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SAFETY SUMMARY

The general safety information contained in this summary is for servicing personnel. Specific warnings and cautions will
be found throughout the manual where they apply and should be followed in each instance.

TERMS

IN THIS MANUAL

CAUTION statements identify conditions or practices that could result in damage to the equipment or other property.
WARNING statements identify conditions or practices that could result in personal injury or loss of life.

AS MARKED ON EQUIPMENT

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

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

IN THIS MANUAL

® Static-Sensitive Devices.

A This symbol indicates where applicable cautionary or other information is to be found.

AS MARKED ON EQUIPMENT

4 DANGER—High voltage.
@ Protective ground (earth) terminal.

A ATTENTION—refer to manual.

WARNINGS

POWER SOURCE

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

USE THE PROPER POWER CORD

Use only the power cord and connector specified for your instrument. Use only a power cord that is in good condition.

For detailed information on power cords, see page 1-3.

Vi @
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GROUNDING THE INSTRUMENT

This product is grounded through the grounding conductor of the power cord. To avoid electrical shock, plug the power
cord into a properly wired receptacle before connecting to the input or output terminals of the instrument. A protective
ground connection by way of the grounding conductor in the power cord is essential for safe operation.

DANGER ARISING FROM LOSS OF GROUND

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

USE THE PROPER FUSE

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

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

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

DO NOT SERVICE ALONE

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

USE CARE WHEN SERVICING

Dangerous voltages exist at several points in this instrument when power is applied. Furthermore, dangerous potentials
may be present in the power supply and crt circuits for quite some time after the power has been turned off. To avoid
personal injury, do not touch exposed connections and components while power is on and, when servicing power-supply
and crt circuits, until the power-supply and crt are properly discharged.

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

CRT HANDLING

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

SILICONE GREASE HANDLING

Handle silicone grease with care. Avoid getting the silicone grease in your eyes. Wash hands thoroughly after use.
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7854 FEATURES

The TEKTRONIX 7854 Oscilloscope with Waveform Calculator combines the features of a high-performance plug-in oscilloscope with a
waveform-oriented dedicated-function digital processor.

The waveform processor provides equivalent-time sampled digitizing of waveforms to 480 megahertz equivalent-time bandwidth. The

processor can be operated from either keyboard {front-panel measurement keyboard or detachable Waveform Calculator keyboard) or
remotely over the GPIB (General Purpose Interface Bus).

Programming, consisting of a series of commands stored for later execution, is available to simplify measurements which must be repeated.
Editing and execution is controlled either from the Waveform Calculator or the GPIB.
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Section 1—7854

GENERAL INFORMATION

This section contains a basic description of the Service Manual content, information on instrument installation, power
and power cord requirements, operating temperature considerations, packaging for shipment, and instrument repair

services.

SERVICE MANUAL

The following is a brief description of the information
contained in this manual.

THE SERVICE MANUAL CONTAINS
INSTRUCTIONS FOR USE BY QUALIFIED
SERVICE PERSONNEL ONLY. TO AVOID
PERSONAL INJURY, DO NOT PERFORM ANY
SERVICING UNLESS YOU ARE QUALIFIED TO
DO SO.

Section 1—General Information contains installation
instructions, operating temperature considerations,
Tektronix Field Service, and instrument packaging
information.

Section 2—Theory of Operation contains a basic.block
diagram description and a detailed circuit analysis that
may be useful for servicing or operating the
instrument.

Section 3—Maintenance describes routine and
corrective maintenance procedures with detailed
instructions for troubleshooting the analog circuits.
Diagnostic troubleshooting equipment and procedures
can be purchased separately, or refer repair to your
Tektronix Field Office.

Section 4—Calibration contains procedures to check
the operational performance and electrical
characteristics of the instrument. A performance
check summary provides a cross reference between
the specifications and related adjustment procedures.

Section 5—Instrument Options contains a description
of available options and locations of incorporated
information for these options.

Section 6—Replaceable Electrical Parts contains
information necessary to order replaceable parts and
assemblies related to the electrical functions of the
instrument.

Section 7—Diagrams and Circuit Board lllustrations
includes detailed circuit schematics, locations of
assembled boards within the instrument, voltage and
waveform information, circuit board component
locators, and locations of adjustments to aid in the
performance of the Adjustment and Performance
check portion of the Calibration procedure.

Section 8—Replaceable Mechanical Parts includes
information necessary to order replaceable
mechanical parts and shows exploded drawings which
identify assemblies.

7854 RELATED DOCUMENTATION

In addition to the 7854 Service Manual, other publications
are available; they include the Operators Manual,
Diagnostic Manual Package and Data Sheets.

Operators Manual

The 7854 Operators manual contains installation
instructions, specifications and operating information for
the scope display, measurement and waveform calculator
keyboard, GPIB, options and command language.

Diagnostic Manual Package

The information necessary for troubleshooting the digital
portion of the 7854 Oscilloscope consists of several
individually part numbered documents combined in an
orderly fashion to produce a “Diagnostic Manual
Package”.

”7854 Diagnostic Troubleshooting Using 067-0911-XX
Diagnostic Test Interface” is the principal manual and is
bound in a 3-ring binder to enable insertion of the other
support documents at their appropriate locations. Other
support documents include supplement manuals and
data sheets.

Supplement Manuals. The supplementary manuals
#7854 Signature Analysis Tables Using 067-0911-XX
Diagnostic Test Interface” (Part number 070-2922-XX)
and ‘Test Procedures for 7854 Diagnostic Trouble-
shooting Using 067-0911-XX Diagnostic Test Interface”
(Part number 070-2875-XX) should be inserted behind
the Primary Manual's “Signature Tables” and "Test
Procedures” tabs respectively.
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General Information—7854

The manual for the “Diagnostic Memory Board (067-
0961-XX)” contains service information for the special
circuit board containing the diagnostic firmware for
troubleshooting the 7854.

Data Sheets {For Support-Related Test Fixtures).
Data sheets for diagnostic related hardware include the
following:

7854 Analog Test Board {067-0912-00)—See
application under Analog Troubleshooting Equipment
in Section 3, Maintenance.

7854 Extender Board, 44-Pin (067-0913-00)—See
application under Digital Troubleshooting Equipment
in Section 3, Maintenance.

7854 Extender Board, 80-Pin (067-0314-00)—See
application under Digital Troubleshooting Equipment
in Section 3, Maintenance.

7854 Extender Board, 124-Pin (067-0915-00}—See
application under Digital Troubleshooting Equipment
in Section 3, Maintenance.

INSTALLATION

INITIAL INSPECTION

This instrument was inspected both mechanically and
electrically before shipment from the factory to be free of
mars or scratches and to meet or exceed all electrical
specifications. Upon receipt, inspect the instrument for
any physical damage which may have been incurred in
transit. Then, refer to the Performance Check Procedure
in the Calibration section of this Manual to verify the
electrical performance of the instrument. If mechanical
damage or performance deficiencies are found, contact
your local Tektronix Field Office or representative.

POWER SOURCE INFORMATION

This instrument will operate from either a 115-volt or
230-volt nominal line-voltage source, 48 to 440 hertz.

Operating Voltage

The LINE VOLTAGE SELECTOR switch (located on the
rear panel of the 7854 Oscilloscope mainframe) allows
selection of 115-volt or 230-volt nominal line voltage
operation. To select the correct nominal line voltage, first
change the power cord and plug to match the power-
source receptacle (if necessary). Then, use a small
screwdriver to move the LINE VOLTAGE SELECTOR
switch to the desired range.

CAUTION

To prevent damage to the instrument, always
check the settings of the LINE VOLTAGE
SELECTOR switch located on the rear panel
of the 7854 Oscilloscope mainframe before
connecting the instrument to the line-voltage
source.

1-2

Power Cord Information

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

TABLE 1-1
Power-Cord Color Conductor ldentification
Alternate
Conductor Color Color
Ungrounded (Line) Brown Black
Grounded (Neutral) | Light Blue White

Grounding Green/Yellow | Green/Yellow

(Protective Ground)

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

Before making connection to the power
source, determine that the instrument is
adjusted to match the voltge of the power
source, and has a suitable plug ftwo-pole,
three-terminal, grounding type).

This instrument is safety class 1 equipment
fIEC* designation). All accessible conductive
parts are directly connected through the
grounding conductor of the power cord to the
grounding contact of the power cord.
Therefore, the power plug must only be
inserted in a mating receptacle with a
grounding contact. Do not defeat the
grounding connection. Any interruption of the
grounding connection can create an electric
shock hazard.

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

*International Electrotechnical Commission



TABLE 1-2
Power-Cord And Plug Identification Information

General Information—7854

Plug U Nominal Reference Obti
Configuration sage Line-Voltage (AC) Standards ption #
North American ;ANSI c73.1
120V/15A 115 v NEMA 5-15-P STANDARD
jEC 83
Universal Euro ‘CEE (7). I, IV, VI
250V/10-16A 230 v JYEC 83 Al
UK °BS 1363
240V/13A 230 v YEC 83 A2
Australian 230 V 6AS C1
240V/10A AS €112 A3
. 'ANS| C73.20
N°'2‘20\’;‘;“1‘3gfa" 230 V 2NEMA 6-15-P A4
3
IEC 83

'ANS1—American National Standards Institute
2NEMA—National Electrical Manufacturer’s Association
3JEC—International Electrotechnical Commission

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

Memory Back-up Power

Two female banana jacks (on the rear panel of the 7854
Oscilloscope mainframe) allow application of about 6.25
V dc (0.7 A maximum) to provide back-up power for the
volatile storage devices used for processor memory. The
instrument is fuse protected for application of any
voltages applied to the MEMORY BACK-UP POWER
INPUT up to +50 volts (dc plus peak ac). When power is
first applied to the MEMORY BACK-UP POWER INPUT
the associated red indicator lights to indicate that the
fuse has not blown.

e s

E:VAUTION ?

To prevent loss of data from memory due to a
power failure, apply memory back-up power.

POWER-UP CONDITIONS

When the 7854 is turned on (without memory backup
power applied), the digital processor runs four self-
checking tests. Although these tests are not all-inclusive,
they indicate if major portions of the processor are
working properly. The self-test sequence outlined below
begins when power is applied to the 7854.

Step 1:

Step 2:

Step 3:

*BS—British Standards Institution
SAS—Standards Association of Australia

When power is applied the following
indicators will light: POWER, selected
positions of the A and B TRIGGER SOURCE
switches, and all selected indicators on the
plug-in units. For approximately three
seconds after power-up the following
indicators will remain off: all positions of the
VERTICAL and HORIZONTAL MODE switches,
all intensity indicators, all red front-panel
{measurement keyboard) and Waveform
Calculator indicators.

All positions of the VERTICAL and
HORIZONTAL MODE switches, all Intensity

indicators, and all red-front-panel and
Waveform Calculator indicators will now
light.

A fault condition found through any of the
four tests is indicated with the lights of the
VERTICAL and HORIZONTAL MODE switches.
Fault condition codes are listed in Table 1-3.
Be sure to note the code received so that you
may more fully inform the service person
about the trouble.
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If a fault code occurs, press any button of the
VERTICAL or HORIZONTAL MODE switches
and the self-testing will continue. Then, refer
to the Performance Check Procedure in the
Calibration section of this Manual to verify
the electrical performance of the instrument.

Step 4: Successful completion of the self tests is
indicated by the issuance of the audible
warning tone (if the rear-panel AUDIBLE
WARNING switch is ON), and the
extinguishing of all red indicators, the S and
A Intensity indicators, all VERTICAL MODE
lights except LEFT, and all HORIZONTAL
MODE switch lights except B. In addition, if
the READOUT intensity control is set to about
midrange, the message SELF TEST
COMPLETE will be displayed on the crt.

TABLE 1-3
Self-Test Fault Codes

VERTICAL HORIZONTAL

MODE Indicator | MODE Indicator | Circuitry

Status Status With Fault

All lights on. B light on. RAM

All lights on. CHOP light on. ROM

All lights on. CHOP and B Real-time

lights on. Clock
All lights on. ALT light on. Display

PRESET CONDITIONS

After successful completion of the processor self tests,
several parameters of the 7854 are set to predetermined
conditions. These power-up conditions are:

CRT DISPLAY mode .............. Set to SCOPE
Program Mode ................. Set to EXECUTE
Program Memory........... .. o, Cleared
VERTICAL MODE................... Set to LEFT
HORIZONTAL MODE .................. Set to B
Stored Waveform Display......... Not displayed;

set to VECTors
P/W (Points/Waveform) ............ -Set to 512
Stack Registers ............ ... . ... Cleared to O
OPW (Operational Waveform).......... Set to O
All waveform memory points ......... Set to the

zero value (center horizontal
graticule line)

VZR (Vertical Zero Reference) .......... Set to O
(all waveform memories)
Vertical Scale Factor ............... Set to 1 (all

waveform memories)
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Vertical Scale Factor Unit .......... Set to V (all
waveform memories)
Horizontal Scale Factor............. Set to 1 (all
waveform memories)
Horizontal Scale Factor Unit........ Set to S (all
waveform memories)
Constant Registers ..................... Set to O
TTIL Output ... i Set HIGH
RSV Control Flags ...................... Set ON

OPERATING POSITION

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

OPERATING TEMPERATURE

The 7854 can be operated in ambient air temperatures
between 0° and +50° C, and can be stored in ambient
temperatures from -55° to +75° C. After being stored in
temperatures outside the operating limits, allow the
chassis temperature to return to within the operating
limits before applying power.

The 7854 Oscilloscope mainframe is cooled by air drawn
in’ through holes in the top, side, and bottom cabinet
panels and blown out through the fan exhaust. To ensure
proper instrument cooling, maintain the clearance
provided by the feet on the bottom cabinet panel, and
allow at least 2 inches of clearance at the top, sides, and
rear of the instrument.

If the internal temperature of the mainframe exceeds a
safe operating level, a thermal cutout will repeatedly
interrupt the instrument power supply. This condition
stops when the temperature returns to a safe level.

TEKTRONIX FIELD SERVICE

Tektronix Field Service Centers and the Factory Service
Center provide instrument repair and adjustment
services. Contact your Tektronix Field Office or
representative for further information.

PACKAGING FOR SHIPMENT

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



Also, if this instrument is to be shipped to a Tektronix
Service Center for service or repair, attach a tag to the
instrument showing the following: Owner of the
Instrument (with address), the name of a person at your
firm who can be contacted, and the complete instrument
type and serial number. Also, list the Diagnostic
Firmware number, and the Signature Table number
(indicated on the rear-panel SERVICE IDENTIFICATION
tag). Provide a description of the service required.

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

1. Obtain a corrugated cardboard carton with a 375
pound test strength (for the Mainframe) or a 200 pound
test strength (for the Waveform Calculator), and having
inside dimensions of no less than six inches more than
the instrument dimensions; this allows for cushioning.

General Information—7854

2. Surround the instrument with polyethylene sheeting to
protect the finish.

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

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

5. Mark the address of the Tektronix Service Center and
your return address on the carton in one or more
prominent locations.
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Section 2—7854

THEORY OF OPERATION

This section describes the circuitry used in the 7854 Oscilloscope mainframe. The description begins with a discussion
of the instrument, using the block diagram shown in Figure 2-1. Next, each circuit is described in detail with supporting
illustrations, when appropriate, to show the relationship between the stages in each major circuit. Detailed schematics
of each circuit are located in the Diagrams section at the rear of this manual. Refer to these schematics throughout the
following circuit description for specific values and relationships.

BLOCK DIAGRAM

The following discussion is provided to aid in understanding the overall concept of the 7854 before the individual circuits
are discussed in detail. A basic block diagram of the 7854 is shown in Figure 2-1. Only the basic interconnections
between the individual blocks are shown on this diagram. Each major circuit within the instrument is given a block. The

number of each block refers to the complete circuit diagram located at the rear of this manual.

DESCRIPTION

The Main Interface circuit connects vertical and
horizontal signals from the plug-in compartment to the
vertical and horizontal deflection systems.

Vertical signals to be displayed on the crt (cathode-ray
tube) are applied to the Vertical Channel Switch circuit
from both vertical plug-in compartments. The front panel
VERTICAL MODE switch determines whether the signals
from the LEFT VERT or RIGHT VERT compartmentstare
displayed on the crt. At this point the signal pathcis split
into an analog and a digital path. For the analog path, the
selected vertical signal(s) passes through a Delay Line
and is then amplified by the Vertical Amplifier circuits to
bring it to the level necessary to drive the vertical
deflection plates of the crt. The digital path begins with
the Vertical Pickoff Amplifier which converts the push-
pull signals applied to it from the Vertical Channel Switch
to the single-ended signal required by the Vertical
Sampler circuit. After some digital processing, which will
be more fully explained later, the signal may be applied to
the Vertical Amplifier from the Display D/A and Amplifier
circuit along with alphanumeric readout signals to
produce the required vertical deflection for display of
stored waveforms and readout characters.

Horizontal signals for the crt display are connected to the
Horizontal Channel Switch circuit from both horizontal
plug-in compartments. The HORIZONTAL MODE switch
determines whether the signals from the A HORIZ or B
HORIZ units are displayed by the crt. Here, as in the
vertical system, the signal path is split into an analog and
a digital' path. For the analog path, the selected horizontal
signal(s) are amplified by the Horizontal Amplifier circuit
which provides horizontal deflection to the crt. The

Horizontal Pickoff amplifier converts the push-pull
signals from the Horizontal Channel Switch to the single-
ended signal required by the Horizontal Sampler circuit.
After signal processing similar to that of the vertical
system, stored waveform and alphanumeric readout
deflection signals may be applied to the Horizontal
amplifier by the Display D/A and Amplifier circuit when a
display of that type is required.

The Readout Acquire circuit and the Display D/A and
Amplifier circuit provide an alphanumeric display of
information encoded by the plug-in units. The readout
display is written on the crt on a time-shared basis with
the analog or stored waveform display. The front-panel
Mode switches and the Microprocessor circuits
determine which plug-in units display readout
information.

The internal trigger signais from the vertical plug-in units
are connected to the A and B Trigger Selector circuits.
The Mode Switch and Trigger Selector circuits direct
trigger signals from the LEFT VERT or RIGHT VERT units
to the A HORIZ or B HORIZ units.

The Mainframe Logic circuit develops control signals for
use in other circuits within this instrument and the plug-
in units. These control signals automatically determine
the correct instrument operation in relation to the plug-in
units, the plug-in unit control settings, and the 7854
control settings.

The CRT Circuit contains the control circuits necessary
for operation of the crt. The Z-Axis Amplifier provides the
drive signal to control the intensity level of the crt
display.
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Figure 2-1. Block Diagram
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The Calibrator circuit produces a 1-kilohertz square-wave
signal which can be used to check the calibration of this
instrument and the compensation of probes. The
calibrator signal is available as a voltage at the
CALIBRATOR connector or as a current through a 40
milliampere optional current loop accessory.

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

The Converter/Rectifiers and Low-Voltage Regulator
circuits provide the power necessary to operate this
instrument. The voltages are connected to all circuits
within the instrument. The crt circuit contains a high-
voltage power supply that provides accelerating potential
for the crt.

The Aukxilliary Regulator circuit regulates existing supply
voltages down to the potentials required by the digital
portion of this instrument.

The Front Panel Controls circuit provides for user control
and adjustment of crt beam and readout intensity as well
as other functions such as trace FOCUS and trace
BEAMFINDER.

The Front Panel Keyboard circuit provides user control of
the functions performed by the microprocessor in this
instrument. Pushbutton switches on the front panel
provide this user-to-machine interface. The external
Calculator Keyboard is similar to the Front Panel
Keyboard in that it provides user interface to the
instrument microprocessor through a pushbutton
keyboard. This keyboard must be connected to the
instrument through the Rear Panel Connector circuit
which also provides GPIB interface connectors for this
instrument.

The Keyboard Interface and Signature Analysis circuit
provides the electrical scanning necessary for the
reading of the above mentioned keyboards. It also
generates the signature analyzer clock and the
associated control levels required to use a signature
analysis system for troubleshooting this instrument.

The Mother Board provides the majority of
interconnection within the digital portion of this
instrument. Up to seven individual boards controlling
various operations of the 7854 may be plugged into the
Mother Board.

The Microprocessor and Control circuit is the control
center of the digital portion of this instrument. All
numerical and waveform manipulation as well as data
storage and display are either performed or controlled
directly or indirectly by this circuit.
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The Readout Acquire circuit "reads” the step-analog
plug-in data, representing vertical deflection factors,
horizontal sweep rate, etc., and encodes it into a digital
format. This digitial information is later processed and
results in a crt display of one or more alphanumeric
characters representative of the plug-in(s) setup
conditions.

The Vertical and Horizontal Sampler circuit samples,
stores, and buffers, instantaneous analog voltage levels
from the Vertical and Horizontal Pickoff Amplifier circuits
to the Digitizer so they may later be displayed on the crt.
These samples, when displayed with other similar
samples, represent a waveform derived over one or more
crt sweep intervals.

The Digitizer circuit accepts the buffered analog voltage
levels from the Vertical and Horizontal Sampler circuit
and converts them to ten-bit digital words. The Digitizer
Control Logic circuit, in conjunction with the Address
Generator circuit, generates the addresses necessary to
store this data for later use. It also generates the control
levels necessary for the digitizer system to request and
assume control of instrument busses to facilitate this
storage. A special burst clock is required by the digitizer
system when digitizing and is produced by the Digitizer
Clock circuit. As the digitizer system digitizes a
waveform, the Digitizer Sweep Counter detects when a
complete sweep has occured. After a complete sweep
has been detected, the microprocessor determines when
the digitizer system has acquired enough points to
adequately represent the waveform being digitized,
depending on the resolution (points per waveform)
desired.

The DMA Control circuit generates the timing sequence
and control levels necessary for DMA (direct memory
access) devices internal to the 7854 to take contro! of the
instrument busses.

The GPIB (general purpose interface bus) circuit allows
the 7854 Oscilloscope to be used in multiple instrument
GPIB configurations. This circuit provides the
communications and control interface necessary to GPIB
operation.

The ROM and RAM circuits provide the permanent and
temporary memory required for proper operation of this
instrument.

Together, the Vertical and Horizonta! Display and Control
circuits provide the proper control voltages for operation
of oscilloscope deflection and Z-Axis Amplifier circuitry
when displaying digitally processed waveforms or
characters. The Display D/A and Amplifier circuit
converts the stored digital data representing waveform or
character information tu analog voltage levels to facilitate
vertical and hoizontal -'eflection of the crt beam.
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DETAILED CIRCUIT OPERATION

This portion of the Theory of Operation section provides a detailed description of the electrical operation and relationship
of the circuits in the 7854. The theory of operation for circuits unigue to this instrument is described in detail in this
discussion. Circuits commonly used in the electronics industry are not described in detail.

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

TEKTRONIX DRAFTING CONVENTION

At Tektronix, logic symbols on schematics are drawn
according to the function performed by the device in its
particular application. By so doing, some deviations from
the manufacturer’s assigned symbology occur (although
device electrical function is identical). An example of this
would be an AND gate (all inputs Hl—output HI; any input
LO—output LO) drawn as an OR gate for LOs (any input
LO—output LO; all inputs Hl—output HI). The first gate
shown in Table 2-1 illustrates this example and the
remainder of the table further illustrates alternate ways
of representing common logic gates. This table is meant
only to familiarize the reader with Tektronix drafting
convention and not as a complete source of alternate
symbols used in schematic drafting. For operational
characteristics of individual devices, refer to.'the
manufacturer's data book.

O

CABLING

Diagram 1, in the Diagrams and Circuit Board
Illustrations section, shows the inter-connections
between major circuits within the 7854.

@

MODE SWITCH AND CALIBRATOR

The Mode Swvitch circuit implements the front-panel
switching and provides the necessary logic for selection
of vertical and horizontal deflection signals for the crt

display. The Mode Switch circuit operates in conjunction
with the Mainframe Logic circuit (diagram 4) and the
Microprocessor and Control circuit (diagram 28) to
develop control signals for use in other circuits within
this instrument, and within plug-in units installed in the
plug-in compartments.

The Calibrator circuit provides voltage outputs of 40
millivolts, 0.4 volt and 4 volts at the CALIBRATOR output
connector. A current output of 40 milliamperes is
available from the CALIBRATOR with an optional current
loop adapter. When the current loop adapter is used, the
CALIBRATOR switch must be set to the 4 V position.

Figure 2-2 shows a detailed block diagram of the Mode
Switch and Calibrator circuits. A schematic of these
circuits is shown on diagram 2, in Section 7, Diagrams
and Circuit Board lllustrations. The schematic is divided
by gray shaded lines separating the circuitry into major
stages. Sub-headings in the following discussion use
these stage names to aid in locating and identifying the
components and portions of the circuitry described.

MODE SWITCH

The Mode Switch provides user control of the 7854
vertical and horizontal channel selection.

User commands from the front panel MODE switches, S1
and S2, are converted to BCD (binary coded decimal) by
U1l and are then buffered by U61A. Plug-in commands
from the plug-ins are sensed by comparator 1ICs U51 and
U52. These logic levels are buffered by U62 and U61B. At
intervals of approximately 20 ms, the microprocessor
(diagram 28) pulls the FPR (front panel read) line at P63-
1 LO, enabling U671 and U62, transferring the front-panel
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TABLE 2-1
Common Logic Gates lllustrations

Truth Tables

Basic Alternate [ |
| 1T 1 Description of Basic and INPUT INPUT OUTPUT
AND Alternate Symbols A B X
LO o | o |
A— x A X A device with two or more inputs & Lo Hi Lo I
8 —| B one output. HI LO LO I
HI Hi HI
OR A B X
LO LO LO

" X A X A device with two or more inputs & Lo HI HI
B B —O one output. HI ) HI

HI Hi HI

NAND A B X
LO LO HI
A X A X A device with two or more inputs & Lo HI HI
B B one output. ] LO HI
HI Hi LO
R e
NOR A B X
LO LO HI I
A X A—d X A device with two or more inputs & Lo HI Lo
B B—0O one output. HI LO LO
HI HI LO I
INVERTER A X
__
A device with one input & one output. Lo HI I
A —DO—X A —CD— X The output is always the opposite state
of the input. HI LO
R N

R

Neqation A small circle at the input or output of a symbol indicates that
Indicator the LO state is significant. Absence of the circle indicates that
Symbol the HI state is significant.

'The first part of this table includes the alternate way to draw the same gate. The type of symbol used depends on how the gate is used in the circuit.
The Basic symbols require an active Hl input and the Alternate symbols require an active LO input.
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Figure 2-2. Mode Switch/Calibrator block diagram.
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mode command information and plug-in mode command
information to the Data Bus. Any new information on the
Data Bus at this time effects a change in the
microprocessor function, and new control information is
put onto the Data Bus by the microprocessor. This
information is latched by the storage registers, U71 and
U72, with the presence of a WE (write enable) or FPW
{front panel write) command, which provide control over
the front-panel mode indicators, Mainframe Logic
(diagram 4), and part of the Display D/A system (diagram
34). The DISPRT (display real time) command to the real
time display logic, U73 and U70 provides additional
control signals to the Mainframe Logic circuit (diagram
4). The Trigger Select logic commands are user
selectable by S109 and S110 and are tied to the
Mainframe Logic circuit (diagram 4). Transistors Q121,
Q114 and Q120 are the waveform display indicator
driver transistors and provide current to the STORED
INTensity, A INTENSITY and B INTENSITY indicator lights
on the front panel, respectively.

CALIBRATOR

Transistors Q15 and Q17 compose a 1 kilohertz, square-
wave oscillator. Oscillation occurs as follows: initially
assume that Q15 is conducting and Q17 is not
conducting. The voltage at the emitter of Q17 becomes
more negative as C16 discharges through R19. Capacitor
C16 discharges until the emitter-base junction of Q17
becomes forward biased. As Q17 begins conducting the
oscillator changes states. Regeneration starts when Q17
conducts and C16 stops discharging; this reduces the
collector current of Q15. Thus, the collector voltage of
Q15 rises positive which causes the base and emitter of
Q17 to rise positive. The positive going voltage is coupled
by C16 to the emitter of Q15, turning it off.

Now, Q17 is conducting and Q15 is not conducting. The
voltage at the emitter of Q15 goes negative as C16
charges through R16. When the emitter-base junction of
Q15 becomes forward biased the oscillator will again
change states to complete the cycle.

The square-wave signal produced at the collector of Q17
switches Q23 on and off. When Q23 is on, the current
from R22 and R23 flows to ground. When Q23 is off, this
current flows through CR26 and R26 into the voltage
divider network of R27, R31, R32, R33, R34, R35 and
R36 to produce the 4 volt, 0.4 volt and 40 millivolt
Calibrator output voltages. The accuracy of the Calibrator
is set by the 0.4 V DC adjustment, R25. Both the 4 V and
0.4 V calibrator push-button switches must be engaged
when adjusting R25. The Calibrator frequency is set by
the 1 kHz adjustment, R15.

2-8
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MAIN INTERFACE

A schematic diagram of the Main Interface circuit is
given on diagram 3, in Section 7, Diagrams and Circuit
Board lllustrations. The schematic is divided by gray
shaded lines separating the circuitry into major stages.
These stages are related by name to other circuits within
the instrument, depending upon the function they
perform, and are used to aid in locating and identifying
the portions of circuitry discussed here. Also, the signal
and voltage connections of each interface connector are
identified.

PLUG-IN INTERFACE

The Plug-in Interface stage consists of four multi-pin
connectors and is used to connect signals between the
plug-ins in the HORIZontal and VERTical plug-in
compartments and the 7854 Oscilloscope mainframe.
The gating scheme of UB0 allows the selected horizontal
plug-in to limit Z-Axis intensity when its sweep rate
drops below 0.1 s/div, thus preventing burning of the crt.
ICs U161, UB5 and transistors Q61 and Q64 are current
buffers for various signal levels.

VERTICAL CHANNEL SELECT LOGIC

The Vertical Channel Select Logic consists of U33, U32,
Q17, Q19, Q27, Q36, CR19 and their associated
components. This stage generates the controlling logic
commands, Display Left and Display Right going to the
Vertical Channel Switch circuit, diagram 7. The logic
diagram for the Vertical Channel Selector Logic stage is
shown in Figure 2-3A.

Inputs A and B at pins 14 and 2 of U33 select the output
states at pins 7 and 9 of U33 according to the table in
Figure 2-3B. The Dual Trace Channel Switch Control
(DTCSC) signal, the plug-in mode signal (J2A16), the
Mainframe Channel Switch signal, and the signal at pin
P17-1 from the Mode Switch act as input signals that
may be switched to output pins 7 and 9 of U33, in the
manner shown by Figure 2-3. When the X-Y Inhibit
signal is HI, U33 is disabled and the levels at both pins 7
and 9 go LO and are not dependent on any input signals.
When the X-Y On signal goes HI the exclusive OR gates,
U32C and U32D, act as inverters and all signals at pins 7
and 9 of U33 are inverted. If the X-Y On input should
exceed about +2 volts, Q36 disables U33 and the outputs
at pins 7 and 9 go LO.
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XY
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|- HI Lo Lo Lo
O HI HI Hi HI
-
o| Lo Lo HI DTCSC DTCSC
o] Hi LO HI o) REALTIME MODE BIT
Hi | Lo Lo Hi H1 LO
HE | Hi Lo HI DISPLAY RIGHT DISPLAY RIGHT
*INDICATES THAT STATE DOES NOT MATTER.
— INDICATES INVERSION OF NAMED SIGNAL.
2874-103A

Figure 2-3. (A) Logic Diagram of the Vertical Channel Switch Logic on the Main Interface. (B) Input/ output table of the Vertical
Channel Switch logic on the Main Interface.
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Figure 2-4. Detailed block diagram of the Mainframe Logic circuit.
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HORIZONTAL CHANNEL SELECT LOGIC

The Display B command, used as the switching control
level applied to the Horizontal Channel Switch circuit
(diagram 10), is developed by the Horizontal Channel
Select Logic stage made up of U143, Q139 and Q147.
The control levels at pins 2 and 14 of U143 determine
the level of the Display B command at its output, pin 7.
The control levels at pin 2 and 14 of U143 are as follows:

(1) Pin 2 HI and pin 14 Hl—output at pin 7 follows the
Mainframe Channel Switch Signal at input pin 3.

(2) Pin 2 LO and pin 14 Hl—output at pin 7 is HL.

(3) Pin 2 LO and pin 14 LO—output at pin 7 follows
the DTCSC signal at input pin 6.

(4) Pin 2 LO and pin 14 Hl—output at pin 7 is LO.

Transistors Q139 and Q147 on the Main Interface board
act as buffers and buffer the Mainframe Channel Switch
Signal and Display B command, respectively to and from
u143.

Theory of Operation—7854

@

MAINFRAME
LOGIC

A schematic diagram of the Mainframe Logic circuit is
given on diagram 4, in Section 7, Diagrams and Circuit
Board lllustrations. The schematic is divided by gray
shaded lines separating the circuitry into major stages.
These stages aid in locating components mentioned here.
Sub-headings in the following discussion use these stage
names to further identify portions of the circuitry on
diagram 4.

The Mainframe Logic circuit develops control signals for
use in other circuits within this instrument and any plug-
in units installed in the vertical and horizontal
compartments. These control signals automatically
determine correct instrument operation in relation to the
plug-in units installed or selected, plug-in control
settings, and 7854 control settings. A detailed block
diagram of the logic circuit is shown in Figure 2-4.

ALT MODE (HORIZ) 1
A GATE 2
X-COMPENSATION INHIBIT (A HORIZONTAL) —4
X-COMPENSATION INHIBIT (B HORIZONTAL)—{5
DELAY MODE CONTROL —]12

B HOLDOFF —13

MAIN FRAME CHANNEL SWITCH SIGNAL —]16
(DISPLAY B)

ALT MODE (HOR1Z)—]

X-COMPENSATION INHIBIT (A HORIZONTAL)—
X-COMPENSATION INHIBIT (B HORIZONTAL) —
DELAY MODE CONTROL —

MAIN FRAME CHANNEL SWITCH SIGNAL —
(DISPLAY B)

X-COMPENSATION INHIBIT (A HORIZONTAL) —
X-COMPENSATION INHIBIT (B HORIZONTAL) —
A HOLDOFF —

B MODE —

B HOLDOFF

A MODE —

DELAY MODE CONTROL —]

A SWEEP LOCKOUT
STAGE 14 F— A LOCKOUT

U116A

B SWEEP LOCKOUT
STAGE 15 — B LOCKOUT
U116B

ALTERNATE PULSE
STAGE 8 —ALTOUT

U116C

&

{1195-4) 2874-106

Figure 2-5. Breakdown of separate stages within Horizontal Logic IC {U116) showing inputs and output for each stage.
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HORIZONTAL LOGIC

The Horizontal Logic stage performs three separate logic
functions: A Sweep Lockout, B Sweep Lockout, and ALT
OUT (alternate pulse) generation. Most of the logic for
these functions is contained within the Horizontal Logic
IC, U116. Figure 2-5 identifies the three individual stages
of U116 and the input and output terminals associated
with each. Note that some of the input levels are
connected internally to more than one of the individual
stages.

A Sweep Lockout

The A Sweep Lockout portion of the Horizontal Logic IC
{(U1186) produces an output level at the collector of Q127
(A Sweep Lockout) that determines when the A HORIZ
time-base unit can produce a sweep. |f this output is HlI,
the A HORIZ unit is locked out (disabled) so it cannot
produce a sweep. If the level is LO, the A HORIZ unit is
enabled and can produce a sweep when triggered.

As shown by Figure 2-6, only two combinations of input
conditions to U116 will produce a HI A Sweep Lockout
level. The first combination disables the A sweep while
the B sweep is being displayed in the ALT HORIZONTAL

MODE (both units must be in time-base mode) if
nondelayed operation is being used. The second
combination disables the A sweep during delayed-sweep
operation so that the B sweep can complete its holdoff
before the next A sweep begins.

B Sweep Lockout

The B Sweep Lockout stage produces an output level at
the collector of Q132 that determines if the B HORIZ
time-base unit can produce a sweep. A HI output level
locks out (inhibits) the B HORIZ unit and a LO level
enables the B HORIZ unit to produce a sweep.

As shown by Figure 2-7, the output of this stage is Hl
only under one set of input conditions to U116. This set
of conditions disables the B sweep while the A sweep is
being displayed in the ALT HORIZONTAL MODE switch
position, if both time-base units are in a sweep mode and
nondelayed sweep is used. For any other combination of
input conditions, the B Sweep Lockout level is
determined by the Delay Gate from A time-base unit; see
Main Interface, diagram 3.

A 2!

ALT MODE (HORIZ) AN

X-COMPENSATION INHIBIT /2
(A HORIZONTAL) N

X-COMPENSATION INHIBIT <5

(B HORIZONTAL)
MAIN FRAME CHANNEL 18
SWITCH SIGNAL (DISPLAY B) D12 10 ~NC2127 A SWEEP LOCKOUT
Y MODE CONTROL TO TIME BASE
DELAY MODE CO < ONET
A SWEEP
LOCKOUT
/2
A GATE
AN
13
B HOLDOFF <
U116A @ /J output
B W
S ¥ / & >
A c‘)t s‘l‘ 3/ ¥
~ T o o
T * 2
) ) LOCKOUT

1 13 16 14

HI @ HI HI

@ Lo @ ® HI HI @ HI

ALL OTHER COMBINATIONS Lo

@ =HAS NO EFFECT IN THIS CASE

{1195-5) 2874-107

Figure 2-6. {A) Logic diagram for A Sweep Lockout Stage; (B) Table of input/output combinations.
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DELAY GATE FROM o

A TIME-BASE UNIT -

ALT MODE {HORIZ)

X-COMPENSATION INHIBIT
(A HORIZONTAL}

<
X-COMPENSATION INHIBIT &S,
(B HORIZONTAL) >

DELAY MODE
CONTROL OUT

MAIN FRAME CHANNEL Z18
SWITCH SIGNAL (DISPLAY B}

SWEEP LOCKOUT
[ TO B TIME-BASE
UNIT
Q132 SEE MAIN INTERFACE

15
—

B SWEEP LOCKOUT

u1168 @ / ouTPUT
@
Y
Q\Y
© B
Q LOCKOUT
16 15
Hi HI HI LO LO HI
ALL OTHER COMBINATIONS Lo

2874-108

Figure 2-7. (A) Logic diagram for B Sweep Lockout stage; (B) Table of input/output combinations.

Alternate Pulse

The third function performed by the Horizontal Logic
stage is to produce an ALT OUT (alternate pulse) for use
by the Horizontal and Vertical Binary stages. The holdoff
gate produced at the end of the sweep by the respective
time-base unit is differentiated by either C109 or C112 to
provide a positive-going pulse to pin 6 or 9 of U116. The
differentiated A or B Holdoff gate may produce the
alternate pulse depending upon the operating conditions
as shown in Figure 2-8.

The following discussions describe the operation of U116
in relation to the various combinations of input
conditions shown in Figure 2-8:

(1) A (Only) Mode—An ALT OUT (alternate) pulse is
produced at the end of each A sweep when the
HORIZONTAL MODE switch is set to the A position.

(2) B (Only) Mode—In the B position of the
HORIZONTAL MODE switch, an ALT OUT pulse is
produced at the end of each B sweep. (The A time-base
must be in independent, nondelayed mode.)

(3) Alt or Chop Mode—When the HORIZONTAL
MODE switch is set to ALT or CHOP (the A time-base
unit must be in independent, nondelayed mode), an ALT
OUT pulse is produced at the end of each sweep. For
example, an alternate pulse is produced at the end of the
A sweep, then at the end of the B sweep, again at the
end of the A sweep, etc. Although ALT OUT pulses are
produced in the CHOP horizontal mode, they are not used
in this instrument.

(4) Delayed Sweep (A Delays B)—Wnen the A time-
base unit is set for delayed operation, the operation of
the Horizontal Logic stage is changed so an ALT OUT
pulse is produced only at the end of the A sweep, even
when the HORIZONTAL MODE switch is set to B. This is
necessary since the A time-base establishes the amount
of delay time for the B time-base unit whenever it is
displayed.

{5) Amplifier Unit in Horizontal Compartment—
When an amplifier unit is installed in either of the
horizontal plug-in compartments, the ALT QUT pulse can
be produced only from the remaining time-base unit. If
amplifier units are installed in both horizontal
compartments, an ALT OUT pulse is not produced since
there are no time-base units to produce a holdoff pulse.

2-13



Theory of Operation—7854

A [ 28
A HOLDOFF . 1(—«» &
c112
, [
B MODE <
DELAY MODE /12 ‘
CONTROL S, | ALT OUT
X-COMPENSATION INHIBIT & (ALTERNATE)
(A HORIZONTAL) PULSE
X-COMPENSATION INHIBIT /5 "{>°_>
(B HORIZONTAL) \ 8
0119
[ L |
e

A MODE <w—q —

B HOLDOFF _Il- - <9

c109
U116C @
B

INPUT / OUTPUT
T
& & &
% 3
Q é) Q 30:0 @ & A
O < Q AL 2T
s )/ F s )PS5 [Es8
&
@ ¥ &G [ga8
I
7 9 10 12 g2 HORIZONTAL CONDITIONS
LO @ HI @ A A ONLY
@ HI @ HI HI! LO Lo B B ONLY
HI H HIt Lo HI LO Lo AANDB | ALT OR CHOP
HI HI HI! @ & @ HI A A DELAYS 8
A WITH VERTICAL UNIT IN B
HI LO HI! Lo LO @ @ A COMPARTMENT.,
. 8 WITH VERTICAL UNIT IN A
LO HI LO @ HI Lo LO B COMPARTMENT.
ALL OTHER COMBINATIONS NO OUTPUT PULSE (LO AT OUTPUT)

@ = HAS NO EFFECT IN THIS CASE

'POSITIVE-GOING PULSE. WHERE BOTH A AND B HOLDOFF ARE REQUIRED TO BE HI, A HI AT EITHER
INPUT PRODUCES AN ALTERNATE PULSE.

*NEGATIVE-GOING PULSE.

(1195-7) 2874-109

Figure 2-8. (A) Logic diagram for Alternate Pulse Generator stage; (B) Table of input/output combinations.

2-14 @



Z-AXIS LOGIC

The Z-Axis Logic stage produces an output current signal
at pin 8 of U190 which sets the intensity of the crt
display, except for the stored waveforms and
alphanumeric readout display, which is controued by the
Display D/A circuit input to the Z-Axis and Focus
Amplifier circuit (diagram 13). The output current at pin 8
is determined by the setting of the Z-Axis Level
adjustment, A and B INTENSITY controls, the conditions
of various logic gates, and by the Aux Z-Axis input. The
Aux Z-Axis input is produced by either the external
Z-AXIS INPUT (rear panel) or by an input from any of the
plug-in units; see Main interface, diagram 3. The input
current from the A and B INTENSITY controls is switched
so the output current matches the horizontal display
selected. A HI Z-Axis Limit input applied to the base of
Q150 or a LO Intensity Limit level from the horizontal
plug-ins (via UB0D) to the emitter of Q157 reduces
current drive and limits display intensity. The Vertical
Chopped Blanking, Horizontal Chopped Blanking, and
RTMZOFF (realtime display Z-axis off} signal from the
Display D/A circuit are applied to this stage to block the
output current and blank the crt display for vertical
chopping, horizontal chopping, or during a stored
waveform or alphanumeric readout display.

B INTENSITY —————— 41
A HOLDOFF/CONTRAST ——»4 2
B SWEEP GATE———— > 4

DELAY MODE CONTROL— 345

CHOPPED BLANKIN
INHIBIT AND |7
(REALTIME DISPLAY INHIBIT)

Z-AXIS
CHOPPED BLANKING <z> 8 > SIGNAL
INHIBIT, RTMZOFF 6

AND INTENSITY

LIMITING

AUX (AUXILIARY) Z-AXIS — 34 9

A SWEEP GATE —————— > 14

DISPLAY B CHANNEL
SWITCH SIGNAL

A INTENSITY ——————»116

—»]15

10

Z-AXIS LIMIT,
INTENSITY LIMIT
AND Z-AXIS LEVEL
ADJUSTMENT

(1195-8) 2874-110

Figure 2-9. Input and output pins for Z-Axis Logic IC (U190).
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Figure 2-9 identifies the inputs and the output of the Z-
Axis Logic IC (U190). All inputs except pins 5 and 15 are
current driven with pins 1, 2, 9, and 16 variable from
zero to four milliamperes.

The Vert Chop Blank signal, connected to pin 7, and the
Horiz Chop Blank and the RTMZOFF signal applied to
U190 through Q103 enables or disables this stage to
control all output current. Quiescently, the levels at pins
6 and 7 are H! so that the intensity current from pins 1,
2, 9, and 16 can pass to the output. However, pin 7 goes
LO during vertical chopped blanking, and both pins 6 and
7 go LO during horizontal chopped blanking or during a
digitized display. This blocks the output current and the
crt is blanked. The Vert Chop Blank signal is connected to
pins 6 and 7 of U190 directly from pin 4 of U12. The
Horiz Chop Blank inhibit signal is connected to U190
from pin 4 of U22 through L35, R35, Q103, CR162 and
CR161. Notice that this signal is connected to the
collector of Q103. This transistor is normally operating in
the saturated condition, and the HI Horiz Chop Blank
inhibit level from U22 is the collector source voltage.
When the Horiz Chop Blank inhibit level goes LO, the
current through Q103 drops to produce a corresponding
LO level at its emitter. This level is connected to pins 6
and 7 of U190 through CR162 and CR161.

Transistor Q103 also controls the levels at pins 6 and 7
for digitized displays. The RTMZOFF command from the
Display D/A circuit is connected to the base of Q103
through R103. This level is normally Hl, so Q103
operates as determined by the Horiz Chop Blank inhibit
level at its collector. When a digitized display is to be
presented, RTMZOFF goes LO and this level is coupled to
the base of Q103 through R103. Transistor Q103 is then
reverse biased to produce a LO level at its emitter. This
level is coupled to pins 6 and 7 of U190 through CR162
and CR161 to block the Z-Axis Logic output current
during the digitized display. (The intensity of the digitized
display is determined by a separate Display D/A intensity
level connected directly to the Z-Axis Amplifier; see Z-
Axis and Focus Amplifier description.) Diode CR159
clamps the emitter of Q103 at about -0.6 volt when the
transistor is off.

The A INTENSITY control sets the output current level
when the A Gate at pin 14 is Hl and the Display B
command 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 is connected to pin
16 through R192.

In the delayed mode, current is added to the A INTENSITY
current during a portion of the A sweep time to intensify
a portion of the trace. This intensified portion is
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Figure 2-10. (a) Logic diagram for Z-Axis Logic stage; (B} Table of input/output combinations.
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coincident with the B Sweep Gate pulse to provide an
indication of which portion of the A sweep is displayed in
the delayed mode. The A intensifing current is supplied
to pin 2 of U190 through the front-panel CONTRAST
adjustment, R80. Current to R80 is derived from the A
Intensity control. With this configuration, the intensified
current increases as the A INTENSITY control setting is
advanced to provide a proportional intensity increase in
the intensified zone as the overall A sweep intensity
increases. Therefore, the intensified zone is more readily
visible at high intensity levels. The CONTRAST
adjustment is a front panel screwdriver adjustment and
allows presetting for optimum intensity contrast between
the intensified portion and the overall sweep. The
intensified current is added to the A INTENSITY current
to produce an intensified zone on the A sweep under the
following conditions: HI A Gate level at pin 14, LO
Display B command at pin 15, HI B Gate level at pin 4,
and a HI Delay Mode Control input level at pin 5.

The B INTENSITY control determines the output current
when the B Gate level at pin 4 and the Display B
command at pin 15 are both Hl. The current from the B
INTENSITY control is connected to the Z-Axis Logic stage
through R196.

The current level established by the intensity controls
can be altered by the Aux Z-Axis current level at pin 9.
The current at this pin can come from the Z-AXIS INPUT
connector on the rear pane! or from any of the plug-in
compartments. This current either increasesor
decreases (depending on polarity) the output current to
modulate the intensity of the display. Input from the Z-
AXIS INPUT connector allows the trace to be modulated
by external signals. The Aux Z-Axis inputs from the plug-
in compartments allow special-purpose plug-in units to
modulate the display intensity. Diodes CR176 and CR177
limit the maximum voltage change at pin 9 to about 0.6
volt to protect the Z-Axis Logic stage if an excessive
voltage is applied to the Z-AXIS INPUT connector. Figure
2-10 shows a logic diagram and a table of the
input/output conditions of the Z-Axis Lcgic stage.

HORIZONTAL BINARY

The Horizontal Binary stage develops the mainframe
channel switch signal (Display B) to dztermine which
horizontal plug-in unit provides the sweep displayed on
the crt. When this level is HI, the B HORIZontal unit is
used for the display; when it is LO, the A HORIZontal unit
is used. Figure 2-11 shows the input and output pin
assignments for the Horizontal Binary IC (U42).

The Display B command is used in the following stages
within the Mainframe Logic circuit: Horizontal Logic (A
and B Sweep Inhibit), Z-Axis Logic, Vertical Binary and
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BLANKING
A HORIZONTAL 3
MODE U4z
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(DISPLAY B)
ALTOUTPULSE— pl g
CHOP HORIZONTAL
MODE—>] 10

{1195-10) 2874-112

Figure 2-11. Input and output pins for Horizontal Binary IC
(U4358).

Trace Separation. In addition, it is connected to the
following circuits elsewhere in the instrument to indicate
which horizontal unit is to be used during display: Main
Interface (A and B HORIZ plug-in compartments), and
Horizontal Interface (for horizontal channel selection).

The.levels on pins 3, 4, 7 and 10 of U42 are determined
by 'the HORIZONTAL MODE switch (see diagram 2). This
switch indicates which horizontal mode has been
selected by providing a HI output level on only one of four
output lines; the remaining lines stay LO.

The Horizontal Binary stage operates as follows for each
of the four positions of the HORIZONTAL MODE switch
(refer to Figure 2-12 for the logic diagram and table of
input/output conditions for the Horizontal Binary stage):

A Mode

When the HORIZONTAL MODE switch is set to A, the
Display B command is LO to indicate to all circuits A
horizontal unit is providing the display sweep.

B Mode

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

CHOP Mode

In the CHOP position of the HORIZONTAL MODE switch,
the Display B command switches between the Hl and LO
levels to produce a display that alternates between the A
and B horizontal units at a 0.2 MHz rate. The repetition
rate of the Display B command in this mode is
determined by the Horiz Chop Blank pulse (see Chop
Counter description). Each time the Horiz Chop Blank
pulse at pin 1 goes LO, the output at pin 6 switches to
the opposite state.
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Figure 2-12. {(A) Logic diagram for Horizontal Binary stage; (B) Table of input/output combinations.
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ALT Mode

For ALT horizontal operation, the Display B command
switches to the opposite state each time the negative
portion of the Alt Out pulse is received from the
Horizontal Logic stage through Q119. Repetition rate of
the Display B command in this mode is one-half the
repetition rate of the Alt Out pulse applied to pin 8.

VERTICAL BINARY

The Vertical Binary stage produces the Display Right
command, to determine which vertical unit is to be
displayed when the VERTICAL MODE switch is set for
ALT. When this output level is HI, the RIGHT VERT unit is
displayed; when it is LO, the LEFT VERT unit is displayed.
In the ALT or CHOP positions of the HORIZONTAL MODE
switch {nondelayed operation only), the output of this
stage is slaved to the output of the Horizontal Binary
stage so that the Display Right command is always Hl
when the Display B command is LO, and vice versa. This
action allows independent-pairs operation (sweep-
slaving) in the ALT position of the VERTICAL MODE
switch and the ALT or CHOP positions of the
HORIZONTAL MODE switch, whereby the LEFT VERT
unit is always displayed at the sweep rate of the B time-
base and the RIGHT VERT unit is displayed at the sweep
rate of the A time-base. Thus, independent-pairs
operation can simulate dual-beam operation for repetitive
sweeps.

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

Figure 2-13 illustrates pin assignments for the Vertical
Binary IC (U52).

The Display Right command is used in the Plug-In Binary
and Vertical Mode Logic stages. The Vertical Binary stage
(U52) uses the same type of IC as the Horizontal Binary
stage. Notice the Display A command level at pin 7. This
input is the inverse of the Display B command level at pin
8 (Q49 generates the Display A Command level). Also,
notice the line connected to pin 4 of the Vertical Binary
IC US2. The level at pin 4 is generated by Q41 and is HI
only when the HORIZONTAL MODE switch is set for ALT
or CHOP and the time-base units are in nondelayed
operation. The Vertical Binary IC uses the information at
pin 4 for correct slaving of the Display Right command to
the Display B command (necessary for independent-pairs
operation).
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Figure 2-13. Input and output pins for Vertical Binary IC (U52).

The following discussions describe the operation of the
Vertical Binary stage in relation to the modes of
operation that can occur. Figure 2-14A shows a logic
diagram of the Vertical Binary stage. An input/output
table for this stage is given in Figure 2-14B.

A or B Mode

When the HORIZONTAL MODE switch is set to either A
or B, the Display Right command switches to the opposite
state each time an Alt Out pulse is received from the
Horizontal Logic stage. Repetition rate of the Display
Right command in this mode is one-half the repetition
rate of the Alt Out pulse. The input conditions for these
modes are:

Pin 1 LO; Alt Out 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); and

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

ALT or CHOP Mode (HORIZONTAL)~Nondelayed

In the ALT or CHOP positions of the HORIZONTAL MQODE
switch, the output level at pin 6 is the same as the
Display A command level at pin 7. The Display A
command level is produced by inverting the Display B
command from the Horizontal Binary stage. Therefore,
the repetition rate of the output signal is the same as the
Display B command. The result, with the VERTICAL
MODE switch set to ALT and the A time-base unit set for
nondelayed operation, is that the RIGHT VERT unit is
always displayed at the sweep rate of the A time-base
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Figure 2-14. (A) Logic diagram for Vertical Binary stage; (B) Table of input/output combinations.

2-20



unit, and the LEFT VERT unit is always displayed at the
sweep rate of the B time-base unit (independent-pairs
operation or sweep slaving). The input conditions to
provide a HI output level so that the RIGHT VERT unit can
be displayed at the A sweep rate are:

Pin 4 Hi; (HORIZONTAL MODE switch set to ALT or
CHOP with nondelayed sweep);

Pin 7 HI; The A sweep is to be displayed (Display B
command LO); and

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

The input conditions to provide a LO output level so that
the LEFT VERT unit can be displayed at the B-sweep rate
are:

Pin 4 H!; (HORIZONTAL MODE switch set to ALT or
CHOP with nondelayed sweep);

Pin 7 LO; The B sweep is to be displayed (Display B
command HI);, and

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

ALT or CHOP Mode (HORIZONTAL)—Delayed

If the A time-base unit is set to the delayed mode when
the HORIZONTAL MODE switch is set to either ALT or
CHOQP, the operation of the stage is changed from that
discussed above. Now, the Display Right command
switches between the Hl and LO states at a ratethat is
one-half the repetition rate of the Display B command.
The resultant crt display in the ALT position of the
VERTICAL MQDE switch allows the RIGHT VERT unit to
be displayed first against the A sweep (delaying) and then
against the B sweep (delayed). Then the display switches
to the LEFT VERT unit and is displayed consecutively
against the A and B sweeps in the same manner. The
input conditions for this mode of operation are:

Pin 4 LO; (The A time-base unit set for delayed
operation);

Pin 8 HI or LO; Display Right command changes state
at HI to LO transition of Display B command; and

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

PLUG-IN BINARY

The Plug-In Binary stage produces the plug-in Alternate
Drive command to alternate dual-trace plug-in units. The
Plug-In Binary IC, U82 is the same type of integrated
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circuit used in the Horizontal Binary and Vertical Binary
stages. Figure 2-15 shows the pin assignments for the
Plug-In Binary IC (U82).

Additional control from the mode switch (pins 2 and 14)
and digitizer circuitry (pin 10) of the Plug-in Binary stage
is provided by U72. Refer to Figure 2-16 for the logic
diagram and input/output table for the Plug-in Binary
stage.

Input pins 2 and 14 from the status bits latched into U71
of the Calibrator and Mode Switch circuit (diagram 2)
indicating plug-in status (channel), are applied to U72
and control a pair of outputs (pins 7 and 9) which are tied
to input pins 3 and 7, respectively of U82 (Plug-in
Binary). Four possible output conditions of U82 exist,
depending on the input levels at pins 14 and 2 of U72,
and are as follows:

(1) Pin 14 H! and Pin 2 HI-Pin 7 LO—Pin 9 follows the
vertical alternate command present at input pin 8 of
U82. The vertical alternate command is coupled
through Q67 and U72 to pin 7 of U82. This mode
essentially shorts pin 7 and pin 8 of U82 together.

(2) Pin 14 HI and Pin 2 LO—Pin 7 HI; Pin 9 HI.
(3) Pin 14 LO and Pin 2 HI—Pin 7 HI; Pin 9 LO.

{(4) Pin 14 LO and Pin 2 LO—Pin 7 HI; Pin 9 follows the
DTCSC (dual trace channel switch control) signal at
pin 10 from the Digitizer Board.

NOTE

These conditions are for the shaded portion
marked U72 of Figure 2-16A. The entire Plug-
in Binary stage is discussed in reference to
the outputs of this smaller block.

SELECTED
STEERING COMMAND —> 3
FROM U72

ALTMODE _ 0 4

INHIBIT us2 » ALTERNATE
SELECTED 6 DRIVE

INPUT —=8 7
COMMAND
VERTICAL
ALTERNATE —> 8

COMMAND
{DISPLAY RIGHT)

2874-116

Figure 2-15. Input and output pins for the plug-in binary IC
(U82).
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Figure 2-16. (A) Logic diagram for Plug-in Binary stage; (B) Input/output tables for U72 and entire stage.
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The following discusses the operation of the Plug-in
Binary stage in each of the four modes mentioned above.

When the plug-in Alternate Drive command level is Hl
and a dual trace amplifier plug-in unit is set for Alternate
operation, Channel 2 of the dual trace unit is displayed.
When the plug-in Alternate Drive command is LO,
Channel 1 is displayed. The repetition rate of the plug-in
Alternate Drive command is determined by the setting of
the VERTICAL MODE switch and a control signal from
the digitizer circuitry. This is true for each of the four
modes.

Mode A
When Pins 14 and 2 of U72 are HI, the following is true.

For all positions of the VERTICAL MODE switch except

ALT, the plug-in Alternate Drive command is the same as
the Display Right command originating at pin 6 of U52
(Vertical Binary stage). Since the Display Right command
is derived from the Display B command through the
Vertical Binary stage, the two channels of a dual-trace
vertical amplifier unit may be slaved to the time-base
units (nondelayed, 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 vertical amplifier 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 unit.

The plug-in Alternate Drive command switches from HI
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
output, pin 6, of the Vertical Binary stage switches the
vertical display between the two vertical units. However,
if either of the vertical plug-in units are dual-trace units,
they can be operated in the alternate mode also. To
provide a switching command to these units, the Plug-In
Binary stage produces an output signal with a repetition
rate that is one-half the repetition rate of the signal at pin
6 of U82. The sequence of operation, when two dual-
trace vertical units are installed in the vertical plug-in
compartments and they are both set for alternate
operation, is as follows (VERTICAL MODE and
HORIZONTAL MODE switches set to ALT): (1) Channel 1
of LEFT VERT unit displayed at sweep rate of B time-base
unit; (2) Channel 1 of RIGHT VERT unit displayed at
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sweep rate of A time-base unit; (3) Channel 2 of LEFT
VERT unit displayed at sweep rate of B time-base unit; (4)
Channel 2 of RIGHT VERT unit displayed at sweep rate of
A time-base unit. Notice that under these conditions,
both channels of the LEFT VERT unit are displayed at the
B-sweep rate and that both channels of the RIGHT VERT
unit are displayed at the A-sweep rate. Input conditions
when the VERTICAL MODE switch is set to ALT are:

Pin 4 LO; VERTICAL MODE switch set to ALT; and

Pin 8 HIl or LO; plug-in Alternate Drive command
signal changes state at Hl to LO transition of the
Display Right command signal.

Mode B

When U72's Pin 14 is Hl and its pin 2 is LO, the output of
U82 is HI. This causes Channel 2 of the dual-trace
vertical units to be displayed.

Mode C

When U72's Pin 14 is LO and its pin 2 is HI, the output of
U82 is LO. This causes Channel 1 of the dual-trace
vertical unit to be displayed.

Mode D

When both pins 14 and 2 of U72 are LO, the output of
U82 follows the Dual Trace Channel Switch Control
signal from the digitizer circuitry.

CLOCK GENERATOR

Part of integrated circuit U12 along with the external
components shown in Figure 2-17A make up the Clock
Generator stage. R1, Q1, Q2 and Q3 represent an
equivalent circuit within U12. This circuit along with
discrete components C8, R8, R9 and R11 compose a two-
megahertz free-running oscillator to provide a timing
(clock) signal used toc synchronize the vertical, horizontal
and plug-in chopping modes.

This stage operates as follows: Assume that Q2 is
conducting and Q1 is off. The collector current of Q2
produces a voltage drop across R1 to turn off Q1. This
negative level at the collector of Q2 is also connected to
pin 14 through Q3 (see waveforms in Figure 2-17B at
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Figure 2-17. (A) Diagram of clock generator stage; (B) idealized waveforms for clock.

time To). Since there is no current through Q1, C8 begins
to charge towards -15 volts through R8 and R9. The
emitter of Q1 goes negative as C8 charges, until it
reaches a level about 0.6 volts more negative than the
level at its base. Then Q1 is forward biased and its
emitter rapidly rises positive (see time T1 on waveforms).
Since C8 cannot change its charge instantaneously, the
sudden change in voltage at the emitter of Q1 pulls the
emitter of Q2 positive. With Q2 reverse biased, its
collector rises positive to produce a positive output level
at pin 14.

Now, conditions are reversed. Since Q2 is reverse biased,
no current flows through it. Therefore, C8 begins to
discharge through R11. The emitter level of Q2 follows
the discharge of C8, until it reaches a level of about 0.6
volt more negative than its base. Then Q2 is forward
biased and its collector drops negative to reverse bias Q1.
The level at pin 14 drops negative also, to complete the
cycle. Once again, C8 begins to charge through R8 and R9
to start the second cycle.
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Two outputs are provided from this oscillator. The Delay
Ramp signal from the junction of R8 and R9 is connected to
the Vertical Chopped Blanking stage. This signal has the
same waveshape as shown by the waveform at pin 13; its
slope is determined by the divider ratio between R8 and R9.
A wide pulse train output is provided at pin 14. The
frequency of this pulse train is determined by the overall rc
relationship between C8, R8, R9 and R11. Its duty cycle is
determined by the ratio of R8 and R9 to R11.

The pulse train at pin 14 is connected to pin 16 through
C13. Capacitor C13, along with the internal resistance of
U12, differentiates the pulse train at pin 14 to produce a
narrow negative-going pulse coincident with the falling
edge of the pulse train (positive-going pulse coincident
with rising edge has no effect on circuit operation). This
negative-going pulse is connected to pin 15 through an
inverter-shaper circuit that is also part of U12. The
output at pin 15 is a positive-going clock pulse with a
repetition rate of about two megahertz.




VERTICAL CHOPPED BLANKING

The Vertical Chopped Blanking stage is made up of the
remainder of U12. This stage determines if Vertical
Chopped Blanking pulses are required, based upon the
operating mode of the vertical system or the plug-in units
(dual-trace units only). Vertical Chopped Blanking pulses
are produced if: (1) The VERTICAL MODE switch is set to
CHOP; (2) A dual-trace vertical unit is operating in the
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chopped mode and that unit is being displayed. The
repetition rate of the negative-going Vert Chop Blank
pulse at output pin 4 is two megahertz for all of the above
conditions as determined by the Clock Generator stage.
Figure 2-18 shows the logic diagram and the
input/output combinations for the Vertical Chopped
Blanking stage.
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(1195-17) 2874-119
Figure 2-18. (A) Logic diagram for Vertical Chopped Blanking stage; (B) Table of input/output combinations.
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The Delay Ramp signal from the Clock Generator stage
determines the repetition rate and pulse width of the Vert
Chop Blank 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 Figure 2-19). This results in a Hl quiescent
condition for the Vert Chop Blank pulse. The slope of the
negative-going Delay Ramp is determined by the Clock
Generator stage. As it reaches a level slightly negative
with respect to ground, the Vert Chop Blank output level
changes to the LO state and remains LO until the Delay
Ramp goes HI again.

Notice the delay between the leading edge of the Clock
pulse generated by U12, and the leading edge of the Vert
Chop Blank pulses. The amount of delay between the
leading edges of these pulses is determined by the Delay
Ramp applied to pin 10. This delay is necessary due to
the delay line in the vertical deflection system.
Otherwise, the trace blanking resulting from the Vert
Chop Blank pulse would not coincide with the switching
between the displayed traces. The duty cycle of the wide
pulse train produced in the Clock Generator stage
determines the pulse width of the vertical chopped
blanking pulses (see Clock Generator description for
more information).

CHOP COUNTER

The Chop Counter stage U22 produces the Vert Chop
signal, the Plug-In Chop Drive command, and the Horiz
Chop Blank signal. The Clock pulse produced by the Clock
Generator stage provides the timing signal for this stage.

The functions of the input and output pins for the Chop
Counter IC, U22, are identified in Figure 2-20A. Idealized
waveforms showing the timing relationship between the
input and output signals for this stage are shown in
Figure 2-20B.

The repetition rate of the output signals from this stage is
determined by the setting of the HORIZONTAL MODE
switch. When the HORIZONTAL MODE switch is set to
any position except CHOP, the.repetition rate of the Vert
Chop signal at output pin 1 is one megahertz (one-half
Clock rate). This determines the switching between the
LEFT and RIGHT VERT units when the VERTICAL MODE
switch is set to CHOP. At the same time, the repetition
rate of the Plug-In Chop Drive at pin 8 is 0.5 megahertz
(one-fourth Clock rate). This provides a chopping signal to
dual-trace vertical units to provide switching between the
two channels. The relationship between these output
signals and the Clock input is shown by the waveforms in
Figure 2-20B in the area between To and Ti. During this
time, the Horiz Chop Blank at pin 4 remains HI.

When the HORIZONTAL MODE switch is set to CHOP,
the basic repetition rate of the Vert Chop signal and the
Plug-In Chop Drive is altered. For example, if the
HORIZONTAL MODE switch is changed to the CHOP
position at time T1 (see Figure 2-20B), a HI level is applied
to pin 6. This stage continues to produce outputs at pins
1 and 8 in the normal manner until both outputs are at
their HI level. (See time Tz; this condition only occurs
once every fifth Clock pulse and only 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 LO, and at the same time switches
Horiz Chop Blank to the LO level.

To

|
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|
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|
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I \l \I \I
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|
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Figure 2-19. Idealized waveforms for Vertical Chopped Bilanking stage.
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This change at time T2 does not appear at pin 4
immediately, due to a delay network in the circuit. The
delay is necessary to make the Horiz Chop Blank signal
coincide with the Vert Chop Blank produced by U12 and
the switching between the displayed signals. (Compare
bottom two waveforms of Figure 2-20B; also see Vertical
Chopped Blanking for further information.) After the
delay time, the output level at pin 4 goes LO where it
remains for about 0.5 microsecond; this is equal to the
period of the Clock pulse (two-megahertz repetition rate).

The horizontal chopped blanking time must be longer
than the vertical chopped blanking time, since it takes
more time tor the display to switch between horizontal
units than between vertical units. During the time that
the level at pin 4 is LO, the crt is blanked and the Vert
Chop signal and the Plug-In Chop Drive cannot change
levels. The Clock pulse at Ta changes only the Horiz Chop
Blank output at pin 4. The level on this pin goes HI after
the delay time to unblank the crt.

Theory of Operation—7854

For the next three Clock pulses, the Vert Chop signal
output and Plug-In Chop Drive operate in the normal
manner. However, just prior to the fourth Clock pulse
(time Ta), both outputs are again at their HI level. The
fourth clock pulse at T4 switches the output at pin 1, pin
8 and pin 4 (after delay) to the LO level to start the next
cycle. Notice that a Horiz Chop Blank pulse is produced at
pin 4 with every fifth Clock pulse. Also notice that with
the HORIZONTAL MODE switch set to CHOP, two
complete cycles of the Vert Chop signal are produced
with each five Clock pulses (repetition rate two-fifths
Clock rate) and one complete cycle of the Plug-In Chop
Drive for every five clock pulses (one-fifth clock rate).
Notice that the large shaded area produced by the
Horizontal Chopped Blanking pulse (see Figure 2-20B) is
not part of the display time (crt display bilanked).
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.
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1——> VERTICAL CHOPPING SIGNAL
U22 4p——> HORIZONTAL CHOPPED BLANKING

88— PLUG-IN CHOF DRIVE

|

CRT DISPLAY BLANKED

T1

VERTICAL
CHOPPED SIGNAL,
PIN 1

PLUG-IN CHOP
DRIVE,
PIN 8

LMD

HORIZ CHOP
MODE,
PIN 6

HORIZONTAL

CHOPPED
BLANKING,
PIN 4

VERTICAL CHOPPED
BLANKING,
PIN 4 OF U4320B

%
|

]
DELAY J

—_——fmr———— - — == — =

2874-121

Figure 2-20. (A} Input and output pins for Chop counter IC (U22); (B) Idealized waveforms for Chop Counter stage.
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The Vert Chop signal at pin 1 of U22 is connected to the
Vertical Mode Logic stage (see following description)
through L26 and R26. This signal is HI when the RIGHT
VERT unit is to be displayed and it is LO when the LEFT
VERT unit is to be displayed. The Plug-In Chop command
at pin 8 is connected to the plug-in units in the vertical
compartments through L29 and R29, via the Main
Interface board. When this signal is HI, Channel 2 of the
plug-in units can be displayed; when this level is LO,
Channel 1 can be dispiayed. The Horiz Chop Blank signal
at pin 4 is connected through L35 and R35 to the
Horizontal Binary stage U42, and to the Z-Axis Logic
stage U190 by way of Q103. When this signal is HI, the
crt is unblanked to display the selected signal. When it is
LO, the crt is blanked to allow switching between the
horizontal units.

Figure 2-21 shows a logic diagram of the Chop Counter
stage.

VERTICAL MODE LOGIC

The Vertical Mode Logic stage is made up of discrete
components CR17-CR16, CR62-CR61 and buffer Q77-
Q79. These components develop the Display Right signal,
which is connected to the Main Interface, Vertical
Interface, and Trigger Selector circuits to indicate which
vertical unit is to be displayed. When this output level is
HI, the RIGHT VERT unit is displayed; when it is LO, the
LEFT VERT unit is displayed.

The VERTICAL MODE switch shown on diagram 2
provides control levels to this stage. This switch provides
a Hl level on only one of five output lines to indicate the
selected vertical mode; the remaining lines are LO.
Notice that only four of the lines from the VERTICAL
MODE switch are connected to the Mainframe Logic
circuit. Operation of this stage is as follows: When the
VERTICAL MODE switch is set to RIGHT, a HI level is
connected to the base of Q77 through R16. This forward
biases Q77, and the positive-going level at its emitter is
connected to the emitter of Q79. The collector of Q79
goes HI to indicate that the RIGHT VERT unit is to be
displayed. For the CHOP position of the VERTICAL MODE
switch, a HI level is applied to the anodes of CR17 and
CR16 through R17. Both diodes are forward biased so
that the Vert Chop signal from pin 1 of U22 can pass to
the base of Q77. This signal switches between the HI and
LO levels at a one-megahertz rate and produces a
corresponding Display Right command output at the
collector of Q79. When the Display Right signal is HI, the
RIGHT VERT unit is displayed and when it switches to
LO, the LEFT VERT unit is displayed.

In the ALT position of the VERTICAL MODE switch, a HI
level is applied to the anodes of CR62 and CR61 through
R62. These diodes are forward biased so the Display
Right command, originating at pin 6 of the Vertical Binary
stage, can pass to the base of Q77 to determine the
vertical operating mode. The Display Right command
switches between its HlI and LO levels at a rate
determined by the Vertical Binary stage.

HORIZ 6
cuop<
MODE
1\ VERTICAL
J 1 CHOPPING
FF 7 SIGNAL
[+
] 8\ PLUG-IN
J 1 /CHOP
DRIVE
K . FF
T
J —\
J
K
10 FF
a r HORIZONTAL
ct.ocx\ ] T CHOPPED
BLANKING
| >o_K 0 DELAY »9
u22 <~.> 4
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Figure 2-21. Logic diagram of Chop Counter stage.
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The control levels in the LEFT and ADD positions of the
VERTICAL MODE switch are not connected to this stage.
However, since only the line corresponding to the
selected vertical mode can be HI, the RIGHT, CHOP and
ALT lines must remain at their LO level when either LEFT
or ADD are selected. Therefore, the base of Q77 remains
LO to produce a LO Display Right output level at the
collector of Q79.

A logic diagram of the Vertical Mode Logic stage is
shown in Figure 2-22. The discrete components that
make up each logic function are identified.

TRACE SEPARATION

The Trace Separation stage is made up of discrete
components Q136, Q141, Q142, and Q146. This stage
produces the trace separation output level to the Aux Y
input of the Vertical Amplifier circuit (diagram 9) to offset
the B sweep display when operated in a dual-sweep
mode (horizontal). The level of this output current is
determined by the setting of the VERT TRACE
SEPARATION (B) control. The current from the VERT
TRACE SEPARATION (B) control is switched so that the
Aux Y Axis output is provided only when the B sweep is
being displayed in the ALT or CHOP horizontal modes
and not when the B sweep only is being displayed, nor
for independent-pairs operation (sweep-slaving).

The VERT TRACE SEPARATION (B) control provides
current to the Aux Y-Axis output through R147 and Q146
when Q146 is forward biased. When the B sweep is
being displayed (for ALT or CHOP horizontal operation),
the Display B command at the base of Q141 is HI. This

Theory of Operation—7854

forward biases Q141 causing its collector to go negative,
forward biasing Q142. This causes Q142 to saturate and
its collector goes positive to forward bias Q146. During
the time the A sweep is being displayed, the Display B
command is LO. This reverse biases Q141 and Q142. At
this time, Q146 is reverse biased and the VERT TRACE
SEPARATION (B} control is disconnected while the A
sweep is being displayed.

When the HORIZONTAL MODE switch is set to B (only), a
HI level is connected to the emitter of Q141 through
R138. This reverse biases Q141 (even though the Display
B command at its base is HI for this mode). Therefore, the
VERT TRACE SEPARATION (B) control has no effect.
When the VERTICAL MODE switch is set to ALT and the
Delay Mode Control level from the A time-base unit is LO
{indicating nondelayed sweep operation), a Hl level is
applied to the emitter of Q141 through R137 and CR137.
This HI level reverse biases Q141 (even though the
Display B command is HI). This action disconnects the
VERT TRACE SEPARATION (B) control for independent-
pairs operation so that the vertical position of the B
sweep display is determined by the slaved LEFT VERT
plug-in unit only. If delayed-sweep operation is selected,
the Delay Mode Control level is Hi to forward bias Q136
and Q141. This allows the VERT TRACE SEPARATION (B)
control to position the B sweep display,
independent-pairs operation is not
operating in a delayed-sweep mode.

since
possible when

A logic diagram of the Trace Separation stage is shown
in Figure 2-23A. The discrete components which make
up each logic function are identified. An input/output
table for this stage is given in Figure 2-23B.

RIGHT MODE >

CR61

VERTICAL ALTERNATE —— | CR62
COMMAND FROM ‘
PIN 6. U52

FROM
VERTICAL
MODE CHOP MODE
SWITCH
ALT MODE —3—— MAIN
r FRAME
CR16 \ \ Q77 CHANNEL
VERTICAL CHOPPING > CrR17 J ’ / a79 SWITCH
SIGNAL FROM SIGNAL
PIN 1, U22 {DISPLAY
RIGHT)
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Figure 2-22. Logic diagram of Vertical Mode Logic stage.
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Figure 2-23. (A) Logic diagram of Trace Separation stage; (B) Table of input/output combinations.
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A TRIGGER SELECTOR

The A Trigger Selector circuit determines the source of
the internal triggering signals connected to the A HORIZ
plug-in compartment. Figure 2-24 shows a detailed block
diagram of the A Trigger Selector circuit. A schematic of
the A Trigger Selector circuit is shown on diagram b5, in
Section 7, Diagrams and Circuit Board lllustrations. The
schematic is divided by gray shaded lines separating the
circuitry into major stages. Sub-headings in the following
discussion use these stage names to aid in locating and
identifying the components and portions of the circuitry
described.
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A TRIGGER CHANNEL SWITCH

The A Trigger Channel Switch stage provides control
signals for the Left and Right Trigger Preamplifier stages.
The front-panel A TRIGGER SOURCE switch (S352)
provides the control signals to operate the A Trigger
Channel Switch. When the A TRIGGER SOURCE is set to
LEFT, the A Trigger Channel Switch allows the Left
Trigger Preamplifier to pass trigger signals from the LEFT
VERT plug-in compartment to the A Trigger Output
Amplifier. When the A TRIGGER SOURCE switch is set to
RIGHT, the A Trigger Channel Switch allows the Right
Trigger Preamplifier to pass trigger <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>