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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 conditionsorprac-
tices 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.

&CAUTION——Refar to manual
§ DANGER-High voltage

@ Protective ground (earth) terminal

Other warning symbols where they apply.

WARNING |

AC Power Source and Connection

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

Before making connection to the power source, deter-
mine 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 1 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 be inserted only into a
mating receptacie with a grounding contact. Do not defeat
the grounding connection. Any interruption of the groun-
ding 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 connec-
tion 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. Com-
ponent replacement 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.

Do Not Operate in Explosive Atmosphere

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



CAUTION\?

Use the Proper Fuse

Refer fuse replacement to qualified service personnel

only. To avoid fire hazard, use only the fuse specified in
the parts list for your instrument and which is identical in
the following respects:

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

Operating-Power Consideration

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.

7904 (SN B260000-UP)

Exercise Care with Intensity Level

Crt phosphor damage can occur under adverse con-
ditions. 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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SERVICE SAFETY INFORMATION

The following are safety precautions which appear in
the servicing information sections of this manual. This
Service Safety Information is in addition to the Operators
Safety information given previously.

Do Not Service Alone

Do not attempt internal service or adjustment unless
another person, capable of rendering first aid and
resuscitation, is present.

Exercise Care When Operating Instrument with
Covers Removed

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

Disconnect Instrument Power

To avoid electric-shock hazard, always disconnect the
7904 from the power source before removing or replacing
components.

To avoid electric-shock hazard, disconnect the instru-
ment from the power source before soldering.

Silicone Grease Handling

Handle silicone grease with care. Avoid getting the
silicone grease in your eyes. Wash hands thoroughly after
use.

Exercise Care When Servicing Power Unit

The power supply unit has been tested at the factory to
ensure safe operation. Improper repair of this unit can
result in hazardous potentials on the instrument chassis.
Do not remove the plate insulator, block insulator, or
transistor shield from the heat-sink. (See the exploded
view drawing of the power supply unit for the location of
these components.)

Disconnect the instrument from the power source and
allow the line storage capacitors to discharge before
removing the power-unit cover. The line storage
capacitors remain charged with high-voltage dc for
several minutes after the line power is disconnected
unless they are manually discharged. A warning-indicator
neon bulb, located on the Power-Supply Inverter board,
flashes when this stored voltage exceeds about 80 volts.
Do not remove the power-unit cover while this light is
flashing.

Use extreme caution when troubleshooting in the
power-supply unit, to avoid electric shock. Stored dc
potentials on the Power-Supply Inverter circuit board
remain long after the instrument is disconnected from the
power source. Verify that the power-cord plug is dis-
connected and that the line storage capacitors (C1216 and
C1217) are completely discharged before attempting any
repairs or ohmic measurements. (A warning-indicator
neon bulb, located on the Power-Supply Inverter board,
fiashes when this storage voltage exceeds about 80 volts.
However, simply because the neon bulb is not flashing
does not mean that the capacitors are fully discharged.)

CRT Handling

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

plate.
CAUTION

Avoid Excessive Moisture

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

Exercise Care When Checking Diodes

When checking diodes, do not use an ohm-meter scale
that has a high internal current, since high currents may
damage the diodes under test.



Exercise Care When Soldering on Multi-Layer
Boards

Several of the circuit baords in the 7904 are multi-layer
type boards with a conductive path laminated between the
top and bottom board layers. All soidering on these boards
should be done with extreme care to prevent breaking the
connections to this center conductor. Only experienced
maintenance personnel should attempt repair of these
boards: AZ--Main Interface, A4—Logic, A5—Trigger
Selector, A7—Vertical interface, A12—Cap-Rectifier.

Exercise Care When Handling CRT Anode Lead

Do not touch any components with the crt anode Jead
until it is fully discharged.

7904 (SN B260000-UP)

Use Proper Cleaning Agents

Avoid the use of chemical cleaning agents which might
damage the plastics used in this instrument. Use a non-
residue type of cleaner, preferably isopropyl alcohol,
totally denatured ethyl alcohol, or TP35. Before using any
other type of cleaner consult your Tektronix Service
Center or representative.

Do Not Use Pin Sockets for Connection Points

The spring tension of the pin sockels ensures a good
connection between the circuit board and the pin. This
spring tension can be destroyed by using the pin sockets
as a connecting point for spring-loaded probe tips,
alligator clips, etc.

OPTION
NUMBER A1

Universal Euro
220 volt/50 Hz
Rated 16 ampere

OPTION
NUMBER A3

Australian
240 volt/50 Hz
Rated 10 ampere

North American
120 volt/60 Hz
Rated 15 ampere
(12 amp max; NEC)

OPTION
NUMBER A2

U.K.
240 volt/50 Hz
Rated 13 ampere

OPTION
NUMBER A4

North American
240 volt/60 Hz
Hated 15 ampere
{12 amp max; NEC)

23617-01

Power plug options.

REV A DEC 1980
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7904 FEATURES

The TEKTRONIX 7804 Oscilloscope is a solid-state, high performance instrument designed for general purpose
applications. The 7904 features a crt with small spot size and high writing rate. Graticule area is 8 X 10 cm. Additionaily, the
instrument includes a readout system providing crt display of alphanumeric information from the piug-ins, including
deflection factor, sweep rate, and other encoded parameters.

The instrument’s high vertical bandwidth (500 MHz), and four plug-in compartments which accept 7-series plug-in
units, form a highly flexible measurement system.
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GENERAL INFORMATION

INTRODUCTION

The Instruction Manual contains both operating and
servicing information for the 7904 Oscilloscope.

Section 1—General Information; contains safety infor-
mation, instrument description, electrical specifications,
environmental characteristics, standard and recommend-
ed accessories, and packaging for shipment instructions.

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

Section 3—Circuit Description; contains basic and
general circuit analysis that may be useful for servicing or
operating the instrument.

Section 4—Maintenance; describes routine and correc-
tive maintenance procedures with detailed instructions for
replacing assemblies, subassemblies, and individual com-
ponents.

Section 5—Performance Check and Adjustment; con-
tains procedures to check the operational performance
and electrical characteristics of the instrument.
Procedures also include methods for adjustment of the
instrument to meet specifications.

Section 6~Instrument Options; contains a description
of available options and locations of incorporated infor-
mation for those options.

Section 7—Replaceable Electrical Parts; contains in-
formation necessary to order replaceable parts and
assemblies 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 information, circuit board component locators,
and locations of adjustments to aid in performing the
Adjustment procedure.

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

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
specifications. To confirm this, inspect the instrument for
physical damage incurred in transit and test the electricai
performance by following the Operating Instructions in
Section 2 and Performance Check Procedure in Section 5
of the Instruction Manual. if there is damage or deficiency,
contact your local Tektronix Field Office or represen-
tative.

Operating-Power Information

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

CAUTION

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

AC POWER SOURCE AND CONNECTION. This
instrument 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 pofe of the power source

must not exceed the maximum rated operating
voltage, 250 volts.

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 plug. Refer
any changes to qualified service personnel.

1-1
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GROUNDING. This instrument is safety class |
equipment (IEC designation). All accessible con-
ductive 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
mating receptacie 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 con-
nection must be made before making connection to
the instrument’s input or output terminals.

Operating Voltage

The 7904 can be operated fromeithera115 Vora230 V
nominal line voltage source. The Line Selector assembly
on the rear panel converts this instrument from one
operating voitage to the other. This assembly also in--
cludes fuses to provide protection for the line-input
portion of this instrument. Use the following procedure to
obtain correct instrument operation from the line voltage
available. Refer to Table 1-3.

Table 1-3
REGULATING RANGE LIMITS
Line Selector Regulating
Switch Position Range

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

The power-cord piug required depends upon the ac
input voltage and the country in which the instrumentis to
be used. Should you require a power-cord plug other than
that supplied with your instrument, refer to the standards
listed in Table 1-2.

Table 1-2
POWER-CORD PLUG CONFIGURATION

Nominal Supply Voltage Reference Standards

*ANS| C73.11
"NEMA 5-15-P
‘IEC 83

115 Vac

*ANS| C73.20

‘IEC 83

‘BS 1363

‘CEE 7, sheets IV, VI, and VII
AS C112

*NEMA 6-15-P

230 Vac

*ANSI—American National Standards Institute
"NEMA~-National Electrical Manufacturer's Association
‘IEC—International Electrotechnicai Commission

‘BS—British Standards Institution

‘CEE—International Commission on Rules for the Approval of
Electrical Equipment

'‘AS—S

1-2

90 to 132 volts
180 to 264 volts

115V
230 V

1. Disconnect the instrument from the power source.

2. Loosen the two captive screws which hold the cover
onto the selector assembly; then pull to remove the cover.

3. Toconvertfrom115 V1o 230 V nominal line voltage,
orvice versa, pull out the Line Selector switch bar (see Fig.
1-1) and plug it back into the remaining hole . Change the
line-cord power plug to match the power source recep-
tacle or use a 115 V to 230 V adapter.

4. Re-instali the cover and tighten the captive screws.

Line
Bolootoe

{Bottom)
139909

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



5. Before applying power to the instrument, check that
the indicator tab on the switch bar is protruding through
the correct hole for the desired nominal line voltage.

QT A AY AV AV o s

; CAUTION

WA W

This instrument may be damaged if operated with
the Line Selector assembly setto incorrect positions
for the line volitage applied.

Operating Position

A bail-type stand is mounted on the bottom of this
instrument. This stand permits the 7904 to be tilted up
about 10° for more convenient viewing.

Operating Temperature

The 7904 can be operated where the ambient air
temperature is between 0°C and +50°C. This instrument
can be stored in ambient temperatures between —55°C
and +75°C. After storage at temperatures beyond the
operating limits, allow the chassis temperature to come
within the operating limits before power is applied.

The 7904 is cooled by convection air flow through the
instrument. Adequate clearance must be provided on all
sides to allow heat to be dissipated from the instrument.
Do notblock or restrict the air flow through the holes in the
cabinet. Maintain the clearance provided by the feet on the
bottom and rear and allow about two inches clearance on
the top and sides (more if possible).

General Information—7904 (SN B260000-UP)

A thermal cutout in this instrument provides thermal
protection and disconnects the power from the instrument
if the internal temperature exceeds a safe operating level.
Power is automatically restored when the temperature
returns 1o a safe level. Operation of this instrument in
confined areas or in close proximity to heat-producing
instruments may cause the thermal cutout to open more
frequently.

REPACKAGING FOR SHIPMENT

If the Tektronix instrument is to be shipped to a
Tektronix Service Center for service or repair, attach atag
showing: owner (with address) and the name of an
individual at your firm that can be contacted. Include
complete instrument serial number and a description of
the service required.

Save and re-use the package in which your instrument
was shipped. If the original packaging is unfit for use or
not available, repackage the instrument as follows: ‘

Surround the instrument with polyethylene sheeting to
protect the finish of the instrument. Obtain a carton of
corrugated cardboard of the correct carton strength
and having inside dimensions of no less than six inches
more than the instrument dimensions. Cushion the
instrument by tightly packing three inches of dunnage
or urethane foam between carton and instrument, on all
sides. Seal carton with shipping tape or industrial
stapler.

The carton test strength for your instrument is 375
pounds.
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SPECIFICATION

The electrical characteristics listed in Table 1-4 apply when the following conditions are met: {1} Adjustment of the
instrument must have taken place at an ambient temperature between +20°C and +30°C; (2) the instrument must be
allowed a 30-minute warm-up period; (3) all specifications are valid at an ambient temperature of 0° to +50°C, unless
otherwise stated; (4) the instrument must be in an environment that meets the limits described in Table 1-5. Any applicable
conditions not listed above are expressly stated as part of that characteristic.

ltems listed in the Performance Requirements column are verified by completing the Performance Check in this
manual. Items listed in the Supplemental Information column are not verified in this manual; they are either explanatory

notes or performance characteristics for which no limits are specified.

Table 1-4
ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

VERTICAL SYSTEM

Deflection Factor

Compatible with all 7-series plug-in units,

Accuracy

Less than 1% difference between vertical
compartments,

- Low-frequency iinearity

0.1 div or less compression or ex-

pansion of a center-screen two-division
signal when positioned anywhere vertically
within the graticule area.

Bandwidth

Varies with amplifier plug-in selected.
See Table 1-7, Vertical System Specification.

Isolation Between Vertical Com-
partments (eight-division
reference signal)

At least 100:1 from dc to 250 MHz;
decreasing to at least 40:1 from 250 MHz
to 500 MHz.

Chopped Mode
Repetition rate

1 MHz +20%.

Time segment from each 0.4 to 0.6 us.
compartment
Delay Line Permits viewing of leading edge of

triggering signal.

Difference in Delay Between
Compartments

0.1 ns or less.

Vertical Display Modes

Selected by front-panel VERTICAL
MODE switch.

LEFT: Left vertical unit only.

ALT: Dual-trace, alternates between vertical units.
ADD: Added algebraically.

CHOP: Dual-trace, chopped between vertical units.
RIGHT: Right vertical unit only.

Trace Separation Range for
Duai-Sweep Modes

B trace can be positioned approxi-
mately +4 and -4 div from
the A trace.

1-4
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ELECTRICAL CHARACTERISTICS
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Characteristic

Performance Requirement

Supplemental Information

TRIGGER SYSTEM

Trigger Source

VERT MODE: Determined by vertical mode.
LEFT VERT: From left vertical unit only.
RIGHT VERT: From right vertical unit only.

Selected by front-panel A
TRIGGER SOURCE AND B
TRIGGER SOURCE switches.
VERT MODE position auto-
matically provides opti-

mum trigger source for

each vertical display mode.

HORIZONTAL SYSTEM

Deflection Factor

Compatible with all 7-series plug-in units.

Deflection Accuracy

Less than 1% difference between
compartments.

DC Linearity 0.1 div or less error at each graticule
line after adjusting for no error at
the second and tenth graticule lines.

éandwidth dc to at least 1 MHz.

10 div reference

Fastest Calibrated Sweep Rate

0.5 ns/div

With 7B92A time-base unit only.

Other 7B-series units are uncal-
ibrated for first 60 ns of sweep
time when used with 7904.

Horizontal Display Modes

A: A horizontal unit only.

ALT: Dual-sweep, alternates between hori-
zontal units.

CHOP: Dual-sweep, chopped between hori-
zontal units.

B: B horizontal unit only.

Phase Shift Between Vertical
and Horizontal Deflection
Systems

Without phase correction

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

With phase correction
{Option 2)

Adjustable to less than 2° from dc to
1 MHz.

Chopped Mode
Repetition rate

200 kHz £20%.

Time segment from each
compartment

2.0 to 3.0 us.

Display Factor

At least 75%.

Selected by front-panel HORIZ-
ONTAL MODE switch.

16
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Table 1-4 {cont)
ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Suppiemental information

CALIBRATOR
Wave Shape Square wave and dc.
Polarity Positive-going with baseline voltage at

zero,

Output Voltage

Open circuit

4mV,40mV,04V,4V,40V.

Selected by front-pane! CALIBRATOR
switch.

Into 50 ohms

2mv,20mv,02V,04 V.

Output Current

40 mA through front-panel current loop.

Amplitude Accuracy (Voltage
and Current)

+15°C to +35°C Within 1%.
0°C to +50°C Within 2%.
Repetition Rates 1 kHz. Selected by front-panel RATE switch.

1/2 repetition rate of B Sweep gate.

Dc.

1 kHz Accuracy (Voltage
and Current)
+15°C to +35°C

Within 0.25%.

0°C to +50°C

Within 0.5%.

Dual Cycle

50% within 0.1%.

Risetime and Falltime
4 mV through 4V and 40 mA

Less than 0.25 us.

40V

Less than 2 us with 10 pF load.

1-6
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Table 1-4 {cont)
ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

EXTERNAL Z-AXIS INPUT

Sensitivity

2 V p-p provides trace modulation
over full intensity range.

Approximately 0 V input produces
no intensity change.

Polarity of Operation

Positive-going signal decreases trace
intensity; negative-going signal increases
trace intensity.

Intensity Circuit Pulse

Performance (Between Rear-

Pane! Connector and crt)
Low-frequency limit

Dc

Response to negative-going
input

Approximately 10 ns.

Response to positive-going
input

Approximately 20 ns.

Propagation delay

Approximately 25 ns.

Recovery time in response
to positive input step

Approximately 60 ns.

Recover time in response
to negative input step

Approximately 0 ns.

Input Resistance at Dc

500 Q £10%.

Maximum Safe Input Voltage

15 V (dc + peak ac)

+Sawtooth
Source A HORIZ time-base unit or B HORIZ Selected by internal Sweep switch.
time-base unit.
Polarity Positive-going with baseline at 0 vV

within 1 V (into 1 MQ).

Output voltage

Rate of rise 50 mV/unit of time selected by the
time base TIME/DIV switch, within 15%.
Into 50 Q 100 ns/div maximum.
Into 1 MQ2 1 V/unit of time selected by the

(parallel with 150 pF}

time-base TIME/DIV switch, within 10%.
1 us/div maximum,

Peak voltage
Into 50 Q

At least 500 mV.

l“nto 1 MQ

At least 10 V.
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Table 1-4 {cont)
ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

EXTERNAL Z-AXIS INPUT (cont)

Output resistance

950 Q =10%.

+Gsact)irce A HORIZ time-base unit. Selected by internal Gate switch.
- B HORIZ time-base unit.
Delaying time-base unit (in either
horizontal compartment).
Polarity Positive-going with base-lineat0V

within 0.1 V {into 1 MQ).

Output voltage
Intc 50 O

0.5 V within 10%.

Into 1 MQ

10 V within 10%.

Risetime into 50 O

3 ns or less.

Qutput resistance

950 O £10%.

Vertical Signal Output
Source

Determined by B TRIGGER SOURCE
switch.

Output voltage

Into 50 Q 25 mV/div of vertical deflection +:25%.
Into 1 MQ 0.5 V/div of vertical deflection +25%.
Bandwidth Varies with amplifier plug-in unit selected;

see System Specifications.

Output resistance

READOUT DISPLAY

950 Q +10%.

Readout Modes

Free-run independent of sweep.

Triggered at end of selected sweep.

Singie-shot controlled through rear-panel
Remote Control Connector J90.

Selected by internal Readout Mode
switch.

Word Location

See Fig. 2-5.

Character Height

0.25 div to 0.5 div.

REV A, SEP 1978
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Table 1-4 (cont)

ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

READOUT DISPLAY (cont)

Zero Display
Total characters
(Each row)

40 zeros displayed, no overlap,
at least 9.5 div in width.

With Q2225 removed

Horizontal Centering

Left side within 0.25 div of 0
graticule line.

Right side within 0.25 div of 10th
graticule line.

Vertical Centering

Top Row CH 1 characters located within
upper graticule line.
Bottom Row CH 2 characters located within

lower graticule line.

DISPLAY
Cathode Ray Tube
Graticule
Type Internal, illuminated with variable edge
lighting.
Area

Standard instrument

8 div vertical by 10 div
horizontal. Each division equals 1 cm.

Option 4 8 div vertical by 10 div
horizontal. Each division equals 0.5 cm.
Phosphor P31 standard. Others available on special order.

Beam Finder

Limits display within graticule area
when actuated.

Minimum Photographic Writing
Speed with Polaroid® Type

410 Film (without film fogging
techniques)

Standard instrument
P31: P11:
Tektronix C-51R camera 2.81 cm/ns 6.1 cm/ns
with f1.2 lens and 1:0.5
object-to-image ratio
Option 4
P31: P11:
Tektronix C-51R camera 5.0 cm/ns 10.0 cm/ns
with /1.2 lens and 1:0.5
object-to-image ratio

‘Registered trademark of the Polaroid Corporation.
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Table 1-4 (cont)
ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

POWER SUPPLY

Live Voltage Range Ac, RMS

Selected by rear-panel Line Selector

assembly.
115 V nominal 90 to 132 V.
230 V nominal 180 to 264 V.
Line Frequency 48 to 440 Hz.

Maximum Power Consumption

190 W, 2.5 A at 60 Hz, 115 V line.

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

~55°C to +75°C.

Altitude
Operating

15,000 feet.

Nonoperating

Test limit 50,000 feet.

EMC (Electro-Magnetic Compatibility) in accordance with
MIL-STD-462A (when equipped with Option 3)

NOTE
Any unused plug-in compartments must be covered with a
blank plug-in panel (EMC shielded} in order to meet EMC
specifications. See Instrument Options section for
additional information.

Radiated Interference

Interference radiated from the instrument under test within
the given limits from 150 kHz to 1000 MHz.

Conducted Interference

Interference conducted out of the instrument under test
through the power cord within the given limits from
150 kHz to 25 MHz.

Transportation (packaged instrument, without plug-ins)

Qualifies under National Safe Transit Committee test
procedure 1A, Category 11.

1-10
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Table 1-6
PHYSICAL

Characteristic

information

Ventilation

Convection cooling. Automatic resetting thermal
cutout protects instrument from overheating.

Warm-up Time

20 minutes for rated accuracy.

Finish

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

Overall Dimension (measured at maximum points);
See Fig. 1-2 for dimensional drawing.

Height 13.5 in.
34.2cm

Width 12.0 in.
30.5 cm

Length 23.8in.
69.5 cm
Net Weight (Instrument Only) 30.0 Ibs.
13.5 kg

NOTE: DIMENSIONS ARE GIVEN WITH
TOP FIGURE IN INCHES AND BOTTOM
FIGURE IN CENTIMETERS.

11 s
[ ]
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Fig. 1-2. 7904 dimensional drawing.
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SYSTEM ELECTRICAL SPECIFICATION

Your TEKTRONIX 7904 Oscilloscope System provides
exceptional flexibility in operation with a wide choice of
general- and special-purpose plug-in units. The type
number of a particular plug-in unit identifies its usage as
follows:

The first digit (7) denotes the oscilloscope system for
which the plug-in is designed (7000-series).

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

A—Amplifier

‘B—Time base (real time)
C—Curve Tracer
D-—Digital

L—Spectrum Analyzer
M-—Miscellaneous
S—Sampling

T—Time base (sampling)

1-12

The third and fourth digits of the plug-in type number
do not carry any special connotation.

The "N” suffix letter added to the normal four-digittype
number identifies a unit not equipped with the circuitry
necessary to encode data for the 7000-series readout
system.

Table 1-7 lists the vertical specifications which are
system dependent. For more complete specifications on
plug-in units for the 7000-Series Oscilloscope System,
refer to the Tektronix Products catalog.

Table 1-8 lists the horizontal specifications which are
system dependent. For more complete specifications on
plug-in units for the 7000-Series Oscilloscope System,
refer to Table 1-7 and the Tektronix Products catalog.
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Table 1-7
7904 OSCILLOSCOPE VERTICAL SYSTEM SPECIFICATION
Accuracy VERT SIG OUT
Amplifier Ext Cal int Cal int Cal
Plug-in | Probe | Bandwidth | Rise Time | 0° to +50°C | +15° to +35°C | 0° to +50°C BW Tr
Unit (MHz) {ns) (%) (%) (%) {(MHz) (ns)
7A11 Integral 250 14 2 3 4 140 25
7A12 None 2 3 4
0 . 110 3.2
P60538 12 2.9 3 4 5
7A13 None 105 34 100 3.5
P68053B 1.5 25 3.5 100 3.5
P6055 65 5.4 : 65 5.4
7A14 P6021 55 6.4 2 3 4 50 7.0
P6022 120 2.9 100 3.5
7A15A/N [None 2 3 4
PEOS3A 80 4.4 3 3 3 70 50
7A1BA None 2 3 4
PE053B 225 186 3 3 3 140 25
7A17 None 150 2.4 15 24
7A18 None 2 3 4°
P60538 80 4.4 3 ) 5 70 5.0
7A19 None 3 4
P6056 500 0.8 4 5 300 1.2
P6057
7A19 (10 |None 2 3 4
mV/Div
(Only) P6056, 500 0.8 3 4 5 300 1.2
P6057
P8201 300 1.2 4 5
7A22 None or] 1 MHz 350 2 3 4 1.0 350
Any  l(within 10%)|(within 9%) +10% +9%
7TA24 None 2 3 4
P6056, 350 1.0 3 4 5 140 25
P6057
P6201 275 1.3 3 4 5
7A26 None 2 3
PE053B 200 1.8 3 4 140 2.5

*Deflection Factor accuracy is checked as follows:

EXT CAL 0°C to --50° C—Plug-in gain set at a temperature within 10° C of operating temperature, using an external calibrator
whose accuracy is within 0.25%.

INT CAL +15°C to +35°C--Plug-in gain set while operating within a temperature range of +15°C to +35°C, using the
oscilloscope calibrator,

INT CAL 0°C to +50°C--Plug-in gain set using the oscilloscope calibrator (within 10°C of the operating temperature) In a
temperature range between 0°C and +50°C.

"7A18 Opt. 6 (offset) version. Add 1% to accuracy figures when switched {o “OFFSET".

1-13
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Tabie 1-8
7904 OSCILLOSCOPE HORIZONTAL SYSTEM SPECIFICATION
Time- Maximum Triggering
Base Callbrated Frequency
Unit Performance Feature Sweep Rate Range N
7B50A _ Delayed Sweep 5 ns/div | Dcto150 MHz )
T 7B70 Delayed Sweep and Ext 2 ns/div ‘ Dc to 200 MHz
Amplifier _
T 7BT Dual Sweep Delaying 2 ns/div ‘Dc to 200 MHz i
« and Delayed
7B92A Display Switching 1 ns/div ~ Dc to 500 MHz B
7880 Delayed Sweep 1 ns/div Dc to 400 MHz
7885 Delaying Sweep “1ns/div Dc to 400 MHz o
Table 1-8

SPECIAL PURPOSE PLUG-IN UNITS

Plug-In Unit

Performance Feature

Low-Power Semiconductor Curve Tracer

Instruction Manual
Lead, Test; bnc, red 18-inch long
Adapter, conn: female bnc post

conn, plug, elec: 9 pin cable, with male insert

N 7CTiIN i
~ 7D01 Logic Analyzer ’ B -
7D10 Digital Events Delay
. 7D11 Digital Delay
7012 A/D Converter; plug in modules prowde flexnble measurement capablllty N
7D13 o Measures Temperature Voltage Current and Resnstance
7D14 Directly Gated Counter to 525 MHz
7K11 ~ CATV Preamplifier i o
7L12 100 kHz to 1.7 GHz Spectrum Analyzer
7L1g ”‘1 kHz to 1.8 GHz Spectrum Analyzer
_»7_!\7@"1‘ B Dual Delay Line
7M13 Readout Access Umt
7s11 Accepts Plug-Iin Sampling Heads 7
7512 Time Domain Reflectometer and Samplmg Apphcatlons
7514 Dual Trace Delayed Sweep Samp!er
v?Tﬁ Random or Sequentral equwalent or Real- T|me Samphng
STANDARD ACCESSORIES
LI =Y U T
2 BACN L e
TeaCh e
T each . e e e
1-14
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Section 2—7904 (SN B260000-UP)

OPERATING INSTRUCTIONS

PRELIMINARY OPERATION

To operate this instrument effectively, the user must
become familiar with the operation and capabilities of the
instrument. This section describes how to use the front-
and rear-panel controls and connectors.

WARNING I
To avoid electric-shock hazard, see installation in

the General Information section of this manual
before operating this instrument.

PLUG-IN UNITS

The 7904 accepts up to four Tektronix 7000-Series
plug-in units. This feature allows selection of bandwidth,
sensitivity, display mode, etc., and provides for future
expansion of the system.

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

Installation of Plug-In Units

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

To install a plug-in unit into a compartment, align the
slots in the top and bottom of the plug-in unit with the
associated 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 out on the release
latch to disengage the plug-in. To meet the EMC (elec-
tromagnetic compatibility) specifications, cover all unus-
ed plug-in compartments with an EMC shielded blank
plug-in panel, Tektronix Part 016-0155-00.

The gain of the 7904 vertical and horizontal systems has
been normailzed to allow plug-in units to be interchanged
among plug~in compartments without adjustment of the
system. The basic calibration of the plug-in units should
be checked when installed to verify theiraccuracy (referto
the operating instructions in the plug-in manual}.

CONTROLS AND CONNECTORS

The 7904 front and rear panels are shown in Figure 2-1.
A brief, functional description of each control and connec-
tor is included in the illustration. Refer to Detailed
Operating Information for additional information.

Front-Panel Color Coding

The 7904 front panel has color coded areas. These
colors 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 the relationships
among controls and connectors.
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Fig. 2-1. Front and rear-panel controls, connectors and indicators.
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READOUT Intensity {(Option 1 deletes Readout System)—Controls brightness of readout display. Disables Readout
System in counterclockwise detent position.

TRACE ROTATION--Screwdriver adjustment to align trace(s) with graticule lines.

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

A INTENSITY (Indicator)—Illuminates when selected by HORIZONTAL MODE switch.

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

B INTENTSITY {indicator}—Illuminates when selected by HORIZONTAL MODE switch.

B INTENSITY—Controls brightness of trace produced by plug-in unit installed in B HORIZ compartment.

BEAM FINDER—When pn d, compre and defocuses display within graticule area.
CONTROL ILLUM—Controls ililumination of readout characters.

CALIBRATOR—Provides 1 kHz calibrated square-wave voltages.

RATE~Selects repetition rate of calibrator; selects B GATE +2 providing a variable calibrator rate.
+SAWTOOTH—Sawtooth output signal derived from A or B time-base unit.

+GATE—Output signal derived from: A Gate, B Gate, or A Diy'd Gate.

CAL VOLTS—Square-wave output signal used for application to external equipment.
Ground—(not labeled) Binding post for use as chassis ground.

SIG OUT—Output signal derived from vertical signal as selected by A TRIGGER SOURCE switch.
B TRIGGER SOURCE~-Selects internal trigger source for B HORIZ plug-in.

Current loop—(not labeled) Provides a 40-milliampere output current to check and calibrate current-measuring probe
systems.

VERT TRACE SEPARATION (B)—Vertically positions B HORIZ trace with respect to A HORIZ trace.
HORIZONTAL MODE—Selects input source for horizontal deflection.

GRAT ILLUM—Controls illumination of graticule lines.

POWER—Switch controls power to instrument.

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

VERTICAL MODE—Selects input source for vertical deflection.

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

J90 Connector—Input for external operation of certain instrument functions.
PROBE POWER-—Connectors (2) provide power to active probe system.

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

Fig. 2-1. Front and rear-panel controls, connectors and indicators. {cont)
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FUNCTIONAL CHECK

General

The following Functional Check procedure can be used
for incoming inspection to verify proper operation and
may also be used by the operator for instrument
familiarization. Only instrument functions (not measure-
ment quantities or specifications) are checked in the
procedure; therefore, a minimum amount of test equip-
ment is required. if performing the Functional Check
procedure reveals improper performance or instrument
malfunction, first check the operation of associated
equipment; then refer to qualified service personnel for
repair or adjustment of the instrument.

This procedure aiso demonstrates the use of the
controls and connectors of the 7904. It is recommended
that this procedure be followed completely for familiariza-
tion with this instrument.

Set-Up Information

1. Set the front-panel controls as follows:

A INTENSITY

FOCUS

B INTENSITY

BEAM FINDER

READOUT

CONTROL ILLUM

GRAT ILLUM

POWER

CALIBRATOR

RATE

VERTICAL MODE

A TRIGGER SOURCE

HORIZONTAL MODE

VERT TRACE
SEPARATION (B)

B TRIGGER SOURCE

Counterclockwise
Midrange
Counterclockwise
Released

OFF

OFF
Counterclockwise
Off

4V

1 kHz

LEFT

VERT MODE

A

Midrange

VERT MODE

2. Connect the 7904 to a power source that meets the
voltage and frequency requirements of this instrument. Iif
the available line voltage is outside the limits of the Line
Selector switch setting (on rear panel,) see Operating
Voltage in section 1.

3. Insert Tektronix 7A-series amplifier units into both
the LEFT VERT and RIGHT VERT compartments. Insert
Tektronix 7B-series time-base units into both the AHORIZ
and B HORIZ compartments.

4. Setthe POWER switch to ON. Allow several minutes
warmup so the instrument reaches a normal operating
temperature before proceeding.

24

5. Set both vertical units for a vertical deflection factor
of two volts/division and center the vertical position
controls. Set both vertical units for ac input coupling.

6. Set both time-base units for a sweep rate of one
millisecond/division in the auto, internal trigger mode.

7. Advance the A INTENSITY control until the trace is
at the desired viewing level (near midrange).

8. Connect the CAL VOLTS connector to the input of
the left vertical unit with a bnc-to-bnc patch cord (supplied
accessory).

Display Focus

9. Adjust the FOCUS control so the top and bottom of
the displayed square wave are as thin as possible but not
elongated. Set the ASTIG adjustment so the top and
bottom of the displayed square wave are as thin as
possible. Repeat the adjustments for best overall focus.

NOTE

This instrument contains circuitry to automatically
protect the crt phosphor against damage due to
excessive crt beam current. Ifthe Aor BINTENSITY
control is set to a point where crt phosphor damage
could occur, this circuit limits the beam current to a
safelevel. Also, this circuit action will cause the trace
to de-focus (widen) to indicate that the intensity
control setting should be reduced. ifthe FOCUS and
ASTIG adjustments cannot be made as given instep
nine, decrease the setting of the A INTENSITY
control and repeat the step.

Trace Alignment

10. Disconnect the input signal and position the trace
with the left vertical unit position control so it coincides
with the center horizontal line of the graticule. If
necessary, adjust the TRACE ROTATION adjustment so
the trace is parallel with the center horizontal graticule
line.

Graticule Illumination

11. Rotate the GRAT ILLUM control throughout its
range and notice that the graticule lines are illuminated as
the control is turned clockwise (most obvious with tinted
filter instatled). Set control so graticule lines are ii-
luminated as desired.



Control Hlumination

12. Notice that only the light associated with the A
INTENSITY control is illuminated. Sequentially press all
the HORIZONTAL MODE switch buttons and noticethe A
or B INTENSITY lights; these lights indicate which
intensity control is active. The lights also provide an
indication that the POWER switch is on. Set the CON-
TROL ILLUM switch to the LOW position. Notice that the
selected pushbuttons of the 7904 and the piug-in units are
illuminated.

13. Change the CONTROL ILLUM switch to the HIGH
position. Notice that the selected pushbuttons of the
instrument and the plug-in units are iliuminated at max-
imum intensity. Return the HORIZONTAL MODE switch
to A,

Vertical Deflection System

14. Connect the CAL VOLTS connector to the input
connectors of both vertical units with the bnc-to-bnc
jumper leads. The display amplitude should be two
divisions within 0.12 division. Note the exact display
amplitude.

15. Notice that the position control of only the left
vertical unit has any effect on the vertical position of the
displayed trace. Position the trace to the upper hal!f of the
graticule with the left vertical unit position control,

18. Press the RIGHT button of the VERTICAL MODE
switch. The display amplitude should be two divisions
within 0.12 division. Note the exact display amplitude.

17. Notice that the position control of only the right
vertical unit has any effect on the vertical position of the
displayed trace. Position the trace to the lower half of the
graticule with the right vertical unit position control.

18. A correct display in both steps 14 and 16 indicates
that the Vertical Deflection System and the vertical plug-in
units are calibrated. Re-calibration is indicated when the
display amplitudes noted in steps 14 and 16 are both
outside the given tolerance by an equal amount in the
same direction (i.e., high or low); otherwise, re-calibration
of one or both vertical plug-in units is indicated.

Operating Instructions—7904 (SN B260000-UP)

19. Press the ALT button of the VERTICAL MODE
switch. Notice that two traces are displayed onthecrt. The
top trace is produced by the left vertical unit and the
bottom trace is produced by the right vertical unit; the
sweep for both traces is produced by the A time-base unit.
Reduce the sweep rate of the A time-base unit to 50
milliseconds/division. Notice that the display alternates
between the left and right vertical plug-ins after each
sweep. Turn the A time-base sweep rate swilch
throughout its range. Notice that the display alternates
between vertical units at all sweep rates.

20. Press the CHOP button of the VERTICAL MODE
switch. Turn the A time-base unit sweep rate switch
throughout its range. Notice that a dual-trace display is
presented at all sweep rates, but unlike ALT, both vertical
units are displayed on each sweep on a time-sharing basis.
Return the A time-base unit sweep rate switch to 0.5
millisecond/division.

21. Press the ADD button of the VERTICAL MODE
switch. The display should be four divisions in amplitude.
Notice that the position control of either vertical unit
moves the display. Return the VERTICAL MODE switchto
the LEFT position.

Horizontal Detlection System

22. Notice that the position control of only the A time-
base unit has any effect on 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. The center eight complete cycles of the displayed
waveform should occupy the center eight graticule
divisions within 0.25 division. Note the exact number of
horizontal divisions occupied by the center eight com-
plete cycles of the waveform (see Fig. 2-2).

24. Press the B button of the HORIZONTAL MODE
switch. Advance the B INTENSITY control until the
display becomes de-focused. The de-focused display
indicates that the B INTENSITY control is set too high and
the crt beam-current limiting circuitis operating to protect
the crt phosphor from damage. Reduce the setting of the B
INTENSITY control to obtain a bright, well-defined dis-

play.

25. Notice that the position control of only the B time-
base unit has any effect on the horizontal position of the
display trace. Position the start of the 4race to the left
graticule line with the B time-base unit position control.

25
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26. The center eight complete cycles of the displayed
waveform should occupy the center eight graticule
divisions within 0.25 division. Note the exact number of
horizontal divisions occupied by the center eight com-
plete cycles of the waveform (see Fig. 2-2).

1399-02

Fig. 2-2. Display showing correct calibration of the Horizontal
Deflection System,

27. A correct display in both steps 23 and 26 indicates
that the Horizontal Deflection System and the time-base
plug-in units are calibrated. Re-calibration is required if
the waveform displays noted in both steps 23 and 26 are
outside the given tolerance by an equal amount in the
same direction (i.e., long or short); otherwise, recalibra-
tion of one or both plug-in units is required.

28. Press the ALT button of the HORIZONTAL MODE
switch. Two traces should be presented on the crt. if the
display overlaps, 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. Notice that each time-
base unit controls one of the traces independent 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 crt 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 produced
by the A time-base unit only. Likewise, the B INTENSITY
control changes the intensity of the trace produced by the
B time-base unitonly. Return both intensity controls to the
desired level.

29. Press the CHOP button of the HORIZONTAL
MODE switch. Notice that two traces are shown on the crt
in a mannersimilartothe ALT display. Turn the sweep rate
switches of both time-base units throughout their range.
Notice that two traces are displayed on the crtatall sweep
rates. Also notice that when both time-base units are setto
a slow sweep rate (50 milliseconds/division or slower},
both traces are visible on the crt at the same time. Return
the sweep rate switches of both time-base units to 0.5
millisecond/division.

30. Set the CALIBRATOR switch to 0.4 V. Press the
CHOP button of the VERTICAL MODE switch. Four traces
should be displayed on the crt. If not, adjust the position
controls of the vertical units and the VERT TRACE
SEPARATION (B) control to position the four traces onto
the viewing area. Adjust the position controls of the plug-
in units to identify which traces are produced from each of
the plug-in units (if vertical units have the identify feature,
it can be used to identify the traces). Also, set one of the
time-base units to a sweep rate of one millisecond/divi-
sion. Notice that the vertical deflection produced by the
left vertical unit is displayed at the sweep rate of both the A
and B time-base units and that the vertical deflection
produced by the right vertical plug-in unit is also displayed
at the sweep rate of both time-base units.

31. Press the ALT button of the HORIZONTAL MODE
switch. Notice that the display is very similar to the display
obtained in the previous step. The main difference in this
display is that the sweeps are produced alternately by the
time-base units (noticeable only at slow sweep rates).

32. Press the ALT button of the VERTICAL MODE
switch. Set the CALIBRATOR switch to 4 V. Notice that
only two traces are displayed on the crt. Also notice that
one of the traces is produced by the left vertical unit atthe
sweep rate of the B time-base unit and the other trace is
produced by the right vertical unit at sweep rate of the A
time-base unit. This feature is called independent-pairs
operation and is obtained only when the VERTICAL
MODE switch is in the ALT position and the HORIZON-
TAL MODE switch is in either the ALT or the CHOP
position.



Triggering

33. Press the LEFT button of the VERTICAL MODE
switch and the A button of the HORIZONTAL MODE
switch. Center the display on the crt with the left vertical
unit position control. Disconnect the input signal from the
rightvertical unitinput connector. Sequentially press all of
the VERTICAL MODE switch buttons. Notice that a stable
display is obtained in all positions of the VERTICAL
MODE switch (straight line in RIGHT position). Also
notice that in addition to the VERT MODE pushbutton of
the A TRIGGER SOURCE switch, the RIGHT VERT or
LLEFT VERT (or both) pushbuttons are illuminated to
indicate the trigger signal source for each VERTICAL
MODE switch setting.

34. Press the LEFT VERT button of the A TRIGGER
SOURCE switch. Again, sequentially press all of the
VERTICAL MODE buttons. Notice that the display is again
stable in ail positions, as in the previous step.

35. Press the RIGHT VERT button of the A TRIGGER
SOURCE switch. Sequentially press all the VERTICAL
MODE switch buttons. 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.
Return the A TRIGGER SOURCE switch to VERT MODE.

36. The B TRIGGER SOURCE switch operates in a
similar manner to the A TRIGGER SOURCE switch when
the B time-base unit is selected for display. Return the B
TRIGGER SOURCE switch to VERT MODE.

37. Press the ALT button of the VERTICAL MODE
switch. Notice that all the A and B TRIGGER SOURCE
pushbuttons are illuminated. This indicates that the
internal trigger signals are being obtained alternately from
the LEFT and RIGHT VERT compartments.

38. Press the ALT or CHOP button of the HORIZON-
TAL MODE switch. Notice that this is the same display
obtained in step 32 (independent-pairs operation). Also,
notice that the VERT MODE and RIGHT VERT pushbut-
tons of the A TRIGGER SOURCE switch and the VERT
MODE and LEFT VERT pushbuttons of the B TRIGGER
SOURCE switch are illuminated. This indicates the true
trigger source for both time-base units for independent-
pairs operation.

Readout

NOTE

The following three steps apply only to instruments
equipped with a Readout System.
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39. Turn the READOUT controi clockwise until an
alphanumeric display is visible within the top or bottom
division of the crt. Change the deflection factor of the
vertical unit that is selected for display. Notice that the
readout portion of the display changes as the deflection
factor is changed. Likewise, change the sweep rate of the
time-base unit which is selected for display. Notice that
the readout display for the time-base unit changes also as
the sweep rate is changed.

40. Set the time-base unit for magnified operation.
Notice that the readout display changes to indicate the
correct magnified sweep rate. If a readout-coded 10X
probe is available for use with the vertical unit, instaliiton
the input connector of the right vertical 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 dis-
connect the probe.

41. Sequentially press all of the VERTICAL MODE
switch buttons and the HORIZONTAL MODE buttons.
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 appears within the lower division of
the crt. Return the VERTICAL MODE switch to LEFT
VERT.

Beam Finder

42. Set the deflection factor of the left vertical plug-in
to 0.1 volts/division. Notice that a square-wave display is
not visible since the deflection exceeds the scan area of
the crt.

43. Press the BEAM FINDER button. Notice that the
display is returned to the viewing area in compressed
form. Release the BEAM FINDER switch and notice that
the display again disappears from the viewing area. Pull
the BEAM FINDER outward so it locks in the "find"”
position. Notice that the display is again returned to the
viewing area in compressed form, but that in this position
it remains on the viewing area as long as the BEAM
FINDER switch is locked in the outward position,

44, With the BEAM FINDER switch locked in the
outward position, increase the vertical unit deflection
factor until the display is reduced to about two divisions
vertically. Adjust the position control of the displayed
vertical unit to position the compressed display about the
center of the graticule. Press the BEAM FINDER switch in
and release. Notice that the display remains within the
viewing area.
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Calibrator

45. Set the RATE switch to the B GATE -2 position.
Press the A button ofthe HORIZONTAL MODE switch and
set the B time-base unit for free-running operation {auto-
triggering with level control set so unit is not triggered).
Change the sweep rate of the B time-base unit and notice
that the repetition rate of the displayed signal changes as
the sweep rate is changed. The repetition rate of the
displayed signal rate is one-half the repetition rate of the
gate signal produced by the B time-base unit (duration of
one cycle of Calibrator waveform equals approximately 20
times the setting of the B sweep rate switch). Also notice
that the amplitude of the square wave is adjustable with
the CALIBRATOR switch,

46. Set the RATE switch to dc. Establish a ground
reference level on the crt (such as center horizontal line of
graticule). Set the vertical unit for dc¢ input coupling.
Notice that the display is a straight line deflected from the
ground reference line by the amount selected by the
CALIBRATOR switch.

47. If a current-probe amplifier plug-in is available, the
current function of the Calibrator can be demonstrated.
install the current-probe amplifier plug-in unit in the
instrument and press the VERTICAL MODE button which
will display this unit. Set the RATE switch to the 1 kHz
position and the CALIBRATOR switch to the 40 mA
position. Connect the current probe to the 40 mA current
loop (observe current direction shown by arrow). Set the
deflection factor of the current-probe amplifier to display
several divisions of the calibrator waveform. Setthe RATE
switch to the B GATE +2 position. Notice that the display
is the same amplitude as obtained previously, but that the
repetition rate is variable with the B time-base unit sweep
rate switch. Change the RATE switch to the dc position.
Notice that there is no deflection on the crt. This is
because the dc current function can be demonstrated only
with a current-probe that is sensitive to dc current.

Z-Axis Input

48. It an external signal is available (two volts peak-to-
peak minimumy), the function of the Z-AXIS INPUT can be
demonstrated. Remove the bnc cap from the Z-AXIS
INPUT connector (on rear panel). Connect the external
signal to both the input connector of the displayed vertical
unit and the Z-AXIS INPUT connector. Set the sweep rate
of the displayed time-base unit to display about five cycles
of the waveform. Adjust the amplitude of the signal
generator until intensity modulation is visible on the
display (change the vertical 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. Replace the bnc cap on the Z-
AXIS INPUT connector.
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49. This completes the Function Check procedure.
Instrument operations not explained here, or operations
which need further explanation are discussed under
Detailed Operating Information.

SIMPLIFIED OPERATING
INSTRUCTIONS

General

The following information is provided to aid in quickly
obtaining the correct setting for the 7804 controls to
present a display. The operator should be familiar with the
complete function and operation of this instrument as
described in this section before using this procedure. For
detailed operating information for the plug-in units, see
the instruction manuals for the applicable units.

Single-Trace Display

The following procedure will provide a display of a
single-trace vertical unit against one time-base unit. For
simplicity of explanation, the vertical unitis instatied in the
LEFT VERT compartment and the time-base unit is
installed in the A HORIZ compartment. Other com-
partments can be used if the following procedure is
changed accordingly.

1. Install a 7A-series amplifier unit in the LEFT VERT
compartment,

2. Press the LEFT button of the VERTICAL MODE
switch.

3. Install a 7B-series time-base unit in the A HORIZ
compartment.

4. Press the A button of the HORIZONTAL MODE
switch.

5. Press the VERT MODE button of the A TRIGGER
SOURCE switch.

6. Setthe POWER switchto ON. Allow several minutes
warmup.

7. Connect the signal to the input connector of the
vertical unit.

8. Set the vertical unit for ac input coupling and
calibrated deflection factors.



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

10. Advance the A INTENSITY controluntiladisplay is
visible (if display is not visible with A INTENSITY at about
midrange, press BEAM FINDER switch and adjust the
vertical deflection factor until the display is reduced in size
vertically; then center compressed display with vertical
and horizontal position controls; release BEAM FINDER]).
Adjust the FOCUS control for a well-defined display.

11. Set the vertical deflection factor and vertical
position control for a display which remains within the
graticule area vertically.

12, If necessary, set the time-base triggering controls
for a stable display.

13. Adjust the time-base position control so the dis-
play begins at the farthest left vertical line of the graticule.
Set the time-base sweep rate to display the desired
number of cycles.

Dual-Trace Display

The following procedure will provide a display of two
single-trace vertical units against one time-base unit.

1. Install 7A-series amplifier units in both vertical plug-
in compartments.

2. Press the LEFT button of the VERTICAL MODE
switch,

3. Install a 7B-series time-base unit in the A HORIZ
compartment.

4. Press the A button of the HORIZONTAL MODE
switch.

5. Press the VERT MODE button of the A TRIGGER
SOURCE switch.
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6. Setthe POWER switch to ON. Aliow several minutes
warmup.

7. Connect the signals to the input connectors of the
vertical units.

8. Set the vertical units for ac input coupling and
calibrated deflection factors.

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

10. Advance the AINTENSITY controluntiladisplayis
visible (if display is not visible with A INTENSITY at
midrange, press BEAM FINDER switch and adjust vertical
deflection factor until display is reduced in size vertically;
then center compressed display with vertical and horizon-
tal position controls; release BEAM FINDER). Set the
FOCUS control for a well-defined display.

11. Set the left vertical unit deflection factor for a
display about four divisions in amplitude. Adjust the
vertical position control to move this display to the top of
the graticule area.

12. Press the RIGHT button of the VERTICAL MODE
switch.

13. Set the right vertical unit deflection factor for a
display which is about four divisions in amplitude (if
display cannot be located, use BEAM FINDER switch).
Position this display to the bottom of the graticule area
with the right vertical unit position control.

14. Press the ALT or CHOP button of the VERTICAL
MODE switch. A dual-trace display of the signal from the
left vertical and right vertical piug-ins should be presented
on the crt. (For more information on choice of dual-trace
mode, see Dual-Trace Displays in this section.}

15. 1f necessary, adjust the time-base triggering con-
trols for a stable display.

16. Adjust the time-base position control so the dis-
play begins at the left graticule line. Set the time-base
sweep rate for the desired horizontal display.
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Dual-Sweep Display

The following procedure will provide a dual-sweep
display of a single-trace vertical unit against time-base
units.

1. Install a 7A-series amplifier unit in the LEFT VERT
compartment.

2. Press the LEFT button of the VERTICAL MODE
switch.

3. install 7B-series fime-base units in both the A
HORIZ and B HORIZ compartments.

4. Press the A button of the HORIZONTAL MODE
switch.

5. Press the VERT MODE buttons of the A TRIGGER
SOURCE and B TRIGGER SOURCE switches.

6. Setthe POWER switchto ON. Allow several minutes
warmup.

7. Connect the signal to the input connector of the
vertical unit.

8. Set the vertical unit for ac input coupling and
calibrated deflection factors.

9. Set both time-base units for auto mode, internal
triggering at a sweep rate of one millisecond/division.

10. Advancethe AINTENSITY controluntiladisplayis
visible (if display is not visible with A INTENSITY at
midrange, press BEAM FINDER switch and adjustvertical
deflection factor until display is reduced in size vertically,
then center compressed display with vertical position
control; release BEAM FINDER). Set the FOCUS control
for a well-defined display.

11. Set the vertical unit for a display about four
divisions in amplitude and move the display to the top of
the graticule area with the vertical position control.

12. If necessary, set the A time-base unit for stable
triggering.

13. Set the A time-base sweep rate for the desired
display.
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14. Press the B button of the HORIZONTAL MODE
switch.

15. Advance the BINTENSITY controluntiladisplayis
visible (if display is not visible with 8 INTENSITY at
midrange, press BEAM FINDER switch and adjust the
vertical deflection factor until display is reduced in size
vertically; then center compressed display with vertical
position control; release BEAM FINDER),

16. If necessary, set the B time-base unit for stable
triggering.

17. Set the B time-base unit sweep rate for the desired
display.

18. Press the ALT or CHOP button of the HORIZON-
TAL MODE switch (see Dual-Sweep Displays in this
section for further information on selecting sweep mode).

19. Adjustthe VERT TRACE SEPARATION (B) controt
to position the trace produced by the B time-base unit with
respect to the trace produced by the A time-base unit.

Dual Trace—Dual Sweep Display

The following procedure will provide a dual-trace, dual-
sweep display of two single-trace vertical units against
two time-base units (four traces displayed on crt).

1. Install 7A-series amplifier units in both vertical
compartments.

2. Press the LEFT button of the VERTICAL MODE
switch.

3. Install 7B-series time-base units in both horizontal
compartments.

4. Press the B button of the HORIZONTAL MODE
switch.

5. Press the VERT MODE buttons of the A TRIGGER
SOURCE and B TRIGGER SOURCE switches.

6. Setthe POWER switch to ON. Allow several minutes
warmup.



7. Connect the signals to the input connectors of the
vertical units.

8. Set the vertical units for ac input coupling and
calibrated deflection factors.

9. Set both time-base units for auto mode, internal
triggering at a sweep rate of one millisecond/division.

10. Advance the BINTENSITY control untiladisplayis
visible (if display is not visible with B INTENSITY at
midrange, press BEAM FINDER switch and adjust the left
vertical unit deflection factor until display is reduced in
size vertically; then center compressed display with left
vertical position control; release BEAM FINDER). Set the
FOCUS control for a well-defined display.

11. Set the left vertical unit deflection factor for a
display which is about two divisions in amplitude and
position the display to the top of the graticule area.

12. If necessary, adjust the B time-base unittriggering
controls for a stable display.

13. Position the start of the trace to the left graticule
line with the B time-base unit position control. Set the B
time-base unit sweep rate for the desired display.

14. Press the RIGHT button of the VER7ICAL MODE
switch and the A button of the HORIZONTAL MODE
switch.

15. Advance the AINTENSITY controluntiladisplayis
visible (if display is not visible with A iINTENSITY at
midrange, press BEAM FINDER switch and adjust the
right vertical unit deflection factor until display is reduced
in size vertically; then center compressed display with
right vertical unit position control; release BEAM
FINDER).

16. Set the right vertical unit deflection factor for a
display about two division in amplitude and position the
display just below the center horizontal line of the
graticule.

17. if necessary, adjust the A time-base unit triggerin
controls for a stable display. ‘
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18. Position the start of the trace to the left graticule
line with the A time-base unit position control. Set the A
time-base sweep rate for the desired display.

19. Press the ALT or CHOP button of the HORIZON-
TAL MODE switch.

20. If necessary, adjust the VERT TRACE
SEPARATION (B) control to separate the two traces.

21. Press the CHOP button of the VERTICAL MODE
switch.

22. Adjust the vertical position controls and the VERT
TRACE SEPARATION (B) control as necessary to obtain
the desired display.

Independent-Pairs Display

The following procedure will provide a duai-trace, dual-
sweep display where the left vertical unit is displayed only
at the sweep rate of the B time-base unit and the right
vertical unit is displayed only at the sweep rate of the A
time-base unit.

1. Follow steps 1 through 19 of the previous procedure
for Dual-Trace/Dual-Sweep displays.

2. Press the ALT button of the VERTICAL MODE
switch.

3. If necessary, adjust the position controls of the
vertical units to separate the two traces. The vertical
deflection produced by the unit in the LEFT VERT
compartment is displayed at the sweep rate of the time-
base in the B HORIZ compartment, and the vertical
deflection produced by the unit in the RIGHT VERT
compartment is dispiayed at the sweep rate of the time-
base in the A HOR!Z compartment.

Delayed Sweep—Single Trace Display

The following procedure will provide a delayed-sweep
display of a single-trace vertical unit.

1. Follow the complete procedure given under Single-
Trace Displays.

2. Be sure the time-base unit installed in the AHORIZ
(DELAYING TIME BASE) compartment is a delaying time-
base unit.
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3. Install a 7B-series time-base unit in the B HORIZ
compartment.

4. Follow the procedure given in the instruction
manual for the delaying sweep time-base unit to obtain a
delayed-sweep display.

5. Press the B button of the HORIZONTAL MODE
switch and advance the B INTENSITY control until a
display is visible. Only the delayed sweep is shown on this
display.

6. Pressthe ALT or CHOP button of the HORIZONTAL
MODE switch.

7. If necessary, adjust the VERT TRACE
SEPARATION (B) contro!l to separate the two traces. This
disptay provides a simultaneous presentation of the
delaying (A HORIZ) time-base unit and the delayed (B
HORIZ) time-base unit.

Delayed Sweep-Dual Trace

The following procedure will provide a delayed-sweep
display of two single-trace vertical units (four traces
displayed on screen).

1. Follow the complete procedure given under Dual-
Trace Displays.

2. Be sure the time-base unit installed in the A HORIZ
(DELAYING TIME BASE) compartmentis a delaying time-
base unit.

3. install a 7B-series time-base unit in the B HORIZ
compartment.

4. Follow the procedure given in the instruction
manual for the delaying sweep time-base unit to obtain a
delayed-sweep display.

5. Press the B button of the HORIZONTAL MODE
switch and advance the B INTENSITY controf until a
display is visible. Only the delayed sweep display of both
vertical traces is shown on this display.

6. Pressthe ALT or CHOP button ofthe HORIZONTAL
MODE switch.
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7. Adjust the vertical position controls and the VERT
TRACE SEPARATION (B) control as necessary 1o obtain
the desired display.

NOTE

When operated in the delayed-sweep mode, there is
no special display relationship between the vertical
and horizontal plug-ins as for independent-pairs
operation, regardiess of the vertical mode selected.

X-Y Display

The following procedure will provide an X-Y display
(one signal versus another rather than against time).

NOTE

Some 78B-series time-base units have provisions for
amplifier operation in the X-¥Y mode; see X-Y Opera-
tion in this section for details of operation in this
manner.

1. Install 7A-series amplifier units in both the LEFT
VERT and the A HORIZ compartments.

2. Press the LEFT button of the VERTICAL MODE
switch and the A button of the HORIZONTAL MODE
switch.

3. Setthe POWER switch to ON. Allow several minutes
warmup.

4. Connect the X-signal to the amplifier unit in the
LEFT VERT compartment.

5. Connect the Y-signal to the amplifier unit in the
LEFT VERT compartment.

6. Set both amplifier units for ac input coupling and
calibrated deflection factors.

7. Advance the A INTENSITY control until a display is
visible (if display is not visible, press BEAM FINDER
switch and adjust the deflection factors of both amplifier
units until display is reduced in size both vertically and
horizontally; then center compressed display with the
position controls; release BEAM FINDER).



8. Set the deflection factor of both ampilifier units for
the desired display and center the display with the position
controls. The amplifier unit in the A HORIZ compartment
controls the horizontal deflection,and the unitinthe LEFT
VERT compartment controls the vertical deflection.

DETAILED OPERATING INFORMATION

Intensity Controls

General. The 7904 has three separate intensity con-
trols. The A INTENSITY control determines the brightness
of the display produced by the plug-inunitinthe AHORIZ
compartment. Likewise, the B INTENSITY control deter-
mines the brightness of the display produced by the plug-
in unit in the B HORIZ compartment. The READOUT
intensity control determines the brightness of only the
readout portion of the crt display.

Crt Phosphor Protection. To protect the crt phosphor,
this instrument contains protection circuitry which limits
the display intensity by limiting the crt beam currentto a
safe level. If the intensity control{s) is advanced to a point
where the crt beam current exceeds a potentially damag-
ing level for more than about ten milliseconds, the circuit
action atuomatically limits the beam currentto a safe level.
This circuit action also de-focuses the trace to indicate
that the setting of the intensity control(s) should be
reduced. The crt beam current is limited to an even lower
level when operating in an X-Y mode, orif eitherone of the
time-base units is set to a slow sweep rate (even if the time-
base unit with slow sweep rate is not selected for display
by the HORIZONTAL MODE switch). This reduces the
danger of damaging the crt phosphor with a stationary or
slowly moving spot. Since beam-current limiting does not
take effect until after about ten milliseconds, the full
display-intensity capability of this instrument is available
for most single-shot and photography uses.

Light Filters. Light filters reduce the observed light
output from the crt. When the highest intensity display is
desired, remove the filters and use only the clear faceplate
protector (permanently instailed behind bezel). Apparent
trace intensity can also be improved in such cases by
reducing the ambient light or using a viewing hood.

Display Focus

This instrument contains an automatic-focusing circuit
which maintains optimum focus after correct setting of the
FOCUS control is established. This eliminates the need to
re-adjust the FOCUS control for various intensity settings
within the range of the crt phosphor-protection circuitry
(see Crt Phosphor Protection). Set the FOCUS control for
best definition of a low-intensity display.
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Astigmatism Adjustment

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

NOTE

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

1. Connect the CAL VOLTS connector to the input of
the vertical unit with a bnc-to-bnc jumper lead.

2. Set the CALIBRATOR switch to 4 V and the RATE
switch to 1 kHz. Adjust the vertical deflection factor to
produce a two- or three-division display.

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

4. Set the A INTENSITY control so the display is at
normal intensity (about midrange).

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

6. Adjust the FOCUS control so the top and bottom of
the displayed square wave are as thin as possible, but not
elongated.

7. Set the ASTIG adjustment so the top and bottom of
the displayed square wave are as thin as possible.

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

Trace Alignment Adjustment

If a free-running trace is not parallel with the horizontal
graticule lines, set the TRACE ROTATION adjustment as
follows: Position the trace to the center horizontal line and
adjust the TRACE ROTATION adjustment so the trace is
parallel with the horizontal graticule lines.
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Graticule

The graticule is internally marked on the faceplate of
the crt to provide accurate, no-paraliax measurements.
The graticule is divided into eight vertical and ten
horizontal divisions. in addition, each major division is
divided into five minor divisions at the center vertical and
horizontal lines. The vertical gain and horizontal timing of
the plug-ins are calibrated to the graticule so accurate
measurements can be made from the crt. The illumination
of the graticule lines can be varied with the GRAT ILLUM
control.

NOTE

Two types of crt graticules have been used in some
Tektronix oscilloscopes. One graticule has 0% and
100% risetime reference points that are separted by 6
vertical graticule divisions. The other graticule has
the 0% and 100% risetime referernice points separated
by 5 vertical divisions. In your manual, iliustrations
of the crt face or risetime measurement instructions
may not correspond with the graticule markings on
your oscilloscope.

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

Second Center Tenth
vertical vertical vertical
line fine fine

28

4k ¥ L bt 4 4 ¢ /
Center

horizontal 7
line

1399-03

Fig. 2-3. Definition of measurement lines on the graticule.
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Light Filter

The tinted filter provided with this instrument
minimizes light reflections from the face of the crt to
improve contrast when viewing the display under high
ambient light conditions. This filter should be removed for
waveform photographs or when viewing high writing rate
displays. To remove the filter, puil outward on the bottom
of the plastic crt mask and remove it from the crt. Remove
the tinted filter (leave the metal light shield in place) and
snap the plastic crt mask back into place. A clear plastic
faceplate protector is mounted between the crt faceplate
and the bezel. This faceplate protector should be left in
place at all times to protect the crt faceplate from
scratches.

An optional mesh filter is available for use with the
instrument (included with Option 3). This filter provides
shielding against radiated EMI (electro-magnetic in-
terference) 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
crt mask and the tinted filter.

Beam Finder

The BEAM FINDER switch provides a means of
locating a display which overscans the viewing area either
vertically or horizontally. When the BEAM FINDER switch
is pressed, the display is compressed within the graticule
area. This switch can also be pulled outward to lock it in
the beam-finder position. The latter feature is convenient
when attempting to locate traces from more than one of
the plug-in units in this instrument. Press the BEAM
FINDER switch in to release it from the locked position. To
locate and reposition an overscanned display, use the
following prodecure:

1. Press the BEAMFINDER switch in (orif desired, pull
it outward to the lock position).

2. While the display is compressed, increase the
vertical and horizontal deflection factors until the vertical
deflection is reduced to about two divisions and the
horizontal deflection is reduced to about four divisions
(the horizontal deflection needs to be reduced only when
in the X-Y mode of operation).

3. Adjust the vertical and horizontal position controls
to center the display about the vertical and horizontal
center lines of the graticule.

4. Release the BEAM FINDER switch; the display
should remain within the viewing area.



Control Hlumination

The CONTROL ILLUM switch determines the illumina-
tion level of the pushbutton switches on this instrument
and the associated plug-in units. This switch controls the
illumination of only the pushbutton switches on the plug-
in units, and does not affect the intensity of lights which
are used as function indicators (for example, it does not
affect the illumination of the ready light on a time-base
unit which has the single-sweep feature). In the OFF
position, all pushbutton lights on the instrument and the
associated plug-ins are off. The Aand B INTENSITY lights
remain on at low intensity to provide a power-on indica-
tion. In the LOW position, the selected buttons are
illuminated at low intensity. This is the recommended
position for the CONTROL ILLUM switch, since it
provides an adequate indication of switch position and
also results in longest bulb life. The HIGH position
provides maximum intensity for the pushbuttons and can

" be used so the selected switch is obvious even under high
ambient light conditions.

NOTE

If the Readout System is not installed in this
instrument (Option 1), disregard the following infor-
mation. Also, the READOUT controf has no effect
upon instrument operation in this case.

Readout

The Readout System allows alphanumeric display of
information on the crt along with the analog waveform
displays. The information displayed by the Readout
System is obtained from the plug-in units which are
installed in the plug-in compartments. The characters of
the readout display are written by the crt beam on a time-
shared basis with the signal waveforms.

The Readout Mode switch, located behind the right
side panel (see Fig. 2-4), determines the operating mode
of the Readout System. When this switch is in the Free
Run—Remote position, the Readout System operatesina
free-running mode to randomly interrupt the waveform
display to display characters. However, the waveform
display is interrupted for only about 20 microseconds for
each character that is displayed. The Readout System can
also be remotely switched to the single-shot mode when in
this position (see Remote Readout for further informa-
tion). In the Gate Trig'd position, the Readout System is
locked out so no characters are displayed during the
sweep. At the end of the sweep, the Readout System is
triggered and a complete frame of all applicable readout
words is displayed. This mode of operation can be used
when the trace interruptions necessary to display
characters would not otherwise allow a satisfactory
waveform display to be obtained. The trigger for the
Readout System in the Gate Trig'd position is produced
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from the sweep gate selected by the Gate switch (located
on the Output Signals and Calibrator board; see Fig. 2-4)
and is the same as the gate signal connected to the front-
panel +GATE connector {time-base unit must be installed
in selected horizontal compartment).

The readout information from each plug-in channel is
called a word. Up to eight words of readout information
can be displayed on the crt {two channels from each of the
four plug-in compartments). The location at which each
readout word is presented is fixed and is directly related to
the plug-in unit and channel from which it originated. Fig.
2-5 shows the area of the graticule where the readout from
each plug-in unit and channel is displayed. Notice that the
readout from channel 1 of each plug-in unit is displayed
within the top division of the graticule, and the readout
from channel 2 is displayed directly below within the
bottom division of the graticule. Only the readout from
plug-ins or channels which are selected for display by the
VERTICAL MODE or HORIZONTAL MODE switches, or
by the mode switches of dual-channel plug-ins, 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 waveform
display).

Mﬁam
Muode
~ Bwiteh

Fig. 2-4. Location of Readout Mode and Gate switches (behind
right side panel).
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Fig. 2-5. Location of readout on the crtidentifying the originating
plug-in and channel.

An "identify” feature is provided by the Readout
System to link 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 locaion allocated to that
plug-in and channel. Other readout words in the display
remain unchanged. When the "Identify” button is releas-
ed, the readout display from this plug-in channel is again
displayed. Circuitry may also be provided in the amplifier
unit which produces a noticeable change in the analog
waveform display to also identify the associated trace
when the "ldentify” button is pressed; see the plug-in
instruction manuals for details.

The READOUT control determines the intensity of only
the readout portion of the display independent of the other
traces. The Readout System is inoperative 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.

Remote Readout

The operating mode of the Readout System can be
remotely controlled through the rear-panel Remote con-
trot connector J90. Grounding Pin E inhibits (locks out)
the Readout System,; grounding Pin F triggers one com-
plete frame of applicable readout words (single-shot).
This mode of operation can be used to display the readout
independent of the waveforms, such as for display
photography. Requirements for remote readout operation
are as follows:
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Remote Readout Lockout
Pin of J90 E

Closure to ground (within 0.1 V)
from a positive level locks out
Readout System

Signal Required

Maximum current 2 mA
required
Maximum open +2V

circuit voltage

Maximum safe +5 V, =1V (dc -+ peak ac)

input voltage

Remote Single-Shot Readout
Pin of J90 F

Signal required Closure to ground (within 0.4 V)
from a positive level with pin E
grounded allows Readout System
to display one complete frame.

Rate of change must be at least

0.1 V/us.
Maximum current 3 mA
required
Maximum open +10 V

circuit voltage

Maximum safe
input voltage

+10V, —5 V {dc + peak ac)

Display Photography

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

The crt bezel of this instrument provides integral
mounting for a Tektronix Oscilloscope Camera. The three
pins located on the left side of the crt bezel connect power
to compatible camera systems. Control signals are also
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 istobe included on
waveform photographs, the following suggestions willaid
in obtaining good photographs.

1. Focus the oscilloscope display and the camera on
the center of the crt display. The auto-focus feature in this
instrument will maintain the traces at optimum focus.

2. Set the READOUT intensity control for a minimum
setting that allows the characters to be written. This
normally occurs at a slightly lower intensity level than is
necessary 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 readout display.

3. If single-shot photography is used, set the Readout
Mode switch to the Gate Trig'd position {see Readout for
complete operating information). Then, the readout is
displayed in a single-shot manner after the trace is
complete (be sure the camera shutter remains open at
least 0.5 second after the sweep is completed to
photograph the entire readout). Also, set the GRAT ILLUM
control counterclockwise while the trace is being
photographed. Then, the graticule can be photographed
later to produce a double-exposure picture showing
complete information,

Vertical and Horizontal Mode Switch Logic

There are 20 possible combinations of VERTICAL
MODE and HORIZONTAL MODE switch settings. The
total possible number of display combinations is further
multiplied by the variety of plug-in units available for use
with this instrument (such as voltage amplifiers, current
amplifiers, sampling units, etc.}, the interchangeability of
plug-ins (i.e,, an amplifier or time-base unit can be
installed in either of the vertical or horizontal com-
partments), or by the capabilities of the plug-in units
which are used in this instrument (e.g., a dual-trace
vertical unit can be used in either of the two single-channel
modes, in either dual-trace mode, or added algebraically;
a delaying time base may be used either for a normal
sweep or for delayed sweep). Therefore, itis difficult to list
all of the display combinations which can occur using the
plug-in units which are available, since the display
combinations possible are dictated by the specific com-
bination of plug-in units used. Table 2-1 lists the combina-
tion of VERTICAL MODE and HORIZONTAL MODE
switch positions available and the type of display provided
with each combination. For further information on opera-
tion in each position of the VERTICAL MODE and
HORIZONTAL MODE switch positions, see the following
sections on Vertical Mode and Horizontal Mode.
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Table 2-1
DISPLAY COMBINATIONS"®
VERT HORIZ
MODE Sw. | MODE Sw.
Position Position Comments
LEFT A One trace. Vertical deflec-
tion from single unit;
B horizontal deflection from
single unit.
ALT Two traces. Vertical deflec-
tion from single unit; hori-
CHOP zonta!l deflection from both
units.
ALT A Two traces. Vertical deflec-
tion from both units; hori-
B zontal deflection from single
unit.
ALT Two traces. Vertical deflec-
tion from both units; hori-
CHOP zontal deflection from both
units. Provides independent-
pairs operation between the
LEFT VERT and B HORIZ
plug-ins and the RIGHT
VERT and A HORIZ plug-ins
(except for delayed-sweep
operation).
ADD A One trace. Vertical deflec-
tion is algebraic summation
B of both units; horizontal
deflection from single unit.
ALT Two traces. Vertical deflec-
tion is algebraic summation
CHOP of both units; horizontal
deflection from both units.
CHOP A Two traces. Vertical deflec-
tion from both units; hori-
B zontal deflection from single
unit,
ALT Four traces. Vertical deflec-
tion from both units; hori-
CHOP zontal deflection from both
units.
RIGHT A One trace. Vertical deflec-
tion from single unit,
B horizontal deflection from
single unit. )
ALT Two traces. Vertical deflec-
tion from single unit; hori-
CHOP zontal deflection from both
units.

*Combinations given for single-channel vertical and horizontal
units only.
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Vertical Mode

Left and Right Mode. 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 aliernates
between the plug-in units in the LEFT VERT and RIGHT
VERT compartments with each sweep on the crt. Aithough
the ALT 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 these slower
sweep rates, alternate-mode switching becomes visually
perceptible.

The A and B TRIGGER SOURCE switches allow
selection of the triggering for an alternate display. When
these switches are set to the VERT MODE positions, each
sweep is triggered by the signal being displayed on the crt.
This provides a stable display of two unrelated signals, but
does not indicate the time relationship between the
signals. In either the LEFT VERT or the RIGHT VERT
positions, the two signals are displayed showing true time
relationship. However, if the signals are not time-related,
the display from the plug-in which 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 buttons of the HORIZONTAL MODE switch
are pressed, the instrument operates in the independent-
pairs mode. Under this condition, the left vertical unit is
always displayed at the sweep rate of the time-base unitin
the B HORIZ compartment and the right vertical unit is
displayed at the sweep rate of the time-base unit in the A
HORIZ compartment (non-delayed sweep only). This
results in two displays that have completely independent
vertical deflection and sweep rate. This display is
equivalent to the display obtainable with a dual-beam
oscilloscope for mostrepetitive display combinations. See
Horizontal Mode for information on selection of either
ALT or CHOP horizontal mode. See Trigger Source for
information on obtaining correct trigger operation. If
delayed-sweep operation is used under this condition, a
different sequence of display occurs. First, the leftvertical
unit is displayed at the sweep rate of the time-base unitin
the A HORIZ compartment {delaying sweep) and then at
the sweep rate of the time-base unit in the B HORIZ
compartment (delayed sweep). The vertical display then
shifts to the right vertical unit and it is displayed con-
secutively at the delaying and delayed sweep rate.

2-18

Chopped Mode. The CHOP position of the vertical
mode switch produces a display which is electronically
switched between channels at 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
displayed. At faster sweep rates, the chopped switching
becomes apparent and may interfere with the display.

Correct internal triggering for the CHOP mode can be
obtained in any of the three positions of the trigger source
switches. When the A or B TRIGGER SOURCE switches
are set to VERT MODE or LEFT VERT, the internal trigger
signal is obtained from the left vertical plug-in unit. Use of
the RIGHT VERT trigger source position triggers the time-
base units on the internal trigger signal from the right
vertical unit. This allows two time-related signals to be
displayed showing true time relationship. However, if the
signals are not time-related, the display from the channel
which is not providing the trigger signal will appear
unstable. The CHOP mode can be used to compare two
single-shot, transient, or random signals which occur
within the time interval determined by the time-base unit
(ten times selected sweep rate). To provide correct
triggering, the display which provides the trigger signal
must precede the second display in time. Since the signals
show true time relationship, time-difference mea-
surements can be made from the display.

Algebraic Addition. The ADD position of the VER-
TICAL 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 (applyingadc
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 of this
instrument is at least 5:1 at 500 megahertz. The rejection
ratio increases to 100:1 at 100 megahertz.

The overall deflection on the crtin the ADD mode is the
resultant of the algebraic addition 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 is a result of the signal applied
to either plug-in unit. Also, the polarity and repetition rate
of the applied signals enters into the calculation.

The following general precautions should be observed
to provide the best display when using the ADD mode:

1. Do not exceed the inputvoltage rating of the plug-in
units.



2. Do not apply large signals to the plug-in inputs. A
good rule to follow is not to apply a signal which exceeds
an equivalent of about eight times the vertical deflection
factors. For example, with a vertical deflection factorof0.5
volt/division, the voltage applied to that plug-in should not
exceed four volts. Largervoltages may resultin 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
setting 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, set the
plug-in units for the same input coupling.

Horizontial Mode

A and B. When either the A or B button of the
HORIZONTAL MODE switch is pressed, the display is
presented at the sweep rate of only 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 produces a display which alternates
between time-base units after each sweep on the crt.
Although the ALT horizontal mode can be used at all
sweep rates, the CHOP horizontal 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 ifeither horizon-
tal plug-in compartment is left vacant.

The A and B INTENSITY controls allow individual
adjustment 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 to obtain the
correct display in the ALT horizontal mode. If either ofthe
time-base units does not receive a correct trigger, and
therefore does not produce a sweep, the other unitcannot
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
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free runsifnotcorrectly triggered). The Aand B TRIGGER
SOURCE switches allow individual selection of the trigger
source for the A HORIZ and B HORIZ time-base units. See
the information on Trigger Source for compiete operation
of the A and B TRIGGER SOURCE switches. Also, see
Vertical Trace Separation for information on positioning
the B HORIZ display when in the ALT dual-sweep mode.

Chopped Mode. When the CHOP button of the
HORIZONTAL MODE switch is pressed, the display is
electronically switched between the two time-base units at
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 varying
sweep rates. In the CHOP horizontal mode, equal time
segments are displayed from each of the time-base units.
This provides a display which does not change greatly in
intensity as the sweep rate of one of the time-base units is
reduced (in contrast to ALT horizontal mode operation,
where the slowest trace tends to be the brightest).

The A and B INTENSITY controls allow individual
adjustment of the intensity of the traces produced by the
time-base units in the A HORIZ and B HORIZ com-
partments respectively. Triggering is not as critical in the
CHOP horizontal mode as in ALT, since only the trace
from the un-triggered time-base unit is missing from the
display if one of the units is not triggered properly. The
other trace will be presented in the normal manner. The A
and B TRIGGER SOURCE switches allow individual
selection of the trigger source for the A HORIZ and B
HORIZ time-base units. See the information on Trigger
Source. Also, see Vertical Trace Separation for informa-
tion on positioning the trace produced by the B HORIZ
unit in relation to the trace from the A HORIZ unit.

Vertical Trace Separation

The VERT TRACE SEPARATION (B) control allows the
trace produced by the B HORIZ plug-in to be positioned
about four divisions above or below the trace produced by
the plug-in unit in the A HORIZ compartment when one of
the dual-sweep horizontal modes is selected. This control
effectively operates as a vertical position control for all
dual-sweep modes except independent-pairs operation.
Then, the vertical position of the B HORIZ trace is
determined by the plug-inunitin the LEFT VERT compart-
ment only.
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To use the VERT TRACE SEPARATION (B) control,
first establish the desired portion of the trace produced by
the unit in the A HORIZ compartment. Then adjust the
VERT TRACE SEPARATION (B) control to move the trace
produced by the unit in the B HORIZ compartment away
from the A HORIZ display. If both of the 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 allow
selection of the internal trigger signals for the A HORIZ
and B HORIZ time-base units respectively. For most
applications, these switches can be set to the VERT MODE
positions. This position is the most convenient, since the
internal trigger signal is automatically switched as the
VERTICAL MODE switch is changed. Table 2-2 shows the
internal trigger source selected in the VERT MODE
position of both trigger switches for each position of the
VERTICAL MODE switch.

Table 2-2
VERT MODE

Trigger Source

VERTICAL MODE Trigger Source for
Switch Position A and B HORIZ units

LEFT LEFT VERT unit only

ALT Determined by HORIZONTAL
MODE Switch (see Table 2-3)

ADD Algebraic sum of signals from
LEFTand RIGHT VERT units

CHOP LEFT VERT unit only

RIGHT RIGHT VERT unit only

‘The internal trigger signal obtained in the ADD position
of the VERTICAL MODE switch is a composite of the
signals from the left and right vertical plug-in units. in the
ALT position of the VERTICAL MODE switch, the internal
trigger source is pre-selected by the HORIZONTAL
MODE switch. This automatically selects the proper
trigger source for the A and B time-base units for
independent-pairs operation (ALT vertical mode with ALT
or CHOP horizontal mode unless time-base units are set
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for delayed-sweep operation; see Independent-Pairs
Operation). For the A or B positions of the HORIZONTAL.
MODE switch, the internal trigger signal is automatically
switched as the display is electronically switched between
the LEFT VERT and RIGHT VERT plug-ins. Table 2-3
shows the trigger source selected in the ALT vertical mode
for the A HORIZ and B HORIZ time-base units for each
position of the HORIZONTAL MODE switch. Therefore,
the VERT MODE positions ensure that the time-base units
receive a trigger signal regardless of the mode switch
settings without the need to change the trigger source
selection.

The pushbuttons of the A and B TRIGGER SOURCE
switches are illuminated (CONTROL ILLUM switch set to
LOW or HIGH) to indicate the selected position (VERT
MODE) and the actual internal trigger source obtained as
a result of the VERTICAL and HORIZONTAL MODE
switch settings and operating mode of the time-base units
(LEFT VERT or RIGHT VERT}.

Table 2-3

A AND B VERT MODE TRIGGER
SOURCE FOR ALT VERTICAL MODE

HORIZONTAL MODE Trigger Source
Switch Position A B
A Alternates between vertical
units (follows display).
ALT "RIGHT "LEFT
VERT unit VERT unit
CHOP *RIGHT *LEFT
VERT unit VERT unit
B Alternates between vertical
units (follows display).

*Alternates between vertical units when time-base units are set for
delayed-sweep operation.

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 unitcan 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 vertical 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.



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 plug-in units
available for use with this instrument provides a means for
applying an external signal to the horizontal deflection
system for this type of display. Some of the 7B-series time-
base units can be operated as amplifiers in addition to
their normal use as time-base generators. This feature
allows an external signal to provide the horizontal deflec-
tion on the crt. For most of the time-base units with the
amplifier function, the X (horizontal) signal can be con-
nected either to an external input connector on the time-
base unit or it can be routed to the time-base through the
internal triggering system (see time-base instruction
manual for details). If the latter method is used, the Aand B
TRIGGER SOURCE switches must be set so that the X
{horizontal) signal is obtained from one of the vertical
units and the Y (vertical) signal is obtained from the other
vertical unit. The advantages of using the internal trigger
system to provide the X signal are that the attenuator
switch of the amplifier unit providing the horizontal signatl
determines the horizontal defiection factor to allow full-
range operation, and the plug-in units do not have to be
moved between compartments when X-Y operation is
desired.

Another method of obtaining an X-Y display is to install
an amplifier plug-in unit in one of the horizontal plug-in
compartments (check amplifier unit gain as given in the
plug-in instruction manual to obtain calibrated horizontal
deflection factors). This method provides the best X-Y
display, particularly if two identical amplifier units are
used, since both the X and Y input systems will have the
same delay time, gain characteristics, input coupling, efc.
For further information on obtaining X-Y displays, see the
plug-in unit manuals. Also, the reference books listed
under Applications provide information on X-Y
measurements and interpreting the resultant lissajous
displays.

An optional X-Y delay compensation network is
available for this instrument. This network provides close
delay matching between the vertical and horizontal
deflection systems up to one megahertz for use in X-Y
applications which require precise phase measurement.
The network can be added to this instrument at any time.
Order the X-Y Conversion kit from your local Tektronix
Field Office or representative; installation instructions are
included.
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While the X-Y delay compensation network provides
minimum phase shift between the Xand Y portions of an X~
Y display, it adds negative preshoot distortion and some
corner rounding to fast step functions. An internal Delay
Disable switch (see Fig. 2-6) is provided for both the A and
B delay compensation networks to allow selection of
either minimum phase-shift characteristics or optimum
step response. When the Delay Disabie switch is setto In
{up), minimum phase-shift operation is provided as con-
trolied by the plug-in units in the associated horizontal
compartment, When set to the Out (down) position, the X-
Y delay compensation network forthe applicable horizon-
tal compartment is disabled; the horizontal signal is
connected to the horizontal deflection system with
minimum distortion.

Fig. 2-6. Location of A and B Delay Disable switches (behind right
side panel).

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
waveshape of the displayed signal. The Z-axis modulating
signal applied to the crt circuit changes the intensity of the
displayed waveform to provide this type of display. “Gray
scale” intensity modulation can be obtained by applying
signals which do not completely blank the display. Large
amplitude signals of the correct polarity wili completely
blank the display; the sharpest display is provided by
signals with a fast rise and fall. The voltage amplitude
required for visible trace modulation depends on the setting
of the intensity controls.
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Time markers applied to the Z-AXIS INPUT provide a
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.
However, if the markers are not time-related to the
displayed waveform, a single-sweep display should be
used (for internal sweep only) to provide a stable display.

The Z-AXIS INPUT (on rear panel) permits intensity
modulation of the crt display through the intensity circuit.
Negative-going signals increase the display intensity and
positive-going signals decrease the display intensity. At
dc and low frequencies, a two-volt peak-to-peak signal will
completely blank the display even at maximum intensity
levels. At higher frequencies, the signal characteristics
necessary to obtain intensity modulation without distor-
tion are determined by the intensity circuit pulise perfor-
mance characteristics (see Section 3). The maximum
input voitage should be limited to 15 volts (dc¢ plus peak
ac). When the Z-AXIS INPUT is notin use, reptacethe bne
cap.

Raster Display

A raster-type display can be used to effectively increase
the apparent sweep length. For this type of display, the
trace is deflected both vertically and horizontally by
sawtooth signals. This is accomplished by installing a7B-
series time-base unit in one of the vertical plug-in
compartments. Normally, the time-base unitin the vertical
compartment should be set to 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
between the two sweep rates. Information can be dis-
played on the raster using several different methods. In the
ADD position of the VERTICAL MODE switch, the signal
from an amplifier unit can be algebraically added to the
vertical deflection. With this method, the vertical signal
amplitude on the crt should not exceed the distance
between the horizontal lines of the raster. Another method
of displaying information on the raster is to use the Z-AXIS
INPUT to provide intensity modulation for the display.
This type of raster display could be used to provide a
television-type display. Complete information on opera-
tion using the Z-axis feature is given under Intensity
Modulation.

To provide a stable raster display, both time-base units
must be correctly triggered. Internal triggering is not
provided 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. To
blank out the retrace portion from the time-base unitin the
vertical compartment, special connections must be made
from this time-base unit to the blanking network (for
further information, see the instruction manual for the
applicable time-base unit).
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Calibrator

General. The internal calibrator provides a convenient
signal source for checking basic vertical gain and sweep
timing. The calibrator output signal is also very useful for
adjusting probe compensation as described in the probe
instruction manual. in addition, the calibrator can be used
as a convenient signal source for application to external
equipment.

Voltage. The calibrator provides accurate output
voltages at the CAL VOLTS connector from 4 millivolts to
40 volts in decade steps into high impedance loads. In
addition, the positions from 4 mV to 4 V provide an output
of two millivolts to 0.4 volts into 50 Q (shown on front
panel in brackets). The amplitude of the output voltage is
selected by the CALIBRATOR switch. The outputvoltage
is available at the front-panel CAL VOLTS connector.

Current. The current loop provides a 40 mA output
current which can be used to check and calibrate current-
measuring probe systems. The current output is selected
by the CALIBRATOR switch when set to the 40 mA
position. The current signal is obtained by clamping the
probe around the current loop. The arrow above the
current loop indicates conventional current flow; i.e., from
plus to minus.

Repetition Rate. The calibrator circuit uses frequency-
stable components to maintain accurate frequency and
constant duty cycle. Thus, the calibrator can be used for
checking the basic sweep timing of time-base units {one
kilohertz rate only). The RATE switch selects the repeti-
tion rate of the calibrator. Two positions of the RATE
switch provide a square-wave output signal both at the
CAL VOLTS connector and through the current loop. In
the 1 kHz position, the repetition rate of the calibrator is
one kilohertz. The B GATE +2 position of the RATE switch
provides a variable calibrator repetition rate. In this
position, the repetition rate of the calibrator output signal
in one-half the repetition rate of the gate signal produced
by the time-base unitin the BHORIZ compartment {length
of B gate is about ten times the setting of the B sweep rate
switch). This position of the RATE switch allows selection
of the repetition rate of the calibrator output signal by
changing the sweep rate of the time-base unit in the B
HORIZ compartment. The calibrator circuit maintains a
constant 50% duty cycle on the output waveform,
regardless of the repetition rate (B time-base free run-

ning).

In the dc position, positive d¢ voltage levels are
available at the CAL VOLTS connector; the amplitude of
the dc voltage is determined by the setting of the
CALIBRATOR switch to one of the voltage ranges. When
the CALIBRATOR switch is set to the 40 mA position,adc
current of 40 mA is provided through the current loop.



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

Signal Outputls

+ Sawtooth. The + SAWTOOTH connector provides a
positive-going sample of the sawtooth signal from the
time-base units in the horizontal plug-in compartments.
The internal Sweep switch {located behind right side
panel; see Fig. 2-7) allows the output sawtooth to be
selected from the time-base unitin eitherthe AHORIZorB
HORIZ compartments. Rate of rise of the sawtooth output
signal is about 50 millivolts/unitoftimeintoa 50 () load, or
about one volt/unit of time into a 1 MQ load. Unitoftimeis
determined by the time-base time/division switch (e.g., if
time/division switch is set to one millisecond/division, a
unit of time is one millisecond; at five milliseconds/divi-
sion, a unit of time is five milliseconds). The peak output
voltage is about 500 millivolts into a 50 Q) load or about 10
volts into a 1 MQ load.

+ Gate. The + GATE output connector provides a
positive-going rectangular output pulse from the time-
base unit in the horizontal plug-in compartments. The
Gate switch (located behind the right side panel; see Fig.
2-7) allows the output signal to be selected from the time-
base unit in the A HORIZ compartment, B HORIZ
compartment, or the delayed gate from a delaying time-
base unit in either horizontal compartment. Duration of
the gate output 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 connector is about 0.5
volt into 50 Q, or about 10 volts into 1 MQ.

Vertical Signal. The SIG OUT connector provides a
sample of the vertical deflection signal. The source of the
output signal at this connector is determined by the B
TRIGGER SOURCE switch (notice line connecting SIG
OUT connector to B TRIGGER SCURCE 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. The vertical
output signal in the ADD position of the VERTICAL MODE
switch is the algebraic sum of the leftand right vertical unit
signals. In the CHOP position of the VERTICAL MODE
switch, the output signal is obtained from the left vertical
unit. In the ALT position of the VERTICAL MODE switch,
the output signal source is also determined by the setting
of the HORIZONTAL MODE switch.

Operating Instructions—7904 (SN B260000-UP)

When the HORIZONTAL MODE switch is setto Aor B,
the output signal at the SIG OUT connector switches
between vertical units along the crt display. However,
when the HORIZONTAL MODE switch is set to ALT or
CHORP, the output signal is obtained from the left vertical
unit (except for delayed sweep operation; then the output
signal is the same as in the A or B positions). The LEFT
VERT and RIGHT VERT positions of the B TRIGGER
SQURCE switch provide the vertical output signal only
from the selected vertical unit even when it is not selected
for display. The output voltage intc a 50 Q icad isabout 25
millivolts/division of crt display and about 0.5 volt/division
of display into a 1 MQ load. The bandwidth of the cutput
signal is determined by the vertical plug-in unit which is
used (see Systems Specification given in Section 1).

Fig. 2-7. Location of Sweep and Gate switches (behind right side
panel).

Probe Power Connectors

The two PROBE POWER connectors on the rear panel
of this instrument provide operating power for active
probe systems. Itis not recommended that these connec-
tors be used as a power source for applications other than
the compatible probes or other accessories which are
specifically designed for use with this system.

Remote Connector

The nine-terminal connector (J90) on the rear panel
provides input for remote operation of the instrument and
the assiciated plug-in units. Table 2-4 lists the function of
each terminal of JS0. The methods of obtaining remote
single-sweep reset and ready indication are given under
Remote Single-Sweep Reset. See Remote Readout for
information on remote operation of the Readout System.
Notice that there are several blank terminals on J90. These
terminals can be used for special remote applications.
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Table 2-4
REMOTE CONNECTIONS

J90 Terminal Function

A Remote Single-sweep reset
(A and B HORIZ)

B Chassis ground

C Remote ready indicator (A
HORIZ)

D Remote ready indicator (B
HORIZ)

E Remote readout lockout

F Remote single-shot readout

H No connection

J No connection

K No connection

Remote Single-Sweep Reset

Remote single-sweep reset operation can be provided
to 7B-series time-base units with compatible features
through rear-panel connector J90. The remote single-
sweep reset actuation can be obtained from either an
active system (pulse generator, logic circuit, etc.) or a
passive system (switch or relay). Requirements for remote
single-sweep reset operation are:

Remote Single-Sweep Reset (A and B HORIZ)
Pin of J80 A

Signal required Closure to ground (within —5
to +0.5 voits) from a positive

level.

Maximum current 10 mA

required

Minimum pulse
width

10 us at 50% amplitude
points

Maximum input
voltage

15 V (dc + peak ac).

A HORIZ Remote Ready indicator
Pin of J90 C

Output signal Open or ground when not
ready; +5 V at 47 Q source
impedance when ready. Out-
put sufficient to lighta No. 49

bulb.

224

B HORIZ Ready Indicator
Pin of J90 D

Output signal Open or ground when not
ready; +5 V at 47 Q source
impedance when ready. Out-
put sufficient tolightaNo. 49

bulb.

Figure 2-8 shows a typical passive system to provide
remote single-sweep reset operation. The remote ready
lights are optional and can be used with an active or
passive system whenever it is necessary to provide an
indication at the remote location that reset has occurred.

Mating connector
for J9O

Normally open relay (

or pushbutton switch Joo
‘ ‘ Reset to A and B
oo > A >  HORIZ
[ compartments
' AN
| Va4
|

> A HORIZ ready
| '} ¢ indication

#49
bulbs
Remote | |
A Ready */L > «- B HORIZ ready
l D ! indication
Remote i ]
B Ready

1399-05

Fig. 2-8. Typical circult for remote single-sweep reset operation,

Applications

The 7904 Oscilloscope and its associated plug-in units
provide a very flexible measurement system. The
capabilities of the overall system depend mainly upon the
plug-ins that are chosen for use with this instrument.
Specific applications for the individual plug-in units are
described in the plug-in unit 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 local
Tektronix Field Office or representative for assistance in
making specific measurements with this instrument.
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CIRCUIT DESCRIPTION

Introduction

This section describes the circuitry used in the 7904
Oscilloscope. The circuit description begins with a dis-
cussion of the instrument, using the basic block diagram.
Next, each circuit is described in detail, using detailed
block diagrams when appropriate, to show the
relationship between the stages in each major circuit.
Detailed schematics of each circuit are located in the
Diagrams section at the back of this manual; refer to these
schematics throughout the following circuit description
for specific electrical values and relationships.

The theory of operation for circuits unique to this
instrument is described in detail in this discussion.
Circuits commonly used in the electronics industry are not
discussed in detail. If more information is desired on these
commonly used circuits, refer to the following textbooks
(also see books under Logic Fundamentals):

Llody P. Hunter {Ed.), "Handbook of Semiconductor
Electronics”, third edition, McGraw-Hill, New York,
1970.

Jacob Millman and Herbert Taub, "Pulse, Digital, and
Switching Waveforms”, McGraw-Hill, New York, 1965.

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

NOTE

All references to direction of current in this manual
are interms of conventional current; i.e., from plus to
minus.

LOGIC FUNDAMENTALS

Digital logic techniques are used to perform many
functions within this instrument. The function and opera-
tion of the logic circuits are described using logic
symbology and terminology. This portion of the manualis
provided to aid in the understanding of these symbols and
terms. The following information is a basic introduction to
logic concepts, 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, a more detailed analysis
of digital logic, etc., refer to the following textbooks:

Robert C. Baron and Albert T. Piccirilli, "Digital Logic
and Computer Operation”, McGraw-Hill, New York
1967.

Thomas C. Bartee, "Digitat Computer Fundamentals”,
McGraw-Hill, New York, 1966.

Yaohan Chu, "Digital Computer Design Fundamen-
tals”, McGraw-Hill, New York, 1962.

Joseph Millman and Herbert Taub, "Pulse, Digital, and
Switching Waveforms”, McGraw-Hill, New York,
Chapters 9-11, 1965.

Symbols

The operation of circuits in this instrument which use
digital techniques is described using the graphic symbols
set forth in military standard MIL-STD-806B. Table 3-1
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 (H!) is calied the true
or 1-state; the more negative level (LO) is called the false
or 0-state. The HI-LO method of notation is used in this
logic description. The specific voltages which constitutea
HI or LO state vary between individual devices.

NOTE

The HI-LO logic notation can be conveniently
converted to 1-0 notation by disregarding the first
fetter of each step. Thus:

Hl =1

LO=0
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Wherever possible, the input and output lines are
named to indicate the function that they perform when at
the HI (true) state. For example, the line labeled "Z-Axis
OFF Command” means that the Z-Axis is turned off when
this line is HI.

Input/Output Tables

Input/Output (truth) tables are used in conjunction
with the logic diagrams to show the input combinations
important to a particular function, along with the resultant
output conditions. This table may be given either for an
individaul device or for a complete logic stage.

Non-Digital Devices

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

BLOCK DIAGRAM

Introduction

The basic block diagram in Fig. 3-1 shows the primary
interconnections between the individual blocks; each
block represents a major circuit within the instrument. The
numbered diamond in each block refers to the circuit
diagram (located atthe rear of the manual) that covers that
specific part of the instrument.

Block Diagram Description

Vertical signals to be displayed on the crtare applied to
the Vertical Channel Switch from both vertical plug-in
compartments. The Vertical Channel Switch determines
whether the signal from the left or right vertical unit is
displayed. The selected vertical signal is then amplified by
the Vertical Amplifier circuit to bring it to the level
necessary to drive the vertical deflection plates of the crt.
This circuit also includes an input to produce the vertical
portion of an alphanumeric readout display.

Horizontal signals for display on the crt are connecte.!
to the Horizontal Channel Switch from both horizontal
plug-in compartments. The Horizontal Channel Switch
determines whether the signal from the A or B horizontal
unit is displayed. The horizontal signal selected by the
Horizontal Channel Switch is connected to the Horizontal
Amplifier circuit which amplifies it to provide the horizon-
tal deflection for the crt. This circuit also accepts the X-
signal from the Readout System to produce the horizontal
portion of the readout display.

3-2

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

The internal trigger signals from the vertical plug-in
units are connected to the A and B Trigger Channel Switch
circuits. These circuits, in conjunction with the Trigger
Select Logic circuit, determine whether the trigger signal
from the left or right vertical unitis connected tothe AorB
horizontal unit. The B Trigger Channel Switch also
produces the drive signal for the Output Signals circuit to
provide an output that is a sample of the vertical signal. In
addition, the Qutput Signals circuit provides a sawtooth
output signal and a gate output signal.

The Calibrator circuit produces an output with ac-
curate amplitude that can be used to check the calibration
of this instrument and the compensation of probes. The
repetition rate of the Calibrator signal is selectable
between dc, one kilohertz, or one-half the B-gate signal.
This signal is available as a voltage at the CAL VOLTS
connectororas acurrentthrough the 40 mA currentloop.

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
instrument operation in relation to the plug-in units
installed or selected, plug-in control settings, and 7904
control settings. The crt circuit contains the Z-Axis
Amplifier which provides the drive signal to control the
intensity level of the display. The crt circuit also contains
the controls necessary for operation of the cathode-ray
tube.

The Converter/Rectifiers and Low-Voltage Regulator
circuits provide the power necessary for operation of this
instrument. These voltages are connected to all circuits
within the instrument. The High-Voltage Power Supply
provides the positive accelerating potential for the crt. The
Front-Panel Interconnect circuit contains the front-panel
controls, switches, and interconnection circuitry.

MAIN INTERFACE @

Diagram 1 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 connector are identified.
The signals connected to only the vertical plug-in inter-
face connectors (J1 and J2) are labeled (V); those
connected to only the horizontal connectors (J3 and J4)
are labeled (H).
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Fig. 3-1. Basic block diagram of the 7904 Oscilloscope.
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Fig. 3-2. Detailed block diagram of Logic circult.

34



FRONT-PANEL INTERCONNECT @

The Front-Panel interconnectdiagram shows the front-
panel controls, switches, and interconnection circuitry.

LOGIC @

The Logic circuit develops control signals for use in
other circuits within this instrument and any plug-in units
installed. These control signals automatically determine
the correct instrument operation in relation to the plug-in
units installed or selected, plug-in control settings, and
7904 control settings. A block diagram of the Logic circuit
is shown in Fig. 3-2.

Introduction

This circuit description for the Logic circuit is written
with the approach that each of the integrated circuits and
its associated discrete components composes an in-
dividual stage as shown by the block diagram (Fig. 3-2).

Circuit Description—7904 (SN B260000-UP)

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 discussed in detail, but are
provided to aid in relating the function performed by a
given stage to standard logic techniques. It should be
noted that these logic diagrams are notan exactrepresen-
tation 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, where applicable, for
use along with the circuit description and logic diagram.
These input/output tables document the combination of
input conditions that are of importance to perform the
described function of an individual stage.

Horizontal Logic

The Horizontal Logic stage performs three separate
logic functions: A Sweep Inhibit, B Sweep Inhibit, and
Alternate Pulse Generator, Figure 3-3 identifies the three
individual stages 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.

ALT MODE {HORIZ ~
A GATE

1
2
X-COMPENSATION INHIBIT (A HORIZONTAL) — 4
X-COMPENSATION INHIBIT (B HOR{ZONTAL) ~—i 5

DELAY MODE CONTROL OUT —12
B HOLDOFF 413
DISPLAY B COMMAND 116

ALT MODE (HORIZ) ~

X-COMPENSATION INHIBIT (A HORIZONTAL) -
X-COMPENSATION INHIBIT (8 HORIZONTAL)~
DELAY MODE CONTROL OUT —~—

DISPLAY B COMMAND ——

X-COMPENSATION INHIBIT (A HORIZONTAL)
X-COMPENSATION INHIBIT (B HORIZONTAL) ~

A HOLDOFF —
B MODE ~—

B HOLDOFF ==~
A MODE —
DELAY MODE CONTROL OUT ~—

L S .

s e~ AT

A SWEEP INHIBIT
STAGE 14 ¢ A SWEEP INHIBIT
U305A

B SWEEP INHIBIT

STAGE 15 p— B SWEEP INHIBIT
U3058

ALTERNATE PULSE
STAGE 8 —ALTERNATE PULSE
U305C

&

1195-4

Fig. 3-3. Breakdown of separate stages within Horizontal Logic IC, U305, showing Inputs and outputs for each stage.
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A Sweep Inhibit. The A Sweep Inhibit stage produces
an output level at the collector of Q362 that determines if
the A HORIZ time-base unit can produce a sweep. If this
outputis HI, the AHORIZ unitis 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 Fig. 3-4, only two combinations of input conditions
produce an A Sweep Inhibit level (Hl}; if any of the
prescribed conditions is not met, the A Sweep Inhibitlevel
is LO and the A HORIZ time-base unit is enabled.

The first combination disables the A sweep while the B
sweep is being displayed in the ALT horizontal mode (both
units must be in time-base mode}, if non-delayed opera-
tion is being used. The second combination disablesthe A
sweep during delayed-sweep operation so that the B
sweep can complete its holdoff before the next A sweep
begins.

/ 1
ALT MODE (HORiZ) <

X-COMPENSATION INHIBIT /2
{A HORIZONTAL) N

X-COMPENSATION INHIBIT 2
(B HORIZONTAL) AN

1
DISPLAY 8 COMMAND &8

12
DELAY MODE CONTROL OUT <
/2

A GATE

N

/13
B HOLDOFF

N

(A) U305A <:=>

B Sweep Inhibit. The B Sweep Inhibit stage produces
an output level at the collector of Q367 that determines if
the B HORIZ time-base unit can produce a sweep. A HI
output level locks out (inhibits) the B HORIZ unitandalLO
level enables the B HORIZ unit to produce a sweep.

As shown by Fig. 3-5B, the output of this stage is Hl only
under one set of input conditions. This set of conditions
disables the B sweep while the A sweep is being displayed
in the ALT horizontal mode, if both unitsare inatime-base
mode and non-delayed sweep is used. For any other
combination of input conditions, the B Sweep Inhibit level
is LO. However, the output level to the B time-base unitis
determined by both the Delay Gate from the A time-base
unit and the B Sweep Inhibit level produced by this stage.
The B Sweep is enabled only when both of these levels are
LO.

Q362

>

> A SWEEP
INHIBIT

/ outpuT
@
Q~
SN
g
Nl
~3
¢ A SWEEP
INHIBIT
1 14
Hi @ HI HI LO @ HI Hi
@ LO ® @ HU | Wi @ Hi
ALL OTHER COMBINATIONS LO

@ = HAS NO EFFECT IN THIS CASE

Fig. 3-4. (A) Logic diagram for A Sweep Inhibit stage; (B) Table of inpul/output combinations.
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Y

A TIME-BASE UNIT

ALT MODE (HORIZ) <

X-COMPENSATION INHIBIT
(A HORIZONTAL)

X-COMPENSATION INHIBIT < 5
(B HORIZONTAL)

SWEEP INHIBIT
[ TO B TIME-BASE
UNIT

ase7 SEE MAIN INTERFACE

T &

12
DELAY MODE — B SWEEP INHIBIT
CONTROL QUT
/ 16
DISPLAY B -
COMMAND
{A) U305B <3>
/ OUTPUT
ol
AT
TS
S
29 B SWEEP
Q INHIBIT
16 15
Hi Hi Hi LO Lo Hi
ALL OTHER COMBINATIONS Lo

Fig. 3-5. (A) Logic diagram for B Sweep Inhibit stage; (B) Table of input/output combinations.

Figure 3-8A shows the logic diagram of the B Sweep
Inhibit stage. The gate connected to the output of this
stage is a phantom-OR gate shown on the Main interface
diagram. (A phantom-OR gate performs the OR-logic
function merely by interconnection of the two signal
lines.}

Alternate Pulse Generator. The third function per-
formed by the Horizontal Logic stage is to produce an
Alternate Pulse signal for use by the Horizontal and
Vertical Binary stages. The Alternate Pulse is produced at
the end of either sweep, depending upon the operating
conditions as shown in Fig. 3-6B. The holdoff gate
produced at the end of the sweep by the respective time-
base unit is differentiated by either C311 or C309 to
provide a positive-going pulse to pin 6 or 9.

In Fig. 3-6A, note the resistors shown connected to pins
6 and 9. These resistors, which are internal to the IC, hold
the levels at pins 6 and 9 LO uniess a Hl level is applied to
the corresponding input. Since the holdoff gate is
capacitively-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 Generator stage in relation to the various
combinations of input conditions shown in Fig. 3-6B.

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 issetto ALT or
CHOP (A time-base unit must be in independent, non-
delayed mode), an Alternate Pulse is produced 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. Although
Alternate Pulses are produced in the CHOP horizontal
mode, they are not used in this instrument.
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A HOLDOFF 1<
7

BMODE<

DELAY MODE /12
CONTROL OUT

X-COMPENSATION INHIBIT &2
{A HORIZONTAL) N

X-COMPENSATION INHIBIT /5
{B HORIZONTAL} \

mat
A MODE @_—«o

B HOLDOFF }‘ g("*’ < 2

C309

{A) U305C @

ALTERNATE
PULSE

DT

Q275

INPUT OUTPUT
&
~
Py & “
o @ &
3 S § 9 ¢
& $ & g &
< @ T -
T Q
7 9 10 HORIZONTAL CONDITIONS
LO o Hi & A A ONLY
[ Hi P Hi Hi* Lo LO B B ONLY
Hi Hi HI! LO HIt LO Lo A ANDB ALT OR CHOP
Hi Hi Hi! 2] [} @ Hl A A DELAYSE
A WITH VERTICAL UNITIN B
Hi LO Hi! LO Lo (1] [ A COMPARTMENT.
) B WITH VERTICAL UNITIN A
Lo Hi LO ¢ Hi Lo L0 B COMPARTMENT.
ALL OTHER COMBINATIONS NO OUTPUT PULSE {LO AT OQUTPUT)

@ = HAS NO EFFECT IN THIS CASE

POSITIVE-GOING PULSE. WHERE BOTH A AND B HOLDOFF ARE REQUIRED TO BE HI, A HI AT EITHER

INPUT PRODUCES AN ALTERNATE PULSE.

*NEGATIVE-GOING PULSE.
(8}

Fig. 3-6. (A) Logic diagram for Alternate Pulse Generator stage; (B) Table of input/output combinations.




4. DELAYED SWEEP (A DELAYS B)

When the A time-base unit is set for delayed operation,
the operation of the Alternate Pulse Generator ischanged
s0 an Alternate Pulse is produced only attheend 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. i
amplifier units are installed in both horizontal com-
partments, an Alternate Pulse is not produced since there
are no time-base units to produce a holdoff pulse.

Z-Axis Logic

The Z-Axis Logic stage produces an output current
which sets the intensity of the display on the crt. The level
of this output current is determined by the setting of the A
or B INTENSITY controls, by a current added during B
sweep time to provide an intensified zone on the A sweep
for delayed-sweep operation, or by an external signal. The
input current from the A and B INTENSITY controls is
switched so the output current matches the horizontal
display. The Vertical Chopped Bianking, 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.

Figure 3-7 identifies the inputs to the Z-Axis Logic
stage. This circuit is current-driven at all inputs except
pins5and 15. The current atpins 1, 2, 9, and 16 is variable
from zero to four milliamperes and is determined by the
applicable current source to control the output current at
pin 8.

The Vertical Chopping Blanking Inhibit connected to
pin 6, and the Horizontal Chopped Blanking Inhibit
connected to both pins 6 and 7 through Q238-CR240-
CR241, enables or disables 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 6 goes LO during Vertical
Chopped Blanking and both pins 6 and 7 go LO for
Horizontal Chopped Blanking or during a readoutdisplay.
This blocks the output current and the crt is blanked. The
Vertical Chopped Bianking Inhibit signal is connected to
pin 6 of U235 directly from pin 4 of U215. The Horizontal

Circuit Description—7904 (SN B260000-UP)

Chopped Blanking Inhibit signal is connected to U325
from pin 4 of U225 through LR232, Q238, and CR240-
CR241. Notice that this signal is connected tc the collector
of Q238. This transistor is normally operating in the
saturated condition, and the HI Horizontal Chopped
Blanking Inhibit level from U225 is the collector source
voltage. When the Horizontal Chopped Blanking Inhibit
level goes L.O, the current through Q238 drops to produce
a corresponding LO level at its emitter. This level is
connected to pins 6 and 7 of U325 through CR240 and
CR241 respectively.

Q238 also controls the level at pins 6 and 7 for readout
displays. The Z-Axis Logic OFF Command from the
Readout System is connected to the base of Q238 through
VR235 and R237. This level is normally Hi, so Q238
operates as controlled by the Horizontal Chopped Blank-
ing Inhibit level at its collector. When a readoutdisplay is
to be presented, the Z-Axis Logic OFF Command drops
LO and this level is coupled to the base of Q238 through
VR235 with very little voliage attenuation. Q238 is reverse
biased to produce a LO level at its emitter. This level is
coupled to pins 6 and 7 of U325 through CR240 and CR241
to block the Z-Axis Logic output current during the
readout display. (The intensity of the readout display is
determined by a separate READOUT intensity level con-
nected directly to the Z-Axis Amplifier; see crt circuit
description.) Diode CR239 clamps the emitter of Q238 at
about —0.66 volt when this transistor is off.

—h

B INTENSITY w554

A INTENSIFIED ~memmmorsmmorssoemer S8

B GATE os

] N

DELAY MODE CONTROL -

CHOPPED BLANKING
INHIBIT AND READOUT 6
BLANKING INHIBIT

U325
CHOPPED BLANKING 8 Z-AXIS
INHIBIT, READOUT SIGNAL
BLANKING INHIBIT, 7
AND INTENSITY
LIMITING
AUXILIARY Z-AXIS AND 9
INTENSITY LIMITING
A GATE g 14
DISPLAY B COMMAND - 15
A INTENSITY e S0 16 @
1195-8

Fig. 3-7. Input and output pins for Z-Axis Logic IC, U325.
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The Beam | (current) Sense input from the crt circuit
limits the output current of this stage to limit the maximum
trace intensity. Further intensity limiting is provided for
high crt beam currents at slow sweep rates and X-Y
operation by the Intensity Limit and X-Compensation
Inhibit inputs respectively. For low and medium levels of
crt beam current, Q248 is reverse biased; resistors R241-
R242-R243-R245-R246-R248 "establish the current at
pines 7 and 9 of U325. When the crt beam currentexceeds
a safe level, the Beam | Sense level goes positive to
forward bias Q248. When forward-biased, Q248 takes
current from pins 7 and 9 of U325 to limit the output
current from this stage.

The Intensity Limit and X-Compensation Inhibit inputs
are connected to ground in the plug-in units for slow
sweep rates and amplifier operation, respectively. This
connects the emitter of Q248 to ground through CR248,
CR250, or CR251 to further limit the output current of
U325. The Intensity Limit and X-Compensation Inhibit
inputs have no effect at low or medium crt beam current
levels since Q248 is reverse biased by the Beam | Sense
input.

The A INTENSITY control sets the output current level
when the A Gate at pin 14 is HI and the Display B
Command at pin 15 is LO. Whenever the A Gate level goes
LO indicating that the A sweep is complete or the Display
B Command goes Hl indicating that the B sweep is being
displayed, the A INTENSITY current is blocked. The
current from the A INTENSITY control is connected to pin
16 through R335.

In the delayed mode, current is added to the A
INTENSITY current during the A-sweep time to intensify a
portion of the trace. This intensified portion is concident
with the B-sweep time to provide an indication of which
portion of the A sweep is displayed in the delayed mode.
The A intensified current is supplied to pin 2 of U325 from
the A INTENSITY control through R331. With this con-
figuration, the intensified 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 INTEN-
SITY current to produce an intensified zone on the A
sweep under the following conditions: HI A Gate level at
pin 14, LO Display B Command at pin 15, HI B Gate level at
pin 4, and Hl Delay Mode Control Out level at pin 5.

3-10

The B INTENSITY control determines the output
current when the B Gate level at pin 4 and the Display B
Command at pin 15 are both HI. The current from the B
INTENSITY controlis connected to the Z-Axis Logic stage
through R337.

The current level established by the intensity controls
can be altered by the Auxiliary Z-Axis current levelatpin 9.
The current at this pin can come from the Z AXIS INPUT
connector on the rear panel {seediagram 1) or from any of
the plug-incompartments. This currenteitherincreases or
decreases (depending on polarity) the output current to
modulate the intensity of the display. Input from the Z
AXIS INPUT connector allows the trace to be modulated
by external signals. The Auxiliary Z-Axis inputs from the
plug-in compartments allow special-purpose plug-in units
{o modulate the display intensity. Diodes CR253 and
CR254 limit the maximum voltage change at pin 9 to about
+ and —0.6 volt to protect the Z-Axis Logic stage if an
excessive voltage is applied to the Z AXIS INPUT connec-
tor.

Figure 3-8A shows a logic diagram of the Z-Axis L.ogic
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. 3-8B.

Horizontal Binary

The Horizontal Binary stage produces the Display B
Command to determine which horizontal unitprovides the
sweep display on the crt. When this level is Hi, the B
HORIZ unit is displayed; when itis LO, the AHORIZ unitis
displayed.

The Display B Command is used in the following stages
within the Logic circuit: Horizontal Logic (A and B Sweep
Inhibit), Z-Axis Logic, Vertical Binary, and Trace Separa-
tion. In addition, it is connected to the following circuits
eisewhere in the instrument to indicate which horizontal
unit is to be displayed: Main Interface (A and B HORIZ
plug-in compartments), Horizontal Amplifier (for horizon-
tal channel selection), and the crt circuit.
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Fig. 3-8. {(A) Logic diagram for Z-Axis Logic stage; (B) Table of input/output combinations.
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Figure 3-9 identifies the function of the input pins for
this stage. Notice that the levels at pins 3, 4,7, and 10 are
determined by the HORIZONTAL MODE switch (see
diagram 2). This switch indicates which horizontal mode
has been selected by providing a Hi output levei on only
one of four output lines; the remaining lines are LO.
Therefore, at any one time, either pin 3, pins 4 and 7
(notice that pins 4 and 7 are tied together at U265), or pin
10 can be HI and the two unselected lines from the
HORIZONTAL MODE switch remain LO.

HORIZONTAL

CHOPPED ——gm»l 1
BLANKING

A MODE —pmd 3
0b U265

B MODE —} 4 <3>
Y .

B MODE -—8sm 7

DISPLAY B
COMMAND

ALTERNATE PULSE —8 8

CHOP MODE {HORIZ) —=f 10

119510

Fig. 3-9. Input and output pins for Horizontal Binary 1C, U265.

The Horizonta! Binary stage operates as follows for
each position of the HORIZONTAL MODE switch (refer to
Fig. 3-10B for input/output conditions}):

1. AMODE

When the HORIZONTAL MODE switch is set to A, the
Display B Command is LO to indicate to all circuits that the
A HORIZ unit is to be displayed.

2. BMODE

Selecting the B horizontal mode provides a HI Display
B Command to all circuits.

3. CHOP MODE

In the CHOP position of the HORIZONTAL MODE
switch, the Display B Command switches between the Hi
and LO levels to produce a display that switches between
the A and B HORIZ units at a 0.2-megahertz rate. The
repetition rate of the Display B Command in this mode is
determined by the Horizontal Chopped Bianking pulse.
(See Chop Counter stage for further information on this
pulse.) Each time the Horizontal Chopped Blanking pulse
at pin 1 drops LO, the output at pin 6 switches to the
opposite state.

312

4. ALT MODE

For ALT horizontal operation, the Display B Command
switches to the opposite state each time the negative
portion of the Alternate Pulse is received from the
Horizontal Logic stage. Repetition rate of the Display B
Command in this mode is one-half the repetition rate of
the Alternate Pulse.

Figure 3-10A shows a logic diagram for the Horizontal
Binary stage. An input/output table showing the con-
ditions for each position of the HORIZONTAL MODE
switch is shown in Fig. 3-10B.

Vertical Binary

The Vertical Binary stage produces the Display Right
Command to determine which vertical unit is to be
displayed on the crt. 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 outputofthe
Horizontal Binary stage so that the Display Right Com-
mand is always HI when the Display B Command is LO,
and vice versa. This action allows independent-pairs
operation (sweep-slaving) in the ALT position of the
VERTICAL 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, independent-pairs
operation can simulate dual-beam operation for repetitive
sSweeps.

When the A time-base unit is set to the delaying mode,
the repetition rate of the Display Right Command is one-
half the repetition rate of the Display B Command input.
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 Display Right Command is used in the following
stages within the Logic circuit: Plug-In Binary, Vertical
Chopped Blanking, and Vertical Mode Logic. It is also
connected to the following circuits elsewhere in the
instrument to indicate which vertical unitis to be displayed
(through Vertical Mode Logic stage; ALT vertical mode
only): Main interface (LEFT and RIGHT VERT plug-in
compartments), Vertical Amplifier, and Trigger Selector.
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Fig. 3-10. (A) Logic diagram for Horizontal Binary stage; (B) Table of input/output combinations.
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Also, the Vertical Binary stage produces the Horizontal
Slave Enable output to indicate that the HORIZONTAL
MODE switch is set to ALT or CHOP and that the A time-
base unit is set for non-delayed operation. These are the
horizontal-mode conditions necessary for independent-
pairs operation. When this output level is Hl, the
horizontal-mode conditions are correct for independent-
pairs operation. A LO output level indicates improper
horizontal modes for independent-pairs operation. The
Horizontal Slave Enable output is used within the Vertical
Binary stage, and is also connected to the Trigger Selector
circuit. This enables the trigger-selection circuitry to
automatically select the correct internal trigger signal
source for both time-base units when operating in the
independent-pairs mode (VERT MODE trigger source; see
Trigger Selector circuit).

Figure 3-11 identifies the function of the input pins for
the Vertical Binary IC (U275). 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.

The following discussions describe the operations of
the Vertical Binary stage in relation to the modes of
operation that can occur.

NOTE

Although the output at pin 6 of U275 is always
controlled by the HORIZONTAL MODE switch as
described here, this level determines the Vertical
Mode Control fevel at the collector of Q296 only in
the ALT position of the VERTICAL MODE switch
due to AND gate CR201-CR204. See the discussion
on the Vertical Mode Logic stage in this section for
further information.

ALTERNATE PULSE —ged 1
ALT OR CHOP MODE U275
(HORIZ) AND NOT  ~——gimd 4
DELAYED MODE
DISPLAY
DISPLAY A —8ei7 6 @ RIGHT
COMMAND
DISPLAY B COMMAND -~ 8
A OR BMODE —#s 10
1195-12

Fig. 3-11. Input and output pins for Vertical Binary IC, U275.
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1. AOR B MODE

When the HORIZONTAL MODE switch issettoeitherA
or B, the Display Right Command switches to the opposite
state each time an Alternate Pulse is received from the
Horizontal Logic stage. Repetition rate of the Display
Right Command in this mode is one-half the repetition rate
of the Alternate Pulse. The input conditions for these
modes are:

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

Pin 4 LO-—~HORIZONTAL MODE switch in any position
except ALT or CHOP, or 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)—NON-DELAYED

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 levelis produced by
inverting the Display B Command from the Horizontal
Binary stage. Therefore, the repetition rate of the output
signal is the same as the Display B Command. The result,
with the VERTICAL MODE switch set to ALT and the A
time-base unit set for non-delayed operation, is that the
RIGHT VERT unit is always displayed at the sweep rate of
the A time-base unit, and the LEFT VERT unitatthesweep
rate of the B time-base unit {(independent-pairs operation
or sweep slaving). The input conditions to provide a HI
output level so thatthe RIGHT VERT unitcan be displayed
at the A-sweep rate are:

Pin 4 HI—HORIZONTAL MODE switch set to ALT or
CHOP with non-delayed sweep.

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

Pin 10 LO—HORIZONTAL MODE switch set to any
position except A or B.
The input conditions to provide a LO outputlevelso the

LEFT VERT unitcan be displayed at the B-Sweep rate are:

Pin 4 HI—HORIZONTAL MODE switch set to ALT or
CHOP with non-delayed sweep.

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

Pin 10 LO—HORIZONTAL MODE switch set to any
position except A or B.
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Fig. 3-12. (A) Logic diagram for Vertical Binary stage; (B} Table of input/output combinations.

315



Circuit Description—7904 (SN B260000-UP)

The Display Right Command switches from HIl to LO
along with the Display A level atpin 7 (inverse of Display B
Command). However, notice that the Display Right Com-
mand changes from Hl to LO as the Display B Command
changes from LO to HI, and vice versa.

3. ALT OR CHOP MODE (HORIZ)—-DELAYED

If the A time-base unit is set to the delayed mode when
the HORIZONTAL MODE switch is set to either ALT or
CHOP, the operation of the stage is changed from that
discussed above. Now, the Display Right Command
switches between the Hl and LO states ata rate thatis one-
half the repetition rate of the Display B Command. The
resultant crt display in the ALT position of the VERTICAL
MODE switch allows the RIGHT VERT unitto be displayed
first against the A sweep {delaying} and then againstthe B
sweep (delayed). 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 LO—Display B Command generated by Horizon-
tal Binary stage goes negative.

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

A logic diagram of the Vertical Binary stage is shownin
Fig. 3-12A. Several logic functions in this stage are
performed by logic devices made up of discrete com-
ponents. The components that make up these logic
devices are identified on the logic diagram. An input/out-
puttabie for the Vertical Binary stage is given in Fig. 3-12B.

Plug-In Binary

The Plug-in Binary stage produces the Plug-in Alter-
nate Command to dual-trace units. Figure 3-13 identifies
the function of the input pins for the Plug-in Binary IC,
U285. This stage uses the same type of integrated circuit
as the Horizontal Binary and Vertical Binary stages.

When the Plug-in Alternate Command level is HI and
the plug-in unit is set for alternate operation, Channel 2 of
the dual-trace unitis displayed. When itis LO, Channel 1 is
displayed. The repetition rate of the Plug-In Alternate
Command is determined by the setting of the VERTICAL
MODE switch. For all positions of the VERTICAL MODE
switch except ALT, the Plug-in Alternate Command level

3-16

ALT MODE INHIBIT

(VERT) ™4
U285
PLUG-IN
DISPLAY RIGHT
comMmanp ™17 o B

DISPLAY RIGHT P
COMMAND 8

&

Fig. 3-13. Input and output pins for Plug-in Binary IC, U285.

is the same as the Display Right Command from the
Vertical Binary stage. Since the Display Right Command is
derived directly from the Display B Command, this allows
the two channels of a dual-trace vertical unit to be slaved
to the time-base units (non-delayed, dual-sweep horizon-
tal modes only) in the same manner as previously
described for independent-pairs operation between the
vertical and time-base units. The resuitant crt presenta-
tion, when the dual-trace unitis set for alternate operation,
displays the Channel 1 trace at the sweep rate of the B
time-base unit and the Channel 2 trace at the sweep rate of
the A time-base unit. Inputconditions fora LO output level
so that Channel 1 of the vertical plug-in can be displayed
at the B-sweep rate are:

Pin 4 HI--VERTICAL MODE switch set to any position
except ALT.

Pin 7 LO—B sweep to be displayed (Display Right
Command and Display B Command Hi).

The input conditions to provide a Hl output level so that
Channel 2 of the plug-in unit can be displayed at the A-
sweep rate are:

Pin 4 HI—VERTICAL MODE switch set to any position
except ALT.

Pin 7 HI—A sweep to be displayed (Display Right
Command and Display B Command LO).

The Plug-in Alternate Command switches from Hl to
LO as the Display B Command from the Horizontal Binary
stage switches from LO to HI, and vice versa.



When the VERTICAL MODE switch is set to ALT, the
Display Right Command from the Vertical Binary stage
switches the vertical 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 Display Right Command. The sequence of operation,
when two dual-trace vertical units are installed in the
vertical plug-in compartments and they are both 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 unitat sweep rate of
B time-base unit, 4. Channel 2 of RIGHT VERT unit at

Circuit Description—7904 (SN B260000-UP)

sweep rate of A time-base unit. Notice that under these
conditions, 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.
The repetition rate at the output of this stage is one-half
the Display Right Command rate. Input conditions when
the VERTICAL MODE switch is set to ALT are:

Pin 4 LO—VERTICAL MODE switch set to ALT.

Pin 8 LO—Display Right Command generated by
Vertical Binary stage goes negative.

Figure 3-14A shows a logic diagram of the Plug-In
Binary stage. An input/output table for this stage is given
in Fig. 3-14B.

DISPLAY RIGHT P
COMMAND =
ALT MODE INHIBIT ‘
VERT
/ 4 ¢ ) 6\ PLUG-IN
ALT MODE (VERT) — . ' ALTERNATE
~N COMMAND
FF
- <“3—JL-- T
{A) U285 <3>
INPUT / OUTPUT
COMMENTS

ALT VERTICAL MODE

Hi Hi @ Hli

CHANNEL 1 DISPLAYED } ALL VERTICAL MODES EXCEPT ALT PRO-
CHANNEL 2 DISPLAYED

VIDE SWEEP-SLAVING FOR NON-DELAYED
DUAL-SWEEP OPERATION.

@ =HAS NO EFFECT N THIS CASE.

n+1=1F QUTPUT IS LO PRIOR TO LO" IT GOES Hi, AND VICE VERSA.

TACTUATED BY NEGATIVE-GOING EDGE.

(B) 2REPETITION RATE ONE-HALF DISPLAY RIGHT COMMAND RATE.

Fig. 3-14. (A} Logic diagram for Plug-In Binary stage; (B) Table of input/output combinations.
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Clock Generator

Part of integrated circuit U215, along with the external
components shown in Fig. 3-15A, make up the Clock
Generator stage. R1, Q1, Q2, and Q3 represent an
equivalent circuit within U215A. This circuit, along with
discrete components C213-R212-R213-R214, compose a
two-megahertz free-running oscillator to provide a time-
ing (Clock) signal used to synchronize the vertical,
horizontal, and plug-in chopping modes.

This stage operates as follows: Assume that Q2 is
conducting and Q1 is off. The collector current of Q2
produces a voltage drop across R1 to cut off Q1. This
negative level at the collector of Q2 is also connected to
pin 14 through Q3 (see waveformsin Fig. 3-15B attime T,).
Since there is no current through Q1, C213 begins to
charge towards —15 volts through R212-R213. The emitter
of Q1 goes negative as C213 charges, until it reaches a
level about 0.6 volt more negative than the level atits base.
Then, Q1 is forward biased and its emitter rapidly rises
positive (see time T, on waveforms). Since C213 cannot
change its charge instantaneously, the sudden change in
voltage at the emitter of Q1 pulls the emitter of Q2 positive
also, to reverse-bias it. With Q2 reverse biased, its
collector rises positive to produce a positive output level at
pin 14.

Now, conditions are reversed. Since Q2 is reverse
biased, there is no current through it. Therefore, C213 can

e
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begin to discharge through R214. The emitter level of Q2
follows the discharge of C213 until it reaches a level about
0.6 volt more negative than its base. Then, Q2 is forward
biased and its collector drops negative to reverse-bias Q1.
The level at pin 14 drops negative also, to complete the
cycle. Once again, C213 begins to charge through R212-
R213 to start the second cycle.

Two outputs are provided from this oscillator. The
Delay Ramp signal from the junction of R212-R213 is
connected 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 R212-R213. A square-wave output is provided at
pin 14. The frequency of this square wave isdetermined by
the overall RC relationship between C213-R212-R213-
R214, and its duty cycleis determined by the ratio of R212-
R213 to R214.

The square wave at pin 14 is connected to pin 16
through C218. C218, along with the internal resistance of
U215A, differentiates the square wave at pin 14 to produce
a negative-going pulse coincident with the falling edge of
the square wave (positive-going pulse coincident with
rising edge has no effect on circuit operation). This
negative-going pulse is connected to pin 15 through an
inverter-shaper that is also part of U215A. The output at
pin 15 is a positive-going Clock pulse with a repetition rate
of about two megahertz.
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Fig. 3-15. (A) Diagram of Clock Generator stage; (B) Idealized waveforms for Clock Generator stage.
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ALL OTHER COMBINATIONS PULSES AT OUTPUT

@ = HAS NO EFFECT IN THIS CASE

*RAMP SIGNAL; CONSIDERED LO WHEN MORE NEGATIVE THAN ABOUT ZEROQ VOLTS.

*NEGATIVE-GOING PULSE AT TWO MEGAHERTZ RATE.

8) 3PIN 5 CAN BE HI AND NOT AFFECT OPERATION IF PIN 81S LO, AND VICE VERSA,

Fig. 3-16. (A) Logic diagram for Vertical Chopped Blanking stage; (B) Table of input/output combinations.

Vertical Chopped Blanking

The Vertical Chopped Blanking stage is made up ofthe
remainder of U215. This stage determines if Vertical
Chopped Blanking pulses are required, based upon the
operating mode of the vertical system or the plug-in units
(dual-trace units only). Vertical Chopped Blanking puises
are produced if: 1. VERTICAL MODE switch is set to
CHOP; 2. Dual-trace vertical unit is operating in the
chopped mode and that unit is being displayed; 3. Dual-
trace vertical unit 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 3-18 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
comparator is determined by the relationship between the
levels of its inputs. If pin 10 is more positive (HI) that the
grounded input, the output is Hl also: if it is more negative,
the output is LO.
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The Delay Ramp signal from the Clock Generatorstage

determines the repetition rate and pulse width of the.

Vertical Chopped Blanking pulses. The Delay Ramp
applied to pin 10 starts to go negative fromalevel ofabout
+1.1 volts coincident with the leading edge of the Clock
pulse (see waveforms in Fig. 3-17). This results in a HI
quiescent condition for the Vertical Chopped Blanking
pulse. The slope of the negative-going Delay Ramp is
determined by the Clock Generator stage. Asitreachesa
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 U215A, and the leading edge of the
Vertical Chopped Blanking pulses. The amount of delay
between the leading edges of these pulses is determined
by the Detay Ramp applied to pin 10. This delay is
necessary due to the delay line in the vertical deflection
system. Otherwise, the trace blanking resulting from the
Vertical Chopped Blanking pulse would not coincide with
the switching between the displayed traces. The duty
cycle of the square wave produced in the Clock Generator
stage determines the pulse width of the Vertical Chopped
Blanking pulses (see Clock Generator description for
more information).

Chop Counter

The Chop Counter stage (U255) produces the Vertical
Chopping signal, the Plug-In Chop Command, and the
Horizontal Chopped Blanking signal. The Clock pulse
produced by the Clock Generator stage provides the
timing signal for this stage. The functions of the input and
output pins for the Chop Counter IC, U225, are identified
in Fig. 3-18A. ldealized waveforms showing the timing
relationship between the input and output signals for this
stage are shown in Fig. 3-18B.

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 1is one megahertz
{one-half Clock rate). This determines the switching
between the LEFT and RIGHT VERT units when the
VERTICAL MODE switchis setto CHOP. Atthe same time,
the repetition rate of the Plug-In Chop Command atpin 8
is 0.5 megahertz (one-fourth Clock rate). This provides a
chopping signal to dual-trace vertical units to provide
switching between the two channels. The relationship
between these output signals and the Clock inputis shown
by the waveforms in Fig. 3-18B in the area between Ty and
T1. During this time, the level at pin 4 remains HIL
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When the HORIZONTAL MODE switch is set to CHOP,
the basic repetition rate of the Vertical Chopping Signal
and the Plug-In Chop Command is altered. Forexample, if
the HORIZONTAL MODE switch is changed to the CHOP
position at time T, {see Fig. 3-18B), a Hl 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 at their
HIi level. (See time T; this condition only occurs once
every fifth Clock pulse when the HORIZONTAL MODE
switch is set to CHOP.) When both of these outputs are at
their Hl level, the next Clock pulse switches both outputs
LO, and at the same time switches the Horizontal Chopped
Bianking to the LO level.

This change at time T: does not appear at pin 4
immediately, due to a delay network in the circuit. The
delay is necessary to make the Horizontal Chopped
Blanking coincide with the Vertical Chopped Blanking
produced by U215A and the switching between the
displayed signals. {Compare bottom two waveforms of
Fig. 3-18B; also see Vertical Chopped Blanking for further
information.) After the delay time, the output level atpin 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 Command 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.

For the next three Clock pulses, the Vertical Chopping
Signal output and Plug-in Chop Command operate in the
normal manner. However, just prior to the fourth Clock
pulse (time T4}, 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 pulseis
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 Command for every five Clock pulses (one-fifth
Clock rate}. Notice that the large shaded area produced by
the Horizontal Chopped Blanking pulse (see Fig.3-18B) is
not part of the display time (crtdisplay blanked). However,
about the same time segmentis displayed from the vertical
signal source with or without Horizontal Chopped Blank-
ing, due to the change in repetition rate when in the CHOP
horizontal mode.
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Fig. 3-17. Idealized waveforms for Vertical Chopped Blanking stage.
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Fig. 3-18. (A) Input and output pins for Chop Counter IC, U225; (B) Idealized waveforms for Chop Counter stage.
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The Vertical Chopping at pin 1 of U255 is connected to
the Vertical Mode Logic stage (see following description)
through L224-R224. This signal is Hl when the RIGHT
VERT unit is to be displayed and it is LO when the LEFT
VERT unit is to be displayed. The Plug-in Chop Command
at pin 8 is connected to the piug-in units in the vertical
compartments through L228-R228 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 displayed. The Horizontal Chopped Blanking
signal at pin 4 is connected through LR232 to the
Horizontal Binary stage U265, and to the Z-Axis Logic
stage U325 by way of Q238. When this signal is HI, the crt
is unblanked to display the selected signal. When itis LO,
the crtis blanked to allow switching between the horizon-
tal units.

A logic diagram of the Chop Counter stage is shown in
Fig. 3-19. Use the waveforms given in Fig. 3-18B along with
this diagram for reference of time relationships with other
signals.

Vertical Mode Logic

The Vertical Mode Logic stage is made up of discrete
components CR202-CR203, CR201,-CR204, and buffer
Q292-Q296. These components develop the Vertical
Mode Command, which is connected to the Main Inter-
face, Vertical Amplifier, and Trigger Selector circuits to
indicate which vertical unit is to be displayed. When this
outputlevel is HI, the RIGHT VERT unit is displayed; when
itis LO, the LEFT VERT unit is displayed.

The VERTICAL MODE switch shown on diagram 2
provides control levels to this stage. This switch providesa
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 connected to the Logic circuit. Operation of this
stage is as follows:

When the VERTICAL MQODE switch is set to RIGHT, a
HI level is connected to the base of Q292 through R204.
This forward biases Q292, and the positive-going level at
its emitter is connected to the emitter of Q296. The
collector of Q296 goes Hl to indicate thatthe 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 CR202-CR203 through R202. Both diodes are
forward biased so that the Vertical Chopping Signal from
pin 1 of U225 can pass to the base of Q292. This signal
switches between the Hland LO levels ataone-megaheriz
rate and produces a corresponding Vertical Mode Com-
mand output at the collector of Q286. When the ocutputis
Hi the RIGHT VERT unit is displayed and when itswitches
to LO, the LEFT VERT unit is displayed.

In the ALT position of the VERTICAL MODE switch, a
H! level is applied to the anodes of CR201-CR204 through
R201. These diodes are forward biased so the Display
Right Command from pin 6 of the Vertical Binary stage can
pass to the base of Q292 to determine the Vertical Mode
Command level. The Display Right Command switches
between its HI and LO levels at a rate determined by the
Vertical Binary stage.

CHOP 6
mopE &
{HOR12) N
1\ VERTICAL
J 1 > CHOPPING
FF SIGNAL
[+
J 8\ PLUGHN
J 1 CHOP
7/ COMMAND
K FF
Jr T —
_J ’
K
10 ' FF
s r HORIZONTAL
CLOCK\ ] T CHOPPED
BLANKING
{>m < o-(EEAD1>
U225 @ 4

Fig. 3-19. Logic diagram of Chop Counter stage.
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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 Q292 remains LO to
produce a LO Vertical Mode Command output level at the
collector of Q2096.

A logic diagram of the Vertical Mode Logic stage is
shown in Fig. 3-20. The discrete components that make up
each logic function are identified.

Trace Separation

The Trace Separation stage is made up of discrete
components Q342, Q347, Q350, and Q352. This stage
produces 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 current is determined by the setting of the
VERT TRACE SEFPARATION (B) control. The current from
the VERT TRACE SEPARATION (B)controlis switched so
that the Trace Separation outputis provided only when the
B sweep is being displayed in the ALT or CHOP horizontal
modes and not when 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 provides
current to the Trace Separation output through R351 and

RIGHT MODE »-
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Q352 when Q352 is forward biased. When the B sweep is
being displayed (for ALT or CHOP horizontal operation),
the Display B Command at the base of Q347 is Hi. This
forward biases Q347 causing its collectorto go negative to
forward-bias Q350. This causes Q350 to saturate and its
collector goes positive to forward bias Q352. During the
time the A sweep is being displayed, the Display B
Command is LO. This reverse biases Q347 and Q350;
Q352 is reverse biased through CR349 and R349. Since
Q352 is reverse biased, the VERT TRACE SEPARATION
(B) control is disconnected while the A sweep is being
displayed.

When the HORIZONTAL MODE switch is set to B
{only), a HIl level is connected to the emitter of Q347
through R344. This reverse biases Q347 even though the
Display B Command at its base is HI for this mode.
Therefore, the VERT TRACE SEPARATION (B) control
has no effect. When the VERTICAL MODE switch is setto
ALT and the Delay Mode Control Qut level from the A
time-base unit is LO (indicating non-delayed sweep
operation), a Hi level is applied to the emitter of Q347
through R342 and CR343. This H! level reverse biases
Q347 even though the Display B Command is Hl. This
action disconnects the VERT TRACE SEPARATION (B)
control for independent-pairs operation so that the ver-
tical 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 Cut level is
Hi to forward bias (1342 and Q347. This allows the VERT
TRACE SEPARATION (B) control to position the B-sweep
display, since independent-pairs operation isnotpossible
when operating in a delayed-sweep mode,

FROM
VERTICAL
MODE
SWITCH

CHOP MODE

ALT MODE sy

VERTICAL CHOP >
COMMAND FROM "
PIN 1, U225

CR201 \

CcR202 \ N\ Q292 ;E'EQCAL
CR203 / L_ / Q296 D

DISPLAY RIGHT > {CR204 /

COMMAND FROM
PiN 6, U275

Fig. 3-20. Logic diagram of Vertical Mode Logic stage.
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A logic diagram of the Trace Separation stage is shown
in Fig. 3-21A. The discrete components which make up
each logic function are identified. An input/output table
for this stage is given in Fig. 3-21B.

TRIGGER SELECTOR @

The Trigger Selector circuit determines the source of
the internal triggering signals connected to the A and B
HORIZ plug-in compartments. In addition, the B Trigger
Channel Switch stage also includes the Vertical Signal
Out Amplifier. Figure 3-22 shows a detailed block diagram
of the Trigger Selector circuit.

VERT TRACE

Slave Enable

The Slave Enable stage provides an output to the Aand
B Trigger Select Logic stages to indicate when
independent-pairs operation (sweep slaving) is selected.
The output of this stage is determined by the Horizontal
Slave Enable level from the Logic circuit and by the
VERTICAL MODE switch. (For further information on
independent-pairs operation and the Horizontal Enable
level, see the description of the Vertical Binary stage in the
Logic circuit.) When independent-pairs operation is
selected, the output of the Slave Enable stage (at the
emitter of Q438) is LO. In this condition, the Left Vertical
unit provides athe B Horizontal trigger signal and the
Right Vertical unit provides the A Horizontal trigger signal
inthe VERT MODE position of the trigger source switches.

SEPARATION (B)

DISPLAY B

TRACE
E—'—’ SEPARATION

COMMAND

B MODE (HORIZ)

ALT MODE (VERT)

DELAY MODE
CONTROL OUT

Q347
Q350

/ OUTPUT

L

A Q
IF
QS

TRACE
SEPARATION (B}

Hl LO Hi Hi

YES

Hi LO LO P

YES

ALL OTHER COMBINATIONS

{B)

NO QUTPUT

@ =HAS NO EFFECT IN THIS CASE

Fig. 3-21. (A) Logic diagram of Trace Separation stage; (B) Table of input/output combinations.
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A and B Trigger Select Logic

The A and B Trigger Select Logic stages select the
operation of the Aand B Trigger Channel Switch stages as
determined by the Horizontal Slave Enable level from the
Logic circuit and the setting of the VERTICAL MODE, A
TRIGGER SOURCE, and B TRIGGER SOURCE switches.
These stages also include the circuitry to illuminate the
trigger-source pushbutton lights.

Table 3-1 and Table 3-2 show the outputof the Aand B
Trigger Select Logic stages respectively for each com-
bination of the Horizontal Slave Enable level, the setting of
the VERTICAL MODE switch, and the setting of the trigger

Circuit Description—7904 (SN B260000-UP)

source switches. The trigger-source pushbutton il-
luminated for each combination is also shown. Notice that
only the trigger source switches control the output when
in the LEFT or RIGHT VERT positions; the trigger signalis
obtained from the indicated plug-in compartment.

A and B Trigger Channel Switch

The A and B Trigger Channel Switch stages determine
which input signal provides the internal trigger signal to
the horizontal units as controlled by the trigger Rightand
Add signals from the trigger select logic stages.

$455
A TRIGGER
SOURCE
T A TRIGGER
i OUTPUT
| AMPLIFIER
4
3
£ H
FROM ADD B ATRIGGER RIGHT! A vRiGGER B
VERTICAL ALT —B8= A TRIGGER CHANNEL TRIGGER SIGNAL
IMODE SWITCH RIGHT SELECT LOGIC SWITCH uUs550 TO A HORiIZ
1 0466.0469-0472 TRI uUs510 COMPARTMENT
VERTICAL MODE o osd Q476 ATRIGGER ADD U5530 .
COMMAND T
HORIZONTAL =
SLAVE ENABLE{
SLAVE ENABLE
ALT FROM Q428-0430
VERTICAL MODE{M
SWITCH
B TRIGGER
OUTPUT
AMPLIFIER
B TRIGGER RIGH
R Ny MOPE e g & TriGGER |
ADD  — B TRIGGER CHANNEL TRIGGER SIGNAL
FROM SELECT LOGIC SWITCH TO BHORIZ
VERTICAL ALT 8 Q484-0500-0506 ADD Us610 COMPARTMENT
MODE SWITCH { iyt gm B TRIGGER 2l UB630
i
\
. SIGNAL TO
B TRIGGER " VERTICAL
@ SOURCE SIGNAL OUT
5495

Fig. 3-22. Detailed block diagram of Trigger Selector circuit.
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Table 3-1
INPUT/OUTPUT COMBINATIONS FOR A TRIGGER SELECT LOGIC
A Trigger Select A TRIGGER SOURCE
Logic Output Pushbutton Lights
A TRIGGER VERTICAL Horizontal Vertical A Trigger LEFT | RIGHT | VERT
SOURCE Switch MODE Switch | Siave Enable Mode Command Right Add VERT!| VERT | MODE
LEFT VERT o ) ¢ LO LO on off off
RIGHT VERT P ) ) Hi LO off on off
VERT MODE LEFT ¢ LO LO LO on off on
ALT LO Alt® Alt° LO on on on
ALT HI Al HI LO off on on
ADD ¢ LO LO Hi on on on
CHOP ) Chop® LO LO on off on
RIGHT (+:] Hi Hi LO off on on

¢ == Has no effect in this case.

"Switches between Hi and LO at a rate determined by Logic circuit.

Table 3-2
INPUT/OUTPUT COMBINATIONS FOR B TRIGGER SELECT LOGIC
B Trigger Select B TRIGGER SOURCE
Logic Output Pushbutton Lights
B TRIGGER VERTICAL Horizontal Vertical B Trigger LEFT | RIGHT | VERT
SOURCE Switch [MODE Switch | Slave Enable | Mode Command | Right Add VERT | VERT |MODE
LEFT VERT P* $ ¢ LO LO on off off
RIGHT VERT > ® ® HI LO off on off
VERT MODE LEFT )] LO LO LO on off on
ALT LO Alt® AltP LO on on on
ALT HI Alt® LO LO on off on
ADD o LO LO HI on on on
CHOP o Chop® LO LO on off on
RIGHT ¢ Hi Hi LO off on on

*» = Has no effect in this case.

"Switches between HI and LO at a rate determined by Logic circuit.

Resistor networks R401 through R407, R409, R410,
R411, and R413, R414, R415 are connected as 50 Q power
dividers. These power dividers, along with R5508, R5516,
R5530, R6534, and R5608, R5616, R5630, R5634, provide a
100 Q differential load for the trigger outputs of the
vertical plug-in units and establish the input resistance of
the trigger channel switch stages.

The A and B Trigger Channel Switch stages are made
up primarily of intedrated circuits U5502, U5510, and
US530 for the A Trigger, and U5602, U5610, and U5630 for
the B Trigger. The operation of the A and B Trigger
Channel Switch is similar. Therefore, only a discussion of
the A Trigger Channel Switch is given.
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Bias current for the respective switches is provided by
R5510, R5512, R5597, R5530, R5532, R5598, and resistors
R5516, R5536. Transistor array U5502A, B, C, and D
provide a logic drive for channel switches U5510 and
U5530, when the proper trigger signal selection is provid-
ed by A and B Trigger Selector Logic circuit. When the L/R
signal is present, its low level turns off U5502C and turns
on U5502D, causing a low at pin 12 and a high at pin 11 of
U5510. This condition routes the left trigger signal at
J5512 and J5516, through U5510, to pins 13-16, and 1-14
of U5550. At the same time, U5530 pin 12is highand pin 11
is low, causing the right trigger signal current to pass
through pins 5 and 9, and cancel itself. The right trigger
signal is routed through U5530 in a similar manner. When
the Add signal is present, the left and right trigger signals
are added algebraically at pins 6 and 8 of U5510 and
U5530.



A Trigger Output Amplifier

The A Trigger Qutput Amplifier stage (U5550) amplifies
the output signals from channel switches U5510 and
U5530 and drives the level shifters. Resistors R5541 and
R5542, together with the channel switch bias current, set
the input dc bias of U5550. Resistors R5561 and R5559 set
the dc bias for common-base output stage, U5550.

B Trigger Output Amplifier

The B Trigger Output Amplifier stage (U5650) operates
in a similar manner to the A Trigger Output Amplifier,
except the output circuit provides the signal current for
the Signal Output Amplifier. Resistors R5668, R5659, and
R5661 set the correct signal current for the output
amplifier circuit.

A and B Trigger Level Shifters

The level shifters remove the trigger signal from the dc
bias signal at the output of U5550 and U5660. The A
Trigger Level Shifter circuit is composed of a network of
components connected between pin 5 of U5550 and pin
CC, and between pin 9 of U5550 and pin CB. Resistors
R5565 and R5566, along with VR5565 and VR5566, supply
bias current to U5550; they also serve as a reverse
termination for the signal. R5570 sets the outputcommon-
mode level by setiing the amount of current to zeners
VR5565, VR5566, and resistors R5574, and R5576. The B
Trigger Level Shifter circuit operates in a similar manner.

Signal Out Amplifier

The signal out amplifier stage (Q5679) receives trigger
signals by the selection of the B TRIGGER SOURCE
switch, and provides a sample of the trigger signal to a
front-panel connector. Resistor R5678 biases Q5679 and
U5650. Resistors R5682, R5683, and R5684 set the base
bias voltage of Q5679. Signal Out centering adjustment
R5683 is set for zero-volt quiescent output level. Resistor
R5687 sets the Q5679 bias current and R5686 sets the
output impedance (950 Q).

READOUT SYSTEM

Introduction

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

The definition of several terms follows:

Character—A character is a single number, letter, or
symbol displayed on the crt either alone orin combina-
tion with other characters.

Circuit Description—7904 (SN B260000-UP)

Word—A word is made up of arelated group of characters.
In the 7904 Readout System, a word can consistofup to
ten characters.

Frame-—A frame is a display of all words for a given
operating mode and plug-in combination. Up to eight
words can be displayed in one frame. Figure 3-23
shows the position of each word in a complete frame.

Column-—One of the vertical lines in the Character
Selection Matrix (see Fig. 3-24). Columns C-0 (column
zero) to C-10 (column 10) can be addressed in the 7904
system.

Row-—One of the horizontal lines in the Character Selec-
tion matrix. Rows R-1 (row 1) through R-10 (row 10)
and R-14 (row 14) can be addressed in the 7904 system.

Time-Slot—A location in a pulse train. In the 7904 Readout
System, the pulse train consists of 10 negative-going
pulses. Each time-siot pulse is assigned a number
between one and ten. For example, the first time-slot is
TS-1.

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

Display Format

Up to eight words of readout information can be
displayed on the crt. The position of each word is fixed and
is directly related to the plug-in unit from which it
originated. Figure 3-23 shows the area of the graticule
where the readout from each plug-in unit is displayed.
Notice that Channel 1 of each plug-in unit is displayed
within the top division of the crtand Channel 2 isdisplayed
directly below within the bottom division. Figure 3-25
shows a typical display where only Channel 2 of the Right
Vertical and B Horizontal units is selected for display.

T T T 1
A HORIZONTAL B HORIZONTAL
CHANNEL 1 CHANNEL 1

r T T T T
LEFT VERTICAL RIGHT VERTICAL T
CHANNEL 1 CHANNEL 1

L

LR FEREN EEEES FEREE FRRTE SRRTY FETES AERTE REREY

RS R B A oE e %*!q‘zy»\i W owow o AR R P
i

LEFT VERTICAL

RIGHT VERTICAL |
CHANNEL 2 E
L [}

CHANNEL 2
1 I

A HORIZONTAL
CHANNEL 2
1 i\

B HORIZONTAL
CHANNEL 2
A

Fig. 3-23. Location of readout display on the crt identitying the
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Fig. 3-25. Typical readout display where only Channel 2 of the
Right Vertical and B Horizontal units is displayed.

Each word in the readout display can contain up to 10
characters, aithough the typical display will contain
between two and seven characters per word. The
characters are selected from the Character Selection
Matrix shown in Fig. 3-24. In addition, 12 operational
addresses are provided for special instructions to the
Readout System. The unused locations in the Matrix
(shaded area) are available for future expansion of the
Readout System. The method of addressing the locations
in the Character Selection Matrix is described in the
following discussion.

Developing the Display

The following basic description of the Readout System
uses the block diagram shown in Fig. 3-26. This descrip-
tionis intended to relate the basic function ofeach stage to
the operation of the overall Readout System. Detailed
information on circuit operation is given later.

The key blockinthe Readout System is the Timerstage.
This stage produces the basic signals that establish the
timing sequences within the Readout System. Period of
the timing signal is about 250 microseconds (drops to
about 210 microseconds when Display-8kip is received;
see detailed description of Timer stage for further infor-
mation.) This stage also produces control signals for other
stages within this circuit and interrupt signals to the
Vertical Amplifier, Horizontal Ampilifier, and Logic cir-
cuits, which allow a readout display to be presented. The
Time-Siot 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
T8-10 (time-slots one through ten) and are connected to
the vertical and horizontal plug-in compartments as well
as 1o various stages within the Readout System. The
output lines are energized sequentially, so there is apulse
on only one of the 10 lines during any 250-microsecond
timing period. After the Time-Slot Counter stage has
counted time-slot 10, it produces an End-of-Word pulse
which advances the system to the next channel.

Circuit Description—7904 (SN B260000-UP)

Two output lines, row and column, are connected from
each channel of the plug-in unit back to the Readout
System. Data is typically encoded on these output lines by
connecting resistors between them and the time-slot input
lines. The resultant output is a sequence of ten analog
current levels that range from zero to one milliampere (100
microamperes/step) on the row and column output lines.
This row and column correspond to the row and column of
the Character Selection Matrix in Fig. 3-24. The standard
format for encoding information onto the output lines is
given in Table 3-3. (Special-purpose plug-in units may
have their own format for readout; these special formats
will be defined in the manuals for these units.)

The encoded column and row data from the plug-in
units is selected by the Column Data Switch and Row Data
Switch stages respectively. These stages take the analog
currents from the eight datalines (two channels fromeach
of the four plug-in compartments) and produce a time-
multiplexed analog voltage ocutput containing all of the
column or row information from the plug-ins. The Column
Data Switch and Row Data Switch are sequenced by the
binary Channel Address 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 notencoded in atime-
slot, the Display-Skip Generator produces an output level
to prevent the Timer stage from producing the contro!
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
output current on one of ten lines. The outputs of the
Column Decoder stage are identified as C-1 through C-10
{column 1 through 10} corresponding to the encoded
column information. Likewise, the outputs of the Row
Decoder stage are identified as R-1 through R-10 (row 1
through 10) corresponding to the encoded row informa-
tion. The primary function of the row and column outputs
is to select a character from the Character Selection
Matrix to be produced by the Character Generator stage. -
These outputs are also used at other points within the
system to indicate when certain information has been
encoded. One such stage is the Zeros Logic and Memory.
During time-slot 1 {TS-1), this stage checks if zero-adding
or prefix-shifting information has been encoded by the
plug-in unit, and stores itin memory untiltime-slots 5,6, or
8. After storing this information, it triggers the Display-
Skip Generator stage so that there is no display during
time-siot 1 (as defined by Standard Readout Format; see
Table 3-3). When time-siots 5, 6, and 8 occur, the memory
is addressed and any information stored there during
time-slot 1 is transferred to the input of the Column
Decoder stage to modify the analog data during the
applicable time-slot.
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Table 3-3
STANDARD READQUT FORMAT

Time-Slot

Number Description
TS Determines decimal magnitude (number

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

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

T8-3 Indicates calibrated or uncalibrated condi-
tion of plug-in variable control (no dis-
play for calibrated condition).

TS-4 Scaling.

TS-5 | Not encoded by plug-in unit. Left blank
TS-6 to allow addition of zeros by Readout
T8-7 System.

T8-8 Defines the prefix which modifies the
units of measurement.

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

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

The Character Generator stages produce the
characters which are displayed on the crt. Any of the 50
characters shown on the Character Selection Matrix of
Fig. 3-24 can be addressed by proper selection of the
column and row currents. Only one character is ad-
dressable in any one time-slot; a space can be added into
the displayed word by the Decimal Point Logic and
Character Position Counter stage when encoded by the
plug-in. The latter stage counts the number of characters
generated and produces an output current to step the
display one character position to the right for each
character. In addition, the character position is advance
once during each of time-slots 1, 2, and 3, whether a
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character is generated during these time-siots or not. This
action fixes the starting point of the standard-format
display such that the first digit of the scaling factor always
starts at the same point within each word regardless of the
information encoded in time-siot 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 appropriate row and column. (See
Character Selection Matrix for location of decimal points.)
The Decimal Point Logic and Character Position Counter
stage is reset after each word by the Word Trigger puise.

The Format Generator stage provides the output
signals to the vertical and horizontal deflection systems of
the instrument to produce the character display. The
binary Channe! Address Code from the Channel Counter
stage is connected to this stage, so that the display from
each channel is positioned to the area of the crt associated
with the plug-in and channei originating the word (see Fig.
3-23). The positioning current or decimal point location
current generated by the Decimal Point Logic and
Character Position Counter stage is added to the Horizon-
tal {X) signal at the input to the Format Generator stage to
provide horizontal positioning of the characters within
each word. The X- and Y-Readout signals are connected
to the Horizontal Amplifier and Vertical Amplifier through
the X- and Y-Buffer stages.

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. It also provides a reset
pulse the Zeros Logic and Memory stage and the Decimal
Point Logic and Character Position Counter stage. The
Word Trigger stage can also be advanced to jump a
complete word or a portion of a word when a Jump
command is received from the Row Data Switch stage.

The Single-Shot Lockout stage allows the display
sequence of the Readout System to be changed. Normal-
ly, the Readout System operates in a free-running mode,
so the waveform display is interrupted randomly to display
characters. However, under certain conditions (such as
single-shot photography), it is desirable that the Readout
System operate in a triggered mode where the readout
portion of the display is normally blanked out, but can be
presented on command. The Readout Mode switch,
S2110, determines the operating mode of the Readout
System.



Timer

Timer U2126 establishes the timing sequence for all
circuits within the Readout System. This stage produces
seven time-related output waveforms (see Fig. 3-27). The
triangle waveform produced at pin 6 forms the basis for the
remaining signals. The basic period of this triangle
waveform is about 250 microseconds as controlled by RC
network R2135-C2135. The triangle waveform is clipped
and amplified by U2126 to form the trapezoidal output
signal at pin 10. The amplitude of this output signal is
exactly 15 volts as determined by L2126 (exact amplitude
necessary to accurately encode data in plug-in units; see
Encoding the Data). The Trigger output at pin 5 provides
the switching signal for the Time-Siot Counter and Word
Trigger stages.

The signals at pins 12, 13, 14, and 16 are produced only
when the triangle waveformis on its negative slopeand the
trapezoidal waveform has reached the lower level. The
timing sequence of these waveforms is important to the
operation of the Readout System (see expanded
waveforms in Fig. 3-28). The Z-Axis Logic OFF Command
at pin 14 is produced first. This negative-going signal
provides a blanking pulse to the Z-Axis Logic stage (see
diagram 3) to blank the crt before the display is switched to
the Readout System. It also produces the Strobe pulse
through Q2138 and CR2142 to signal other stages within
the Readout System to begin the sequence necessary to
produce a character. The collector level of Q2138 is also
connected to Character Generator No. 2, U2272, through
CR2140. This activates U2272 during the quiescent period
of the Strobe pulse (collector of Q2138 negative) and
diverts the output current of Row Decoder U2185 to row 2.
The purpose of this configuration is to prevent the Zeros
Logic and Memory stage U2232 from storing incorrect
data during the quiescent period of the Strobe pulse.
When the Strobe pulse goes positive, CR2140 is reverse-
biased to disconnect Q2138 from U2272 and allow the
Row Decoder to operate in the normal manner.

The next signal to be produced is the Vertical and
Horizontal OFF Command at pin 13. This positive-going
signal disconnects the plug-in signals from the vertical
and horizontal deflection systems, so the plug-in units do
not control the position of the crt beam during the readout
display. The Ready signal derived from this output is
connected to the Decimal Point Logic and Character
Position Counter stage and the Format Generator stage.

The Readout Intensity output at pin 12 is produced
next. This currentis connected to the cricircuitto unblank
the crt to the intensity level determined by the READOUT
intensity control. The Character Scan ramp at pin 16
started to go negative as this timing sequence began.
However, character generation does not start until the
readout intensity level has been established, The
triangular Character Scan ramp runs from about —2 volts
to about —8.5 volts, then returns back to the original level.
This waveform provides scanning signal forthe Character
Generator stages. Full Character Scan adjustment R2128
sets the dc level of the Character Scan ramp for complete
characters on the display.

Circuit Description—-79804 (SN B260000-UP)

F44 *00”,*
oV
f ALA ALALA LA
A W VIVARATLTAVAVAVAN AN
]
ATATATATR AR ATRY
by )aoul‘ﬂ ﬂ ov
PIN 10 x [ 1
2v ooyt
e o pews | ke Dpime  Jlmer g ol wpoe e
TRIGGER
PIN &
rﬂwﬁw‘iﬂhﬂw!ﬁw‘? oy WO WU o SR L SR R ¢ AV
34 20005 Jev
CHARACTER : %
SCAN
PIN 16
v 20008
Z-AXIS
LOGIC
OFF
COMMAND ‘
PIN 14 S ey
? ‘Wj&
VERTICAL
AND
HORIZONTAL |- td oo B ML
OFF
COMMAND ced gy
PIN 13
LOOmY .mey}:
READOUT i et V
INTENSITY
PIN 12

NOTE: TEST OSCILLOSCOPE EXTERNALLY TRIGGERED
FROM TP2251,

Fig. 3-27. Output waveforms of Timer stage.
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Fig. 3-28. Detail of output at pins 12, 13, 14, and 16 ot U2126.

The Timer stage operates in one of two modes as
controlled by the Display-Skip level at pin 4. The basic
mode just described is a condition that does not occur
unless all ten characters of each word (80 characters total)
are displayed on the crt. Under typical conditions only a
few characters are displayed in each word. The Display-
Skip level at pin 4 determines the period of the Timer
output signal. When a character is to be generated, pin 4 is
LO and the circuit operates as just described. However,
when a character is not to be displayed, a Hl level is
applied to pin 4 of U2126 through CR2125 from the
Display-Skip Generator stage. This signal causes the
Timer to shorten its period of operation to about 210
microseconds. The waveforms in Fig. 3-29 show the
operation of the Timer stage when the Display-Skip
conditions occurs for all positions in a word. Notice that
there is no output at pins 12, 13, 14, and 16 under this
condition. This means that the crt display is not in-
terrupted 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.
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The Timer operation is also controlled by the Single-
Shot Lockout level at pin 2. If this level is LO, the Timer
operates as just described. However, if the Single-Shot
Lockout stage sets a Hi level at this pin, the Timer stage is
locked out and can not produce any output signals (see
Single-Shot Lockout description for further information).

READOUT intensity control R2124 (see diagram 2) sets
the intensity of the readout display independently of the A
or B INTENSITY controls. The READOUT intensity con-
trol also provides a means of turning the Readout System
off when a readout display is not desired. When R2124 is
turned fully counterclockwise, the switch in series with the
Readout Intensity line opens. The current to pin 11 of
U2126 is interrupted, and at the same time, a positive
voltage is applied to pin 4 through CR2124. The positive
voltage switches the stage to the same conditions as were
present under the Display-Skip condition. Therefore, the
crt display is not interrupted to present characters.
However, time-slot pulses continue to be generated.

Time-Slot Counter

Time-Slot Counter U2159 is a sequential switch which
directs the trapezoidal waveform input atpin 8 to one of its
10 output lines. These time-slot pulses are used to
interrogate the plug-in units to obtain data for the Readout
System. The Trigger pulse at pin 15 switches the Time-
Slot Counter to the next output line; the output signal is
sequenced consecutively from time-slot 1 through time-
slot 10. Figure 3-30 shows the time relationship of the
time-slot pulses. Notice that only one line carries a time-
slot pulse at any given time. When time-slot 10 is
completed, a negative-going End-of-Word pulse is
produced at pin 2. The End-of-Word pulse provides a drive
pulse for the Word Trigger stage and also provides an
enabling level to the Display-Skip Generator during time-
slot 1 only.

Pin 16 is a reset input for the Time-Slot Counter. When
this pin is held LO, the Time-Slot Counter resets to time-
slot 1. The Time-Slot Counter can be reset to this manner
only when a Jump Command is received by U2155C and D
(see following discussion).

Word Trigger

The Word Trigger stage is made up of U2155A and B.
Quiescently, pin 3 of U2155A is LO as established by the
operating conditions of U2155C and D. Therefore, the LO
End-of-Word pulse produced by the Time-Slot Counter
resultsin aHl levelatpin 1 of U2155A. This level isinverted
by U2155B to provide a negative-going Word Trigger
pulse to the Channel Counter.

Also, a Word Trigger pulse is produced by U2155B
when a Jump Command is received at pin 8 of U2155C.
This condition can occur during any time-slot (see Row
Decoder for further information on origin of the Jump
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Command}. U2155C and D are connected as a bistable
flip-flop. The positive-going Jump Command at pin 8 of
U2155C produces a LO at pin 10. This LO is inverted by
U2155D to produce a Hi at pin 13, which allows pin 9tobe
pulled HI through CR2156. The flip-flop has now been set
and remains in this condition until reset, even though the
Jump Command at pin 8 returns to its LO level. The HI
output level at pin 13 turns on Q2159 to pull pin 16 of the
Time-Slot Counter LO. This resets the Time-Slot Counter
to time-slot 1 and holds it there until the Word Trigger is
reset. At the same time, a Hl level is applied to pin 4 of the
Timer through CR2157 and CR2125. This HI level causes
the Timer to operate in the Display-Skip mode, so a
character is not generated.

The next Trigger pulse is not recognized by the Time-
Slot Counter, since U2159 is locked in time-slot 1 by
U2155. However, this Trigger pulse resets the Word
Trigger stage through C2155. Pin 130f U2155D goesLOto
enable the Time-Slot Counter and Timer stages for the
next time-siot pulse. Simultaneously, when U2155D
switches output states, the resulting negative-going edge
is connected to pin 3 of U2155A. This results in a negative-
going Word Trigger output at pin 4 to advance the Channsl
Counter to the next word. When the next Trigger pulseis
received at pin 15, the Time-Slot Counter returns to the
normal sequence of operation and produces an output on
the time-slot 1 line.

Channel Counter

Channel Counter U2250 is a binary counter that
produces the Channel Address Code for the Column and
Row Decoder stages and the Format Generator stage.
This code instructs these stages to sequentially selectand
display the eight channels of data from the plug-ins. Table
3-4 gives the eight combinations of the Channel Address
Code and the resultant channel selected with each
combination.

Readout Control

Q2108 and Q2112, along with 82110, control the
operating mode of the Readout System through the
Single-Shot Lockout stage. When Readout Mode switch
S2110 is in the Free-Run position, the Readout System
runs continuously in a free-running manner. The emitter
of Q2108 has no ground return in this position, so it can
not conduct. The collector of Q2108 rises positive through
R2108 to enable the Readout System.

In the Gate Trig'd position, the emitter of Q2108 is
connected to ground through R2109 and $2110 to
produce a LO lockout level to the Single-Shot Lockout
stage. At the end of the selected gate, a negative level is
applied to the base of emitter-follower Q2112. The
negative level at the emitter of Q2112 is differentiated by
C2112-R2112. The resulting negative-going pulse reverse
biases Q2108 to momentarily allow its collector to go Hi.
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Table 3-4
CHANNEL ADDRESS CODE
Pin 11 Pin 8 Pin 9 Channel
U2250 u2250 U2250 Displayed
Channel 2
Lo Lo LO L.eft Vertical
Channel 1
Lo Lo HI Left Vertical
Channel 2
ALO HI LO Right Vertical
Channel 1
Lo HI Hi Right Vertical
Channel 2
Hi Lo LO A Horizontal
Channel 1
HI Lo Hi A Horizontal
Channel 2
HI HI Lo B Horizontal
Channel 1
Hl HI HI B Horizontal

This enables the Single-Shot Lockout stage for a single-
shot readout display. (For further information, see the
following discussion.)

Single-Shot L.ockout

U2120 makes up the Single-Shot Lockout stage. This
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 dispiays are not
presented until the circuit is reset. U2120B and U2120C
are connected to form a bistable flip-flop. For normal
operation, pin 8 of U2120C is pulled Hi through R2108.
This activates U2120C to result in a LO outputlevel at pin
10, enabling the Timer stage to operate in the free-running
manner described previously.

The output of the Single-Shot Lockout stage remains
LO to allow U2126 to operate in the free-running mode
until a LOisreceived at pin 8 of U2120C. When this occurs,
the output level at pin 10 of U2120C does not change
immediately. However, the Readout System is now
enabled as far as the single-shot lockout function is
concerned. If the Channel Counter has not completed
word eight (Channel 1 of B HORIZ unit), the Readout
System continues to operate in the normal manner.
However, when word eight is completed, the negative-
going End-of Frame pulse is produced at pin 11 of U2250
as the Channel Counter shifts to the code necessary to
display word one. This pulseis coupled to pin6 0of U2120B.
The momentary Hl at pin 6 activates U2120B and its output
stage goes LO to disable U2120C (pin 8 already LO}. The
output of U2120C goes HI to disable the Timer, so it
operates in the Display-Skip mode. The Hl at pin 10 of
U2120C also holds U2120B enabled, so it maintains
control of the flip-flop.



The Single-Shot Lockout stage remains in this condi-
tion until a positive-going trigger pulse is applied to pin 8
of U2120C. This trigger pulse produces a LO at pin 10 of
U2120C to enable U2126 and disable U2120B. Now, the
Timer can operate in the normal manner for another
complete frame. When word eight is completed, the
Channel Counter produces another End-of-Frame pulse
to again lock out the Timer stage. (For furtherinformation
on the Readout Mode, see the Readout Control descrip-
tion.)

Encoding the Data

Data is conveyed from the plug-in units to the Readout
System in the form of an analog {(current level) code. The
characters that can be selected by the encoded data are
shown on the Character Selection Matrix (see Fig. 3-24).
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Each character requires two currents to define it; these
currents are identified as the column current and the row
current, corresponding to the column and row of the
matrix. The column and row data is encoded by program-
ming the plug-in units. Figure 3-31 shows a typical
encoding scheme using resistors for a voltage-sensing
amplifier plug-in unit. Notice that the 10 time-slots (TS)
pulses produced by the Time-Slot Counter stage are
connected to the plug-in unit. However, time-siots 5,6, 7,
and 10 are not used by the plug-in unit to encode data
when using the Standard Readout Format. (See Table 3-3
for Standard Readout Format.) The amplitude of the time-
slot puise is exactly —15 volts as determined by the Timer
stage. Therefore, the resultant output current from the
plug-in units can be accurately controlled by the program-
ming resistors in the plug-in units.

!« PLUG-IN UNIT -
R10 75K —'{
B33 <TS" ANt > B37
ROW
ANALOG
S o r o DATA T
o v READOUT
SYSTEM
R111 75K
A OO AN ]
20 150 K 00’
TS-2
a3 & AN~
N R120 150 K
Ol A L]
] R30 150 K INVERT
B3z L1853 AAA——
AN R130 13K
e} AN ]
UNCALIBRATED
/184 R140 75 K
A32 NN ]
TIMESLOT N .
PULSES
N PRI N.L
O
SYSTEM 2 7
g31 {1530 f R142 37.4K
o AN
A31 <.I§;6ml 5
B30 <_T_§_7_w .
R80 50 K
TS8
A30 < AN -]
f R180 150 K
o] AN 4\
m
o
— coLum
/1S9 R90 37.4 K Ol AN/ ® DATA TO
B29 &- AAA m READOUT
R190 75 K \SYSTEM
v AN L V4 A37

TS-10*
e A29<wms 10"-'-'-"“-‘“

*NOT USED IN STANDARD FORMAT,

Fig. 3-31. Typical encoding scheme for voltage-sensing plug-in unit. Cading shown for deflection factor of 100 microvolts.
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For example, in Fig. 3-31 resistors R10 through RS0
control the row analog data, which is connected back to
the Readout System. Figure 3-32A shows an idealized
output current waveform of row analog data, which results
from the time-slot pulses. Each of the row levels of current
shown in these waveforms corresponds to 100
microamperes of current. The row numbers on the left-
hand side of the waveform correspond to the rows in the
Character Selection Matrix (see Fig. 3-24). The row analog
data is connected back to the Readout System via terminal
B37 of the plug-in interface.

The Column analog data is defined by resistors R110
through R190. The program resistors are connected to the
time-slot lines by switch closures to encode the desired
data. The data as encoded by the circuit shownin Fig. 3-31
indicates a 100-microvolt sensitivity with the crt display
inverted and calibrated deflection factors. This results in
the idealized output current waveforms shown in Fig. 3-
32B at the column analog data output, terminal A37 of the
plug-in interface.

Resistor R111, connected between time-siot 1 and the
column analog data output, encodes two units of current
during time-slot 1. Referring to the Character Selection
Matrix, two units of column current, along with the two
units of row current encoded by resistor R10 (row 3),
indicates that two zeros should be added to the display.
Resistor R120 adds one unit of column current during
time-slot 2 and, along with the one unitof currentfrom the
row output, the Readout System is instructed to add an
invert arrow to the display. Resistor R130 is notconnected
to the time-slot 3 line, since the deflection factor is
calibrated, therefore, there is no column current output
during this time-slot and no display on the crt. (See
Display-Skip Generator for further information).

During time slot 4, two units of column current are
encoded by R140. There is no row currentencoded during
this time-slot; this results in the numeral 1 being displayed
on the crt. Neither row nor column analog data is encoded
during time-slots 5, 6, and 7 as defined by the Standard
Readout Format. During time-slot 8, two units of column
current and three units of row current are encoded by
resistors R181 and R80, respectively. This addresses theu
prefix in the Character Selection Matrix.

The final data output is provided from time-slot 9 by
R190 connected to the column output and R90 to the row
output. These resistors encode two units of column
current and four units of row currentto cause aV (volts) to
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Fig. 3-32. Idealized current waveforms of: (A) Row analog data,
(B) Column analog data.

be displayed. Time-slot 10 is not encoded, in accordance
with the Standard Readout Format. The resultant crt
readout will be | 100 uV.

In the above example, the row analog data was
programmed to define which row of the Character Selec-
tion Matrix was addressed to obtain information in each
time-slot. The column data changes to encode the
applicable readout data as the operating conditions
change. For example, if the variable control of the plug-in
unit was activated, R130 would be connected between
time-slot 3 and the column analog data output line. This
encodes 10 units of column current (see shaded area in
time-slot 3 of the waveform shown in Fig. 3-23B). Since
one unit of row current is also encoded during this time-
slot by R30, A > symbol is added to the display. The crt
readout will now show 1>100 V. In a similar manner, the
other switches can change the encoded data for the
column output and thereby change the readout dispiay.
See the descriptions which follow for decoding this
information.



The column analog data encoded by most plug-in units
can be modified by attenuator probes connected to the
input connectors of 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-
coded probes only). The probe contains a circuit that
provides additional column current. For example, ifa 10X
attenuator probe is connected to a plug-in unit encoded
for 100 microvolts as shown in Fig. 3-31, an additional unit
of current is added to the column analog data during time-
slot 1. Since two units of current were encoded by R111
(see Fig. 3-31), this additional current results in a total of
three units of column analog current during this time-siot.
Referring to the Character Selection Matrix, three units of
column current, along with the two units of row current
encoded by R10, indicates that the prefix should be shifted
one column to the left. Since this instruction oceurs 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 notappear
in the display. The crt readout wiil now be changed to
1 mV {readout program produced by plug-in same as for
previous example).

Three other lines of information are connected from the
plug-in compartments to the Readout System. The
column and row analog data from Channel 2 of a dual-
channel plug-in are connected to the Readout System
through terminals A38 and B38 of the plug-in interface,
respectively. Force readout information is encoded on
terminal A35; the function of this input is described under
Column and Row Data Switches.

The preceding information gave a typical example of
encoding data from an amplifier plug-in unit. Specific
encoding data and circuitry is shown in the individual
plug-in unit manuals.

Column and Row Data Switches

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

The Column Data Switch U2180 and the Row Data
Switch U2180 receive the Channel Address Code from the
Channel Counter. This binary code directs the Column
Data Switch and the Row Data Switch as to which channel
should be the source of the encoding data. Table 3-4 gives
the eight combinations of the Channe! Address Code and
the resuitant channel selected with each combination.
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These stages have nine inputs and provide a time-
multiplexed output at pin 7, which includes the informa-
tion from all of the input channels. Eight of the nine inputs
to each stage originate in the plug-in units; the ninth input
comes from a special data-encoding network composed
of resistors R2192 through R2199 and R2201 through
R2209. (See Zeros Logic and Memory description for
further information on ninth channel.)

In addition to the encoding data inputs from the plug-in
units, inputs are provided to the Column Data Switch from
the VERTICAL MODE and HORIZONTAL MODE switches
to inhibit the readout for any plug-in unit{s) not selected
for display (see Diagram 2). When a plug-in unit is
selected, a HI level is applied to the inhibit input for the
opposite channel. The channel inhibit lines are LO only
when the associated plug-in unit has been selected for
display. When a unit is not selected, the respective lineis
Hl to forward bias the associated diodes: CR2162-
CR2163, CR2166-CR2167, CR2170-CR2171, or CR2174-
CR2175. The forward-biased diodes cause the channel
switches to bypass the encoded data from the inhibited
channel. However, since it may be desired to display
information from special-purpose plug-in units (even
though they do not produce a normal waveformdisplay on
the crt), a feature is provided to over-ride the channel
inhibit. This is done by applying a LO to the associated
Force Readout input. The LO level diverts the Ml channel-
inhibit current and allows the data from this plug-in unitto
reach the Column Data Switch, even though it has not
been selected for display by the mode switch.

Row Match adjustment R2182 sets the gain of the Row
Data Switch to match the gain of the Row Decoder for
correct output. Column Match adjustment R2213 per-
forms the same function for the Column Data Switch
stage.

Display-Skip Generator

The Display-Skip Generator is made up of Q2215,
Q2233, 2225, and Q2229. This stage monitors the time-
multiplexed column data at the output of the Column Data
Switch during each time-slot to determine if the informa-
tion at this point is valid data that should result in a crt
display. Quiescently, there is about 100 microamperes of
current flowing through R2213 from Q2240 and the Zero
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 Q2215A so
that its base is about 0.2 volt more positive than the base of
Q22158 in the absence of column data. Therefore, since
Q2215A and Q2215B are connected as comparator,
Q2215A will remain on unless its base is pulled more
negative than the base of Q2215B.
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The analog data output from the Column Data Switch
produces a 0.5 volt (approximately} change for each unit
of column current that has been encoded by the plug-in
unit. Whenever any information appears at the output of
the Column Data Switch, the base of Q2215A is pulled
more negative than the base of Q2215B, resulting in a
negative (LO) Display-Skip output to the Timer stage
through Q2225. Recall that a LO was necessary atthe skip
input of the Timer so it could perform the complete
sequence necessary to display a character.

Q2223-Q2229 also provide Display-Skip action. The
End-of-Word level connected to their emitters is LO only
during time-sfot 1. This means they are enabied only
during this time-slot. These transistors aliow the Zeros
Logic and Memory stage to generate a Display-Skip signal
during time-slot 1 when infromation that is not to be
displayed on the crt has been stored in memory (further
information is given under Zeros Logic and Memory).

Column and Row Decoders

The Column Decoder U2244 and Row Decoder U2185
sense the magnitude of the analog voltages at their inputs
(pin 10) and produce a binary output on one of ten lines
corresponding to the column or row data encoded by the
plug-in unit. These outputs provide the Column Digital
Data and Row Digital Data, which is used by the Character
Generator stages to select the desired character for
display on the crt. The column and row data is also used
throughout the Readout System to perform other func-
tions.

The input current at pin 9 of the Column Decoder stage
is steered to only one of the ten Column Digital Data
outputs. When a Display-Skip signal is present {collector
of Q2225 HI), pin 9 is pulled HI through CR2226. This
ensures that no current is connected to the Character
Generator stage under this condition. Notice the cor-
responding input on the Row Decoder. This input is
connected to ground and causes only one of the ten row
outputs to saturate to ground.

The network at the input of the Row Decoder, made up
of Q2153 and its associated components, is a Row-14
detector 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
(thirteen units of row current, or 1.3 milliamperes) is
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encoded, the base of Q2153 is pulled negative enough so
that this transistor is reverse biased to produce a Hl Jump
Command output at its collector. The Jump Command is
connected to the Word Trigger stage to advance the
Channel Counter to the next word and to reset the Time-
Slot Counter to time-slot 1.

Zeros Logic and Memory

The Zeros Logic and Memory stage U2232 stores data
encoded by the plug-in units to provide zeros-adding and
prefix-shifting logic for the Readout System, The Strobe
pulse at pin 15 goes positive when the data has stabilized
and can be inspected. This activates the Zeros Logic and
Memory stage so that it can store the encoded data. A
block representation of the memory sequence is shownin
Fig. 3-33.

Typical output waveforms for the five possible input
conditions that can occur are shown in Fig. 3-34. 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, or10during time-siot 1, the appropriate memory {or
memories) is set. Notice that row 3 information from the
Row Decoder must also be present at pin 16 for data to be
stored in the memory of U2232.

If data was encoded during time-siot 1, a negative-
going output is produced at pin 7 while the memories are
being set. This negative-going pulse is connected to the
base of Q2229 in the Display-Skip Generator to producea
Display-Skip output. Since the information encoded dur-
ing time-slot 1 was only provided to set the memories and
not intended to be displayed on the crt at this time, the
Display-Skip output preventsa readout display during this
time-slot.

During time-slot 5, memory A is interrogated. If infor-
mation was stored in this memory, a positive-going output
is produced at pin 7. This pulse is connected to pin 10 of
the Column Decoder through Q2240 to add one unit ot
current atthe input of the Column Deccder. This produces
a zero after the character displayed during time-siot 4.
During time-slot 6, memory B is interrogated to see if
another zero should be added. If another zero is
necessary, a second positive output is produced at pin 7,
which again results in a column 1 output fromthe Column
Decoder and a second zero in the crt display.
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INTERROGATION PULSES

A
s N
TIMESLOT 5 TIME-SLOT 6 TIMESLOT 8
4 3 6
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COLUMN 1 12<~——-———=m MEMORY - > 7
-l (ADD ‘0’) l
MEMORY 4
pl B
coLumn 2 13¢&
(ADD “0’)
COLUMN 3 1c< MEMORY
c
(SHIFT
COLUMN 4 11< & o] PREFIX)
MEMORY > 1
COLUMN 10 14< b
(IDENTIFY)
TIMESLOT 1 & STORE COMMAND
<< * 70 ALL MEMORIES
ROW 3 1s< @» ENABLE TO ALL MEMORIES
WORD TRIGGER 9< &= RESET TO ALL MEMORIES

Fig. 3-33. Block representation of memory sequence in U2232,

Finally, memory C is interrogated during time-siot8 to
obtain information on whether the prefix should be
changed, or left at the value that was encoded. If data has
been encoded that calls for a shift in prefix, a negative-
going output level is produced at pin 7. This negative level
subtacts one unit of column current from the data at the
input to the Column Decoder. Notice on the Character
Selection Matrix of Fig. 3-24 that when row 4 is programm-
ed, a reduction of one column results in a one-colum shift
of the prefix. Forexample, with the 100 yV program shown
in Fig. 3-31, if the data received from the plug-in called for
a shift in prefix, the crt readout would be changed to 1 mV
(zeros deleted by program; see Encoding the Data).

The 100 microamperes of quiescent current through
R2213 provided by Q2240 (see Display-Skip Generator)
allows the prefix to be shifted from m (100 microamperes
column current, column 1) to no prefix (zero column
current, column zero) so only the unit of measurement
encoded during time-slot 9 is displayed. Notice that
reducing the prefix program from column 1 to column 0
programs the Readout System to notdisplay a characterat
this readout location.

A further feature of the Zeros Logic and Memory is the
ldentify 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-siot pulses 2 through 9 encode an output current
through resistors R2191-R2199 for column data and
R2201-R2209 for row data. This provides the currents
necessary to display the word IDENTIFY in the word
position allotted to the channel that originated the Identify
command. After completion of this word, the Column Data
Switch and Row Data Switch continue with the next word
in the sequence.

The Word Trigger signal from the Word Trigger stage is
connected to pin 9 of U2232 through C2242. At the end of
each word of readout information, this pulse goes LO. This
erases the four memories in the Zeros Logic and Memory
in preparation for the data to be received from the next
channel.
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INPUT PIN OF U2232 ACTIVATED COMMAND TIMESLOTS
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Fig. 3-34. Typical output waveforms for Zeros Logic and Memory stage operation (at pin 7 of U2232).

Character Generators

The Character Generator stage consists of five similar

integrated circuits (U2270

through U2278),

which

generate the X (horizontal) and Y (vertical) outputs at pins
16 and 1, respectively, to produce the character display on

the c¢rt. Each §ntegratéd circuit can produce
characters. U2270 (designated “Numerals”)
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10 individual
can produce

the numerals 0 through 9 shown in row 1 of the Character
Selection Matrix (Fig. 3-24). U2272 can produce the
symbols shown in row 2 of the Character Selection Matrix
and U2274 produces the prefixes and some letters, used as
prefixes, shown in row 4. U2276 and U2278 produce the
remaining letters shown in rows 5 and 6 of the Character
Selection Matrix.



All of the Character Generator stages receive the
Cotlumn Digital Data from the Column Decoder U2244 in
paralliel. However, only one of the Character Generators
receives row data at a particular time and only the stage
receiving this row data is activated. For example, if column
2 isencoded, the five Character Generators are enabled so
that eithera 1,<, 1, V, oran N can be produced. Ifrow 4 has
been encoded at the same time, only the Prefix Character
Generator U2274 will produce an output to resultina "u”
being displayed. The activated Character Generator
provides current output for the Format Generator to
produce the selected character on the crt. In a similar
manner, any of the characters shown in the Character
Selection Matrix can be displayed by correct addressing
of the row and column.

Decimal
Counter

Point Logic and Character Position

Decimal Point Logic and Character Position Counter
12260 performs two functions. The first function is to add
a staricase current to the X (horizontal) signal to space the
characters horizontally on the crt. After each characteris
generated, the negative-going edge of the Ready signal at
pin 5 advances the Character Position Counter. This
produces a current step outputat pin 3 which, when added
to the X signal, causes the next character to be displayed
one character space to the right. This stage can also be
advanced when a Space instruction is encoded so a space
is left between the displayed characters on the crt. Row 10
information from the Row Decoder is connected to pin 4 of
U2260. When row 10 and column 0 are encoded, the
output of this stage advances one step to move the next

DECIMAL-POINT LOCATION ENCODED
DURING THIS TIME-SLOT -- NO
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character another space to the right. However, under this
condition, no display is produced on the crt during this
time-slot, since the Character Generators are not ac-
tivated.

Time-siot pulses 1, 2, and 3 are also connected to pin 4
of U2260 through VR2262, VR2263, and VR2264 respec-
tively and R2262-R2265. This configuration adds a space
to the displayed word during time-siots 1, 2, and 3 even if
information is not encoded for display during these time-
slots. With this feature, the information displayed during
time-slot 4 (scaling data) always starts in the fourth
character position whether data has been displayed in the
previous time-slots or not. Therefore, the resultant crt
display does not shift position as normal-invert or cal-
uncal information is encoded. The Word Trigger pulse
connected to pin 8 resets the Character Position Counter
to the first character position at the end of each word.

The Decimal Point Logic portion of this stage allows
decimal points to be added to the crt display. With the
Standard Readout Format, row 7, encoded coincident with
columns 3through 7, addresses a decimal atone of the five
locations, identified in row 7 of the Character Selection
Matrix (Fig. 3-24). This instruction refers to the decimal
point location in relation to the total number of characters
possible in one word (see Fig. 3-35). For example, column
3 encoded with row 7 during time-siot 1 places a decimal
pointin location No. 3. As shown in Fig. 3-35, this displays
a decimal point after the third character that can be
displayed on the crt. (The first three time-siots produce a
space whether data is encoded or not; see previous
paragraph.)

DISPLAY
FIRST POSSIBLE CHARACTER DIS-
PLAYED ON CRT AT THIS LOCA-
TION
FIRST NUMBER OF MEASUREMENT
NORMALLY DISPLAYED AT THIS
LOCATION
|
®
. J }
M DECIMAL POINT DECIMAL POINT
ALWAYS LOCATIONNO. 4 LOCATIONNO. 6
SKIPPED (COLUMN 4} {COLUMN &)
EVEN IF
NO DATA
ENCODED DECIMAL POINT DECIMAL POINT DECIMAL POINT

LOCATION NO, 3
{COLUMN 3)

LOCATION NO. 5
(COLUMN 5)

LOCATION NO. 7
(COLUMN 7)

Fig. 3-35. Readout word relating 10 possible character locations to the decimal point instructions that can be encoded, and the

resultant crt display.

343



Circuit Description—7904 (SN B260000-UP)

When decimal-point data is encoded, the crt is un-
blanked so a readout display is presented. Since row 7
does not activate any of the five Character Generators, the
crt beam is deflected vertically by the application ofrow-7
data to the Y input of the Format Generator through
R2280. This placed the decimal point between the
characters along the bottom line of the readout word. After
the decimal point is produced in the addressed location,
the crt beam returns to the location indicated by the
Character Position Counter to produce the remainder of
the display.

Format Generator

The X- and Y- deflection signals produced by the
Character Generator stage are connectedtopins2and 7,
respectively, of Format Generator U2284. The Channel
Address Code from the Channel Counter is also con-
nected to pins 1, 8, and 15 of this stage. The Channel
Address Code directs the Format Generator to add current
to the X and Y signals to deflect the crt beam to the area of
the crt associated with the plug-in channel that originated
the information (see Fig. 3-23). The Channel Address
Code and the resultant word positions are shown in Table
3-4. The Ready signal at pin 13 (coincident with the
Vertical and Horizontal OFF Command output) activates
this stage when a character is to be displayed on the crt.
R2274 and R2275 determine the horizontal and vertical
size, respecitvely, of the displayed characters. R2273
provides an adjustment to set the vertical size of the
characters (Character Height) as desired. The character
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position current form the Decimal Point Logic and
Character Position Counter stage is added to the X
(horizontal) input signal to space the characters horizon-
tally on the crt (see previous discussion),

Y-Output Amplifier

The Y-output signal at pin 6 of Format Generator U2284
is connected to the Y-Output Amplifier Q2287-Q2299.
This stage provides a low-impedance load for the Format
Generator while providing isolation between the Readout
System and the driven circuits. Vertical Separation adjust-
ment R2291 changes the gain of this stage to control the
vertical separation between the readout words displayed
at the top and bottom of the graticule area.

X-Output Amplifier

The X-Output Amplifier Q2286-Q2296 operates like the
Y-Output Amplifier, to provide the horizontal deflection
from the readout signal available at pin 4 of U2284. The
gain of this stage is fixed by the values of the resistors in
the circuit.

Display Sequence

Figure 3-36 shows a flow chart for the Readout System.
This chart illustrates the sequence of events thatoccursin
the Readout System each time a character is generated
and displayed on the crt.
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VERTICAL AMPLIFIER @

General

The Vertical Amplifier circuit includes the Vertical
Channel Switch and Main Vertical Amplifier circuits. The
Vertical Channel Switch circuit selects the vertical deflec-
tion signal from the output of the LEFT or RIGHT VERT
plug-in unit. This circuit aiso accepts an input from the
Readout System to block the vertical signal while readout
information is displayed on the crt. The Main Vertical
Amplifier circuit provides the final amplification for the
vertical signal before itis applied to the vertical deflection
plates of the crt. This circuit includes the delay line and an
input to produce the vertical portion of a readout display.
The BEAM FINDER switch limits the dynamic range of this
circuit to compress an over-scanned display within the
viewing area of the crt. An input from the Readout System
is provided to over-ride the beam-finder function, so the
BEAM FINDER switch has no effect on the readout portion
of the crt display. In addition, this circuit accepts the
Auxiliary Y-Axis input from the Main Interface circuit.

Figure 3-37 shows a detailed block diagram of the
Vertical Amplifier circuit. A schematic of this circuit is
shown on diagram 5 at the rear of this manual.

Vertical Channel Switch

The Vertical Channel Switch determines which input
signal provides the vertical signal to the Main Vertical
Amplifier, as controlied by the Vertical Mode Command
from the Logic circuit. This stage is made up primarily of
integrated circuit U4625 and U4685. An input/output table
for these switches is shown in Fig. 3-38. The positive and
negative-signal channels from the vertical plug-in com-
partments are connected to the inputs of U4625 and
U4685, through 50 Q coaxial cables. Each coaxial cable is
terminated in its characteristic impendance by U4625 and
external components. For example, R4602-R4603-C4603
and U4625 (at pins 12 and 13) terminate the Left Vertical
positive-signal channel. R4603 is selected for a termina-
tion impedance of 50 Q. Bias inputs to U4625 and U4685
permit the characteristics of each channel to be set by
external components. For example, the Left Vertical
positive-signal channel operating level is set by R4605,
R4607, and R4608. Frequency compensation is provided
by R4610-C4610 and R4611-C4611. Likewise, other com-
ponents in the same configuration perform these func-
tions for the remaining signal channels.

Transistor array U4641A, B, C, and D provide a logic
drive for U4625 and U4685, and serve as emitter-coupled
switches for routing left and right vertical signals through
the respective channel switches.

3-46

The output signal at J4688 and J4689 is a push-pull
signal, which is connected to the Main Vertical Amplifier
through Delay Line DL650. R4689 is selected to set the .
Channel Switch gain to 115 mV/division. The sum of the
dc currentat J4688 and J4689 is always equal to the sum of
the dc currents at the bias inputs in all modes. This
provides a constant dc bias to the respective stage as the
VERTICAL MODE switch is changed. When one in-
tegrated circuit is in the off state, the signal currents are
canceled within it, but the dc bias current must still pass
through the output connectors to maintain dc bias voltage
at the next stage. This current comes from pin 6 of the off-
state integrated circuit, and passes through R4625, R4627,
R4685, and R4687, which also decouples pin 6 from the
signal path.

Auxiliary Input Amplfier

The Auxiliary Input Amplifier controls the bias current
to the High-Frequency Amplifier stage to provide center-
ing for the Main Vertical Amplifier circuit. This stage also
provides readout and auxiliary inputs to the Main Vertical
Amplifier circuit.

Auxiliary Y-axis signals are connected to the base of
Q694. Q694-0698 are connected as a paraphase amplifier
to convert the single-ended input to a push-pull output to
drive Q710-Q716. The Vertical OFF Command from the
Readout System goes Hl when readout information is to
be displayed. This Hi level turns on Q705; the emitter of
Q705 goes HI to turn off 0Q694-Q698, thus blocking any
auxiliary Y-axis signals. During the readout time, bias
current to Q710-Q716 is supplied through R707-R708-
R709. Readout Vertical Centering adjustment, R707,
balances this bias current to adjust the vertical position of
the readout portion of the crt display. The Vertical
Centering adjustment R712 balances the quiescent dc
levels in this stage so the trace is displayed at the center of
the crt when the inputs to the Main Vertical Amplifier
circuit are at the same potential.

The signal at the collectors of Q710-Q716 is applied to
the bases of Q723-Q728 through R718-R721. For readout
displays, the Y-signal from the Readout System is con-
nected to the base of Q723 through R719. Since the signal
from the vertical units is blocked in the Vertical Channel
Switch, the readout signal provides the only vertical
deflection. Aithough this signal is connected to the base of
Q723 as a single-ended signal, this transistor pairacts as a
paraphase amplifier to convertthe signal to push-pull. The
output of this stage at the collectors of Q723-Q728 is
connected to the bias inputs of U685 in the High-
Frequency Amplifier stage.
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Fig. 3-37. Vertical Amplifier detailed block diagram.

OUTPUT SIGNAL
LO LO LO LEFT VERTICAL SIGNAL
Hi LO LO + RIGHT VERTICAL SIGNAL
Lo HI Lo BOTH (ADDED ALGEBRAICALLY)
o @ Hi NEITHER (BLOCKED BY READOUT SYSTEM)}

¢ = HAS NO EFFECT IN THIS CASE

Fig. 3-38. input/output table for Vertical Channel Switch IC, U4625, U4685.
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Delay Line

Delay Line DL650 provides approximately 60
nanoseconds of delay for the vertical signal to allow the
horizontal circuits time to initiate a sweep before the
vertical signal reaches the vertical deflection plates of the
crt. This allows the instrument to display the leading edge
of the signal originating the trigger puise when using
internal triggering. The deiay line used in this instrument
has a characteristic impedance of 100 Q differentially. itis
of the coaxial type that does not produce preshoot or
phase distortion in the crt display.

High-Frequency Amplifier

The High-Frequency Amplifier stage, consisting
primarily of integrated circuit U685, provides a 50 Q input
impedance (100 Q differentially) for the Main Vertical
Amplifier circuit to permit accurate delay-line termination.
The components connecting the input signal to U885
provide forward termination and compensation for the
delay line. R658-C658 provide adjustable high-frequency
compensation. The internal circuitry of U685 is
represented in Fig. 3-39. Terminals to the emitters of the
input transistors of U685 at pins 5-6 and 11-12 permit the
quiescent operating conditions of the stage to be set by
discrete components. R682 and R689 set the quiescent
operating level, R684 and R688 are selected to accurately
set the gain of the differential channeis. These emitter
inputs also provide a means of injecting the output of the
Auxiliary Y-Axis Amplfier. The Vertical Gain adjustment
R730 and sensistor R731 set the resistance between the
output terminals of UB85 to control the current gain of this
stage. This adjustment sets the overall gain of the Main
Vertial Amplifier circuit; the sensistor provides thermal
compensation.

A e

5 ® 7 12 D)

Fig. 3-39. U685 internal circuitry representation.
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Output Amplifier

The Output Amplifier stage, consisting primarily of
integrated circuit U745, provides final amplification for the
vertical signal to drive the crt vertical deflection plates. A
representation of the internal circuitry of U745 is shown in
Fig. 3-40. Terminals to the emitters of the input transistors
at pins 1-12 and 6-7 allow the use of discrete components
to establish the quiescent operating characteristics of this
stage. R741 and R756 are selected to accurately set the
gain of the differential channels. R753-R754-R767-R768-
R770 set the operating level of this stage. The series RC
networks in parallel with R741 and R756 provide frequen-
cy compensation for uniform gain at all frequencies within
the bandpass of this instrument.

The BEAM FINDER switch, $125, switches the emitter
current source for U745 to provide the beam finder
function. Normally, the emitter current for U745 is
supplied from ground through $125. However, when $125
is actuated, the only emitter current source for U745 is
through R771. This limits the dynamic range of this stage
by limiting its current, so the display is compressed
vertically within the graticule area.

The signal at the output collectors of U745 is connected
directly to the vertical deflection plates of the crt. A
distributed deflection plate system is used in this instru-
ment for maximum frequency response and sensitivity.
The signal at the output of U745 is connected to the
deflection-plate structure in the crt and then to termina-
tion network LR780-R782A-LR784-R782B. As the signal
passes through the deflection-plate structure in the crt, its
velocity is essentially the same as the velocity of the
electron beam passing between the vertical deflection
plates. This synchronism of the deflection signal and the
electron beam reduces the loss in high-frequency sen-
sitivity due to electron-transit time through the deflection-
plate structure.

Fig. 3-40. U745 internal circuitry representation.



Transistors Q785 and Q786 make up a protection
circuit for U745, in case the +15 volt supply is shorted to
ground. If this occurs Q786 turns on causing the base of
Q785 to drop below +35 volts. Thus, the emitter voitage of
Q785 is kept at a safe level for U745.

Beam Finder Over-Ride

The Beam Finder Over-Ride stage switches the current
source for the Output Amplifier stage to over-ride the
beam-finder function as determined by the Vertical OFF
Command from the Readout System. Quiescently, the
Vertical OFF Command is LO with Q776 conducting to cut
off Q773. When the BEAM FINDER switch is actuated,
R771 limits the current for the Output Amplifier. When
readout information is to be displayed, the Vertical OFF
Command goes Hi to cut off Q776. The resultantHlon the
emitter of Q776 causes Q773 to saturate. The current
necessary for full-range operation of U745 is supplied
from ground through Q773 during this time.

HORIZONTAL AMPLIFIER @

General

The Horizontal Amplifier circuit includes the X-Y Delay
Compensation Network (Option 2 only), Horizontal
Channel Switch, and Main Horizontal Amplifier circuits.
The X-Y Delay Compensation Network provides a delay
for the horizontal (X) signal portion of an X-Y display to
match the delay of the vertical (Y) signal due to the Delay
Line. The Horizontal Channel Switch portion of the circuit
selects the horizontal deflection signal from the output of
the A HORIZ and B HORIZ plug-in unit. The Main
Horizontal Amplifier circuit amplifies the push-pull
horizontal deflection signal from the Horizontal Channel
Switch for application to the horizontal defiection plates of
the crt. This circuit also accepts the X-signal from the
Readout System to produce the horizontal portion of a
readout display. Figure 3-41 shows a detailed block
diagram of the Horizontal Amplifier circuit. A schematic of
this circuit is shown on diagram 6 at the rear of this
manual.

X-Y Delay Compensation (Option 2 Only)

Time-Base Operation. When the plug-in unit installed
in the A or B HORIZ compartment is operated as a
standard time-base unit to produce a horizontal sweep for
deflection of the crt beam, the A or B Delay Compensation
Networks are effectively disabled. The delay disable
command is HI and relays K802-K805 or K812-K815 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 without delay.

Circuit Description—7904 (SN B260000-UP)

X-Y Operation. If the time-base unit installed inthe Aor
B HORIZ compartment is operated as an amplifier, orifan
amplifier unit is installed in a horizontal compartment, the
delay disable command to the applicable Delay Compen-
sation Network drops to the LO level {(zero voits). This
provides an actuating level to relays K802-K805 or K812-
K815 to connect the Delay Compensation Network into
the circuit. For example, if the A Delay Disable command
from the A HORIZ unit goes LO, K802 and K805 close to
route the A HORIZ signal through the A Delay Compensa-
tion Network. Diode CR801 shunts the voltage produced
across the relays when the actuating level is removed.

The Delay Compensation Network provides flat time
delay with frequency. LC network L806-C806, L.807-C807,
1.808-C808, L809-C808 is an all-pass lattice network with a
100 ) input impedance when terminated in 100 Q (50 Q
each side). Low-pass network L802-R802, C803-C804,
1L.805-R805 also has a 100 Q input impedance when
terminated in 100 Q. Only the low-pass network deter-
mines the bandwidth ofthe Delay Compensation Network.
The total time delay is the sum of the low-pass and lattice-
network time delays. C804, in the low-pass network, is
adjusted to match the horizontal-system time delay to the
vertical-system time delay up to at least one megahertz.

The Delay Compensation Network normally produces
negative preshoot distortion along with some corner
rounding of fast step functions. The A Delay Disable
switch S801 allows selection of a display with either
minimum phase-shift characteristics or optimum step
response. When this switch is set to Out, the A Delay
Disable command is disconnected from relays K802-
K805. Now, the signal from the A HORIZ unit passes
directly to the Horizontal Channel Switch withoutdelay to
provide a horizontal display with optimum step response.

The B Delay Compensation Network operates in the
same manner as described above. The X-Y Delay
Compensation Network is an optional feature. For in-
struments which are not equipped with this feature, the
horizontal signals from the plug-in units are connected
directly to the Horizontal Channel Switch through the
Horizontal Interconnect board.

Horizontal Channel Switch

The Horizontal Channel Switch determines which input
signal provides the horizontal signal to the Main Horizon-
tal Amplifier as controlied by the Display B Command
from the Logic circuit. Resistors R821-R823 and R825-
R827 establish the 50 Q input resistance of this stage and
provide a load for the A and B HORIZ units or terminte the
actuated Delay Compensation Network (Option 2 only).
Resistors RB35-R836-R837 and RB45-R846-R847 es-
tablish the operating levels for this stage. R835-R836 and
R845-R846 set the current gain for each channel.

349



Circuit Description—7904 (SN B260000-UP)

14O 40
FLVId NOLL
-0371430 1437
Ol TYNDIS
NOLLOTTAZQ -

TVANOZIHOH

LHO

40 3LVd
NOLLOIT43Q
LHOWMY

OL TYNDIS
NOLLOI 1430
TYANOZIHOH

8£64¥0
£€690
62670 ‘82690
HIHdNY
Nding
1437

65690
£6690
6v6VD ‘aY6Y0
"I MdNY
iNdino
LHOM

TYNDIS

51690
LL6VD
HIAdNY
HIAAKG
1437

HHOMLIN
ONLLIAN
OGNV
3ONVIVE
TVINHIHL

S06v0
Lo6v0
H3EHNdNY
H3IAKA
LHOMH

—Llnoavay-x

WALSAS LNO
- ~QV3H NOYA

ANVAINOD 440
AVLINOZIHOH

. ANVININOD

8 AVdSia

d

3TNV
LNdNi

se8Nn

HOLIMS
TJINNVHO
TYINOZIHOH

3149vVSiQ
y Avi3aa g

NOILYSNIINOD
t e’ LINN
Aviaa e v,_ﬁzoN.moz 4
l«—f WNOHH TYNDIS
3avsia
[ Avi3a v

¥HOMLIN

NOILYSNIdWOD
AVIEAY  pe LINN
TVLNOZIHOH ¥V
l«—J WOH4 TYNDIS

Fig. 3-41. Horizontal Amplifier detalled block diagram.

REV A OCT 1979

3-50



This stage is made up primarily of integrated circuit
U825, An input/output table for U825 is shown in Fig. 3-42.
U825 provides a differential input for the signal from the A
HORIZ unit at pins 2 and 15 and the signal from the B
HORIZ unit at pins 7 and 10. The output signal at pins 12
and 13 is a differential signal which is connected to the
Main Horizontal Amplifier circuit. The sum of the dc
current at pins 12 and 13 is always equal to the sum of the
dc durrents at pins 1, 8, 8, and 16 in all modes. This
provides a constant dc output current level to the follow-
ing stage as the HORIZONTAL MODE switch is changed.

The Horizontal OFF Command from the Readout
System, which is applied to pin 6, has final control overthe
output signal from this stage. Quiescently, this signal is
LO and the signal from the selected horizontal unit can
pass to output pins 12 and 13. However, when the Readout
System is ready to display readout information, the level at
pin 6 goes HI. This level blocks the signal from both
horizontal units so there is no signal output from this stage
under this condition.

Input Amplifier

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

/ ouTPUT

INPUT

OQUTPUT SIGNAL

4 6 12,13

LO LO A HORIZONTAL SIGNAL

Hi LO B HORIZONTAL SIGNAL

@ Hi NEITHER (BLOCKED BY
READOUT SYSTEM)

¢ = HAS NO EFFECT IN THIS CASE

Fig. 3-42. Input/output table for Horizontal Channel Switch IC,
us2s.
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The Input Amplifier emitter current source is normally
supplied from the +15 Volit Supply through R4882 and
R4881, with Q4883 off. When the BEAMFINDER switch is
activated the emitter current to Q4885 and Q4895 is
supplied only through R4881. This reduces the dynamic
range of the input stage by limiting its current source.
Transistor Q4883 is forward biased and supplies the
required current to the Driver and Output Amplifiers. This
action reduces the dynamic range of the horizontal system
to keep the display within the horizontal limits of the
graticule, regardiess of the setting of the positioning
controls or signal amplitude.

Left and Right Driver Amplifiers

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

Left Output Amplifier

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

Right Output Amplifier

Basic operation of the Right Output Amplifjer is similar
to that described for the Left Output Amplifier. However,
Q4939 in addition to serving as a collector current source
for the output amplifier Q4933 is also the high-frequency
signal path from the collectors of Q4928 and Q4929 to the
crt deflection plates.
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OUTPUT SIGNALS AND CALIBRATOR Q1052 is connected to the front-panel +SAWTOOTH

General

The Output Signals and Calibrator circuit provides
output signals to the connectors located in the OUTPUT
section of the front panel. These output signals are either
generated within this instrument or are samples of signals
from the associated plug-in units. Figure 3-43 shows a
detailed block diagram of the Output Signals and
Calibrator circuit. A schematic of this circuit is shown on
diagram 7 at the rear of this manual.

Sawtooth Amplifier

The sweep signals {sawtooth waveforms) from the A
time-base unit orthe Btime-base unitareconnected to the
emitter of Q1042 through series resistor R1033 and R1038
respectively. The Sweep switch 51035 determines which
sawtooth signal provides the output. The other sawtooth
signal is terminated by S1035 grounding the previously
mentioned series resistor to provide a similar load to the
signal source. The signal at the collector of Q1042 is
connected to transistors Q1046-Q1052, which compose
an inverting feedback amplifier. The signal at the collector
of Q1052 feedback amplifier. The signal at the collector of

connector J1059 through R1057.

Gate Amplifier

The output signal at the front-panel + GATE connector
J1089 is selected from three input gate signals by Gate
switch S1065. In the A position, the A Gate signal from the
A time-base unit is connected to the base of emitter-
follower Q1069 through R1067. The base of Q1073 is
connected to ground by S1065 in this position so it
operates as a common-base stage. Q1069 provides a high
input impedance for the stage, while the emitter coupling
between Q1069-Q1073 provides temperature compensa-
tion. Operation is the same in the B position of 51065
except that the B Gate signal from the B time-base unit
provides the input signal. in the DIly’d position, $1064
connects the base of Q1069 to ground through R1067 and
disconnects both the A and B Gate signals. Now, the
Delayed Gate signal from a delaying time-base unit (in
either A or B HORIZ compartments) can pass to the base
of Q1073 through R1077. Q1073 inverts this negative-
going input signal so the gate output signals at the +
GATE connector are all positive-going. C1070 provides
high-frequency compensation for this stage.

SAWTOOTH AMPLIFIER
Q1042-01046-Q1052

A SWEEP FROM .—ge!
MAIN
INTERFACE

B SWEEP e

FROM MAIN N
INTERFACE 51035
SWEEP
(™ DELAYED
GATE

EROM A GATE O ) |tGATE
MAIN / sl

GATE AMPLIFIER
Q1069-Q1073-Q21084

Q110301111

INTERFACE <
ey
- // (
§1065
ATE
. B GAYE iy (i/
4 B GATE INPUT AMPLIFIER
Q1116-Q1118 OUTPUT AMPLIFIER
0Q1128-Q01131-01135
Q113701140
CALIBRATOR
QUTPUT
COUNTDOWN S ——— CAL VOLTS
U1125 DIVIDER N
~
‘ / N
2-kHz / ~
OSCILLATOR e N

CALIBRATOR
- “\ - e — '

/ N
s1120 40 mA §1150

Fig. 3-43. Output Signals and Calibrator circuit detailed block diagram.

3-52



The input gate signal selected by S1065 is connected to
the emitter of Q1084. Diode CR1081 provides temperature
compensation for Q1084. The signal at the collector of
Q1084 is connected to the + GATE connector through
CR1086. CR1086 protects Q1084 if a high-level positive
voltage is applied to the +GATE connector, and CR1087
clamps the output atabout —-0.6 volt ifa negative voltageis
applied to this connector.

B Gate Amplifier

The B Gate signal from the B time-base unit is
connected to the base of Q1118. Q1118 amplifies and
inverts the B Gate signal to provide a negative-going gate
signal to the Calibrator circuit for B GATE -2 operation of
the Calibrator. Q1116 provides temperature compensa-
tion for this stage.

Calibrator

General. The Calibrator circuit provides a 40-
milliampere current output at the front-panel 40 mA
current loop and voltage output in calibrated steps from
four millivolts to 40 volts at the front-panel CAL VOLTS
connector. The repetition rate of the output signal is
selected by the calibrator RATE switch; voltage orcurrent
output and the output voltage amplitude are selected by
the CALIBRATOR switch.

2 kHz Oscillator. Q1103 and Q1111 are connected as a
two-kilohertz, square-wave oscillator to provide the drive
signal for the Calibrator Countdown stage (one-kiloheriz
output rate only). Osciliation occurs as follows: Assume
that Q1103 is conducting and Q1111 is off. The collector
current of Q1103 through R1101-R1102 produces a
voitage level which hold the base of Q1111 low. This keeps
Q1111 turned off and since there is no current through it,
its collector is positive to produce the positive portion of
the square wave. Atthe same time, C1108 beginstocharge
toward —50 volts through R1109. The emitter of Q1111
goes negative also, as C1108 charges, until it reaches a
level about 0.6 voit more negative than the level atits base.
Then, Q1111 is forward biased and its emitter rapidly rises
positive. Since C1108 cannot change its charge instan-
taneously, the sudden change in voltage at the emitter of
Q1111 pulls the emitter of Q1103 positive also, to reverse
bias it. The current through Q1111 produces a volitage
drop at its collector to produce the negative portion of the
square wave.

Now, conditions are reversed. Since Q1103 is reverse
biased, there is no current through it. Therefore, C1108
can begin todischarge through R1106. The emitter level of

Circuit Description—7904 (SN B260000-UP)

Q1103 follows the discharge of C1108 until it reaches
about —0.6 volt. Then, Q1103 is forward biased and its
collector drops negative to reverse bias Q1111. This
interrupts the current through Q1111 and its collector
goes positive again to complete the square wave. Once
again, C1108 begins to charge through R1109 to start the
second cycle. The signal produced at the collector of
Qt111isatwo-kilohertz square wave. C1114 differentiates
this signal to produce positive- and negative-going output
pulses, coincident with the rise and fall of the square wave,
which provides negative-going trigger pulses for the
Calibrator Countdown stage (positive-going pulses have
no effect on circuit operation). The 1 kHz adjustment,
R1101, sets this stage so an accurate one-kilohertz square
wave is produced at the output of the Calibrator circuit.

Calibrator Countdown. Integrated circuit U1125 is a
triggered set-clear (J-K) flip-flop. The calibrator RATE
switch §1120 selects the source of the trigger signal for
U1125. 81120 is a cam-type switch; a contact-closure
chart showing its operation is given on diagram 8. The
dots on this chart indicate when the associated contactis
closed. For the dc position (contacts on diagram shown in
this position),a LO level is applied to the J input {pin 1) and
a Hl level is applied to the K input (pin 3). The next
negative-going trigger from the 2 kHz Oscillator stage
switches the output at pin 7 to its LO level. The output at
pin 7 remains at the LO level as long as the RATE switch
remains in this position.

For the 1 kHz position, ali contacts except 1 are closed.
This places a LO level atboth the J and Kinputs so that pin
7 changes output levels with each negative-going trigger
from the 2 kHz Oscillator stage. This results in a one
kilohertz square-wave output signal at pin 7. The Jand K
inputs are also held LO inthe BGATE +2 position of S1120
so that U1125 changes output levels with each negative-
going pulse at its trigger input. However, the signal from
the 2 kHz Oscillator is disconnected and the B Gate signal
provides the trigger to pin 2, resulting in an output square
wave with a repetition rate that is one-half the B Gate
repetition rate,

Output Amplifier. Transistors Q1135 and Q1137 are
connected as a comparator; the reference level at the base
of Q1137 is determined by network R1144-R1145-R1146~-
R1148-Q1140. This network establishes a voltage level at
the base of Q1137 that results in a 40 volt level at its
collector when itis on. The 0.4 V adjustment R1148 is set
in the 0.4V position of the CALIBRATOR switch to
provide accurate calibrator output voltages at the CAL
VOLTS connector J1169. With R1148 accurately set,
Output Voltage Dividier resistors R1150 through R1162
form a current divider such that eight milliamperes flow
through R1152 .and the current Joop when the
CALIBRATOR switch isin the 40 mA position. The current
loop is a five-turn current transformer, so the effective
current applied to a current probe is 40 milliamperes.

3-63



Circult Description—7904 (SN B260000-UP)

The output of the Calibrator Countdown stage is
connected to the base of Q1128 through R1126. Q1128
acts as a switch to control the current through Q1131, and
the output of Q1131 controls the conduction of cmparator
Q1135-Q1137. When dc operation is selected by the
calibrator RATE switch, a LO level is applied to the base of
Q1128 to cut it off. Therefore, there is no current through
Q1131 and the base of (31135 rises positive to cut it off
also. Now, the collector current of Q1137 produces a
voltage drop across the cutput voltage dividerto providea
de voltage output or current output at determined by the
CALIBRATOR switch.

For the 1 kHz and B GATE +2 positions of the RATE
switch, the base of Q1128 varies between the LO and Hi
levels at the rate selected by the RATE switch. When the
base of Q1128 is LO, Q1125 is off and Q1137 is conduc-
ting. This produces an output as for dc operation. When
the level at the base of Q1128 is switched to HI, Q1135
conducts and Q1137 is reverse biased. Now, the output
drops to zero. The level at the base of Q1128 is Hl in the
OFF position of the RATE switch to provide zero output.

Output Divider. The collector current of Q1137 in the
Output Amplifier stage is applied across the voltage
divider made up of R1150-R1153-R1155-R1156-R1158-
R1159-R1161-R1162. This divider is designed to provide a
fow output resistance in all positions except 40 V while
allowing selection of output voltages between 4 mV and
40 V. CALIBRATOR switch 51150 selects the output from
the divider to provide the output voltages listed on the
front panel (into high-impedance load). The values shown
in brackets indicate the output voltage into a 50 Q load
{notice that the 40 V position lists no output into 50 Q and
should not be used in this manner). 81150 is a cam-type
switch and the dots on the contact-closure chart (see
diagram 7) indicate when the associated contact is closed.

CONVERTER/RECTIFIERS @

Block Diagram

The Converter/Rectifiers circuit provides the operating
power for this instrument from an ac line-voltage source.
This circuit includes a Line Selector assembly to permit
selection of the nominal operating voltage for the instru-
ment. Figure 3-44 shows a detailed block diagram of the
Converter/Rectifiers circuit.

Line Input

Power is applied through the Line Filter, line fuse
F1200, POWER switch $1200, and Line Selector switch
§1212. The Line Filter is designed to keep power-line
interference from entering the instrument and to keep the
25 kilohertz (approximately) Inverter signal from entering
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the power line. L1201-L1203, with C1201-C1203, provide
EM! (electromagnetic interference) filtering. R1201-
R1203 provide common-mode resonance damping.
R1205-C1205-C1206 suppress reverse-recovery tran-
sients of CR1215.

Line Selector switch §1212 allows the instrument to
operate from either a 115 V nominal or a 230 V nominal
line-volitage source. Inthe 115 V position, rectifier CR1215
operates as a full-wave doubler with energy-storage
capacitors C1216-C1217, so the voltage across the two
capacitors in series will be the peak-to-peak value (ap-
proximately) of the line voltage. For 230 V operation,
CR1215 is connected as a bridge rectifier and the voltage
across C1216-C1217 will be the peak value (approximate-
ly) of the line voltage. As a result, the output voltage
applied to the Inverter stage is about the same for either
115 V or 230 V operation.

Thermistor R1209 limits the surge current demanded
by the power supply when it is first turned on. After the
instrument is in operation, the resistance of the thermistor
drops so it has little effect on the operation of this stage.
When the instrument is turned off, the Inverter is turned off
by the Inverter Control Line Stop stage to prevent the
sudden discharge of C1216 and C1217; C1216 and C1217
discharge slowly through R1221. The discharge time-
constant of C1216-C1217-R1221 is about equal to the
thermistor thermal-recovery time. This ensures sufficient
thermistor resistance to limit the turn-on surge currenttoa
safe level. Since C1216 and C1217 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 the
relaxation oscillator R1219-C1219-DS1219. Neon bulb
DS1218 will blink until the potential across C1216-C1217
drops to about 80 V.

D81208-DS1213 are surge-voltage protectors. When
the Line Selector switch is in the 115 V position, only
D81208 is connected across the line input. If a peak
voltage greater than 230 V is present on the line, DS1208
will break down and demand high current. This excess
current will quickly open line fuse F1200 to interrupt the
input power before the instrument can be damaged. inthe
230 V position, DS1208 and D$1213 are connected in
series across the line input to provide protection for peak
voltages greater than 460 V.

Transformer T1208 provides a sample of the line
voltage to the plug-in connectors in the Main Interface
circuit for internal triggering at line frequencies. This line~
frequency signal is also connected to the Inverter Control
Line Stop stage to indicate when line voltage is applied
and the POWER switch is on. F1223 protects the Inverter
stage if excessive current is demanded due to a malfunc-
tion.
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Fig. 3-44. Detailed block diagram of Converter/Rectifier circuit.
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Start Network

Voltage divider R1210-R1242 is connected between the
input line (ac) and the negative side of C1217 (through
T1225). The voltage across R1242 charges C1242 on each
half cycle of the input line voltage. When the charge on
C1242 reaches about 32 V, trigger diode CR1238 con-
ducts and C1242is discharged through CR1238 to provide
base drive to turn on Q1241 through C1239. When Q1241
is turned on, it shock-excites series-resonant network
L1237-C1237 to generate a damped oscillation. This
damped oscillation provides the drive necessary to start
the Inverter switching action. After the Inverter is
operating, the recurrent waveform at the collector of
Q1241 keeps C1242 discharged through CR1242. This
disables the Start Network while the instrument is on.

inverter

The Inverter stage converts the dc output of the Line
Input stage to a sine-wave current to drive Power
Transformer T1310. Once the Inverter has been started by
the Start Network, transformer T1230 provides feedback
to the bases of Q1234 and Q1241 to sustain oscillation.
The polarity of the windings causes 11234 and Q1241 to
switch alternately (i.e., only one transistor on at a time),
These transistors operate at a forced beta of four due to
the turns ratio of T1230. Also, T1230 provides an input
from the Inverter Control and Regulator stages for pre-
regulation and fault protection. This is accomplished by
effectively short-circuiting one-half of the 60-turn, center-
tapped winding to either delay the turn-on of Q1234-
Q1241 or to completely stop their switching action.

The switching action of Q1234-Q1241 generates a
square-wave voltage at the emitter of Q1234 with an
amplitude approximately equal to the dc voltage at the
input to this stage. The square-wave voltage at the emitter
of Q1234 supplies the drive necessary to maintain a sine-
wave current in the series-resonant network of L1237-
C1237. Diodes CR1234 and CR1241 provide reverse-
conduction paths across Q1234 and Q1241 respectively
when these transistors are held off for pre-regulation.

To aid in understanding circuit operation, Fig. 3-45A
shows a representation of the Inverter stage with a dc
input voltage equal to E. The three possible states of the
Inverter are depicted by the three possible positions of
switch S1: Q1234 is on in position (a); Q1241 is on in
position (c); or, both transistors are held off for pre-
regulation in position (b). In the composite current
waveform of Fig. 3-45B, the relative phase and amplitude
of each component of |, is shown for periods T, Ts, and T,
corresponding to the three positions of S1 or the three
states of the Inverter. The idealized voltage waveforms in
Fig. 3-45C and Fig. 3-45D show the relationship of their
amplitude to the dc input voltage and their phase with
respect to the current waveform of Fig. 3-45B.
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The normal sequence of operation is as follows:
Assume that | is passing through zero and is increasing in
the direction to cause CR1234 to conduct. At zero
crossing, the Regulator stage (Q1252) is turned on to hold
off Q1234 and Q1241; CR1234 is forward biased to
conduct |, as shown in Fig. 3-45B. Afterzerc crossing, ata
time determined by the Inverter Control stage, the
Regulator allows Q1241 to conduct and reverse bias
CR1234. Q1241 conducts as |; goes through its peak and
back to zero. At zero crossing, with current increasing in
the opposite direction, the Regulator is turned on to hold
off Q1234 and Q1241. During this pre-regulation hold-off
time, CR1241 conducts ;. When the Regulator is turned
off, Q1234 is turned on to conduct l; and reverse bias
CR1241. Q1234 conducts as 14 goes through its peak and
back to zero. The cycle then repeats itself.

The inverter operates on the low side of the resonant
frequency of L1237-C1237, which is about 29 kilohertz.
Pre-regulation is achieved by varying the hold-off time of
the Inverter transistors (T, in Fig. 3-45B) and thereby
varying the Inverter frequency. The power delivered to
T1310 varies with the Inverter frequency because the
impedance of the series-resonant network varies with
frequency. At the lowest line voltage and highest load, the
Inverter will operate at a frequency ciose 1o the resonant
frequency. If either the line voltage is increased or the load
is reduced, the Inverter frequency will decrease.

Over-Voltage Stop

The Over-Voltage Stop stage stops the Inverter
whenever the voltage across the primary of T1310 exceeds
a safe level to protect Inverter components from damage.
This stage is activated whenever the normal voltage
regulating path through Q1252 and T1230 is inoperative.

C1243 is charged through CR1244 to the peak of the
voltage across the primary of T1310. If this voltage
exceeds a safe level, VR1246 conducts to trigger SCR
Q1248 into its forward-conduction state. C1243 then
discharges through R1248, Q1248, and the base-emitter
junction of Q1246. This discharge current turns on Q1246
to effectively short-circuit the base-drive winding of T1230
and stop the Inverter switching action. Since CR1249
becomes forward biased when Q1248 is triggered on,
R1245-C1243 is effectively paralleled with C1242 in the
Start Network. The relatively large capacitance of C1243
prevents C1242 from charging to the breakdown voltage
of CR1238, thus preventing the Start Network from turning
the Inverter on. Q1248 and Q1246 continue to conduct
until the discharge current of C1243 drops below the
holding current of Q1248. After Q1248 returns to its
forward-blocking state, CR1249 remains forward biased
to inhibit the Inverter Start Network while C1243 is
charged through R1247. When the charge on C1243 is
sufficient to reverse bias CR1249, the Start Network can
start the Inverter.
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Fig. 3-45. (A) Representation of Inverter stage. Idealized waveforms of: (B) total Inverter current, 1; (C) voltage at junction of

CR1234-CR1241; and (D) voltage across primary of T1310.

Inverter Control

The Inverter Control stage, made up primarily of U1275,
provides pre-regulation and fault protection for the low-
and high-voltage power supplies. For pre-regulation pur-
poses, U1275 provides the Regulator output of the
Regulator stage to vary energy delivered by the Inverterby
varying the frequency. Fault protection is achieved
through the Regulator output (as for pre-regulation) orby
providing the Stop Trigger output to the Inverter Stop
stage to turn the Inverter off.

U1275 includes a variable pulse-width monostable
multivibrator which is initally triggered by current-phase

information fed back from the Inverter. The charge ramp
for the multivibrator is available at pin 12 of U1275. R1300-
C1300 determine the rate-of-rise of the charge ramp. The
sensing inputs to U1275 determine the pulse width of the
charge ramp (i.e., thé multivibrator on time). The pulse
width of the charge ramp corresponds to the Inverter hold-
off time (T», in Fig. 3-45B). The multivibrator Regulator
output drives the Regulator stage through pin 9-U1275.
Under normal operating conditions, only the E Sense
input at pin 15 has control over the output pulse width for
pre-regulation. However, an error detected by any of the
sensing inputs will affect the output pulse width and will
also produce a Stop Trigger to the Inverter Stop stage. The
operation of each individual function of the Inverter
Control stage is described in the following discussion.
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Pre-Regulator. The Pre-Regulator portion of U1275, in
conjunction with the Regulator stage, maintains constant
voltages at the outpuis of the Low- and High-Voltage
Rectifiers.

Transformer T1235 provides Inverter power and phase
information to U1275. The phase information is connected
to the trigger input of the Inverter Control Multivibrator via
pins 10 and 11 through C1275 and C1276. Bridge rectifier
CR1280-CR1281-CR1282-CR1283 provides positive and
negative operating voltages to U1275. Ashuntregulatorin
U1275 regulates the +7.5 V output of the bridge rectifier
connected to pin 6. The —2 V {(nominal) outputconnected
to pin 7 isunregulated. VR1297 provides a stable reference
voltage for the sensing-divider resistors R1291-R1293-
R1294-R1296-R1297. R1293 in this divider adjusts the
voltage level at the E Sense input to the Pre-Regulator (pin
15-U1275) to set the output voltage of the rectifiers by
controlling the +130 V supply. The output of the other
supplies is set by the turns ratic of T1310.

In the stable state of the inverter Control multivibrator,
the Regulator output at pin 9 is near ground to turn off the
Regulator stage. After the inverter current passes through
zero, either pin 10 or 11 will go positive to trigger the
Inverter Control multivibrator on. While the multivibrator
is on, the Regulator output voltage level is positive to turn
on the Regulator stage. The duration of the on state is
determined by the voltage level at the E Sense input at pin
15. If this voltage level is low, the duration is short. As this
voitage level increases, the duration increases.

Fault Protection. The fault-protection portions of
U1275 provide protection for the power-supply com-
ponents from damage due to short circuits, turn-on surge
currents, and other maifunctions. When a fault is detected
at the Balance or | {current) Sense inputs (pins 2 and 13
respectively}, a current output from the Sample Period
Timer output {pin 1) charges C1264. If the detected fault
lasts longer than about 15 milliseconds, C1264 will charge
positive enough to produce a positive Stop Trigger output
at pin 8 to turn the tnverter off. When the Inverter is shut
off, the current charging C1264 is interrupted and C1264
will discharge. Once pin 8 goes positive, C1259 discharges
through R1261 and the base-emitter junctions of Q1254
and Q1252. The discharge of C1259 keeps Q1254 and
Q1252 turned on, and the Inverter turned off, forabout 250
milliseconds. After thjs period, pin 8 returns to anear zero-
voit level, turning off Q1254 and Q1252 to allow the
Inverter to run. This cycle repeats until the fault is
corrected, with the inverter on for about 15 milliseconds
then off for about 250 milliseconds.
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Inverter Current Limiter. The Inverter Current Limiter
provides protection for the inverter components from
damage due to excessive current. Operation of this stage
is similar to the Pre-Regulator (voltage regulation). The
Inverter Current Limiter takes controi of the Inverter
Control Regulator output pulse width during turn-on or
whenever an overload causes the inverter currentto reach
the limit value.

R1287 is the current-sensing resistor. The voltage atthe
junction of R1287-R1286-CR1288 is the negative rectified
Inverter current. The | Sense input at pin 13 is normally
held positive through R1285. If the Inverter current
increases, the voltage at the | Sense input will become
more negative. The Inverter Control Regulator output
puise width {i.e., inverter hold-off time} increases until the
Inverter current reaches a level that will hoid pin 13 near
the zero-volt level. if the voitage at pin 13 remains near
zero for more than approximately 15 milliseconds, the
Stop Trigger output at pin 8 will go positive to trigger the
Inverter Stop stage. The inverter Current Limiter will limit
the peak inverter current to about five amperes under fault
conditions.

Balance. The Balance portion of U1275 provides over-
load protection for the Low- and High-Voltage Rectifiers
by sensing a malfunction in these circuits. Beam |
{current) Sense and | (current) sense inputs from the crt
circuit and outputs from the Low-Voltage Rectifiers are
applied to the Balance Sense inputatpin 2-U1275 through
divider R1302-R1304-R1305. During normal operation,
this divider biases the Balance Sense input near a zero-
volt level. If one of the inputs changes sufficiently to cause
the voitage level at pin 2 to vary about 200 milliseconds, a
positive Stop Trigger output is produced at pin 8-U1275.

Line Stop. The Line Stop portion of U1275 protects the
Line-input components from damage due to turn-on surge
current. This is achieved by triggering the Inverter Stop
stage to stop the Inverter when the POWER switch is
turned off. The Line Stop stage will also stop the Inverter if
the ac line voliage falls below a minimum value.

The line-frequency signal from transformer T1208 is
connected to the Line Stop Sense input of U1275 at pin 4.
During normal operation, the line-frequency signal
causes the Line Stop Timer terminal (pin 3) to be near a
zero-volt level {ground). This zero-volt level keeps C1267
from being charged toward +7.5 V through R1267. When
the line-frequency signal is interrupted or falls below a
minimum value, C1267 will begin to charge to +7.5 V.
When the voltage at pin 3 reaches approximately +0.7 V,
the Line Stop stage will produce a positive Stop Trigger
output at pin 8-U1275 to trigger the Inverter Stop stage.



Regulator

The Regulator stage operates in conjunction with the
inverter Control and Inverter Stop stages to regulate the
Inverter switching. Q1252 acts as a switch controlied by
the Regulator output of U1275 (pin 9) or by the Inverter
Stop stage. When Q1252 is turned on, CR1251 or CR1252
is forward biased. This effectively short circuits one-half of
the 60-turn, center-tapped winding of T1230 to shut off the
Inverter. For further information, see the discussion of the
Inverter stage.

Inverter Stop

The Inverter Stop stage, Q1254, is controlied by the
Stop Trigger output of L1275 (pin 8) to shut off the Inverter
through the Regulator stage (Q1252). During the start
period, T1230 supplies current to charge C1256-C1259
through CR1256-CR1259. Also during this time, Q1254 is
reverse biased by U1275. Once triggered on by a positive
Stop Trigger, Q1254 will stay on while C1256-C1259
discharge through the base of Q1254. If U1275 is removed
from its socket or is otherwise non-functional, the Inverter
Stop stage will stop the Inverter after about two or three
inverter cycies.

Low-Volitage Rectifiers

The rectifiers and filter components in the secondaries
of T1310 provide rectified, pre-regulated voitages for re-
regulation by the Low-Voltage Regulators circuit.

LOW-VOLTAGE REGULATORS

General

The Low-Voltage Regulators convert semi-regulated
voltages from the Converter/Rectifiers circuit to stabiliz-
ed, low-ripple output voltages. The regulators are series
type, using the —50V Supply as a reference for the
remaining voltage supplies. Figure 3-46 shows a detailed
block diagram of the Low-Voltage Regulators circuit. A
schematic is given on diagram 10.

—50-Volt Supply

Semi-regulated —~54 V from the Converter/Rectifiers
circuit provides the unregulated voltage source for this
supply. Transistors Q1508-Q1522-Q1534 operate as a
feedback-stabilized amplifier to maintain a constant
—50 V output level. Q1508 is connected as a differential
ampilifier to compare the feedback voltage at the base of
Q15088 against the reference voltage at the base of
Q1508A. The error output at the collector of Q1508B
reflects the difference, if any, between these two inputs.
The change in error output level at the collector of Q15088
is always in the opposite direction to the change in the
feedback input at the base of Q1508B.

Circuit Description—7304 (SN B260000-UP)

Zener diode VR1505 sets a reference level of about
~Q V atthe base 0of Q1508A. A sample of the outputvoltage
from the —50 V Supply is connected to the base of Q15088
through divider network R1512-R1513-R1514. R1513 in
this divider is adjustable to set the output level of this
supply. Notice that the feedback voltage to this divider is
obtained from a line labeled --50 V Sense. if the feedback
voltage were obtained at the supply, the voltage at the load
would not stay constant, due to the inherent resistance of
the interconnecting cable between the supply and its load
(as the load current varies, the voltage drop along the
cable also varies). The Sense configuration overcomes
this problem by sensing the voltage at the load. Since the
current in the Sense line is small and constant, the load
voltage is held constant regardless of the load current.

Regulation of the supply occurs as follows: If the output
level of this supply decreases (becomes less negative) due
to an increase in load or a decrease in input voltage (asa
result of line-voltage changes or ripple), the voltage
across divider R1512-R1513-R1514 decreases also. This
results in a more positive level at the base of Q15088 than
that established by the --50 V Reference stage at the base
of Q1508A. Since the transistor with the more positive
base controls the conduction of the differential amplifier,
the output current at the collector of Q15088 increases.
Thisincrease in output from Q1508B causes an increasein
current through Q1522. This allows more current to flow
through Q1534, resulting in increased conduction of
Q1538, the —50 V Series Regutator. The load current
increases and the output voltage of this supply also
increases (becomes more negative). As a result, the
feedback voltage from the —50 V Sense line increases and
the base of Q1508B returns to the same level as the base of
Q1508A. Similarly, if the output level of this supply
increases (more negative), the output current of Q1508B
decreases. The feedback through Q1522 and Q1534
reduces the conduction of the —50 V Series Regulator to
decrease the output voltage of this supply. The —50V
adjustment, R1513, sets the output level of this supply.

The —50 V Current Limiting stage (Q1256) protects the
—50 V Supply if excess current is demanded from this
supply. Since the load is connected to this supply through
R1537, all current from the —50V Supply must flow
through this resistor. Transistor Q1526 senses the voltage
drop across R1537. Under normal operation there is
insufficient voltage drop across R1537 to forward bias
Q1526. However, when excess current is demanded from
the 50 V Series Regulator due to ashortcircuitorsimilar
malfunction at the output of this supply, the voltage drop
across R1537 increases until itis sufficient to forward bias
Q1526. The collector current of Q1526 results in a
reduction of current through Q1522 and Q1534 to limitthe
conduction of Q1538. This currentlimiting protects Q1538
from damage due to excess power dissipation.
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Several protection diodes are also included in this
circuit. CR1539 prevents the output of this supply from
going more positive than about +0.6 V if it is shorted to a
positive supply. VR1501 and CR1502 supply a turn-on
voltage for Q1508 to start the —50 V Supply when the
instrument is first turned on. As soon as the —50 V Supply
turns on, VR1501 and CR1502 turn off to disconnect the
turn-on voltage from Q1508.

~15-Volt Supply

Basic operation of all stages in the 15 V Supply is the
same as for the —50 V Supply. Reference level for this
supply is established by divider R1463-R1464 between
ground and the —50 V Sense voltage. The divider ratio of
R1463-R1464 sets a level of —15 V at the base of Q1466A.
The level on the —50 V Sense line is held stable by the
~50 V Supply. Any change at the output of the —15V
Supply appears at the base of Q14668 as an error signal.
The output voltage is regulated in the same manner as
described for the —50 V Supply. CR1499 limits the output
of this supply from going more positive than about +-0.6 V
if it is shorted to one of the positive supplies. Diodes
CR1468 and CR1469 provide reverse voltage protection
for transistors Q1466B and Q1466A, respectively.

+5-Volit Supply

The operation of the -+5 V Supply is basically the same
as described for previous supplies. The reference level for
this supply is established by the ground connection at the
base of Q1560A. Feedback voltage to the base of Q1560B
is provided by divider R1564-R1589 between the —50 V
Sense line and the +5 V Sense lin. The divider ratio of
R1564-R1589 is 10:1, so the base of Q15608 is at zero volt
when the supply is operating normaliy. The ieve! on the
—50 V Sense line is held stable by the —50 V Supply.
Therefore, any change at the output of the —5 V Supply
appears at the base of Q1560B as an error signal, The
output voltage is regulated in the manner described
previously for the —50 V Supply. Diode CR1589 limits the
output of this supply to about —0.6 V if it is shorted to one
of the negative supplies.

The +5V Current Limiting stage (Q1576A and B)
protects this supply from damage due to a demand for
excessive output current. Q1578A and Q1576B are con-
nected as a comparator to detect excessive current
through R1587. With normal supply current through
R1587, the voltage drop across R1587 is such that the base
of Q15678 is more positive than the base of Q1576A.
Therefore, Q1576A is cut offand CR1576 is reverse biased.
If the current through R1587 increases above a safe level,
the base of Q15768 becomes more negative than the base
of Q1576A. Now, Q1576B is cut off and Q1576A conducts.
The collector current of Q1576A forward biases CR1576
and decreases the voltage on the base of Q1582. This
limits the conduction of Q1588 to a safe current level.
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+15-Volt Supply

The +15 V Supply regulates in the same manner as the
50 V Supply; current limiting operates in the manner
described for the +5 V Supply. The ground connection at
the base of Q1436A provides the reference for this supply.
Feedback voltage to the base of Q1436B is provided
through divider R1440-R1459 between the —50 V Sense
line and the +5 V Sense line. The divider ratio of R1440-
R1459 sets the base of Q1436B atzero voits. Any changein
the output level of the +15 V Supply appears at the base of
Q1436B as an error signal. This results in an opposite
change at the collector of Q1436B and at the base of
Q1451. This change is connected to the +15 V Series
Regulator stage through Q1455 to correct the errorin the
output voltage of the supply.

Diode CR1439 protects Q1436B against negative
voltages if the +15 V Supply is shorted to ground. Diode
CR1459 limits the output of this supply to about +0.6 Vifit
is shorted to one of the negative supplies.

+50-Volt Supply

Operation of the +50 V Supply is basically the same as
described for the --50 V Supply; current limiting operates
in a similar manner as described for the +5 V Supply.
Reference voltage for this supply is established by the
ground connection through R1406 at the base of Q1409A.
Feedback voltage to the base of Q14089B is provided by
divider R1412-R1429 between the —50 V Sense line and
—-15 V Sense line. The divider ratio of R1412-R1429 sets
the base level of Q14098 at zero volts when the output of
this supply is correct. The protection diodes in this circuit
operate similarly to those in the other supplies.

Graticule-Light Supply

The Graticule-Light Supply provides voltage to the
graticule lights, DS1552-DS1553-DS1554. The front-panel
GRAT ILLUM control, R1541, sets the output of this supply
to set the brightness of the graticule lights. Q1546-Q1550-
CR1549 form a pseudo differential amplifier. The output
voltage at the collector of Q1550 follows the voltage set at
the base of Q1546 by the divider made up of R1544, R1545,
R1543, and the GRAT ILLUM control R1541. R1551 limits
the output current from this supply to protect Q1550 from
damage due to a short circuit.

CRT CIRCUIT @

General

The crt circuit provides the high voltage and control
circuits necessary for operation of the cathode-ray tube
(crt). This circuit also includes the Z-Axis Amplifier and
the Auto-Focus Amplifier. Figure 3-47 shows a detailed
block diagram of the crt circuit. A schematic of this circuit
is shown on diagram 11 in the rear of this manual,
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Fig. 3-47. Detailed block diagram of the CRT Circuit.
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Power Transformer

Power Transformer T1310 provides semi-regulated
voltages for the crt heater and high-voltage supplies. One
secondary winding of T1310 provides 6.3 V for the crt
heater. The crt heater is elevated to the cathode potential
through R1690. The high-voltage winding of T1310
provides a three-kilovolt peak-to-peak square-wave
voltage to the Anode Voltage Multiplier, crt Cathode
Supply, Control-Grid DC Restorer, and Focus-Grid DC
Restorer stages. One end of the high-voltage winding is
connected to ground through current-sensing resistor
R1604.

Anode Voltage Multiplier

Positive accelerating potential for the crt anode is
supplied by the seven times voltage muitiplier contained
within U1615. The applied voltage to the input of U1615
from the high-voltage secondary of T1310 is about three
kilovolts peak-to-peak. This results in an output voltage of
about +21 kilovolts at the crt anode. The Beam | Sense
output of U1615 is fed back to the Converter/Rectifiers
and 