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7704

SECTION 1
7704 SPECIFICATION

Change information, if any, affecting this section will be found at the rear of the manual.

introduction

The Tektronix 7704 Oscilloscope is a solid-state, high-
performance instrument designed for general-purpose
applications, This instrument accepts Tekironix 7.series
plug-in units to form a complete measurement system, The
flexibility of this plug-in feature and the variety of plug-in
units available allow the system to be used for many
measurement applications.

The 7704 has four plug-in compartments. The left pair
of plug-ins is connected to the vertical deflection system.
The right pair is connected to the horizontal deflection
system. Electronic switching between the plug-ins con-
nected to each deflection system allows a dual-trace vertical
display and/or a dual-sweep horizontal display. This instru-
ment features regulated DC power supplies to assure that
performance is not affected by variations in line voltage and
frequency, or by changes in load due o the varying power
requirements of the plug-in units. Maximum power con-
sumption of this instrument is about 210 watts {60 hertz,
115-volt line).

The 7704 features a CRT with small spot size and high
writing rate. Graticule area is 8 X 10 centimeters. Addi-
tionally, the instrument includes a readout system pro-
viding CRT display of alpha-numeric information from the
plug-ins, including deflection factor, sweep rate and other
encoded parameters.

This instrument will meet the electrical characteristics
listed in the Performance Requirement column of Table 1-1
parformance check procedure which is also given in Section
5 provides a convenient method of checking instrument
performance without making internal checks or adjust
ments. The following electrical characteristics apply over
an ambient temperature range of 0°C to +50°C, except
as otherwise indicated. Warmup time for given accuracy
is 20 minutes.

NOTE

Many of the measurement capabilities of this instru-
ment are determined by the choice of plug-in units.
The following characteristics apply to the 7704
Oscilloscope only. See the system specification later
in this section for characteristics of the complete
system.

TABLE 1-1
ELECTRICAL

Characteristic

Performance Requirement

Supplemental Information

VERTICAL DEFLECTION SYSTEM

Deflection Factor

Compatible with ali 7-series plug-in units,

Defiection Accuracy
compartments.

Less than 1% difference between vertical

L.ow-Freguency Linearity

0.1 division or less compression or ex-
pansion of a center-screen two-division
signal when positioned anywhere ver-
tically within the graticute area.

Bandwidth

Varies with vertical plug-in selected. See |Bandwidths of 7704 vertical system only.
System Specifications,

0°C to +50°C

BC 1o at least
180 megahertz

+20°C to +30°C

DC to at least
190 megahertz
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Characteristic

Performance Requirement

Supplemental information

fsolation Between Vertical
Compartments

At least 100:1 from DC to 160
megaheriz.

Chopped Mode

Repetition rate

One megahertz T20%.

Time segment from
each compartment

(.4 to 0.6 microsecond.

Delay Line

Permits viewing of leading adge of
triggering signal.

Difference in Delay
Betwean Compartments

0.2 nanocsecond or iess,

Vertical Display Modes

LEFT: Left vertical unit only.

ALT: Dual-trace, alternate
between vertical units,

ADD: Added algebraically.

CHQOP; Dual-trace, chopped be-
tween vertical units,

RIGHT: Right vertical unit only.

Selected by front-panel VERTICAL
MODE switch.

Trace Separation Range for
Dual-Sweep Modes

B trace can be positioned +4 to +6 or
—4 to -6 divisions from the A trace.

TRIGGERING

Trigger Source

VERT MODE: Determined by vertical

Selected by front-panel A TRIGGER

mode. SOURCE and B TRIGGER SOURCE

LEFT VERT: From left vertical unit
only.

RIGHT VERT: From right vertical
unit only.

switches,

HORIZONTAL DEFLECTION SYSTEM

Deflection Factor

Compatible with ali 7-series plug-in units.

Deflection Accuracy

Less than 1% difference between com-
pariments.

Fastest Calibrated Sweep Rate

Two nanoseconds/division.

Phase Shift Between Vertical
and Horizontal Deflection
Systems {with five division
peak-to-peak signal}

Without phase
correction

2° or less from DC to at least 35 kilo-
hertz.
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Characteristic

Performance Requirement

Supplementa! Information

With phase
correction

Adjustable to tess than 2° from DC to
two megaheriz.

Chopped Mode

Repetition rate

200 kitohertz £20%,

Time segment from each
compartment,

2.0 to 3.0 microseconds,

Horizontal Display Modes

A A horizontal unit only,

ALT: Dual-sweep, alternate between
horizontal units.

CHOP: Dual-sweep, chopped between
horizontal units,

B: B horizontal unit only,

Seiected by front panel HORIZONTAL
MODE switch,

CALIBRATOR

Wave Shape

Square wave,

Polarity

Positive going with baseline at zero volis.

Output Voltage

Open Circuit

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

Selected by front-panet CALIBRATOR
switch,

inte 50 ohms

2mVv,20mv, 0.2V, 04V,

Output Current

40 milliamperes through current
toop.

Amplitude Accuracy {Voltage
and Current}

+15°C 10 +35°C

Within 1%.

0°C to +50°C

Within 2%.

Repetition Rates

One kilohertz.

One-half repetition rate of B Sweep
gate.

DC.

Selected by front-panel RATE swiich,

One-Kitohertz Accuracy
{voitage and current)

+15°C to +35°C

Within 0.25%.

0°C 10 +B0°C

Within 0.5%.

Duty Cycle

50% 0.1%,
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Characteristic

Performance Requirement

Supplemental Information

Risetime and Falitims

4 mV through 4 V and 40 mA

Less than 0.25 microsecond.

40V

Less than two microseconds with 10 pF
load.

EXTERNAL Z-AXIS INPUTS

High Sensitivity Input

Sensitivity

Two volts peak to peak provides trace
modulation over full intensity range.

Useful input voltages versus
repetitien frequency

Two volts peak to peak, DC to two
megahertz; reducing to 0.4 Volt peak
to peak at 20 megahertz.

Polarity of operaticn

Positive-going signal decreases trace
intensity; negative-going signal in-
creases trace infensity,

Minimum puise width that
provides intensity modulation

30 nanoseconds at two volts,

Input resistance at DC

500 ohms £10%.

Maximum input voltage

15 volts {BC + peak AC).

High Speed Input
Sensitivity

60 volts peak to peak provides trace
modulation over fuil intensity range.

Useful input voltage versus
repetition frequency

60 voits peak to peak, DC to 100
megahertz.

Potarity of operation

Paositive-going signal decreases trace
intensity; negative-going signal in-
creases trace intensity.

Minimum pulse width that
provides intensity moduiation

3.5 nanoseconds at 60 volts,

input resistance at DC

18 kitohms £20%.

Maximum input voltage

60 voits {DC + peak AC); B0 volts peak
to pesk AC.

SIGNAL OUTPUTS
+Sawtooth
Source A HORIZ time-base unit or B Selected by internal Sweep switch.
HORIZ time-base unit,
1-4 ®
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Characteristic

Performance Requirement

Supplemental Information

Polarity

Positive-going with baseline at zero
volts 1 volt (into one megohm}.

Cutput voltage
Rate of rise

Into 50 ohms

50 millivolts/unit of time £15%."

Inte one megohm

One volt/unit of time £10%."

Peak voltage
Into 50-0hms

Greater than 500 millivolts,

{nto one megohm

Greater than 10 volts.

Qutpui resistance

950 ohms 12%.

+Gate

Source

A HORIZ time-base unit,
B HORIZ time-base unit,

Delaying time-base unit {in A
HORIZ compartment).

Seiected by internal Gate switch.

Output voliage

tnto 50 ohms

0.5 volt 210%.

fnto one megohm

10 volts £10%.

Risetime into 50 ohms

20 nanoseconds or less.

Cutput resistance

950 ohms £2%.

Vertical Signal Qutput

Source

Determined by B TRIGGER
SOURCE swiich.

Qutput voltage
into 50 ohms

25 millivolis/division of vertical
deflection £25%.

Into one megohm

0.5 volt/division of vertical defiection
+25%,

Output resistance

950 ohms £2%.

CHARACTER GENERATOR

Characters Availabie

See Character Selection Matrix,
Fig. 3-38.

YUnit of time selected by time-base time/division switch,

B
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Characteristic

Performance Reguirement

Supplemental Information

Mode

Free-run independent of sweep.
Triggered at end of selected sweep.

Single-shot controlied through rear-
panel Remote Control connector
J1075,

Selected by internal Readout Mode
switch.

Word Location

See Fig, 2-7.

CATHODE-RAY TUBE {CRT}

Graticule
Type Internal Huminated with variabie edge
lighting.
Arga Eight divisions vertical by 10 divisions
horizontal. Each division equals one
centimeter,
Phosphor P31 standard, Others available on special order.
Resolution
Horizontast At least 12 linas/division.
Vartical At least 12 lines/division.
Geometry 0.1 division or less total bowing or tilt

of a displayed horizonta! or vertical line.

Beam Finder

Limits display within graticute area
when actuated.

Minimum Photographic Writing
Speed With Polaroid Type 410
Film {(without film fogging
techniques}

Tektronix C-b1 Camera with
§1.2 lens and 1:0.5 object-
to-image ratio

P31 P11

7000 centimeters/
microsecond

330 centimeters/
microsecond

Tektronix C-27 Camera
with {1.3 lens and 1:0.5
object-to-image ratio

2200 centimeters/ | 5500 centimeters/
microsecond, microsecond,

POWER SUPPLY

Line Voitage Range AC, RMS

115-volts nominal

90 to 136 volts.

Selected by rear-panel Line Selector
assembly.

230-volts nominat

180 to 272 volts.

Line Freauency

48 to 440 heartz.

Maximum Power Consumption

210 watts, 2.6 amperes at 60 hertz, 115-
volt line.

1-6



TABLE 1-2

ENVIRONMENTAL CHARACTERISTICS

Characteristic

Performance

NOTE

This instrument will meet the electrical characteristics
given in the Performance Requirement cofumn of
Table 1-1 over the following environmental limits,
Details on the environmental test procedures, in-
cluding failure criteria, etc., can be cbtained from
yvour local Tektronix Field Office or representative.

Temperature Range

Operating

0°C 10 +60°C.

Non-operating

-BB°C 10 +75°C.

Altitude
Operating

15,000 feet.

Non-operating

Test Himit 50,000 feet.

Electro-magnetic
Interface {EMI}

as tested in MIL-1-
6181D (when equip-
ped with option 3
only}

Radiated inter-
ference

interference radiated from the in-
strument under test within the
given limits from 150 kilohertz to
1000 megahertz.

Conducted
interference

Interference conducted out of the
instrument under test through the
power cord within the given limits
from 150 kilohertz to 25 mega-
hertz,

Specification--7704

TABLE 1-3 (cont}

Transportation
{packaged instru-
ment, without
plug-ins}

Qualifies under National Safe Tran-
sit Committee test procedure 1A,
Category 11,

TABLE 1-3
PHYSICAL

Characteristic

Performance

Ventilation

Safe operating temperature main-
tained by convection cooling. Auto-
matic resetting thermal cutout pro-
tects instrument from overheating.

Characteristic Performance

Warm-up Time 20 minutes for rated accuracy.

Anodized front panel. Bluewvinyl
painted aluminum cabinet.

Finish

Overall Dimensions
{measured at maxi-

mum points)
Height 13.5 inches (34.2 centimeters).
Width 12.0 inches (30.5 centimeters).
Length 21.7 inches {55.1 centimeters).

Net Weight {instru- 42 pounds {19.1 kilograms).

ment enly}

STANDARD ACCESSORIES

Standard accessories supplied with the 7704 are given in
the Mechanical Parts List iliustrations. For optional acces-
sories available for use with this instrument, see the Tek-
tronix, Inc. catalog.

INSTRUMENT OPTIONS
General

The foliowing options are available for the 7704 and can
be instatled as part of the instrument when ordered, or they
can be installed at a later time, Complete information on all
options for this instrument is given in this manual. For
further information on instruments options, see your Tek-
tronix, Inc. catalog, or contact your local Tektronix Field
Office or representative.

Option 1

This option deletes the Readout System. Operation of
the instrument is unchanged except that there is no alpha-
numeric display on the CRT and the READOUT control is
non-functional, The Readout System can be added at any
time by ordering the readout conversion kit.

Option 2

The X-¥Y Delay Compensation Network can be added 1o
the instrument to egualize the signal delay between the
vertical and horizontal defiection systerns. When this net-
work is installed and activated, the phase shift between the
vertical and horizontal channeis is adiustable to less than 2°
from DC to two megahertz.

Option 3

With optien 3 installed, the instrument will meet the
EM! interference specifications given in Table 1-2.
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SYSTEM SPECIFICATIONS

Your Tektronix 7700-series oscilloscope system provides K — Spectrum analyzer, single wicth,
aexceptional flexibility in operation with a wide choice of
general and special purpose plug-in units. The type number L — Spectrum analyzer, double width.

of a particular plug-in unit identifies its usage as follows:
M — Miscellaneous.

The first digit (7} denotes the oscilloscope system for

which the plug-in unit is designed (7000-series). S — Sampling unit,
The second letter describes the purpose of the plug-in T — Samaling time-base unit.
unit:

The third and fourth digits of the plug-in type number
A — Amplifier unit, are sequence numbers and do not carry any special
connotation,
B — “Real time’" time-base unit,
An N’ suffix letter added to the normal four digit type

D — Digital unit. number identifies a unit not equipped with the circuitry
necessary to encode data for the 7000-series readout
J - Spectrum analyzer, single width, system.

7700-SERIES OSCILLOSCOPE SYSTEM VERTICAL SPECIFICATIONS

This table 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 Catslog.

Ampilifier Vertical System Deflection Factor Accuracy® SIG QUT
Plug-In EXT CAL INT CAL INT CAL
Unit Probe BW T 0t 50°C | 15t035°C | 0to50°C BW Ty
7A11 Integral 150 MHz 2.4 ns 2% 3% 4% 60 MHz 5.9 ns
7A12 None 105 MHz 34ns 2% 3% 49, 56 MHz 6.4 ns
PBOLR3 105 MHz 3.4 ns 3% 4% 5% 55 MHz 6.4 ns
None 100 MHz 3.5 ns 15% 25% 35% 55 MHz 6.4 ns
7A13 PB0OL3 100 MMz 35ns 1.5% 25% 3.5% 55 MHz 6.4 ns
P60OB5 65 MHz 5.4 ns 1.5% 2.5% 3.5% 45 MHz 78ns
7A14 PBOZ21 50 MHz 7.0ns 2% 3% 4% 40 MHz 88 ns
PB022 105 MHz 3.4 ns 2% 3% 4% 50 MHz 7.0ns
IA15 None 75 MHz 4.7 ns 2% 3% 4% 50 MHz 7.0ns
P6063 75 MHz 4.7 ns 3% 4% 5% 50 MHz 7.0ns
IA16 None 1560 MHz 2.4ns 2% 3% 4% 60 MHz 5.9 ns
PB053 150 MiHz 2.4 ns 3% 4% 5% 60 MHz 5.9 ns
7718 None 75 MHz 4.7 ns 2% 3% 4% 50 MHz 7.0ns
: PB0OL3 75 MHz 4.7 ns 3% 4% 5% 50 MHz 7.0ns
A None orany { 1.0 MHz 360 ns 2% 3% 4% 1.0 MHz 350 ns
] +10% 9% £10% 9%

*Deflection Factor accuracy is checked as foliows:

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

INT CAL 15°C to 3BDCWE’Eug’in gain set while operating within a temperature range of +15°C to +350€3, using the oscilloscope calibrator,

INT CAL 0°C to 50°C—Plugin gain set using the oscilloscope calibrator (within 10°C of the operating temperature} in a temperature range
between OOC and +SOOC.
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SECTION 2
OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the rear of the manual.

General

To effectively use the 7704, the operation and capabil-
ities of the instrument must be known. This section de-
scribes the operation of the front- and rear-panel controls
and connectors and gives first time and general operating
information.

PRELIMINARY INFORMATION

Operating Voltage

The 7704 caen be operated from either a 115volt or a
230-volt nominal line voltage source. The Line Selector
assembly on the rear panel converts this instrument from
one operating voltage to the other. This assembly also
includes fuses to provide protection for the line-input por-
tion of this instrument. Use the following procedure to
obtain correct instrument operation from the line voltage

available.
?Cﬂ UTION lg

LN W W N S A e
This instrument is designed for operation from a
power source with its neutral at or near earth
fground) potential with a separate safety-earth con-
ductor. It is not intended for operation from two
phases of a multi-phase system, or across the legs of a
single-phase, three-wire system.

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. To convert from 115volts to 230-volts nominal line
voltage, or vice versa, pull out the Selector switch bar (see
Fig. 2-1} and plug it back into the remaining holes. Change
the line-cord power plug to malch the power-source
recepiacte or use a 115- to 230-volt adapter.

NOTE

Color-coding of the cord conductors is as follows (in
aceordance with National Electrical Code):

Line Black
Neutral White
Safety earth (ground) Green

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

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.
CAUTION 3

[N P S LN A G
This instrument may be damaged if operated with the
Line Selector assembly set to incorrect positions for
the line voltage applied.

TABLE 2-1
Regulating Ranges
Line Selector Regulating
Switch Position Range

15V 90 to 136 volts

230V 180 t0 272 volts

Fig. 2-1. Line Selector assembiy on rear panel (shown with cover
removed).
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Operating Instructions—7704

The 7704 is designed to be used with a three-wire AC
power system. If the three- to two-wire adapter is used to
connect this instrument to a two-wire AC power system, be
sure to connect the ground lead of the adapter to earth
{ground). Failure to complete the ground system may allow
the chassis of this instrument to be elevated above ground
potential and pose a shock-hazard.

The feet on the rear panel provide a convenient cord
wrap to store the power cord when not in use {see Fig. 2-2).

Operating Temperature

The 7704 can be operated where the ambient air temper-
ature is between 0°C and +50°C. This instrument can be
stored in ambient temperatures begtween —55°C and
+75°C. After storage at temperaiures beyond the operating
limits, allow the chassis temperature to come within the
operating limits before power is applied.

The 7704 is cooled by convection air flow through the
instrument. Adequate clearance must be provided on all
sides 1o allow heat to be dissipated from the instrument. Do
not block 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, sides and rear (more if possible).

A thermal cutout in this instrument provides thermal
protection and disconnects the power to the instrument if
the internal temperature exceeds a safe operating level.
Power is autornatically restored when the temperature

returns to & 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,

Operating Position

A bail-type stand is mounted on the bottom of this in-
strument. This stand permits the 7704 to be tilted up about
10° for more convenient viewing {see Fig. 2-3). In addition,
the instrument may be operated on the rear feet if desired
(maximum ambient air temperature limited to +40°C).

DISPLAY DEFINITIONS

General

The following definitions describe the types of displays
which can be obtained with a 7704 Oscilloscope system
with real-time amplifiers, time-base units, or combinations
of these. Use of special purpose plug-in units may result in
different types of displays, whieh are defined in the instruc-
tion manuals for these special units. The following termin-
ology wiil be used throughout this manual,

NOTE

See Simplified Operating Instructions in this section
for set-up information to ohtain each of the following
displays.

Fig, 2.2. Cord wrap provided on rear panel to store power cord,

2-2

Fig. 2-3. Instrument positioned on bail type stand.
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Alternate Mode

A time-sharing method of displéying twWo or more signals
on a singie cathode-ray tube beam. Channel switching is
sequential and occurs at the end of each sweep.

Chopped Mode

A time-sharing method of displaying two or more signals
on a single Cathode-ray tube beam. Channel switching is
sequential and occurs at a rate determined by an internal
clock generator {chopping rate),

Single Trace

A display of a single plot produced by one vertical signal
and one sweep.

Pual Trace

A display of two plots produced by two vertical signals
and one sweep. The two signals time-share a single cathode-
ray tube beam.

Dual Sweep

A display of two plots produced by one vertical signal
and two sweeps. Both sweeps operate independently. The
two sweeps time share a single cathode-ray tube beam,

Dual Trace—Dual Sweep

A display of four plots produced by combining two
vertical signals and two sweeps. Each vertical signal is dis-
played against each sweep. Both sweeps operaie indepen-
dently.

Independent Pairs

A display of two plots produced by two vertical signals,
each displayed against its own sweep (LEFT versus B;
RIGHT versus A}. Both sweeps operate independently. This
simutates a dual-beam display for most repetitive combina-
tions.

Delayed Sweep—S3ingle Trace

A display of asingle plot produced by one vertical signal
and a delayed sweep. Two sweeps are used 1o produce this
display; the sweeps are operating with a delaying/delayed
relationship where one sweep (identified as the delaying
sweep) delays the start of the second sweep (identified as
the delayed sweep). This display can be expanded to pre-
sent two piots, produced by one vertical signal displayed
against both the delaying and the delayed sweep.

®
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Delayed Sweep--Dual Trace

A display of two plots preduced by combining two verti-
cal signals and a delayed sweep. Two sweeps are used 1o
produce this display; the sweeps are operating with a
delaying/delayed relationship. Each vertical signal is dis-
played against the delayed sweep. This display can be
expanded to present four plots, produced by displaying
both vertical signals against both the delaying and the
delayed sweep.

XY

A plot of two variables, neither of which represents
time. X refers to the horizontal axis and Y refers to the
vertical axis.

PLUG-IN UNITS

General

The 7704 is designed to accept up to four Tektronix
7-series plug-in units. This plug-in feature allows a variety of
display combinations and also ailows selection of band-
width, sensitivity, display mode, etc. to meet the measure-
ment requirements. In addition, it alows the oscilloscope
system t0 be expanded to meet future measurement
requirements. The overall capabilities of the resultant
system is in large part determined by the characteristics of
the plug-in selecied. A list of the currently available plug-ins
for this instrument along with their maijor specifications, is
given in Section 1. For more complete information, see the
current Tektronix, Inc. catalog.

Instaliation

To install a plug-in unit into one of the plug-in compart-
ments, align the slots in the top and botiom of the plug-in
with the associated guide rails in the plugin compartment.
Push the plug-in unit firmly into the plug-in compartment
until it locks into place. To remove a plug-in, pull the re-
lease latch on the plug-in unit to disengage it and pull the
unit out of the plug-in compartment. Plug-in units can be
removed or installed without turning off the instrument
power,

it is not necessary that all of the plug-in compartments
be filled to operate the instrument; the only plugins
needed are those required for the measurement to be made.
However, at environmental extremes excess interference
may be radiated inic this instrument through the open
plug-in compartments. Blank plug-in panels are available
from Tektronix, Inc. to cover the unused compartments;
order Tektronix Part No. 016-0155-00.

When the 7704 is calibrated in accordance with the cali-
bration procedure given in this instruction manual, the
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vertical and horizontal gain are normalized. This allows
calibrated plugin units to be changed from one plugin
compartment to another without recalibration. However,
the basic calibration of the individual plug-in units should
be checked when they are installed in this system to verify
their measurement accuragy. See the operating instructions
section of the plug-in unit instruction manual for verifica-
tion procedure,

The plug-in versatility of the 7704 allows a variety of
display modes with many differant plug-ins. Specific infor-
mation for obtaining these displays is given under Display
Combinations later in this section. However, the following
information is provided here to aid in plug-in installation.

To produce a singte-trace display, instalt a single-channel
vertical unit {or dual-channel unit set for single-channel
operation} in either of the vertical compartments. For dual-
trace displays, either install a dual-channel vertical unit in
one of the vertical compartments or install a single-channel
vertical unit in each vertical compartment. A combination
of a single-channel and dual-channel! vertical unit allows a
three-trace display; likewise, a combination of two dual-
channel vertical units allows a four-trace display.

For single time-base displays, the fime-base unit can be
placed in either horizonta! compartment. However, for dual
time-base displays, other considerations must be taken into
account. In the ALT position of the VERTICAL MODE
switch and ALT or CHOP position of the HORIZONTAL
MODE switch, the plug-ins in the LEFT VERT and B
HORIZ compartments are displayed together and the
RIGHT VERT and A HORIZ plug-ins are displayed to-
gether (independent-pairs operation), Therefore, the verti-
cal and horizontal units must be correctly mated if a special
display is desired. f delayed sweep operation is desired, a
delaying time-base unit must he instalied in the A HORIZ
{DELAYING TIME BASE} compartment. Any compatible
7B-series unit can be used as a delayed time-base in the B
HORIZ compariment,

X-Y displays can be obtained in two ways with the 7704
system. 1 a 7B-series time-base unit is available which has
an amplifier festurs, the X signai ean either be routed
through one of the vertical units via the internal-trigger
pickoff circuitry to the horizontal system, or connected to
the external horizontal input connector of the time-base
unit. Then, the vertical signal (Y] is connected to the re-
maining vertical unit. Also, a 7 A-series amplifier plug-in can
be installed in one of the horizontal compartments for X-Y
operation,

Special purpose plug-ins may have specific restrictions
regarding the plug-in compartments in which they can bhe
installed. This information will be given in the instruction
manuals for these plugins.
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CONTROLS AND CONNECTORS

General

The major controls and connectors for operation of the
7704 are locaied on the front panel of the instrument.
Several auxiliary functions are provided on the rear panel.
Fig. 2-4 shows the front and rear panels of the 7704. To
make full use of the capabilities of this instrument, the
operator should be familiar with the function and use of
each of these controls and connectors. A brief description
of each control and connecior is given here. More detailed
operating information is given under General Operating
Information.

Cathode-Ray Tube (CRT)

ASTIG Screwdriver adjustment used in
conjunction with the FOCUS con-
trol to obtain a well-defined dis-
play. Does not require readjustment

in normal use.

A INTENSITY Controls brightness of the trace
produced by the plug-in unit in the
A HORIZ (DELAYING TIME
BASE) compartment. Light behind
the ‘A" of A INTENSITY indicates
when this control is operative. Con-
trol is inoperative {light off} when
the A plug-in is not selected for dis-
play by the HORIZONTAL MODE
switch or when the A HORIZ com-
partment is vacant.

FOCUS Provides adjustment for optimum

display definition,

B INTENSITY Controls brighiness of the frace
produced by the plug-in unit in the
B HORIZ compartment. Light be-
hind the ‘B’ of B INTENSITY indi-
cates when the control is operative,
Control is inoperative {light off)
when the B plug-in is not selected
for display by the HORIZONTAL
MODE switch or when the B HORIZ
compartment is vacant.

BEAM FINDER
{(PULL LOCK}

Compresses display within graticule
area independent of display posi-
tion or appiied signals, Momentary
actuation provided when button is

- pressed; display remains com-
pressed when knob is pulled out-
ward to 'lock it in the “find”
‘position,
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Fig. 2-4. Front- and rear-panet eontrols and connectors.
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READOUT

CONTROL 1LLUM

TRACE ROTATION

GRAT ILLUM

Mode Seleciors
VERTICAL MODE

2-6

Controls brighiness of the readout
portion of the CRT display. In the
fully eounterclockwise position, the
Readout System is inoperative.

Controls illumination level of push-
button switches on 7704 and the
associated plug-ins.

OFF: All pushbutton lights off. A
and B INTENSITY lights rermain
at low intensity to provide a
power-on indication.

L.OW: All pushbuttons iHuminated
at low intensity.

HIGH: Pushbuttons iHluminated at
maximum intensity.

Screwdriver adjustment to align
trace with horizontal graticule lines.

Controls graticule illumination.

Selects vertical mode of operation.

LEFT: Signal from plug-in unit in
LEFT VERT compartment is
displayed.

CHOP: Signais from plug-in units in
both LEFT VERT and RIGHT
VERT compartments are dis
plaved. Display switched be-
tween vertical plug-ins at a2 one-
megahertz repetition rate,

ADD: Signals from plug-in units in
both LEFT VERT and RIGHT
VERT compartments are alge-
braically added and the algebraic
sumn displayed on the CRT.

ALT: Signals from plug-in units in
both LEFT VERT and RIGHT
VERT compartments are dis
played. Display switched be-
tween vertical plug-ins after each
sweep except for delayed sweep

A TRIGGER
SCURCE

HORIZONTAL
MODE

operation. Then, the display is
switched between vertical plug-
ins after every second sweep.
When the HORIZONTAL
MODE switch is set to ALT or
CHOP, independent-pairs opera-
tion is provided.

RIGHT: Signat from plug-in unit in
RIGHT VERT compartment is
displayed.

Selects source of internal trigger
signal for the time-base in the A
HORIZ compartment.

VERT MODE: Trigger signal auto-
matically follows the vertical dis-
play except in CHOP {vertical);
then the trigger signal is the
same as for ADD.

LEFT VERT: Trigger signal is cb-
tained from plugin unit in
LEFT VERT compartment.

RIGHT VERT: Trigger signal is ob-
tained from plug-in unit in
RIGHT VERT compartment.

Selects horizontal mode of opera-
tion.

A: Signal from plug-in unit in the A
HORIZ compartment is dis-
played.

ALT: Signals from plug-in units in
both A HORIZ and B HORIZ

- compartments are displayed.
Display switched between hori-
zontal plug-ins at end of each
sweep.

CHOQP: Signals from plug-in units in
both A MHORIZ and B HORIZ
compartments are displayed.
Display switched between hori-
zontal plug-ins at a 0.2-
megahertz repetition rate,

B: Signal from plug-in unit in the B
HOR1Z compartment is dis-
played.



B TRIGGER
SOURCE

VERT TRACE
SEPARATION (B)

Calibrator
CALIBRATOR

RATE

Selects source of internal trigger sig-
nal for the time-base in the B
HORIZ compartment.

VERT MODE: Trigger signal auto-
matically follows the vertical dis-
play except in CHOP {vertical);
then trigger signal is the same as
for ADD,

LEFT VERT: Trigger signal is
obtained from plug-in unit in
LEFT VERT compartment.

RIGHT VERT: Trigger signal is ob-
tained from plug-in unit in the
RIGHT VERT compariment.

Vertically positions the trace pro-
duced by the plug-in unit in the B
HORIZ compartment up to four
divisions with respect to the trace
produced by the plug-in unit in the
A HORIZ compartment
{dual-sweep modes ondy).

Selects amplitude of cutput at CAL
connector. Qutputs available from
four millivolts to 40 volts into high-
impedance Joad, in decade steps; or
from two millivelts to 0.4 volts into
50-ohm load (output into 50 ohms
shown in brackets on panel).

Selects the mode and repetition
rate of the output from the Calibra-
tor.

DC (current only): 40 milliampere
DC current through current
loop. No voltage at CAL connec-
tor.

1 kHz: Calibrator operaies at one-
kilohertz rate, 40-milliampere
square-wave current through cur-
rent loop and square-wave volt-
age (amplitude determined by
CALIBRATOR switch) at CAL
connector.

Qutputs
+SAWTOOTH

+ GATE

CAL

40 mA Current
l.oop

Ground
{not labeled}

S5iG OUT
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B GATE + 2: Calibrator operates at
one-half the repetition rate of
the gate signal from the time-
base unit in the B HORIZ comn-
partment. 40-milliampere
square-wave current through cur-
rent loop and square-wave volt-
age {amplitude determined by
CALIBRATOR switch) at CAL
connector.

DC {volts only}: DC voltage avail-
able at CAL connector (ampli-
tude determined by CALIBRA-
TOR switch). No current
through 40 mA current loop.

Positive-going sample of sawtooth
signal. Internal switch atlows selec-
tion of sawtooth from time-base in
the A HORIZ compartment or the
B HORIZ compartment.,

Positive-going gate signal coincident
with the respective sweep. internal
switch allows selection of one of
three gate signals; A gate from time-
base in A HORIZ compartment, B
gate from timebase in B HORYZ
compartment, or delayed gate from
delaying time-base in A HORIZ
compartment.

Provides positive-going calibrator
output when voltage operation is
selected (see calibrator RATE).

Probe {oop providing calibrator cur-
rent output when current operation
is selected {see calibrator RATE]),

Binding post to establish commeon
ground between the 7704 and any
associated equipment,

Provides output signal from the ver-
tical plug-ins. Source of the output
signal at the SIG QUT connector is
selected by the B TRIGGER
SOQOURCE switch {see B TRIGGER
SOURCE for description of sources
available).
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Power
POWER

Rear Panel

L.ine Selector
{not labeled}

PROBE POWER

Z-AXIS INPUTS

Controis power to instrument.

Switching assembly to select the
nominal operating voltage {115 or
230 volts). The assembly alsc in-
cludes the line input fuses,

Power source for active probe
systems.

Input connectors for intensity mod-

Set-up Information

1. Set the front-panel controls as follows:

ulation of the CRT display.

HiIGH SPEED: Input connector for
high-amplitude Z-axis signals;
usabte from DC to 100 MHz.

HIGH SENSITIVITY: input con-
nector for low-amplitude Z-axis
signals; usable for signals with
repetition rates of DC to 10
megshertz: input voltage de-
rating necessary between 2 and
10 megahertz,

J1078 Nine-pin connector which provides
remote single-sweep reset and ready
indication for the time-base units in
the A HORIZ and B HORIZ
compartments (with compatible
time-base units only} and remote
readout mode and singie-shot read-
out operation,

Cord Wrap
{not labeled}

Feet on rear panel provide a cord
wrap to store the power cord when
not in use.

FIRST-TiME OPERATION

General

The following steps demonstrate the use of the controls
and connectors of the 7704. It is recommended that this
procedure be followed completely for familiarization with
this instrument,
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A INTENSITY Counterclockwise

FOCUS Midrange

B INTENSITY Counterclockwise

BEAM FINDER Released

READOUT OFF

CONTROL 1LLUM OFF

GRAT ILLUM Counterclockwise

POWER OFff

CALIBRATOR 4V

RATE 1 kHz

VERTICAL MODE LEFT

A TRIGGER SQURCE VERT MODE

HORIZONTAL MODE A

VERT TRACE Midrange
SEPARATION (B)

B TRIGGER SOURCE VERT MODE

2. Connect the 7704 to a power source that meets the
voltage and frequency requirements of this instrument. 1§
the available line voltage is outside the limits of the Line
Selector switch (on rear panel), see Operating Voltage in
this section.

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

4, Set the POWER switch to ON. Allow several minutes
warmup so the instrument reaches a normal operating tem-
perature before proceeding.

5. Set both vertical units for a vertical deflection fac-
tor of two volts/division and center the vertical position
controls.

6. Set both time-base units for a sweep rate of 0.6
milliseconds/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 connector to the input of the left
vertical unit with a BNC-to-BNC patch cord {supplied
accessory).



9. Adiust the FOCUS control for a sharp, well-defined
display over the entire trace length, (If focused display can-
not be obtained, see Display Focus in this section.)

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.

11. If the trace is not parallel with the center horizontal
ling, see Trace Alignment Adjustment in this section.

12, Rotate the GRAT 1LLUM control throughout its
range and notice that the graticule tines are illuminated as
the control is turned clockwise (most obvious with tinted
filter installed), Set control so graticule lines are illuminated
as desired.

Calibration Check

13. Connect the CAL connector 1o the input connectors
of both vertical units with the BNC-1o-BNC jumper leads.

14. The display should be two divisions in amplitude
with five complete cycles shown horizontally. An incorrect
display indicates that the plug-ins need to be recalibrated.
See the instruction manual of the applicabie plug-in unit for
complete information.

WVertical and Horizontal Mode

15. Notice that the position controls of only the left
vertical unit and the A time-base unit have any effect on
the displayed trace. Position the start of the trace to the
left line of the graticule with the A time-base unit position
control and move the trace to the upper half of the grati-
cule with the left vertical unit position controt,

16. Press the RIGHT button of the VERTICAL MODE
switch., Also press the B button of the HORIZONTAL
MODE switch. Advance the B INTENSITY control until
the trace is at the desired viewing level {about midrange).

17. Notice that the position controls of only the right
vertical unit and the B time-base unit have any effect on the
displayed trace. Position the start of the trace to the left
graticule fine with the B time-base position control and
move the display to the bottom half of the graticule with
the right vertical unit position control.

18. Press the ALT button of the VERTICAL MODE
switch. Notice that two traces are displayed on the CRT.

@
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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 B time-base unit.
Reduce the sweep rate of the B time-base unit to 50 milli-
seconds/division. Notice that the display alternates between
the left and right vertical plug-ins after each sweep, Turn
the B time-base sweep rate switch throughout its range.
Notice that the display alternates between vertical units at
al! sweep rates.

19, Press the CHOP button of the VERTICAL MODE
switch. Turn the B time-hase 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 B time-base unit sweep rate switch to 0.5 milii-
second/division,

20, Press the ADD button of the VERTICAL MODE
switch, The display should be four divisions in amplitude,
Notice that the position conirol of either vertical unit
moves the display. Return the VERTICAL MODE switch to
the LEFT position.

21. Press the ALT bhutton of the HORIZONTAL MODE
switch. Two traces should be presented on the CRT, I 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 timse-
base unit controls one the 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 b0
milliseconds/division) sweep alternation is evident., Only
one of the traces is presented on the CRT at a time. Return
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 oniy. Likewise, the B INTENSITY control
changes the intensity of the trace produced hy the B time-
base unit only. Return both intensity controls to the
desired level,

22, Press the CHOP button of the HORIZONTAL
MODE switch. Notice that two traces are shown on the
CRT in a2 manner similar to the ALT display. Turn the
sweep rate switches of both time-base units throughout
their range. Notice that two traces are displayed on the
CRT at all sweep rates. Also notice that when both time
base units are set to a slow sweep rate {50 milliseconds/
division or slower}, both traces are visible on the CRT at
the same time. Return the sweep rate swiiches of both time
base units to 0.5 millisecond/division.

23. Set the CALIBRATOR switch to 0.4 V. Press the
CHOP butrton of the VERTICAL MODE switch. Four

29
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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 piug-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/
division. Notice that the vertical deflection produced by the
LEFT VERT unit is displayed at the sweep rate of both the
A HORIZ and B HORIZ time-base units and that the verti-
cal deflection produced by the RIGHT VERT plug-in unit
is also displayed at the sweep rate of both the A HORIZ
and B HORIZ time-base units.

24, 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).

25, 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 fraces is producad by the left vertical unit at the
sweep rate of the B time-base unit and the other trace is
produced by the right vertical unit at the sweep rate of the
A time-base unit. This feature is called indepandent-pairs
operation, and is obtained only when the VERTICAL
MODE switeh is in the ALT position and the HGRI-
ZONTAL MODE switch is in either the ALT or the CHOP
nosition,

Triggering

26. 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
right vertical unit input 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).

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

28. 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 can-
not 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.
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29, The B TRIGGER SOQURCE switch operates in a
similar manner to the A TRIGGER SCURCE switch when
the B time-base unit is selected for display.

Controf illumination

30. Notice that only the light associated with the A
INTENSITY control is illuminated, Sequentially press all
the HORIZONTAL MODE switch buttons and notice the A
or B INTENSITY lights; these lights indicate which inten-
sity control is active. The lights also provide an indication
that the POWER switch is on. Set the CONTROL ILLUM
switch to the LOW position. Notice that the selected push-
buttons of the 7704 and the plug-in units are illuminated.

31. Change the CONTROL ILLUM switch to the HIGH
position. Notice that the selected pushbuttons of the 7704
and the plug-in units are illuminated at maximum intensity.

Readout

NOTE

The following three steps apply only to instruments
equipped with a Asadout System,

32. Turn the READQUT control clockwise until an
alpha-numeric display is visible within the top or bottom
division of the CRT (reset the FOCUS control if necessary
for best definition of the readout). Change the deflection
factor of the vertical unit that is selected for display. Notice
that the readout portion of the display changes as the de-
flection factor is changed. Likewise, change the sweep rate
of the time-base unit which is selected for display. Notice
that the readout dispiay for the time-base unit changes also
as the sweep rate is changed.

33, Set the fime-base unit for magnified operation.
Notice that the readout display changes to indicate the
correct magnified sweep rate. I a readout-coded 10X probe
if availeble for use with the vertical unit, install it on the
input connector of the vertical plug-in, Notice that the de-
flection factor indicated by the readout is increased by 10
times when the probe is added. Return the time-base unit
to normal sweep operation and disconnect the probe.

34, Sequentiaily press all of the VERTICAL MODE
switch butions and the HORIZONTAL MODE bhuttons,
Metice 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,



Beam Finder

35. Set the vertical deflection factor of the vertical plug-
in which is displayed to 0.1 volt/division. Notice that a
square wave display is not visible since the deflection ex-
ceeds the scan area of the CRT.

36. 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,

37. With the BEAM FINDER switch locked in the out-
ward position, increase the vertical and horizontal deflec-
tion factor until the display is reduced to about two divi-
stons vertically and horizontally (when the time-base unit is
in the time-base mode, change only the deflection factor of
the vertical unit). Adjust the position controls of the dis-
played vertical unit and the time-base unit to center the
compressed display about the center lines of the graticule.
Press the BEAM FINDER switch in and release, Notice that
the display remains within the viewing area.

Calibrator

38. Set the RATE switch to the B GATE + 2 position.
Press the A button of the HORIZONTAL MODE switch
and set the B time-base unit for free-running operation
{auto-triggering with level control set so unit is not trig-
gered), Change the sweep rate of the time-base unit in the B
HORIZ compartment and notice that the repetition rate of
the displaved signal changes as the sweep rate is changed.
The repetition rate of the displayad signal is one-half the
repatition rate of the gate signal produced by the B time-
base unit {duration of one cycle approximately 20 times
the setting of the B sweep rate switch). Also notice that the
amplitude of the square wave is adiustable with the CALJ-
BRATOR switch.

38. Set the RATE switch to DC {volts only). Establish a
ground reference level on the CRT {such as center horizon-
tal fine 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.

40. 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 7704
and press the VERTICAL MODE button which will display
this unit. Set the RATE switch to the 1 kMz position. Con-
nect the current probe to the 40 mA current loop {chserve
current direction shown by arrow). Set the deflection
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factor of the current-probe amplifier to display several divi-
sions of the calibrator waveform. Change the setting of the
CALIBRATCOR switch and notice that this has no effect on
the current-amplifier display. Set the RATE switch to the B
GATE +2 position. Notice that the displtay is the same
amplitude as obtained previously, but that the repetition
rate is variable with the B HORIZ sweep rate switch.
Change the RATE switch to the DC (volts only} position.
Notice that there is no current through the current loop as
shown by no deflection on the CRT. The DC {current only)
function can be demonstrated only with a current-probe
that is sensitive to DC current.

Z-Axis Input

41, IT an external signal is available (five volts peak-to-
peak minimumj}, the function of the Z-AXIS INPUTS can
be demonstrated. Remove the BNC cap from the HIGH
SENSITIVITY connector {on rear panel). Connect the ex-
ternal signal to both the input connector of the displayed
vertical unit and the HIGH SENSITIVITY connector. Set
the sweep rate of the displayed time base 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 deflection factor as necessary 1o
produce an on-screen display}). The positive peaks of the
waveform should be bianked out and the negative peaks
intensified. Notice that the setting of the intensity controls
determines the amount of intensity modulation that is
visible.

42. Remove the BNC cap from the HIGH SPEED con-
nector. Disconnect the external signal from the HIGH
SENSITIVITY connector and reconnect it o the HIGH
SPEED connector. Again increase the amplitude of the sig-
nal generator until irace modulation is apparent on the
displayed waveform. Notice that a higher amplitude signal
is necessary to produce trace modulation. Again, the posi-
tive peaks of the waveform should be blanked out and the
negative peaks intensified. Also, notice that the setting of
the intensity controls affects the amount of trace modula-
tion. The major difference between these two methods of
obtaining trace modulation is that the HIGH SENSITIVITY
input is more sensitive, but that the HIGH SPEED input has
a higher usable frequency range. Replace the BNC caps on
both Z-AXIS INPUTS.

43. This compietes the basic operating procedure for
the 7704. Instrument operations not explained here, or
operations which need further explanation are discussed
under General Operating Information.

TEST SET-UP CHART

General

Fig. 2-5 shows the front panel of the 7704. This chart
may be reproduced and used as a test-setup record for
special measuremants, applications or procedures, or it may
be used as a training aid for familiarization with this instru-
ment.
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7704 TEST SET=UP CHART
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SIMPLIFIED OPERATING INSTRUCTIONS

General

The foliowing information is provided to aid in quickly
obtaining the correct setting for the 7704 controis to pre-
sent a display. The operator should be familiar with the
complete function and operation of this instrument as des-
cribed in this section before using this procedure. For
detafled operating information for the plug-in units, see the
instruction manuals for the applicable units.

Singie-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 unit is installed in the
LEFT VERT compartment and the time-base unit is in-
stalied in the A HORIZ compartment. Other compartments
can be used if the following procedure is changed accord-
ingly.

1. Install a 7A-series vertical 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. Set the POWER switch to ON. Allow several min-
utes warmup.

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

8. Set the vertical unit for AC input coupling and cali-
brated deflection factors.

g, Set the time-base unit for peak-to-peak auto mode,
internal triggering at a calibrated sweep rate of one milli-
second/division.

10. Advance the A INTENSITY control until a display
is visible (if display is not visible with A INTENSITY at

®
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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 FOCUS control for well-defined display.

11. Set the vertical deflection factor and vertical posi-
tion control for a display which remains within the grati-
cule area vertically.

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

13. Adjust the time base position controt so the display
begins at the left 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-serigs vertical 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.

6. Set the POWER switch to ON. Allow several min-
utes 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 peak-to-peak auto mode,
internal friggering at a sweep rate of one millisecond/
division.

213
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10. Advance the A INTENSITY control until a display
is 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 horizontal
position controls; release BEAM FINDER). Set FOCUS
control for well-defined display.

11. Set the left vertical unit deflection factor for a dis-
play 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 dis-
play cannot be located, use BEAM FINDER switch). Posi-
tion this display to the bottom of the graticule area with
the RIGHT VERT position control.

14. Press the ALT or CHOP button of the VERTICAL
MODE switch. A dual-trace display of the signa!l from the
LEFT VERT and RIGHT VERT plug-ins should be presen-
ted on the CRT. {For more information on choice of dual-
trace mode, see Dual-Trace Displays in this section).

15. H necessary, adjust the time-base triggering controls
for a stable display.

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

Dual-Sweep Display

The following procedure will provide a dual-sweep dis-
play of a single-trace vertical unit against two time-base
units,

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

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

3. Install 7B-series time-base units in both the A
HORIZ and B HORIZ compartments,

4. Press the A button of the HORIZONTAL MODE
switch.
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5, Press the VERT MOQDE buttons of the A TRIGGER
SOURCE and B TRIGGER SOURCE switches.

6. Set the POWER switch to ON. Allow several min-
utes warmup.

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

8. Set the vertical unit for AC input coupling and cali-
brated deflection factors.

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

10. Advance the A INTENSITY control until a display
is 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 position con-
trol; release BEAM FINDER). Set FOCUS control for weli-
defined display.

11. Set the vertical unit for a display about four divi-
sions in amplitude and move the display to the top of the
graticule area with the vertical position controls.

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

13. Set the A time-base sweep rate for the desired dis-
play.

14. Press the B button of the HORIZONTAL MODE
switch,

15. Advance the B INTENSITY control until a display
is visible {if display is not visible with B INTENSITY at
midrange, press BEAM FINDER swiich 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. I necessary, set the B time-base unit for stable trig-
gering.

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. Adjust the VERT TRACE SEPARATION (B) con-
irol 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 vertical units in both vertical com-
partments,

2. Press the LEFT button of the VERT?CAE. MODE
switch.

3. install 7B-series time-base units in both horizontai
compartments.

4. Pross the B button of the HORIZONTAL DISPLAY
switch.

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

6. Set the POWER switch to ON. Allow several min-
utes 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 hoth time-base units for peak-to-peak auto
mode, internal triggering at a sweep rate of one millisecond/
division.

10. Advance the B INTENSITY control untii a display
is visible {if display s not visible with B INTENSITY at
midrange, press BEAM FINDER switch and adjust the
LEFT VERT deflection factor until display is reduced in
size vertically; then center compressed display with LEFT
VERT position controls; release BEAM FINDER). Set
FOCUS control for well-defined display.

®
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11. Set the LEFT VERT deflection factor for a display
which is about two divisions in ampliitude and position the
display to the top of the graticule area.

12, {f necessary, adjust the B time-base unit triggering
controls for a stable display.

13. Position the start of the frace 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 VERTICAL MODE
switch and the A button of the HORIZONTAL MODE
switch.

15. Advance the A INTENSITY control until a display
is visible (if display is not visible with A INTENSITY at
midrange, press BEAM FINDER switch and adjust the
RIGHT VERT deflection factor until display is reduced in
size vertically; then center compressed display with RIGHT
VERT position control; release BEAM FINDER]}.

16. Set the RIGHT VERT deflection factor for a dis-
play about two divisions in amplitude and position the dis-
play just below the center horizontal line of the graticule.

17. If necessary, adjust the A time-base unit triggering
controls for a stable display.

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 raie for the desired display.

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

20. If necessary, adiust the VERT TRACE SEPARA-
THON (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 dual-trace, dual-
sweep display where the LEFT VERT unit is displayed only
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at the sweep rate of the B time-base unit and the RIGHT
VERT unit is displayed only at the sweep rate of the A
time-base unit.

1. Follow steps 1 ’éhrough 12 of the previous pro-
cedure for Dual-Trace/Dual-Sweep Displays.

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

3. If necessary, adjust the VERT TRACE SEPARA.-
TICN {B} control to separate the two traces. The vertical
deflection produced by the unit in the LEFT VERT com-
partment is displayed at the sweep rate of the time-base in
the B HORIZ compartment, and the vertical deflection pro-
duced by the unit in the RIGHT VERT compartment is
displayed at the sweep rate of the time-base in the A
HORIZ compartment.

Delayed Sweep—Single Trace Display

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

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

2. Be sure the time-base unit instaiied in the A HORIZ
(DELAYING TIME BASE) compartment is 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 man-
ual for the delaying sweep time-base unit to obfain a
delayed-sweep display.

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

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

7. I necessary, adjust the VERT TRACE SEPARA-
TION (B} control to separate the two traces. This display

provides a simultaneous presentation of the delaying (A
HORIZ) time-base unit and the delayed {B HORIZ) time-

base unit.
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Delayed Sweep--Dual Trace

The following procedure will provide a delayed-sweep
display of two single-trace vertical units {four traces dis-
plaved 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) compartment is & delaying time-
base unit.

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

4, Follow the procedure given in the instruetion 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 dis-
play is visible, Only the delayed sweep display of both
vertical traces is shown on this display.

6. Press the ALT or CHOP button of the HORI-
ZONTAL MODE switch.

7. Adijust the vertical position controts and the VERT
TRACE SEPARATION {B) control as necessary to obtain
the desired display.

NOTE

When operated in the delayed-sweep mode, there is
no special display refationship between the vertical
and horizontal plug-in as for independent pairs opera-
tion regardiess of the vertical mode sefected.

X-Y Display

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

NOTE

Some 7B-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. Set the POWER switch to ON. Allow several
minutes warmup.

4, Connect the X-signal to the amplifier unit in the A
HORIZ compartment.

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

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

7. Advance the A INTENSITY control untii 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 posi-
tion controls; release BEAM FINDER).

8. Set the deflection factor of both amplifier units for
the desired display and center the display with the position

constrols. The amplifier unit in the A HOR!Z compartment -

controls the horizontal deflection and the unit in the LEFT
VERT compartment controls the vertical defiection.

GENERAL OPERATING INFORMATION

Intensity Controls

The 7704 has three separate intensity controls. The A
INTENSITY controf determines the brightness of the dis-
play produced by the plug-in in the A HORIZ compart-
ment, Likewise, the B INTENSITY control determines the
brightness of the display produced by the plug-in in the B
HORIZ compartment. The READOUT intensity control
determines the brightness of only the readout portion of
the CRT display.

To protect the CRT phosphor, do not turn the intensity
controls higher than necessary to provide a satisfactory dis-
play. The light filters reduce the observed light output from
the CRT. When using these filters, avoid advancing the
intensity controls too high, When the highest intensity dis-
play is desired, remove the filters and use only the clear
faceplate protector (permanently installed behind bezel).
Apparent trace intensity can also be improved in such cases
by reducing the ambient light or using a viewing hood.
Also, be careful that the intensity controls are not set too
high when changing the time-base unit sweep rates from a
fast to a stow sweep rate, or when changing to the X-Y
mode of operation. This instrument incorporales protection
circuitry which automatically reduces the display intensity
to a lower level when either of the time-base units are set to

®
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a slow sweep rate. This reduces the danger of damaging the
CRT phosphor at these slower sweep rates,

Display Focus

This instrument conitains an automatic-focusing circuit
{above SN B120000 only) which maintains optimum focus
for all intensity settings after correct setting of the FOCUS
controi is established. The easiest way to obtain correct
setting of the FOCUS control is to set the READOUT in-
tensity control so the readout portion of the display is
clearly visible. Then adjust the FOCUS control for best
definition of the readout display. if this instrument does
not contain the Readout System {Option 1), set the
FOCUS control for best definition of a CRT display at low
intensity settings.

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

NOTE

To check for proper setting of the ASTIG adjust-
ment, stowly turn the FOCUS contro! through the
optimum setting. If the ASTIG adjustment is cor-
rectly set, the vertical and horizontal portions of the
display wili come into sharpest focus ai the same
position of the FOCUS control. This setting of the
ASTIG adjustment should be correct for any display.

1. Connect the CAL connector to the input of the
vertical unit with a BNC-t0-BNC jumper lead.

2. Set the CALIBRBATOR 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 midrangs.

6. Adjust the FOCUS conirol 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 parts 6 and 7 for the best overall focus.
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Trace Alignment Adjustment

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

Graticuie-/

The graticule of the 7704 is internally marked on the
faceplate of the CRT to provide accurate, no-parallax meas-
urements. The graticule is divided into eight vertical and ten
horizontal divisions. Each division Is one centimeter square.
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 cali-
brated to the graticule so accurate measurementis can be
made from the CRT. The ilumination of the graticule lines
can be varied with the GRAT ILLUM controf.

Fig. 2-6 shows the graticule of the 7704 and defines the
various measurement lines. The terminology defined here
will be used in all discussions involving graticule measure-
rments.

Light Filter

The tinted filter provided with the 7704 minimizes light
reflections from the face of the CRT to improve contrast
when viewing the display under high ambient light condi-
tions. This filter should be removed for waveform photo-
graphs or when viewing high writing rate displays. To
remove the filter, pull outward on the bottom of the plastic
CRT mask and remove it from the CRT. Remove the tinted
fiiter {leave the metal light shield in place) and snap the
ptastic 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 1o protect the CRT faceplate from scratches.

Tenth
vertical
fine

Center
verfical
line

Second
verfical
line

HEE

ISR FE

Center
harizontal
line

b

Fig. 2-6. Definition of measurement lines on 7704 graticule.
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An optional mesh filter is available for use with the 7704
(included with Option 3}. This filter provides shieiding
against radiated EMI (electro-magnetic interference) from
the face of the CRT. It also serves as a light filter to make
the trace more visible under high ambient light conditions.
The mesh filter fits in place of the plastic CRT mask and
the tinted filter. The filter can be ordered by Tektronix
Part No. 378-0603-00.

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 puled 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 the 7704. Press the BEAM FINDER switch in to
release it from the locked position, To locate and reposition
an overscanned display, use the following procedure:

1. Press the BEAM FINDER switch in {or if desired,
pull it outward to the lock position).

2. While the display is compressed, increase the vertical
and horizontal deflection factors until the vertical defiec
tion is reduced to about two divisions and the horizontal
deflaction 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 cen-
ter lines of the graticule.

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

?ontroi iHumination

5

w¢  The CONTROL ILLUM switch determines the illumina-

tion level of the pushbutton switches on the 7704 and
the associated plug-in units. This switch controls the illu-
mination 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 7704 and the associated plug
ins are off. The A and B INTENSITY lights remain on
at low intensity to provide a power-on indication. In the
LOW position the selected buttons are Hlluminated at low
intensity. This is the recommendad position for the CON-
TROL ILLUM switch, since it provides an adequate indica-
tion 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 ob-
vious even under high ambient light conditions.

NOTE

If the Readout System is not installed i this instru-
ment (Option 1), disregard the following information.
Also, the READCUT control has no effect upon in-
strument operation in this case.

Readout

The Readout System of the 7704 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 char-
acters 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 (instruments above SN 8120000 ondy; see Fig. 2-7),
determines the operating mode of the Readout System.
When this switch is in the Free Run-Remoie position, the
Readout System cperates in a free-running mode to ran-
domly 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 aiso be remotely switched to the
single-shot mode when in this position {see Remote Read-
out for further information}. In the Gate Trig'd position,
the Readout System is locked out so no characters are dis-
olayed during the sweep. At the end of the sweep, the
Readout System is triggered and a complete frame of all

Operating Instructions—7704

applicabie readout words is displayed. The trigger for the
Readout System in the Gate Trig'd position is produced
from the sweep gate selected by the Gate switch (located
on same board as Remote Readout switch) and is the same
as the gate signal connected to the froni-panel + GATE
connector {time-base unit must be instalied in selected hori-
zontal compariment),

The readout information from each plug-in is cailed a
word. Up to eight words of readoui information can be
displayed on the 7704 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.
2.8 shows the area of the graticule where the readout from
each plug-in unit and/or channel is displayed. Notice that
the readout from channel 1 of each plug-in unit is displayed
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
nlug-ins and/or channels which are selected for disptay 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 dispiay readout even
though the compartment is not selected for waveform
display).

An “identify” feature is provided by the Readout Sys-
tem to link the readout word with the originating plug-in
unit and channel (amplifier units only}. When the "iden-
tify” button of an amplifier unit is pressed, the word IDEN-
TIFY appears in the readout location allocated to that plug-
in and channel. Other readout words in the display remain
unchangad. When the “ldentify” button is released, the

Fig. 2-7. Location of Readout mode switch {behind right side panel).
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Fig. 2-8. Location of readout on the CRT identifying the originating
plug-in and channel,
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readout dispiay 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 dis-
play to aiso identify the associated trace when the “'iden-
tify” 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, or when the trace interrup-
tions necessary to display characters do not allow a satis-
factory waveform display to be obtained,

NOTE

If this instrument is to be aperated with the Readourt
System board removed, connect a jumper lead be-
tween pin ZV and pin ZW (Readout Systern chassis).
Failure to make this wiring change will result in
timing error, particularly at fast sweep rates.

Remote Readout

The. operating mode of the Readout System can be
remotely controiled through the rear-panel Remote Control
connector J1075 {for instruments sbove SN B120000
only}. Grounding Pin E inhibits (locks out} the Readout
System; grounding Pin F friggers one complete frame of
applicable readout words {single-shot}). This mode of op-
eration can be used to display the readout independent of
the waveforms, such as for display photography. Reguire
ments for remote readout operation are:

REMOTE READOUT LOCKOUT

Pin of J1075 E

Signal Required Closure fo ground {within 0.1 volt)
from a positive level locks out

Readout System

Maximum current
reqguired

Two milliamperes

Maximum open +2 volts

circuit veltage

Maximurm safe
input voltage

+5 volts, —1 volt {DC + peak AC)

REMOTE SINGLE-SHOT READOUT

Pin of J1075 F
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REMOTE SINGLE-SHOT READOUT ({cont)

Closure to ground {within 0.4 volt)
from a positive level with pin E
grounded aliows Readout System
to display one complete frame,
Rate of change must be at least 0.1
volt/microsecond,

Signal required

Maximum current Three milliamperes

required

Maximum open +10volts

circuit voltage

Maximum safe +10 volis, —~5 volits {DC + peak AC)

input voltage

Display Photography

A permanent record of the CRT display can be obtained
with an oscilloscope camera system, The instruction
manuals for the Tekironix Oscilloscope Cameras include
complete instructions for obtaining waveform photographs.
The following specific information applies to the 7704,

The CRT bezel of the 7704 provides integral mounting
for a Tekironix 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 Tekironix automatic cameras to atlow
camera-controlied single-shot photography {see camera
manual for further information).

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

1. Focus the oscilloscope display and the camera on the
readout portion of the CRT display. The auto-focus feature

in this instrument {above SN B120000 only) will maintain
the traces at optimum focus.

2. Set the READQUT intensity control Tor a minimum
setting that aliows the characters to be written. This nor-
mally occirs at a slightly lower intensity level than is nec-
essary for complete writing of the waveform display. Some
experimentation may be necessary to establish the correct
tevel. Too high a setting of the READQUT 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 (sbove SN
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B120000 only; see Readout for complete operating infot-
mation). 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 photo-
graphed 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 to-
tal possible number of display combinations is further mui-
tiplied by the variety of plug-in units available for use with
this instrument (such as voltage amplifiers, current ampli-
fiers, sampling units, etc.}, the interchangeability of plug-ins
{i.e., an amplifier or timebase unit can be installed in
pither of the vertical or horizontal compartments), 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-channe! modes, in either dual-trace
mode or added algebraically; a delaying time base may be
used either for a normat sweep or for delayed sweep).
Therefore, it is difficult to list all of the display combina-
tions which can occur using the 7704 and the plug-in
units which are available since the display combinations
possibie are dictated by the specific combination of plug-in
units used. Table 2-2 lists the combination of VERTICAL
MODE and HORIZONTAL MODE switch positions avail-
able and the type of display provided with each combina-
tion. For further information on operation in each position
of the VERTICAL MODE and HORIZONTAL MODE
switch positions, see the following sections on Vertical
Mode and Horizontal Mode.

Vertical Mode

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

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

®
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TABLE 2-2

Display Combinations'

VERTICAL HORIZONTAL
MODE Switch MODE Switch
Position |  Position Comments
LEFT A One trace. Vertical deflection
o from single unit; horizontal
B defiection from single unit.
ALT Two traces. Vertical deflec-
tion from single unit; hori-
CHOP zontal deflection from both
units,
ALT A Two traces. Vertical deflec-
tion from both units; hori-
B zontal deflection from single
unit.
ALT Two iraces. Vertica.l deflec-
tion from both units; hori-
CHOP zontal deflection from both
units. Provides independent
pairs operation between the
LEFT VERT and B HORIZ
nlug-ins and the RIGHT
VERT and A HORIZ plug-
ins,
ADD A One trace. Vertical deflection
is algebraic summation of
B hoth units; horizontal deflec-
tion from single unit.
ALT Two traces. Vertical deflec-
tion is algebraic summation
CHOP of both units; horizontal de-
flection 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 hoth
units.
RIGHT A One trace. Vertical deflection
from single unit; horizontal
B 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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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 signais 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
VERT unit is always displayed at the sweep rate of the
time-base unit in the B HORIZ compartment and the
RIGHT VERT unit is displayed at the sweep rate of the
time-base unit in the A HORIZ compartment {non-delayad
sweep ondy). This results in two displays that have com-
pletely independent vertical deflection and sweep rate. This
display is equivalent to the display obtainable with a dual-
beam oscilloscope for most repetitive display combinations.
See Horizontal Mode for information on selection of either
ALT or CHOP horizontal mode. See Trigger Source for
information on obtasining correct trigger operation. If
delayed-sweep operation is used under this condition, a
different sequence of display occurs. First, the LEFT
VERT unit is displayed at the sweep rate of the time-base
unit in 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 VERT unit and it is displayed
consecutively at the delaying and delayed sweep rate.

Chepped Mode. The CHOP position of the VERTICAL
MODE switch produces a display which is electronicaily
switched between channels at a one-megahertz rate. In gen-
erai, the CHOP mode provides the best display at sweep
rates siower than about 20 milliseconds/division or when-
ever dual-trace, single-shot phenomena are to be displayed.
At faster sweep rates the chopped switching becomes ap-
parent 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 SOQURCE switches
are set to VERT MODE, the internal trigger signals from
the vertical plug-ins are algebraically added and the time-
base units are triggered from the resultant signal. Use of the
LEFT VERT or RIGHT VERT trigger source positions trig-
gers the time-base units on the internai trigger signal from
the selected vertical unit only. This allows two time-related
signals to be displayed showing true time relationship. How-
ever, 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,
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the display which provides the trigger signal must precede
the second display in time. Since the signals show true time
refationship, time-difference measurements can be made
from the display.

Algebraic Addition. The ADD position of the VERTI-
CAL MODE switch can be used to display the sum or dif-
ference of two signals, for common-mode rejection to re-
move an undesired signal, or for DC offset (applying a BC
voltage to one channel to offset the DC component of a
signal on the other channel}. The common-mode rejection
ratio hetween the vertical plug-in compartments of the
7704 is greater than 10:1 at 150 megahertz. The rejection
ratio increases to 100:1 at 20 megahertz.

The overall deflection on the CRT in 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 ampli-
tude of the signal applied to one of the plug-ins is known.
This is particularty 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 appfied 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 input voltage 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 factor of
0.5 volts/division, the voltage applied to that plug-in shoulid
not exceed four volts. Larger voltages may result in a dis-
torted 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.

Horizontal Mode

A and B. When either the A or B button of the HORI-
ZONTAL MODE switch is pressed, the display is presented
at the sweep rate of only the selected time-base unit. Set
the applicable intensity controf and trigger source switch
for the desired display.



Alternate Mode. The ALT position of the HORIZON-
TAL MODE switch produces a display which alternates be-
tween time-base units after each sweep on the CRT.
Although the ALT horizontal mode can be used at ali
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 cotrect analysis of the display.

NOTE

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

The A and B INTENSITY controls allow individual ad-
justment of the traces produced by the time-base units in
the A HORIZ and B HORIZ compartments. Correct trig-
gering of both time-base units is essential to ohtaining the
correct display in the ALT horizontal mode. If either of the
time-base units does not receive a correct trigger, and there-
fore, does not produce a sweep, the other unit cannot pro-
duce a sweep either. This means that one time-base unit
cannot begin its sweep until the previous unit has com-
pleted its entire display. This can be avoided if the time-
base units are set for auto-moda triggering {sweep free runs
if not correctly triggered). 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 for complete operation
of the A and B TRIGGER SOURCE switches. Also, see
Vertical Trace Separation for information on positioning
the B HORI!Z display when in the ALT dual-sweep mode.

Chopped Mode. When the CHOP button of the HORI-
ZONTAL MODE switch is pressed, the display is electron-
ically switched between the two time-base units at a 200-
kitoheriz rate. In general, the CHGP horizontal mode pro-
vides the best display when efther of the time-base units is
set 1o a sweep rate slower than about 20 milliseconds/
division. |t aiso 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 ad-
justment of the intensity of the traces produced by the
time-hase units in the A HORIZ and B HORIZ compart-
ments. 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
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is not trigsgered properly. The other trace will be presented
in the normal manner. The A and B TRIGGER SOURCE
switches altow individual selection of the trigger source for
the A HORIZ and B HORIZ time-base units. See the infor-
mation on Trigger Source. Also, see Vertical Trace Separa-
tion for information on positioning the trace produced by
the B HORIZ unit in relation to the trace from the A
HORIZ unit,

Yertical Trace Separation

The VERT TRACE SEPARATION (B} contro! allows
the trace produced by the B MORIZ plug-in to be posi-
tioned about four divisions above or below the trace pro-
duced 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 con-
troi for dual-sweep operation. To use the control, first
establish the desired position of the trace produced by the
unit in the A HORI1Z compartment. Then adjust the VERT
TRACE SEPARATION (B} control to move the trace pro-
duced by the unit in the B HORIZ compartment away from
the A HORIZ display. 1 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 wave-
form cannot be positioned to a unigue area of the CRT.

Trigger Source

The A and B TRIGGER SOURCE switches allow selec-
tion 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 trig-
ger signal is automatically switched as the VERTICAL
MOBE switch is changed or as the display is electronically
switched between the LEFT VERT and RIGHT VERT
plug-ins in the ALT position of the VERTICAL MODE
switch. It also provides a usable trigger signal in the ADD or
CHOP positions of the VERTICAL MODE switch, since the
internal trigger signal in these modes is the algebraic sum of
the signals applied to the vertical phug-in units. Therefore,
the VERT MODE positions ensure that the time-base units
receive a trigger signal regardless of the VERTICAL MODE
switch setting without the need to change the trigger source
selection. However, if correct triggering for the desired dis-
play is not obtained in the VERT MODE position, the trig-
ger source for either the A HORIZ or B HORIZ time-base
unit can be changed 1o obtain the trigger signal from either
the LEFT VERT or RIGHT VERT plug-in. The internal
trigger signal is obtained from the selected vertical compart-
ment 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 irigger sig-
nal must be time-related to the displayed signal in order to
olbytain a triggered {stable) display.
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X-Y Operation

in some applications, it is desirable to display one signal
versus ancther {X-Y)} rather than against time (internal
sweep). The flexibility of the plug-in units available for use
with the 7704 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 opera-
ted as amplifiers in addition to their normal use as time-
base generators. This feature allows an external signal to
provide the horizontal deflection on the CRT. For most of
the time-base units with the amplifier function, the X (hori-
zontal) signal can be connected either to an external input
connector on the time-base unit or it can be routed to the
time-base unit through the internal triggering system (see
time-base instruction manual for details). If the latter
method is used, the A and B 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 signal determines the horizontal deflection
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.

Ancther method of obtaining an X-Y display is 10 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 dis-
play, particularly if two identical amplifier units are used,
since both the X and Y input systems wil have the same
delay time, gain characteristics, input coupling, etc. For
further information on obtaining X-Y displays see the plug-
in unit manuals. Also, the reference books listed under
Apptications provide information on X-Y measuremenis
and interpreting the resuftant lissajous displays.

An optional X-Y delay compensation network is avail-
able for use with the 7704, This network provides close
delay matching between the vertical and horizontal deflec-
tion systems up to two megahertz for use in X.Y applica-
tions which reguire precise phase measurement. The net-
work can be added to the 7704 at any time. Order
Tektronix Part No. 040-0529-00 from your local Tektronix
Field Office or representative for a complete X-Y delay
compensation network; installation instructions are inciu-
ded. '

While the X-Y delay compensation network provides
minimum phase shift between the X and 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. 2-9) is provided for both the A and
B delay compensation networks to allow selection of either
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minimum phase-shift characteristics or optimum step re-
sponse. When the Delay Disable switch is set to In (up),
minimum phase-shift operation is provided as controlled by
the plug-in units in the associated horizontal compartment.
When set 1o the Out {down) position, the X-Y delay com-
pensation network for the applicable horizontal compart-
ment is disabled; the horizontal signal is connected to the
horizontal deflection system with minimum distortion,

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 modu-
lating signal applied to the CRT circuit changes the inten-
sity of the displayed waveform to provide this type of dis-
play. “Gray scale” intensity modulation can be obtained by
applying signals which do not completely blank the display.
Large amplitude signals of the correct polarity will com-
pletely 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.

Time markers applied to the Z-AX!S INPUTS provide a
direct time reference on the display. With uncalibrated hori-
zontal sweep or X-Y mode operation, the time markers
provide a means of reading time directly from the display.
Howaever, if the markers are not time-related to the dis-
played waveform, a single-sweep display should be used (for
internal sweep only) to provide a stable display.

Fig. 2-9. Location of A and B Delay Disable switches {behind right
side panel.
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Two modes of intensity modulation are provided in the
7704. The following discussions list the use and limitations
of each mode.

High Sensitivity tnput. The HIGH SENSITIVITY input
{on rear panel) permits intensity modulation of the CRT
display through the Z-Axis Amplifier circuit. A two-volt
peak-to-peak signal will completely blank the display even
at maximum intensity levels. Lower amplitude signals can
be used to only change the trace brightness rather than
compietely blank the display. Negative-going modulating
signals increase the display intensity and positive-going
modulating signals decrease the display intensity. Band-
width for this mode of intensity modulation is DC to 10
megaheriz {input voltage derating necessary above two
megsheriz}. The maximum input voitage in this mode
should be limited to 15 volts (DC plus peak AC). Since this
input is the most sensitive, it can be used for all aplications
requiring bandwidth of 10 megahertz or less. When the
HIGH SENSITIVITY input is not in use, replace the BNC
cap.

High Speed Input. intensity modulation signals con-
nected to the HIGH SPEED connector {on rear panel} are
connected primarily to the cathode circuit of the CRT. A
60-volt peak-to-peak signal will provide complete blanking
of the display even at maximum intensity settings.
Negative-going modulating signals increase the display in-
tensity and positive-going modulating signals decrease the
display intensity. Bandwidth for this mode is DC to 100
megahertz. Maximum input voliage for signals connected to
the HIGH SPEED input is 60 volts {DC plus peak AC)
Replace the BNC cap when the HIGH SPEED input is not
in use.

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 saw-
tooth signals, This is accomplished in the 7704 by installing
a 7B-series time-base unit in one of the vertical plug-in com-
partments, Normally, the time-base unit in the vertical com-
partment should be set 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 displayed
on the raster using several different methods. In the ADD
position of the VERTICAL MODE switch, the signal from
an amplifier unit can be algebraically added to the vertical
deftection. 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 INPUTS to
provide intensity modulation for the display. This type of
raster display could be used to provide a television-type
display. Complete information on operation using the Z-
axis feature is given under Intensity Modulation.

@
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To provide a stable raster display, both fime-base units
must be correctly iriggered. Internal triggering is not pro-
vided for the time-base units when they are in the vertical
compartments; external triggering must be used. Also,
blanking is not provided from the time-base units when
they are installed in a vertical compartment. To blank out
the retrace portion from the time-base unit in the vertical
compartment, special connections must be made from this
time-base unit to the blanking network of the 7704.

Calibrator

General. The internal calibrator of the 7704 provides a
convenient signal source for checking basic vertical gain and
sweep timing. The calibrator output signal is also very use-
ful 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 exter-
nal equipment,

Voltage. The calibrator provides accurate output volt-
ages at the CAL connector from four miilivolts 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 b0 ohms {shown on front panei
in brackets). The amplitude of the output voltage is selec-
ted by the CALIBRATOR switch. The output voltage is
available at the front-panel CAL connector {note line con-
necting CALIBRATOR switch to output connector).

Current. The current loop provides a 40-milliampere
output current which can be used to check and calibrate
current-measuring probe systems. The current signal is ob-
tained by clipping 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 con-
stant 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
connector and through the current loop. In the 1 kHz posi-
tion, the repetition rate of the calibrator is one kilohertz;
the voltage at the CAL connector is maximum when the
current through the current loop is minimum, and vice
versa. The B GATE +2 position of the RATE switch pro-
vides a variable calibrator repetition rate. In this position,
the repetition rate of the calibrator output signal is one-half
the repetition rate of the gate signal produced by the time-
base unit in the B HORIZ compartment {length of B gate is.
about fen 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 com-
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partment. The calibrator circuit maintains a constant 50%
duty cycle on the output waveform regardless of the repeti-
tion rate (B time base free running). Like the 1 kHz posi-
tion, the output voltage at the CAL connector is maximum
when the current through the current loop is minimum, and
vice versa.

Two positions of the RATE switch select DC operation.
in the DC {current only} position, a constant 40 milli-
ampere UC current is available through the current loop.
There is no voltage output available at the CAL connector
in this position. in the DC (volts only) position, positive DC
voltage levels are available at the CAL cannector; the ampli-
tude of this DC voltage is determined by the setting of the
CALIBRATOR switch. No current output is provided
through the current loop under this condition.

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

Signal Outputs

+ 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. 2-10} allows the cutput sawtooth to be selected from
the time-base unit in either the A HORIZ or B HORIZ
compartments. Rate of rise of the sawtooth output signal is
about 50 miltivolts/unit of time into & 50-ohm load or
about one volt/unit of time into a one-megohm load. Unit
of time is 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
mifliseconds/division, a unit of time is five milliseconds),
The peak output voltage is greater than 500 millivolts into a
50-ohm foad or greater than 10 volis into a one-megohm
load.

+ Gate. The + GATE output connector provides a
positive-going rectangular output pulse from the time-base
units in the horizontal plug-in compartments, The Gate
switeh {iocated behind the right side panel: see Fig. 2-10)
allows the output signal to be salected from the time-base
unit in the A HORIZ compartment, B HORIZ compart-
ment, or the delayed gate from a delaying time-base unit in
the A HORIZ 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 volts into 50 ohms or
about 10 volts into one megohm.
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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 SOURCE switch). In the
VERT MODE position of the B TRIGGER SOURCE
switch, the output signal is determined by the setting of the
VERTICAL MODE switch. The output signal in the LEFT
and RIGHT positions of the VERTICAL MODE switch is
obtained only from the selected vertical unit. In the ALT
position of the VERTICAL MODE switch, the output sig-
nal at the SIG OUT connector switches between vertical
units along with the CRT display. However, the vertical
output signal in the CHOP position is a composite signal
and is the same as obtained in the ADD position due to the
requirements of the triggering system. The LEFT VERT
and RIGHT VERT positions of the B TRIGGER SOURCE
switch provide the vertical output signal only from the
selected vertical unit even when it is not selected for dis-
play. The output voltage into a 50 ohm load is about 25
millivolts/division of CRT display and about 0.5 volts/
division of display into a one-megohm load. The bandwidth
of the output signal is determined by the vertical plug-in
unit which is used {see Systems Specification given in Sec-
tion 1}.

Prohe Power Connectors

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

Fig. 2-10. tecation of Sweep and Gate switches {behind right side
panel),



Remote Connector

The nine-terminal connector J1075 on the rear panel of
the 7704 provides input for remote operation of the instru-
ment and the associated plug-in units. Table 2-3 lists the
function of each terminal of J1075. The mating connector
for J1075 is Tektronix Part No. 134-0049-00 {one mating
connector supplied as standard accessory}. 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 Read-
out Systems (sbove SN B120000 only). Notice that there
are several blank terminals on J1075. These terminals can
be used Tor special remote applications.
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A HORIZ REMOTE READY INDICATOR

Pin of J1075 C

Open or ground when not ready; +5
volts at 47-ohm source impedance
when ready. Output sufficient to
light a No. 49 bulb,

Qutput signal

B HORIZ REMOTE READY INDICATOR
Pin of J1075 D

Open or ground when not ready; +b
volts at 47-ohm source impedance
when ready. Output sufficient to
tight a No. 49 buib.

Qutput signal

TABLE 2-3
Remote Connections
J1075 Terminal Function

A Remote Single-sweep reset
(A and B HOR1Z)

8 Chassis ground

C Remote ready indicator
(A HORIZ}

D Remote ready indicator
(B HORIZ}

E Hemote readout lockout

F Remote single-shot readout

H Neo connection

J No connection

K No connection

Remote Singie-Sweep Reset

Remote single-sweep reset operation can be provided to
7B-series time-base units with compatible features through
rear-panel connector J1075. 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 1075 A

Signal reguired Closure to ground (within -5 to

+0.5 volis) from a positive level.

Maximum current 10 midliamperes.

required

Minimum pulse 10 microseconds at 50% amplitude
width points.

Maximum input
voitage

15 voits {DC + peak AC).

®

Fig. 2-11 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.

Applications

The 7704 Oscilloscope and its associated plug-in units
provide a very flexible measurement system. The capabili-
ties of the overall system depend mainly upon the plug-ins
that are chosen for use with this instrument. Specific appli-
cations 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
gither 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 measure-
ments with this instrument,

Mating connector
for J1075
Normally open relay
or pushbuiton switch 31075
1 Reset to A and B
—-——o/o-—-->A >———  HORIZ
l j compartments
N f
B
| v i I
| |
| NEeN ! . A HORIZ ready
No.49 | Vv i - indication
bulbs
Remote E 1
A Reaty 4/\; ND B HORIZ read
af Y
17 7 indication
Remote i l
B Ready

Fig. 2-11. Typical circuit for remote single-sweep reset opergtion,
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v

The following books describe oscilloscope measurement
technigues which can be adapted for use with this instru-
merit,

Harley Carter, “An Introduction to the Cathode Ray
Oscilloscope™, Philips Technical Library, Cleaver-Hume
Press L.id., London, 1960,

J. Czech, “Oscilioscope Measuring Technigues”, Philips
Technical Library, Springer-Veriag, New York, 1965.

Robert G. Middleton, “Scope Waveform Analysis”,
Howard W. Sams & Co. Inc., The Bobbs-Merrill Company
inc., Indianapolis, 1963.
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Robert G. Middleton and L. Bonald Payne, “Using the
Oscilloscope in Industrial Electronics”, Howard W. Sams &
Co. Inc., The Bobbs-Merrill Company Inc., Indianapolis,
1961.

John F, Rider and Seymour D. Uslan, “Encyclopedia of
Cathode-Ray Oscilloscopes and Their Uses”, John F, Rider
Publisher Inc., New York, 1959.

John F, Rider, “Obtaining and Interpreting Test Scope
Traces”, John F. Rider Publisher Inc., New York, 1959.

Rufus P. Turner, “Practical Oscilloscope Handbook”,
Volumes 1 and 2, John F. Rider Publisher Inc., New York,
1964.
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SECTION 3
CIRCUIT DESCRIPTION

Change information, if any, affecting this section will be found at the rear of the manual.

Introduction

This section of the manual contains a description of the
circuitry used in the 7704 Oscilloscope. The description
begins with a diseussion of the instrument using the basic
block diagram shown in Fig. 3-1. Then, each circuit is
described in detail using detailed block diagrams to show
the interconnections between the stages in each major cir-
cuit and the relationship of the front-panel controls to the
individual stages.

A complete block diagram is located in the Diagrams
section at the back of this manual. This block diagram
shows the overall relationship between all of the circuits.
Complete schematics of each circuit are also given in the
Diagrams section. Refer 1o these diagrams throughout the
following circuit description for electrical wvalues and
refationship.

BLOCK DIAGRAM

General

The following discussion is provided to aid in under-
standing the overall concept of the 7704 before the individ-
val circuits are discussed in detail. A basic block diagram of
the 7704 is shown in Fig. 3-1. Only the basic interconnec-
tions between the individual blocks are shown on this
diagram. Each block represents a major circuit within the
instrument. The number on each block refers to the com-
plete circuit diagram which is located at the rear of this
manual.

Vertical signals to be displayed on the CRT are applied
to the Vertical Interface circuit from both vertical plug-in
compartments., The Vertical Interface circuit determines
whether the signal from the left and/or right vertical unit is
displayed. The selected vertical signal is then amplified by
the Vertical Amplifier circuit to bring it to the level neces-
sary to drive the vertical deflection plates of the CRT. This
circuit also includes an input to produce the vertical por-
tion of an alpha-numeric readout display.

Horizontal signals for display on the CRT are connected
to the Morizontal Interface circuit from both horizontal
plug-in compartments. The X-Y Delay Compensation net-

®

work {optional feature} provides a delay for the horizontal
{X) portion of an X-Y display to match the delay of the
vertical (Y} signal due to the delay line. The Horizontal
Channel Switch determines whether the signal from the A
and/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 pro-
vide the horizontal deflection for the CRT, This circuit also
accepts the Xwsignal from the Readout System to produce
the horizontal portion of the readout display. The Readout
System provides alpha-numeric display of information
encoded by the plug-in units. This display is presented on
the CRT and is written by the CRT beam on a time-shared
basis with the analog waveform display.

The internal trigger signals from the vertical plug-in units
are connected to the Trigger Selector circuit, This circuit
selects the trigger signal which is connected to the horizon-
tal plug-in units. It also provides the drive signal for the
Output Signals circuit to provide an output which is a
sample of the vertical signal. The Qutput Signals circuit also
provides a sawtooth output signal and a gate output signal.
The Calibrator circuit produces a squarg-wave output with
accurate amplitude which can be used to check the calibra-
tion of this instrument and the compensation of probes.
The repetition rate of the output signal is selectable; sither
DC, one kilohertz, or one-half the B gate. This signal is
available as a voltage at the CAL connector and as a current
through the 40 mA current {oop.

The Logic Circuit develops control signals for use in
other circuits within this instrument and the plug-in units.
These output signals automatically determine the correct
instrument operation in relation to the plug-ins installed
and/or selected, plug-in control settings, and 7704 controf
settings. The CRT Circuit contains the Z-Axis Amplifier
which provides the drive signal to control the intensity levet
of the display. The CRT Circuit also contains the controd
necessary for operation of the cathode-ray tube,

The Line to BC Converter/Regulator and Low-Voltage
Regulator circuits provide the power necessary for opera-
tion of this instrument. This voltage is connected to ail
circuits within the instrument. The Controis and Cabling
circuit shows the switching logic of the front-panel con-
trols. It also includes the rear-panel Remote connector and
the output connectors to supply power to active probe
systems.

3-1
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Fig. 3-1. Basic blocik diagram of the 7704 Oscilloscope.

ki

3-2



CIRCUIT OPERATION

General

This section provides a detailed description of the elec-
trical operation and relationship of the circuits in the 7704,
The theory of operation for circuits unigue 1o this instru-
ment is described in detail in this discussion. Circuits which
are commonly used in the electronics industry are not
described in detail. If more information is desired on these
commonly used circuits, refer to the following textbooks
(also see books under Logic Fundamentals):

Tektronix Circuit Concepts Books (order from your
local Tektronix Field Office or vepresentative).

Cathode-Ray Tubes, Tektronix Part No.
062-0852-01,
Horizontal Ampiifier Circuits, Tektronix Part No.
062-1144-00.
Oscitloscope Trigger Circuits, Tektronix Part No.
062-1056-00.
Power Supply Circuits, Tekironix Part No.

062-0888-01.

Sweep Generator Cirguits, Tektronix Part No.
062-1098-00.

Vertical Amplifier Circuits, Tektronix Part No.
062-1145-00.

Phillip Cutler, "“Semiconductor Circuit Analysis”,
McGraw-Hill, New York, 1964,

Lioyd P, Hunter {Ed.), "Handbook of Semiconductor
Electronics”, second edition, McGraw-Hill, New York,
1962.

Jacob Miliman and Herbert Taub, “Pulse, Digital, and
Switching Waveforms”, McGraw-Hill, New York, 1965,

The following circuit analysis is written around the
detailed block diagrams which are given for each major cir-
cuit. These detailed block disgrams 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 individua! stages. The circuit diagrams from which the
detailed block diagrams are derived are shown in the Dia-
grams section.

NOTE

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

Circuit Description—7704

LOGIC FUNDAMENTALS
General

Digital logic techniques are used to perform many func-
tions within this instrument. The function and operation of
the logic circuits are described using logic symbology and
terminology. This portion of the manual is provided to aid
in the understanding of these symbols and terms. The fol-
lowing 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:

Tekironix Circuit Concepts booklet, ““Digital Concepts”,
Tektronix Part No. 062-1030-00.

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

Thomas C. Bartee, “'Digital Computer Fundamentals”,
MeGraw-Hitl, New York, 1966,

Yaohan Chu, "Digitgl Computer Design Fundamentals”,
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 within the 7704 which use
digital technigques is described using the graphic symbols set
forth In military standard MIL-STD-806B. Table 3-1 pro-
vides a basic logic reference for the logic devices used with-
in this instrument. Any deviations from the standard
symbology, or devices not defined by the standard will be
described in the ecircuit description for the applicable
device.

NOTE

Logic symbols used on the diagrams depict the logic
function and may differ from the manufacturer’s
data.

Logic Polarity

All togic functions are described using the positive logic
convention, Positive logic is a system of notation where the
more positive of two levels (H1) is called the true or T-state;
the more negative level {LO) is called the false or O-state.
The HI-LO method of notation is used in this logic descrip-
tion. The specific voltages which constitute a Hi or LO
state vary between individual devices.
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NOTE

The HI-LQ logic notation can be conveniently con-
verted to 1-0 notation by disregarding the first letter
of each state. Thus:

HI =1

LO=0

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, “Display B
Command’’ means that the B Time-Base unit will be dis-
played when this line is Hi or true. Likewise, the line
labeled “X-Compensation Inhibit” means that the X-
Compensation function is inhibited or disabled when this
tine is HI.

Input/Output Tables

Input/output (truth) tables are used in conjunction with
the logic diagrams to show the input combinations which
are of importance to a particutar function, along with the
resultant output conditions. This table may be given either
for an individual device or for a complete logic stage. For
examples of input/output tables for individual devices, see
Table 3-1.

Non-Digital Devices

It should be noted that not all of the integrated circuit
devices in this instrument are digital logic devices. The func-

tion of non-digital devices will be described individually
wsing operating waveforms or other techniques to illustrate
their function,

MAIN INTERFACE

General

Diagram 1 shows the plug-in interface and the intercon-
nections between the plug-in compartments, circuit boards,
etc. of this instrument. The circuitry shown on this diagram
associated with Q24 and Q28 is described in connection
with the Trigger Selector circuit.

LOGIC CIRCUIT

General

The Logic Circuit develops control signals for use in
other circuits within this instrument. These output signals
automatically determine the correct instrument operation
in relation to the plug-ins installed and/or selected, plug-in
control settings, and 7704 control setfings. A block diagram
of the Logic Circuit is shown in Fig. 3-2. This diagram
shows the source of the input control signals, the output
signals produced by this stage, and the basic interconnec-
tions between blocks. The interconnections shown are
intended only to indicate inter-refation between blocks and

TABLE 3-1
Basic Logic Reference
Device Symbol Description Input/Output Table
AND gate A device with two or more inputs input Output
and one output. The output of the A B X
A e AND gate is HI if and ondy if all of
} X the inputs are at the HI state. LO LO LO
B ——— LO Hi LO
H1 LO LO
HI all H1
NAND gate A device with two or more inputs Input Qutput
and one output, The output of the
A NAND gate is LO if and only if all A g X
% of the inputs are at the H| state. LO LO HI
8 WDO—— 1.0 HI Hi
Hi LO HI
Hi Hi LO
OR gate A device with two or more inputs Input OQutput
and one output. The output of the
A OR gate is H! if one or more of the A B X
X inputs are at the HI state. LO LO LO
B :D—- LO HI Hi
Hi LO HI
Hi H1 HI




TABLE 3-1 (cont.}

Basic Logic Reference
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Device Symbol Description Input/Output Table
NOR gate A device with two or more inputs Input Output
and one output. The output of the
A NOR gate is LO if one or more of A B X
X the inputs are at the HI state. LO LO Hi
B LO HI LO
Hi LO L.O
H1 HI LO
fnverter A device with one input and one Input , Output
output, The output state is always A X
A X opposite to the input state. Lo H
HI LO
LO-state A small circle at the input or output
indicator of a symbol indicates that the LO
state is the significant state, Absence
of the circle indicates that the HI
state is the significant state. Two
exampies follow:
AND gate with LO-state indicator
at the A input.
A —) The output of this gate is HI if and Input -Output
X ondy if the A inputis LO and the B
B — input is HI. A B hat
L0 LO LO
LO Hi Hi
H! LO LO
H HI LO
OR gate with LO-state indicator at Input { Output
the A input:
e A inpu A B %
A x The output of this gate is HI if LO LO Hl
B either the A input is LO or the B Lo Hi HI
input is HE. HI LO LO
Hi Hi Hi
Edge symbol Normally superimposed on an input
line to a iogic symbol. Indicates that
this input (usually the trigger input
of a flip-flop} responds to the indi-
cated transition of the applied sig-
nal,
® 35
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TABLE 341 {cont.)

Basic Logic Reference

Device Symbol Description Input/Cutput Table
Triggered A bistable device with one input Input Output
(toggle) Flip- and two outputs {either or both Condition | Condition
Fiop outputs may be used). When trig- bef . .

ore triggeriafter trigger
1 x gered, the outputs change from one Ise ulse
EF stable state to the other stable state pu P
with each trigger. The outputs are X X X X
_‘_‘{: T complementary {i.e., when one ocut- Lo | H GHI Lo
put is Ml the other is LO}. The edge Al | LO JLO [ HI
_ symbol on the trigger (T} input
O prrem X may be of gither polarity depending
on the device,
Set-Clear N " X A bistable device with two inputs input Output
{(J-K) Flip- . o and two outputs (either or both Al sl x | %
Flop cutputs may be used), The outputs
EF - LO | LO § No change
change state in response to the
states at the inputs. The outputs are LO | HI § LO | HI
compiementary {i.e., when one out- Hl LOJ HI 1O
B e i 0 b— X put is Hi the other is LLO), HI | HI | Changes
state
Lriggered Set: A bistable device with th
Clear {3-K 1stanle evice wi reg or
Flip«F‘iJOp’ more inputs and two outputs Input O“tplf
- N— ) — teither or both ocutputs may be A B X X
EF used}. When t{uggered, the outputs LO | LO I No change
. change state in response to the LO I HIE LO | Hi
sta'tes at the inputs pricr to the HE L LOT Hi | Lo
trigger, The Qutputs are HE 1 HI Changes
_ complementary {i.e., when one state
B —K 0F—X output is HI the other is LO). The
edge symbol on the trigger (T) Output conditions shown
input may be of either polarity after triggor pulse
depending on the device.
silrlscfti?:pmzh c For devices with direct-set {Sp) or fnput Output
{may be applied direct-clear (CQ} inputs, thg indi- Al Bl ClDI x| X
to alf triggered Acmdy Sp 9 peee X cated .state at e:the.r of thgse inputs
ffip-fiopé) over-rides ail other inputs{inciuding 1 | [LOJLOY No
EF triggeri to set the outputs to the change !
—-:L— T states shown in the input/output $ || Lo HI ILOTHI
table. $ & |H{LOJHI[LO
B —1Kk c ol X [ d[HITHI T Unde-
D fined

¢ = Has no effect in this

case

! Cutput state determined

by conditions
inputs

at triggered
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do not indicate a direct connection or that only a single
connection is made between the given blocks. Details of the
inter-relation between stages in this circuit are given in the
circuit description which follows. A schematic of this cir-
cuit is shown on diagram 2 at the rear of this manual.

This circuit description for the Logic Circuit is written
with the approach that each of the integrated circuits and
its associated discrete components comprises an individual
stage as shown by the block diagram (Fig. 3-2). The opera-
tion of each of these stages is discussed relating the input
signals and/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 dia-
grams 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 dia-
grams are not an exact representation of the internat struc-
ture 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 cireuit
description and logic diagram. These input/output tables
document the combination of input conditions which are
of importance to perform the prescribed function of an
individual stage.

Horizontal Logic

General. The Horizontal Logic stage performs three
separate logic functions. These functions are; A Sweep
Inhibit, B Sweep Inhibit and Alternate Pulse Generator.
Fig. 3-3 identifies the three individual stages and the input
and output terminals associated with each., Notice that
some of the input levels are used in several or all of the
individual stages.

A Sweep Inhibit. The A Sweep Inhibit stage produces an
output level at pin 14 which determines if the A Time-Base
unit can produce a sweep. If this level is HI, the A Time-
Base unit is locked out (disabled) so it cannot produce a
sweep. If the level is LO, the A Time-Base unit is enabled
and can produce a sweep when triggered.

Only two combinations of input conditions produce an
A Sweep Inhibit level (HI}; if any one of the prescribed
conditions is not met, the A Sweep Inhibit level is LO to
enable the A Time-Base unit. These conditions are:

1. Pin 1 HI-HORIZONTAL MODE switch set to ALT,

A Sweep Inhibit

B Sweap Inhibit

Alternate Pulse

ALT Mode {horiz} 1
A Gate el 2
X-Compensation Inhibit (A Horizontal} ———4
X-Compensation inhibit {B Horizontal} -5
Delayed Mode Control Out 12
B Holdoff ———qi 13
Display B Command —— 16
ALT Mode thoriz) ——d 1~
X-Compensation Inhibit {A Horizontal} -——- 4
K-Compensation inhibit (B Horizontall ———i5
Delayed Mode Control Qut  —J 12
Dispiay B Commang —i 16
KX-Compensation Inhibit {A Horizontal) ——rf ;_ -
X-Compensation Inhibit {B MHorizontal) 5
A Holdoff — 6
B Mode ——7
8 Holdoff —1 @&
A Mode ——10
Delayed Mode Controf Out ———12

stage A Sweep Inhihit

i4
U160A

stage 15 B Sweep Inhibit

U160B

stage 8 Alternate Pulse

u160C

Fig. 3-3. Breakdown of separate stages within Horizontal Logic (U160} showing inputs and outputs for each stage.
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Pin 4 HI—-A Horizontal unit operated in time-base
mode.

Pin 5 Hi—B Horizontal unit operated in time-hase
mode.

Pin 12 LO~A Time-Base unit in independent (non-
delayed} mode.

Pin 16 HI—-B Sweep is being displayed in the
horizontal-aiternate mode.

2. Pin 2 LO—A Time-Base unit s not already producing
a sweep.

Pin 12 HI—A Time-Base unit in delayed mode.

Pin 13 HI-B Time-Base unit has just completed a
sweep and is in holdoff condition.

The first combination disables the A Sweep while the B
Sweep is being displayed in the horizontal ALT mode {both
units must be in time-base mode) if non-delayed operation
is being used. The second combination disables the A
Sweep during delayed-sweep operation so the B Sweep can
complete its holdoff before the next A Sweep begins.

Circuit Description--7704

A logic diagram for the A Sweep Inhibit stage is shown
in Fig. 3-4A. A table of input/output combinations for this
stage is shown in Fig. 3-4B. This table shows the level at
each input for the two combinations that produce a HI
output level,

B Sweep Inhibit. The B Sweep Inhibit stage produces an
output level at pin 15 of UT60B which determines if the B
Time-Base unit can produce a sweep. A HI level at this pin
disables the B Sweep and a LO level provides an enabling
level to the B Time-Base unit. The output at pin 16 is Hi
only under one set of input conditions. These conditions
are:

Pin 1 HI-HORIZONTAL MODE switch set to ALT.
Pin 4 HI-A Horizontal unit operated in time-base mode.
Pin 5 H!—B Horizontal unit operated in time-base mode.

Pin 12 LO-A Time-Base unit in independent {non-
delayed) mode,

Pin 16 LO—A Sweep is being displayed in the horizontal-
alternate mode.

1
ALT Mode (horiz) < I

X-Compensation Inhibit < 4
{A Horizontal)

X-Compensation Inhibit £ 9
{B Horizontal) N

16
Display B Command <—————-—r——

12

Delayed Mode Contrel Out

2
A Gate <

13
B Holdoff

(A) U160A

j > 14~ “ _
~> A p Inhibit

I Output
@ @y
¥ o § / of
s o ,:9 b £
A g 19 & &£ A Sweep
¢ < @ & Inhibit
1 13 16 14
HI @ Hi Hi
] 1.0 e} o Hi Hi D 31
All other combinations k LO
(B} & = Has no effect in this case

Fig. 3-4. {A} Logic diagram for A Sweep Inhibit stage, {B} Table of input/output combinations for A Sweep Inhibit stage.
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These conditions disable the B Sweep while the A Sweep
is being displayed in the horizontal ALT mode (both units
must be in time-base mode) if non-delayed sweep is used.
For any other combination of input conditions, the B
Sweep Inhibit level at pin 156 is LO. However, the inhibit
level to the B Time-Base unit is 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.

Fig. 3-bA shows the logic diagram of the B Sweep
inhibit stage. The gate connected to the output of this stage
is a phantom-OR gate located on the Main Interface dia-
gram {a phantorn-OR gate performs the OR-logic function
merely by interconnection of the two signals). An input/
cutput table for the B Sweep Inhibit stege is shown in Fig,
3-56B.

Alternate Pulse Generator. The third function performead
by U160 is to produce alternate pulses for use by the hori-
zontal and vertical alternate systems. The conditions that
exist at the inputs to the Alternate Pulse Generator stage
determine which time base provides the Alternate Pulse,
The Alternate Pulse is a positive-going pulse (falling edge
only used by following-stages} which is coincident with the

leading edge of the holdoff gate from the time-base units,
The holdoff gate is produced at the end of the sweep by the
respective time-base unit, and differentiated by either C165
or C166 to provide a positive-going pulse to pins § or 9.
The Alernate Pulse is produced at the end of either the A
Sweep or the B Sweep, or both, depending upon the oper-
ating conditions. The following discussions describe the
operation of the Alternate Pulse Generator stage in relation
to various combinations of input conditions that can occur.

1. A {ONLY) MODE

The Alternate Pulse is produced only at the end of the A
Sweep when the HORIZONTAL MODE switch is set to the
A position. The input conditions are:

Pin 4 HI—A Horizontal unit operated in time-base mode,

Pin 6 Hi—Holdoff pulse produced at end of A Sweep,

Pin 7 LO—HORIZONTAL MODE switch set to any posi-
tion excepti B.

Pin 10 HI-HORIZONTAL MODE switch set to A,

Detay Gate from

¥

A Time-Base unit

ALT Mode {horiz) & 1

X-Compensation inhibit
{A Horizontal}

X-Compensation inhibit  /
(B Horizontal} N

Delayed Mode 12 ——()
Control Qut
Display 8 2 16
Command N\

{A) UisoB

Sweep Inhibit
to 8 Time-Base

unit

15 5 .
Vi P

B Sweep Inhibit See Main Interface

f Cutput

B Sweep

inhibit
15
Ht Hi Hi LO LO Hi
All other combinations LO

{8}

Fig. 3-5. (A} Logic diagram for B Sweep Inhibit stage, (B) Table of input/output combinations for B Sweep Inhibit stage.
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2. B {ONLY) MODE—NON-DELAYED

In the B position of the HORIZONTAL MODE switch,
the Alternate Pulse is produced only at the end of the B
Sweep (A Time-Base must be in independent mode), The
input conditions are:

Pin & Hi—B Horizontal unit operated in time-base mode,
Pin 7 HI-HORIZONTAL MODE switch set to B.
Pin 9 HI—Holdoff pulse produced at end of B Sweep.

Pin 10 LO~-HORIZONTAL MODE switch set to any
position except A.

Pin 12 LO~A Time-Base unit in independent (non-
delayed) mode.

3. ALTERNATE OR CHOPPED OPERATION-
NON-DELAYED :

When the HORIZONTAL MODE switch is set to ALT or
CHOP (A Time-Base unit must be in independent mode}, an
Alternate Pulse is produced at the end of each sweep. For
exampls, an Alternate Pulse is produced first 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. The input conditions for this mode of
operation are:

Pin 4 HI--A Horizontal unit operated in time-base mode.
Pin 5 Hi—B Horizontal unit operated in time-base mode.
Pin 6 Hi—Holdoff pulse produced at end of A Sweep’.

Pin 7 LO—HORIZONTAL MODE switch set to any posi-
tion except B.

Pin 9 Hi-Holdoff pulse produced at end of B Sweep’

Pin 10 LO—HORIZONTAL MODE switch set to any
position except A,

Pin 12 LO—A Time-Base unit in independent {non-
delayed} mode,

4. DELAYED SWEEP

When the A Time-Base unit is set for delayed operation,
the operation of the stage is changed so an Alternate Puise
is produced only at the end of the A Sweep even when the
HORIZONTAL MODE switch is set to B, This is necessary
since the A Time-Base establishes the amount of delay time

!Simultaneous HI at pins 6 and 9 are not required; a Hl a1 either
input produces an Alternate Pulse if other conditions are met,

®
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for the B Time-Base whenever it is displayed. The input
conditions for this mode of operation are:

Pin 4 HI—A Horizontal unit operated in time-base mode.
Pin 6 Hi—B Horizontal unit operated in time-base mode.
Pin 6 M1—Holidoff pulse produced at end of A Sweep.

Pin 12 HI—A Time-Base unit in delayed mode.

B. VERTICAL UNIT IN HORIZONTAL COMPARTMENT

When a vertical unit is installed in either of the horizon-
tal plug-in compartments, the Alternate Pulse can be pro-
duced only from the remaining time-base unit. If vertical
units are installed in both horizontal plug-in compartments,
an Alternate Pulse is not produced under normal operating
conditions since there are no time-base units to produce a
holdoff pulse.

NOTE

The conditions of the Alternate Pulse Generator with
vertical units in both horizontal plug-in compart-
ments are such that an Alternate Pulse could be pro-
duced if positive-going pulses are applied to pins 6
and 9. Although not used for normal operation, this
mode may be used in special purpose plug-ins.

6. ONE TIME-BASE REMOVED

If either time-base unit is removed from its compartment
and the compartment is left vacant, an Alternate Pulse can
not be produced. Although the input levels to the Alternate
Pulse Generator stage will allow an output pulse to be
produced by the remaining time-base unii, further
operation is prevented by the A or B Sweep Inhibit stages.

A logic diagram for the Alternate Pulse Generator stage
is shown in Fig. 3-BA. Note the resistors shown connected
to pins 6 and 9 of U160C. These resistors, which are inter-
nal to the device, hold the level at pins 6 and 8 LO unless a
H1i level is applied to the corresponding input. Since the
holdo®f 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 from the respective time base.
Fig. 3-6B shows an input/output table for the Alternate
Pulse Generator stage.

Z-Axis Logic

The Z-Axis Logic stage produces an output current
which sets the intensity of the display on the CRT. The
tevel 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 hori-

3-11



Circuit Description—7704

6
A Holdoff —_F—l(—s—- <
C166
7
B Mode <
Delayed Mode 12 &
Control Qut > .
X-Compensation Inhibit < @
{A Horizontal} Alternate
Pulse
X-Compensation inhibit ¢ 5 8
(8 Horizontall >
Q168
-
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AMode &——O)
k-
B Holdoff —:F—](—*— <
C165
{A) U160C
Input / Output
@
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¥s [ ¢
& s/ 85
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3 0 AT g &
o3 & s £3589
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9 10 12 g2 Horizontal Conditions
0] Hi & A A only
@ H @ Hi Hi! Lo LO B B only
HI H He! LO Hi! LG Lo AandB | ALT or CHOP
HI HI HY S @ Hi A A delays B
HI Lo Hi? L0 LO P A A with vertical unit in B com-
partment.
LO Hil LO <] uit LO LO B B with vertical unit in A com-
partment.
All other combinations No output pulse {LO at output)
& = Has no effoct in this case
f Paositive-going pulse. Where both A and B Holdoff are required to be M1, a Hi at either input produces an Alternate Pulse.
zNegative—going puise.
{8}

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

stage.
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zontal display. The Verticat Chopped Blanking, Horizontal
Chopped Blanking and Readout Blanking are applied to this
stage to block the output current and blank the CRT dis-
play for vertical chopping, horizental chopping, or during a
readout dispiay.

Fig. 3-7 identifies the inputs to the Z-Axis Logic circuit,
This circuit is current-driven at all inputs except pins 5 and
18, The current at pins 1, 2, 9 and 16 is variable from 0 to
4 milliamperes and is determined by the applicable current
source to control the output current at pin 8,

The Vertical Chopped Bianking connected to pin 6, and
the Horizontat Chopped Blanking connected to both pins 6
and 7 through CR145-CR 146, enables or disables this stage
to control all output current. Quiescently, the level at pins
6 and 7 is FlI so that the intensity current from pins 1,2, 9
and 16 can pass to the output. However, pin & goes LO
during Vertical Chopped Blanking and both pins 6 and 7 go
LO for Horizontal Chopped Blanking or during a readout
display. This blocks the output current and the CRT is
blanked. The Vertical Chopped Blanking signal is connected
to pin 6 of U170 directly from pin 4 of U120. The Hori-
zontal Chopped Blanking signal is connected to U170 from
pin 4 of U130 through LR134, 0146 and CR145.CR146
{see diagram 2}. Notice that this signal is connected 1o the
collector of Q146. This transistor is normally operating in
the saturated condition and the HiI Horizontal Chopped
Blanking tevel from U130 is the collector source voltage.
When the Horizontal Chopped Blanking fevel goes LO, the
current through Q146 drops to produce a corresponding
LO level at its emitter, This level is connected to both pins
6 and 7 of U170 through CR145 and CR146.

8 INTENSITY —3 1
A intensified —p 2
B Gate wwp- 4
Delayed Viode Conirol .. 5
Vertical and Horizontal 6
Chopped Blanking —> Z-Axis
inten, Limit; Horiz. Chop. » U170 8 Signal
Blank. and Readout Blank.
External and Auxiliary N
2Z-Axis; Intensity Limit ¢
A Gate —i 14
Pisplay B Command —3= 15
A INTENSITY —16

Fig. 3-7. Input and output pins for Z-Axis Logic stage.

Circuit Description--7704

Q146 also controls the levels at pins 6 and 7 for readout
displays. The Z-Axis Logic OFF Command from the Read-
out Circuit is connected to the base of Q146 through
VR148 and R147. This level is normally Hi so Q146
operates as controlied by the Horizontal Chopped Blanking
level at its collector. When a readout display is to be
presented, the Z-Axis Logic OFF Command drops LO and
this level is coupled to the base of Q146 through VR148
with very little voltage attenuation. Q146 is reverse-biased
to produce a L.O level at its emitter. This level is coupled to
pins 6 and 7 of U170 through CR145 and CR 1486 1o block
the Z-Axis Logic output current during the readout display
{intensity of readout display determined by a separate
Readout Intensity level connected directly to the Z-Axis
Amplifier; see CRT Circuit description). Diode CR147
clamps the emitter of Q146 at sbout —0.6 volts when this
transistor is off. 4

The Intensity Limit input at pins 7 and 8 provides pro-
tection for the CRT phosphor at slow sweep rates or when
the BEAM FINDER switch is actuated. For conditions that
do not require limiting, resistors R140-B141-R142-R143-
R144-R145-R175 establish the operating current at pins 7
and 9. When either of the time-base urits is set tc a sweep
rate which reguires intensity limiting, the junction of R143-
R144-R 145 is connected to ground in the time-base unit.
This drops the current level at pins 7 and 9 1o limit the
output current from this stage. Limiting the output cur-
rent of this stage in turn {imits the maximum trace intensity,
for all CRT displays whenever either of the time-hase units
is set to a sweep rate that requires intensity limiting.
The Max Intensity adjustment R140 is set to provide
optimum writing rate on the CRT when the INTENSITY
controls are set fully clockwise.

The A INTENSITY control sets the output current level
when the A Gate at pin 14 is Hl 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 HI indicating that the B Sweep is being
displayed, the A INTENSITY current is blocked. The
current from the A INTENSITY control {see diagram 12} is
conneacted to pin 16 through R176.

in the delayed mode, current is added to the A INTEN-
SITY current during the A Sweep time to intensify a
portion of the trace, This intensified portion is coineident
with the B Sweep time to provide an indication of the por-
tion of the A sweep which will be displayed in the delayed
mode. The A Intensified current is supplied to pin 2 of
U170 from the A INTENSITY control through R178, With
this configuration, the intensified current increases as the A
INTENSITY control setting is advanced to provide a pro-
portional intensity increase in the intensified zone as the
overall A Sweep intensity increases. Therefore, the intensi-
fied zone is more readily visible at high intensity levels. The
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Display B COM- i

mand —
A INTENSITY é
——————

A Gate /7:@-»- @i—————‘-—
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8 Gate /J;-@—-o- <
Delayed Mode Sy 5
Control Qut ~ _
2 l Z-Axis
A Intensified /ﬁ é‘ D_D* Signal
—— 1 _} Limiter i>
B INTENSITY ,J;@ 4 -
~ -
e e
External and y ;
Auxiliary Z-Axis
intensity Limit
Horizontal
Chopped Blank-
ing and Readout
Blanking Inhibit
Vertical
Chopped Blank-
ing 1nhibit
{A}
f Output
> n
oy
g ?'t” §
i/ & e/
& & o urrent source
= & v‘.\' controlling
o T A Z-Axis Signal
11 ] 1
@ ME [AINTENSITY
HI Ml |BINTENSITY
B Hi (A INTENSITY and
A Intensified
¢ @ @ i ] HE HE HE [ External signal
AH other combinations LO | Mo output signal
LO = Mini ftage or current,
rimum vortage or Lcurrent level, LO = 0 m_A
H1 = Maximum voltage or current. H! = Variable from 0 to 4 mA
(8} & = Has no effect in this case 2Current can be added or subtracted for intensity modulation.
Fig. 3-8. {A) Logic diagram for Z-Axis Logic circuit, {B} Table of input/output combinations for Z-Axis Logic circuit,
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intensified current is added to the A INTENSITY current
to produce an intensified zone on the A Sweep under the
following conditions: Hi A Gate level at pin 14, LO Dis.
play B Command at pin 15, HI B Gate level at pin 4, and Hi
Delayed Mode Control Out level at pin b.

The B INTENSITY contro! determines the output cur-
rent 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 control {see diagram 12} is connected to the
Z-Axis Logic stage through R179.

The current level established by the intensity controls
can be altered by the External and Auxitiary Z-Axis current
tevel at pin 8. The current at this pin can come from the Z
AXIS INPUT connectors on the rear panel through R112 or
from any of the plugin compartments through R110,
R111, R113, or R114. This current either increases or
decreases (depending or polarity) the output current 10
modulate the intensity of the display. Input from the Z
AXIS INPUT connectors 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 CB17b and CR176
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 connectors.

Fig. 3-8A shows a logic diagram of the Z-Axis Logic
stage. Notice the current-driven inputs as indicated by the
current-generator symbols at the associated inputs. An
input/output table for the Z-Axis Logic stage is given in
Fig. 3-8B.

Horizontal Binary

The Horizontal Binary stage produces the Display B
Command to determine which horizontal unit is to be dis-
played on the CRT. When this level is M1, the B Horizontal
unit is displayed and when it is L.O, the A Horizontal unit is
displayed. The Display B Command is used in the following
stages within the Logic Circuit: Horizontal Logic (A and B
Lockout), Z-Axis Logic, and Vertical Binary. In addition, it
is connected to the following circuits elsewhere in the
instrument to indicate which horizontal unit is to be
displayed: Main Interface circuit {A and B Horizontal plug-
in compartments), Vertical Interface circuit {for trace
separation) and Horizontal Interface circuit {for horizontal
channel selection). Fig. 3-9 identifies the junction of the
input pins for this stage. The folowing discussions describe
the operation of the Horizontal Binary stage in each posi-
tion of the HORIZONTAL MODE switch, Notice that the
levels at pins 3, 4, 7, and 10 are determined by the HORI-
ZONTAL MODE switch {see diagram 12}, This switch indi-
cates which horizontal mode has been selected by providing
a HI output level on ondy cne of four output lines; the
remaining lines are LO. Therefore, for U1b{ either pin 3,
pins 4 and 7 (notice that pins 4 and 7 are tied together at

®
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Horizontal Chopped .5 ¢

Bianking
A Mode —3 3
L1850
B Mode -t 4
o - St

B Mode —{ 7

Alternate Pulse —3 8

CHOP Mode {(horiz) —= 10

Fig. 3-9. Input and output pins for Hovizontal Binary stage.

U150}, or pin 10 can be HI and the two unselected lines
from the HORIZONTAL MGODE switch remain LO.

1. AMODE

When the HORIZONTAL MODE swiich is set to A, the
Display B Command is LO to indicate to all circuits that
the A Horizontal unit is to be displayed. The input condi-
tions for A horizontal mode operaiion are:

Pin 3 HI—HORIZONTAL. MODE switch set to A.

Pin 4 and 7 LO—-HORIZONTAL MODE switch set to
any position except B.

Pin 10 LO—HORIZONTAL MODE switch set to any
position except CHOP.

2. BMODE

Selecting the B horizontal mode provides a Hi Display B
Command to atl circuits, The input conditions are:

Pin 3 LO—HORIZONTAL MODE switch set to any posi-
tion except A.

Pin 4 and 7 HI—HORIZONTAL MODE switch set to B.

Pin 10 LO—HORIZONTAL MODE switch set to any
position except CHOP,

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 which switches between
the A and B Horizontal units at a 0.2 megahertz rate. The
repetition rate of the Display B Command in this mode is
determined by the Horizontal Chopped Blanking pulse {see
Chop Counter stage for further information on this pulse).
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Each time the Horizontal Chopped Blanking Pulse at pin 1
drops LO, the output at pin 6 switches to the opposite
state, The input conditions which cause the output to
change states are:

Pin 1 LO—HMorizontal Chopped Blanking pulse generated
by Chop Counter stage goes negative.

Pin 3 LO~HORIZONTAL MODE switch set to any posi-
tion except A.

Pin 4 and 7 LO-HORIZONTAL MODE switch set to
any position except B.

Pin 10 HI—~HORIZONTAL MODE switch set to CHOP,

4. ALT MODE

For ALT horizontal operation, the Display B Command
switches to the opposite state each time the negative por-
tion of the Alternate Pulse is received from the Horizontal

8
Alternate Pulse <——

CHOP Mode £19
{horiz)

Horizontal
Chopped Blank-
ing

i 7
B Mode <
Vs 4
N s ) & \ Display B
A Mode < Command

FF 1

{A} DU1BO
Input f Cutput
¢
Q T
¢ g a5
k<] & O S
o & oD
N & &85
o L g
7 8 [+ Horizontal Display
& FH1 LO LO [ LO LO | A Horizontal unit
LO Hi HE ] LO HiI B Horizontal unit
Lo’ LO L0 LO @ HI n+12 | Chop between A and B
Ly LO LO LO Lo’ LC n+1? | Atternate between A and B
& = Has no effect in this case
n+1 = If output is LO prior to Lo! , it goes HI, and vice versa
! pctuated by negative-going edge.
2 Repetition rate one-half Horizontal Chopped Blanking rate.
{B) 3 Repetition rate one-half Alternate Pulse rate.

Fig. 3-10. {A} Logic diagram for Horizontal Binary stage, (B} Table of input/output combinations for the Horizontat Binary stage.



Logic stage. Repetition rate of the Display B Command in
this mode is one-half the repetition rate of the Alternate
Pulse. The input conditions which cause the output to
change states are:

Pin 3 LO—HORIZONTAL MODE switch set to any posi-
tion except A.

Pin 4 and 7 LO—HORIZONTAL MQODE switch set to
any position except B.

Pin 8 LO—Alternate Pulse generated by Horizontal Logic
stage goes negative.

Pin 10 LO—HORIZONTAL MODE swiich set to any
position except CHOP,

Fig. 3-10A shows a logic diagram of the Horizontal
Binary stage. An input/outpui table showing the conditions
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 dis-
played on the CRT, When this output level is Hi, the Right
Vertical unit is displayed and when it is LO, the Left Verti-
cal unit is displayed. In the ALT or CHOP positions of the
HORIZONTAL MODE switch, {non-detayed operation
only), the output of this stage is slaved to the output of the
Horizontal Binary stage so that the Display Right Com-
mand is always M| when the Display B Command is LO,
and vice versa. This action allows independent-pairs opera-
tion in the ALT position of the VERTICAL MODE switch
and the ALT or CHOP positions of the HORIZONTAL
MODE switch whereby the Left Vertical unit is always dis-
played at the sweep rate of the B Time-Base unit and the
Right Vertical unit at the sweep rate of the A Time-Base
uhit to simulate dual-beam operation for repetitive sweeps.

When the A Time-Base unit is set to the delayed 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) and the B Time-Base unit
(delayed) before the display is switched to the other verti-
cal unit. The Display Right Command is used in the fol-
fowing stages within the Logic Circuit: Plug-In Binary, Ver-

tical Chopped Blanking, and Vertical Mode Control. it is:

also connected to the following circuits elsewhere in the
instrument to indicate which vertical unit is to be displayed
{through Vertical Mode Control stage; ALT vertical mode
only): Main Interface circuit {Left and Right Verticat plug-
in compartments and trigger selection circuitry} and Verti-
cal Interface circuit.

Fig. 3-11 identifies the function of the input pins for the
Vertical Binary stage. This stage uses the same type of

®
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Atlternate Pulse —{ 1

ALY or CHOP Mode U180
{horiz} and not De- ——3- 4
fayed Mode
Display A it 7 6 3 Display Right
Command

Display 8 Command 3 8

A or B Mode ——»{ 10

Fig. 3-11. Input and cutput pins for Vertical Binary stage.

integrated circuit as the Morizontal Binary stage. Notice the

‘Display A level at pin 7. This input is the inverse of the Dis-

play B level at pin 8. Therefore the Display A leve! is always
HI when the Display B level is LO, and vice versa. The fol-
lowing discussions describe the operation of the Vertical
Binary stage in relation to the modes of operation that can
oceur.

NOTE

Although the output at pin 6 of U180 is always con-
trofled by the HORIZONTAL MODE switch as
described here, this level determines the Vertical
Mode Controf level at the collector of Q196 only in
the ALT position of the VERTICAL MODE switch
due to AND gate CR183-CR184. See the discussion
on the Vertical Mode Logic stage in this section for
further information.

1. AOR B MODE

When the HORIZONTAL MODE switch is set to either
A or B, the Display Right Command switches to the op-
posite state each time an Alternate Pulse is received from
the Horizontal Logic stage. Repetition rate of the Display
Right Command in this maode is one-half the repetition rate
of the Alternate Puise, 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 8 is the same as the
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Display A level at pin 7. The Display A level is produced by level so that the Right Vertical unit can be displayed at the
inverting the Display B Command from the Horizontal A Sweep rate are:
Bina tage. Therefore, th titi f th tput . .

vy Stage Ore. e repetition rate of the outpu Pin 4 HI~HORIZONTAL MODE switch set to ALT or

signal is the same as the Display B Command. The result

with the VERTICAL MODE switch set to ALT and the A CHOP with non-delayed sweep.

Time-Base unit set for non-delayed operation is that the . . , .
Right Vertical unit is always displayed at the sweep rate of Pin ; ::I(;MA Sweep is to be displayed (Display B Com-
the ‘A Time-Base unit and the Left Vertical unit at the man '
sweep rate of the B Time-Base unit {independent-pairs Pin 10 LO—-HORIZONTAL MODE switch set to any
operation). The input conditions to provide a Hi output position except A or B.
0182 Display &
Display B P
Command ~N
ALT Mode
{horiz} —
CHOP
Mode
{horiz} Z 4 & 6
Delayed Mode we ai62 N )
Contrel Out Display
Right
Command
- 8 —
1
A Mode EF

B Mode

1
Alternate Pulse é—-——
{A} UiBO

Outpat

§ £
/&

>
3

&

¢

Harizontal Mode

AorB
Display Right [ ALT or CHOP, Non-detayed
H LO HI Lo I LO | Display Left | Mode (Sweep-slaving)
o LO o Lo? LO I a+1% | ALT or CHOP, Delayed Mode

¢ = Has no effect in this case.

n+1 = {f putput is LO prior to LE.'!1 it goes HI, and vice versa,

! pctuated by negative-going edge,

2 Repetition rate one-half Alternate Pulse rate,
(B

3Repetitéon rate one-half Display B rate.

Fig. 3-12. {A) Logic diagram for Vertical Binary stage, (B) Table of input/output combinations for the Vertical Binary stage,
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The input conditions to provide a LO output level so the
Left Vertical unit can 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 10 be displayed (Display B Com-
mand HI},

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

The Display Right Command switchas from Hl to LO
along with the Display A level at pin 7 (inverse of Display B
Command)}. However, notice that the Display Right Com-
mand changes from HI to L.O 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 1o 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 Ml and L.O states at a rate which is
one-half the repetition rate of the Display B Command. The
resultant CRT display in the ALT position of the VERTI-
CAL MODE switch allows the Right Vertical unit to be
displayed first against the A Sweep {(delaying) and then
against the B Sweep (delayed). Then the display switches to
the Left Vertical unit and it is displaved 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 Horizontal
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 shown in
Fig. 3-12A. Several Logic functions in this stage are per-
formed by logic devices made up of discrete components.
The components that make up these logic devices are iden-
tified on the logic diagram, An input/output table for the
Vertical Binary stage is given in Fig. 3-12B.

Piug-In Binary

The Piug-In Binary stage produces the Display Channel 2
Command to provide a Plug-in Alternate Command 1o dual-
trace vertical units. Fig. 3-13 identifies the function of the
input pins for the Plug-In Binary stage. This stage uses the
same type of integrated cireuit as the Horizontal Binary and
Vertical Binary stages.

When the Display Channel 2 Command level is H! and
the vertical plug-ins are set for alternate operation, Channel
2 of the dual-trace unit is displayed. When it is LO, Channel
1 is displayed. The repetition rate of the Display Channel 2
Command is determined by the setting of the VERTICAL

&
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ALT Mode inhibit .

(wert)
U180
) . Display
Display Right __5,.] 7 § fonie- Channel 2
Command Command

Display Right wpm @
Command

Fig. 3-13. 1nput and output pins for Plug-ln Binary stage.

MODE switch, For all positions of the VERTICAL MODE
switch except ALT, the Display Channel 2 Command is the
same as the Display Right Command from the Vertical
Binary stage. Since the Display Right Command was
derived directly from the Display B Command, this allows
the two channels of a dual-trace vertical unii to be slaved o
the time-base units {non-delayed, dual-sweep horizontal
modes only} in the same manner as previously described for
independent-pairs operation between the vertical and time-
base units. The resultant CRT presentation when the dual-
trace unit is set for alternate operation displays the Channel
1 trace at the sweep rate of the B Time-Base unit and the
Channel 2 trace at the sweep rate of the A Time-Base unif.
Input conditions for a 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 Com-
mand and Display B Command HI}.

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

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

Pin 7 HI—A Sweep to be displayed {Display Right Com-
mand and Display B Command LO},

The Display Channel 2 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,
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However, if either or both 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 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 opera-
tion, is as follows (VERTICAL MODE and HORIZONTAL
MODE switches set to ALT): 1. Channel 1 of Left Vertical
unit at sweep rate of B Time-Base unit, 2. Channel 1 of
Right Vertical unit at sweep rate of A Time-Base unit, 3.
Channel 2 of Left Vertical unit at sweep rate of B Time-
Base unit, 4. Channel 2 of Right Vertical unit at sweep rate
of A Time-Base unit. Notice that under these conditions,
both channels of the Left Vertical unit are displayed at the
B Sweep rate and that both channels of the Right Vertical
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 Verti-
cal Binary stage goes negative.

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

Clock Generator

One half of integrated circuit U120 along with the exter-
nal components shown in Fig. 3-15A make up the Clock
Generator stage. R1, Q1, Q2 and Q3 represent an equiva-
lent circuit which is contained within U120A. This circuit

Display Right o> & 7
Command
6 Display

ALT Mode (vert) St < 4 Channel 2
( o Command

ALT Mode Inhibit

Qi9z vert)

1
8 FE
— é—h T
{A) U190

Comments

ALT Vertical Mode

Channel 1 displayed All vertical modes except ALT, provides sweep-

staving for non-delayed dual-sweep operation.

Hi Hi P Hil  [Channel 2 displayed

& = HMas no effect in this case.

n+1 = If output is LO prior to !.01 it goes Hi, and vice varsa.

! Actuated by negative-going edge.

(8) 2Remtition rate ong-hialf Display Right Command rate.

Fig. 3-14. (A} Logic diagram for Plug-in Sinary stage, (B} Table of input/output combinations for the Plug-in Binary stage.
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along with discrete components C117-R116-R117-R118
comprise a two-megahertz free-running oscillator to provide
a timing signal {clock} for vertical, horizontal, and plug-in
chopping.

‘The stage operates as follows: Assume that Q2 is con-
ducting and Q1 is off. The collector current of 02 produces
a voltage drop across R1 which holds Q1 off, This negative
level at the collector of Q2 is also connected to pin 14
through Q3 {see waveforms in Fig. 3-18B at time T4).-Since
there is no current through Q1, C117 begins to charge
towards —15 volts through R116-R117. The emitier of Q1
goes negative as C117 charges until it reaches a level about
0.6 volt more negative than the level at its base. Then, Q1 is
forward biased and its emitter rapidly rises positive {see
time T, on waveforms}. Since C117 cannot change its
charge instantaneously, the sudden change in voltage at the
emitter of Q1 pulls the emitter of 02 positive also, to
reverse-bias it. With Q2 reverse biased, its collector rises
positive to produce a positive output teve! at pin 14,

Now, conditions are reversed. Since Q2 is reverse biased,
there is no current through it. Therefore, C117 can begin to
discharge through R118, The emitter level of Q2 follows
the discharge of C117 until it reaches a level sbout 0.6 volt

Circuit Description—7704

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, C117 begins to charge through R116-R117 to start
the second cycle.

Two outputs are provided from this oscillator. The
Delay Ramp signal from the junction of R116-R117 is con-
nected to the Vertical Chopped Blanking stage. This signal
has the same waveshape as shown by the waveform at pin
13 with its slope determined by the divider ratio between
R116-R117. A square-wave output is provided at pin 14.
The frequency of this square wave is determined by the
overall RC relationship between C117-R116-R117-R118,
and its duty cycle is determined by the ratio of R1168-R117
to R118.

The square wave at pin 14 is connected to pin 16
through C119. €119, along with the internal resistance of
U120A, differentiates the square wave at pin 14 1o 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
which is also part of U120A. The output at pin 15 is a

~ 3 M FrosRanning
5‘ E}scrimtolrmmng _} L T Ty
I | | | | L
| | Pin 13—\ | .
| I |
| | : | I
E E Pin 12
i | 15 | f
] | Clock| ; l |
i | —
E r Pin 14
i ! A -
1 g | | |
| | c119 _ / | /
Pin 16
| SR117 RU18 | a119 f
Delay l : l t ]
Rame | Pin 15
I | Clock I
f
| —1 l | l
. {A} U204 (B}
-5V
Fig. 3-15. {A) Diagram of Ciock Generator stage, (B} ldealized waveforms for Clock Generator stage.
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positive-going Clock pulse at a repetition rate of about two
megahertz,

Vertical Chopped Bianking

The Vertical Chopped Blanking stage is made up of the
remaining half of integrated circuit U120, This stage deter-
mines if Vertical Chopped Blanking puises are required
based upon the operating mode of the vertical system or
the plug-in units {dual-trace units only). Vertical Chopped
Blanking pulses are produced if: 1. VERTICAL MODE
switch is set to CHOP; 2, Dual-trace vertical unit is opera-
ting 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 repeti-
tion 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.

The Delay Ramp signal from the Clock Generator stage
determines the repetition rate and pulse width of the Verti-
cal Chopped Blanking pulses, The Delay Ramp applied to
pin 10 starts to go negative from a level of about +1.1 volts
coincident with the leading edge of the Clock pulse {see
waveforms in Fig. 3-16B}. This results in a HI guiescent
condition for the Vertical Chopped Blanking pulse, The
siope of the negative-going Delay Ramp is determined by
the Clock Generator stage. As it reaches a level slightly
negative from ground, the Vertical Chopped Blanking pulse
output level changes to the LO state. This signal remains
LO until the Delay Ramp goes H! again. Notice the delay
between the leading edge of the Clock pulse generated by
U120A and the leading edge of the Vertical Chopped
Blanking puises (see Fig. 3-16B). The amount of delay
between the leading edges of these pulses is determined by
the slope of the Delay Ramp applied to pin 10, This delay
is necessary due to the delay line in the vertical deflection
system, Otherwise, the trace blanking resulting from the

Vertical Chopped Blanking pulse would not coincide with
the switching between the displayed traces. The duty cycle
of the square wave produced in the Clock Generator stage
determines the pulse widih of the Vertical Chopped
Blanking pulses (see Clock Generator discussion for more
information).

Whenever this instrument is turned on, Vertical Chopped
Bianking pulses are being produced at a two-megahertz rate.
However, these pulses are available as an output at pin 4
only when the remaining inputs to U120B are at the correct
levels. The following discussions give the operating condi-
tions which produce Vertical Chopped Bianking pulses to
blank the CRT during vertical chopping. Fig. 3-16A identi-
fies the function of the pins of U120B,.

1. CHOP VERTICAL MODE

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

Pin 3 HI-VERTICAL MODE switch set to CHOP.

Pin 7 LO-VERTICAL MODE switch set to any position
except ADD,

Pin 10 LO—Delay Ramp more negative than about zero
volts,

2, LEFT VERTICAL UNIT SET FOR CHOPPED MODE

If the Left Vertical unit is set for chopped operation, the
setting of the VERTICAL MODE switch determines
whether Vertical Chopped Blanking pulses are available, If
the VERTICAL MODE switch is set to the CHOP position,
conditions are described in No. 1 above. Operation in the
ADD position of the VERTICAL MODE switch is given

Ty
!
CHOP Mode (vert) —~i 3 Clock, Pin
U120 15 1204 |
Left Plug-In Mode 1208 | ]
{Chop Inhibit) —>7 B L
Display Right U . Delay |
Wertical
Ramp, |
Command 4 p=- Chopped Pi?,";po |
ADD Mode {vert) — 7 Blanking U1208 | 3
!
Right Plug-in Mode .
iy vy medped 8 Verticat
{Chop Inhibit) Chopped |
Blanking, |
Delay Ramp — 10 Pin 4 i
Uizoe | Q
A} B} Delay

Fig. 3-16. {A) Input and output pins for Vertical Chopped Blanking stage, {B) 1dealized waveforms for Vertical Chopped Blanking stage.
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tater. For the LEFT position of the VERTICAL MODE
switch or when the Left Vertical unit is to be displayed in
the ALT mode, Verticai Chopped Blanking puises are avail-
able at all times {two-megahertz} rate}. The input condi-
tions are:

Pin 3 LO-VERTICAL MODE switch set to any position
execept CHOP.

Pin b LO—Left Vertical unit set to chopped mode.

Pin 6 LO~Left Vertical unit to be displayed (Display
Right Command LQO}.

Pin 7 LO~VERTICAL MODE switch set to any position
except ADD.

Pin 10 LO—Delay Ramp more negative than about zero
volts.

Notice that the Display Right Command at pin 6 must
be LO for output pulses to be available at pin 4. This means
that when the VERTICAL MODE switch is set to ALT,
Vertical Chopped Blanking pulses will be produced only
during the time that the Left Vertical unit is to be dis-
played {unless Right Vertical unit is also set for chopped
operation).

3. RIGHT VERTICAL UNIT SET FOR CHOPPED
OPERATION

If the Right Vertical unit is set for the chopped mode,
operation is the same as described above for the Left Verti-
cal unit except that Vertical Chopped Blanking puises are
produced when the VERTICAL MODE switch is set to
RIGHT or when the Display Right Command is Hl in the
ALT mode. The input conditions are:

Pin 3 LO—-VERTICAL MQODE switch set to any position
except CHOP,

Pin 6 HI-Right Vertical unit to be displayed {Display
Right Command HI).

Pin 7 LO—-VERTICAL MODE switch set to any position
except ADD,

Pin 8 LO-Right Vertical unit set to chopped mode.
Pin 10 LO—Detay Ramp more negative than about zero

volts,

4. ADD VERTICAL MODE

When the VERTICAL MODE switch is in the ADD posi-
tion and either or both of the vertical units are operating in
the chopped mode, Vertical Chopped Blanking pulses must

Circuit Description—7704

be available to block cut the transition between the traces
of the vertical units. The input conditions are:

Pin 3 LO—VERTICAL MODE switch set to any position
except CHOP,

Pin 5 LO—Left Vertical unit set to chopped mode (can
be HI if pin 8 is LO).

Pin 7 HI-VERTICAL MODE switch set to ADD.

Pin 8 LO—~Right Vertical unit set to chopped mode (can
be Hi if pin 5 is LO).

Pin 10 LO-Delay Ramp more negative than about zero
volts,

Fig. 3-17A shows a logic diagram of the Vertical
Chopped Blanking stage. Notice the comparator block on
this diagram (one input connected to pin 10}, The output
of this comparator is determined by the relationship be-
tween the levels at its inputs, If pin 10 is more positive (H1}
than the grounded input, the output is H1 also; if it is more
negative (L.OJ, the output is LO. An input/output table for
this stage is given in Fig, 3-178,

Chop Counter

The Chop Counter stage 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 signat for this
stage, The functions of the input and output pins for the
Chop Counter stage are identified in Fig. 3-18BA. 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 cutput signals from this stage
is determined by the setiing of the HORIZONTAL MODE
switch. When the HORIZONTAL MODE switch is set to
any position except CHOP, the repetition rate of the Verti-
cal Chopping Signal output at pin 1 is one megahertz {one-
half Clock rate}. This determines the switching between the
Left and Right Vertical units when the VERTICAL MODE
switch is set to CHOP, At the same time, the repetition rate
of the Plug-In Chop Command at pin 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 sighals
and the Clock input is shown by the waveforms in Fig.
3-18B in the area between T, and T, . During this time, the
levet at pin 4 remains HI.

When the HORIZONTAL MODE switch is set to CHOP,
the basic repetition rate of the Vertical Chopping Signal

323
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CHOP Mods {vert) & 3
Left Piug-In Mode /5 O
{Chop Inhibit}
. O
Display Right 6
Command
7
ADD Mode {vert}
Right Plug-In Mode /8 I
(Chog Inhibit) N 10 4 Vertical
pd Chopped
Delay Ramp N Blant?c'i)ﬁg
t
(A} U120B8 comparator
/ Output
T
&
]
&
Yo
5 .&
&
o
Conditions
CHOP Mede {vert)
Lo LO Lo LO Left Plug-in Chopped
LO (] Hi LO LO LO LO | Right Plug-in Chopped
LO Lo® LO Hi Lo’ LO LO | ADD Mode, Left or Right
Plug-in Chopped
All other combinations Hi No Vertical Chopped Blanking
pulses at output.
@ = Has no effect in this case.
1Ram;:v signal; considered L.O when more negative than about zero volts,
2t\qlf.-gmci\ave-going puise at two megahertz rate.
B}
3’Pin 5 can be Hi and not affect operation if pin 8 is LO, and vice versa.

Fig. 3-17. {A} Logic diagram for Vertical Chopped Blanking stage, {B) Table of input/output combinations for Vertical Chopped Blanking

stage.

and the Plug-in Chop Command is altered. For example, if
the HORIZONTAL MODE switch is changed to the CHOP
position at time T1 {see Fig. 3-18B}, a HI level is applied to
piry 6. This stage continues to produce outputs at pins 1 and
8 in the normal manner until both outputs are at their HI
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 HI
level, the next Clock pulse switches both outputs L.O and at
the same time switches the Horizontal Chopped Blanking to
the LO level. However, this change does not appear at pin 4
immediately due to a delay network in the circuit. The
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delay is necessary so the Horizontal Chopped Blanking
coincides with the Vertical Chopped Blanking produced by
U120A 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 cutput level at pin 4 goes LO where it
remains for about 0.5 microsecond which is equal to the
period of the Clock pulse {two megahertz repetition rate}.
The Horizontal Chopped Blanking time must be fonger 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
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Fig. 3-18. (A} Input and output pins for Chop Counter stage, (B} tdealized waveforms for Chop Counter stage.

at pin 4 i LO, the CRT is blanked and the Veriical
Chopping Signal and the Plug-in Chop Command cannot
change levels, The Clock pulse at T3 changes only the Hori-
zontal Chopped Blanking output at pin 4. The level on this
pin goes HI after the delay time to unbiank the CRT.

For the next three trigger pulses, the Vertical Chopping
Signat output and Plug-In Chop Command cperate in the
normal manner. However, just prior to the fourth clock
puise {time T, ) both outputs are again at their Hi level. The
fourth Clock pulse at T, switches the output at pin 1, pin
8, and pin 4 (after delay) to the 1.0 level to start the next
cycle. Notice that a Horizontal Chopped Blanking pulse is
producad 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
praduced with each five Clock puises {repetition rate two-
fifths Clock rate) and one complete cycle of the Plug-In
Chop Command for every five Clock puises {one-fifth Clock
rate). Notice that the large shaded area produced by the
Horizontal Chopped Bilanking puise {see Fig. 3-18B) is not
part of the display time (CRT display blanked). However,
about the same time segment is displayed from the vertical
signal source with or without Horizontal Chopped Blanking
due to the change in repetition rate when in the CHOP
horizontal mode.

@

The Vertical Chopping Signal at pin T of U130 is con-
nected to the Vertical Mode Logic stage (see following de-
seription) through 1.138-R138. This signal is HI when the
Right Vertical unit is to be displayed and it is LO when the
Left Vertical unit is to be displayed. The Plug-In Chop
Command &t pin 8 is connected to the plug-in units in the
vertical compartments through L138-R136 via the Main in-
terface board. When this signal is HI, Channel 2 of the
plug-in units can be displayed and when this level is LO,
Channel 1 can be displayed. The Horizontal Chopped
Blanking signal at pin 4 is connected through LR134 to the
Horizontal Binary stage U150, and to the Z-Axis lLogic
stage U170 by way of 0146, When this signal is Hi, the
CRT is unblanked to display the selected signal. When it is
L0, the CRT is blanked to allow switching between the
time-base units.

A logic diagram of the Chop Counter stage is shown in
Fig. 3-19. Details of operation for the flip flops (FF) are
shown In Table 3-1 at the front of this section. Use the
waveforms given in Fig. 3-18B along with this diagram.

Verticat Mode Logic

The Vertical Mode Logic stage is made up of discrete com-
ponents CR128-CR138, CR183-CR184, and 194-Q196.
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Fig. 3-19. Logic diagram of Chop Counter stage.

These components develop the Vertical Mode Command
which is conpected to the Main Interface circuit {vertical
plug-in compartments and trigger selection circuitry} and
the Vertical interface circuit to indicate which vertical unit
is to be displayed. When this output level is HI, the Right
Vertical unit is displayed and when it is LO, the Left Verti-
cal unit is displayed.

The VERTICAL MODE switch focated on diagram 12
provides control tevels to this stage. This switch provides a
HI level on only one of five output lines to indicate the
selected vertical mode; the remaining lines are LO {notice
that only four of the lines from the VERTICAL MODE
switch are used on this schematic). Operation of this stage
is as follows:

When the VERTICAL MODE switch is set to RIGHT, a
HI1 level is connected to the base of 0194 through R127.
This forward biases Q184 and the positive-going level at its
emitter is connected to the emitier of Q196. The collector
of Q196 goes Hi to indicate that the Right Vertical unit is
1o be displayed. For the CHOP position of the VERTICAL
MODE switch, a HI level is applied to the anodes of
CR128-CR138 through R128. Both diodes are forward
biased so that the Vertical Chopping Signal from pin 1 of
U130 can pass to the base of Q194. This signal switches
between the Hi and LO levels at a one-megaheriz rate and it
produces a corresponding Vertical Mode Command output
at the coilector of Q196. When the output is HI, the Right
Vertical unit is displayed and when it switches to LO, the
Left Vertical unit is displayed.
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In the ALT position of the VERTICAL MODE switch, a
Hi fevel is applied to the anodes of CR183-CR184 through
R183. These diodes are Torward biased so the Display Right
Command from pin 6 of the Vertical Binary stage can pass
to the base of Q194 1o determine the Vertical Mode Com-
mand level. The Display Right Command switches between
its Hl and L.O levels at a rate determined by the Vertical
Binary stage.

The control levels in the LEFT and ADD positions of
the VERTICAL MODE switch are not connected to this
stage. However, since only the line corresponding to the
selected vertical mode can be HI, the RIGHT CHOP and
ALT lines must remain at their L.O level when gither LEFT
or ADD are selected. Therefore, the base of Q194 remains
LO to produce a LO Vertical Mode Control output level at
the collector of Q196.

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

TRIGGER SELECTOR

General

The Trigger Selector gircuit determines the trigger signal
which is connected to the A and B Time-Base units as con-
trolled by the A TRIGGER SOURCE and B TRIGGER
SOURCE switches, This cireuit also provides the drive sig-
nial for the Vertical Signal Amplifier circuit as controlied by

i)
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Fig. 3-20, Logic diagram of Vertical Mode Logic stage.

the B TRIGGER SOQURCE switch. Fig. 3-21 shows a de-
tailed block diagram of the Trigger Selector circuit along
with a simplified diagram of all the circuitry involved in
selection of the trigger source. A schematic of the Trigger
Selector circuit is shown on diagram 3 at the rear of this
manual. Also see diagrams 1 and 12 for the trigger selection
circuitry not shown on diagram 3.

Trigger Mode and ADD Signals

General. The circuitry shown on the left side of the
simplified diagram in Fig, 3-21 determines the operation of
the A and B Trigger Channel Switch stages. The A TRIG-
GER SOURCE switch S1011 controis the A Trigger
Channel Switch U304 through Q24; the B TRIGGER
SOURCE switch $1001 controls the B Trigger Channel
Switch U324 through Q28. When the front-panel A or B
TRIGGER SOURCE switches are set to the VERT MODE
positions, the setting of the VERTICAL MODE switch
determines the trigger selection. in the LEFT VERT or
RIGHT VERT positions, the trigger signal is obtained from
the indicated vertical unit. The foliowing discussions give
detailed operation in each position of the A and B TRIG-
GER SQURCE switches. It is written assuming that both of
these switches are set to the same position. Howsver, the A
and B TRIGGER SOURCE switches operate independently
to control the operation of the A and B Trigger Channet
Switch. stages respectively, to select the trigger ouiput signal
for the associated time-base unit.

VERT MODBE. In the VERT MQDE position of either
the A or B TRIGGER SOURCE switch, the setting of the
VERTICAL MODE switch determines the operation of the
A and B Trigger Channel Switch stages (A TRIGGER

SOURCE, B TRIGGER SOURCE and VERTICAL MODE
switches shown on diagram 12). in the LEFT position of
the VERTICAL MODE switch, the bases of 024 or 028
{see Main Interface schematic} are connected to ground
through the ALT and RIGHT sections of $1021, CR1022
and CR1027, and 81001 or S1011. This holds Q24 or Q28
reverse biased 1o provide a LO level to pin 4 of U304 and
U324 (see Fig. 3-22).

When the VERTICAL MODE switch is set to ALT, +b
volts is applied to the bases of Q24 or Q28 through
CR1022 and $1001 or S1011. Q24 and Q28 are forward
biased and their emitter level is determined by the Vertical
Mode Command from the Logic Circuit applied to their
collectors. This signal switches between the HI level (Right
Vertical unit to be displayed] and the LO level (Left
Vertical unit to be displayed) at the end of each sweep.
When the Vertical Mode Command is Hi, it provides a
positive collector voltage to 024 and (28, Q24 and Q28
are saturated due to CR1022, and their emitter levals are
very near the collector level. This provides a Hl output level
to the Trigger Channel Switch stages. As the Vertical Mode
Command goes LQO, the collector suppiy for 024 and Q28
also goes negative. 024 and Q28 remain saturated and the
output again follows the collector level to supply a LO
output level to U304 and U324,

For ADD and CHOP vertical mode operation, +5 volts is
connected to pin 14 of U304 and U324 through CR1021 or
CR1023 and S1001 or S1011. At the same time, the base
of Q24 or Q28 is held LO by the ground connection
through the ALT and RIGHT sections of 1021 so the level
at pin 4 of the Trigger Channel Switches is LO also {pro-
duces an ADD mode in Trigger Channel Switches; see
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Fig. 3-21. Simplified schematic of trigger selector circuitry.
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tpin 14 O for all other conditions.

Fig. 3-22. Input tevels at pin 4 of U304 and U324 (source of trig-
gering signatl is shown in parenthesis).

description of these circuits which follows). In the RIGHT
position of the VERTICAL MODE switch, +5 volts is con-
nected to the bases of 024 or 028 through CR1027 and
51001 or 51011 to forward biss these transistors. The
Vertical Mode Command connected to the collectors of
024 and Q28 is also HI in this mode and a H1 output level
is produced at the emitters of 024 or Q28

LEFT VERT. When the LEFT VERT trigger source is
selected, the VERTICAL MODE switch is disconnected
from the trigger selector circuitry. Now, the ground connec-
tion through the RIGHT VERT section of S1001 or 81011
establishes a LO output level at the emitters of Q24 and
028.

RIGHT VERT. In the RIGHT VERT position of the A
or B TRIGGER SOURCE switches, +5 volts is connected to
the emitters of 024 and Q28 through S1011-R23 or
S$1001-R27. This produces a Hi output level to the A and B
Trigger Channe! Switch stages.

A and B Trigger Channel Switch

The A and B Trigger Channel Switch stages determine
which input signal provides the trigger signal to the time-
base units as controlled by the trigger mode and ADD sig-
nals from the trigger selection circuitry. Resistors
R301-R321 and R302-R322 establish the input resistance
of this stage and provide a load for the trigger output of the

I
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Left and Right Vertical plug-in units. Resistors
R303-R304-R305 and R307-R308-R309 establish the oper-
ating Jevels for the A Trigger Channel Switch; R303-R305
and R307-R300 set the current gain for each channel. Re-
sistors R323-R324-R326 and R327-R328-R329 establish
the operating levels for the B Trigger Channel Swiich;
R323-R3256 and R327-R329 set the current gain for each
channel. These stages are made up primarily of integrated
circuits U304 and U324. An input/output table for U304
and U324 is shown in Fig. 3-23, U304-U324 provide a high
impedance differential input for the trigger signal from the
Left Vertical unit at pins 2 and 15 and for the trigger signal
from the Right Vertical unit at pins 7 and 10. The output
signal at pins 12 and 13 is a differential signal. The sum of
the DC current at pins 12 and 13 is always equal 1o the sum
of the DC currents at pins 1, 8, 9 and 16 in all modes. This
provides a constant DC bias to the stages which follow as
the A or B TRIGGER SOURCE switches or the VERTI-
CAL MODE switch are changed.

When the level at pin 4 is L.O (see Trigger Mode and
ADD Signals discussion and Fig. 3-23), the trigger signal
from the Left Vertical unit passes to the output while the
trigger signal from the Right Vertical unit is blocked. A Hi
level at pin 4 connects the trigger signal from the Right
Vertical unit to the output and the trigger signal from the
Left Vertical unit is blocked. For VERT MODE operation
in the ALT position of the VERTICAL MODE switch, the
level at pin 4 switches between the LO and HI level at a rate
determined by the Vertical Binary stage (see Logic Circuit
description). This action obtains the trigger signai from the
Left Vertical unit when the Left Vertical unit is being
displayed and from the Right Vertical unit when this unit is
being displayed.

o~
F
i
Q
g g
g T
N §
’;c e Trigger Qutput Signal
4 14
L0 LO Left trigger signal
HI LG Right trigger signal
Both {added
Lo Hi algebraically)

Fig. 3-23. nput/output table of A and B Trigger Channel Switch
stages.
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When the level at pin 4 is LO and the level at pin 14 is
HI, the trigger signal from both the Left and Right Vertical
units passes to the output pins. This condition occurs only
when the A or B TRIGGER SOURCE switches are set to
VERT MODE and the VERTICAL MODE switch is set to
sither ADD or CHOP, Under this operating mode, the trig-
ger output signal is the algebraic sum of the trigger input
signals from the Left and Right Vertical units to prevent
triggering on the vertical chopping transition or only on one
signal of an added display.

A Trigger Output Amplifier

The trigger output signal at pins 12 and 13 of the A
Trigger Channel Switch is connected io the emitters of
common-base amplifier O314-0316 through R311-R312,
These transistors provide a low-resistance load for the A
Trigger Channel Switch while providing a high output
impedance to the circuits which follow. The signal at the
collectors of 0314 and Q316 is connacted to the A Hori-
zontal unit via the Main Interface circuit. The A Horizontal
unit provides a 50-ohm differential load for this stage, If it
is removed from its compartment, the voltage-swing at the
collectors of 0314-0316 will increase substantiatly.

Vertical Signal Buffer Amplifier

The trigger output signal at pins 12 and 13 of the B
Trigger Channel Switch is connected to the emitters of
common-base amplifier 0334-Q336, The output signal at
the collectors of Q334 and 0336 is connected to the Verti-
cal Signal Amplifier {see Output Signals and Calibrator
description} through R337 and R338. R339 provides a
differential output resistance of about 100 ohms.

B Trigger Output Amplifier

The signal at pins 12 and 13 of the B Trigger Channel
Switch is also connected to the bases of 0344-0Q346 to
provide the internal trigger signal for the B Horizontal unit
{via the Main Interface circuit). This stage provides isolation
between the B Horizontal unit and the Vertical Signal

" Buffer Amplifier stage. The B Horizontal unit provides a

50-ohm differential load for this stage. 17 it is removed from
its compartment, the collector load for 344-Q346 changes
and the voltage swing at their eollectors increases. The
action of this stage prevents this change from affecting the
Vertical Signal Buffer Amplifier stage. CR342-CR346
clamp the collectors of Q344 and G346 at about +0.6 volts

Right Vertical Preamplifier
\/ 0244, Q248, 0254, 0258
Right vertical I

signal from
Right Vertical
unit e

>

L

ADD Mode from
VERTICAL MODE

1

switch .
L Vertical Switching @ - \ - ::er:gfg:,
Vertical Mode Command ) ©202, 0206, 02132, Verticat
from Logic Circuit a216, 0218, Q249, _ Amplifier
™ 0279 ¥ P cireuit
Vertical Channel Switch A )
OFF Command from . A 3 Delay-Line
Readout System Driver
0264, 0294
Left vertical signal from
Left Vertical unit
—
Left Vertical /
Preamplifier
0274, 0278, N ™~
0284, G288 B Mode from HOHRE
ZONTAL MODE switch -
Display B Command from
Logic Circuit Trace Separation
Circuit
VERT TRACE Q222, 0224, Q234,
SEPARATION (B) R231 Q236, 0238

Fig. 3-24, Vertical Interface detailed block diagram.
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to prevent these transistors from saturating under this
no-load condition.

VERTICAL INTERFACE

General

The Vertical Interface circuit selects the vertical deflac-
tion signai from the output of the Left Vertical and/or the
Right Vertical phug-in unit, This stage also accepts an input
from the Readout System to block the vertical signal while
readout information is displayed on the CRT. In addition,
this stage contains the Trace Separation Circuit to shift the
vertical position of the B-Sweep portion of & dual-sweep
display. Fig. 3-24 shows a detailed block diagram of the
Vertical Interface circuit. A schematic of this circuit is
shown on diagram 4 at the rear of this manual.

Vertical Switching

Transistors Q202-0206 and Q212-0216 form differen-
tial amplifiers which determine if the signal from the left
vertical plug-in or the right vertical plug-in, or both, pro-
vides the vertical deflection signal to the Vertical Amplifier.
Transistor Q218 provides a constant voltage source of
about —8.7 volts for the collector circuits of Q202-Q206
and 0212.0216. The operation of this stage is controlled
by the Vertical Mode Command, the ADD Mode signal and
the Vertical Channel Switch OFF Command. Fig. 3-25
shows an input/output table for the overall Vertical Inter-
face circuit to show the output signal for the applicable
input conditions.

f Output

Quiput signal

LO L0 LO f Left vertical sighal

Hi L0 LO | Right vertical signal

Lo Hi LO § Both (added algebraicaliv}
& ¢ Hi Neither (blocked by

Readout System)

& = Has no effect in this case

Fig. 3-25. Input/output table for Vertical interface circuit.

@
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When the VERTICAL MODE switch is set to LEFT, the
Vertical Mode Command is LO. This level allows the bases
of 0202 and 0212 10 go negative so that these transistors
are forward biased. The resulting positive-going change at
the coliectors of Q202 and 0212 produce different results
for the lLeft and Right Vertical Preamplifier stages. The
positive-going signal at the collector of G212 is connected
to the bases of the series transistors Q278-Q288 in the Left
Vertical Preamplifier stage through R212. At the same
time, the other transistor in this differential amplifier,
0216, is reverse biased. The negative level at its collector
reduces the conduction of Q279 to reverse bias shunt
diodes CR279-CR289, As a result, the signal from the Left
Vertical plug-in can pass to tha Delay-Line Driver stage. The
positive-going change at ‘the collector of Q202 forward
biases transistor Q249 and shunt dicdes CR249-CR259 in
the Right Vertical Preamplifier stage. Q206 is reverse biased
and the negative level at its collector holds the series tran-
sistors (0248-0258 reverse biased to block the signal from
the Right Vertical ptug-in, Instead, the signal is shunied
through CR249-CR259 and (249 1o the junction of
R262-R292. This arrangement provides a constant DC
current to the Delay-Line Driver stage as the VERTICAL
MODE switch is changed by providing a signal current
either through the applicable series transistors or an equiva-
lent DC current through the shuni diodes via R262-R292.

in the RIGHT position of the VERTICAL MODE
switch, the Vertical Mode Command is Hi. Now, diodes
CR200 and CR209 are forward biased and the positive
signal at the base of 0202-0212 reverse biases these transis-
tors. The previous conditions are now reversed. The collec-
tor of Q212 is negative so that series transistors 0278-Q288
are reverse biased, At the same time Q216 is forward biased
to hold Q279 and the shunt diodes CR279-CR289 forward
biased also., This action blocks the signal from the Left
Vertical plug-in unit. On the Right Vertical side of the
circuit, the negative level at the collector of Q202 reduces
the conduction of Q249 to reverse bias shunt diodes
CR249-CR259, The positive level at the collecior of Q206
forward biases the series transistors 0248-0268 to allow
the signal from the Right Vertical plug-in unit to pass to the
Delay-l.ine Driver stage.

For either the ALT or CHOP position of the VERTICAL
MODE switch, the Vertical Mode Comwmand switches be-
tween the LO and Hi levels at a rate determined by either
the Chop Counter or the Vertical Binary stages {see Logic
Circuit description}. This action allows the signal from the
Left Vertical unit to be displayed when the Vertical Mode
Command is LO and the signal from the Right Vertical unit
is displayed when the Vertical Mode Command is HI.

When ADD vertical mode operation is selected, a HI
Vertical Mode Command level is applied to the base of
Q202 through R200. The level at the collector of Q202
goes negative to reverse bias the Right Vertical shunt diodes
and the positive level at the collector of Q206 forward
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biases the series transistors to allow the Right Vertical
signal to pass to the Delay-Line Driver stage, At the same
time, the Vertical Mode Command level is LO as deter-
mined by the Vertical Mode Controf stage in the Logic
Circuit. This allows 0212 to conduct to forward bias the
l.eft Vertical series transistors; the shunt diodes are reverse
biased by the negative level at the collector of Q216. There-
fore, the signal from the Left Vertical plug-in unit can pass
to the Delay-Line Driver stage. Now, the signal from both
vertical units is algebraically added by the Delay-Line
Driver stage and the resultant signal determines the vertical
deflection.

The Vertical Channel Switch OFF Command from the
Readout System has final control over the output signal
from this stage. Quiescently, this signal is LO and the signal
from the selected vertical unit can pass to the Delay-Line
Driver stage. However, when the Readout System is ready
to display readout information, the Vertica! Channel
Switch OFF Command goes Hi. Transistor Q212 is reverse
biased through CR210 and Q206 is reverse biased through
R208. This reverse biases the series transistors Q248-Q258
and 0278-Q288 to block the signal from bhoth vertical
units. At the same time the remaining transistor in each
differential amplifier is forward biased to shunt the vertical
signal. Therefore, the signal from neither plug-in unit is
displayed on the CRT and the CRT deflection is deter-
mined by the Readout System,

Left Vertical Preamplifier

The vertical signal from the Left Vertical plug-in unit is
connected to the Left Vertical Preamplifier stage by way of
the strip lines on the Vertical Interconnect board. These
strip lines provide an impedance of 50 ohms. The applied
signal Is amplified by 1transistors Q274-Q284.
C274-C282-R274-R284 in the emitter circuit of
Q274-Q284 provide high-frequency compensation;
C274-R274 are variable to provide high-frequency response
adiustment for this stage. The Left Vertical Centering
adjustment R277 balances the quiescent DC levels at the
output of the Left Vertical Preamplifier stage so the trace
from the Left Vertical unit is displayed at the center of the
CRT when the inputs to this stage are at the same potential.
Transistors Q278-Q288 operste along with the Vertical
Switching stage to determine if the Left Vertical signal is
displayed on the CRT.

Right Vertical Preamplifier

The components in the Right Vertical Preamplifier stage
serve the same function as the corresponding components
in the Left Vertical Preamplifier stage. The only difference
between the two circuits is the presence of the Right Verti-
cal Gain adjustment, R242, in this circuit. The overall gain
of the Vertical Amplifier circuit is set when the Left Verti-
cal signal is displayed. The Right Vertical Gain adjustment
compensates for any differences in gain between the Right
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Vertical Preamplifier stage and the Left Vertical Preampli-
fier stage. Gain is controled by changing the emitter
degeneration between transistors Q244-Q254,

Trace Separation Circuit

The Trace Separation Cireuit provides a variable posi-
tioning voltage to offset the B Sweep display when op- -
erated in either the ALT or CHOP dual-sweep modes (hori-
zontal}. The display B Command from the Logic Circuit
controls the operation of this stage through 0234. When
the B Sweep is being displayed {for ALT or CHOP hori-
zontal operation), the Display B Command is Hi 1o forward
bias O234. The collector of Q234 goss negative to reverse
bias shunt diodes CR233-CRZ34. Under this condition, the
VERT TRACE SEPARATION (B} control determines the
bias at the base of transistors Q236-0238 through
R230-R232 and the series diodes CR230-CR232. The ocut-
put current at the collectors of Q236-0238 is connected to
the Delay-l.ine Driver stage through R261-R291 to offset
the B Sweep display up to about four divisions above or
betow the A Sweep display. This prevents a confusing
display when using dual-sweep operation, as the A and B
Sweeps would be displayed on top of each other without
this feature.

When the Display B Command is LO (A Sweep dis-
played), Q234 is reverse biased and the shunt dicdes
CR233-CR234 are forward biased through R233. This
applies a DC bias of about +5.1 volts to the bases of transis-
tors 0236-Q238 to provide a quiescent DC output current
from this stage to the Delay-Line Driver stage. Since the
series diodes CR230-CR232 are reverse biased, the VERT
TRACE SEPARATION (B} contro! is disconnected while
the A Sweep is being displayed.

Two other signals also control the current through this
stage, When the HORIZONTAL MODE switch is set to B
{only), a Hi level is connected to the base of 0224 through
CR224 and R224. This forward biases Q224 and, since
0224-0234 share emitter resistor R227, transistor Q234 is
reverse biased even though the Dispiay B Command at its
base is Hi for this mode. Therefore, the VERT TRACE
SEPARATION (B} controi has no effect. The Vertical
Channel Switch OFF Command from the Readout System
is connected to the base of 0222 through R221. This signal
is guiescently LO so that Q222 is conducting through R222
to hold Q224 reverse biased by way of R223 {except when
HORIZONTAL MODE switch i in B position described
above}. When the Readout System is ready to display read-
out information, the Vertical Channel Switch OFF Com-
mand goes HI to reverse bias 0222, The base of 0224 goes
positive through R222-R223 and it is forward biased. Now,
Q224 controls conduction and Q234 is off 1o disconnect
the VERT TRACE SEPARATION (B) control, The output
of this stage goes to its quiescent DC level so that the
Readout System has full control of the trace position (see
Readout System description for more information),



Delay-Line Driver

Qutput of the Left Vertical Preamplifier and the Right
Vertical Preamplifier stages, along with any positioning cur-
rent from the Trace Separation Circuit, is connected to the
bases of 0264-02984. This stage provides amplification for
the selected signal as well as providing a reverse termination
for the delay line. Diodes CR264-CR295 decrease the feed-
back resistance for Q264-Q294 as the signal is deflected
towards the edges of the display area. This action reduces
the gain of the stage to compensate for the inherent expan-
sion characteristic of the CRT. The output signal from the
Delay-Line Driver stage is connected to the Vertical Ampli-
fier cireuit through C266-R266 and C296-R296.

VERTICAL AMPLIFIER

General

The Vertical Amplifier circuit provides the final amplifi-
cation for the vertical signal before it is applied to the
vertical deflection plates of the CRT. This circuit inciudes
the delay tine and an input to produce the vertical portion
of a readout display. The BEAM FINDER switch limits the
dynamic range of this cireuit to compress an over-scanned
display within the viewing area of the CRT. Fig. 3-26 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.

Celay tine

The Delay Line DLA00 provides approximately 120
nanoseconds delay for the vertical signal to allow the hori-
zontal circuits time to initiate a sweep before the vertical

Circuit Description--7704

signal reaches the vertical deflection plates of the CRT. This
allows the instrument to display the leading edge of the
signal originating the trigger pulse when using iniernal trig-
gering. The delay line used in this instrument has a charac-
teristic impedarnce of about 50 ohms per side, or about 100
ohms differentially. it is of the coaxial type which does not
produce preshoot or phase distortion in the CRT display,

Buffer Amplifier

The Buffer Amplifier stage Q412-Q416 provides a low
input impedance for the Vertical Amplifier circuit to
permit accurate delay-line termination. C401-R401 and
C408-R408 provide the forward termination for the delay
line. The output signal from the Buffer Amplifier stage is
connected to the First Push-Pull Amplifier stage through
C411-R411-VR411 and C417-R417-VR417. Zener diodes
VR411 and VR417 limit the voltage swing across R411 and
R417 to keep 0412 and 0416 out of saturation. R405 and
the operating bias of 0412-Q418 provide compensation for
thermal distortion produced in 0470-Q476.

For readout displays, the Y-signal from the Readout
System is connected to the emitter of 0412 through R402.
Since the signal from the vertical units is blocked in the
Yertical Interface circuit, the readout signal provides the
only vertical deflection, Although this signal is connected
1o the emitter of Q412 as a single-ended signal, it is con-
verted to a push-pull signal in the following stages.

First Push-Puil Amplifier

04340442 and (436-C444 are connected as a push-
pull cascode amplifier stage. The network C426-L421-

BEAM FINDER

34554

\

1Y
Wertical
Vertical signal % > \ - \ o \\ - \ s Defiection
from Vertical Detay Line Signat to
interface {~ 120 ns) vertical
cireuit pLaco o . defiection
g > d plates of
— ﬁ
Y signal from First Push- Second Push- Qutput Push-
Readout System Buf Pull Amplifior  Pull Amplifier  Pull Amplifier
Amplifier 0434, 0438, Q454, 0456,  Q470, Q476,
Q412, 0416 Q442, Q44 Q466, Q468 Q480, Q482

Fig. 3-26, Vertical Amplifier detailed block diagram.
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L422-1.423-R420-R421-R422-R423-R424-R425-R426 pro-
vides compensation for the delay line. R421-R422-R423 in
this network are adjustable to provide mid-frequency com-
pensation. C430-R430, connected between the emitiers of
0434-0436 provide high-frequency compensation adiust
ment for this stage. The network CR431-CR432-RT433
provides thermal compensation for this stage. As the tem-
perature increases, the resistance of RT433 decreases and
the capacitance of varaciors CR431-CR432 increases. The
output signals at the collectors of 0434-0Q436 are connec-
ted to the common-base transistors Q442-Q444 through
C435-R435-R436 and C43B-R437-R438. The low input
resistance of the Q442-0444 common-base transistors
atlows this stage to provide maximum high-frequency per-
formance, The Vertical Centering adjustment R443 bal-
ances the gquiescent DC levels in the Vertical Amplifier
circuit so the trace is displayed at the center of the CRT
when the inputs to this circuit are at the same poten-
tial. The output signal from the First Push-Pull Amplifier
stage is connected to the next stage through C447-1447
and C448-L448. Zener diode VR449 establishes a collector
source voltage of about —8.2 volts for Q442-0444,

Second Push-Pull Amplifier

The Second Push-Pull Amplifier, Q454.-0Q466 and
Q456-0468 operates in the same manner as the previous
stage. The main difference between the stages is the com-
pensation networks and the BEAM FINDER switch located
in this circuit. C458-R458 in the emitter circuit of
Q454-Q456 provides adjustable high-frequency compensa-
tion for this stage.

The BEAM FINDER switch S45bA switches the emitier
current source for Q454-0486 to provide the heam finder
function. Normally, the emitter current for Q454-0456 is
supplied through S4B5A-1 452, However, when S455A is
pressed in, the current source through L452 is interrupted
and the only emitter-current source for Q454.0456 is
through R451. This limits the dynamic range of this stage
by limiting its current, so the display is compressed verti-
cally within the graticule area, The BEAM FINDER switch
can also be pulled out to lock it in the “Find” position to
aid in locating the traces of several plug-in units.

The signal at the collectors of 0454-0456 is connected
to the common-base ftransistors (Q466-0468 through
C460-R460-R461-R462 and (C465-R463-R464-R465.
Transformer T466 reduces the common-mode signal com-
ponents in the push-pull signal applied to the following
stages. The output signal from this stage at the collectors of
(466-0468 is connected to the Qutput Push-Pull Amplifier
through VR467-VR469 and L.C networks C470-L470 and
C471-L471. VR4G7-VR469 provide DC voltage matching
without appreciable current loss. The Vertical Gain adjust-
ment R4B88 sets the resistance between the bases of
Q470-0476 in the following stage to control the current
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gain of this stage. This adjustment sets the overall gain of
the Vertical Amplifier stage,

Output Push-Puil Ampiifier

Q470-Q480 and Q476-Q482 operate in the same manner
as the previous stages to provide amplification for the verti-
cal deflection signal. The output signal from this stage pro-
vides the vertical deflection on the CRT. C472 and ther-
mistor RT472 provide frequency compensation to maintain
high-frequency response with temperature changes. Ther-
mistor RT480 and R480 provide gain compensation with
changes in temperature. The output signal is connected to
the vertical deflection plates of the CRT through buffer
transistors 0Q480-0482. A distributed deflection plate
system is used in this instrument for maximum freguency
response and sensitivity. The output signal at the collectors
of Q480-0482 is connected to the integral inductors in the
CRT and then to the deflection-piate termination network
C483-1.481-L483-R483-R485 and C484-1.482-
L484-R484-R487. As the signal passes through the integral
inductors in the CRT, its velocity is essentially the same as
the velocity of the electron beam passing between the verti-
cal deflection plates. This synchronism of the deflection
signal and the electron beam reduces the loss in high-
frequency sensitivity due to electron transit time through
the deflection plates. Inductors L.483-L484 and capacitors
C483-C484 are adjusted to minimize signat reflections by
providing the carrect termination for the vertical deflection
plate structure.

HORIZONTAL INTERFACE
General

The Horizontal Interface circuit is made up of the X-Y
Delay Compensation Network and the Horizontal Channel
Switch stage. The X-Y Delay Compensation Network pro-
vides a delay for the horizental (X} 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 Horizonial and/or the B Horizontal plug-in
unit. Fig. 3-27 shows a detailed block diagram of this ¢ir-
cuit. A schematic of this circuit is shown on diagram 6 at
the rear of this manual,

K-Y Delay Compensation

Time-Base Operation. When the plug-in unit instatled in
the A or B horizontal compartment is operated as a stand-
ard time-base unit to produce a horizontal sweep for deflec-
tion of the CRT beam, the A or B Delay Compensation
Networks are effectively disabled. The X Compensation
Inhibit command is HI and refays K560-K80 or K70-K80 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 detay,
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Display B
Command
from Logic
Horizontal Channel Switch Circuit
OFF Command from Readout
Horizontat » System
Signal from A Delay
A Horizontal  wwssryd  Compensation
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X-Compensation Inhibit K50  K&0
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Fig. 3-27. Horizontal Interface detailed block diagram.

X-Y QOperation. If the time-base unit installed in the A
or B horizontal compartment is operated as an amplifier or
if a vertical unit is installed in a horizontal compartment,
the X Compensation Inhibit command to the applicable
Delay Compensation Network drops to the LO level {zero
volts), This provides an actuating level 1o relays Kb0-K60 or
K70-K80 to connect the Delay Compensation Network into
the circuit. For example, if the X Compensation Inhibit
command from the A Horizontal Unit goes LO, KbO and
K60 close to route the A Horizontal Signal through the A
Delay Compensation Network. Diodes CR50 and CR70
shunt the voltage produced across the refays when the
actuating level Is removed. LR networks L51-Rb51 and
L.61-R61 along with capacitors C53 and C55 provide a con-
stant input impedance. The LC network made up of
C56-Ch8-C66-C68-Lb5-1.56-1.65-1.66 provides a fixed delay
from DC to about two megshertz to provide minimum
phase shift between the X and Y portions of the CRT
display. C55 is adjusted to match the horizontal delay to
the vertical delay up 1o at least two megahertz,

The Delay Compensation Network normally produces
negative preshoot distortion along with some comer
rounding of fast step functions. The A Delay Disable switch
S50 allows selection of a display with either minimum
phase-shift characteristics or optimum step response. When

@

this switch is set to Out (down)}, the X Compensation
Inhibit command from the A Horizontal Unit is discon-
nected from relays K50-K80, Now, the signal from the A
Horizontal Unit passes directly to the Horizontal Channel
Switch without delay 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 Compensa-
tion Network is an optional feature. For instruments which
are not equipped with this feature, the horizontal signals
from the plug-in units are connected directly to the Hori-
zontal Channel Switch stage by the Horizontal interconnect
board.

Horizontal Channel Switch

The Horizontat Channel Switch dstermines which input
signal provides the horizontal signal to the Horizontal
Amplifier circuit as controlled by the Display B Command
from the Logic Circuit. Resistors R352-R354 and
R356-R368 establish the input resistance of this stage and
provide a load for the A and B Horizontal units, Resistors
R363-R365-R367 and R373-R375-R377 establish the
operating levels for this stage. R363-R365 and R373-R375
set the current gain for each channel. C361-R361 and
C371-R371 provide frequency compensation,

3-3b



Circuit Description—7704

&
&
a & fnq"-
$& /S0
QU N
2? Output signal
4 6 12,13
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HI 1.0 B horizontal signal
¢ M Neither {biocked by
feadout System}

& = Has no effect in this case

Fig. 3-28. Input/output table for Horizontal Channe! Switch,

This stage is made up primarily of integrated circuit
U364 which is the same type as used for the Trigger
Channel Switch stage. An input/output table for U364 is
shown in Fig. 3-28. U364 provides & high-impedance
differential input for the signal from the A Horizontal unit
at pins 2 and 15 and the signal from the B Horizonial unit
at pins 7 and 10. The output signal at pins 12 and 13 is a
differential signal which is connected to the Horizontal
Amplifier circait, The sum of the DC current at pins 12 and
13 is aiways equal to the sum of the DC currents at pins 1,
8, 9 and 16 in all modes. This provides a constant DC
output current level to the following stage as the HORI-
ZONTAL MODE switch is changed.

When the HORIZONTAL MODE switch is set {o A, the
level at pin 4 is LO. This level allows the signal from the A
Horizontal unit to pass to the output while the signal from
the B Horizontal unit is blocked. In the B position of the
HOREZONTAL MODE switch, the level at pin 4 is HI.
Now, the signal from the B Horizontal unitis connected to
the outpuf while the signal from the A Horizontal unit is
blocked.

For ALT or CHOP positions of the HORIZONTAL
MODE switch, the Display B Command at pin 4 switches
between the LO and HI levels at a rate determined by the
Horizontal Binary stage in the Logic Circuit, This action
allows the signals from the A Horizontal unit to be
displayed when the Display B Command is LO and the
signal from the B Horizontal Unit is displayed when the
Display B Command is HI,

The Horizontal Channel Switch OFF Command from
the Readout System which is applied to pin 6 has final
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conirol over the 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, FHowever, when the
Readout System is ready 1o 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,

The output signal at pins 12 and 13 is connected to the
Horizontal Amplifier circuit through Q384-Q394. Resistors
R381-R383 and R391-R393 establish the correct operating
DC levels for U364, Buffer amplifier Q384-Q394 provides a
low load impedance for U364 as well as providing DC volt-
age matching between the Horizontal Interface and Mori-
zonial Amplifier circuits.

HORIZONTAL AMPLIFIER

General

The Horizontal Amplifier circuit amplifies the push-pull
horizontal deflection signal from the Horizontal Interface
circuit and connects it to the horizontal deflection plates of
the CRT. This circuit also accepts the X.signal from the
Readout System to produce the horizontal portion of a
readout display. Fig. 3-29 shows & detailed block diagram
of the Horizontal Amplifier circuit., A schematic of this
circuit is shown on diagram 7 at the rear of this manual.

Input Amplifier

The horizontal signal from the Horizontal {nterface
circuit is connected to the bases of 0526 and 0536, The
Input Amplifier is driven from an equivalent 100-ohm
source. The resistive network RB21-R522-R524-R531-
RB32-RH33-RTE34 between the emitters of Q526-0536
controls the emitter degeneration of this stage to perform
several functions. Horizontal Gain adjustment R522 is vari-
gble to determine the amount of emitter degeneration
between Q526-0536 10 set the overall gain of the Morizon-
tal Amplifier circuit. Thermistor RT534 provides thermal
gain compensation for this circuit. As the temperature
increases, the resistance of RTH34 decreases resulting in iess
emitter degeneration between Q526-0Q536. Therefore, the
overall gain of this stage increases 1o compensate for the
opposite characteristic of the transistors in the Horizontal
Amplifier circuit.

Transistor Q514 is normally supplying current 1o the
emitters of 0B26-0636 through R521-R531. However,
when the BEAM FINDER switch is actuated, Q514 is no
longer forward biased so that the current supplied to
R521-R631 is determined only by RB15. This results in less
current to OB26-Q0536 so their dynamic range is limited.
When the BEAM FINDER switch 54bbB is actuated, a
ground level is also connected to the Logic Circuit to pro-

®
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Fig. 3-29, Horizontal Amplifier detaited block diagram

vide an intensity limit, This action prevents damage to the
CRT phosphor when the dispiay is compressed.

The Horizontal Centering adjustment R529 provides
adjustment for differential unbalance in the Horizontal
Amplifier circuit and the CRT. The network
CR528-CR538-CR544-CR554 limits the input to the next
stages so they always operate within their dynamic range
and are not overdriven by excessive current from the Input
Amplifier stage. Since the output signal from the lnput
Amplifier stage is a current signal, very little voltage change
occurs across the {imiting network, With horizontal deflec-
tion signals which produce an on-screen display, CR544 and
CRbb4 remain forward biased and CRb528-CRLH38 are
reverse biased. However, if high-amplitude horizontal
deflection signals are applied to this circuit as a resuit of
sweep magnification or high-amplitude external horizontal
signals, either CR544 or CRB54 is reverse biased, depending
on the polarity of the overdrive signal. This results in a
sufficient voltage change at the anode of either CR528 or
CRb38 to forward bias it. The shunt diodes provide a cur-
rent path for the signal current to limit the current change
at the bases of 0544-0554 during the overdrive condition,

For readout displays, the X readout signal from the
Readout System is connected to the base of G526 through

@

RE2E. The signal from the A HORIZ and B HORIZ units is
blocked in the Horizontal Interface circuit so the only hori-
zontal deflection is provided by the Readout System. Q526
and Q536 operate as a paraphase amplifier to convert the
single-ended readout signal at the base of G526 to a push-
pull signal at the collectors of both Q526 and Q536. For
instruments which are not equipped with a Readout Sys-
tem, R525 is connected to ground at the chassis where the
Readout System is normally mounted.

Left Qutput Amplifier

Transistors (0644, O548, Qb84, (05682, and (564 are
connected as a current-driven feedback amplifer. The input
current is converted to a voltage output signal to drive the
left horizontal deflection plate of the CRT. Input transistor
Qb44, an NPN transistor, responds best to positive-going
input signats., The signal at the collector of Q544 is con-
nected to the emitters of output transistors Q582-0584
through two parallel paths. High-frequency signals are con-
nected through capacitor C544. Low-frequency signals are
connected to the output transistors through
R544-0548-R549. The output transistors Q582 and 0584
are connected in the complementary configuration to pro-
vide less resistive loading at the output. The output signal at
the collector of 0b82-Q684 is connected to the left deflec-
tion plate of the CRT through 1589-R589.
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Negative DC feedback is provided from the collectors of
0582-0584 10 the base of Q544 through feedback network
R569-0564-R563. Emitter follower Q564 in the feedback
network provides current gain for the feedback signal. With
this configuration, the input impedance of the Left Qutput
Amplifier is low since the feedback network beyond the
emitter followers is effectively reduced in impedance as far
as the input signal is concerned, Variable capacitor C569
adjusts the transient response of the feedback network to
provide good linearity at fast sweep rates. C568-Rb68 pro-
vide adjustment for correct high-frequency gain versus
freguency response in the amplifer.

Right Output Amplifier

Basic operation of the Right Cutput Amplifier stage is
the same as just described for the Left Ouiput Amplifier
stage. Notice that the input transistor in this stage is com-
plementary to the corresponding transistor in the Left Out-
put Amplifier stage. Therefore, this stage provides the best
tesponse to negative-going input signals. C579 provides
linearity adjustment for the Right Qutput Amplifier at fast
sweep rates. The output signal at the collectors of
0592-Q594 is connected 1o the right deflection plate of the
CRT through 1L.599-R599,

Thermal Balance Network

(562 provides thermal balance for the Horizontal
Amplifier circuit. The Thermal Balance adjustment R571
sets the bias on Q562 and thereby determines the operating
voltage for Ob44-0884, This adjustment provides DC shift
in the CRT display and reduces low-frequency signal cross
talk. Diode CRDB2 provides reverse-voltage breakdown pro-
tection for Q562 when the instrument is first turned on.
Diodes CR560 and CRE70 establish the operating bias for
0544-Qbb4.

CUTPUT SIGNALS AND CALIBRATOR

General

The Output Signals and Calibrator circuit provides out-
put signals to the connectors located in the QUTPUTS
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. Fig. 3-30 shows a detailed
block diagram of the Output Signals and Calibrator circuit.
A schematic of this circuit is shown on diagram 8 at the
rear of this manual,

Vertical Signal Amplifier

The vertical signal selected by the B Trigger Channel
Switch {see Trigger Selector description for more informa-
tion) is connected to the bases of differential ampiifier
(684-Q694. Resistors R681-RE92 establish an input resis-
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tance of about B0 ohms for this stage. The amplified signal
at the collectors of 0684 and Q694 is cannected 1o buffer
amplifier 0686-0696 through RC networks CG686-R686
and C695-RB85. These networks provide thermal balance
for this stage. The single-ended signal at the collector of
Q6886 is connected to the front-panel $IG QUT connector
J699. The signal at the collector of Q696 is connected 1o
ground, CRB96 and CRE99 protect this stage if high-level
voltages are accidentally applied to the SIG OUT connec-
tor, CR686 provides protection from positive voltages and
CRG99 provides protection from negative voltages.

Sawtooth Amplifier

The sawtooth signals from the A Time-Base unit and the
B Time-Base unit are both connected to the Sawtooth
Amplifier stage through series resistors R4 and R5 res-
pectively {on Main Interface board). The Sweep switch
S666 {located on Qutput Signals board) determines which
sawtooth signal provides the output signal, The other saw-
tooth signal is terminated by R667 to provide a similar load
to the signal source. Transistors 08670, G672 and Q675
comprise an inverting feedback amplifier. Gain of this stage
is about two as determined by the ratio of feedback resistor
R678 to the input resistance made up of R669 and either
R4 and R5, depending on which sawiocoth source is
selected. The signal at the collector of Q675 is connected to
the front-panel + SAWTOOTH connector J679 through
R679. RC network CB75-R675 provides frequency re-
sponse stabilization for this stage. Diode CR674 provides
protection from high-level positive voliages inadvertently
connected to the output connector by providing a current
path to the +15-volt supply through the collector-base junc-
tion of O675. When CR674 is forward biased it clamps the
base of Q875 at this level. CR676 provides protection from
high-level negative voltages at the + SAWTOOTH connector
by clamping the output if it attempts to go more negative
than about —15.6 volts.

Gate Amplifier

The output signal at the front-panel + GATE connector
618 is selected from thred input gate signals by Gate
switch S607 {located on Quiput Signals board). In the A
position, the A Gate signal from the A Time-Base unit is
connected to the base of emitter-follower Q607 through
R607. The base of Q608 is connected to ground by S6G7 in
this position so it operates as a common-base stage. 0607
provides a high input impedance for the stage while the
emitter coupling between Q807-Q608 provides temperature
compensation. Operation is the same in the B position of
5607 except that the B Gate signal from the B Time-Base
unit provides the input signal. In the Dly'd position, $S607
connects the hase of Q607 to ground through R6G7 and
disconnects both the A and B Gate signals. Now, the
Delayed Gate signal from the delaying time base (in A
HORIZ compartment} can pass to the base of Q608
through R602. Q608 inverts this negative-going input signal
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so the gate output signals at the + GATE connector are all
positive going.

The input gate signal selected by 5607 is connected to
the emitter of Q615 through C612-R612. Diode CR614
provides temperature compensation of Q615. The signal at
the collector of Q615 is connected to the + GATE connec-
tor through CRB15 and R617. CRE15 protects Q615 if a
high-level positive voltage is applied to the + GATE connec-
tor and CR616 clamps the output at about —0.6 volt if a
negative signal is applied to this connector,

Readout Control {above SN B120000 oniy)

Q660 and Q664 along with 8664 control the operating
mode of the Readout System. When Readout Mode switch
5664 is in the Free Run — Remote position, the Readout
System runs continucusly in a free-running manner. The
emitter of Q664 has no ground return, so QG664 can not
conduct and its cotlector rises positive (through circuitry in
the Readout System), to enable the Readout System. How-
ever, in this position the readout mode can be controlied
remotely through rear-panel Bemote Conirei connector
J1075. If a remote readout lockout command (ground
level} is connected to pin E of J1075, a ground return is
provided for the emitter circuit of Q664 through the shield
of the interconnecting cable. The positive voltage con-
nected to the base of Q664 through RE663-R664 results in a
LO leve! at the collector of Q664. This LO level disables the
Readout System (see Readout System for complete de-
tails). Now, the operation of the Readoul System can be
controlled remotely through pin F of J1075. If Pin F is
connected to ground, a negative-going pulse is connected fo
the base of Q664 through C861. The collector of Q664
momentarily rises positive to enable the Readout System so
it can present one complete frame {eight words).

in the Gate Trig'd position, the emitter of Q664 is con-
nected to ground through RB666 and 5664. The base of
0664 is pulied positive through R663-R664 to produce a
LO lockout level to the Readout System. The gate signal
selected by Gate switch S607 is connected to the Readout
Control stage from the emitter of Q615. At the end of the
selected gate, a negative level is applied to the base of
emitter-follower Q6860. This negative level is differentiated
by CB60-R660 and the resultant negative-going pulse re-
verse biases Q664 to allow its collector {o go Hi momen-
tarily. This enables the Readout System so it can produce
one complete frame {eight words} each time the selected
gate goes negative,

B Gate Amplifier

The B Gate signal from the B Time-Base unit is con-
nected to the base of 0610 through RB610. 0610 amplifies
and inverts the B Gate signal to provide a negative-going
gate signa! to the Calibrator circuit for B GATE operation
of the Calibrator. Q611 provides temperature compensation
for this stage.
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Calibrator

General. The Calibrator circuit provides a 40 milli-
ampere current output at the front-panel current loop and a
voltage output in calibrated steps from four millivolts 1o 40
volts at the front-panel CAL connector, Mode and repeti-
tion rate of the output signal are selected by the calibrator
RATE switch and the ouliput voltage amplitude is selected
by the CALIBRATOR switch.

2-kHz Osciliator. 0624 and Q626 are connected as a
two-kilohertz, square-wave oscillator to provide the drive
signal for the Calibrator Countdown stage (one-kilohertz
output rate onlyl. Oscillation occurs as follows: Assume
that Q624 is conducting and Q626 is off. The collector
current of Q624 through R624-R625 produces a voltage
level which holds the base of Q626 low. This keeps Q626
turned off and since there is no current through it, its col-
lector goes positive to produce the positive portion of the
square wave, At the same time, CB21 begins to charge
toward —50 volts through R627. The emitter of Q626 goes
negative also as CB621 charges until it reaches a level about
0.6 volt more negative than the level at its base. Then,
Q626 is forward biased and its emitter rapidly rises positive.
Since C621 eannot change its charge instantaneously, the
sudden change in voltage at the emitter of Q626 pulls the
emitter of Q624 positive also to reverse bias it. The current
through Q626 produces a voltage drop at its collector to
produce the negative portion of the sguare wave.

Now, conditions are reversed. Since Q624 is reverse
biased, there is no current through it. Therefore, C621 can
begin to discharge through R621, The emitter level of Q624
follows the discharge of C821 until it reaches about —0.6
volt. Then, 0624 is forward biased and its collector drops
negative 1o reverse bias Q626. This interrupis the current
through Q626 and its collector goes positive again to com-
plete the square wave. Unce again, C621 begins to charge
through RB27 to start the second cycle. The signal pro-
duced at the collector of Q626 is a two-kilohertz square
wave. CB2B differentiates this signal to produce positive-
and negative-going output pulses, coincident with the rise
and fall of the sguare 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, R625, sets this stage so an accuraie one-
kilohertz square-wave is produced at the output of the Cali-
brator circuit,

Caiibrator Countdown. Integrated circuit U632 is a trig-
gered set-clear (J-K) flip-flop. An input/output tabie for this
device is shown in Fig. 3-31. The calibrator RATE switch
S630 determines the operating mode of U632 and also
selects the source of its trigger signal. S630 is a cam-type
switch; a contact-closure chart showing its operstion is
given on diagram 8. The dots on this chart indicate when
the associated contact is closed. For the DC {current only)
positions {contacts on diagram shown in this position}, a
LO level is applied to the ‘J" input {pin 3} and & Hl level is
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Fig. 3-31. Input/output table for U632,

applied to the ‘K’ input {pin 1}. The next negative-going
trigger from the 2-kHz Oscillator stage switches the output
at pin 7 to its HI level {see input/output table). The output
at pin 7 remains at the HI level as long as the RATE switch
remains in this position.

For the 1 kMz position, all contacts except b are closed.
This places a LO level at both the 3" and 'K’ inputs 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 ‘J and 'K’
inputs are aiso held L0 in the B GATE +2 position of 5630
so that U632 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 pro-
vides the trigger to pin 2 resulting in an output square wave
with a repetition rate which is one-half the B Gate repeti-
tion rate. For DC {volts only) operation, the 'K’ input is
held LO and the ‘J input is held Hl. The negative-going
trigyer pulse, furnished by the 2-kHz Oscillator stage,
switches the level at pin 7 to 1.0 where it remains until the
RATE switch is changed.

Qutput Amplifier. Transistors Q642 and 0644 are con-
nected as a comparator with the reference level at the base
of 0644 determined by network R638-R647-R648-R549-
QB6486. This network establishes a voltage level at the base of
0544 which results in 8.88 milliamperes collector current
through Q644 when it is on. The 0.4 V adjustment R649 is
set in the 0.4 V position of the CALIBRATOR switch to
provide accurate calibrator output voltages at the CAL con-
nector JB50. Resistors R640-R641 and RB42 form a cur-
rent divider to determine the current through the front
panel 40 mA current loop L642 when Q642 is conducting.
The 40 mA adjustment R640 is set so eight milliamperes
flows through R642 and the current loop. The current loop
is a Five-turn current transformer, so the effective current
applied to a current probe is 40 milliamperes.

The cutput of the Calibrator Countdown stage is con-
nected to the base of Q634 through R634. Q634 acts as a

Circuit Description—7704

switch to control the current through Q638, and the output
of QB636 controls the conduction of comparator
Q642-0644. When DC {current only) operation is selected
by the calibrator RATE switch, a Hi level is applied to the
base of QB34 and it is forward biased. This allows current
to flow through 0636 and the resuitant voltage drop across
R636 forward biases Q642. The collector current of Q642
produces an equivalent 40 milliampere DC current {eight
milliamperes through five turns) in the probe loop. At the
same time, Q644 is off and there is no current through the
Qutput Voltage Divider so there Is no output at the CAL
connector. Conditions are reversed for DC {volts only)
operation. A LO level is applied to 0634 to cut it off.
Therefore, there is no current through Q636 and the base
of QBA2 rises positive to cut it off also. Now, the collector
current of 0644 produces a voltage drop across the Output
Voitage Divider to provide a DC voltage output at the CAL
connector. Since QB42 is off, there is no current through
the current loop under this condition.

fFor the 1 kHz and B GATE +2 positions, the base of
0634 varies between the LO and HI levels at the rate
selected by the calibrator RATE switch, When the base of
0634 is 1.O, 0642 is off and 0644 is conducting. This
produces an output voltage at the CAL connector but no
current through the current toop as for DC {volts only)}
operation. When the level at the base of Q634 is switched
to HI, 0844 conducts and Q646 is reverse biased. Now,
current flows through the current loop and the voltage level
at the CAL connector drops to zero as for DC {current
only) operation. Notice that the current and voltage ocutput
of the calibrator are out of phase; the current through the
current foop is at maximum when the voltage output at the
CAL connector is minimum, and vice versa.

Output Voltage Divider. The collector current of 0644
in the Quiput Amplifier stage is applied across the voitage
divider made up of resistors RE652 through R659. This
divider is designed to provide a low output resistance in all
positions except 40 V while allowing selection of output
voltages between 4 mV and 40 V. The output resistance in
the 40 V position is about 15 kilochms as determined by
R651 and the eguivalent resistance of divider network
R652-R659. This means that a 1.5 megohm load will pro-
duce about 1% error in output voltage; error increases as
the load resistance decreases. The CALIBRATOR switch
56b5 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 resistance into a B0-ohm load (notice that 40 V
position lists no output into 50 ohms and should not be
used in this manner}. S665 is a cam-type switch and the
dots on the contact-closure chart {see diagram 8} indicate
when the associated contact is closed.

CRT CIRCUIT
General

The CRT Circuit produces the high-voltage potentials
and provides the control circuits necessary for the opera-
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Fig. 3-32. CRT Circuit detailed block diagram.
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tion of the cathode-ray tube (CRT), This circuit also in-
cludes the Z-Axis Amplifier stage to set the intensity of the
CRT display and the Auto-Focus Amplifier to maintain
optimum focus of the CRT dispiay. Fig. 3-32 shows a de-
tailed block diagram of the CRT Circuit. A schematic of
this circuit is shown on diagram 9 at the rear of this
manual,

Z-Axis Amplifier

General, The Z-Axis Amplifier stage is a current driven,
shunt-feedback amplifier with a voitage output, The output
voltage provides the drive signal to control the CRT inten-
sity level through the Control-Grid Supply. Details of oper-
ation for the individual stages within this circuit follow.

Turn-On Defay. Transistors Q706, Q708, and Q712 pro-
vide a delay for the CRT Circuit to prevent it from coming
into operation until the other circuits within the instrument
have reached operating levels. When the instrument is
turned on, C711 begins to charge through
R711-R709-R712, However, since C711 is completely dis-
charged when the instrument is turned on, the base of
Q712 is at —15 volts. As C711 charges, it pulls the base of
Q712 positive and its emitter follows, C711 continues to
charge until the emitter level of Q712 reaches about +b0
volts (3712 saturated). The emitter voltage of Q712 sup-
plies the positive voltage for the feedback divider in the
High-Voltage Regulator stage. The delay provided by the
charging of C711 prevents CRT beam current for about
four seconds. This protects the CRT phosphor from damage
due to a high-intensity display as the instrument is first
turned on.

The current flow through R709 as C711 charges also
forward biases iransistor Q708. This holds Q706 reverse
biased so it does not supply current to input Ampilifier
Q704. The result of this reduction in current to Q704 is
that the Z-Axis Amplifier output remains at its low level
regardless of the input from gither the Z-Axis Logic stage or
the Readout System. When C711 reaches full charge, the
current How through R709 ceases and Q708 is reverse
biased. Q706 is now forward biased and it supplies about
four milliamperes of bias current to Q704. Diode CR708
protects Q708 as C711 discharges when the instrument is
turned off.

Input Amplifier. Transistor Q704 is a common-base
amplifier to establish a low input impedance for the Z-Axis
Amplifier. The operating bias for Q704 is established by
Q706 as described in the previous paragraph. The ouiput
tevel of this stage is determined by the input current from
either of two circuits. For normal operation, the Z-Axis
Signal from the Logic Circuit sets the input current as
determined by the front-panel A and B INTENSITY con-
trols, the chopped blanking logic, or an external signal con-
nected 1o either of the rear-panel Z-Axis inputs (see Logic
Circuit description for details). For readout displays, the
Z-Axis Signal is blocked in the Logic Circuit. Now, the

@
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input current is provided from the Readout System as
determined by the READOQUT intensity control on the
front panel.

Output Amplifier. The output stage is a shunt-feedback
operational amplifier with feedback connected from the
output to the input through C732-R732. The output volt-
age is determined by the input current multiplied by the
feedback resistor and is expressed by the formula: Egyt =
lin X Rfp where R732 is Rfp. The signal current change at
the base of Q704 for maximum intensity is about four
milliamperes, The maximum output voltage change is set
for 64 volts {about 4 mA X 15.4 k). AC feedback is
provided from the output to the base of Q718 by C732.
This capacitor is adjusted for optimum step response to
provide a fast-rise unblanking gate output signai with mini-
mum overshoot or ringing. Otherwise, the CRT display
would vary in intensity level following sudden changes in
blanking.

The signal from the Input Amplifier stage is amplified by
Q718-Q724. Variable resistor R719 in the collector circuit
of Q718 provides transient response adjustment for this
stage. The signal at the collector of (724 is connected to
the base of transistor Q732 through C730 and to the base
of Q734 through R722-C723-R723. These transistors are
connected as a collector-coupled complementary amplifier
to provide a linear, fast output signal while consuming mini-
mum quiescent power. The sighal at the collector of Q724
is connected to the base of Q734 through R722, This tran-
sistor maintains the low-frequency response of the input
signal and provides a fast falling edge on the output signal.
Only the fast-changing portions of the input signal are
coupled 1o the base of Q732 through C730, Since Q732 is a
PNP.type transistor, it responds faster to negative-going
changes at its hase than io positive-going changes. This
action provides a fast rising edge on the output signal (fast
falling edge provided by Q734, an NPN-type transistor).
The signal at the collectors of Q732-0734 is connected to
the Control Grid Supply stage through R735-R736.

Diodes CR718, CR734 and CR735 provide protection
for the Z-Axis Amplifier circuit. CR73b protects this stage
from damage due to high-voltage surges connected back
into this circuit from the high-voltage supply. CR734 pro-
tects 734 by clamping its base at —0.6 volt if 0724 fails
or is removed from its socket while the instrument is on.
CR718 protects Q718 against excess reverse base-emitfer
voitage.

Auto Focus (above SN B120000 only)

General, The Auto Focus stage develops control volt-
ages to maintain optimum focus of the CRT display. When
the FOCUS control is set for best definition of the CRT
display at low to medium settings of the INTENSITY con-
trols, this stage will maintain optimum focus for all por-
tions of the display as it switches between readout, A
sweep, B sweep, and high or low intensity displays.
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Level Clipper. The voltage requirements at the Focus
Grid of the CRT to maintain a focused display are fairly
constant for low and medium intensity level settings, How-
aver, for displays which reguire intensity control settings
beyond midrange, the voitage reguirement at the Focus
Grid increases linearly with the increase in intensity drive at
the output of the Z-Axis Amplifier stage. CR730 and
zener diode VR749 clip the output level of the Z-Axis
Ampiifier stage so the Auto Focus stage is not activated for
low or medium intensity displays. Quisscently, the anode
of VR749 rests near zero volts. The positive voitage applied
to VR749 through R730 sets the cathode of VR749 at
about +30 volis. Therefore, CR730 is held reverse biased
unti! its anode rises above about +30.5 volts. Then, the
portion of the Z-axis drive signal which exceeds the 30wvolt
level is coupled 1o the Auto-Focus amplifier stages.

Fast-Rise Amplifier. The portion of the Z-Axis drive sig-
nal which exceeds the clipping tevel is coupled to the base
of Q774 through C767-R767-R768-R769. Focus Gain ad-
justment R769 determines the amount of sighal connected
1o the base of Q774 to set the overall gain of the Fast-Rise
Amplifier. C767 adjusts the high-frequency attenuation of
the input signal to determine the step response of the stage.
Q774, Q777, and Q794 are connected as a feedback ampli-
fier to provide fast response to the high-frequency com-
ponents of the auto-focus control signal. The output signal
at the emitter of Q794 is connected to the Focus Grid of
the CRT through R798 and C798. This capacitor blocks the
DC component so the fast changing portions of the signal at
the emitter of Q794 are coupled 1o the Focus Grid.

Focus Level Amplifier. Q761 and Q765 make up &
DC-coupled ampiifier to determine the amplitude of the
low-frequency components of the auto-focus signal, The
portion of the Z-axis drive signal which exceeds the clipping
level is also coupled to the base of 0761 through R780 and
R761. Focus Level adjustment R761 determines the gain of
this stage to provide optimum focus at all intensity levels,
Typical gain of this stage is about 10,

The output at the collector of Q765 is coupled to the
Focus Grid through R740E, R785, and R784. Therefore,
this stage determines the source voitage for the FOCUS
control, The FOCUS control is adjusted for the best focus
for low to medium intensity displays (if the instrument is
equipped with readout, the FOCUS controf should be set
for best definition of the readout display}. Then, the auto-
focus stages automatically control the voltage at the Focus
Grid to maintain optimum focus of the remaining portions
of the display with changes in intensity levels.

High-Voltage Oscillator

Unregulated voltage for operation of the high-voltage
supply is provided from the semi-regulated +15 volts in the
Low-Voltage Regulator circuit. The starting bias current for
the High-Voltage Oscillator is supplied from the positive
side of the +15 volt input through R759. As the High-
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Voltage Oscillator begins to operate, the collector of Q758
goes negative and further bias current is available through
CR7B9 from the negative side of the semi-regulated +156
volts. This configuration provides a controlled starting cur-
rent for the High-Voltage Oscillator at turn-on and at the
same time allows the High-Voltage Regulator stage to con-
trol the current of the High-Voltage Oscillator to regulate
the output level after the stage reaches operating potential.

Q764-Q766 and the associated circuitry comprise an
oscillator to drive high-voltage transformer T764. When the
instrument is turned on, assume that Q764 comes into con-
duction first. The collector current of Q764 produces a
corresponding cuwrrent increase in the base-feedback
winding of T764 to further increase the bias on Q764. At
the same time, the voltage developed across the base-
feedback winding connected to Q766 reverse biases it.

As long as the collector current of Q764 continues 1o
increase, a voltage is induced into the base-feedback
windings of T764 which holds Q7684 forward biased. How-
ever, when the collector current of Q764 stabilizes, the
magnetic field built up in T764 begins to collapse. This
induces an opposite current into the base windings which
reverse biases 764, but forward biases Q766. When the
induced voltage at the base of Q766 exceeds the bias set by
Q758, 0766 is forward biased and the amplified current at
its collector adds to the current flowing through T764 due
1o the collapsing field, Then, as the current through T764
stabilizes again, the magnetic field around it once more
begins to collapse. This reverses the conditions to start
another cycle,

The signal produced across the primary of T764 is a sine
wave at a frequency of 3% to 45 kilohertz, C764-1.764
shape the signal in the primary of T764 to improve regula-
tion of the high-voltage supply. The amplitude of the oscil-
lations in the primary of T764 is controlied by the High-
Voltage Regulator stage to set the total accelerating poten-
tial for the CRT. Filter network C762-L.762 decoupies high
peak operating currents from the +15-Volt Supply.

High-Voltage Regulator

A sample of the secondary voltage from T764 is con-
nected to the High-Voltage Reguiator stage through divider
R740A-R740B-R740C. Q752 and (1756 are connected as
an error amplifier to sense any change in the voltage level at
the base of Q752. The —15-Volt Supply, connected to the
emitter of Q7562 through R753-R755, and the +50 volits
connected 10 R740A from the emitter of Q712 provide the
reference level for this stage. High Voliage adjustment
R743 sets the guiescent level at the base of Q752 to a level
which establishes a ~2.96 kV operating potential at the
CRT cathode. CR747 protects Q752 from excessive reverse
emitter-base voltage.

Regulation occurs as follows: 1f the output voltage at

the —2960 V test points starts to go positive {less negative),
a sample of this positive-going change is connected to the
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base of Q752. Both Q752 and Q756 are forward biased by
this positive change which in turn increases the conduction
of 758, This results in a greater bias current delivered to
the bases of 0764-Q786 through Q758. Now, the bases of
both Q764 and Q766 are biased closer to their conduction
level so that the feedback voltage induced into their base-
feedback windings produces a larger collector current. This
results in a farger induced voltage in the secondary of T764
to produce a more negative level at the ~2960 V test point
to correct the original error. In a similar manner, the circuit
compensates for output changes in a negative direction.
Since the amplitude of the voltage induced into the second-
ary of T764 also determines the output level of the positive
High-Voltage Supply and the Control-Grid Supply, the total
high voltage output is reguiated by sampling the output of
the negative High-Voltage Supply.

High-Voltage Supplies

The high-voltage transformer T764 has three output
windings. One winding provides filament voltage for the
cathode-ray tube. Two high-voltage windings provide the
negative and positive accelerating potential for the CRT and
provide the bias voltage for the control grid. Al of these
outputs are regulated by the High-Voltage Regulator stage
to maintain a constant output voltage as previously des-
cribed,

Positive accelerating potential for the CRT anode is
supplied by voliage quintupler €C782-C783-C784-C785-
C786-CR782-CR783-CR784.CR785-CR786, This rectified
voltage is filtered by C787-R786-R787 to provide an out-
pyt of about +21 kilovolts. All of these components are
included in encapsulated assembly U786. The regative
accelerating potential for the CRT cathode is also obtained
from the same secondary winding. Half-wave rectifier
CR781 provides an output voltage of about —2.96 kilovolts
which is connected 1o the CRT cathode through 781 and
1.788. The cathode and filament are connected together
through 1788 to prevent cathode-to-filament breakdown
due to a large difference in potential between these CRT
elements, Neon bulbs DS781 and DS785 protect L781 and
1788 if the CRT cathode is shorfed to chassis ground.
Diode CR780 and neon bulb DS780 protect the +50-Volit
Supply from damage under this condition. A sample of the
negative accelerating voltage is connected to the High-
Voltage Regulator stage to maintain a regulated high-
voltage output.

Half-wave rectifier CR772 provides a negative voltage for
the control grid of the CRT, Qutput level of this supply is
set by the CRT Grid Bias adjustment R739. Rectifier
CR771 provides rectified low-potential voltage to R739 so
that it can perform its function without being enclosed in
the high-voltage compartment. Neon bulbs
DS786-D5787-DS788 protect the CRT by limiting the volt-
age difference between the cathode and control grid to &
maximum of about 165 volts. The unblanking gate from
the Z-Axis Amplifier circuit is connected to the positive
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side of the Control-Grid Supply. As the unblanking gate
level changes, it shifts the overall supply level to change the
bias on the CRT which controls the intensity of the display.

High speed intensity modulating signals from rear panel
HIGH SPEED connector J1055 are applied to the CRT
cathode through C790-C791-R788. This signal changes the
CRT bias, and thereby the intensity of the display, by
changing the level of the cathode. RC divider
C1056-C1057-R1056-R1057 provides a cross-over network
between the HIGH SPEED and HIGH SENSITIVITY
inputs. The HIGH SENSITIVITY connector provides an
input for low-freguency, low-amplitude intensity
modulating signals. This signal is connected to the Z Axis
Logic stage through R1060 {see Logic Circuit description
for further information).

CRT Control Circuits

The ASTIG adjustment R792, which is used in conjunc-
tion with the FOCUS control to obtain a well-defined dis-
play, varies the positive tevel on the astigmatism grid. Geom
adjustment R792 varies the positive level on the horizonial
deflection plate shield to control the overall geometry of
the display.

Two adjustments controt the trace alignment by varying
the magnetic field around the CRT. ¥ Axis adjustment
R795 controls the current through |.795 which affects the
CRT beam after vertical deflection but before horizontal
deflection. Therefore, it affects only the vertical {Y) com-
ponents of the display. The TRACE ROTATION adjust-
ment R780 controls the current through L7890 and affects
both the vertical and horizontal rotation of the beam.

LINE TO DC CONVERTER/REGULATOR
General

The Line to DC Converter/Regulator circuit provides the
operating power for this instrument from an AC line volt-
age source. This circuit also includes the Line Selector
assembly to allow selection of the nominal operating volt-
age for the instrument. Fig. 3-33 shows a detailed block
diagram of the Line to DC Converter/Regulator circuit, A
schematic of this circuit is shown on diagram 10 at the rear
of this manual.

Lire Input

Power is applied to this circuit through Line fuse F800,
EMI (electro-magnetic interference} filter FLBO1, POWER
switch S800 and thermal cutout S801. The EM{ filter is
made up of C800-CB01-C803-L800-L801-T800. This filter
is designed primarily to filter out the 25 kilohertz interfer-
ence originating within this circuit. L800-1.801 provide dif-
ferential and common-mode inductance; T800 provides
additional common-mode inductance. C803 along with the
differential inductance of 1L.800-1.801 provides differential
EM! filtering. RBO3 provides differential resonance damp-
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Fig. 3-33. Detailed block diagram of Line to DC Converter/Regulator circuit.

ing for C803-1.800-1.801. R804 provides a discharge path
for C803 when the POWER switch is turned off. Common-
mode EMI filtering is provided by CB00-CB0O1 along with
the common-mode inductance of T800. R801 provides
common-mode resonance damping for C800-C801-7800.

Thermal cutout SB01 provides thermal protection for
this instrument. 1f the internal temperature of the instru-
ment exceeds a safe operating level, $801 opens to inter-
rupt the applied power. When the temperature returns to a
safe level, S801 automatically closes to re-apply the power.

Line Selector switch $810 allows this instrument to
operate from either a 115-.volt nominal line or a 230-vokt
nominal line. In the 115 V position, rectifier CR810
operates as a fullwave doubler along with capacitors
C813-C814. For 230 V aperation, 5810 connects rectifier
CR810 in the bridge configuration and C813-C814 operate
as series energy-storage capacitors. With this configuration,
the output voltage appiied to the Inverter stage from the
Line Input stage is about the same for either 115-volt or
230-volt operation.

C810-L810 and C811-L811 form a 25 kiloheriz filter to
provide further EMI filtering. Thermistors RT8B10 and
RTE811 limit the surge current demanded by the power
supply when it is first turned on. After the instrument is in
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operaticn, the resistance of the thermistors drops so they
have very littie power loss and have little effect on the
operation of this stage. The stored charge on €813 and
CB814 limits the surge current if the POWER switch is
quickly turned off and back to ON after the resistance of
these thermistors has dropped to their low value. The dis-
charge of capacitors C813-C814 is controlled by R813, and
it is so designed that the discharge time constant of
C813-C814-RB13 is about equal but opposite 1o the ther
mal time constant of RT810-RT811. This arrangement pro-
vides surge-current limiting for the Line Input stage at all
times. Since C813-C814 discharge slowly, dangerous poten-
tials can exist within this supply for several minutes after
the POWER switch is turned off. C812-DS812-R812 form a
relaxation oscillator to indicate the presence of voltage
across C813-C814. Neon buib DS812 will blink until the
potential across these capacitors drops to about 80 volts,

The rectified output voltage from this stage is connected
to the Start Network through Inverter fuse F810. This fuse
protects the Inverter stage if it demands too much current
due to a malfunction.

DS805 and DS806 are surge voltage protectors. When
the Line Selector switch is in the 115 V position, only
D5805 is connected across the line input. If a peak voltage
surge in excess of about 230 volts is present on the line,



DS805 will break down and demand high current, This
excess current wiil quickly open Line fuse FB00 to inter-
rupt the inpui power before the circuit can be damaged. In
the 230 V position, DS80S and DSBO6 are connected in
series across the line input to provide surge voltage protec-
tion for peak voltage surges in excess of about 460 volts,

Transformer T805 provides a sampie of the line voltage
to the plug-in connectors in the Main Interface circuit for
internal triggering at line frequencies or for other applica-
tions. In the 115 V position of 5810, the line input voltage
is connected across the primary of T805 and R806 in serles.
This arrangement provides an output line-voltage signal of
about one volt RMS for both nominal line voltages. This
lie trigger signal is also connected to the Stop Circuit to
indicate when line voltage is connected to the Line Input
stage and the POWER switch is on.

Start Network

Rectified DC power for the Inverier stage is supplied
through EMI filter C820-C821-C822-T820.
C820-C822-T820 provide common-mode filtering and C821
provides differential filtering. Resistors R820 and R821
provide common-mode and differential resonance darmping
respectively. The positive input voltage is connected di-
rectly to the power transformer T870. The negative input
voitage provides the negative reference for the Inverter
stage; the negative voltage to the power transformer is
determined by the Inverter stage.

The input line voitage to this instrument is connected to
divider R823-R824. This voltage charges C825 on each half
cycle, When the charge on C824 reaches about 32 voits,
trigger diode CR830 conducts to provide a turn-on trigger
current to transistor Q835 through C83b. This curent
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allows the Inverter stage 10 start operating, After the In-
verter stage is operating, the recurrent waveform at the col-
lector of Q835 keeps €824 discharged through CRB31.

Inverter

A simpiified schematic of the Inverter stage is shown in
Fig. 3-34. After the circuit has been placed into operation
by the Start Network, LC circuit C1-L1 oscHlates at its
resonant frequency. The resulting current through the cne-
turn winding of T1 induces a bias current into the base
circuit of either Q1 or Q2, depending upon the polarity.
The 1:4 turns ratio of T1 results in a current in the transis-
tor base circuits which is one-fourth the current in the one-
turn feedback winding, Since the current in the feedback
winding must flow through the conducting transistor, the
transistors operate at a forced beta of four. A sine-wave
current is produced across the primary of power trans-
former T2: the voltage is a square wave with a peak-to-peak
amplitude equal to the input DC voltage. The voltage in-
duced into the secondary of T2 is rectified by diodes CR1
and CR2, fiftered by capacitor C2, and applied across load
R2.

MNow, refer 1o the complete Line to DC Converter/
Regulatoy diagram. The LC circuit is made up of C870 and
L870. After the circuit has been started by the Start Net-
work as discussed previously, C870-L.870 resonate at a fre-
quency of 25 kilohertz, The feedback to the base circuits of
(0825-0835 through T825 alternately turns Q825 and
08356 on. These fransistors operate at a forced beta of four
due to the turns ratio of T825, and their output current
sustains resonance in C870-L870, The 60-turn center-
tapped winding of T825 is used to delay the turn-on of
Q8285 or Q835 to provide pre-reguiation of the voltage pro-
duced in the secondary of T870. This operation wili be
discussed in more detail under Pre-Regulator,

')—-}-
) T1

input DC L1

T2 CR1
ﬁ-‘l c2 11 g ne
CR2

voltage

\,ﬁ_

Fig. 3-34. Simplified schematic of inverter stage.
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Diodes CR828 and CR838 provide reverse conduction
paths across Q825 and Q835 respectively, when these tran-
sistors are held off for pre-regulation purposes. Inductors
L828-L836 minimize turn-on losses in the transistors by
reducing the voltage on Q825-Q835 during their turn-on
interval. CR826-RB26 and CR836-R836 protect 0825 and
Q835 from excessive voltage due to stored energy in the
associated inductors when the transistors are turned off.
Diodes CR825 and CRB835 aid in the turn off of the asso-
ciated transistors by connecting the coliector potential back
to the base of each transistor. This feedback does not turn
the transistor off but eliminates the excess base current to
reduce the turn-off time when the current from feedback
transformer T825 reverses. The networks C825-R825 and
C835-R835 develop voltage biases in response to the
average base currenis of Q825 and G835 which help to hold
0825 and Q835 in cutoff during their respective off inter-
vals,

Trigger Amplifier

The primary current of power transformer T870 also
flows through the cne-turn primary winding of T839. The
voltage induced into the secondary of T839 is differen-
tiated by C855-R8b5 and C856-RB56 and connecied to the
bases of 08bb and (O8b&. Notice that the differentiated
signals at the bases of these transistors is opposite in
polarity and this polarity changes on each half-cycle of the
induced voltage. Therefore, on each haif-cycle the transistor
which receives a positive-going pulse at its base is momen-
tarily forward biased. This results in a negative-going pulse
at the collector of either Q8bb or QBLHE which is connected
to the Pre-Regulator multivibrator.

CRB57 and CRB858 rectify the voltage in the secondary
of T839, Under normal conditions, the rectitied voltage
developed across CBS8-R858 is not sufficient to forward
bias CR859, HMowever, it excess current is demanded from
the Inverter stage, the current through the primary of T8380
increases to result in a larger current in its secondary. This
results in a larger volage drop across R858 and, when it is
sufficient to forward bias CR8589, Q860 in the Regulator
Amplifier cireuit is turned on to Himit the output current of
the Inverter stage.

Feedback Rectifier

Diodes CR840 and CR841 form a center-tapped full-
wave rectifier. The rectified output of these diodes is fil-
tered by C840-R840 to provide a feedback voltage of about
+16 volts to the Pre-Regulator stage, The exact output level
depends upon the voltage applied to the primary of trans-
former T870. This feedback is used tc provide pre-
reguiation of the output voltages from T870.

Pre-Regulator

Q853 and QBG3 form a monostable multivibrator, The
circuit conditions are such that QBG3 is the conducting
transistor in the stable state. When a negative-going trigger
pulse is received from the Trigger Amplifier stage, 0863
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turns off and Q853 turns on. The amount of time that
Q8563 remains in conduction is determined by the recharge
time of €852, This time is, in turp, defermined by
Q843-0846 and the feedback voitage from the Feedback
Rectifier. Q843 and Q846 are connected as a comparator,
Zener diode VR848 sets a level of about +9 volts at the
base of Q846. The output voltage of the Feedback Rectifier
stage is connecied across divider R842-R843-RB844, The
+75 Volis adjustment R843 in this divider is adjustable to
set the output voltage of the supply. If the feedback voltage
from the Feedback Rectifier stage should increase after
R843 has been adjusted properly, the collector current of
843 will decrease. Therefore, C852 will recharge more
slowly and Q863 will remain off for a longer period of time
{further explanation of regulation will be given under Regu-
lator Amplifier, which foliows}. Likewise, if the feedback
voltage decreases, the collector current of Q843 increases
and Q8562 recharges more rapidly so that Q863 is off for a
shorter period of time,

Regulator Amplifier

The actual pre-regulation of the voltages produced by
this circuit is controlled by transistor Q880. This transistor
is connected so it is always on when Q863 is off (note
exception for current limiting and Stop Circuit operation).
Therefore, when multivibrator Q853-Q863 has been trig-
gered so OBB3 is off, OBBO is on. The collector of Q860
drops negative and it conducts current away from the
secondary of T825 through CR823 and CR824. Due to the
turns ratio of T825, this action does not allow any current
from the feedback winding of T825 to reach the bases of
either Q825 or Q835. As a result, the inverter transistors
remain off as long as Q860 is an and they do not conduct
current through the primary of T870. When the Pre-
regulator multivibrator resets so that Q863 is again con-
ducting, Q860 turns off. Then, it does not conduct any
current from T825 and the feedback current reaches the
base windings of this transformer. Now the Inverter transis-
tors operate as described previousty. By controlling the
amount of time that QB60 is in conduction, the voltage
that is delivered to the power transformer T870 can be
conirolled. The amount of time that Q880 conducts is con-
trolled by comparator 0843-08486 and the feedback voltage
as described under Pre-Regulator.

The network CBB0-CR860-R850-R861 in the collector
circuit of QBB0 protects this transistor from the positive
voltage which is developed across the 80-turn winding of
T825 when Q860 is turned off, CB58-CR857-CRE58-
CRB59-R858 in the Trigger Amplifier stage, provide a
current limiting network to protect the supply when excess
current is demanded from the Inverter stage. When this
condition occurs, the base of QU860 is pulled positive so that
it conducts to limit the output current from this circuit as
long as excess current is flowing through the primary of
T830.



Stop Circuit

Transistors Q864 and Q868 provide a circuit to stop the
operation of the Inverter circuit when the POWER switch is
turned off or the line voltage is disconnected from this
instrument. When the POWER switch is turned on and fine
voitage is available, line-trigger putses from transformer
T805 in the Line Input stage are connected to the base of
Q868 through R868. Each time a trigger pulse is received,
Q868 conducts and its collector goes negative to discharge
C867. However, when there are no line triggers at the base
of 0868, C867 begins 1o charge towards the feedback voit-
age through RB867. As C867 charges, the base of OBB4 is
putled positive to a level where it conducts. Then, the
emitter of 0864 pulis the base of QOBB0 positive also to
bring it into conduction. The conduction of Q860 takes all
of the feedback current away from T82% so the Inverter
stage ceases operation.

Low-Voltage Rectifiers

The rectifiers and the associated filter components in the
secondaries of T870 provide rectified, pre-regulated volt-
ages for re-regulation by the Low Voltage Regulator circuit
for operation of this instrument or for connection to the
plug-in compartments. Zener diode VR876 and siticon-
controlled rectifier Q876, connected from the +150 Volt
output to ground, provide overwoltage protection for this
circuit. If the autput voltage across this secondary of T870
increases to about 180 volts, VRE76 conducts to turn on
Q876. This effectively provides a direct short across this
winding of T870 and demands high current from the cir-
cuit. A high current demand in the secondary of T870 re-
sults in Inverter fuse F810 opening 1o interrupt the power
to the Inverter stage.

LOW-VOLTAGE REGULATCR
General

The Low-Voltage Regulator circuit contains five regu-
fated supplies. Electronic regulation converts the semi-
regulated input voltages from the Line to DC Converter/
Requlator circuit to stable, low-ripple output voltages. Each
supply contains a short-protection circuit to prevent instru-
ment damage if a supply is inadvertentiy shorted to ground
of to another supply. Fig. 3-35 shows a detailed block dia-
gram of the Low-Voltage Regulatar circuit. A schematic of
this circuit is shown on diagram 11 at the rear of this
manual,

~50-Volt Supply

The following discussion includes the description of the
B0 V Series Regulator, 50 V Feedhack Amplifier, -0 V
Reference and —50 V Current Limiting stages. Since these
stages are closely related in the production of the —~b0-volt
regulated output voltage, their operation is most easily
understood when discussed as a unit.

The semi-regulated ~B0 volts from the Line to DC Con-
verter/Regulator circuit provides the unregulated voltage
source for this supply. Transistors Q984, Q992, Q994 and
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Q998 operate as a feedback stabilized regulator circuit to
maintain a constant —50-volt output level. Q984 is con-
nected as a differential amplifier to compare the feedback
voltage at the base of Q9848 against the reference voltage
at the base of Q984A. The error output at the collector of
QO84A reflects the difference, if any, between the two in-
puts. The change in error output level at the collector of
Q984A is always in the same direction as the change in the
feedback input at the base of Q9848 {in phase}.

Zener diode VRO82 sets a reference level of about —9
volts at the base of Q984A, A sample of the output voltage
from this supply is connected to the base of Q984B
through divider R985-R986-R987. R986 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
fabeled —B0 V Sense. Fig. 3-36 illustrates the reason for this
configuration, The inherent resistance of the intercon-
necting wire between the output of the —50-Volt Supply
and the load produces a voltage drop which is equal to the
output current multiplied by the resistance of the intercon-
necting wire. Even though the resistance of the wire is
small, it results in a substantial voitage drop due 1o the high
cutput current of this supply. Therefore, if the feedback
voltage were obtained ahead of this drop, the voltage at the
toad might not maintain close regulation. However, the —50
V Sense configuration overcomes this problem since it ob-
tains the feedback voltage from a point as close as practical
to the toad. Since the current in the —50 V Sense line is
small and constant, the feedback voltage is an accurate
sample of the voltage applied to the load.

Regulation occurs as follows: If the output level of this
supply decreases {less negative) due to an increase in load,
or a decrease in input voltage (as a result of iine voltage
changes or ripple), the voltage across divider
R985-R286-R987 decreases also, This results in a more pos-
itive feedback level at the base of Q9848 than established
by the ~B0 V Reference stage at the base of Q884A. Since
the transistor with the more positive base controls the con-
duction of the differential amplifier, the output current at
the collector of Q984A decreases. This decrease in output
from QOB4A allows more current to flow through Q892
and Q994 to result in increased conduction of the —B0 V
Series Regulator Q998. The load current increases and the
output voltage of this supply also increases {more negative).
As a result, the feedback voltage from the —50 V Sense line
increases and the base of Q9848 returns to the same level as
the base of Q984A. Similarly, if the output level of this
supply increases {more negative), the output current of
0844, increases. The feedback through Q992 and Q284
reduces the conduction of the —50 V Series Regulator to
decrease the output voltage of this supply. C980-R9890 and
C992-R992 provide stabilization for the feedback network
by reducing the response time of the feedback network so
it can not oscitlate.

The —50 Volts adjustment R986 determines the divider
ratio to the base of Q9848 and thereby determines the
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Fig, 3-36. Schematic itlustrating voltage drop between power-supply
output and load due to resistance of interconnecting wire,

feedback voltage. This adjustment sets the output level of
the supply in the following manner: [f R986 is adjusted so
the voltage at its variable arm goes less negative (closer to
ground), this appears as an error signal at the base of
Q984B. !n the same manner as described previously, this
positive-going change at the feedback input of the differ-
ential amplifier increases the conduction of the —50 V
Series Regulator to produce more current through the load
and thereby increase the output voltage of this supply. This
places more voltage across divider R985-R986-R987 and
the divider action returns the base of Q984B to about -9
vofts. Notice that the feedback action of this supply forces
a change in the output level which always returns the base
of Q9848 1o the same level as the base of Q984A. in this
manner, the output level of the —560-Volt Supply can be set
to exactly —50 volts by correct adjustment of R9886,

The —50 V Current Limiting stage Q988 protects the
—~50-Volt Supply if excess current is demanded from this
supply. Since the ground return for the —50-Volt Supply is
through R987-R988, all current from the —50-Volt Supply
must flow through these resistors. Transistor Q988 senses
the voltage drop across R997-R998. Under normal oper-
ation, there is about 0.3-volt drop across R997-R998 which
is not sufficient to forward bias Q988. However, when ex-
cess current is demanded from the —50 V Series Regulator
due to a short circuit or similar malfunction at the output
of this supply, the voltage drop across R997-R998 increases
until it is sufficient to forward bias Q988. The collector
current of Q988 results in a reduction of current through
0992 and Q994 to limit the conduction of Q998. As the
output voltage of this supply decreases due to the current
Himiting, the level of the positive semi-regulated voltage in-
creases. More current flows through R988-R989 to increase
the voltage drop across R989. As a result, the bias on Q998
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increases so the Series Regulator supplies less current. This
current limiting protects 0998 from damage due to excess
power dissipation.

Several protection diodes are also included in this cir-
cuit. CR981 prevents the output of this supply from going
rmore positive than about +0.6 volt if it is shorted to a
positive supply. CR984 protects Q984A from reverse-
voltage breakdown. CR991 protects transistor Q894 by dis-
connecting the +50-Volt Supply if it is more negative than
the base of Q994, such as when the instrument is turned
on, or if the +50-Volt Supply is shorted to a less positive
supply. CR994 protects Q994 from reverse-voltage break-
down.

~15-Volt Supply

Basic operation of all stages in the --15-Volt Supply is
the same as for the —50-Volt Supply. Reference level for
this supply is established by divider R962-R963 between
ground and the —B0 V Sense voltage. The divider ratio of
RO62-R963 sets a level of 15 volts at the base of QUG4A.
The level on the —50 V Sense line is held stable by the —50
Volt Supply. Any change at the output of the —15-Volit
Supply appears at the base of Q964B as an error signal, The
output voltage is regulated in the same manner as described
for the -B0-Volt Supply. Diode CR972 insures a conduc-
tion path between the collector of —15 V Current Limiting
transistor Q966 and the —15 V Series Regulator Q8974
when current limiting is required. CR961 limits the output
of this supply from going more positive than about +0.6
volts when it is shorted 1o one of the positive supplies.
Biodes CR964 and CR965 provide reverse-voltage protec-
tion for transistors Q964 A and Q9648 respectively.

+5-Volt Supply

Basic operation of the +5 V Series Regulator and +5 V
Current Limiting stages are the same as described for the
previous suppiies. The +5 V Feedback Amplifier operates in
the same manner as described previously except that Q948
provides inversion in the feedback path. The reference level
for this supply is established by the ground connection at
the base of Q944. Feedback voitage to the base of Q946 is
provided by divider R946-R947 between the +5 V Sense
line and the —50 V Sense line. The divider ratio of
RO48-R947 is 10:1 so that the base of 0946 is at zero volts
when the supply is operating properly. The level on the
—80 V Sense line is held stable by the —50-Volt Supply.
Therefore, any change at the output of the +6.Volt Supply
appears at the base of Q948 as an error signai. The output
voltage is regulated in the manner described previously for
the —50-Volt Supply, Diode CR841 limits the output of
this supply to about —0.6 voit if it is shorted to one of the
negative supplies. Diode CR842 provides a current path to
limit the output of the +5-Volt Supply to about +7.6 volts
if this supply is shorted to the +50-Volr Supply. Diode
CR948 establishes a level of about +0.6 volt at the emitter
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of Q948. CR949 along with the forward drop across the
base-emitter junction of 0048 establishes sufficient voltage
drop for correct operation of the #5 V Current Limiting
stage 0954, '

The output of this supply is also connected across the
GRAT ILLUM control RE57 through fuse FO57. RO57 con-
trols the current through the graticule illumination lights
D$957, DSO58, DS959 to change the illumination of the
graticule lines, Fuse FO57 protects the +5-Volt Supply if a
short-circuit condition occurs in the graticule light net-
work.

The elapsed-time meter MB41 is connected 1o the
+5-volt output, This meter records the amount of time that
this instrument has been operating. R841 establishes the
current through M941 which determines the rate at which
the meter records time.

+15-Volt Supply

The semi-regulated voltage applied to the +15-Volt
Supply is alo connected to the High-Voitage Oscillator stage
in the CRT Circuit through F921. This fuse protects the
+15-Volt Supply from damage due to failures in the High-
Voitage Oscitlator stage. The +15 V Series Regulator and
+15 V Current Limiting stages operate in the same manner
as described for the previous supplies. The +15 V Feedback
Ampiifier stage is connected in the inverting configuration,
The ground connection at the base of 08922A provides the
reference for this supply. Feedback voltage to the base of
Q9228 is provided through divider R925-R926 between the
+156 V Sense line and the —b0 V Sense line, The divider
ratio of R925-RY26 sets the base of Q922B as an error
signal. This results in an opposite change at the collector of
09228 which is connected to the base of Q936 through
zener diode VRO27. This diode provides voltage-level
shifting between Q9228 and Q936. The change at the base
of Q936 is connected to the +15 V Series Regulator stage
through Q038 to correct the ervor in the output voitage,

Diodes CR922 and CR224 provide reverse-voltage break-
down protection for transistors Q922A and Q922B respec-
tively. Diode CR923 protects Q922B against negative
voltages when the +15-Volt Supply is shorted to ground.
CRO38 provides & connection between the +15 V Current
Limiting stage and the +18 V Series Regulator stage when
current limiting is required. Diode CRA35 disconnects the
emitter circuit of 08936 from the —50-Voit Supply if the
~B0-Volt Supply is shorted to a positive suppty.

+5 V Voltage l.imiting stage Q930 provides protection
for the integrated circuits which are powered from the
+5-Volt Supply if the +5-Volt and +15-Volt Supplies are
shorted together. The output of the +5-Volt Supply is con-
nected across zener diode VR930 through R928 and R930,
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Under normal conditions, Q930 does not conduct. How-
ever, if the output of the +5-Volt Supply rises positive
because it is shorted to the +15-Volt Supply, the base of
Q930 is clamped at about +5.1 volts by zener diode
VRO30. As the output voltage of the +5-Volt Supply in-
creases to about +5.7 volts, Q930 is forward biased and its
collector current turns on the +1b V Current Limiting stage
through R931. This limits the output level of the +15-Volt
supply so it drops to about +58.7 volts., Since the output
level of the +15-Volt Supply is now limited, it cannot pull
the +5-Voit Supply more positive than about +5.7 volts.

+50-Volt Supply

Operation of the +50 V Series Regulator and the +b0 V
Current Limiting stages are the same as described previously
for the other supptigs. The +50 V Feedback Amplifier oper-
ates in the same manner as described previously except that
Q910 provides inversion in the feedback path. Reference
voltage for this supply is established by the ground connec-
tion at the base of Q906A. Feedback voltage to the base of
Q9068 is provided by divider R907-R908 between the +60
V Sense line and —50 V Sense line. The divider ratio of
RO07-RB08 sets the base level of Q3068 to zero volts when
the output of this supply is correct. The protection diodes
in this gircuit operate similarly to the other supplies.

+75- and +150-Volt Supply

The +75-Volt and +150-Volt tevels produced by the Line
to DC Converter/Regulator circuit are connected to fuses
FO01 and F802, respectively, in this circuit. These fuses
protect the Line to DC Converter/Regulator circuit if the
output of these supplies is shorted.

CONTROLS AND CABLING

General

Diagram 12 shows the front-panel switches and controls
of the 7704 and the interconnections between these controls
and the circuits within this instrument. To use the cabling
diagram, note the number on the wire at the point where an
individual wire joins the cable. Then follow the cable
around until a break-out is found with the same number.
This is the source/location of the desired wire,

Switch Logic

The VERTICAL MODE and HORIZONTAL MODE
switches determine the operating mode of the Vertical
interface and Horizontal Interface circuits respectively.
Each of these switches is designed so that it is self-
canceling; {i.e., only one button can be pressed at a time}.
Specific operation of these switches is described in connec-
tion with the circuits they control,
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The A TRIGGER SOURCE and B TRIGGER SOURCE
switches control the operation of the Trigger Selector cir-
cuit. These switches are also self-canceling so that only one
of the buttons can be pressed at a time. QOperation of these
switches is discussed in connection with the Trigger
Selector circuit.

Indicator Lights

The indicator lights shown in connection with the VER-
TICAL MODE and HORIZONTAL MODE switches indi-
cate which mode has been selected. When one of the
buttons of these switches is pressed, it completes the circuit
between the associated buib and the lamp-common line.
Notice that a spearate bulb is used for each mode switch
position. Bulbs DS1035 and DS1037, located beside the B
INTENSITY and A INTENSITY controls respectively, are
actuated by the HORIZONTAL MODE switch to indicate
which of the intensity controls is active for the selected
horizontal mode. The selected button of the A TRIGGER
SOURCE and B TRIGGER SQURCE switches is alse iHu-
minated to indicate the trigger source. Notice that only one
bulb is associated with gach of the trigger source switches,
The source switches are mechanically designed so that the
button which is pressed receives light from the buib, but
the remaining buttons remain un-illuminated.

The CONTROL {LLUM switch $10408 determines the
iflumination level of the pushbutton switches on the 7704
and the associated plug-in units. In the HIGH position of
this switch, lamp power from the Line to DC Converter
cireuit is connected directly to the light bulbs. In the LOW
position, lamp power is connected to the bulbs through
CR1040 and R1034 (diodes CR1040 and CR1041 below
SN B8140000). The forward drop across these diodes re-
duces the current availabie to the bulbs so they operate at a
lower intensity level, In the OFF position, the lamp powsr
to ail of the pushbuttons switches is disconnected. How-
ever, lamp power is stiil connected to the bulbs associated
with the A and B INTENSITY controls through CR1041
{and CR1040 betow SN B140000) 10 provide an indication
that the POWER switch is ON. Fuse F1040 protects the
+5-Volt l.amp Supply if the lamp power circuit is shorted
to ground.

This diagram also shows the wiring for the Camera
Power Connector on the CRT bezel, the rear panel PROBE

POWER connector J1080-J1085, and the Remote con-
nector J1075,

READOUT SYSTEM

Introduction to Readout System

General. The Readout System in the 7704 provides
alphanumeric display of information encoded by the plug-
in units. This display is presented on the CRT and is written
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by the CRT beam on a time-shared basis with the analog
waveform display. Schematics for the total Readout System
are shown on diagrams 13, 14 and 15 at the rear of this
manual.

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

Character—A character is & single number, letter, or symbol
which is displayed on the CRT, either alone or in combi-
nation with other characters,

Word—A word is made up of a related group of characters.
In the 7704 Readout System, a word can consist of up
to ten characiers.

Frame—A frame is a display of all words for a given oper-
ating mode and plug-in combination. Up to eight words
can be displayed in one frame, Fig. 3-37 shows one com-
plete frame (simulated readout) and the position at
which each of the eight words is displayed.

Column—0ne of the vertical lines in the Character Selection
Matrix (see Fig. 3-38). Columns C-0 {column zero) to
C-10 (column 10} can be addressed in the 7704 system.

Row—One of the horizontal lines in the Character Selection
Matrix {Fig. 3-38}). Rows R-1 {row 1} to R-10 (row 10)
can be addressed in the 7704 system,.

Time-slot—A focation in a pulse train. {n the 7704 Readout
System, the puise train consists of 10 negative-going
puises. Each of these time-slots ‘is assigned a number
between one and ten, For example, the first time-slot is
TS-1.

| T 3 I i
Left Vertical Right Verticat -+ A Horizontat B Horizontal
Channel T Channei T T Channei 1 Channel 1
R RN bdbedededdreddebdodbddfb g g L b s g bg b e by sy
L L T BT T T J__I TR T F T F T TF T L]
Left Vertical Right Vertical 1 A Horizontal B Horizantal
Chanlnei 2 EChanma_l 2 T C?annel 2] Chan[nel 2

Fig, 3-37. Location of readout words on the CRT identifying the
originating plug-in and channet {one complete frame shown, simula-
ted readout).
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Time-muttiplexing—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 informa-
tion can be displayed on the 7704 CRT. The position of
each word is fixed and is directly related to the plug-in unit
from which it originated. Fig. 3-37 shows the area of the
graticule where the readout from each plug-in unit is dis-
played. Notice that channel T of each plug-in unit is
displayed within the top division of the CBT and channel 2
is displayed directly below within the botiom division. Fig.
3-39 shows a typical display where only channel 1 of the
Right Vertical and B Horizontal units is selected for dis-
play.

Each word in the readout display can contain up to 10
characters, although the typical display will contain be-
tween two and seven characters per word, The characters
are selected from the Character Selection Matrix shown in
Fig. 3-38. Any one of the 50 separate characters can be
addressed and displayed on the CRT. In addition, 12 opera-
tional addresses are provided for special instructions to the
Readout System. The unused locations in the Matrix
{shaded areas) are available for future expansion of the
Readout System. The method of addressing the locations in
the Character Selection Matrix is described in the following
discussion,

Developing the Display. The following basic description
of the Readout System uses the block diagram shown in
Fig. 3-40, This description is intended to relate the basic
function of each stage to the operation of the overall Read-
out System, Detailed information on circuit operation is
given later,

The key block in the Readout System is the Timer stage.
This stage produces the basic signals which establish the

] § saalus
/ A / \
|v‘H’?w\;F—‘w H:/ 1:12jl\‘::‘/;:‘:{:‘:

Fig. 3-39. Typical readout display where only channel 1 of the
Right Vertical and B Horizontal units is displayed,
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timing seguences within the Readout System. Period of the
timing signal is about 250 microseconds {drops to about
210 microseconds when Display-Skip is received; sece de-
tailed description of Timing stage for further information).
This stage also produces control signals for other stages
within this circuit and interrupt signals to the Vertical
Interface and Horizontal Interface circuits, CRT Circuit,
and Z-Axis Logic stage which allow a readout display to be
presented. The Time-Slot Counter stage receives a trape-
zoidal voltage signal from the Timer stage and directs it to
one of ten output lines. These output lines are labeled 7S-1
through TS-10 (time-slots one through ten) and are connac-
ted to the vertical and horizontal plug-in compartments as
well as to various stages within the Readout System. The
output lines are energized sequentially so that there is a
pulse on only one of the 10 lines during any 250 micro-
second timing period. When the Time-Slot Counter stage
has completed time-slot 10, it produces an End-of-Word
pulse which advances the systern 1o the next channel.

Two output lines, row and column, are connected from
each channel of the plug-in units back to the Readout
System. Data is 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 cur-
rent levels which range from zero to one milliampere {100
microamperes/step) on the row and column output lines,
This row and column correspond to the row and cofumn of
the Character Selection Matrix in Fig. 3-38. The standard
format in which information is encoded onto the output
lines is given in Table 3-2 (special purpose plug-in units may
have their own format for readout; these special formats
will be defined in the manuals for these units},

The encoded column and row data from the plug-in
units is selected by the Column Data Switch and Row Data
Switch stages respectively. These stages take the analog
currents from the eight data lines {two channels from each
of the four plug-in compartments} and preduce a single
time-multiplexed analog voltage output which contains all
of the column or row information from the plug-ins, The
Column Data Switch and Row Data Switch are sequenced
by the binary Channel Address No. 1 code from the Chan-
nel Counter.

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

The anatog outpuis of the Column Data Switch and Row
Data Switch are connected to the Column Decoder and
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TABLE 3-2
Standard Readout Format

Time-Slot Number Description

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

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

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

dition).
TS-4 1-2-5 scaling.
TS-5 Not encoded by plug-in unit. Left
TS-6 blank to allow addition of zeros by
TS-7 Readout System.
T5-8 Defines the prefix which modifies
the units of measurement.
TS0 Define the units of measurement of
T5-10 the plug-in unit. May be standard

units of measurement (V, A, S,
etc.} or special units selected from
the Character Selection Matrix.

Row Decoder stages respectively. These stages sense the
magnitude of the analog voltage input and produce an out-
put current on one of ten lines. The outputs of the Column
Decoder stage are identified as C-1 to C-10 {column 1 to
10} which correspond to the column information encoded
by the plug-in unit. Likewise, the outputs of the Row
Decoder stage are identified as R-1 to R-10 {row 1 to 10}
which correspond to the row information encoded by the
plug-in unit. The primary function of the row and column
outpuis is to select a character from the Character Selection
Matrix to be produced by the Character Generator stage.
However, these outputs are also used at other points within
the system to indicate when certain information has been
encoded. One such stage is the Zeros Logie and Memory.
During time-slot 1 {TS-1}, this stage checks if zerc-adding
or prefix-shifting information has been encoded by the
plug-in unit and stores it in memory until time-slots 5, 6, or
8. After storing this information, it triggers the Display-
Skip Generator stage so there is no display during this time
slot (as defined by Standard Readout Format; see Table
3-2). When time-slots 5, 6 and 8 occur, the memory is
addressed and any information stored there during time-slot
1 is transferred out and connected to the input of the
Column Decoder stage to modify the analog data during the
applicable time-siot.

®
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Another operation of the Zeros Logic and Memory stage
is to produce the IDENTIFY function. When time-slot 1 is
encoded for IDENTIFY {column 10, row 3), this stage pro-
duces 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 poinis 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
ptelse,

The Character Generator stage produces the characters
which are displayed on the CRT. Any of the 50 characters
shown on the Character Selection Matrix of Fig. 3-37 can
be addressed by proper selection of the column and row
current, Only one character is addressable in any one time-
slot; a space can be added into the displayed word by the
Decimal Point Logic and Character Position Counter stage
when encoded by the plug-in. The {atter stage counts how
many characters have been generated and produces an out-
put current to step the display one character position to the
right for each character, in addition, the character position
is advanced once during each of timeslots 1, 2 and 3
whether a character is generated during these time-sfots 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 regardiess
of the information encoded in time-slot 2 (normal/invert)
or time-slot 3 {cal/uncal} which precedes this digit. Also, by
encoding row 10 and column O during any time-slot, a
blank space can be added 1o the display. Decimal points can
be added to the display at any time by addressing row 7
and columns 3 through 7 (see Character Selection Matrix
for location of these decimal points). The Decimal Point
Logic and Character Position Counter stage is reset after
each word by the Word Trigger pulse.

The Format Generator stage provides the output signals
to the vertical and horizontal deflection systems of the
instrument to produce the character display. The binary
Channel Address No, 2 code from the Channel Counter
stage is connected to this stage so that the display from
each channel is positioned 1o the area of the CRT which is
associated with the plug-in and channel originating the
word {see Fig. 3-36). The positioning current or decimal
point location current generated by the Decimal Point
Logic and Character Position Counter stage is added to the
horizontal {X} signal at the input to the Format Generator
stage to provide horizontal positioning of the characters
within each word. The X- and Y-.output signals are con-
rected to the Horizontal Qutput and Vertical Qutput stages
respectively,

The Word Trigger stage produces a trigger from the End-
of-Word pulse generated by the Time-Slot Counter stage
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Fig. 3-40. Detailed biock diagram of Readout System.
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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 to the
Zeros Logic and Memory stage and the Decimal Point Logic
and Character Position Counter stage. The Word Trigger
stage can also be advanced to jump a complets word or a
portion of a word when a Jump command is received from
the Row Decoder stage.

The Single-Shot Lockout stage {(asbove SN 3120000
onty} allows the display sequence of the Readout System to
be changed. Normally, the Readout System operates in a
free-running mode so the waveform display is interrupted
randomly to display characters. However, under certain
conditions (such as single-shot photography), it is desivable
that the Readout System operate in a triggered mode where
the readout portion of the display is normally blanked out,
but can he presented on command. The Readout Mode
input from the Output Signals circuit determines the opera-
ting mode of the Readout System,

Circuit Analysis of Readout System

The following analysis of the Readout Systemn discusses
the operation of each stage in detail. Complete schematics
of the Readout System are shown on diagrams 13, 14 and
15 at the rear of this manual.

Timer

The Timer stage U1210 establishes the timing sequence
for all circuits within the Readout System. This stage pro-
duces seven time-related output waveforms (see Fig. 3-41).
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 C1214-R1214, The triangle waveform is clipped
and amplified by U1210 to form the trapezoidal output
signal at pin 10. The amplitude of this output signal is
exactly 15 volts as determined by U1210 (exact amplitude
necessary 1o accurately encode data in plug-in units; see
Encoding the Data). The Trigger output at pin 5 provides
the switching signal for the Time-Slot Counter and Word
Trigger stages.

The signals at pins 12, 13, 14 and 16 are produced only
when the triangle waveform is on its negative slope and the
trapezoidal waveform has reached the lower level. The
timing sequence of these waveforms is very important to
the correct operation of the Readout System (see expanded
waveforms in Fig. 3-42). The Z-Axis Logic OFF Command
at pin 14 is produced first. This negative-going signal pro-
vides a blanking pulse to the Z-Axis Logic stage {see dia-
gram 2} to blank the CRT before the display is switched to
the Readout System. !t also produces the Strobe pulse
through R1221, Q1223 and CR1224 10 signal other stages
within the Readout System 1o begin the sequence necessary
to produce a character, The collector level of Q1223 is also
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connecied to Character Generator No. 2, U1252, through
C1222-CR1222, This activates U1252 during the guiescent
period of the Strobe pulse {collector of (1223 negative}
and diverts the output current of the Row Decoder stage
U1186 to row 2. The purpose of this configuration is to
prevent the Zeros Logic and Memory stage UT190 from
storing incorrect data during the quiescent period of the
Strobe pulse. When the Strobe pulse goss positive, CR1222
is reverse bissed to disconnect 1223 from U12b2 and
allow the Row Decoder stage to operate in the normat
manner.

The next signal to be produced is the Vertical/
Horizontat Channel Switch OFF Command at pin 13. This
positive-going signal disconnects the plug-in signais in the
vertical and horizontal deflection systems so the plug-in
units do not contro! 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 Charac-
ter Position Counter stage and the Format Generator stage
{see diagram 15). The Readout Intensity output at pin 12 is
produced next. This current is connected to the CRT Cir-
cuit to unblank the CRT to the intensity determined by
READQUT intensity control R1040. The Character Scan
ramp at pin 16 started to go negative as this timing se-
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guence began, However, character-generation does not start
until the readout intensity level has been established, The
triangular Character Scan ramp runs negatively from about
—2 volts to about —8.5 volts and then returns back to the
original level. This waveform provides the scanning signal
for the Character Generator stages (see diagram 15). Full
Character Scan adjustment R1219 sets the DC level of the
Character Scan ramp to provide complete characters on the
display,

The Timer stage operates in one of two modes as con-
trolled by the Display-Skip level at pin 4. The basic mode
just described is a condition which does not occur unless all
ten characters of each word (80 characters total) are dis-
played 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 U1210 through CR1207 from the Display-Skip Gen-
erator stage {diagram 14), This signal causes the Timer stage
to shorien its period of operation to about 210 micro-
seconds. The waveforms shown in Fig. 3-43 show the opera-
tion of the Timer stage when the Display-Skip condition
occurs for all positions in a word. Notice that there is no
output at pin 12, 13, 14 and 16 under this condition. This
means that the CRT display is not interrupted to display
characters, Also notice that the triangle waveform at pin 6
does not go as far negative and that the negative portion of
the trapezoidal waveform at pin 10 is shorter. Complete
details on operation of the Display-Skip Generator are given
later.

The Single-Shot Lockout level at pin 2 also controls the
operation of U1210 {above SN B120000 only}. If this level
is L.O, the Timer operates as just described. However, if the
Single-Shot Lockout stage sets a H! level at this pin, the
Timer stage is locked out and can not produce any output
signals {see Single-Shot Lockouti description for further
information},

The READOUT intensity control R1040 sets the inten-
sity of the readout display independently of the A or B
INTENSITY controis, The READOUT intensity control
also provides a means of turning the Readout Systerm off
when a readout display is not desired. When R1040 is
turned fully counterclockwise, switch S1040A opens. The
current to pin 11 of U1210 is interrupted and at the same
time a positive voltage is applied to pin 4 through R1206
and CR1206. This positive voltage switches the stage to the
same conditions as were present under the Display-Skip
condition. Therefore, the CRT display is not interrupted to
present characters. However, time-siot pulses continue to be
generated.
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Time-Slot Counter

Time-Slot Counter U1226 is a sequential switch which
directs the trapezoidal waveform input at pin 8 to one of its
10 output lings. These time-slot pulses are used to inter-
rogate 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 se-
quenced consecutively from timessiot 1 through time-slot
10. Fig. 3-44 shows the time-relationship of the time-slot
pulses, Notice that orly one of the lines carries a time-slot
pulse at any given time. When time-slot 10 is completed, a
negative-going End-of-Word pulse is produced at pin 2. The
End-of-Word pulse provides a drive pulse for the Word Trig-
ger stage and also provides an enabling level to the Display-
Skip Generator during 1ime-slot 1 oniy,

Pin 16 is a reset input for the Time-Slot Counter stage.
When this pin is held LO, the Time-Slot Counter resets to
time-slot 1. The Time-Slot Counter can be reset in this
manner only when a Jump Command is received by
U1227A {see foilowing discussion).

Word Trigger

The Word Trigger stage is made up of the 4 two-input
NOR gates contained in U1227. Quiescently, pin 2 of
U1227C is LO as established by the operating conditions of
U1227A-U12278. Therefore, the LO End-of-Word pulse
produced by the Time-Slot Counter resutts in a HI level at
pin 1 of U1227C. This level is inverted by U1227D to
provide a negative-going advance pulse to the Channel
Counter.

An advance pulse is also produced by U1227D when &
Jump Command is received at pin 8 of W1227A. This con-
dition can occur during any time-slot (see Row Decoder for
further information on origin of the Jump Command).
U1227A and U1227B are connected as a bistable flip-flop.
The positive-going Jump Command at pin 8 of UT227A
produces a LO level at pin 10. This LO is inverted by
U12278 to produce a HI at pin 13 which allows pin 9 of
U1227A to be pulled M1 through R1227. The flip-flop has
rnow been set and it remains in this condition until reset,
even though the Jump Command at pin 8 returns to its LO
level, The M1 output level a pin 13 turns on Q1226 through
R1226 to pull pin 16 of the Time-Slot Counter 1.0, This
resets the Time-Slot Counter to timeslot 1 and holds it
there uyntil U1227 is reset, At the same time, a HI level is
applied to pin 4 of the Timer stage through CR1208 and
CR1207. This H! level causes the Timer stage to operate in
the display-skip mode so that a character is not generated.

The next trigger pulse is not recognized by the Time-Slot
Counter since U1226 is locked in timeslot 1 by U1227.
However, this Trigger pulse resets the Word Trigger stage
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through C1227. Pin 13 of U12278 goes LO to enable the
Time-Slot Counter and Timer stages for the next time-slot
pulse, At the same time, the negative-going edge produced
as U12278 switches output states is connected 1o pin 2 of
U1227C. This results in a negative-going Word Trigger out-
put at pin 4 of U12270D to advance the Channel Counter to
the next word. When the next Trigger pulse is received at
pin 15, the Time-Slot Counter returns to the normal se-
quence of operation and produces an output on the time-
slot 1 line.

Channel Counter

The Channel Counter, made up of integrated circuits
U1236-U1221-U1232, is a binary counter which produces
the Channel Address code for the Column and Row De-
coder stages {diagram 14} and the Format Generator stage
{diagram 15). This code instruets these stages to seguen-
tially select and display the eight channels of data from the
plug-ins. The input channel which is displayed with each
combination of the Channel Address code is given in the
discussion for the applicable stages.

Single-Shot Lockout {above SN B120000 only)

U1236 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 Sys-
tem is locked out so further readout displays are not pre-
sented until the circuit is reset. U1236A and U12368 are
connected to form a bistable flip-flop. For normal opera-
tion, pin 3 of U1238A is putled HI through R1235. This
activates U1236A fo result in a LC output level at pin 6.
This level enables the Timer stage so it can operate in the
free-running manner as described previously. The LO at pin
6 of U1236A is also applied to pin 2 of UT2368. Since pin
1 is LO due to the ground connection through R1237,
tJ 12368 is disabied and its output goes HI.

The output of this stage remains LO to allow U1210 to
operate in the free-running mode until a LO is received at
pin 3 of U1236A. When this occurs, the output level at pin
6 of U1236A does not change immediately. However, the
Readout System is now enabled as far as the single-shot
lockout function is concerned, |f the Channel Counter has
not completed word eight {Channet 2 of B Horizontal unit),
the Readout Systern continues to operate in the normal
manner. However, when word eight is completed, the
positive-going End-of-Frame pulse is produced at pin b of
U1232 as the Channel Counter shifts to the code necessary
1o display word one. This pulse is coupled to pin 1 of
12368 through C1237. The momentary HI af pin 1 acti-
vates U1236B and its outpui goes LO to disable U1236A
{pin 3 already LO). The output of U1238A goes HI to
disable the Timer s0 it operates in the display-skip mode.
The Hi at pin 6 of UT236A aiso holds U12368B enabled so
it maintains control of the flip-flop.
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The Single-Shot Lockout stage remains in this condition
until a positive-going trigger puilse is applied to pin 3 of
U1236A. This trigger pulse produces a LO at pin 6 of
U 1236A which enables U210 and disables U1236B. Now,
the Timer can operate in the normal manner for another
complete frame. When word eight is completed, the Chan-
nel Counter produces another End-of-Frame pulse to again
lock out the Thmer stage.

For further information on the Readout Mode, see the
Output Signals description

Encoding the Data

Data is conveyed from the plug-in units to the Readout
Systemn in the form of an analog code having up to 11
current levels {from zero to one milliampere in 100 micro-
ampere steps}). The characters which can be selected by the
encoded data are shown on the Character Selection Matrix
{see Fig. 3-38). Each character requires two currents o
define it; these currents are identified as the column current
and the row current which correspond to the column and

row of the matrix. The column and row data is encoded by
resistive programming in the plug-in units. Fig. 346
shows a typical encoding scheme for a voltage-sensing
amplifier plug-in unit. Notice that the 10 time-slot (TS)
pulses produced by the Time-Slot Counter stage are con-
nected to the plug-in unit. However, timeslots 5, 6, 7, and
10 are not used by the plug-in unit to encode data when
using the Standard Readout Format {see Table 3-2 for
Standard Readout Format). The amplitude of the time-slot
pulses is exactly —15 volts as determined by the Timer
stage, Therefore, the resultant output current from the
phug-in units can be accurately controlled by the program-
ming resistors in the plug-in units.

For example, in Fig, 3-45 resistors R10 through R90
control the row analog data which is connecied back to the
Readout System. These resistors are of fixed value and
define the format in which the information will be pre-
sented by the Readout System. Fig. 3-46A shows an ideal-
ized output current waveform of row analog data which
results from the 10 time-slot pulses. Each of the steps of
current shown in these waveforms corresponds to 100
microamperes of current, The row numbers on the left-
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hand side of the waveform correspond to the rows in the
Character Selection Matrix shown in Fig. 3-38. The row
analog data is connected back to the Readout System via
terminal B37 of the plug-in interface,

The Column analog data is defined by resistors R110
through R190. The program resistors are connected to the
time-slot lines by switch closures to encode the desired
data. The data as encoded by the circuit shown in Fig. 3-45
indicates a 100 microvolt sensitivity with the CRT display
inverted and calibrated vertical deflection factors. This
results in the idealized output current waveforms shown in
Fig. 3-46B at the column anaiog data output, terminal
A37 of the plug-in interface. Resistor R111, connected be-
tween time-stot 1 and the column analog data output en-
codes 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
R10 {row 3} indicates that two zeros should be added 1o
the display. Resistor R 120 adds one unit of column current
during timesslot 2 and along with the one unit of current
from the row output, the Readout System is instructed to
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Fig. 3-46. idealized current waveforms of: (A) Row analog data,
{B} Column analog data,
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add an invert arrow to the display, R130 is not connected
to the time-slot 3 line since the vertical deflection factors
are calibrated. Therefore, there is no column current output
during this time-stot and there is no display on the CRT
{see Display-Skip Generator for further information).
During time-slot 4, two units of column current are
encoded by R140. There is no row current encoded during
this time-slot and this results in the numeral 1 being dis-
played on the CRT. Neither row nor column analog data is
encoded during time-slots b, 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 R8O respectively. This addresses the
L prefix in the Character Selection Matrix. The final data
output is provided from time-slot 9 by R190 connected to
the column output and R20 to the row output. These resis-
tors encode three units of column current and four units of
row current to cause a V {volts} to be displayed. Time-slot
10 is not encoded in accordance with the Standard Readout
Format. The resultant CRT readout witl be ¥ 100 pV,

in the above example, the row analog data was program-
med to define which row of the Character Selection Matrix
was addressed to obtain information in each time-slot. The
column data changes to encode the applicable readout data
as the operating conditions change, For example, if the
variable control of the plug-in unit was activated, R130
would be connected between time-siot 3 and the column
analog data output lines. This encodes 10 units of column
current {see shaded area in time-slot 3 of the waveform
shown in Fig. 3-468). Since one unit of row current is also
encoded during this time-slot by R30, a > symbol is added
10 the display. The CRT readout will now show ¥ >100 uV.
In a simitar manner, the other switches can change the
encoded data for the coelumn output and thereby change
the readout display. See the descriptions which follow for
decoding this information.

The cofumn analog data encoded by the plug-in unit can
be modified by aftenuator probes connected to the input
connectors of vertical plug-in units. A special coding ring
around the input connector of the plug-in unit senses the
attenuation ratio of the probe (with readout-coded probes
only}. The probe contains a resistor which results in addi-
tional column current, For example, if & 10X attenuator
probe is connected to a plug-n with the coding for 100
microvolts as shown in Fig. 3-45, an additional unit of cur-
rent is added to the column analog data during time-slot 1.
Since two units of current were encoded by R111 (see Fig.
3-45), 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 cur-
rent along with the two units of row current encoded by
R 10 indicates that the prefix should be reduced. Since this
instruction occurs in the same time-slot which previously
indicated that two zeros should be added to the display and
only one Instruction can be encoded during a time-slot, the
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zeros do not appear in the display. The CRT readout will
now be changed to 1 mV (readout program produced by
plug-in same as for previous example).

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

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

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

Column and Row Data Switches

The readout data from the plug-in units is connected to
the Column and Row Data Switch stages {diagram 14}, 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 U1130 and the Row Data
Switch U1170 receive the Channel Address No, 1 code
from the Channel Counter stage. This binary code directs
the Column Data Switch and the Row Data Switch as to
which channel should be the source of the readout data,
Table 3-3 gives the eight combinations of the Channel
Address No. 1 code and the resultant channel which is
selected with each combination, These stages have nine
mputs and provide a single time-multiplexed output at pin
7 which includes the information from all of the input
channels. Eight of the nine inputs to each stage originate in
the plug-in units; the ninth input comes from a special data-
encoding network composed of resistors R1131 through
R1138 and R1171 through R1178 (see Zeros Logic and
Memory description for further information on ninth
channel},

in addition to the data inputs from the plug-in units,
channel-inhibit inputs are provided from each of the plug-in
units. The channel inhibit lines are L.O only when the asso-
ciated plug-in unit has been selected for display. When 3
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TABLE 3-3
Channet Address No, 1 Code
Pin 1 Pin5 Pinb Pinb Channet
u119¢ U232 U1231 L1230 | Sefected
“ldentify”
Command
Hi HI HI Hi Channel 1
Left Vertical
HI Hi Hl Lo Channel 2
Left Vertical
Hi Hi LO Hi Channel 1
Right Vertical
Hi HE LO LO Channel 2
Right Vertical
Hi LO Hi Ml Channel 1
A Horizontal
Hli LO Hi LO Channel 2
A Horizontal
HI LO LO Hi Channel 1
B Horizontal
HI Lo LO Lo Channel 2
B Horizontal
LO ¢ b & IDENTIFY

@ = Has no effect in this case.

plug-in unit is not selected, the respective line is Bl which
forward biases the associated diodes CR1112, CR1113,
CR1117, CR1118, CR1122, CR1123, CR 1127, 0r CR1128
10 brypass the encoded data from this plug-in unit. However,
since it may be desired to display information from special-
purpose plug-in units even though they do not produce a
normal waveform display on the CRT, a feature is provided
to overwide the channel inhibit. This is done by applying a
LG input to the asscciated forcing over-ride input, The LO

‘tevel diverts the Ml channe! inhibit current and allows the

data from this plug-n unit to reach the Column Data
Switch, aven though it has not been selected for display by
the mode switches.

Display-Skip Generator

The Display-Skip Generator, Q1143-Q1150-
Q1152-01155, monitors the time-muttiplexed column data
at the output of the Column Data Switch during each time-
stot to determine if the information at this point is valid
data which should result in a CRT display. The voltage at
the base of Q11438 is set by divider CR 1141 {above SN
BO70C00 only) -CR 1142 {above SN B120000¢ only) -R1146-
R1147-R1148, Quiescently, there is about 100 micro-
amperes of current flowing through R1141 from Q1163
and the Zeros Logic and Memory stage {purpose of
this quiescent current will be discussed in connection with
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the Zeros Logic and Memory stage). This current biases
Q1143A so its base is about 0.2 volis more positive than
the base of Q11438 in the absence of column data, There-
fore, since 01143A and Q11438 are connected as a com-
parator, OQ1143A will remain on unless its base is pulled
more negaiive than the base of Q1143B. The analog data
output from the Column Data Switch produces a 0.5volt
change for each unit of column current that has been en-
coded by the plug-in unit. Therefore, whenever any infor.
mation appears at the output of the Column Data Switch,
the base of 0Q1143A is pulled more negative than the base
of O1143B, resulting in a negative {LO) Display-Skip out-
put to the Timer stage through Q1155. Recall that a L.O
was necessary at the skip input of the Timer so it could
perform the complete sequence necessary to display a char-
acter.

01150-Q1152 also provide display-skip action. The End-
of-Word level connected to their emitters through R1152 is
LO only during time-siot 1. This means that Q1150-Q1152
are enabled only during time-slot 1. These transistors aliow
the Zeros Logic and Memory stage to generate a display-
skip signal during time-slot 1 when information has been
stored in memory which is not to be displaved on the CRT
{further information given under Zeros Logic and Memory
discussion).

Cotumn and Row Decoder

The Column Decoder stage U1166 and Row Decoder
stage U1186 sense the magnitude of the analog voltages at
their inputs and produce a binary output on one of ten
lines corresponding to the column or row data which was
encoded by the plug-in. These outputs provide the Column
Digital Data and Row Digital Data which is used by the
Character Generator stages o select the desired character
for display on the CRT. The column and row data is also
used throughout the Readout System to perform other
functions. The input current at pin 9 of the Column

Decoder stage is steered to only one of the ten Column
Digital Data outputs. The size of the character which will

be displayed on the CRT is determined by the value of
k1156, When a display-skip signal is present {collector of
1155 Hi}, pin 9 is pulied HI through CR1155. This en-
sures that no current is connected to the Character Generas
tor stage under this condition. Notice the corresponding
input on the Row Decoder. This input is connected to
ground and causes only one of the ten row outputs to
saturate to ground.

The network at the input of the Row Decoder stage
made up of Q1185 and its associated components isa Row
13 detector which produces the Jump Command. This row
current is encoded by special-purpose plug-ins 1o cause all
or part of a word to be jumped. Whenever row 13 {thirteen
units of row current; 1.3 milliamperes) is encoded, the base
of Q1185 is pulled negative enough so that this transistor is
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reverse biased to produce a HI Jump Command output at
its coliector, This Jump Command is connected to the
Word Trigger stage (Diagram 13} to advance the Channel
Counter stage to the next word and to reset the Time-Slot
Counter 1o time-slot 1.

Zeros Logic and Memory

The Zeros Logic and Memaory stage U 1180 stores data
encoded by the plug-in units to provide zeros-adding and
prefix-shifting logic for the Readout System. The Strobe
pulse at pin 15 goes positive when the data has stabilized
and can be inspected. This activates the Zeros Logic and
Memory stage so it can store the encoded data. A block
representation of the memory sequence is shown in Fig, 3-47,
Typical output waveforms for the five possible input condi-
tions that can occur are shown in Fig. 3-48. When time-siot
T occurs, a store command is given to all of the memories.
If the plug-in unit encoded data for column 1, 2, 3, 4, or 10
during time-siot 1, the appropriate memory {or memories)
is set. Notice that row 3 information from the Row De-
coder must also be prasent at pin 16 for data to be stored in
the memory of U1180. If data was encoded during time-
slot 1, a negative-going output is produced at pin 7 as the
memories are being set. This negative-going pulse is con-
nected 1o the base of 01152 in the Display-Skip Generator
stage to produce a Display-Skip output. Since the informa-
tion that was encoded during time-slot 1 was only provided
1o set the memories and was not intended to be displayed
on the CRT at this time, the display-skip output prevents a
readout display during this time-slot,

During time-slot 5, memory A is interrogated. If 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 stage through 01163 to add one unit
of current at the input of the Column Decoder stage. This
produces a zero after the character displayed on the CRT
during time-slot 4. During time-stot 6, memory B is interro-
gated to see if another zero should be added. If another
7ero is necessary, a second positive output is produced at
pin 7 which again results in a column 1 output from the
Column Decoder stage and a second zero in the CRT
display.

Finally, memory C is interrogated during time-slot 8 to
obtain information on whether the prefix should be re-
duced or left at the value which was encoded. If data has
been encoded which calls for a reduction in prefix, a
negative-going output level is produced at pin 7. This
negative level subtracts one unit of column current from
the data at the input to the Column Decoder stage. Notice
on the Character Selection Matrix of Fig. 3-38 that a reduc-
tion of one column when row 4 is programmed resultsin a
one unit reduction of the prefix. For example, with the 100
oY program shown in Fig. 3-45, if the data received from
the plug-in called for a reduction in prefix the CRT readout
would be changed to T mV {zeros deleted by program; see
Encoding the Data).
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The 100 microamperes of quiescent cutrent through
R1141 that was provided by Q71163 (see Display-Skip
Generator) allows the prefix to be reduced from m {100
microamperes column current; column 1) to no prefix {(zero
column current; column zere) so only the unit of measure-
ment encoded during time-slot 9 is displayed. Notice that
reducing the prefix program from column 1 to column 0
programs the Readout System 1o not display a character at
this readout location.

A further feature of the Zeros Logic and Memory stage
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 stage produces a
negative-going output pulse at pin 1 which switches the
Column Data Switch and Row Data Switch stages 1o the
ninth channel. Then, time-stot pulses 2 through 9 encode an
output current through resistors R1131-R1138 for column
data and R1171-R1178 for row data. This provides the
currents necessary to display the word IDENTIFY on the
CRT in the word position allotted to the channel which
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 U1190 through C1190. At the end of
each word of readout information, this'pulse goes low. This
grases the four memories in the Zeros Logic and Memory
stage in preparation for the data to be received from the
next channel.

Character Generators

The Characier Generator stage {(Diagram 15} consists of
five similar integrated circuits U1251-U1255 which gen-
erate the X (horizontal} and Y (vertical} outputs at pins 16
and 1 respectively to produce the character displayed on
the CRT. Each integrated circuit can produce 10 individual
characters. U1251 which is designated as the ““Numerals’”
Character Generator can prociice the numerals O through 9
shown in row 1 of the Character Selection Matrix {Fig.
3-38). U1252 can produce the symbols shown in row 2 of
the Character Selection Matrix and U1253 produces the

interrogation pulses
o~
7 TimeSlot5  TimeSiot6  TimeSiots
4 3 6
/l\ N N
S o ™
Column 1 12 & ry & > 7
A
S a
{Add 0"} y
Memory -
Column 2 13 < T e 8
{Add 'C"}

A
Columa 3 10 < 1 Memory

C

{Reduce
Column 4 11 < & w1 prefix)
S 9
Memory pd

Column 10 14 < oo " D.f ]

entity

. Store Command

Time-Siot 1 5 <“"'~"’ to all memories
Row 3 16 é——a«— Enable to all memories
Word Trigger 9 é————-—-)a— Reset to all memories

Fig. 3-47. Block representation of memory sequence in 11190,
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Input Pin of L1190 Activated Command Time-Slots
lelalolglolel niolal I
TR IR PR g R 2
v 1 p200pS
oV
14 IDENTIFY
L
Add one ' S ‘ ¥ oV
12 zero
L
Add two g e ov
13 Zeros I
i
10 Decrease ov
prefix
il LSy
Decrease
11 prefix and 5 oV
add one zero
s’ Sasprrant?

Fig. 3-48. Typical output waveforms for Zeros Logic and Memory stage operation {at pin 7 of U1190}.
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prefixes and sorme letters of the alphabet which are used as
prefixes in row 4. 11254 and U 1255 produce the remaining
letters of the alphabet shown in rows 5 and 6 of the Char-
acter Selection Matrix. All of the Character Generator
stages receive the column digital data from Column De-
coder U1166 in parallel, However, only one of the char-
acter generators receives row data at a particular time; only
the stage which receives both row and column data is acti-
vated. For example, if column 2 is encoded by the plug in
unit, the five Character Generators are enabled so that
either a 1, <, u, V, or an N can be produced. However, if at
the same time row 4 has also been encoded by the plug-in
unit, only the Prefix Character Generator U 1253 will pro-
duce an output 1o result in a u displayed on the screen, This
integrated circuit provides current outputs to ihe Format
Generator stage which produce the selected character on
the CRT. In a similar manner, any of the 50 characters
shown in the Characier Selection Matrix can be displayed
by correct addressing of the row and cofumn.

Decimal Point Logic and Character Position
Countey

The Decimal Point Logic and Character Position Counter
stage U1260 performs two functions. The first function is
to produce a staircase current which is added to the X
{horizontal) signal to space the characters horizontally on
the CRT. After each character is generated, the negative-
going edge of the Ready signal at pin 5 advances the Char-
acter Position Counter, This produces a current step output
at pin 3 which, when added to the X signal, causes the next
character to be displayed one character space to the right.
This stage can also be advanced when s Space instruction is
encoded by the plug-in unit so that a space is left between
the displayed characters on the CRT. Row 10 information
from the Row Decoder stage is connected to pin 4 of
L1280 through R1265. When row 10 and column 0 are
encoded, the output of this stage advances one step to
move the next character another space to the right. How-
ever, under this condition, no display is produced on the
CRT during this time-slot since the Character Generators
are not activated,

Time-slot pulses 1, 2, and 3 are also connected to pin 4
of U1260 through VR1260, VR1261, and VR1262 res-
pectively and R1260, R1265. This configuration adds a
space to the displayed word during time-slots 1, 2, and 3
even if information is not encoded for display during these
time-slots. With this feature, the information which is dis-
played during timeslot 4 {1-2-5 data) always starts in the
fourth character position whether data has been displayed
in the previous time-slots or not, Therefore, the resultant
CRT display does not shift position as normal/invert or
cal/uncal information is encoded by the plug-in. The Word
Trigger pulse connected to pin 8 of U1280 through C1267
resets the Character Position Counter to the first character
position at the end of each word,

3-70

The Decimal Point Logic portion of this stage aliows
decimal points to be added to the CRT display as encoded
by the plug-in units. When row 7 is encoded in coincidence
with columns 3 through 7 {usually encoded during time-slot
1), a decimal point is placed at one of the five locations on
the CRT identified in row 7 of the Character Selection
Matrix {Fig. 3-38). This instruction refers to the decimal
point location in relation to the total number of characters
that can be displayed on the CRT {(see Fig. 3-49). For
example, if column 4 and row 7 are encoded during time-
slot 1, the system is instructed to place a decimal point in
location Ne. 3. As shown in Fig. 3-49, this displays a
decimal point before the third character that can be dis-
played on the CRT (first three time-slots produce a space
whether data is encoded or not; see previous paragraph).
The simultaneous application of row 7 data fo the Y-input
of the Format Generator stage through R1269 raises the
decimal point so it appears between the displayed char-
acters.

When decimal-point data is encoded, the CRT is un-
bianked so a readout display is presented. Mowever, since
row 7 does not activate any of the five Character Gen-
erators, the CRT beam is not deflected but instead remains
in a fixed position to display a decimal point between the
characters along the bottom line of the readout word, After
the decimal point is produced in the addressed location, the
CRT beam returns to the location indicated by the Charac-
ter Position Counter to produce the remainder of the dis-

play.

Decimal-point location en-
coded during this time-slot
- no display

First possible character dis-
played on CRT at this loca-
tion

First numhber of measure-
ment normally displayed at
this focation

0000000000
N

N

Always

skipped Becimal point
even if Decimal point location No. 7
no data location No. 4 {eolumn 7]
encoded {column 4}

Becimal point
location No, 6

Decimal point {column 6}

location No, 3

Decimal point
fcolumn 3}

location No. &5
{calumn 5}

Fig. 3-49. Readout word relating 10 possible character locations to
the decimal point instructions that can be encoded, and the resuli-
ant CRT display,



Format Generator

The X- and Y-deflection signals produced by the Char-
acter Generator stage, are connected to pins 2 and 7 re-
spectively of Format Generator U1270, The Channel
Address No. 2 code from the Channel Counter is also con-
nected fo pins 1, 8, and 15 of this stage. The Channel
Address No, 2 code directs the Format Generator to add
current to the X and Y signals to deflect the CRT beam to
the area of the CRT which is associated with the plug-in
channel that originated the information (see Fig. 3-37). The
Channel Address No. 2 code and the resultant word posi-
tions are shown in Table 3-4. In addition, the character
position current from the Decimal Point Logic and Char-
acter Position stage is added to the X (horizontal) Input
signal to space the characters horizontally on the CRT (see
pravious discussion). The Ready signal at pin 13 {coincident
with Vertical/Horizontal Channel Switch Off Command)
activates this stage when a character is to be displayed on
the CRT.

¥Y-Output Amplifier

The Y-output signal ai pin 6 of U1270 is connected to
the Y-Output Amplifier 01284-01288. This stage provides
& low-impedance load for the Format Generator while pro-
viding isolation between the Readout System and the Verti-
cal Amplifier. The Vertical Separation adjustment R1285
changes the gain of this stage to control the vertical separa-
tion between the readout words displayed at the top and
bottom of the graticule area.

X-Output Amplifier

The X-Quiput Amplifier Q1274-Q1278 operates
simifarly to the Y-Qutput Amplifier to provide the hori-

Circuit Description—7704

TABLE 3-4
Channel Address No. 2 Code

Pin7 Pin 7 Pin 5 Channel
U1232 U123t U1230 Displayed
LO 1.0 HI Channel 1
Left Vertical
LO LO 1.O Channel 2
Left Vertical
LO HI Hi Channel 1
Right Vertical
LO Hi LO Channel 2
Right Vertical
H1 LO Hl Channel 1
A Horizontal
HI LO LO Channel 2
A Horizontal
HI Hi Hi Channel 1
B Horizontal
HI HI LO Channel 2
B Horizontal

zontal deflection from the readout signal available at pin 4
of U1270. The gain of this stage is fixed by the values of
the resistors in the cirouit.

Display Sequence

Fig. 3-50 shows a flow chart for the Readout System.
This chart illustrates the sequence of gvents which occurs in
the Readout System each time a character is generated and
displayed on the CRT,
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