal Position Counter or Decimal Point Logic stages is
added to the X (horizontal) signal at the input to the X Out-
put Amplifier, providing horizontal positioning of the charac-
ters 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 plug-in. This 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 Data
Switch stage.

The following discussion describes the operation of the
various circuits in the Readout System in more detail.

Timer

Timer stage U3426 establishes the timing sequence for
all circuits within the Readout System. This stage produces
six time-related output waveforms (see Figure 4-28). The
triangie 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 net-
work R3435 and C3435 at pin 6. The triangle waveform is
clipped and amplified by U3426 to form the trapezoidal out-
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put signal at pin 10. The amplitude of this output signal is
exactly 15 volts as determined by U3426 (precise 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.
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Figure 4-28. Output waveforms of the Timer stage.



The signals at pins 12, 13, and 14 are produced only
when the triangle waveform is on its negative slope and the
trapezoidal waveform has reached the lower level. The tim-
ing sequence of these waveforms is important to the opera-
tion of the Readout System (see expanded waveforms in
Figure 4-29). The Z-Axis Inhibit command at pin 14 is pro-
duced first. This negative-going signal provides a blanking
pulse to the Z-Axis Logic stage (see diagram 4) to blank the
crt before the display is switched to the Readout System. It
also produces the strobe pulse through Q3438 and CR3439
which is connected to pin 15 of the Zeros Logic and Memory
stage U3532.
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Figure 4-29. Detail of output at pins 12, 13, and 14 of U3426.

The purpose of this configuration is to prevent the Zeros
Logic and Memory stage from storing incorrect data during
the quiescent period of the strobe pulse. When the strobe
pulse goes positive, CR3439 is reverse biased to disconnect
Q3438 and allow U3532 to operate in the normal manner.

The next signal to be produced is the X-Y Inhibit Com-
mand at pin 13. This positive-going signal disconnects the
plug-in signals from the vertical and horizontal deflection
systems. The Ready signal is also derived from this output
and connected to Character Generator stage U3502B
through Q3442 and the two Output Amplifier stages
through U3457B and Q3550.
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The Readout Intensity output at pin 12 is produced next.
This current is connected to the crt circuit through Q3452 to
unblank it to the intensity level determined by the voltage on
the Readout Intensity 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 characters of each word (80 characters total) are dis-
played on the crt. Under typical conditions, only a few char-
acters are displayed in each word. The Display-Skip level at
pin 4 determines the period of the Timer output signal.
When a character is to be generated, pin 4 is LO and the
circuit operates as just described. However, when a charac-
ter is not to be displayed, a Hl level is applied to pin 4 of
U3426 through CR3425 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 4-30 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 inter-
rupted 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 Readout
Gate level at pin 2. If this level is LO, the Timer operates as
just described. However, if the Readout Gate sets a Hl level
at this pin, the Timer stage is locked out and can not pro-
duce any output signals (see Readout Gate description 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 pro-
vides 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 U3426 is inter-
rupted, and at the same time, a positive voltage is applied to
pin 4 through CR3424. This positive voltage switches the
stage to the same conditions as were present under the
Display-Skip condition. Therefore, the crt display is not in-
terrupted to present characters. However, time-slot pulses
continue to be generated.

Time-Slot Counter

Time-Slot Counter U3459 is a sequential switch which
directs the trapezoidal waveform input at pin 8 to one of its
10 output lines. These time-slot pulses are used to interro-
gate the plug-in units to obtain data for the Readout Sys-
tem. The Trigger pulse at pin 15 switches the Time-Slot

445
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Figure 4-30. Timer stage operation when display-skip condition
occurs.

Counter to the next output line, causing the output signal to
be sequenced consecutively from time-slot 1 through time-
slot 10. Figure 4-31 shows the time relationship of the time-
slot pulses. Notice that only one line carries a time-slot pulse
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at any given time. When time-slot 10 is completed, a nega-
tive-going End-of-Word pulse is produced at pin 2. The knd-
of-Word pulse provides a drive pulse for Word Trigger stage
U3427B 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-Siot Counter. When
this pin is LO, the Time-Slot Counter resets to time-slot 1.

Word Trigger

Word Trigger U3427B is a single-shot multivibrator that
provides a reset pulse for Horizontal Position Counter
U3502A. The negative-going End-of-Word pulse from pin 2
of U3459 triggers the single shot and causes its output at
pin 11 to go HI.

Channel Counter

Channel Counter U3427A is a binary counter that pro-
duces the Channel Address Code for the Column and Row
Data Switches and the Output Amplifier stage. This code
instructs these stages to sequentially select and display the
eight channels of data from the plug-ins.

Readout Gate

The Readout Gate stage allows a single readout frame
(eight 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. U3420A
and U3420B are connected to form a bistable flip-flop. For
free-run operation, pin 2 of U3420A is held HI. This acti-
vates U3420A and results in a LO output level at pin 1,
enabling the Timer stage to operate in a free-running
manner.

The output of the Readout Gate stage remains LO to
allow Timer U3426 to operate in the free-running mode until
a LO is received at pin 2 of U3420A. When this occurs, the
output level at pin 1 of U3420A does not change immedi-
ately. However, the Readout Gate stage is now enabled.

If the Channel Counter has not completed word 8, the
Readout System continues to operate in the normal man-
ner. When word 8 is completed, the negative-going End-of-
Frame pulse is produced at pin 5 of U3427A as the Channel
Counter shifts to the code necessary to display word 1. This
pulse is applied to pin 8 of U3420C, which produces a HI at
pin 6 of U3420B because of the momentary LO at pin 9. The
HI at pin 6 produces a LO at pin 4, which causes pin 3 of
U3420A to go LO. Because pin 2 is already LO, pin 1 goes
HI. This disables the Timer stage so it operates in the Dis-
play-Skip mode.
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Figure 4-31. Time relationship of the time-siot (TS) pulses pro-
duced by U3459.
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The Readout Gate stage remains in this condition until a
positive-going trigger pulse is applied to pin 2 of U3420A.
This trigger pulse produces a LO at pin 1 of U3420A to
enable U3426 and disable U3420B. Now, the Timer stage
can operate in the normal manner for another complete
frame. When word 8 is completed, the Channel Counter pro-
duces 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 (current level) code. The
characters that can be selected by the encoded data are
shown on the Character Selection Matrix (see Figure 4-25).
Each character or special function requires two currents to
define it (except Jump, which requires only one). These cur-
rents are identified as the column current and the row cur-
rent, corresponding to the column and row of the matrix.
The column and row data is encoded by programming in the
plug-in units.

Figure 4-32 shows a typical encoding scheme using re-
sistors for a voltage-sensing amplifier plug-in unit. Notice
that the 10 time-siot pulses produced by the Time-Siot
Counter stage are connected to the plug-in unit. However,
time-slots 5, 6, and 10 are not used by the plug-in unit to
encode data when using the Standard Readout Format (see
Table 4-2). 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 example, in Figure 4-32 resistors R10 though R90
control the row analog data, which is connected back to the
Readout System. Figure 4-33 shows an idealized output
current waveform of row analog data, which results from
the time-slot pulses. Each of the row-current levels shown in
these waveforms correspond to 100 microamps of current.
The row numbers on the left-hand side of the waveform
correspond to the rows in the Character Selection Matrix
(see Figure 4-25). 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. These 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
4.32 indicates a 100 microvolt sensitivity with the crt display
showing inverted and calibrated deflection factors. This re-
sults in the idealized output current waveform shown in Fig-
ure 4-33B at the column analog data output, terminal A37 of
the plug-in interfaco.
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Figure 4-32, Typical encoding scheme for voltage-sensing plug-in unit. Coding shown for deflection factor of 100 microvolts.

Resistor R111, connected between time-slot 1 and the
column analog data output, encodes two units of current
during time-slot 1. Referring to the Character Selection Ma-
trix (Figure 4-25), 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 time slot 3
(see Display-Skip Generator for further information).
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During time slot 4, two units of column current are en-
coded by R140. There is no row current encoded during this
time slot; this results in the numeral 1 being displayed on the
crt. Neither row nor column analog data is encoded during
time-slots 5, 6, and 7 as defined by the Standard Readout
Format shown in Table 4-2. 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
micro prefix in the Character Selection Matrix (Figure 4-25).
The final data output is provided from time-slot 9 by R190
connected to the column output and R90 to the row output.
These resistors encode two units of column current and four
units of row current to cause a V (volts) to be displayed.
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Figure 4-33. Idealized current waveforms of; (A) Row analog
data and (B) Column analog data.

Time-slot 10 is not encoded, in accordance with the Stan-
dard Readout Format. The resultant crt readout will be 1
100 pV.

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 applicable
readout data as the operating conditions change. For exam-
ple, if the variable control of the plug-in unit was activated,
R130 would be connected between time-slot 3 and the col-
umn analog data output line. This encodes 10 units of col-
umn current (see shaded area in time-slot 3 of the waveform
shown in Figure 4-33). Since one unit of row current is also
encoded during this time-slot by R30, a > (greater than)
symbol is added to the display. The crt readout will now
show | >100 uV. In a similar manner, the other switches
can change the encoded data for the column output and
thereby change the readout display. See the descriptions
which follow for decoding this information.
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The column analog data encoded by most plug-in units
can be modified by attenuator probes connected to the input
connectors of amplifier 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-encoding
probes only). The probe contains a circuit that provides ad-
ditional column current. For example, if a 10X attenuator
probe is connected to a plug-in unit encoded for 100
microvolts as shown in Figure 4-32, an additional unit of
current is added to the column analog data during time-slot
1. Since two units of current were encoded by R111, this
additional current results in a total of three units of column
analog current during this time-slot. Referring to the Charac-
ter Selection Matrix (Figure 4-25), three units of column cur-
rent, along with the two units of row current encoded by
R10, indicates that the prefix should be shifted one column
to the left. Since this instruction occurs in the same time-slot
that previously indicated that two zeros should be added to
the display and only one instruction can be encoded during a
time-slot, the zeros do not appear in the display. The crt
readout will now be changed to 1 mV (readout program pro-
duced by plug-in same as for previous example).

Three other lines of information are connected from the
plug-in compartments to the Readout System. The column
and row analog data from channel 2 of a dual-channel plug-
in are connected to the Readout System through terminals
A38 and B38 of the plug-in interface, respectively. Force
readout information is encoded on terminal A35; the func-
tion 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 en-
coding data and circuitry is shown in the individual plug-in
unit manuals.

Column and Row Data Switches

The encoded 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
eight data sources (two channels from each of the four plug-
in compartments).

The Column Data Switch U3262 and the Row Data
Switch U3232 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 is the
source of the encoding data. These stages have nine inputs
and provide a time-multiplexed output at pin 7, which in-
cludes 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 (Column Data Switch only) comes from a
special data-encoding network composed of Resistors
R241 through R248 (see Zeros Logic and Memory descrip-
tion for further information on the ninth channel).
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In addition to the encoded data inputs from the plug-in
units, inputs are provided to the Column Data Switch from
the VERTICAL MODE and HORIZONTAL MODE switches
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; CR212 and CR213, CR214 and CR215, CR216 and
CR217, or CR218 and CR219. 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 though they do not produce a normal waveform dis-
play on the crt), a feature is provided to over-ride the chan-
nel 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.

Display-Skip Generator

The Display-Skip Generator is made up of Q3523,
Q3526, Q3527, and Q3529. This stage monitors the time-
muitiplexed 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 that should result in a crt display.
Quiescently, about 100 microamps of current flows through
R3542 from Q3543 and the Zeros Logic and Memory stage.
(The purpose of this quiescent current will be discussed in
connection with the Zeros Logic and Memory stage.) This
current biases Q3523A so that its base is more positive
than the base of Q3523B in the absence of column data.
Therefore, since Q3523A and Q3523B are connected as a
comparator, Q3523A remains on unless its base is pulled
more negative than the base of Q3523B.

The analog data output from the Column Data Switch
produces about a 0.5 volt change for each unit of column
current that has been encoded by the plug-in unit. Whenever
information appears at the output of the Column Data
Switch, the base of Q3523A is pulled more negative than
the base of Q3523B, resulting in a negative (LO) Display-
Skip output to the Timer stage through Q3529. Recall that a
LO was necessary at the skip input of the Timer so it could
perform the complete sequence necessary to display a char-
acter.

Transistors Q3526 and Q3527 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 during this time-slot. These transistors allow the Zeros
Logic and Memory stage to generate a Display-Skip signal
during time-slot 1 when information that is not to be dis-
played on the crt has been stored in memory. (Further in-
formation is given under Zeros Logic and Memory.)
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Column and Row Decoders

Column Decoder U3544 and Row Decoder U3485 sense
the magnitude of the analog voltages at their inputs (pin 10)
and produce a binary output on one of ten lines correspond-
ing 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 con-
verters to create the address used by the Character Gen-
erator in determining which character to display. The column
and row data is also used throughout the Readout System
to perform other functions.

The input current at pin 10 of the Column Decoder stage
is steered to only one of the ten Column Digital Data out-
puts. When a Display-Skip signal is present (collector of
Q3529 HI), pin 9 is pulled HI through CR3529. This ensures
that no current is connected to the Character Generator
stage under this condition. Notice that the corresponding
input on the Row Decoder is connected to ground and
causes only one of the ten row outputs to saturate to
ground.

Column Match adjustment R3543 and Row Match ad-
justment R3483 determine the input level to the Column De-
coder and Row Decoder respectively. This sets the output
for correct display of the readout characters.

Jump Detector

The network at the input of the Row Decoder, made up
of Q3481 and its associated components, is a Row-14 de-
tector that 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 14 (13 units of row
current or 1.3 miliamps) is encoded, the base of Q3481 is
pulled negative enough so that this transistor is forward bi-
ased to produce a LO Jump Command output at its emitter.
The Jump Command is connected to the set input of RS flip-
flop U3462B, whose reset input is connected to the Trigger
Signal from pin 5 of the Timer. When the Jump Command
and Trigger inputs are low, U3462B produces a LO output
to reset the Time-Slot Counter as well as advancing the
Horizontal Position Counter and the Channel Counter.
U3462B 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 U3532 stores data
encoded by the plug-in units to provide zeros-adding and
prefix-shifting logic for the Readout System. The Strobe
pulse at pin 15 goes positive when the data has stabilized
and can be inspected. This activates the Zeros Logic and
Memory stage so that it can store the encoded data.



Typical output waveforms for the five possible input con-
ditions that can occur are shown in Figure 4-34. 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-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 U3532.
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If data was encoded during time-slot 1, a negative-going
output is produced at pin 7 while the memories are being
set. This negative-going pulse is connected to the base of
Q3527 in the Display-Skip Generator to produce a Display-
Skip output. Since the information encoded during time-slot
1 was only provided to set the memories and not intended
to be displayed on the crt at this time, the Display-Skip out-
put prevents a readout display during this time-slot.

INPUT PIN OF U3532 ACTIVATED COMMAND TIMESLOTS
Siiglzieieinigi2 2
w w W (7]
IFIRIR IR RRIRIRIRIR
el bl Ll S el
1v [ .
T T T : . I 4
. 1 | ]
T T -1
| l
14 IDENTIFY ' i 1 | 1
r - + =+3V
1| i *
1 } } } | |
| { —{
L |
1] .,
1
- e ' |
A _ i i
12 ADD ONE * . ~+3V
ZERO _ | _ ¥ J
|
1 [ 1
g . .'
L el | | |
| I [ ‘
- | + C——
L] |
13 ADD TWO Tt i =43V
ZEROS [ :
T 3 g 1 e
1 ! (R Rar— —
| = { I . r
| )
. e << 43V
DECREASE ‘
10 PREFIX 1] T
I~ T t I 0T
| > | i |
| | [
;r | : f !
i .
DECREASE [ ‘ ‘
1 PREFIX AND S T - ~+3V
ADD ONE ZERO I \ ‘
! | 1 i
l "| | | ] = 1195-36

Figure 4-34. Typical output waveforms for Zeros Logic and Memory stage operation (at pin 7 of U3532).
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During time-slot 5, a memory within U3532 is interro-
gated. 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 Q3543 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 U3532 is
interrogated to see if another zero should be added. If an-
other zero is necessary, a second positive output is pro-
duced at pin 7, which again results in a column 1 output
from the Column Decoder and a second zero in the crt
display.

Finally, a third memory within U3532 is interrogated dur-
ing 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 sub-
tracts one unit of column current from the data at the input
to the Column Decoder. Notice on the Character Selection
Matrix (Figure 4-25) that when row 4 is programmed, a re-
duction of one column results in a one-column shift of the
prefix. For example, with the 100 uV program shown in Fig.
4-32, 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 microamps of quiescent current through R3542
provided by Q3543 (see Display-Skip Generator) allows the
prefix to be shifted from m (100 microamps of column cur-
rent, column 1) to no prefix (0 column current, column 0) so
only the unit of measurement encoded during time-slot 9 is
displayed. Notice that reducing the prefix program from col-
umn 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-slot 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 the identify input current through resistors
R241 to R248 for column data. Pin 10 of the Row Decimal-
to-BCD Converter is also enabled by the output at pin 1 of
U3532. This provides the addresses necessary to display
the word IDENTIFY in the word position allotted to the
channel that originated the Identify command. After comple-
tion 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
connected to pin 9 of U3532 through C3539. At the end of
each word of readout information, this pulse goes LO. This
erases the memories in the Zeros Logic and Memory in
preparation for the data to be received from the next
channel.
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Character Generator

Each character to be displayed on the crt consists of a
series of connecting points developed on a possible 8 x 8
point grid (see Figure 4-35). 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 con-
sists of an oscillator, the Lower Order Address Generator,
and an EPROM connected to a latch.

Q3451 and Q3452 form a square-wave oscillator whose
frequency is adjustable with C3455 to provide 16 cycles
within the time allotted for developing a character. The base
of Q3452 goes LO when the Timer produces a negative-
going Ready pulse at pin 13 (connected through Q3442,
U3457B, and CR3457). This starts the oscillator by turning
Q3452 on. The emitter of Q3451 becomes more negative as
C3454 and C3455 discharge through R3454. The capac-
itors continue to discharge until the emitter-base junction of
Q3451 becomes forward biased. Q3451 then begins to con-
duct and causes the oscillator to begin changing states. As
Q3451 conducts, the discharge through C3454 and C3455
stops and causes a collector current reduction in Q3452.
The current reduction causes the emitter and base of Q3452
to rise positive which pulls the emitter of Q3451 along with
them through C3454 and C3455. This positive shift on the
emitter of Q3451 turns it off. Now with C3451 conducting
and Q3452 turned off, the voltage on the emitter of Q3452
begins to go negative with C3454 and C3455 beginning to
charge through R3455. When the emitter-base junction of
Q3452 becomes forward biased, the oscillator again
changes states and completes one cycle.

The signal produced by the oscillator at the collector of
Q3452 switches Q3453 on and off to create the clock
pulses used by the Lower Order Address Generator and the
EPROM latch. The oscillator continues to run until the Timer
Ready signal goes positive and pulls up the base of Q3452.

The Lower Order Address Generator U3502B is a 4-bit
binary counter. The negative-going Timer Ready pulse, in-
verted by Q3442, resets U3502B at pin 12. The oscillator is
also enabled by the Ready signal and begins providing the
clock input at pin 13. The counter begins at count 0000 and
counts at the frequency of the oscillator, continuing to do so
until the Ready signal goes positive. The Lower Order Ad-
dress Generator's 4-bit output is connected to the four
lower order address inputs on Character Generator U3503.

U3504 is an octal D-type flip-flop used as a latch to stabi-
lize and synchronize the Character Generator EPROM out-
put. It is reset by the same signal that starts the oscillator
and is clocked at pin 11 by the oscillator output from Q3453.
U3504 will be considered part of the Character Generator in
the discussion that follows.
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Figure 4-35. Developing a typical character on the crt.

Character Generator U3503 is a 4k x 8-bit EPROM
which contains the binary words used by the output stages
to create the signals necessary to form readout characters.
There are 12 address inputs, with the lower four coming
from_Lower Order Address Generator U3502B, the center
four from Column Decimal-to-BCD Converter U3546, and
the upper four from Row Decimal-to-BCD Converter U3486.
As previously mentioned, each character is developed on an
8 x 8 point grid (see Figure 4-35 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 dis-
played. The Lower Order Address Generator is enabled and
also provides a 4-bit binary code. These 12 bits are com-
bined to form the EPROM address containing the 8-bit bi-
nary word which locates the instrument beam at the
character’s starting grid location.

The 8-bit word can be broken down into four parts. The
lower three bits are the horizontal grid coordinate, bits 4
through 6 are the vertical coordinate, bit 7 turns the Z-Axis
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Readout on and off, and bit 8 indicates whether or not the
characler is complete.

The character grid (Figure 4-35) 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 co-
ordinates. A binary *00001010” becomes octal “012". This
number causes the 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 Q3432 and disables
the Z-Axis 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 EPROM loca-
tions necessary to form the readout character.

Suppose the next address produces a Character Gen-
erator output of “01111010” or octal “172". The octal digit
“1" indicates binary bit 7 is high which turns on Q3432 and
enables the Z-Axis Readout output to the instrument. The
instrument now provides a trace from the previous vertical
and horizontal coordinates to the new ones, vertical “7" and
horizontal “2". Thus, the character is formed by a series of
binary words causing the crt beam to move or draw be-
tween points.

Horizontal Position Counter

Horizontal Position Counter U3502A is a 4-bit binary
counter. Its output is converted to current by R3566 through
R3569 and added to the X (horizontal) signal for spacing
readout characters horizontally on the crt. The counter is
reset to “0000" with a Word Trigger pulse from U3427B and
is advanced with inputs from two possible sources. The first
is a HI End-of-Character signal from pin 19 of U3504. The
counter can also be advanced when a Space instruction is
encoded by the plug-in unit to cause a space to be left be-
tween two characters on the crt. A Space instruction occurs
when row 10 from the Row Decoder goes LO and is in-
verted by U3457D to advance Horizontal Character Position
Counter U3502A. No character is displayed in this situation
as no character information is stored at the Character Gen-
erator addresses formed using row 10.

Time-slots 1, 2, and 3 are also connected to the Space
instruction through VR3485, VR3486, and VR3487 respec-
tively. This configuration adds a space to the displayed
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word during time-slots 1, 2, and 3 even if information is not
encoded during these time slots. With this feature, the in-
formation 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. There-
fore, 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 Figure 4-36). The decimal location encoded by a
plug-in during time-slot 1 is achieved by adding positioning
current to the X (horizontal) readout signal. Circuitry for this
stage includes five 2-input NOR gates in U3551 and U3557
with precision resistors connected to their outputs. One in-
put 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 Position Counter by
keeping the four outputs of U3564 LO. It also sets one input
of the five NOR gates LO. One of columns 3 through 7 also
goes LO, depending on which decimal position is encoded,
causing the NOR gate to which it is connected to go HI. This
HI adds current to the X (horizontal) signal in the amount
determined by the resistor connected to the NOR gate's
output. Each Character Generator location addressed by
row 7 and column 3 through 7 contains information neces-
sary to form a decimal point on the crt in the position indi-
cated. The Horizontal Position Counter resumes normal
operation and the Decimal Position Logic is disabled when
row 7 goes back HI 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
Position Logic stage. An additional decimal point can be dis-
played in any position normally available to characters by
encoding row 8 with column 9. The Horizontal Position
Counter provides positioning current in this mode and the
Decimal Position Logic stage is disabled.

Vector Generators

The Y Vector Generator consists of U3510A and
U3510B. Vertical character size adjustment is provided with
R3510 as a variable feedback resistor for U3510A. Input to
the Vector Generator is provided by the three bits of vertical
character information from pins 9, 12, and 15 of Character
Generator latch U3504. The digital His and LOs across
R3506, R3507, and R3508 are mixed as stepped current
levels at pin 2 of U3510A. These sudden analog steps are
converted into a smooth transition from one level to the next
by RCL network R3512, C3512, and L3512. U3510B cur-
rent buffers the resulting signal to be mixed with the Chan-
nel Counter vertical information at the input of the Y Output
Amplifier.
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Figure 4-36. Readout word relating 10 possible character locations to the decimal point instructions that can be encoded, and the

resultant crt display.

The X Vector Generator operates similarly to the Y Vec-
tor Generator. Gain for this stage is fixed by the circuit com-
ponents and its output is current buffered to be mixed at the
input of the X Output Amplifier.

Output Amplifiers

The Y Output Amplifier provides the Y (vertical) signal to
the instrument by combining the signal from the Y Vector
Generator with the channel 1 or 2 information from the
Channel Counter. The amplifier consists of U3557A with
Q3555 in its input circuit. Amplifier gain is adjustable with
R3560 to control the vertical separation between readout
words displayed at the top and bottom of the graticule area.
Q3555 switches the amplifier input on and off with the Timer
Ready signal, using Q3550 to provide impedance matching.
The channel 1 or 2 information from pin 3 of Channel
Counter U3427A is inverted by U3551A and converted to
current by R3552 and R3553. The Channel Counter pro-
duces a LO at pin 3 when the readout word is to be dis-
played at the top of the graticule. The LO is inverted to a HI
by U3551A and adds current to the Y (vertical) readout
signal.

The X Output Amplifier consists of U3557B and Q3596.
It operates similarly to the Y Output Amplifier to provide the
X (horizontal) signal to the instrument. Input to the amplifier
is a combination of outputs from the X Vector Generator,
Horizontal Position Counter, Decimal Position Logic, and

horizontal word position information from the Channel
Counter. The gain of this stage is fixed by the resistor val-
ues in the circuit.

Display Sequence

Figure 4-37 shows a flow chart for the Readout System.
This chart illustrates the sequence of events occurring in the
Readout System each time a character is generated and
displayed on the crt.

CONVERTER/RECTIFIERS
Diagram 12

The Converter/Rectifiers circuit provides the operating
power for the 7934 from an ac line-voltage source. Figure
4-38 shows a detailed block diagram of the Converter/
Rectifiers circuit. A schematic of the Converter/Rectifiers is
given on diagram 12 at the rear of this manual.

Line Input

Power is applied to the 7934 through line filter FL10, line
fuse F10, and POWER switch S10. The line filter is designed
to keep power line interference from entering the instru-
ment, and to keep the approximate 25-kilohertz inverter sig-
nal from entering the power line. Network C5 suppresses
reverse-recovery transients of rectifier CR15.
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Figure 4-37. Flow chart for character generation by the Readout System.
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Figure 4-38. Detailed block diagram of the Converter/Rectifiers circuit.

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

Thermistors RT9 and RT13 limit surge current when the
power supply is first turned on. After the instrument is in
operation, the resistance of the thermistors decreases so
that they have little effect on the circuit. When the instru-
ment is turned off, the Inverter Control stage turns off the
Inverter, which prevents it from discharging C16 and C17.
C16 and C17 discharge slowly through R21 to allow for

thermistor thermal-recovery time. This ensures sufficient
thermistor resistance to limit the turn-on surge current to a
safe level. Since C16 and C17 discharge slowly, dangerous
potentials exist within the power supply for several minutes
after the POWER switch is turned OFF. The presence of
voltage in the circuit is indicated by relaxation oscillator R19,
C19, and DS19. Neon bulb DS19 blinks until the potential
across C16 and C17 drops to about 80 volts.

Spark gap electrodes E8 and E13 are surge-voltage pro-
tectors. When the LINE VOLTAGE SELECTOR switch is in
the 115-volt position, only E8 is connected across the line
input. If a peak voltage greater than 230 volts is present on
the line, E8 conducts and quickly opens line fuse F10 to
interrupt the input power before the instrument can be dam-
aged. In the 230-volt position, E8 and E13 are connected in
series across the line input to provide protection for peak
voltages greater than 460 volts.
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Transformer T8 provides a sample of the line voltage to
the plug in connectors for triggering at line frequencies. This
line frequency signal is also connected to the Inverter Con-
trol stage to sense when line voltage is present.

Inverter Start

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

Inverter

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

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

To aid in understanding circuit operation, Figure 4-39A
shows a representation of the Inverter stage as a switch.
The three possible states of the Inverter are depicted by the
three possible switch positions: Q34 is on in position A; Q40
is on in position C; or both transistors are held off for pre-
regulation in position B. In the composite current waveform
of Figure 4-39B, the relative phase and amplitude of each
component of Iy is shown for periods T,, T,, and T, cor-
responding to the three switch positions. Figure 4-39C and
Figure 4-39D show the relationship of the Inverter voltage
and primary winding voltages with respect to the current
waveform.
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The normal sequence of operation is as follows: Assume
that the voltage at point X is some voltage more positive
than the negative supply voltage and that Q40 has just
turned on. The current labeled |, in Figures 4-39A and 4-39B
flows as the voltage at point W goes negative. Point X goes
toward the negative supply voltage as C37 charges through
L37. The voltage across the primaries of T110 and T35 at
point Y produces a voltage at the secondary of T35 that is
sensed by Inverter Control U75 (see Fig. 4-39D). When this
voltage changes phase from negative to positive, Q40 is
held off (turned off) by U75. Due to the inductive action of
L37, current continues to flow through the Inverter circuit,
pulling the voltage at point W below the negative supply
voltage. This forward biases CR41, which now conducts
current |y (Figures 4-39A and 4-39B).

After a predetermined time, U75 allows Q34 to turn on
and conduct the current labeled I, in Figures 4-39A and 4-
39B. Since Q34 is now conducting, the voltage at point X
charges toward the positive supply voltage through L37.
Once again, voltage phase change is sensed at the second-
ary of T35 by U75 as previously described. Transistor Q34
is held off at this time, and current |5 flows due to the induc-
tive action of L37 pulling the anode of CR34 to a voltage
greater than the positive supply voltage. After a time deter-
mined by the Inverter Control stage, Q40 conducts the cur-
rent labeled |, and the cycle repeats.

Over-Volitage Stop

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

Capacitor C43 charges through R44 and CR38 to the
peak voltage across the primary of T110. If this voltage ex-
ceeds a safe level, Q45 conducts to cause Q43 and Q46 to
turn on. When Q46 turns on, the base-drive winding of T30
is short-circuited, which stops the Inverter switching action.
Since Q43 is turned on, C42 (in the Inverter Start network)
is prevented from charging and from firing Q30, thus pre-
venting the Inverter from starting. Transistors Q43 and Q45
continue to conduct untii C43 discharges sufficiently,
through R45, to turn Q45 off. At this point, Q43 and Q46
turn off and the Inverter starts on the next positive half cycle
of the line.

Inverter Control

The Inverter Control stage, made up primarily of U75,
provides pre-regulation and fault protection functions. For
pre-regulation purposes, U75 varies the hold-off time (T, in
Fig. 4-39B) of the Inverter switching transistors.
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Figure 4-39. (A) Representation of Inverter stage. Idealized waveforms of (B) total inverter current, |, (C) Voltage across CR41, and (D)
Voltage across primaries of T110 and T35.
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Under normal operating conditions, only the voltage
sense (E Sense) input at pin 15 controls the hold-off time.
However, various fault conditions can affect hold-off time or
stop the Inverter operation altogether. The operation of indi-
vidual functions of the Inverter Control stage is described in
the following discussion.

Pre-Regulator. The pre-regulator operation of U75,
maintains constant voltage at the outputs of the Low-
Voltage Rectifiers stage. It also provides constant peak-to-
peak voltage to the Z-Axis and CRT circuit (diagram 14).

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

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

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

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

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

Fault Sense. The fault sense portion of U75 provides
overtoad protection for supplies on the Low Voitage Regula-
tors schematic (diagram 13) and other supplies generated
throughout the instrument. Resistive networks from sup-
plies are connected to the Fault Sense input at pin 2 of U75.
During normal operation, the voltage at the Fault Sense in-
put remains near zero. If one of the inputs changes suffi-
ciently to cause this voltage level to vary 200 millivolts
(positive or negative) for more than 10 milliseconds, a posi-
tive output at pin 8 of U75 stops the Inverter.

Line Stop. The line stop portion of U75 stops the In-
verter when the front-panel POWER switch is turned OFF.
The line stop stage also stops the Inverter if the ac line
voltage falls below a minimum value.

The line-frequency signal from transformer T8 is con-
nected to pin 4, the Line Stop Sense input of U75. During
normal operation, the line-frequency signal causes the line
stop timer at pin 3 to periodically discharge to ground. When
the line-frequency signal is interrupted or falls below a mini-
mum value, C67 charges to approximately +0.7 volts caus-
ing the line stop stage to produce a positive output at pin 8
of U75 which stops the inverter.

Low-Voltage Rectifiers

The Low-Voltage Rectifiers stage rectifies the square-
wave ac voltages at the output windings of T110 to the dc
levels used for all regulated supplies in this instrument.



LOW-VOLTAGE REGULATOR
Diagram 13

The Low-Voltage Regulator converts semi-regulated
voltages from the Converter/Rectifiers circuit (diagram 12)
to stabilized low-ripple output voltages. The regulators are
series type, using the +50 volt supply as a reference. Figure
4-40 shows a detailed block diagram of the Low-Voltage
Regulator circuit. A schematic of the Low-Voltage Regulator
circuit is given on diagram 13 at the rear of this manual.

Operating Supplies

The operational ampiifiers used to regulate the +50,
+15, +5, —50, and —15 volt supplies require that four
special voltages be generated for their operation:

(1) The +22 volt supply is generated from the semi-
regulated +54 volt supply by reference Zener diode
VR32 and emitter follower Q34.

(2) The —2 volt supply is generated from the semi-
regulated —54 volt supply by reference Zener diode
VR36 and emitter follower Q38.

(3) The +5.6 volt supply is generated from the semi-
regutated + 17 volt supply by Zener diode VR152.

(4) The —5.6 volt supply is generated from the
semi-regulated —17 volt supply by Zener diode VR156.

+50 V Regulator

Semi-regulated +54 volts from the Converter/Rectifiers
circuit (diagram 12) provides the unregulated voltage source
for this supply. Differential amplifier U15 compares the feed-
back voltage at pin 2 against the reference voltage at pin 3.
The error output at pin 6 of U15 reflects a difference be-
tween these two inputs. Zener diode VR12 sets a reference
level of about +9 volts at pin 3 of U15. A sample of the
output voltage from the +50 volt supply is connected to pin
2 of U15 through divider network R14, R15, and R16. Vari-
able resistor R15 in this divider sets the output level of this
supply. Notice that the feedback voltage of this divider is
obtained from a line labeled +50 VS (sense). If the feedback
voltages were obtained at the output of this supply, the volt-
age at the load would not stay constant due to the inherent
resistance of the interconnecting cable between the supply
and its load. The sense configuration overcomes this prob-
lem by sensing the voltage at the load. Since the current in
the sense line is small and constant, the load voitage is held
constant regardless of the load current.

Voltage regulation occurs as follows: If the output level
of this supply decreases (becomes less positive) due to an
increase in load or a decrease in input voltage (as a result of
line-voltage change or ripple), the voltage across divider
R14, R15, and R16 decreases also. This results in a less
positive level at pin 2 of U15 than that established by Zener
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diode VR12 at pin 3 of U15. The current through CR15 and
VR17 decreases causing an increase in current through the
base-emitter junction of Q28. This results in increased con-
duction of Q28, the +50 volt series regulator. The load cur-
rent increases, therefore the voltage across the load also
increases (becomes more positive) sufficiently to balance
the input into differential amplifier U15. The +50 V ADJ,
R15, sets the output level of this supply.

Current limiting is provided for the 450 volt supply if
excessive current is demanded from the supply. All current
from the +50 volt supply must flow through R28. Under
normal operation, there is insufficient voltage drop across
R28 to turn Q22 off. However, when excessive current is
demanded from +50 volt series regulator Q28 due to a
short circuit or similar malfunction at the output of this sup-
ply, the voltage drop across R28 increases and begins to
turn off Q22. The reduced collector current of Q22 results in
a reduction of current through Q28. This current limiting pro-
tects Q28 from damage due to excessive power dissipation.

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

—15 V Regulator

Basic operation of all stages in the —15 V Regulator is
the same as for the +50 V Regulator. The reference level
for this supply is established to ground through R82 at pin 5
of U84B. The divider ratio of R80 and R81 sets a level of
zero volts at pin 6 of U84B. The level on the +50 VS
(sense) line is held stable by the +50 volt supply. Any
change at the output of the —15 volt supply appears at pin
6 of U84B as an error signal. The output voitage is regu-
lated in the same manner as described for the 450 volt
supply. Diode CR96 keeps the output of this supply from
going more positive than about +0.6 volt if it is shorted to
one of the more positive supplies. Operational amplifier
UB4A provides current limiting for Q94 by monitoring the
voltage drop across R95. When too much current is de-
manded from the supply, the increased voltage drop across
R95 allows UB4A to turn Q88 off, reducing the current
through Q94.

+5 V Regulator

Operation of the +5 V Regulator is basically the same as
described for the previous supply regulators. Error voltage
is provided through R131 to pin 2 of U114A, and pin 3 is
referenced to the +50 VS (sense) line. The divider ratio of
R113 and R114 is 10:1, so pin 3 of U114A is at 45 volts
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Figure 4-40. Detailed block diagram of the Low-Voltage Regulator circuit.
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when the supply is operating normally. The level on the +50
V Sense line is held stable by the +50 volt supply. There-
fore, any change at the output of the +5 volt supply ap-
pears at pin 2 of U114A as an error signal. The output
voltage is regulated in the manner described previously for
the +50 volt supply. Diode CR132 limits the output of this
supply to about —0.6 volt, if it is shorted to one of the
negative supplies.

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

+15 V Regulator

The 415 V Regulator regulates in the same manner as
the 450 volt supply; current limiting operates in the manner
described for the +5 volt supply. Error feedback voltage to
pin 2 of U64A is provided through R69. Pin 3 of U64A is
referenced to the +50 VS (sense) line. The divider ratio of
R61 and R62 sets pin 3 of UB4A at +15 volts. Any change
in the output level of the + 15 volt supply appears at pin 2 of
UB4A as an error signal. This results in an opposite change
at the output, pin 1 of U64A, which is conveyed to the +15
volt series regulator transistor Q74, through CR64 and Q68,
to correct the error in the output voltage of the supply. Di-
ode CR76 limits the output of this supply to about —0.6 volt
if it is shorted to one of the negative supplies.

—50 V Regulator

Operation of the —50 V Regulator is basically the same
as described for the +50 volt supply; current limiting oper-
ates in a similar manner, as described for the + 50 volt sup-
ply. Error voltage to pin 2 of U45 is provided by divider R45-
R46 and is referenced to the —50 VS (sense) line. The
divider ratio of R45 and R46 sets the level at pin 2 of U45 at
zero volts when the output of this supply is correct. Protec-
tion diode CR58 limits the output voltage of this supply to
+0.6 volt should the supply be shorted to a positive supply.

Graticule Light Supply

The Graticule Light Supply provides power for the grati-
cule lights. The front-panel GRAT ILLUM control determines
the output of this supply to set the brightness of the grati-
cule lights. Transistors Q144, Q148, and diode CR148 form
a voltage-following current buffer. The output voltage at the
collector of Q148 follows the voltage set at the base of
Q144 by the divider made up of R141, R142, R143, and the
front-panel GRAT ILLUM control on diagram 2. Resistor
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R148 limits the output current from this supply to protect
Q148 from damage due to a short circuit.

Z AXIS AND CRT
Diagram 14

The CRT Circuit provides the high voltage and control
circuits necessary for operation of the crt (cathode-ray
tube). This circuit also includes the Z-Axis Amplifier. Figure
4-41 shows a detailed block diagram of the CRT Circuit. A
schematic of this circuit is shown on diagram 14 at the rear
of this manual.

High-Voltage Power Transformer

High-Voltage Power Transformer T2010 provides pre-
regulated voltages for the high-voltage supplies, and 6.3
volts ac for the crt heater. The crt heater is elevated to the
cathode potential through R2074. The high-voltage winding
of T2010 provides a two-kilovolt peak square-wave voltage
to the Anode Voltage Multiplier and CRT Cathode Supply. A
600-volt winding supplies ac to the Control-Grid DC Re-
storer stage and is also rectified to supply +600 volts dc.
Taps on this winding provide + 130 volts, through CR2118
and CR2119 in full-wave configuration, and current sensing
through resistor R2121.

Anode Voltage Multiplier

Positive accelerating potential for the crt anode is sup-
plied by the four-times voltage multiplier contained within
U2012. The voltage applied to the input of U2012 from the
high-voltage secondary of T2010 is about two kilovolts
peak. This results in an output voltage of about + 8 kilovolts
at the crt anode. The internal resistance of this supply is
about 15 megohms and subject to meter loading when
measured.

CRT Cathode Supply

In the full scan mode (front-panel REDUCED SCAN
pushbutton out) the crt cathode supply voltage is about
—2 kilovolts; in the reduced scan mode, about —4 kilovolts.
The negative potential for the crt cathode is generated by
half-wave rectifier CR2012 for the full scan mode and modi-
fied to a doubler in the reduced scan mode by activating
K2014 which connects CR2014 into the circuit. Diode
CR2023 provides the return path for the rectified current in
the full scan mode; the reduced scan mode and the X4 mul-
tiplier require an ac return path which is provided by C2021,
CR2021, CR2022, and VR2021.

A tetrode voltage, which is maintained at about +2 kilo-
volts above cathode potential in either full or reduced scan,
is also obtained from the high-voltage secondary. Filtering
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Figure 4-41. Detailed block diagram of the Z-Axis and CRT Circuit.
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for this voltage is accomplished by R2016 and C2014. Re-
sistor R2015 limits current under fault conditions. Diode
CR2016 clamps the tetrode voltage a few volts above
ground if shorted to a positive supply. Components C2016
and R2017 are an isolation filter.

Cathode-Supply Regulator

The Cathode-Supply Regulator maintains the potential
on the crt cathode and actively reduces the ac ripple
through C2034. A sample of the output from the CRT Cath-
ode Supply is connected to amplifier U2224 through resistor
divider network R2218. High-frequency changes from the
CRT Cathode Supply are coupled through C2282 and
R2282.

The output of U2224 drives Q2132. The collector of
Q2132 is in the dc current return path of the Cathode Sup-
ply. Any change in collector voltage directly changes the
cathode voltage. Diodes VR2133 and CR2133 prevent the
voltage on the collector of Q2132 from exceeding safe
levels.

The —1955 V Adjust (full scan cathode voltage) adjust-
ment R2285 sets the crt cathode voltage to —1955 volts in
Full Scan mode. The Reduced Scan Horiz Gain adjustment
R2220 sets crt horizontal sensitivity by setting the crt cath-
ode voltage when in Reduced Scan mode.

Z-Axis Amplifier

The Z-Axis Amplifier controls crt intensity by varying the
grid drive. High speed changes are coupled through C2289.
Slow changes and dc levels are coupled through the Control
Grid DC Restorer. The Logic circuit and the Readout Sys-
tem provide input signals to the Z-Axis Ampilifier.

Transistors Q2206 and Q2216 are common-base amplifi-
ers to establish a low input impedance for the Z-Axis Ampli-
fier. Transistors Q2236, Q2242, Q2254, Q2264, and Q2274
form a current-to-voltage amplifier with feedback resistors
R2233 and R2248. The Z-Axis Amplifier is compensated by
R2235 and C2235 for optimum square corner on the Z-Axis
signal.

Control Grid DC Restorer

The Control Grid DC Restorer couples dc and low fre-
quency components of the Z-axis signal to the crt control
grid, where difference in potential prohibits direct coupling.
The dc restorer is actually a cathode-referenced bias supply
for the crt control grid. Quiescently, its output voltage is
more negative than the cathode by an amount set by the
CRT Bias (grid) adjustment R2135.
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The Control Grid DC Restorer is current driven from the
+600 volt winding of T2010 through C2041-R2041-R2042.
This approximate 25-kilohertz drive signal is connected to
the junction of CR2045-CR2055-C2052. Diodes CR2045
and CR2055 limit the peak-to-peak amplitude of the drive to
the difference between their forward-bias levels. The CRT
Bias adjustment R2135 and the output level of the Z-Axis
Amplifier set the forward bias levels of CR2045 and CR2055
respectively. Capacitor C2052 couples the limited-amplitude
drive to the junction of CR2052-CR2054. During positive
half cycles of the drive, CR2054 charges the control grid
side of C2055 to a level equal to the peak-to-peak value of
the drive signal. The resulting control-grid voltage is more
negative than the cathode by an amount equal to the differ-
ence between the CRT Grid Bias adjustment setting and the
Z-Axis Amplifier output level.

Focus Supply

The Focus Supply provides a regulated dc voltage to the
crt focus and astigmatism elements. The supply voltage is
produced by half-wave rectifier CR2155. In the Reduced
Scan mode the contacts of K2155 close to connect CR2152
into the circuit to form a half-wave voltage doubler.

Regulation of the Focus Supply is accomplished by
Q2156, Q2160, and Q2162. Normally the voltage at the
base of Q2162 is +15 volts. Any error in this voltage
changes the voltage at the collector of Q2156 to correct the
Focus Supply voltage. Front-panel FOCUS control R1101A
determines the quiescent operating voltage of the Focus
Supply for a well-defined crt display.

In the Full Scan mode, feedback from the focus grid elec-
trode is provided by two parallel resistor networks, R2166-
R2167 and R2141-R2142. In the Reduced Scan mode
Q2140 turns on, routing the current flowing through R2141
and R2142 through R2140 to ground. This action doubles
the effective feedback resistance, increasing focus grid volt-
age. Reduced Scan Focus adjustment R2140 is operational
only in the Reduced Scan mode. All of the load current for
the Focus Supply flows through Q2156 and R2153. If the
load current exceeds about 8 milliamps, the voltage across
R2153 causes Q2152 to conduct. The additional current in
the | Sense line causes the low-voltage supply to turn off,
preventing component damage.

CRT Control Circuits

Front-panel ASTIG adjustment R2195 varies the poten-
tial on the astigmatism element of the crt. The range of ad-
justment of R2195 is determined by the current path
through Q2188 and Q2182. In the reduced scan mode the
current path is through Q2178 and Q2172, activating the
Reduced Scan Astig adjustment for optimizing the Reduced
Scan mode display.
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The Reduced Scan Vert Gain adjustment R2175 deter-
mines the vertical sensitivity of the crt when the crt is oper-
ated in the reduced scan mode.

The Stigmator adjustment, R2110, also affects the focus
of the crt beam. The Vert Shield Comp adjustment, R2105,
sets the voltage level on the vertical shield, which provides
isolation for the vertical deflection plates.

Two coils control trace alignment by varying the mag-
netic field around the crt. Y-Axis alignment coil L2201 af-
fects the crt beam after vertical deflection but before
horizontal deflection. Therefore, only the vertical (Y) compo-

nents of the display are affected. Trace Rotation coil L2200
affects both the vertical and horizontal rotation of the crt
beam.

AUTO FOCUS AMPLIFIER
Diagram 15

The Auto Focus Amplifier provides control voltages to
maintain optimum focus of the crt display with various
settings of the front-panel A INTENSITY, B INTENSITY,
and READOUT INTENSITY controls. Figure 4-42 shows a
detailed block diagram of the Auto Focus Amplifier. A sche-
matic of the Auto Focus Amplifier is given on diagram 15 at
the rear of this manual.

| REDUCED scaN |
)
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AUTO FOCUS | bRIVER AUTO ASTIG
SCAN SWITCH Q2344 - SCAN SWITCH
02362, 02368 Q2354 Q2422, 02432
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B INTENSITY —= 520 Q2322 Q2336 . FOCUS )
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Figure 4-42. (A) Detailed block diagram of the Auto Focus Amplifier circuit, (B) Logic table for intensity controls.
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Data Switch

The Data Switch consists of Q2302, Q2306, and Q2316.
Output of the Data Switch is based upon A INTENSITY, B
INTENSITY, or READOUT INTENSITY setting as deter-
mined by the Display B and X-Y Inhibit input signals. The
Logic Table in Figure 4-42B shows the intensity controls
that determine the output current of this stage for different
combinations of Display B and X-Y Inhibit input levels.

Current to Voltage Amplifier

The Current to Voltage Ampilifier stage, consisting of
Q2322, Q2328, and Q2332, converts the current output
from the Data Switch to a voltage in order to drive the Non-
Linear Amplifier stage.

Non-Linear Amplifier

The Non-Linear Amplifier stage, consisting of Q2336 and
CR2335, inverts the input signal in a nonlinear manner.
When the input signal is too low to forward bias the emitter
base junction of Q2336, no current flows and the collector of
Q2336 is at its most positive level. As the signal becomes
more positive, Q2336 conducts causing the collector volt-
age to decrease. When the voltage at the base of Q2336
becomes positive enough to cause CR2335 to conduct, this
emitter degeneration is reduced which increases the gain of
the stage.

Variable resistors R2365 and R2366 determine the gain
of the Non-Linear Amplifier stage in the Full Scan and Re-
duced Scan modes. In the Full Scan mode collector current
for Q2336 flows through Q2368 as determined by R2366.
When Reduced Scan is selected, Q2336 collector current
flows through Q2362 as set by R2365.

Output Amplifier

The signal from the Non-Linear Amplifier stage is applied
to the Output Amplifier consisting of Q2372, Q2374, Q2378,
Q2384, and Q2394. This stage provides final amplification
for the auto focus signal which is then connected to pin 5 of
the crt to automatically determine optimum focus of the dis-
play in all display modes.
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Emitter Follower

The signal applied to pin 5 of the crt is also connected to
Emitter Follower stage Q2406, Q2436. Variable resistors
R2425 and R2435 determine the ratio of the divider in the
reduced Scan and Fuli Scan modes. The output at the emit-
ter of Q2436 is connected to pin 6 of the crt to automatically
set optimum astigmatism of the display in all display modes.

STORAGE CONTROL AND TRACE ALIGN
Diagram 16

STORAGE DISPLAY
Diagram 17

The Storage Control and Storage Display circuits com-
prise the Storage System. The Storage Control circuit de-
velops digital and analog signals for input to the Storage
Display circuit. The Storage Control circuit includes front-
panel switching and rear-panel connectors for control of the
Storage System. The Storage Control also includes circuits
to coordinate the operation of the Readout System and as-
sociated time-base unit(s) with storage functions. The Stor-
age Display circuit decodes the signals that are generated
by the Storage Control circuit and develops the waveforms
that are applied to the crt storage electrodes.

Figure 4-43 shows a detailed block diagram of the Stor-
age System. The schematic for the Storage Control and the
Storage Display circuits are on diagrams 16 and 17 respec-
tively at the rear of this manual. Figures 4-44, 4-45, 4-46,
and 4-47 show the timing sequence of signals used through-
out the Storage System in each of the four storage modes
(BISTABLE, VAR PERSIST, FAST BISTABLE, and FAST
VAR PERSIST).

The Trace Alignment circuit develops outputs to drive the
Trace Rotation and Y-Axis coils. The schematic for this cir-
cuit is shown on diagram 16.

Storage Mode Switching

This stage, comprised of Q2642, Q2644, and S2404,
provides dc control signals for the Storage System. Table
4-3 lists the logic levels of the control signals for the five
positions of Storage Mode Switch S2404.
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Figure 4-43. Detailed block diagram of the 7934 Storage System.
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VARIABLE PERSISTENCE

OPERATING CONDITIONS:
1. TIME BASE, SINGLE SWEEP MODE.
2. STORAGE LEVEL CONTROL, FULLY Cw,
3. PERSISTENCE CONTROL, FULLY CCWw.
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Figure 4-45. Variable persistence storage mode timing diagram.
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FAST BISTABLE

OPERATING CONDITION:
1. TIME-BASE, SINGLE SWEEP MODE.
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Figure 4-46. Fast bistable storage mode timing diagram.
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OPERATING CONDITIONS:

FAST VARIABLE PERSISTENCE
1. TIME-BASE, SINGLE SWEEP MODE.
2. PERSISTENCE CONTROL, FULLY CCw.
3. STORAGE LEVEL CONTROL, FULLY CW.
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Figure 4-47. Fast variable persistence mode timing diagram.
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Table 4-3
STORAGE MODE SWITCH OUTPUT LOGIC LEVELS
Storage
Display Mode NS NS NS (+15 V)* VP (+15 V)* VP FAST
STORE OFF HI LO LO LO HI HI
BISTABLE LO HI HI LO HI HI
VAR PERSIST LO HI HI Hi LO HI
FAST BISTABLE LO HI Hi LO Hi LO
FAST VAR PERSIST LO HI HI HI LO LO

* A Hl logic level is +5 volts except for NS (+15 V) and VP (+15 V) which are +15 volts in the Hl state.

Erase

This stage develops the Erase and Erase pulses, which
initiate the storage erase cycle. It consists of three sections:
(1) monostable multivibrator, U2562A, (2) input logic for the
stage, Q2514, Q2526, Q2528, and Q2542, (3) oscillator
Q2532, Q2536, and Q2538.

Each time pin 2 of U2562A goes HI and pin 1 is LO, an
Erase pulse is generated. However, if pin 1 of U2562A is HI
(see Save Mode Switching) no Erase pulse can be gener-
ated by the signal on pin 2. The width of the Erase pulse, as
determined by R2562 and C2562, is approximately 100 milli-
seconds.

When front-panel ERASE button S2538 is pressed, the
NS (+15 V) logic level is connected to R2516. In all storage
modes the NS (415 V) signal is at +15 volts. Therefore,
current from the + 15 volt supply passes through C2521 to
momentarily turn on Q2526. When Q2526 conducts, Q2542
turns off and a HI is applied to pin 2 of Q2562A to generate
an Erase pulse. Likewise, a LO applied to the REMOTE
ERASE INPUT causes an Erase pulse to be generated.

Whenever a storage mode is selected with Storage
Mode Switch S2404, or the REDUCED SCAN button
S2558 is pressed, the switching transition coupled through
C2523 and Q2526 or C2528 and Q2528 initiate an Erase
pulse.

Transistors Q2532, Q2536, and Q2538 comprise a vari-
able frequency low-speed oscillator controlled by front-panel
AUTO ERASE control R1401-S1401. The PUT (pro-
grammable unijunction transistor) Q2538 is connected as a
relaxation oscillator with C2534 as the timing capacitor.
Current to charge C2534 is provided by a variable-current
source, Q2536, controlied by the AUTO ERASE viewtime
control R1401. Each time Q2538 turns on to discharge
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C2534, a voltage spike is applied to R2540 which turns
Q2542 off and triggers an Erase pulse.

When Q2532 is on, the operation of the oscillator is inhib-
ited by holding C2534 discharged. When P2531 is set for
Periodic operation, the X+ Y logic signal (see Main Timing)
turns Q2532 on for approximately 1.4 seconds after the
start of each Erase pulse, and then allows C2534 to resume
charging. When P2531 is set for After Sweep operation, the
Multi signal (see Transfer and Muiti) turns Q2532 on at the
beginning of the Erase pulse and holds it on until the end of
the next sweep. When AUTO ERASE switch S1401 is set to
the OFF position, Q2532 is biased on to inhibit the Auto
Erase function.

When the Save signal (see Save Mode Switching) con-
nected to R2539 goes HI, the auto erase oscillator is inhib-
ited. However, Q2538 is allowed to turn on immediately
after the Save signal returns LO, providing C2534 is suffi-
ciently charged.

Transfer and Multi

This stage develops the Tsfr and Tsfr pulses which initi-
ate the transfer operation in the fast storage modes, the
Multi and Multi signals which indicate whether a display has
been stored since the last erase cycle occurred, and the
Swp+Tsfr signal which indicates whether a waveform is
being written or the transfer operation is occurring.

When the Storage Sweep Gate is HI, current flows into
R2584 turning off Q2586 and causing a HI level to appear at
its collector. Also, a Hl level applied to the REMOTE STOR-
AGE GATE INPUT turns off Q2586 to provide a HI level at
its collector. U2588A inverts the HI and applies it to pin 8 of
U2588C. If the Storage Lockout signal (see Storage Lock-
out) at pin 9 of U2588C is LO, the signal is inverted to pro-
vide a replica of the Storage Sweep Gate or the Remote
Storage Gate signals at pin 10 of U2588C.



The four gates of U2592, along with C2592, comprise a
moncstable multivibrator which generates a short positive
pulse whenever the output of U2588C goes LO. This End-
of-Sweep circuit operates as follows: Assume that the out-
put of U2588C is LO and that the output of U2592D is HI.
Then, the outputs of U2592A and U2592C will be LO. When
the output of U2588C goes HI, the flip-flop comprised of
U2592A and U2592D changes states. The output of
U2592C, however, still remains LO. When the output of
U2588C returns LO, the output of U2592C immediately
goes Hl since both of its inputs are now LO.

Both inputs of U2592B are also LO so its output
switches to the HI state. Capacitor C2592 loads the output
of U2592B to provide a delay of approximately 100 nano-
seconds in the LO to HI transition. At the end of this delay
the flip-flop, U2592A and U2592D, switches back to its ini-
tial state and the output of U2592C returns LO.

The 100 nanosecond End-of-Sweep pulse from U2592C
provides a trigger to U2594A, to generate a 100-millisecond
wide Tsfr pulse at the end of the sweep whenever the Fast
signal is LO. This pulse also clocks U2682B so that the
Multi signal goes HI at the end of the first sweep after an
erase pulse occurs; the Erase pulse clears this flip-flop. The
End-of-Sweep pulse is also coupled to U2608B in the Read-
out Control stage (see Readout Control). U2608C generates
the Swp+ Tsfr signal through a combination of inputs from
U2588C and U2594A.

Save Mode Switching

The Save Mode switching stage. consisting of Q2626,
Q2632, and U2588D, develops the Save signal which enters
the Storage System into the Save mode of operation.
Pressing the front-panel SAVE switch, S2624, or grounding
the rear-panel REMOTE SAVE INPUT initiates the Save sig-
nal by turning off Q2626 which in turn saturates Q2632.
However, if one of the storage modes is not selected, NS
(+15 V) connected to the collector of Q2626 is at zero volts
and Q2632 remains off to prevent the Save signal from
occurring.

When Q2632 saturates to produce the Save signal, front-
panel SAVE light DS2624 turns on and a LO is applied to
pin 12 of U2588D. The Save output signal goes HI only if
the Multi signal at pin 11 is LO. That is, the Save signal can
only be produced if a sweep has occurred since the last
Erase pulse. This action performs the Auto Save function.

Main Timing

This stage develops the W, X, Y, and Z signals, their
complements, the X + Y signal, and the X-Multi signal.
These signals control the major sequence of voltages ap-
plied to the crt during the Erase and Multi-Trace cycles. This
stage also accepts input information from the time-base
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unit(s) via the A or B Single Sweep Logic line and the Stor-
age Single Sweep Reset line, and generates the Storage
Single Sweep Reset signal to reset the time-base unit(s)
during any erase or Multi-Trace cycle.

The X signal, developed by U2684A, is a positive pulse
with a duration between 150 milliseconds and 4 seconds.
The X signal goes HI when Q2674 turns on pulling pin 1 of
U2684A LO. This occurs under one of the following three
conditions: (1) When an Erase pulse occurs, (2) in the Fast
Storage modes when the MULTI TRACE DELAY control
R1301 is in the detent position, or the time-base unit(s) is in
the Single Sweep mode and a Multi-Trace cycle is externally
initiated, and (3) in the Fast Storage modes when S1301 is
out of the detent, the time-base unit(s) is in a repetitive
sweep mode, and the Multi-Trace cycle automatically
recurs.

The input path for condition number 1 above is through
R2673 when Erase goes HI. The input path for condition
number 2 is through CR2664, C2668, and Q2668 when the
Storage Single Sweep Reset line is pulled LO (time base
unit single sweep reset button is pushed, or the REMOTE
RESET INPUT is grounded). Transistor Q2658 must be off
so W (explained later) must be LO insuring that any previ-
ously initiated Erase or Multi-Trace cycle has been termi-
nated. The input path for condition number 3 is through
C2671 when Tsfr returns HI after the transfer operation.
Transistor Q2654 must be off so the time-base unit(s) must
be in a repetitive sweep mode and the MULTI TRACE DE-
LAY control must be out of the detent.

The width of the X pulse is determined by Q2612, Q2678,
and U2552B. When the X pulse is triggered by an Erase
pulse, Multi (emitter of Q2612) is LO and Multi is HI. Diodes
CR2610 and CR2615 are reverse-biased and charging cur-
rent for timing capacitor C2676 passes through CR2614,
R2613, and R2676. In this condition, the X pulse lasts ap-
proximately 900 milliseconds.

When the Multi-Trace cycle is externally initiated, Multi is
HI and the output of U2552B is LO (A or B Single Sweep
Logic line is HI or R1301 is in the detent position), so Q2612
is on. Diode CR2614 is reverse-biased so charging current
for C2676 passes through Q2612, CR2610, and R2676. Un-
der this condition, the X pulse duration is approximately
150 milliseconds. When the Multi-Trace cycle automatically
recurs, the output of U2552B is LO. If Multi is HI, timing
current passes through MULTI TRACE DELAY control
R1301 and the pulse width is variable from approximately
150 milliseconds to 4 seconds. If MULTI is LO, timing is as
in condition number 1. Transistor Q2678 is a current stage
which insures adequate drive for pin 15 of U2684A under
any of the above timing conditions. The connection at pin 3
of U2684A inhibits the X pulse when NS is LO. When Save
or FAST are HI, the X pulse is inhibited through R2655 and
R2657.
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At the end of the X pulse (if the A or B Single Sweep
Logic line is HI) current from the rising edge of X is coupled
through R2662 and C2663 to the base of Q2664 producing
a negative reset pulse on the Storage Single Sweep Reset
line.

The Y signal, generated by U2684B, is a positive pulse
which occurs at the end of the X pulse. The Y pulse is trig-
gered by X coupled through C2684 to pin 10 of U2684B.
Transistor Q2694 inhibits the generation of the Y pulse
whenever X, Save, or Fast are HIl. R2685 and C2685 set the
width of the Y pulse to approximately 400 milliseconds.

The W signal is generated by U2682A. W goes HI at the
beginning of the Y pulse and is normally reset LO at the end
of the Tsfr pulse by the coupling of Tsfr through C2683.
However, if X, Save, or Fast go HI, Q2694 will also reset W
LO.

The Z signal, generated by U2594B, is a positive pulse
which occurs at the end of the Y pulse. R2696 and C2696
set the width of the Z pulse at approximately 100 millisec-
onds.

The X+ Y signal is formed directly by U2556A, and the X-
Multi signal is formed directly by U2588B.

Clock

This stage generates the Clock and 10-kilohertz Ramp
signals for use by the rest of the storage system. Pro-
grammable unijunction transistor (PUT) Q2772, and compo-
nents R2770, C2770, and R2779 form a relaxation oscillator
operating at a frequency of approximately 100 hertz.
Q2774, R2774, R2775, R2779, and C2774 form a similar
oscillator operating at a frequency of approximately 10 kilo-
hertz. Both oscillators share a common gate-biasing resis-
tor, R2779, that provides synchronous oscillations. To
illustrate, consider that C2770 is initially discharged and
Q2772 is not conducting. The time constant of C2774 and
R2774 is much shorter than the time constant of C2770 and
R2770. Therefore, Q2774 oscillates at approximately 10 ki-
lohertz while the anode voltage of Q2772 slowly rises. Each
time Q2774 turns on, gate current is drawn from R2779
causing the gates of Q2772 and Q2774 to drop approxi-
mately 350 millivolts. Thus, the anode firing voltage for
Q2772 is lower when Q2774 is on. This causes Q2772 to
synchronize with Q2774.

When Q2772 is on, it draws sufficient gate current to
temporarily stop the oscillation of Q2774 and turn Q2784 on
for approximately 50 microseconds. This action generates
the Clock pulses. Amplitude of the Clock pulses is approxi-
mately 10 volts with a —5 volt base line as set by Q2788,
R2785, R2786, and R2787. The 10-kilohertz Ramp signal is
taken directly from the anode of Q2774.
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Persistence Pulse Generator

This stage, comprised of Q2502, Q2506, Q2508, and
U2565A, generates a clock-frequency pulse train at the col-
lector of Q2506 with the pulse width continuously variable
by the PERSISTENCE control. These pulses control the
persistence of the display in both of the variable persistence
modes. Operation of the stage is as follows:

Transistors Q2502 and Q2506 are connected as a com-
parator. PERSISTENCE control R1201 determines the voit-
age level applied to the base of Q2502. When the Clock
pulse goes HI, Q2508 switches on to discharge C2507 to
about —5 volts. When the PERSISTENCE control is ad-
justed away from the MAX position, Q2502 turns on and
Q2506 turns off. At the same time, the output of U2565A
goes LO to hold the collector of Q2506 LO. When the Clock
pulse returns LO, a positive pulse begins at the collector of
Q2506. Current through R2507 begins to charge C2507,
raising the base voltage of Q2506. When the base voltage
of Q2506 exceeds that of Q2502, transistor Q2506 turns on
and the collector of Q2506 again goes LO. When the PER-
SISTENCE control is set to the MIN position, the pulse
width is approximately 1.8 milliseconds. If the PERSIS-
TENCE control is set to MAX, Q2506 never turns off and no
positive pulses are produced at the collector of Q2506.

Save Intensity Pulse Generator

This stage, comprised of Q2572, Q2576, Q2578, and
U2565C generates a clock-frequency pulse train at the col-
lector of Q2576 with pulse width continuously variable by
SAVE INTENSITY control R1101. These pulses are applied
directly to the Flood Gun Cathode Driver stage to adjust the
display intensity in the Save mode. With the SAVE INTEN-
SITY control set to MIN, pulses are not produced; with the
SAVE INTENSITY control set to MAX, the pulse width is
approximately 10 milliseconds. Operation of this stage is
identical to the previously described Persistence Pulse Gen-
erator Stage.

Prep

This stage, comprised of U2552C, U2556B, U2556C,
and U2556D, develops the Prep signal. This signal directs
the Storage Mesh Logic Decoder to switch the Storage
Mesh to the Prep Level when operating in the Variable Per-
sistence storage modes (see Figures 4-49 and 4-51). The
inputs to this stage are from the Persistence Pulse Genera-
tor, Save Mode Switching, Transfer and Multi, and Main
Timing stages.

Fast Prep

This stage, comprised of U2562B and U2552A, gener-
ates the Fast Prep signal. The Fast Prep signal is used by
the Storage Mesh Decoder and Fast Mesh Decoder stages



in the transfer (FAST BISTABLE or FAST VAR PERSIST)
modes. U2562B produces a clock-frequency pulse train; the
width of the pulses (set by R2565 and C2565) is approxi-
mately 1.8 microseconds. When W is LO, these pulses are
inverted by U2552A to form the Fast Prep signal. When
SWP--TSFR is LO and W is LO, the Fast Prep signal re-
mains HI. When W is HI, the Fast Prep signal stays LO.

Storage Lockout

This stage, comprised of Q2588, U2552D, CR2551,
CR2552, CR2553, CR2554, and CR2555, develops the
Storage Lockout signal when the storage system is unpre-
pared to produce a stored display. The Storage Lockout
signal inhibits the time-base unit(s), the Storage Sweep
Gate, the Remote Storage Gate, and blanks the crt. The five
diodes connected to the base of Q2588 form a five-input OR
gate. A HI level applied to the anode of any one of these five
diodes produces a Hl Storage Lockout signal at the emitter
of Q2588 (pins 11 and 12 of U2552D must both be LO for a
HI to be applied to the anode of CR2553).

Readout Control Logic

This stage provides two signals to the Readout System:
The Feadout Gate and the Gated Readout Intensity. The
Readout Gate signal is generated by U2608A, U2608B,
U2608D, U2565B, U2565D, and S1303. When S1303 is set
to the variable position, the Readout Gate is HI which allows
the Readout System to operate continuously in a free-
running manner. When S1303 is set to the PULSED posi-
tion, the state of the Readout Gate depends upon the End-
of-Sweep pulse from U2592C (see Transfer and Multi stage)
and the setting of the Storage Mode Switch. In the STORE
OFF or the VAR PERSIST mode, the Readout Gate dupli-
cates the End-of-Sweep pulses causing the Readout Sys-
tem to produce one complete frame (eight words) at the end
of each sweep. In the FAST VAR PERSIST mode a Read-
out Gate is also produced at the end of each sweep. How-
ever, the Gated Readout Intensity (explained below) inhibits
the Readout System so it will not write on the Fast Mesh.
Instead, R2608 and C2608 differentiate the W signal and
couple the rising edge into the Readout Gate circuit to initi-
ate one complete frame of readout at the end of each trans-
fer operation.

In BISTABLE and FAST BISTABLE modes the writing
speed of the Storage Target is too low to store a single
frame of readout. For this reason, the Readout System free
runs at the end of a sweep until the next Erase pulse occurs.
The Readout Gate goes LO at the initiation of the Erase
pulse since Multi is HI and applied to pin 2 of U2608A. The
MULT! signal goes LO at the first End-of-Sweep pulse,
causing the Readout Gate signal to go HI.

The Gated Readout Intensity is an analog current signal
which controls the crt intensity during the readout display.
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At zero current it also inhibits the Readout System. When
Q2688 is on, the Readout Intensity control adjusts this cur-
rent to control the brightness of the readout display. When
Q2688 is off, the current is zero, turning off the readout.
Transistor Q2688 is off during the Erase and Multi Trace
cycles (X or W HI) and in the fast storage modes up to the
end of the transfer operation (W Hl). Additionally, Q2686 is
turned on when the Save signal is HI. The delay of R2686
and C2686 allows the readout to run for a sufficient time
upon entering the SAVE mode to store the readout display
in the Bistable or Fast Bistable modes. When the Save
mode is entered during a Multi Trace cycle, CR2686 holds
C2686 discharged until the end of the X pulse to allow the
readout to be stored.

Trace Alignment

The Trace Rotation supply, consisting of U2468A,
Q2468, and Q2469, is an operational amplifier providing a
low-impedance adjustable voltage source for the trace rota-
tion coil. TRACE ROTATION adjustment R2465 determines
the output voltage and therefore the current in the trace
rotation coil. The Reduced Scan Trace Rotation adjustment,
R2470, sets the difference in current required for the trace
rotation coil in the Reduced Scan mode. Resistor R2470 is
activated only when the Reduced Scan mode is selected by
S2558.

The Y-Axis alignment supply, consisting of U2468B,
Q2478, and Q2479, operates similarly to the Trace Rotation
supply, except that the difference in current required be-
tween Full Scan and Reduced Scan modes is provided by
fixed resistors R2471 and R2472.

Flood Gun Cathode Driver

Transistors Q3054 and Q3064 (diagram 17) comprise the
Flood Gun Cathode Driver stage. The output of this stage
has two states. When Q3064 is saturated, the flood gun
cathode is at ground potential and the flood guns are on.
When Q3064 is off, CR3066 clamps the flood gun cathode
at approximately 1 volt above the flood gun anode and the
flood guns are off. The flood guns are on continuously in all
display modes except Save. In the Save mode, the flood
guns are modulated by the Save Intensity signal, turning the
flood guns on and off at a duty cycle that is determined by
the setting of the front-panel SAVE INTENSITY control. Re-
sistor R3052 and capacitor C3053 delay the turn off of the
flood guns when the Save signal switches HI, allowing the
Readout System to turn off before flood gun modulation
begins.

The Power On signal overrides all other inputs, turning
the flood guns off when the 7934 power is switched on or
off. This prevents spurious erasure of the stored display due
to rapid changes in supply voltages applied to the storage
circuits.
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Collimation Electrode #1 and Flood Gun Anode
Driver

This stage consists of a current-input operational ampli-
fier, Q3022 and Q3026, and emitter follower Q3048 driven
by a resistive divider. The inverting input (base of Q3022)
operates at zero volts; R3026 is the feedback resistor. The
input current signal is provided by the Collector and Collima-
tion Electrode Decoder stage. This amplifier drives the flood
gun anode through R3027. The output of the Flood Gun
Anode Driver is connected to Q3048 through resistive di-
vider R3045, R3046, and R3047 to provide the drive for
Collimation Electrode #1 (CE1).

Collimation Electrode Drivers #2, #3, and #4

These driver stages are operational amplifiers similar to
that discussed above for the Flood Gun Anode Driver. Tran-
sistors Q2992-Q2996 comprise the driver for CE2, Q2972-
Q2976 for CE3, and Q2942-Q2946 for CE4.

Collector Mesh Driver

This stage consisting of Q2914, Q2918, and Q2924 is an
operational amplifier similar to those just discussed for the
Collimation Electrode Driver stages. Transistor Q2924 is an
emitter follower stage added within the feedback loop to
reduce the amplifier output impedance for ac and transient
signals which are coupled into the output of this amplifier
from the Fast Mesh Driver stage through the inter-mesh ca-
pacitance of the crt. Capacitor C2915 increases the ampli-
fier response to these injected transients and provides high-
frequency compensation.

Collector and Collimation Electrode Decoder

This stage consists of Q29804, Q2988, Q3012, Q3016,
and associated diode-resistor networks. This stage decodes
the logic inputs from the Main Timing, Transfer and Muilti,
and Storage Mode Switching stages, into discrete current
level signals for input to the Collector Mesh, Coliimation
Electrodes, and Flood Gun Anode driver stages. This stage
uses transistor switches and diode current steering net-
works to convert the input logic signals into currents.

Fast Mesh Driver

This stage consisting of Q2862, Q2864, Q2868, Q2873,
and Q2874 is an expanded version of the simple operational
amplifiers previously discussed. Transistor Q2864 is a volt-
age shifter stage which permits the output transistors to
operate from a negative supply. Transistor Q2873 provides
current limiting to protect the amplifier from output short
circuits. Transistor Q2874 is an emitter follower for low ac
output impedance.
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Fast Mesh Decoder

This stage, consisting of Q2842, Q2852, CR2848&, and
CR2849, decodes inputs from the Storage Mode Switching,
Tsfr and Multi, and Fast Prep stages into discrete current
levels for the Fast Mesh Driver stage. When Fast Prep is
LO, CR2849 is reverse biased and CR2848 is forward bi-
ased. If VP (415 V) is LO or Q2904 is on, all of the current
in R2902 provides input to the Fast Mesh Driver stage, and
the output voltage to the Fast Mesh is +125 volts. When
VP (415 V) is HI and Q2904 is off, the current flow through
R2901 offsets some of the current in R2902 causing the
Fast Mesh to drop to +100 volts. When Fast Prep is Hl,
CR2848 is reverse biased and Q2852 is off. Resistors
R2850 and R2855, in Fast Variable Persistence and Fast
Bistable respectively, adjust the Fast Prep Level in each
Fast Storage mode between zero and +20 volts. The
“pump pulses” which appear on the Fast Mesh when it is at
the Fast Prep Level are the result of the oscillation of the
Fast Prep logic signal.

During a sweep or a transfer operation, Q2842 turns off.
Resistors R2845 and R2846, in Fast Bistable and Fast Var
Persist respectively, adjust the Fast Transfer Level (delta V)
in each Fast Storage mode between zero and 3 volts below
the Fast Prep Level. Front-panel STORAGE LEVEL control
R2720 provides offset to the Fast Transfer Level in both
Fast storage modes through R2748.

Storage Mesh Driver

This driver stage consists of two parts: Operational am-
plifier Q2802, Q2804, 2808, and Q2814 which is similar to
the Fast Mesh Driver stage, and a 600 volt switching circuit
Q2818, 2822, Q2826, 02828, Q2834, and Q2838.

When Tsfr and Erase are both LO, Q2818 and Q2822 are
off; Q2826 and Q2828 are saturated. Diode CR2833 con-
ducts current from R2833 and holds the Storage Mesh po-
tential at approximately 0.8 volts above the output level of
the operational amplifier.

When the Erase or Tsfr signals go HI, Q2818 and Q2822
turn on and Q2826 and Q2828 turn off. Transistors Q2834
and Q2838 turn on and drive the Storage Mesh to the +600
volt supply. CR2839 disconnects the operational amplifier
from the Storage Mesh at this time. Bootstrap capacitor
C2833 maintains base drive to Q2834 and Q2838 through-
out the 100 millisecond duration of either the Erase or Tsfr
pulses.

Current limiting is provided in both the operational ampli-
fier and 600 volt switch by light emitting diodes CR2813 and
CR2831 in the output sections.



Storage Mesh Decoder

This stage, consisting of Q2704, Q2714, Q2730, Q2734,
Q2745, Q2752, Q2755, and associated diode-resistor net-
works, develops discrete current levels for input to the Stor-
age Mesh Driver.

Consider operation in the Bistable mode. Initially, the cur-
rents in R2715, R2717, CR2726, R2727, and R2736 are all
zero. Transistors Q2745 and Q2755 are saturated and the
net current into the Storage Mesh Driver is the sum of the
currents in R2746, R2747, and R2716. Resistor R2745 sets
the Bistable Operating Level between +35 volts and 120
volts. When Erase goes HI, Q2752 saturates, turning off
Q2755 and Q2745 and charging C2753. At the end of the
Erase pulse, the voltage on the Storage Mesh is at
—15volts set by R2716. However, C2753 discharges
through R2753 and R2754, causing the Storage Mesh voit-
age to ramp back up to the Bistable Operating Level in ap-
proximately 600 milliseconds. In Fast Bistable mode the
operation of the Storage Mesh Decoder is unchanged.

Consider operation in the Variable Persistence mode. Ini-
tially, the currents in R2736, Q2745, R2727, and R2717 are
zero. Diode CR2726 is forward biased and Q2714 is off so
the net current into the Storage Mesh Driver is the sum of
the currents in R2724, R2726, R2715, and R2716. Resistor
R2725 sets the Variable Persistence Operating Level be-
tween zero and +15 Volts, while the STORAGE LEVEL
control, R2720, provides an adjustabie offset of zero to
—5 Volts. The coupling of the 10 kilohertz Ramp waveform
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through C2718 and R2718 produces a 2 volt ramp at the
Storage Mesh superimposed on the Variable Persistence
Operating Level.

When Erase goes HI, Prep also goes HI turning Q2714
on and Q2730 off. Transistor Q2755 also turns off, momen-
tarily interrupting the current flow through R2733 which
turns Q2734 on. After the Erase pulse, Q2734 is still on so
the voltage on the Storage Mesh is at the level set by
R2725. As C2753 discharges, the emitter of Q2755 falls
turning off Q2734 after approximately 200 milliseconds.
This causes current to flow through R2736 to raise the Stor-
age Mesh to the Variable Persistence Prep Level, adjusted
by R2735 from zero to 12 volts above the Operating Level.
At the end of the X pulse, the Prep signal goes LO returning
the decoder to its initial state.

In the Fast Variable Persistence mode, operation of the
Storage Mesh Decoder is unchanged until the end of the X
pulse. In this mode, however, the Y pulse follows the X
pulse holding the Prep signal HI and the Storage Mesh at
the Prep Level for another 400 milliseconds. In addition W
goes HI and remains Hi until the end of the Tsfr pulse, and
Fast Prep oscillates at the Clock signal frequency. These
signals cause the Storage Mesh to drop to the Hold Level at
—35 Volts after the Y pulse and remain at that level until the
Tsfr pulse occurs. Superimposed on the Hold Level are the
“pump pulses”, logically inverted from the Fast Prep signal
and with height adjustable by R2705 from zero to 15 Volts
above the Operating Level.
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Section 5—7934 Service

MAINTENANCE

This section of the manual contains information for per-
forming preventive maintenance, troubleshooting, and cor-
rective maintenance for the 7934 Storage Oscilloscope.

PREVENTIVE MAINTENANCE

Preventive maintenance, when performed on a regular
basis, can prevent instrument breakdown and may improve
the reliability of the instrument. The severity of the environ-
ment to which the instrument is subjected will determine the
frequency of maintenance. A convenient time to perform
preventive maintenance is preceding electrical adjustment of
the instrument.

Cabinet Panel Removal

Dangerous potentials exist at several points through-
out this instrument. When the instrument is operated
with the covers removed, do not touch exposed con-
nections or components. Some transistors have volt-
ages present on their cases. Disconnect power before
cleaning the instrument or replacing parts.

The cabinet panels provide protection to personnel from
operating potentials present within the instrument. In addi-
tion, they reduce radiation of electromagnetic interference
from the instrument. Operate the instrument with the panels
in place to protect the interior from dust. The panels also
channel the air in the instrument for proper cooling.

The cabinet panels are held in place by slotted fasteners.
To remove the panels, turn each fastener counterclockwise
a quarter turn with a large screwdriver. Lift the panels away.
When replacing the panels, the right panel (as you face the
front of instrument) has ventilation holes near the front; the
left panel has ventilation holes about two-thirds toward the
rear.

Cleaning

The 7934 should be cleaned as often as operating condi-
tions require. Accumulation of dirt in the instrument can
cause overheating and component breakdown. Dirt on com-
ponents acts as an insulating blanket and prevents efficient
heat dissipation. It also provides an electrical conduction
path which may result in instrument failure. The side panels
reduce the amount of dust reaching the interior of the instru-
ment. Operation without the panels in place necessitates
more frequent cleaning.

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument.
Use a non-residue type of cleaner, preferably isopro-
pyl alcohol, totally denatured ethyl alcohol, or TP35.
Before using any other type of cleaner, consult your
Tektronix Service Center or representative.

Cleaning The Exterior. Loose dust accumulated on the
outside of the instrument can be removed with a soft cloth
or small brush. The brush is particularly useful for dislodging
dirt on and around the front-panel controls. Dirt which re-
mains can be removed with a soft cloth dampened in a mild
detergent and water solution. Abrasive cleaners should not
be used.

Cleaning The CRT. Clean the plastic light filter, implo-
sion shield, and the crt faceplate with a soft, lint-free cloth
dampened with denatured alcohol.

The crt mesh filter (furnished with Option 3 only) can be
cleaned as follows:

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

2. Greasy residues, or dried-on dirt, can be removed
with a solution of warm water and a neutral-pH liquid deter-
gent. Use the brush to lightly scrub the filter.
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3. Rinse the filter thoroughly in clean water and allow to
air dry.

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

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

Cleaning The Interior. Cleaning the interior of the instru-
ment should only be occasionally necessary. The best way
to clean the interior is to blow off the accumulated dust with
dry, low-velocity air (approximately 5 psi). Remove any dirt
with a soft brush or a cloth dampened with a mild detergent
and water solution. A cotton-tipped applicator is useful for
cleaning in narrow spaces, or for cleaning more delicate cir-

cuit components.

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

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

Visual Inspection

The 7934 should be inspected occasionally for such de-
fects as broken connections, improperly installed circuit
boards, and heat-damaged parts. The corrective procedure
for most visible defects is obvious; however, particular care
must be taken if heat-damaged parts are found. Overheat-
ing usually indicates other trouble in the instrument; there-
fore, correcting the cause of overheating is important to
prevent recurrence of the damage.

Semiconductor Checks

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

Periodic Electrical Adjustments

To ensure accurate measurements, check the electrical
adjustment of this instrument after each 1000 hours of oper-
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ation, or every six months if used infrequently. In addition,
replacement of components may necessitate adjustment of
the affected circuits. Complete adjustment instructions are
given in Section 6, Checks and Adjustments. The Checks
and Adjustments procedure can be helpful in localizing cer-
tain troubles in the instrument, and in some cases, may cor-
rect them.

TROUBLESHOOTING

The following information is provided to facilitate trouble-
shooting of the 7934 Storage Oscilloscope. Information
contained in other sections of this manual should be used in
conjunction with the following data to aid in locating a defec-
tive component. An understanding of the circuit operation is
helpful in locating troubles. See Section 4, Theory of Opera-
tion, for this information.

Troubleshooting Aids

Diagrams. Complete schematic diagrams are given on
the pullout pages in Section 8, Diagrams and Circuit Board
lllustrations. The component number and electrical value of
each component in this instrument are shown on these dia-
grams. (See the first page of the Diagrams and Circuit
Board lllustrations section for definitions of the reference
designators and symbols used to identify components in
this instrument.) Important voltages and numbered wave-
form test points are also shown on the diagrams. Important
waveforms are located adjacent to each diagram. The por-
tions of circuits mounted on circuit boards are enclosed with
heavy, solid-black lines. The component locator table on the
back of the preceding schematic provides an index to help
locate components on the diagram. Each schematic is
overlayed by a grid locator with a cross-reference table to
facilitate location of components on the schematic or the
circuit board.

Circuit Board lllustrations. To aid in locating circuit
boards, a picture showing the location of all circuit boards in
the 7934 is shown on the first pullout page in Section 8,
Diagrams and Circuit Board lllustrations. In addition, a
smaller circuit-board locator picture is given on the back of
the pullout page facing the associated schematic diagram.
Also provided here is an illustration of the circuit board(s) for
the circuit shown on the adjacent diagram. The illustration
shows the physical location of the components on the
board, Each circuit board illustration is overlayed by a grid
locator with a cross-reference table to facilitate rapid loca-
tion of components on the schematic diagram or circuit
board.

Troubleshooting Chart. A troubleshooting chart is given
in Section 8, Diagrams and Circuit Board lllustrations to aid
in locating a defective circuit. The shaded blocks on the



Troubleshooting Chart indicate circuit(s) that may cause the
indicated malfunction. Operation of the circuits listed is dis-
cussed in detail in Section 4, Theory of Operation.

Adjustment and Test Point Locations. To aid in locating
test points and adjustable components called out in the vari-
ous sections of the Check and Adjustment procedure, the
Adjustment and Test Point Locations pullout pages are pro-
vided in Section 8, Diagrams and Circuit Board lllustrations.

Component Color Cading. This instrument contains car-
bon composition resistors, metal-film resistors, and wire-
wound resistors. The resistance values of wire-wound
resistors are usually printed on the component body. The
resistance values of composition resistors and metal-film re-
sistors are color coded on the components using the EIA
color code (some metal-film resistors may have the value
printed on the body). The color code is read starting with the
stripe nearest the end of the resistor. Composition resistors
have four stripes, which consist of two significant figures, a
muiltiplier, and a tolerance value (see Fig. 5-1). Metal-film
resistors have five stripes consisting of three significant fig-
ures, a multiplier, and a tolerance value.

The values of common disc capacitors and small elec-
trolytics are marked on the side of the component body. The
white ceramic and epoxy-coated tantalum capacitors are
color coded using a modified EIA code (see Fig. 5-1).

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

Semiconductor Lead Configurations. Figure 5-2 shows
the lead configurations of the semiconductor devices used
in the 7934 Storage Oscilloscope.

Static discharge can damage semiconductor compo-
nents in this instrument.
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Static-Sensitive Devices. This instrument contains elec-
trical components that are susceptible to damage from
static discharge. See Table 5-1 for relative susceptibility of
various classes of semiconductors. Static voltages of 1 kV
to 30 kV are common in unprotected environments.

Observe the following precautions to avoid damage:

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their original containers, on a metal rail, or
conductive foam. Label any package that contains static-
sensitive assemblies or components.

3. Discharge the static voltage from your body by wear-
ing a wrist strap while handling these components. Servic-
ing static-sensitive assemblies or components should be
performed only at a static-free work station by qualified ser-
vice personnel.

4. Nothing capable of generating or holding a static
charge should be allowed on the work station surface.

5. Keep the component leads shorted together when
storing the component whenever possible.

6. Pick up components by the body, never by the leads.

7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a floor
or work-surface covering capable of generating a static
charge.

9. Use a soldering iron that is connected to earth
ground.

10. Use only special antistatic vacuum type desoldering
tools such as the Pace model PC10.
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COLOR CODE 186274
COMPOSITION
CERAMIC
RESISTORS
CAPACITORS
DIPPED
TANTALUM
+ — ELECTROLYTICS
METAL-FILM SMALL DISC
RESISTORS CAPACITORS
@ @ and(3)- 1ST, 2ND, AND 3RD SIGNI FICANT FIGS. (T) AND/OR @ COLOR CODE MAY NOT
® - MULTIPLIER (@) - TOLERANCE; BE PRESENT ON SOME CAPACITORS;
@ - TEMPERATURE COEFFICIENT. (P) - POLARITY AND VOLTAGE RATING
RESISTORS CAPACITORS DIPPED
TANTALUM
SIGNIFICANT
COLOR
LR FIGURES |MULTIPLIER [TOLERANCE | MULTIPLIER TOLERANCE ngIﬁNGGE
{OHMS) (pF) OVER 10pF | UNDER 10pF
BLACK 0 1 = 1 +20% + 2pF 4avDC
BROWN 1 10 99 10 +1% +0.1pF 6vVDC
RED 2 102 or 100 +29; 1020r 100 +2% - 10VDC
ORANGE 3 1030r 1 K +3% 103 or 1000 +3% —- 15VDC
+100%
YELLOW 4 104 or 10K +49 10% or 10,000 b — 20vDC
GREEN 5 105 0r 100K | +1/2% 10%0r +5% +0.5pF 25VDC
or - 100,000 +970 —U.op
108 or
3] + 0, — S
BLUE 6 10%0r 1 M +1/4% 1,000,000 35vDC
107 or
...... + A e e
VIOLET 7 +1/10% 10,000,000 50VDC
+80%
GRAY — - 102 or 0.01 +0.25pF -
8 or —20% p
WHITE 9 e S 101 or 0.1 +10% 11pF 3vDC
GOLD ——- 101 or Q.1 +5% — e — =
SILVER —— 102 or 0.01 +10% e —rr— — e
NONE - = —— +20% = £10% +1pF e

Figure 5-1. Color code for resistors and capacitors.
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NOTE
LEAD CONFIGURATIONS AND CASE STYLES ARE TYPICAL, BUT MAY
VARY DUE TO VENDOR CHANGES OR INSTRUMENT MODIFICATIONS.

_J SIGNAL DIODE LIGHT EMITTING
DIODE (L.E.D.)

PLASTIC-CASED TRANSISTORS

PLASTIC POWER DARLINGTON
TRANSISTORS TRANSISTOR

FET

INDEX

INTEGRATED CIRCUITS

€2314-34A

Figure 5-2. Semiconductor lead configurations. 5.5
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Table 5-1
RELATIVE SUSCEPTIBILITY TO STATIC
DISCHARGE DAMAGE

Voltage

Semiconductor Classes Equivalent*

MOS or CMOS microcircuits or 100 to 500 voits
discretes, or linear microcircuits with

MOS inputs (most sensitive)

ECL 200 to 500 volts
Schottky signal diodes 250 volts
Schottky TTL 500 volts

400 to 600 volts
600 to 800 volts
400 to 1000 voits
900 volts

1200 volts

High-frequency bipolar transistors
JFETs

Linear Microcircuits

Low-power Schottky TTL

TTL (least sensitive)

*Voltage discharged from a 100 pF capacitor through a resis-
tance of 100 ohms.

Multi-Pin Connector Holders. The multi-pin connector
holders are keyed with two triangles, one on the holder and
one on the circuit board. When a connection is made to a
circuit board the orientation of the triangle on the multi-pin
connector holder is determined by the index (triangle, dot, or
square) printed on the circuit board (see Fig. 5-3).

Troubleshooting Equipment

The following equipment is useful for troubleshooting the
7934 Storage Oscilloscope:

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

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

2. Digital Multimeter

Description: 10 megohm input impedance and 0 to 1 ki-
lovolt range, ac and dc; ohmmeter, 0 to 50 megohms;
accuracy, within 0.1%. Test probes must be insulated to
prevent accidental shorting.

Purpose:Check voltages and resistances.

END-LEAD
MULTI-PIN
CONNECTOR

INDEX

HOLDER END-LEAD
MULTI-PIN
CONNECTOR
~-
MULTI-PIN
CONNECTOR
INDEX 1986-68

Figure 5-3. Orientation of multi-pin connector holders.

3. Test Oscilloscope

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

Purpose: Check operating waveforms.
Recommended type: Refer to the Tektronix Products
Catalog for applicable oscilloscope system.

4. Variable Autotransformer

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

Purpose: Vary input line voltage when troubleshooting in
the power-supply unit,

Recommended type: General Radio W10MT3W Variac
Autotransformer (for 115-volt line only).

5. Isolation Transformer

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



Purpose: To isolate 7934 from line potential when trou-
bleshooting power supply.

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

Troubleshooting Techniques

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

1. Check Control Settings

Incorrect control settings can indicate a trouble that does
not exist. If there is any question about the correct function
or operation of any control on the 7934, refer to Section 2,
Operating Instructions.

2. Check Associated Equipment

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

3. Visual Check

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

4. Check Instrument Adjustment

Check the electrical adjustment of this instrument, or of
the affected circuit if the trouble appears in one circuit. The
apparent trouble may only be a result of misadjustment.
Complete adjustment instructions are given in Section 6,
Checks and Adjustments.

5. Isolate Trouble to a circuit

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

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

Figure 8-51 provides a guide for locating a defective cir-
cuit. Start at the top of the chart and perform the checks
given on the left side of the page until a step is found that
does not produce the indicated results. Further checks, or
the circuit in which the trouble is probably located, are listed
to the right of the step. This chart does not include checks
for all possible defects; use steps 6 and 7 in such cases.

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

6. Check Voltages and Waveforms

Often the defective component can be located by check-
ing for the correct voltages or waveforms in the circuit. Typi-
cal voltages and waveforms are given in Section 8,
Diagrams and Circuit Board lllustrations.

NOTE

Voltages and waveforms given in Section 8, Diagrams
and Circuit Board Illlustrations, are not absolute and
may vary slightly between 7934 Storage Oscillo-
scopes. To obtain operating conditions similar to
those used to take these readings, see the appropri-
ate schematic.

7. Check Individual Components

The following procedures describe methods of checking
individual components in the 7934. Components which are
soldered in piace are best checked by first disconnecting
one end. This isolates the measurement from the effects of
surrounding circuitry.
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To avoid electric-shock hazard, always disconnect the
7934 from the power source before removing or re-
placing components.

FUSES. Check for open fuses by checking continuity
with an ohmmeter.

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

INTEGRATED CIRCUITS. Integrated circuits can be
checked with a voltmeter, test oscilloscope, or by direct
substitution. A good understanding of the circuit operation
is essential to troubleshooting circuits using integrated cir-
cuits. In addition, operating waveforms, logic levels, and
other operating information for the integrated circuits are
given in Section 4, Theory of Operation and Section 8, Dia-
grams and Circuit Board lllustrations. Use care when check-
ing voltages and waveforms around the integrated circuits
so that adjacent leads are not shorted together. A conve-
nient means of clipping a test probe to the in-line, multi-pin
integrated circuits is with an integrated-circuit test clip. This
device also doubles as an integrated-circuit extraction tool.

DIODES. A diode can be checked for an open or shorted
condition by measuring the resistance between terminals
with an ohmmeter scale having a low internal source cur-
rent, such as the R X 1K scale. The resistance should be
very high in one direction and very low when the meter leads

are reversed.

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

RESISTORS. Check the resistors with an ohmmeter. Re-
sistor tolerances are given in Section 7, Replaceable Electri-
cal Parts. Normally, resistors do not need to be replaced
unless measured value varies widely from the specified
value.
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CAPACITORS. A leaky or shorted capacitor can best be
detected by checking resistance with an chmmeter on the
highest scale. Do not exceed the voltage rating of the ca-
pacitor. The resistance reading should be high after initial
charge of the capacitor. An open capacitor can best be de-
tected with a capacitance meter or by checking if the capac-
itor passes ac signals.

8. Repair and Adjust the Circuit

If any defective parts are located, follow the replacement
procedures given under Component Replacement in this
section. Check the performance of any circuit that has been
repaired or that has had any electrical components re-
placed. Adjustment of the circuit may be necessary. See
Section 6, Checks and Adjustments for performance check
and adjustment procedure.

TROUBLESHOOTING THE HIGH-
EFFICIENCY POWER-SUPPLY UNIT

General

The following information is provided to facilitate trouble-
shooting the high-efficiency power-supply unit. Information
contained in other sections of this manual should be used in
conjunction with this procedure to aid in locating a defective
component. An understanding of the circuit operation is
valuable in locating troubles. See Section 4, Theory of Oper-
ation, for this information. Specifications for the trouble-
shooting equipment referred to in this procedure are given
earlier in this section under Troubleshooting Equipment.

Extreme caution must be used when troubleshooting
in the power-supply unit due to the line voltage and
the high-voltage/high-current potentials present in the
unit.

When a fault condition occurs which is not of sufficient
magnitude to open the line fuse, power-supply protection
circuitry causes the inverter to operate in a pulse mode. In
this mode the inverter turns on for a short period of time,
and then turns off for a longer period of time. This cycle
repeats until power is disconnected or the malfunction is
corrected. This pulse mode causes either a “ticking” or a
“chirping” sound. Whenever either of these sounds is heard,
turn off the 7934 and proceed with the Preliminary Power-
Supply Check Procedure given below.



Preliminary Power-Supply Check Procedure

To avoid electric shock, always disconnect the instru-
ment from the power source before removing or re-
placing components or plug-in units.

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

2. Set the CONTROL ILLUMINATION switch on the rear
panel to the OFF position, and the GRAT ILLUM control on
the front panel to the fully clockwise position.

3. Remove the power-supply unit from the mainframe
following the procedure given later in this section under
Component Removal and Replacement.

4, Connect the power-cord plug of the 7934 to the out-
put of a variable autotransformer which is set for 115 volts
(or 230 volts). Connect the autotransformer to an isolation
transformer and plug the isolation transformer into a
115-volt (or 230 volt) power source.
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5. Push the 7934 POWER button in (to turn the instru-
ment on) and note the trouble symptoms.

6. Turn the 7934 off and proceed to the appropriate step
in the Troubleshooting Procedure as indicated by the Trou-
ble symptom column in Table 5-2.

Power-Supply Troubleshooting Procedure

STEP A: Check Line Fuse. To check the line fuse, pro-
ceed as follows:

1. Check the line fuse (F10), located on the rear panel of
the power-supply unit, for continuity and proper rating (see
Section 7, Replaceable Electrical Parts<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>