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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 basiclock
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

Inaddition 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
innthrough 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 compartments: are
displayed on the crt. At this point the signal path'is 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 (Ccircuit. 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 to2 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.@dapter. 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 startsswhen 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.
IGs"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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REALTIME D—
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} RIGHT
] +—(
| [
VERTICAL — )
ADD |/
MODE
DISPLAY M
RIGHT —\
R N
X-Y INHIBIT )
B AN
X-Y ON H—
XY
Al B | inHIBIT| X¥ ON DISPLAY LEFT DISPLAY RIGHT
| Lo Lo LO DTCSC DTCSC
o] Hi Lo LO HI REALTIME MODE BIT
H | Lo LO LO Lo HI
HI | HI Lo Lo DISPLAY RIGHT DISPLAY RIGHT OR VERIICAL ADD
|- 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
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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 HOLDOFE =413

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.

2-12



Theory of Operation—7854

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.
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(1195-7) 2874-109

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

Theory of Operation—7854

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 increasesi~or
decreases (depending on polarity) the output current to
modulate the intensity of the display. Input frem 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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MODE 7
(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

Wheén 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.
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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.rate that 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 thé
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.

A

CHOP MODE (VERT)

LEFT PLUG-IN MODE
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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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|
DELAY RAMP, PIN 10 U12B :
I \l \I \I

|

|
VERTICAL CHOPPED BLANKING, [
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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.
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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.

A

CHOP MODE (HORIZ) «—— 6

CLOCK -—— 10

To

CLOCK, PIN 10

1——> VERTICAL CHOPPING SIGNAL
U22 4p——> HORIZONTAL CHOPPED BLANKING

88— PLUG-IN CHOP.DRIVE

|

CRT DISPLAY BLANKED

T1

VERTICAL
CHOPPED SIGNAL,
PIN 1

PLUG-IN CHOP
DRIVE,
PIN 8

LIRS

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

(1195-20) 2874-122

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 horizontalioperation),
the Display B command at the base of Q141 is HI. This
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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)

(1195-21) 2874-123

Figure 2-22. Logic diagram of Vertical Mode Logic stage.
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CONTROL
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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 signals from the
RIGHT VERT plug-in compartment to the A Trigger
Output Amplifier When the A TRIGGER SOURCE switch
is set to VERT MODE, the A Trigger Channel Switch
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Figure 2-24. Detailed block diagram of the A Trigger Selector circuit.

allows the Left and Right Trigger Preamplifier stages to
pass trigger signals from the LEFT and RIGHT VERT plug-
in compartments to the A Trigger Output<Amplifier.

Table 2-2 shows the input and output conditions of the A
Trigger Channel Switch, for each combination of the A
TRIGGER SOURCE switch and VERTICAL MODE switch.
Notice that only the A TRIGGER SOURCE switch controls
the output to U520 and U580 when in the LEFT or RIGHT
VERT positions. Also, notice that the VERTICAL MODE
switch determines the output when the A TRIGGER
SOURCE switch is in the VERT MODE position.

LEFT AND RIGHT TRIGGER PREAMPLIFIERS

The operation of the Left and Right Trigger Preamplifier
stages is similar, therefore only a discussion of the Left
Trigger Preamplifier is given.

The Left Trigger Preamplifier, U520, operates as a
switching amplifier. Trigger signals from the LEFT VERT
compartment are connected to the input pins 1 and 13 of

U520. The logic levels applied to pins 11 and 12
determine if the trigger signal is coupled from the input
to the output {pins 9 and 5) or is terminated within the
stage. Table 2-2 shows the logic level combinations
applied to pins 11 and 12 of both U520 and U580, with
all combinations of the A TRIGGER SOURCE switch and
the VERTICAL MODE switch. When pin 12 is Hl and pin
11 is LO, trigger signals are coupled through the stage.
When pin 12 is LO and pin 11 is HI, signals are
terminated within the stage.

A TRIGGER OUTPUT AMPLIFIER

The A Trigger OQutput Amplifier provides the internal
trigger signal to the A HORIZ compartment. Transistors
Q588 and 0598 are connected as a push-pull amplifier.
The DC Center adjustment R586 balances the emitter
current of Q588 and Q598 for equal dc output levels.
Gain adjustment R589 sets the emitter degeneration of
Q588 and Q598 to adjust the gain of the A Trigger
Output Amplifier. Components R596 and C596 are

2-31




Theorv of Operation—7854

selected for optimum amplifier bandwidth. The output
impedance of this stage is 100 ohms differentially,
determined primarily by R584 and R594.

VERTICAL SIGNAL OUT AMPLIFIER

The Vertical Signal Out Amplifier provides the signal to
the VERT SIG OUT connector, located on the rear panel.
Transistors Q548 and Q558 are connected as a push-pull
to single-phase converter. The DC Center adjustment,
R547, sets the emitter currents of Q548 and Q558 which
determines the quiescent dc output voltage at J548. The
source of the output signal is determined by the A
TRIGGER SOURCE switch and the VERTICAL MODE
switch as shown in Table 2-2.

&

B TRIGGER SELECTOR

The B Trigger Selector circuit determines the source of
the internal triggering signals connected to the B HORIZ
plug-in compartment. Figure 2-25 shows a detailed block
diagram of the B Trigger Selector circuit. A schematic of
the B Trigger Selector circuit is shown on diagram 6, in
Section 7, Diagrams and Circuit Board llustrations. 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.

TABLE 2-2
Input/Qutput Combinations for A Trigger Channel Switch

A Trigger Channel Switch
Display A Trigger Output to U520 and U580
A TRIGGER Right
SOURCE VERTICAL Command Right VM1 VM2 U520 U580
Switch MODE Switch | (HI=1V, (HISB V, | (HI=4.4V, | (Hi=4.4V,
Positions Positions LO=-0.5V) | LO=GND | LO=-0.6 V) | LO=-0.6 V} | Pin 11|Pin 12|Pin 11{Pin 12
LEFT VERT o' ' LO Open Open LO HI H! LO
RIGHT VERT ¢’ o' HI Open Open HI LO LO Hi
VERT MODE LEFT LO LO LO LO LO HI HI LO
ALT ALT? LO HI LO ALT? [ ALT2 [ALT2 | ALT?
ADD ¢’ LO LO Hi LO HI LO HI
CHOP &' LO LO HI LO HI LO Hi
RIGHT HI LO HI LO HI LO LO HI

d—Has no effect in this case.

Switches between Hl and LO at a rate determined by the sweep speed of time-base unit(s) installed in the horizontal
compartment(s)
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Figure 2-25. Detailed block diagram of the B Trigger Selector circuit.

B TRIGGER CHANNEL SWITCH

The B Trigger Channel Switch provides control signals for
the Left and Right Trigger Preamplifier stages. The front-
panel B TRIGGER SOURCE switch {(S110) provides the
control signals to operate the B Trigger Channel Switch.
When the B TRIGGER SOURCE is set to LEFT, the B
Trigger Channel switch allows the Left Trigger
Preamplifier to pass trigger signals from the LEFT VERT
plug-in compartment to the B Trigger Output Amplifier.
When the B TRIGGER SOURCE switch is set to RIGHT,
the B Trigger Channel Switch allows the Right Trigger
Preamplifier to pass trigger signals from the RIGHT VERT
plug-in compartment to the B Trigger Output Amplifier.
When the B TRIGGER SOURCE switch is set to VERT
MODE, the B Trigger Channel Switch allows the Left and
Right Trigger Preamplifier stages to pass trigger signals
from the LEFT and RIGHT VERT plug-in compartments to
the B Trigger Output Amplifier.

Table 2-3 shows the input and output conditions of the B
Trigger Channel Switch, for each combination of the B
TRIGGER SOURCE switch and the VERTICAL MODE
switch. Notice that only the B TRIGGER SOURCE switch
controls the output to U620 and U680 when in the LEFT
or RIGHT VERT positions. Also, notice that the VERTICAL
MODE switch determines the output when the B
TRIGGER SOURCE switch is in the VERT MODE position.

LEFT AND RIGHT TRIGGER PREAMPLIFIERS

The operation of the Left and Right Trigger Preamplifier
stages is similar, therefore, only a discussion of the Left
Trigger Preamplifier is given.
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The Left Trigger Preamplifier, U620, operates as a
switching amplifier. Trigger signals from the LEFT VERT
compartment are connected to the input pins 1 and 13 of
U620. The logic levels applied to pins 11 and 12
determine if the trigger signal is coupled from the input
to the output (pins 9 and 5) or is terminated within the
stage. Table 2-3 shows the logic level combinations
applied to pins 11 and 12 of both U620 and U680, with
all combinations of the B TRIGGER SOURCE switch and
the VERTICAL MODE SWITCH. When pin 12 is Hl and pin
11 is LO, trigger signals are coupled through the stage.
When pin 12 is LO and pin 11 is HI, trigger signals are
terminated within the stage.

B TRIGGER OUTPUT AMPLIFIER

The B Trigger Output Amplifier provides the internal
trigger signal to the B HORIZ compartment. Transistors
Q688 and Q698 are connected as a push-pull amplifier.
The DC Center adjustment R686 balances the emitter
currents of Q688 and Q698 for equal dc output levels.
Gain adjustment, R689, sets the emitter degeneration of
Q€88 and Q698 to adjust the gain of the B Trigger
Output Amplifier. Components R696 and C696 are

selected for optimum amplifier bandwidth. The output
impedance of this stage is 100 ohms differentially,
determined primarily by R684 and R694.

%

VERTICAL CHANNEL SWITCH

The Vertical Channel Switch circuit selects the vertical
deflection signal from the output of the LEFT and/or
RIGHT VERTical plug-in compartment(s) for display on
the crt. The block diagram in Figure 2-26 shows how the
various portions of the Vertical Amplifier circuitry relate
to each other, of which the Vertical Channel Switch is a
part.

A schematic diagram of the Vertical Channel Switch is
given on Diagram 7, 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 the stage
names to further identify portions of the circuitry on
diagram 7.

TABLE 2-3
Input/Output Combinations for B Trigger Channel Switch
B Trigger Channel Switch
Display B Trigger Output to U620 and U680
B TRIGGER Right
SOURCE VERTICAL Command Right VM1 VM2 U620 U680
Switch MODE Switch (HI=1 V, (HI=5 V, (HI=4.4Vv, (HI=4.4V,
Positions Positions LO=-0.5V) | LO=GND) | LO=-0.6 V) | LO=-0.6 V) |Pin 11| Pin 12|Pin 11|Pin 12
LEFT VERT o' o' LO Open Open LO HI HI LO
RIGHT VERT o' o' HI Open Open Hi LO LO HI
VERT MODE LEFT LO LO LO LO LO HI HI LO
ALT ALT? LO HI LO ALT? | ALT? | ALT? | ALT?
ADD ! LO LO HI LO HI LO HI
CHOP o' LO LO HI LO HI LO HI
RIGHT HI LO HI LO all LO LO HI

1

2

compartment(s).
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Figure 2-26. Vertical Amplifier detailed block diagram.
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CHANNEL SWITCH

The vertical deflection signals from the Left and Right
vertical plug-in units are coupled through the stage as
determined by the Vertical Channel Selector stage. The
Channe!l Switch stage is made up primarily of hybrid
circuit U75. Inputs 7 and 9 provide a differential input for
the signal from the RIGHT VERT plug-in unit. Input pins
17 and 19 provide a differential input for the signal from
the LEFT VERT plug-in unit. The output signal from the
delay line to the Vertical Amplifier (diagram 9) at pins 12
and 13, and the vertical signal going to the Vertical
Pickoff Amplifier (diagram 8) at pins 2 and 3 are
differential signals, which are connected to J90, J89,
J194 and J193 respectively. Differential input signals
from the RIGHT and LEFT VERT plug-ins may be routed to
either of the two differential outputs of U75. One output
goes to the Vertical Amplifier circuitry (pins 12 and 13)
while the other is provided to drive the Vertical Pickoff
Amplifier circuitry (pins 2 and 3). Figure 2-27
demonstrates signal distribution by the Vertical Channel
Switch. OQOutput signal selecting is dependent upon
signals received and developed by the Vertical Channel
Selector stage which will be discussed later inthis section.

OUTPUT VOLTAGE REGULATORS

Transistors Q179, Q186, Q187, Q188 and their
associated components compose a voltage regulator
circuit that supplies standing current to a portion of U75
and maintains the output common-mode dc level to the
Vertical Pickoff Amplifier at +5.2 volts for all Vertical
Channel Switch modes. The common-mode level at pins
2 and 3 of U75 is sensed by Q188 through R191 and
R192 and compared with a reference level of +5.2 volts
determined by R182 and R183. Assume, for example,
that the base voltage of Q188 is lower than that at the
base of Q1886, indicating an average output level below
+5.2 volts. The collector of Q186 will be driven LO,
turning on Q187, which turns on Q179. This makes pin 3
more positive which raises the output common-mode
level at pins 2 and 3. These outputs continue in the
positive direction until the average voltage level sensed
by Q188 through R191 and R192 is equal to the
reference voltage on the base of Q186. This is the
balanced condition.

Transistors Q79, Q86, Q87, Q88 and their associated
components compose a voltage regulator circuit
referenced at +5.8 volts, supplying standing current to a

TO VERTICAL
A AMPLIFIER
LEFT O >
VERTICAL —
PLUG-IN
RIGHT TO VERTICAL
VERTICAL ——O—> PICKOFF AMPLIFIER
PLUG-IN O >
D

LEFT RIGHT SIGNAL SIGNAL
SIGNAL SIGNAL AT AT
SWITCH SWITCH VERTICAL VERTICAL

TO TO AMPLIFIER PICKOFF
POSITION POSITION OUTPUT AMPLIFIER
OUTPUT
A C L+R OFF
A D L R
B C R L
B D OFF L+R
2874-128

Figure 2-27. (A) Functional diagram of Vertical Channel Switch; (B) Table showing signal distribution by the Vertical Channe! Switch.
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portion of U75 and maintaining the common-mode dc
level to the Vertical Amplifier at +5.8 volts. Operation of
this regulator is identical to the regulator described
above.

CR94 and CR95 between output jacks J90 and J89 act
an an attenuation network for high-frequency signals
that pass through the Vertical Channel Switch to the
Vertical Amplifier output due to small stray capacitances
coupling through the device. During normal display of a
waveform, CR94 and CRS5 are reverse biased by the
voltage divider established by R94 and R95, and do not
affect the signal. When no signal is desired at J90 and
J89, the X-Y Inhibit signal at the base of Q99 goes HI,
pulling its collector LO to about +2 volts. This turns on
both CR94 and CR95, essentially shorting J90 and J89
together. All signals are attenuated.

High-frequency compensation of signals going to the
Vertical Pickoff Amplifier is provided by the adjustable rc
network, R195 and C195.

VERTICAL CHANNEL SELECTOR

The Vertical Channel Selector interfaces the logic signals
arriving from the Main Interface (diagram 3) to the
Channel Switch, U75. The Vertical Channel Switch
requires two pairs of complementing control voltages;
one pair for each channel. The HI control voltage is +2:7
volts, and the complementing LO voltage is +2.0 volts: To
select a channel, the HI level must be applied to'the ON
ir .t (pin 20 for left, pin 10 for right) and the LO level
must appear at the OFF input (pin 1 for left, pin 11 for
right). To inhibit a channel, the control voltages should be
reversed. Operation of both halves of the Vertical
Channel Selector are identical. Therefore, only the
operation of the right Vertical Channel Selector will be
discussed.

The pair of complimentary control voltages applied to
pins 10 and 11 of U75 are developed by the emitter
coupled pair transistors Q69 and Q70, from a single
ended logic signal (Display Right) from the Main
Interface.

The base of Q70 is referenced at about +0.5 volt by
resistors R72 and R73. If, for example, the Display Right
command connected to the base of Q69, through R66,
should go LO (about +0.2 volt), the voltage divider R66
and RB7 causes the base of Q69 to go to about +0.07
volt. Since the base of Q70 is referenced at +0.5 volt and
the emitters of both Q70 and Q69 are at approximately
-0.2 volt (0.7 volt lower) Q69 is cut off and Q70 is
conducting. The collector of Q69 goes HI, approaching
the +2.8 volts supply voltage. The voltage level at pin 10

Theory of Operation—7854

of U75 (the collector of Q70) goes to about +2 volts, a
level primarily determined by emitter resistor R71 and
the collector load R70. When the Display Right command
connected to the base of Q69 through R66 goes HI (to
about +3.4 volts), the voltage divider R66 and R67 causes
the base of Q69 to go to +1.1 volts which pulls its emitter
and the emitter of Q70 to +0.4 volt. This turns Q69 on
and cuts off Q70. The voltage at pin 10 of U75 (the
collector of Q70) goes Hl, approaching the +2.8 volts
supply voltage, while the voltage level at pin 11 of U75
(the collector of Q69) goes to about +2 volts. This level is
primarily determined by R71 and R69 and the impedance
of U76A at pin 11.

The controlling logic for the Vertical Channel Selector

(Display Left and Display Right commands) is on the Main
Interface board (diagram 3).

RIGHT AND LEFT CHANNEL FEEDBESIDE

The operation of the Right and Left Channel! Feedbeside

stages are identical. Therefore, only a discussion of the
Right Channel Feedbeside is given.

The-function of the Feedbeside stage is to compensate
for’ low-frequency imperfections in the frequency
response of the Channel Switch stage, U75. Self heating
of the transistor base-emitter junctions in some
transistors within U75 causes the low-frequency gain to
appear larger than the midband gain. To correct this, a
portion of the input signal is picked off through R6 and
R9 and applied to U11. This differential signal is
converted to a single-ended signal and distributed into
five rc (resistive-capacitive) networks, each having a
different time constant. Variable components R25, R33,
R37, R42, R45 and C50 are adjusted to provide an
accumulated waveform. This waveform is converted to a
differential signal by U50, Q59, and Q60, and is then
injected into U75 through pins 6 and 4, where it is
subtracted from the signal entering U75 at pins 7 and 9.
Proper adjustment results in flat-frequency response and
optimum-transient response at the output pins 12 and
13.

SECONDARY SUPPLY REGULATORS

Transistors Q233, Q243 and their associated
components make up simple voltage regulators to drop
existing regulated supplies to voltages required by
circuitry on the Vertical Channel Switch Board. Each
transistor acts as an emitter follower with output
voltages determined by the voltage divider resistors at
each base.
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VERTICAL PICKOFF AMPLIFIER

The Vertical Pickoff Amplifier and its related circuitry
provide amplification of the push-pull signals from the
Vertical Channel Switch (diagram 7} and convert them to
the single-ended signal required to drive the vertical
portion of the digitizer circuitry. The schematic diagram
of the Vertical Pickoff Amplifier is given on diagram 8, 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.

PICKOFF AMPLIFIER

The Pickoff Amplifier, made up primarily of U65, accepts
the push-pull signals from the Vertical Channel Switch
(diagram 7) at its input pins 4 and 10. The push-pull
outputs of UB5 at pins 2 and 8 are converted to a single-
ended signal and pass through Q105 to the digitizer
circuitry. Transistor Q125 sets the quiescent collector
voltage of the output transistor at pin 8 of U65 while
Q115 provides biasing and drift compensation for the
transistors within U65. Transistor Q105 provides a path
for low-frequency signals between pin 2 of U65 and the
Sampling Bridge stage of the Vertical and Horizontal
Sampler {diagram 20) via the delay line. Transistor @104
effectively causes all signal current at the emitter.node of
Q105 to pass through that transistor (approximately
100% signal transfer) by injecting a current into the
signal path {(at the emitter of Q105) equal to the signal
current lost through Q105's base-emitter junction.
Capacitor C105 provides a signal path for moderate and
high-frequency signals. The rc networks between pins 5
and 6, 11 and 12 and pins 5 and 11 provide
compensation for the amplifier at various frequencies as
determined by their time constants. Resistors R43 and
R63 are selected to set amplifier gain.

Operational amplifier U21 provides proper emitter
current for transistors within U65 by sensing the average
emitter voltages at pins 6 and 12 of U65 (through R19
and R20) and comparing it to its reference voltage set by
R21 and R22.

VOLTAGE/CURRENT REGULATOR

Active devices U73A, U73B, Q93, Q94 and their
associated components compose a Voltage/Current
Regulator to maintain signal integrity independent of
small changes in supply voltages. Any change in current
through Q94 develops a change in voltage across R91.
This voltage change, tied to pin 6 of U73B, is referenced

2-38

to the voltage at pin 5 of U73B set by the Center
adjustment, R80. Since any voltage difference between
pin 6 and the reference voltage at pin 5 of U73B is
amplified and inverted by U73B, the voltage at the base
of Q93, and thus at its emitter, is forced to follow in the
same direction. The current at its emitter is greatly
multiplied and applied to the base of Q94. This current
change at the base of Q94 causes a corresponding (but
multiplied) change in current at its emitter until the
preset current is flowing through R91. This is the
balanced condition and any subsequent change in
current causes this regulation process to occur again.

U73A is connected as a feedback amplifier referenced to
ground through R72. Resistor R71, tied to pin 2 of U73A,
allows the amplifier to sense any change in the -5 volts
supply voltage, and transmit a correction signal to the
current regulator (U73B, Q93 and Q94) through R77.

&

VERTICAL AMPLIFIER

The Mertical Amplifier circuit provides final amplification
for the vertical signals from the vertical plug-ins before it
is applied to the vertical deflection plates of the crt. The
Vertical Amplifier also accepts inputs from the Display
D/A and Amplifier circuit (diagram 34) to produce the
vertical portion of the stored waveforms and the
alphanumeric display. An input is provided for the
BEAMFINDER switch to compress an over-scanned
display within the viewing area of the crt. In addition, the
Vertical Amplifier accepts the A Y Axis {Aux Y) input
signal from the Main interface circuit. Figure 2-26 shows
a block diagram of the Vertical Amplifier circuit and a
schematic is provided on diagram 9 in Section 7,
Diagrams and Circuit Board lllustrations. The schematic
is divided by gray 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 discussed.

DELAY LINE

Delay Line DL5 provides approximately 65 nanoseconds
of delay {for the vertical signal) to allow the horizontal
circuits time to initiate a sweep before the vertical signal
reaches the vertical deflection plates of the crt. This
allows the instrument to display the leading edge of the
signal originating the trigger pulse when using internal
triggering. The delay line used in this instrument has a
characteristic impedance of 100 ohms differentially. it is
of the coaxial type that does not produce preshoot or
phase distortion in the crt display.



AUXILIARY INPUT AMPLIFIER

The Auxiliary Input Amplifier controls the bias current to
the High-Frequency Amplifier stage and thus the
centering for the Output Amplifier stage. This stage also
provides for Display D/A and auxiliary {Aux Y) inputs to
the Main Vertical Amplifier circuit.

Auxiliary Y-axis (Aux Y) signals are connected to the base
of Q93. Transistors Q93 and Q71 are connected as a
paraphase amplifier to convert the single-ended input to
a push-pull output to drive Q77 and Q97. The X-Y Inhibit
command from the Display D/A circuit goes HI when
stored waveform or alphanumeric character information
is to be displayed. This HI level turns on Q63. The emitter
of 063 goes HI to turn off Q93 and Q71, thus blocking
any auxiliary Y-axis signals. During the display of stored
waveforms or alphanumeric characiers, bias current to
Q77 and Q97 is supplied through R65, R68 and R88. The
display RO-WFM Ctr (readout-waveform centering)
adjustment, R65, balances this bias current to adjust the
vertical position of the stored waveform and
alphanumeric portion of the crt display. The Vert Ctr
(vertical centering) adjustment, R105, balances the
quiescent dc levels in this stage so the trace is displayed
at the center of the crt when the inputs to the High-
Frequency Amplifier stage are at the same potential.

The signal at the collectors of Q77 and Q97 is applied to
the bases of Q79 and Q99 through R77 and R97. For the
display of stored waveforms or alphanumeric characters,
the RO-WFM Y signal from the Display D/A and
Amplifier system is connected to the base of2>Q77
through R81 and R75. Since the signal from the' vertical
plug-in unit is blocked in the Vertical Channel Switch
circuit {diagram 7), the RO-WFM Y signal provides the
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only vertical deflection. This signal is connected to the
base of Q77 and results in a differential signal at the
collectors of Q79 and Q99. This differential signal is
applied to the bias inputs of U50 in the High-Frequency
Amplifier stage and provides readout deflection.

HIGH-FREQUENCY AMPLIFIER

The High-Frequency Amplifier stage, consisting primarily
of integrated circuit US0, provides a 50-ohm input
impedance (100 ochms differentially) to permit accurate
delay-line termination. The components connecting the
input signal to U50 provide forward termination and
compensation for the delay line. Components R18 and
C18 provide adjustable high-frequency compensation.
The internal circuitry of U50 is represented on diagram 9.
Terminals to the emitters of the input transistors of U50
at pins 5-6 and 11-12 permit the quiescent operating
conditions of the stage to be set by discrete components.
Resistors R41 and R48 set the quiescent operating level;
resistors R43 and R47 are selected to accurately set the
gain of the differential channels. These emitter inputs
also provide a means of injecting the output of the
Auxiliary Input Amplifier stage. The Vertical Gain
adjustment R160, sensitor RT133, R133 and R163 set
the resistance between the output terminals of U50 to
controlCthe current gain of this stage. This adjustment
sets-the overall gain of the main Vertical Amplifier
circuit; the sensitor provides thermal compensation.

OUTPUT AMPLIFIER

The Output Amplifier stage, consisting primarily of
integrated circuit U150, provides final amplification for
the vertical signal to drive the crt vertical deflection
plates. A representation of the internal circuitry of U150
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Figure 2-28. U150 internal circuitry representation.
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is shown in Figure 2-28. Terminals to the emitters of the
input transistors at pins 1-12 and 6-7 allow the use of
discrete components to establish the quiescent operating
characteristics of this stage. Resistors R143 and R173
are selected to accurately set the gain of the differential
channels. R136, R137, R167, R166 and R126 set the
operating level of this stage. The series rc networks in
parallel with R143 and R173 provide frequency
compensation for uniform gain at all frequencies within
the bandpass of this instrument.

The signal at the output collectors of U150 is connected
directly to the vertical deflection plates of the crt. A
distributed deflection plate system is used in this
instrument for maximum frequency response and
sensitivity. The signal at the output of U150 is connected
to the deflection-plate structure in the crt and then to
termination network L81, R81, R83A, L82, R82, and
R83B. As the signal passes through the deflection-plate
structure in the crt, its velocity is essentially the same as
the velocity of the electron beam passing between the
vertical deflection plates. This synchronism of the
deflection signal and the electron beam reduces the loss
in high-frequency sensitivity due to electron-transmit
time through the deflection-plate structure.

OUTPUT PROTECTION

Transistors Q192 and Q196 compose a protection circuit
for U150, in case the +15 volt supply is shorted to
ground. If this occurs Q192 turns on causing the base of
Q196 to drop below +35 volts. Thus, the emitter voltage
of Q196 is kept at a safe level for U150.

BEAM FINDER/BEAM FINDER OVERRIDE

The BEAM FINDER switch, S69 (diagram 17), switches
Q124 and Q125 to provide the beam-finder function.
Normally, the emitter current for U150 is supplied from
+5 volts through Q125 and R126. However, when S69 is
actuated, Q124 is turned on. This turns off Q125 and the
emitter current source for U150 is now through R127
and R126. This limits the dynamic range of this stage by
limiting its current, so the display is compressed
vertically within the graticule area.

The Beam Finder Override stage overrides the beam-
finder function as determined by the X-Y Inhibit
command from the display system. Quiescently, the X-Y
Inhibit command is LO with Q123 and Q124 cut off.
Transistor Q125 is saturated, providing normal emitter
current to U150. When the BEAM FINDER switch is
actuated, Q124 turns on which turns Q125 off. Resistor
R127 then limits the current for the Output Amplifier.
When stored waveform or alphanumeric character
information is to be displayed, the X-Y Inhibit command
goes HI to turn on Q123. The resultant LO on the
collector of Q123 causes Q124 to turn off, which

2-40

saturates Q125. The current necessary for full-range
operation of U150 is supplied from +5 volts through

Q125 during this time.

HORIZONTAL CHANNEL SWITCH
AND PICKOFF AMPLIFIER

A schematic diagram of the Horizontal Channel Switch
and Pickoff Amplifier is given on diagram 10, in Section
7. Diagrams and Circuit Board llustrations. 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 identifying
the components mentioned here and individual portions
of the circuitry on diagram 10.

HORIZONTAL CHANNEL SWITCH

The Horizontal Channel Switch stage is made up of U20
and its associated components. The horizontal signal
going to the Horizontal Amplifier (diagram 11) at pins 12
and 13 of U20 is selected from the A plug-in signal at
pins 2 and 15 of U20, or the B plug-in signal at pins 7
and 30 of U20, depending on the level of the Display B
command as determined by U143 on the Main Interface
board (diagram 3).

When the Display B Command at pin 4 of U20 is HI, the
signal from the B plug-in is coupled to the output of U20.
When the Display B Command is LO, the signal from the
A plug-in is coupled to the output of U20. When the X-Y
Inhibit command at pin 6 of U20 is LO, signals from the
Horizontal plug-ins may be transferred to the Horizontal
Channel Switch, U20, output as just described. Hf,
however, the X-Y Inhibit command is HIl, the Horizontal
Channel Switch is disabled and no signals may be
transferred through the device.

PICKOFF AMPLIFIER

The Pickoff Amplifier stage is made up of Q32, 062, O35,
Q65, 037, 066, Q67 and their associated components.
The Pickoff Amplifier converts the push-pull output signal
of U20 to the single-ended signal required by the digitizer
circuitry, providing gain at the same time.

Transistors Q32 and Q62, with the push-pull output
signals from U20 applied to their bases through R32 and
R62, provide input to the stage. Transistors Q35 and Q65
are connected to the collectors of Q32 and Q62
respectively in the cascode configuration to enhance the
frequency response of the amplifier. Collector current of
Q35 flows through R36, CR36, Q37, and R37 to -5 volts,
developing a voltage drop across R37. The voltages at the
base of Q37 and Q67, and thus the emitter of Q67, is



dependent on the emitter current of Q37. Since R37 and
R67 are the same value and the voltage across them is
the same, the current flowing through Q67 and Q66 is
equal to the current flowing in Q37. This current is added
to the current flowing through Q65. Any change in
current through Q37 shows up as an equal change in
current through Q67 and Q66. Thus, the single-ended
signal at the junction of the collectors of Q65 and Q66
contain components of both portions of the push-pull
signal currents present at the collectors of Q35 and Q65.
This signal is applied through delay line DL64 to the
horizontal sampler circuit.

Variable resistor R45 is the dc Center adjustment and
R42 sets the gain of the amplifier. The variable
components R41, C41, R65 and C65 are high-frequency
compensation adjustments.

X-Y DELAY COMPENSATION {OPTION 2)

The X-Y Delay Compensation network (Option 2 only)
provides a delay for the horizontal (X) signal from the B
HORIZ plug-in compartment to match the delay of the
vertical (Y) signal due to the Delay Line stage (diagram 9).
This circuit may or may not be activated depending on
the type of plug-in in the B HORI compartment and the
plug-in‘s mode.

The horizontal (X) signal from the A HORIZ plug-in
compartment is coupled directly to the Horizontal
Channel Switch, without a delay compensation network.

Time-Base Operation

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

X-Y Operation

If the time-base wunit installed in the B HORIZ
compartment is operated as an amplifier, or if an
amplifier unit is installed in the B HORIZ compartment,
the X-Y Compensation command to the B delay
compensation network is held at ground. This actuates
relays K822 and K838 to connect the X-Y Compensation
network into the circuit. The B horizontal signal then
passes through the X-Y Compensation Board, where the
horizontal signal is delayed to match the vertical signal.

The (X-Y) Compensation network is an optional feature.
For instruments which are not equipped with this
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feature, the B horizontal signal from the B HORIZ plug-in
compartment is connected directly to the Horizontal
Channel Switch through the Horizontal Interconnect

Board.

HORIZONTAL AMPLIFIER

The schematic diagram of the Horizontal Amplifier is
given on diagram 11, 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 circuitry described.

INPUT AMPLIFIER/BEAMFINDER

The horizontal signal from the Horizontal Channel Switch
and Pickoff Amplifier circuit (diagram 10} is connected to
the bases of Q21 and Q121 via R21 and R121. The gain
of this stage is controlled by the resistive network
between the emitters of Q21 and Q121. The horizontal
Gain adjustment, R30, is variable to set overall gain. The
horizontal Ctr (centering) adjustment R15 balances the
base currents of Q21 and Q121 to horizontally center the
display. The emitter current for this stage is normally
supplied from the +15 wvolt supply through Q197.
However, when the front-panel BEAMFINDER switch is
actuated, the base of Q197 goes HI and the transistor is
cut off. Emitter current to Q21 and Q121 is reduced, as it
is now supplied through R133. This reduction of emitter
current limits the dynamic range of Q21 and Q121. At
the same time, current now flowing in R133 pulls the
base of Q134 negative, turning the transistor on. The
bias currents for Q41 and Q141 are maintained at nearly
the same level, for, as the BEAMFINDER switch is
actuated, the current through R134 and Q134 flows
through R37 and R137 to compensate for the smaller
currents through Q21 and Q121. The reduction of
emitter current in Q21 and Q121 effectively reduces the
gain of the horiontal system and reduces its dynamic
range to keep the crt display within the horizontal limits
of the graticule, regardiess of the setting of positioning
controls or signal amplitude.

The RO-WFM X (readout or waveform horizontal) signal
input at JT2 is a single-ended input from the display D/A
and Amplifier circuit and is the source of all digitized and
alphanumeric display information coming onto the board.
It is applied to the paraphase amplifier made up of Q3
and Q103 through R2 and is converted to a push-pull
signal to drive Q41 and Q141 of the Driver Amplifiers
and Active Peaking stage.

2-41



Theory of Operation—7854

DRIVER AMPLIFIERS AND ACTIVE PEAKING

The left and right Driver Amplifiers each consist of a
single inverting transistor stage followed immediately by
an Active Peaking network. Transistors Q41 and Q141
make up the left and right Driver Amplifier stages
respectively. Both act as shunt feedback amplifiers,
converting current signals at their bases to voltage
signals of low impedance at their collectors.

The Active Peaking networks are composed of Qb51,
Q151 and their related components. The signal at the
collector of Q141 is coupled through R143 to the bases
of Q161 and Q162 of the Output Amplifier stage and to
the base of Q151 of the right Active Peaking circuit.
Transistor Q151 is connected as an emitter follower
stage providing current gain, which is coupled through
R154, C154, and C155 to the input of the right Output
Amplifier stage. This differentiated signal current
{differentiated by C154 and C155) is added to the dc
coupled signal current passing through R143, providing
the current necessary to charge the feedback capacitor,
C166, when a fast transition occurs. The amount of
differentiated signal current added to the dc signal may
be adjusted by C155 to obtain best signal response.

Operation of the left Active Peaking circuit is identical to that
described above for the right Active Peaking circuit. Transis-
tor Q63, along with resistors R53, R55, R56 and R57; pro-
vide proper biasing of Q61 and Q62 with changes in
temperature.

Capacitor C52 between the left and right Active Peaking
circuits serves to somewhat balance the signal transfer
characteristics of the separate circuits by providing a
means for signal variations to be equally shared in both
circuits. Lets assume, for example, that the signal at the
bases of Q51 and Q151 were equal and opposite but the
signal at the emitter of Q51 tended to rise in the positive
direction faster than the signal at the emitter of Q151
went negative. This positive transition is reflected as a
negative transition at the collector of Q51. This change is
coupled through C52 to the collector and thus to the
emitter of Q151. This coupling tends to speed up the
slower signal and to slow down the faster signal,
resulting in approximately equal and opposite signals at
the emmitters of the transistors.

OUTPUT AMPLIFIERS

The right Output Amplifier consists of a current driven
feedback amplifier. The common junction point at the
bases of Q162 and Q161 is the input to the stage while
the common junction point at the collectors of Q173 and
Q169 is the output. Components R166 and C166 make
up the feedback loop. Signals at the bases of Q162 and
Q161 are amplified and inverted, and then pass through
Q169 connected in the common base configuration to
drive the Horiz {+) deflection plate of the crt. Signals
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coupled to Q173 through R171 and C171 are coupled to
the output of the amplifier stage to provide additional
output signal current at the Horiz (+) crt plate, enabling
fast positive voltage transitions to take place.

Operation of the left Output Amplifier is the same as just
described for the right Output Amplifier. Zener diode
VR63 is added between the input transistors (Q61-Q62)
and the output transistors (Q69-Q73) to maintain proper
operating voltages within the input and output circuits.

The Limit Center adjustment, R160, provides a variable
current to both left and right Output Amplifiers to more
closely balance their operation.

Diodes CR160 and CR159 act to balance out quiescent
voltage level differences between the left and right
Output Amplifiers, due to using different polarity
transistors at the inputs, and to ensure that the proper
current will flow in R159 with changes in ambient
temperature.

Zener diode VR79 and resistor R79 provide bias for Q73
and Q69 operating in the common base configuration.
Potentiometer R33 is used to adjust the stability of the
character readout display.

@

OUTPUT SIGNALS

The OQutput Signals circuit provides signals to the
connectors located on the rear panel. These output
signals are samples of signals from the associated plug-
in units. In addition, this circuit contains the Single
Sweep Reset input. A schematic of the Output Signals is
given on diagram 12, of Section 7, Diagrams and Circuit
Board Illlustrations. 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.

SAWTOOTH AMPLIFIER

The sawtooth signals from the A and B time-base units
are connected to the Sawtooth Amplifier stage through
series resistors R163 and R164 respectively (see diagram
3). Sweep Selector switch S3 determines whether the A
Sweep or the B Sweep sawtooth signal provides the
+ SAWTOOTH OUT signal. The unused sawtooth signal is
terminated by R3 to provide a constant load to the signal
source.

Transistors Q10, Q11 and Q17 compose an inverting
feedback amplifier. Gain of the stage is about two, as
determined by the ratio of feedback resistor R16 to the
input resistance (made up of R9 and either R163 or
R164, depending on which sawtooth source is selected).
The rc network, composed of R17-C17, provides
frequency-response stabilization for this stage.
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Diode CR12 provides protection from high-amplitude
positive voltages inadvertently connected to the output
connector. This diode provides a current path to the +15V
supply through the collector-base junction of Q17. When
the diode is forward biased, it clamps the base of Q17 at
+15 volts. Diode CR19 provides protection from high-
amplitude negative voltages at the £ SAWTOOTH OUT
connector by clamping the output if it attempts to go
more negative than about —15.6 volts.

GATE AMPLIFIER

The + GATE OUT signal is selected from three input gate
signals by Gate Selector switch $46. In the A position,
the Sweep Gate A signal from the A HORIZ compartment
is connected to the base of emitter-follower Q62. The
base of Q49 is connected to ground by $46 so the circuit
operates as a common-base stage. Transistor Q62
provides a high-input impedance for the stage while the
emitter coupling between the transistors provides
temperature compensation. Operation is the same in the
B position of the Gate Selector switch, except that the
gate signal from the B HORIZ compartment provides the
input signal.

In the Dly'd position, the Gate Selector switch connects
the base of Q62 through R59 to ground and disconnects
the A Gate and B Gate signals. The other section of the
Gate Selector switch opens to allow the Delay Gate
signal from the delaying time-base unit to reach the base
of Q49. Transistor Q49 inverts this negative-going Delay
Gate signal so that all three gate signals at the +GATE
OUT connector are positive going.

Diode CR76 provides temperature compensation for Q77.
Diode CR77 protects Q77 if a high-level positive voltage
is applied to the + GATE OUT connector, and CR78
clamps the collector of Q77 at about -0.6 volt if a
negative voltage is applied to the output connector.

SINGLE SWEEP RESET

The Single Sweep Reset input is provided to work in
conjunction with horizontal plug-in units capable of
performing the single-sweep function.

&

Z-AXIS AND FOCUS AMPLIFIER

The schematic diagram of the Z-Axis and Focus Amplifier
is given on diagram 13, in Section 7, Diagrams and
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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 discussed.

Z-AXIS AMPLIFIER

The Z-Axis Amplifier provides the drive signal to the crt
control grid to control the crt intensity. The Z-Axis signal
from the Mainframe Logic circuit (diagram 4) and the Ro
Z-Axis (display intensity) signal from the Display D/A and
Amplifier circuit are connected to the emitter of Q113
through R110 and R109, and from the input signals to
the Z-Axis Amplifier. The output of the Z-Axis Amplifier
at the collectors of Q173 and Q183 provides the drive
signal to control the crt intensity level through the
Control-Grid DC Restorer stage of the High Voltage
Power Supply and CRT circuit (diagram 14).

Transistor Q113 is a common-base amplifier, and is used
to establish a low input impedance for the Z-Axis
Amplifier. Transistors Q122, Q127, Q132 and Q143
form a noninverting, current-driven, operational
amplifier; the Z-Axis Ampl Gain, R125, and Output Level,
R135, are set in this stage. The output stage of the Z-Axis
Amplifier circuit consists of Q167, Q166, Q173, Q184
and Q183 in a high-speed operational amplifier
configuration.

Transistor Q162 is a constant-current source for Q167
and Q166. The signal at the emitter of Q143 is dc
coupled to the bases of Q167-Q166 through R166 to
provide a fast rising pulse at the output of Q173.
Transistors Q184 and Q183 maintain the output level of
the 2Z-Axis Amplifier. The Z-Axis Amplifier is
compensated to provide a fast rising pulse with optimum
square corner by C180, C155, R155, C150 and R150.

Comparator U105 provides the GSF (good signal flip-fiop)
logic level going to the Digitizer Control Logic circuit
(diagram 21). The reference voltage at pin 2 is set by the
GSF Level adjustment, R102, and the signal level at pin 1
is compared to it. If pin 2 is lower than pin 1 the GSF
output is HI. If the level at pin 2 is higher than at pin 1,
the GSF output is LO.

Transistor Q142 acts as a switch turning the Z-Axis
signal off and on. When the X-Y On signal is LO, Q142 is
cut off and it does not affect the circuit operation. When
the X-Y On signal goes HI, Q142 turns on pulling the
base of Q132 to ground. This causes the majority of
available current to Q122 and Q132 to flow in Q132,
nearly shutting Q122 off. Under this condition, Z-Axis
drive signals are virtually non existant and no trace is
displayed.
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Figure 2-29. Input/output relationships for the Auto-Focus
Channel Switch.

AUTO-FOCUS CHANNEL SWITCH AND
AMPLIFIER

The Auto-Focus Channel Switch and Amplifier stages
provide control voltages to maintain optimum focus of the
crt display. When the front-panel FOCUS control is set
for best definition of the crt display at low to medium
settings of the INTENSITY controls, these stages maintain
optimum focus for all portions of the display. as it is
switched between the digitized, A Horizontal, and B
Horizontal displays.

Transistors Q36, Q32, Q39, 046, Q49 and Q50 act as a
current driven data switch that provides the correct input
to the base of Q67 of the amplifier stage. This switch
selects either the A Intensity, B Intensity, Readout or the
Store Waveform Intensity input as determined by the
X-Y Inhibit command, Display B command, and the
CHR/WFEM (Display Character/Stored Waveform)
command. The input/output table in Figure 2-29 shows
the output of the channel switch stage applied to the
base of Q67 for each combination of the input conditions.

Transistors Q67, Q68, Q77 and Q83 are connected as a
noninverting operational amplifier to amplify the output
of the channel switch and drive the focus-grid electrode
of the crt. Resistors R63, R62, R64 and R65, in
conjunction with diodes CR64 and CR65, shape the
output of the channel switch. Focus Gain adjustment,
R63, determines the amount of signal to the base of Q67
to set the overall gain of the amplifier stage. Output Level
adjustment, R70, determines the output level of this
stage.
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HIGH VOLTAGE POWER SUPPLY
AND CRT

The High Voltage Power Supply and CRT circuits provide
the potentials necessary for proper operation of the crt
(cathode-ray tube). These circuits, in conjunction with the
Vertical, Horizontal, Z-Axis and Auto-Focus Amplifiers,
provide all quiescent potentials and signal information
necessary for a properly displayed crt trace. The
schematic diagram of the High Voltage Power Supply and
crt circuits is given on diagram 14, in Section 7,
Diagrams and Circuit Board lilustrations. 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.

POWER TRANSFORMER

The Power Transformer is driven by a 25 KHz square-
wave voltage from the Converter/Rectifiers circuit
(secondary of Low-Voltage Transformer, T110, on
diagram 15). Three secondary windings on T14 provide
power for the +130 V Supply, CRT Heater voltage, Anode
Voltage Multiplier, and the CRT Cathode supply. The
square-wave output of T14 also drives the Control-Grid
DC Restorer and the Focus-Grid DC Restorer stages
through the resistor pairs R61-R62 and R31-R32
respectively.

+130 V SUPPLY

The +130 V Supply provides a semi-regulated voltage for
use in several circuits in the 7854; semi-regulation is
achieved by the Inverter Control stage of the
Converter/Rectifiers circuit, diagram 15. Diodes CR101
and CR102 rectify the voltage from the secondary of T14.
Capacitors C103, C104 and R104 filter the rectified
voltage.

CRT HEATER

The CRT Heater voltage is provided by a separate 6.3-volt
secondary winding of T14. The CRT Heater circuit is
elevated to the cathode potential through R93.

ANODE VOLTAGE MULTIPLIER

Positive accelerating potential for the crt anode is
supplied by the seven times voltage multiplier contained
within U21. The applied voltage to the input of U21 from
the secondary of T14 is about three kilovolts peak-to-
peak. This results in an output voltage of about +21
kilovolts at the crt anode. The high voltage sense output



of U21 is tied to Q23 which interfaces this dc level to the
Z-Axis Limit sense input of the Mainframe Logic circuit
and to the ground reference points of T14 through CR17,
CR18 and CR19.

CRT CATHODE SUPPLY

The negative three-kilovolt (-2965 V) accelerating
potential for the crt cathode is generated by a voltage
doubler consisting of CR83, CR82, C82 and C84. High
frequency filtering is accomplished by R84, C86, R86
and C89. Components R86 and C89 also provide an ac-
coupling path for error correction from the Cathode
Supply Regulator stage.

CATHODE SUPPLY REGULATOR

The Cathode Supply Regulator maintains the potential on
the crt cathode and reduces ac ripple from the CRT
Cathode Supply. A sample of the output from the CRT
Cathode Supply stage is connected to the Cathode Supply
Regulator stage through divider resistors R62A, R116
and R115. High-frequency changes from the CRT
Cathode Supply are coupled to the Cathode Supply
Regulator through C119 and R119.

The Cathode Supply Regulator consists of a noninverting
preamplifier U123 and an inverting output amplifier,
Q129. The +50 volt supply connected to pin 3 of U123
{through HV ADJ, R115) in conjunction with the ground
connected to pin 2 of U123 through R122, provide the
reference for error amplifier U123. Transistor Q1290is
connected as an inverting amplifier driven by U123 to
provide error correction to the crt cathode stpply.

Regulation occurs as follows: If the crt cathode voltage
becomes less negative, a positive-going change is
coupled to the input of U123 at pin 3 and results in a
positive-going output at pin 6. This positive-going change
is inverted by Q129 to a negative going change at its
collector. This causes the voltage across C82 to increase
during the positive half cycle of the input waveform.
During the negative half cycle, the increased voltage
across C82 increases the voltage at the output of the CRT
Cathode Supply to correct the original error. High-
frequency correction signals are ac coupled to the crt
cathode through C89.

CONTROL-GRID DC RESTORER

The Control-Grid DC Restorer stage elevates the dc level
of the Z-Axis Amplifier output to a potential more
negative than the crt cathode. This action allows the
control grid to control the crt beam current. The Control-
Grid DC Restorer stage is driven by the sguare-wave
output of T14. Diodes CR64 and CR63 are forward biased
during the positive and negative half cycles of the input
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square wave respectively to limit the square-wave
amplitude at their junction. Grid Bias adjustment, R65,
sets the voltage on the cathode of CR64 to establish the
forward-bias level and peak positive level at the anode of
CR64. The dc level of the Z-Axis Amplifier output
determines the voltage on the anode of CR63 to establish
the forward-bias level and peak negative level at the
cathode of CR63. The limited-amplitude square wave at
the junction of CR64 and CR63 is coupled to the junction
of CR67 and CR68 through C66. During the positive half
cycle, CR67 is forward biased to clamp its anode at the
crt cathode voltage level. During the negative half cycle,
C69 is charged through CR68 to a voltage level more
negative than the crt cathode by an amount equal to the
difference between the Grid Bias adjustment setting and
the Z-Axis Amplifier output level. High-frequency Z-Axis
Ampilifier signals are coupled to the control grid through
C72, R72, R63 and C69.

FOCUS-GRID DC RESTORER

The operation of the Focus-Grid DC Restorer is similar to
the operation of the Control-Grid DC Restorer. The
limited-amplitude square wave at the junction of CR34
and CR33 is coupled to the junction of CR38 and CR37
through C36. The amplitude of the positive half cycle of
the input square wave is clamped at approximately +130
volts by CR34. The peak negative amplitude is
established by the dc level of the Auto-Focus Channel
Switch and Amplifier output {diagram 13) through CR33.
During the positive half cycle, the focus grid voltage is
clamped to the voltage set by the FOCUS control R60
through R37, CR37 and CR38. During the negative half
cycle, C39 charges through CR38 to establish the proper
level at the focus grid electrode.

CRT CONTROL

The ASTIG adjustment, R160, used in conjunction with
the FOCUS control R50 to obtain a well defined display,
varies the voltage level on the astigmatism grid. The
SHIELD VOLTS adjustment, R155, varies the positive
potential on the grid shielding the vertical deflection
plates from stray voltages existing within and near the
crt. GEOM adjustment, R143, varies the positive level on
the horizontal deflection plate shield to control the overall
geometry of the display.

Two adjustments control the trace alignment by varying
the magnetic field around the crt. The Y-AXIS ALIGN
adjustment, R148, controls the current through L22,
which affects the crt beam after vertical deflection but
before horizontal deflection. Therefore, it affects only the
vertical (Y) components of the display. The TRACE
ROTATION adjustment, R142, controls the current
through L21 and affects both the vertical and horizontal
rotation of the beam.
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S

CONVERTER/RECTIFIERS

The Converter/Rectifiers circuit provides the operating
power for this instrument from an ac line-voltage source.
This circuit includes a LINE VOLTAGE SELECTOR switch
located on the rear panel. Figure 2-30 shows a detailed
block of the Converter/Rectifiers circuit. A schematic
diagram of the Converter/rectifiers is given on diagram
15, in section 7, Diagrams and Circuit Board llustrations.
The schematic is divided by gray shaded lines separating
the circuitry into major stages. These stage names aid in
locating and identifying the components and portions of
circuitry mentioned here.

LINE INPUT

Power is applied through line filter FL10, line fuse F10,
and POWER switch S10. The line filter is designed to
keep powerline interference from entering the
instrument and to keep the approximate 2b-kilohertz
Inverter signal from entering the power line. Components
R5, Cb and C6 suppress reverse-recovery transients of
CR15.

The LINE VOLTAGE SELECTOR switch, S12, allows the
instrument to operate from either a 115 volt nominal or a
230 volt nominal line voltage source. In the 115 volt
position, rectifier CR15 operates as a full-wave doubler
with energy-storage capacitors C16 and C17, so the
voltage across the two capacitors in series will be the
approximate peak-to-peak value of the line voltage. For
230 volt operation, CR15 is connected to a bridge
rectifier and the voltage across C16 and C17 will be the
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SELECTOR [F= - UNE inPUT START INVERTER RECTIFIERS VOLTAGES TO
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STOP
046-043
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CONTROL CR83

u75 -2V
Q52
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L LINE
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COMPARTMENTS

(1988-65) 2874-131

Figure 2-30. Detailed block diagram of the Converter/Rectifiers circuit.
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approximate peak value of the line voltage. Thus, the dc
voltage applied to the Inverter stage is about the same for
either 115 or 230 volt operation.

Thermistors RT9 and RT13 limit the surge current when
the power supply is first turned on. After the instrument
is in operation, the resistance of the thermistors
decreases so that they have little effect on the circuit.
When the instrument is turned off, the Inverter Control
stage turns off the Inverter which prevents it from
discharging C16 and C17; C16 and C17 discharge slowly
through R21 to allow for thermistor thermal-recovery
time. This ensures sufficient thermistor resistance to
limit the turn-on surge current to a safe level. Since C16
and C17 discharge slowly, dangerous potentials exist
within the power supply for several minutes after the
POWER switch is turned OFF. The presence of voltage in
the circuit is indicated by the relaxation oscillator R19,
C19 and DS19. Neon bulb DS19 will blink until the
potential across C16 and C17 drops to about 80 volts.

Spark gap electrodes E8 and E13 are surge-voltage
protectors. When the LINE VOLTAGE SELECTOR switch
is in the 115 volt position, only E8 is connected across
the line input. If a peak voltage greater than 230 volts is
present on the line, E8 will conduct and quickly open line
fuse F10 to interrupt the input power before the
instrument can be damaged. In the 230 volt position, E8
and E13 are connected in series across the line input to
provide protection for peak voltages greater than 460
volts.

Transformer T8 provides a sample of the line voltage to
the plug-in connectors for triggering at line frequencies.
This line frequency signal is also connected to the
Inverter Control stage to sense when line voltage is
present.

INVERTER START

Components R10, R38 and C35 are connected between
the input line (ac) and the negative side of C17 (through
T25). Capacitor C42 charges on each cycle of the input
line voltage. When the charge on C42 reaches about 33
volts, the programmable UJT (unijunction transistor) Q30
fires to provide base drive to turn on Q40 through C39.
When Q40 turns on, it shock-excites series-resonant
network L37 and C37 to generate a damped oscillation.
This damped oscillation provides the drive necessary to
start the Inverter switching action. After the Inverter is
operating, the recurrent waveform at the collector of Q40
keeps C42 discharged through CR49, thus disabling the
Inverter Start network while the instrument is on.
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INVERTER

The Inverter stage converts the dc voltagc across C16
and C17 to a sine-wave current to drive power
transformer T110. Once the Inverter has been started by
the Inverter Start network, transformer T30 provides
feedback to the bases of Q34 and Q40 to sustain
oscillation. These transistors operate at a forced beta of 4
due to the turns ratio of T30. Also, T30 provides a 60:1
turn ratio center-tapped winding for pre-regulation and
fault protection shut-down. The Inverter Control stage
short circuits one-half of this winding to either delay the
turn-on of Q34 and Q40 or to completely stop their
switching action.

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

To aid in understanding circuit operation, Figure 2-31A
shows a representation of the Inverter stage as a switch.
The three possible states of the Inverter are depicted by
the-three possible switch positions: Q34 is on in position
ta); Q40 is on in position {c); or both transistors are held
off for pre-regulation in position (b). In the composite
current waveform of Figure 2-31B, the relative phase
and amplitude of each component of | is shown for
periods Ts, To and Tc corresponding to the three switch
positions. Figure 2-31C and Figure 2-31D show the
relationship of the Inverter voltage and primary winding
voltages with respect to the current waveform.

The normal sequence of operation is as follows: assume
that the voltage at point X is some voltage more positive
than the negative supply voltage and that Q40 has just
turned on. The current labeled la in Figures 2-31A and 2-
31B flows as the voltage at point W goes negative. Point
X goes toward the negative supply voltage as C37
charges through L37. The voltage across the primaries of
T110 and T35 at point Y produces a voltage at the
secondary of T35 that is sensed by the Inverter Control
IC, U75 (see Fig. 2-31D). When this voltage changes
phase from negative to positive, Q40 is held off (turned
off) by U75. Due to the inductive action of L37, current
continues to flow through the Inverter circuit, pulling the
voltage at point W below the negative supply voltage.
This forward biases CR40, which now conducts Is
(Figs. 2-31A and 2-31B). After a predetermined time, the
Inverter Control IC, U75, allows Q34 to turn on and
conduct the current labeled |2 in Figures 2-31A and 2-
31B. Since Q34 is now conducting, the voltage at point
X charges toward the positive supply voltage through
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L37. Once again, voltage phase change is sensed at the
secondary of T35 by U75b as previously described.
Transistor Q34 is held off at this time and I3 flows due to
the inductive action of L37 pulling the anode of CR34 to a
voltage greater than the positive supply voltage. After a
time determined by the Inverter Control stage, Q40
conducts the current labeled |4+ and the cycle repeats
itself.

Pre-regulation is achieved by varying the hold-off of the
inverter transistors, To in Figure 2-31B, thereby
determining the net power delivered to T110.

OVER-VOLTAGE STOP

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

Capacitor C43 charges through CR44 and R44 to the
peak voltage across the primary of T110. If this voltage
exceeds a safe level, Q45 conducts to cause Q43 and
Q46 to turn on. When Q46 turns on, the base-drive
winding of T30 is short-circuited, which stops the
Inverter switching action. Since Q43 is turned on, C42 in
the Inverter Start network is prevented from charging to
the firing voltage of Q30, thus preventing the Inverter
from starting. Transistors Q45 and Q43 continue-to
conduct until C43 has discharged sufficiently, \through
R45 to turn Q45 off. At this point, Q43 and Q486 will turn
off and the Inverter will start on the next positive half
cycle of the line.

INVERTER CONTROL

The Inverter Control stage, made up of primarily U75,
provides pre-regulation and fault protection functions.
For pre-regulation purposes, U75 varies the hold-off time
{Tw, in Fig. 2-31B ) of the Inverter switching transistors.

Under normal operating conditions, only the voltage
sense (E Sense) input at pin 15 controls the hold-off time.
However, various fault conditions can affect hold-off time
or stop the Inverter operation altogether. The operation of
each individual function of the Inverter Control stage is
described in the following discussion.

Pre-Regulator

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

Theory of Operation—7854

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

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

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

Fault Protection

The fault protection portions of U75 provide protection for
the power supply components due to short circuits, turn-
on surge currents, and other malfunctions. When a fault
is detected at the Fault Sense input (pin 2) or | Sense
input (pin 13), a current from the Fault Holdoff Time
output {pin 1) charges C64. If the detected fault lasts
longer than about 10 milliseconds, C64 will charge
positive enough to initiate a positive output at pin 8. This
output turns on Q54 and Q52 which turns off the
Inverter. The Inverter will remain off while Cb4
discharges through Rb4, keeping Qb4 and Q52 turned
on. The Inverter restarts in roughly 500 milliseconds
when the current through R54 is insufficient to keep Q54
and Q52 turned on. When the inverter restarts, C54 is
recharged through CR59 and R59. This cycle repeats
until the fault is corrected, with the Inverter on for about
10 milliseconds, and off for about 500 milliseconds.

2-49



Theory of Operation—7854

Inverter Current Limiter

The inverter current limiter provides protection for the
inverter components from damage due to excessive
current turn-on or short circuits. Operation of this stage is
similar to the pre-regulator (voltage regulation). The
inverter current limiter takes control of the Inverter hold-off
time whenever pin 13 starts to go negative. Transformer
T35 provides a current step-down. The current is rectified
and flows through R84, the current-sensing resistor. The
voltage across R84 is negative and proportional to the
Inverter current. The | Sense input at pin 13 is normally
held positive through divider R81, R82 and R83. The
Inverter Current Limiter takes control of regulation when
pin 13 reaches near zero volts. Peak Inverter current is
limited to about 5 amperes. If the voltage at pin 13remains
near zero for more than about 10 milliseconds, pin 8 will go
positive to turn off the Inverter.

Fault Sense

The fault sense portion of U75 provides overload
protection for those supplies on the Low Voltage
Regulators and Fan Board schematic. Diagram 16 and
other supplies generated throughout the instrument.
Resistive networks from supplies are connected to the
Fault Sense input at pin 2 of U75. During normal
operation, the voltage at the Fault Sense input remains
near zero. If one of the inputs changes sufficiently to
cause this voltage level to vary 200 millivolts (positive or
negative) for more than 10 milliseconds, a positive output
is produced at pin 8 of U75 to stop the inverter. Therimal
switch S72 opens up the -50VS line to stop the\ifwverter
should ambient temperature of the instrument exceed
approximately 140° F (60° C)

Line Stop

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

The line-frequency signal from transformer T8 is
connected to pin 4, the Line Stop Sense input of U75.
During normal operation, the line-frequency signal
causes the Line Stop Timer terminal (pin 3) to periodically
discharge to ground. When the line-frequency signal is
interrupted or falls below a minimum value, C67 will
charge to approximately +0.7 volt causing the Line Stop
stage to produce a positive output at pin 8 of U75 to stop
the Inverter.

POWER UP LOGIC

When the instrument is first turned on, the Power Up
Logic stage produces a LO at its output, pin 6 of U179B,
for about 2 seconds, after which time a HI output is
produced, indicating that power is on.

2-50

When the power is initially turned on, the unregulated
-17 volt supply pulls the emitter of Q171 LO through
R171, turning it on. At the same time, the collector of
Q171 has been pulled to +5 Volts through C172 which
begins to charge through R171 and Q171 towards the
-17 volt supply potential. Transistor Q173 is turned off
and Q177 is turned on until C172 has charged to a level
of about +1.5 volts. This level is determined by voltage
divider R173 and R174 between +5 volts and the LO
output level at pin 12 of U179A. When C172 reaches this
level, Q173 turns on, turning Q177 off. This forces input
pin 13 of UT179A Hi which causes its output, pin 12, to
also go Hl. This HI level acts as positive feedback through
R174 to the emitter of Q173, latching the circuit in this
state. Components CR171 and Q171 limit the voltage to
which C172 may charge to about -0.7 volt.

The HI level at pin 12 of U179A is applied to pin 11 of
U179C. Since the levels at pins 9 (set by R181 and R182)
and 10 of U179C (set by Q162) are HlI, its output at pin 8
goes HI.

When the instrument is turned off, this circuit produces a
LO output level before the regulated power supply voltages
begin to drop. The Inverter Stop signal, at pin 8 of U75, goes
HI alléwing Q162 to turn on, producing a LO at pin 10 of
UHR79C. The resultant LO at pin 8 is coupled through C183
to pin 8 of U179C, ensuring that the output at pin 8 is held
at a stable LO condition. The PUP signal follows this level.

The time delay incorporated in this circuit is to ensure that
all the regulated power supplies are running and settled to
their proper levels before the digital portion of the
ocilliscope begins operation.

LOW-VOLTAGE RECTIFIERS

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

LOW-VOLTAGE REGULATORS AND
FAN BOARD

A schematic diagram of the Low-Voltage Regulators and
Fan Board circuit is given on diagram 16, in Section 7,
Diagrams and Circuit Board lllustrations. The schematic
is divided by gray shaded lines separating the circuitry
into major stages. These aid in locating and identifying
the components and portions of circuitry described here.



Sub-headings in the following discussion use these stage
names to further identify the components and portions of
the circuitry shown on diagram 16.Figure 2-32 shows a
detailed block diagram of the Low-Voltage Regulators
and Fan Board circuit.

The Low-Voltage Regulators convert semi-regulated
voltages from the Converter/Rectifiers circuit (diagram
15) to stabilized low-ripple output voltages. The
regulators are series type, using the +50 volt supply as a
reference.

OPERATIONAL AMPLIFIER POWER SUPPLIES

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

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

(2) The -22 volt supply is generated from the semi-
regulated —-54 volt supply by reference zener diode VR36
and emitter follower Q38.

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

(4) The -5.6 volt supply is generated from the semi-
regulated -17 volt supply by zener diode VR156:

+60 V REGULATOR

Semi-regulated +54 volts from the Converter/Rectifiers
circuit (diagram 15) provides the unregulated voltage
source for this supply. Differential amplifier U156
compares the feedback voltage at pin 2 against the
reference voltage at pin 3. The error output at pin 6 of
U15 reflects a difference between these two inputs.
Zene: diode VR12 sets a reference level of about +9 volts
at pin 3 of U15. A sample of the output voltage from the
+50 volt supply is connected to pin 2 of U15 through
divider network R16, R15 and R14. Variable resistor R15
in this divider sets the output level of this supply. Notice
that the feedback voltage of this divider is obtained from
a line labeled +50 VS (sense). If the feedback voltages
were obtained at the supply, the voltage at the load
would not stay constant, due to the inherent resistance
of the interconnecting cable between the supply and its
load. The sense configuration overcomes this problem by
sensing the voltage at the load. Since the current in the
sense line is small and constant, the load voltage is held
constant regardless of the load current.
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Regulation of voltage occurs as follows: If the output
level of this supply decreases (hecomes less positive) due
to an increase in load or a decrease in input voltage (as a
result of line-voltage change or ripple), the voltage across
divider R16, R15 and R14 decreases also. This results in
a less positive level at pin 2 of U15 than that established
by zener diode VR12 at pin 3 of U15. This decreases the
current through CR15 and VR17 causing a similar
increase in current through the base-emitter junction of
Q28. This results in increased conduction of Q28, the
+50 volt series regulator. The load current increases and
therefore the voltage across the load also increases
{(becomes more positive) sufficiently to balance the input
into differential amplifier U15. The +bO V ADJ, R15, sets
the output level of this supply.

Current foldback protection is provided for the +50 volt
supply if excessive current is demanded from the supply.
Since the load is connected to this supply through R28,
all current from the +50 volt supply must flow through
this resistor. Under normal operation there is insufficient
voltage drop across R28 to turn Q22 off. However, when
excessive current is demanded from the +50 volt series
regulator (Q28) due to a short circuit or similar
malfunction at the output of this supply, the voltage drop
across~R28 increases and begins to turn off Q22. The
reduced collector current of Q22 results in a reduction of
current through Q28. This current limiting protects Q28
from damage due to excessive power dissipation.

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

-15 V REGULATOR

Basic operation of all stages in the -15 V Regulator is the
same as for the +50 V Regulator. The reference level for
this supply is established to ground through R82 at pin 5
of U84B. The divider ratio of R80 and R81 sets a level of
zero volts at pin 6 of U84B. The level on the +560 VS
(sense) line is held stable by the +50 volt supply. Any
change at the output of the -15 volt supply appears at pin
6 of U84B as an error signal. The output voltage is
regulated in the same manner as described for the +50
volt supply. Diode CR96 limits the output of this supply
from going more positive than about +0.6 volt if it is
shorted to one of the more positive supplies. Operational
amplifier U84A provides current foldback protection for
Q94 by monitoring the voltage drop across R95. When
too much current is demanded from the supply, the
increased voltage drop across R95 allows UB4A to turn
Q88 off, in turn reducing the current through Q94.
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Figure 2-32. Detailed Block Diagram of the Converter/Rectifiers circuit.




+5 V REGULATOR

The operation of the +5 V Regulator is basically the same
as described for the previous supply regulators. Error
voltage to pin 2 of U114A is provided through R131 and
pin 3 is referenced to the +50 VS (sense) line. The divider
ratio of R113 and R114 is 10:1, so pin 3 of UT14A is at
+5 volts when the supply is operating normally. The level
on the +b0 V Sense line is held stable by the +50 volt
supply. Therefore, any change at the output of the +5 volt
supply appears at pin 2 of U114A as an error signal. The
output voltage is regulated in the manner described
previously for the +50 volt supply. Diode CR132 limits the
output of this supply to about -0.6 volt, if it is shorted to
one of the negative supplies.

The +5 volt current foldback protection is accomplished
by U514B and protects this supply from excessive output
current damage. With normal supply current through
R133 and R134, the voltage drop across this parallel
resistance is such that the base of Q118 is biased on. If
the current through R133 and R134 increases above a
safe level, pin 7 of U114B reduces the forward bias
current to Q118. Now, the base current of Q122 is
reduced which decreases the voltage on the base of
Q126. This limits the conduction of Q126 to a safe
current level.

+15 V REGULATOR

The +15 V Regulator regulates in the same manner_as
that of the +50 volt supply; current foldback protettion
operates in the manner described for the +5 volt'supply.
Error feedback voltage to pin 2 of UB4A «is’ provided
through R69. Pin 3 of UB4A is referenced to the +50 VS
(sense) line. The divider ratio of R61 and R62 sets pin 3
of UB4A at +15 volts. Any change in the output level of
the +15 volt supply appears at pin 2 of U64A as an error
signal. This results in an opposite change at the output,
pin 1 of UG4A, which is conveyed to the +15 volt series
regulator transistor Q74 through CR64 and Q68 to
correct the error in the output voltage of the supply.
Diode CR76 limits the output of this supply to about -0.6
volt if it is shorted to one of the negative supplies.

-50 V REGULATOR

Operation of the -50 V Regulator is basically the same as
described for the +50 wvolt supply; current foldback
protection operates in a similar manner, as described for
the +50 volt supply. Error voltage to pin 2 of U45 is
provided by divider R45-R46 and is referenced to the
-b0 VS (sense) line, from the +50 VS line. The divider
ratio of R45 and R46 sets the level at pin 2 of U45 at zero
volts when the output of this supply is correct. The
protection diode CR58 limits the output voltage of this
supply to H0.6 volt should the supply be shorted to a
positive supply.

‘adjustable
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FAN CIRCUIT

The fan motor used in this instrument is a brushless dc
motor, using Hall Effect devices. The two Hall Effect
devices sequentially drive the four transistors (Q20 A, B,
C and D) which, in turn, control the current flow through
the four field windings. The fan motor speed is regulated
by limiting the current flow through Q10. Diodes CR21,
CR22, CR23 and CR24 rectify the back emf produced by
the four field windings. This voltage is applied to the base
of Q10 through resistive divider network R24, R25 and
R11. The voltage developed by this circuit is proportional
to the motor speed. If the motor speed starts to increase,
the current drive to the base of Q10 will decrease,
reducing the current to the motor, thus maintaining a
constant motor speed.

GRATICULE LIGHT SUPPLY

The Graticule Light Supply provides power to illuminate
the graticule lights. The front-panel GRAT ILLUM
potentiometer controls the output of this supply to set the
brightness of the graticule lights. Transistors Q144,
Q148 and diode CR148 form a voltage following current
buffer. The output voltage at the collecor of Q148 follows
the voltage set at the base of Q144 by the divider made
up of R142, R141, R143 and the GRAT ILLUM control,
R55;-0n the front panel. Resistor R148 limits the output
current from this supply to protect Q148 from damage
due to a short circuit.

@

FRONT-PANEL CONTROLS

A schematic diagram of the Front-Pane! Controls is given
on diagram 17 in Section 7, Diagrams and Circuit Board
Illustrations.

The Front-Panel Controls provide for user control of the A
(sweep) INTENSITY, B (sweep) INTENSITY, STORED WFM
(waveform) intensity, READOUT OFF/MAX intensity,
trace FOCUS, GRATicule ILLUMination level, and the
BEAMFINDER function for locating waveforms outside of
the normal crt display area.

In addition, the CONTRAST preset (R80), a screwdriver
potentiometer, is tied between the A
INTENSITY control and the Z-Axis Logic stage of the
Mainframe Logic circuit (diagram 4). This adjustment
allows for optimum contrast between the intensified
portion of a delayed sweep and the overall sweep. With
this configuration, the intensified current increases as
the A INTENSITY control setting is advanced. Therefore,
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the intensified zone is more readily visible at high
intensity levels. The ASTIGmatism preset adjustment,
R160 is used to adjust the overall viewability of the crt
trace while R142, the TRACE ROTATION preset, is
adjusted to properly align the trace display with respect
to the crt graticule.

® oo

KEYBOARD SYSTEM

The Keyboards system consists of the Front Panel
Keyboard, Calculator Keyboard and Keyboard Interface
circuits shown on diagrams 18, 19 and 27, respectively.
These schematics are divided by gray shaded lines
separating the circuitry into major stages. These stage
names are used as an aid in locating and identifying the
components and portions of circuitry mentioned here. A
block diagram of the Keyboards system showing the
relationship of these stages to each other and to the
7854 system busses is shown in Figure 2-33.

The Keyboard Filags stage, shown in Figure 2-33, allows
the microprocessor to control the keyboard hardware by
using the 7854 Address and Control busses (see diagram
27). This stage, in conjunction with the current-baffering
LED Drivers stage, provides circuitry to preésent some
system status information to the user in the form of
visible front-panel LEDs and an audible warning.

The Clock Divider stage (diagram 27) divides the 3 MHz
&3 system clock down to an 11.7 kilohertz rate and
applies this slower clock to the Keyboard Scanner stage.
It also provides an 11.7 kilohertz clock with special timing
relationships for stopping Keyboard scanning. The
Keyboard Scanner stage, when properly enabled,
produces an incrementing eight-bit code (KO-K7) that is
applied to the keyboards via the keyboard cable.

The Column Scanner stage (diagram 18) decodes an
incrementing counter output, bits K4-K7, to sequentially
drive only one of 8 columns of the Keyboard matrix LO.
Each time a new column is driven LO, the Row Scanner
stage sequentially scans each of the 16 possible rows of
the Keyboard matrix as selected by KO-K3, to determine if
a key has been pressed. A LO applied from the Column
Scanner stage through a closed key to the Row Scanner
stage indicates that a particular key has been pressed.
When detected, a LO KDOWN level is generated and
applied to the Keyboard Stop-Scan stage {diagram 27).
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The Keyboard Stop-Scan stage monitors the KDOWN
{key down) level and when a key in the Keyboard matrix
has been checked and found to be pressed, two events
are initiated. First, one-shot U200B fires, stopping the
Keyboard Scanner from incrementing, thereby “freezing”
the count at the keycode of the key that was found
pressed. Secondly, a LO KB (keyboard interrupt) level
from U320B is applied to the microprocessor interrupt
system, indicating that a key has been pressed and needs
to be “read”.

As the microprocessor services this interrupt request, it
enables the Keyboard Data Bus Buffer stage and the
eight-bit keycode (KO-K7) uniquely representing the key
pressed is put onto the data bus and read by the
microprocessor. When the user releases the key,
keyboard scanning is re-enabled and a new key may be
read.

CLOCK DIVIDER

Clock Divider stage, U120 and U1000D on diagram 27 is
an 8-bit counter that develops a keyboard scan clock with
a frequency of 11.7 kHz by dividing (counting down) the 3
MHz @3 clock frequency by 256 using an 8-bit counter.
This free running 11.7 kHz square wave clock with a 50%
duty ¢ycle is applied to pin 13 of U220A of the Keyboard
Scanner stage. (See the timing diagram, Fig. 2-34.) The
output of U1000D is also 11.7 kHz but with a duty cycle
of about 25% and is used for stopping the scanning of the
keyboards.

KEYBOARD SCANNER

The Keyboard Scanner stage, consisting of U220A, U310
and U420, develops the necessary incrementing
keycodes for the scanning of the Front Panel and
Calculator Keyboards and stores those keycodes for use
by the microprocessor when a user command key is
pressed.

When the levels at pins 1 and 2 of U220A from the
Keyboard Stop-Scan stage are HI, indicating that no key
has been pressed, the keyboard scan clock, developed by
the Clock Divider stage, is applied to pin 13 of U220A.
This clock is inverted by U220A, and clocks an 8-bit
binary counter, U420.

As consecutive clock pulses are applied to the clock input
of U420, 256 unique 8-bit keycodes are generated at the
eight Q outputs of the counter. IC U310 buffers these
binary keycodes and drives the column and row scanner
stages of the Calculator and Front Panel Keyboards. The
four least significant bits of a keycode, KO-K3, are used to
sequence the row scanner while keycode bits K4-K7
sequence the column scanner.
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Figure 2-33. Detailed Block Diagram of the Keyboard system
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DATA BUS BUFFER

Data Bus Buffer stage U410 (diagram 27} buffers the
keyboard scan keycode to the Data Bus so that the
microprocessor may read the keycode of a depressed key.
This buffer may be gated on (to apply keycodes to the
Data Bus) or forced to a high impedance state (to isolate
this data) depending on the level of the KB signal from
the Address Decoder stage on diagram 28.

KEYBOARD STOP/SCAN

The Keyboard Stop/Scan stage determines whether the
Keyboard Scanner counter, U420, should continue
generating the incrementing keycodes or stop at the
present keycode when a key is detected as being pressed.
The key detection is signaled to this stage by the KDOWN
level at input pin 12 of U200B, generated by either the
Calculator or Front Panel Keyboard circuits when a key is
pressed. Refer to the timing diagram in Figure 2-34 for
the following discussion.

Upon power up, a LO flag level caused by RESET, is
applied to the set input of U320B; this sets the KB
(keyboard interrupt} level at its Q output Hl to ensure that
no keyboard interrupt is generated. The preset is then
removed so an interrupt may be generated when a key is
detected as pressed. At this time, the Q output of U2008B
is Hl since no key has yet been pressed. This allows the
11.7 kHz clock to pass through U220A of the Keyboard
Scanner stage, and incrementing keycodes are now
generated.

When the keycode corresponding to a key that'is pressed
is generated, the KDOWN level applied to U200B goes
LO, indicating that a key has been detected as pressed.
This enables the 11.7 kHz clock at the output of U1000D
(see timing diagram, Fig. 2-34 ) to trigger the one-shat,
U200B. The input clock to the one-shot is delayed with
respect to the incrementing clock applied to the Keyboard
Scanner stage to allow the KDOWN level and the new
keycode data to settle before the one-shot KDOWN input
is checked. On the falling edge of this delayed clock, one-
shot U200B is fired and its Q output goes LO. The level
change at the output of U200B stops the sequential
incrementing of keycodes by disabling the clock through
U220A to U420 of the Keyboard Scanner stage. At the
same time, the Q output of U200B goes HI and clocks
U320B’s IKB level LO to generate an interrupt signal to
the microprocessor (diagram 28), indicating that a closed
key has been detected and should be read. When the
microprocessor services this interrupt, it puts the
keycode data on the Data Bus and then reads it. The
keyboard flag at pin 11 of U210 of the Keyboard Flags
stage is then pulsed LO to clear the keyboard interrupt
request and then returns HI. This allows U320B to later
toggle (when the next key is detected as pressed) from its
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preset HI state to generate another keyboard interrupt.
When the user releases the key, the KDOWN level
returns HI. The one-shot, U200B, times out
(approximately 16 ms) and the one-shot returns to its
stable state (Q HI and Q LO), resuming keycode
incrementing until another key is pressed by the user.

KEYBOARD FLAGS

The Keyboard Flags stage provides interface between the
instrument and the user as well as providing control
levels necessary to perform certain functions within the
instrument. It is made up of U210. The three low order
address bits at pins 1, 2 and 3 uniquely address one of
the 8 output pins 4-7 and 9-12. When enabied by a LO
KBFLG level, the CRUOUT level, applied to pin 13 is
transferred to the addressed output. These are only
changed by being set to their complimentary state or by a
RESET command at pin 15 which resets all outputs to a
LO level.

Front panel LEDs or an audible warning interface certain
types of system status to the user.

The BUSY indicator, a front-panel LED, tells the user that
the microprocessor is busy executing the user assigned
instruction.

The ERROR indicator LED is illuminated when an error
occurs. For example, the LED would light if an
inappropriate command (one having restrictions that
have not been met), uninterpretable command or a
prematurely terminated transmission was generated or if
a peripheral device could not properly respond over the
GPIB.

An audible warning is provided to the user if the rear
panel AUDIBLE ERROR/WARNING switch is open and an
error condition occurs. The audible warning is also
generated if the microprocessor determines that the
results of an operation may not be valid.

An additional flag output at pin 11 of U210 is used to
reset U320B in the Keyboard Stop-Scan stage to its HI Q
output level, resetting the keyboard interrupt as
previously described.

KEYBOARDS

The Keyboard stages of the Front Panel and Calculator
Keyboards (diagrams 18 and 19) are made up of 29 and
81 switches, respectively, arranged in a matrix, each
with a dedicated function. In addition, several of these
keys also have a shift function. For both keyboards, each
of these keys is addressed by a combination of the
Column and Row Scanner stages. For each keycode that
is generated, if the corresponding key is pressed, a LO
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from the Column Scanner stage is applied through the
closed switch to the Row Scanner stage and a KDOWN
{keydown) is generated. By recognizing the keycode
applied to the Column and Row Scanner stages when a
key is sensed as being depressed, that key may be
identified.

COLUMN SCANNER

The Column Scanner stages of these keyboards consist
of U520 and U320 respectively; each is a 3-line to 8-line
decoder/demultiplexer. The four most-significant bits of
the Keyboard Scanner address developed by the
Keyboard and Signature Analysis circuit (see diagram 27)
are applied to the A, B, C and G2B (gate) inputs of U520
(and U320 when Calculator Keyboard is connected).
When the G2B level is LO, the three bit address applied
to the A, B and C inputs results in a LO at only one of the
eight outputs of U520 and U320. These outputs are
applied to the switch matrix of the respective keyboard.

ROW SCANNER

The Row Scanner stage of the Front Panel Keyboard
consists of U400, U510C, U510D and their associated
components. U220A, U220B, U520 and U620 make up
the Row Scanner stage of the Calculator Keyboard. The
four least significant bits of the Keyboard Scanner
keycode developed by the Keyboard and Signature
Analysis circuit (see diagram 27} are applied to the A, B,
C and STROBE inputs of U400, U520 and U620. When
the STROBE input of U400 is LO, the address on the A;
B, and C input lines select the information at one of.its 8
data input pins DO-D7 to be inverted and applied to
output pin 6 of U400. This level applied to-U510D is
again inverted and results in the KDOWN level. Similarly,
U520 and U620 of the Calculator Keyboard circuit select
the data from one of 16 lines to generate the KDOWN
level. When the KDOWN level is LO, indicating that a key
is pressed, the Keyboard Scanner stage of the Keyboard
Interface and Signature Analysis circuit stops advancing,
and this "frozen” Keyboard Scanner keycode is read by
the microprocessor (the keycode of the key just pressed).

The K3 keycode bit from the Keyboard Interface and
Signature Analysis circuit is applied to the STROBE input
of U400 and to the input of US10C of the Front Panel
Keyboard. When this level is LO, U400 is enabled and
U510D is enabled due to the output of U510C being HI.
When the K3 keycode bit goes HI, however, U400 is
disabled and the output of U510C goes LO. This forces
the output of US10D to go HI and it stays at this level
until the K3 level once again goes LO.

Similarly for the Calculator Keyboard, the K3 keycode bit
enables either U520 or U620 to check for a pressed key.
If detected, a LO KDOWN level is generated and keycode
incrementing ceases.
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LED DRIVERS

The LED Drivers stage for the Front Panel Keyboard
circuit consists of Q120 through Q330, DS620 through
DS721 and their associated components. A HI from the
corresponding keyboard flag applied to the base of any of
these transistors through the associated base resistor
turns on the transistor, illuminating the LED.

Q110 and its associated components compose the output
driving stage used to produce an audible warning. The
tone produced is generated by software toggling the level
of the Audio flag input level to this stage. When the rear
panel switch input at P210 is switched to ground, the
audible warning is disabled by removing bias from Q110.
Software may still toggle the Audio flag level when
disabled in this manner but no tone will be produced.

The LED Drivers stage of the Calculator Keyboard circuit
consists of U220D, U220E, DS800 and DS1000 and is
similar in operation to that of the Front Panel Keyboard
circuit in that a HI ERROR or BUSY level, applied to the
open collector inverters U220D or U220E, from the
Keyboard Interface and Signature Analysis circuit
illuminates the corresponding LED on the Calculator

Keyboard panel.

VERTICAL AND HORIZONTAL
SAMPLER

The Vertical and Horizontal Sampler circuit samples,
stores, and buffers the instantaneous analog voltage
levels from the Vertical Pickoff Amplifier and the
Horizontal Channel Switch and Pickoff circuits (diagrams
8 and 10 respectively) so they may later be displayed on
the crt.

A schematic of the Vertical and Horizontal Sampler
circuit is given on diagram 20, in Section 7, Diagrams
and Circuit Board lllustrations. The schematic is divided
by gray shaded lines separating the circuitry into major
stages. These stage names are used to aid in identifying
the components and portions of circuitry described.

SAMPLING BRIDGE

The Sampling Bridge stage consists of CR245, CR246,
CR247, CR248, CR345, CR346, CR347, CR348 and their
associated components. The sampling bridges provide a
means of switching instantaneous analog voltage levels
from their inputs to their outputs. Operation of the
vertical and horizontal sampling bridges are identical;
therefore only a description of the vertical Sampling
Bridge is given.



Quiescently, sampling bridge diodes CR245, CR246
CR247 and CR248 are reverse biased due to the current
flowing through R236, R237, T237, R241 and R243
biasing CR242 and CR244 on.

With the presence of a strobe pulse of approximately 10
ns duration from the Vertical Strobe stage, the Sampling
Bridge diodes are forward biased for most of the pulse
duration. The single-ended, positive strobe pulse applied
to T233 results in both a positive and negative pulse
applied to C234 and C235. These pulses are coupled
through these capacitors and applied to T237 which
serves to make these pulses equal and opposite. This
pulse current flowing through R241 and R243 is greater
than, and opposite to, the normal quiescent currents and
the Sampling Bridge becomes forward biased.

When the Sampling Bridge is forward biased, the output
voltage of the bridge at C245 follows the input voltage
developed across R245. When the strobe pulse ends, the
diodes are once again reverse biased and C245 holds
(stores) the analog voltage level sampled at the input of
the Sampling Bridge until the next strobe pulse occurs.
This level is maintained since the impedances of the
reverse biased diodes of the sampling bridge and the
IGFET (insulated gate field effect transistor) to which
C245 is connected are very high, preventing appreciable
current leakage from occurring.

STROBE INPUT

The Strobe input stage consists of Q206, Q207, DI211
and their associated components. This stage interfaces
TTL levels to the Sampler’s £15 volt environment. It also
delays the horizontal strobe command with respect to the
vertical strobe command. This is necessary because
hardware in the analog portion of this instrument delays
the vertical signal with respect to the horizontal sweep at
all times. In normal operation, the horizontal sweep ramp
is applied to the horizontal sampling bridge and the
sampled data (after digitizing) is used as a memory
address for storing the value of the vertical point just
sampled (and digitized). The delay incorporated in the
Strobe Input stage is used to recreate the proper X-Y time
relationships in memory by delaying the sampling of the
horizontal value by a time approximately equal to the
amount the vertical signal is delayed to the sampling
bridge by the crt delay line.

The VSTB (vertical strobe) command applied to the base
of Q206 through R203 is current buffered and applied to
the emitter of Q207. This is voltage buffered and applied
to delay line, DL211, and transistor Q222 of the Vertical
Strobe stage. The output of the delay line, DL211, is
applied to the Horizontal Strobe stage and is delayed in
order to recreate proper time relationships between
vertical and horizontal samples.
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VERTICAL AND HORIZONTAL STROBE

The operation of the Vertical and Horizontal Strobe
stages are identical, therefore only the Vertical Strobe
stage is discussed.

The Vertical Strobe stage is made up of Q222, Q223,
Q227 and their associated components. This stage
produces a narrow sampling pulse to be applied to the
Sampling Bridge stage with the presence of a vertical
strobe command from the Strobe Input stage.

The vertical strobe command from the Strobe Input stage
is applied to the base of Q222 as either a Hl or LO (0207
operates only saturated or cut-off). When this command
goes LO, indicating that a strobe pulse is to be generated,
the emitter, and thus the collector of Q223 goes LO,
pulling the base of Q227 LO through CR226. This
saturates Q227, pulling its collector to about +14.3 volts
from its previous -9 volt potential.

This transition causes a reverse current to flow in CR231
for a period of about 10 ns, forward biasing CR232 for
this time. This pulse is coupled to T233 of the Sampling
Bridge stage.

VOLTAGE FOLLOWERS

The operation of the vertical and horizontal Voltage
Followers is identical, therefore only a discussion of the
vertical Voltage Follower is given.

The vertical Voltage Follower stage consists of Q250,
Q251, Q252, Q256, Q262, Q263, Q273 and their
associated components, connected as an operational
amplifier voltage follower. Transistors Q251, Q252 and
Q256 are each current sources for the remaining
transistors within the stage. The analog voltage output of
the Sampling Bridge stage is applied to the gate of
Q250A of the vertical Voltage Follower stage. Any
voltage change at this input gate results in a
corresponding change of the output voltage of the stage
at the collector of Q273.

If, for example, the input voltage at the gate of Q250A
should go more positive, its source, connected to the
base of Q262B, will also go positive. This causes more
current to flow through Q262B, making its collector go
more negative. At the same time, the collector of Q262A
goes positive since Q262A and Q262B act as emitter
coupled transistors. These changes applied to the bases
of another emitter coupled pair, Q273 and Q263, cause
the output at the collector of Q273 to go more positive; to
a value equal to the input voltage at the gate of Q250A.

CHANNEL SWITCH

The Channel Switch stage is made up of Q284, Q285,
Q286, Q296, 0384, 0385, 0485, Q487, 0493, Q4562,
Q453 and their associated components. This stage
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switches the sample voltages from either the vertical
Voltage Follower or the horizontal Voltage Follower
stages to the A/D output of the Channel Switch stage.

The H/V Sel (horizontal/vertical) switching signal from
the Digitizer circuit (diagram 26) is applied to the base of
Q452 through R451. If for example, the H/V Sel signal
should go HI, the base-emitter junction of Q452 will
become reverse biased, turning off Q487 as well. Current
through R452 now forward biases Q453 and the voltage
across R48b caused by this current forward biases Q485.
Emitter current for Q385 A and B flows through Q493
and Q485, allowing Q385A, Q385B, Q384 and Q296 to
operate as a feedback amplifier.

The bases of Q385A and (Q385B serve as the non-
inverting and inverting inputs of this amplifier
respectively. In its balanced state (no transition occuring),
the voltages at these inputs are equal and the output of
the stage at the anode of zener diode VR296 is at a stable
voltage level. Now, when the voltage applied to the base
of Q385A from the Horizontal Voltage Follower stage
changes, say in a positive direction, the amplifier inputs
are momentarily in an unbalanced condition. Transistor
Q385A conducts harder and additional current is drawn
from the +15 V supply through R284, VR284, R384,
Q384 and R385. This additional current flow through
R284 pulis the base of Q296 negative. This transition is
inverted at its collector and the output of the stage at the
anode of VR296 tends more positive. The voltage divider
formed by R294, R291, R290 and R292 applies a portign
of this output voltage to the base of Q385B. The ouitput
will continue positive until the base of Q385B.i5 at the
same potential as the base of Q385A. Once-again the
input voltages are equal and the amplifier is in a
balanced condition. Any subsequent change at the base
of Q38b5A is responded to in a similar manner.
Adjustment R290 sets the Gain of this stage and R380
sets the offset bias for this amplifier.

When the H/V Sel input from the Digitzer circuit goes
LO. Q452 and Q487 are turned on while Q453 and 0485
are turned off. This turns the amplifier stage just
mentioned off, and at the same time, emitter current is
provided to Q285A and Q285B through Q493 and Q487.
Since Q284, (Q285A and Q285B now replace
(electrically) Q384, Q385A and Q385B respectively,
these transistors, along with Q296 form an operational
amplifier that operates identically to that previously
described for the sampled vertical signal. Potentiometer
R280 provides offset adjustment for biasing this
amplifier.

DECOUPLING FILTERS

The Decoupling Filters stage consists of several lcr filters,
which isolate current and voltage changes on any of the
115 volts supply lines from the other supply lines.
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DIGITIZER CONTROL LOGIC

The Digitizer Control Logic circuit generates the
addresses necessary for storing digitized data, dependent
on the number of points per waveform selected by the
operator. This stage also produces the control levels
required for the digitizer system to request and assume
control of the instrument busses in order to store
digitized waveform information. A schematic diagram of
the Digitzer Control Logic is given on diagram 21, in
Section 7, Diagrams and Circuit Board lllustrations. The
schematic is divided by gray shaded lines separating the
circuitry into major stages. These stage names are used
to aid in locating and identifying components and
portions of circuitry discussed.

DATA/CLOCK SELECT

The Data/Clock Select stage consists of U1220, U1230,
U1320, U1420B, U1510A, U1510B, U1530C and
U1530D. This stage determines, from the acquire word
(Acquire Word Bus) indicating PPW (points per waveform)
resolution, what portion of a memory write address for
storingcdigitized waveform information should be derived
from the A or B Word Bus and how much shouid come
from the digitizer circuitry. It then provides proper data
switching and the necessary clock sequencing to
generate such an address.

Integrated circuit U1220 is a presettable four-bit
synchronous up/down counter connected in the count-
up configuration. When a VSTB {vertical strobe) pulse
appears at its LD (load) input, the LO levels at its A, B, C
and D inputs appear at its Q outputs. When VSTB returns
HI, these LOs are latched into the IC. This LO VSTB level,
also applied to U1420B and U1510A, sets their
respective Q and Q levels applied to U1320 LO. The LO
Qo level applied to the S (set) input of U1510B sets its Q
output LO. This is applied to the G2 input of U1320,
enabling it to read its 1C@ and 2C@ inputs and apply this
data to its 1Y and 2Y outputs. When the VSTB level
returns HI, U1220 begins counting from O at a 10 MHz
rate as the SR CLK (shift register clock) becomes
enabled with the presence of a HI RNSAR (successive
approximation register running) level applied to U1530C
through U1320. As U1220 counts, U1230, a 4-bit
magnitude comparator, compares the resulting 4-bit
word generated by U1220 to that word applied to its A
inputs from the Acquire Word Bus. As long as this 3-bit
word is greater in magnitude than the magnitude of the
word generated by U1220 (remember U1220 started
counting at 0), the D level applied to U1510A remains HI.
When the two magnitudes become equal however, this
level goes LO and the next SR CLK pulse causes the Q



output of U1510A to go HI, disabling the SR CLK by
switching the 2Y output of U1320 to ground potential.
The number of pulses counted thus far represents the
number of data bits shifted into the shift registers of the
Address Generator stage from the Address Select stage
as explained in those descriptions.

A short time later, the ESAR (end from successive
approximation register) pulse (indicating that digitizing of
a data point is complete) clocks U1420B, switching its Q
output to a HI level. This HI, applied to U1320 of the
Data/Clock Select stage once again enables the SR CLK
by allowing the data at its 1C3 and 2C3 inputs to be
transferred to its 1Y and 2Y outputs. Now, data is clocked
to the Address Generator stage from the DSAR
{successive approximation register data) input applied to
the 1C3 input of U1320. As this data is clocked to the
Address Generator stage, U1220 resumes counting.
When its Qo output tied to U1510B goes HI (count 8),
each succeeding SR CLK applied to U1510B clocks the
data present at its D input to its Q output. This D input
level remains HI until both the Qa and Q. outputs of
U1220 next go HI (count 14). The next SR CLK (count 15)
causes the Q output of U1510B to go HI and, at the same
time, clocks the 15th bit of address data to the Address
Generator stage. The HI applied to the G2 input of U1320
disables this IC and thus the SR CLK. Near the beginning
of the next digitizer cycle, a VSTB pulse is applied to the
Digitizer Control Logic circuit, reinitiating the initial
conditions and the entire cycle again.

BUS CONTROL

The Bus Control stage consists of U1330B, U1330C,
U1420A, U1430A, U1430E, U1430F, U15208B, U16208B,
U1630D, U1730A, U1730B, U1930, C1330 and R1320.
This stage is responsible for generating the digitizer bus
request to the microprocessor board, indicating that a
point is being digitized and will need to be stored, as well
as performing the proper handshaking with other
circuitry in the instrument for the proper transfer and
storage of digitized waveform information.

This stage operates, and is described, in two distinct
modes; the first being the Internal Acquire Mode in
which the oscilloscope is digitizing waveform data points
in a pseudo-random manner. The second mode is the
External Acquire mode (or single-shot mode) in which the
clock internal to the 7B87 Time Base plug-in or from its
external clock input is used to digitize a single sweep in a
sequential fashion.
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Internal Acquire Mode

When operating in the Internal Acquire Mode, the Bus
Control logic stage requests use of the data, address and
control busses at the time a data point is sampled and
before it is digitized. Requesting control of the busses at
this time, as opposed to when the data point is fully
digitized and ready for storage, enhances digitizer
throughput {the number of data points that the digitizer
system may acquire and store in any length of time) by
reducing the amount of time that the digitizer has to wait
to gain control of these busses.

Initially the LO system RESET level applied to U15208
forces its Q output HI and the Q output LO, resulting in a
H! applied to U1730B and a HI DMEM (digitizer memory
enable) level. The HI applied to the D input of U1730B is
clocked into this flip-flop with the presence of a delayed
clock pulse applied to it through U1630D, U1330C,
R1320 and U1330B. With acquire word bit 12 (from the
Acquire Word Bus) applied to U1630D LO (internal
Acquire Mode), a LO to HI transition of the H/V [}
(horizontal/vertical) level at its other input from the
Data/Clock Select stage, results in a Hi level applied to
U1330C, clocking U1730B after a time delay determined
by R1320 and C1330. As U1730B is clocked, the LO
resufting at its Q output is applied to U1930. When
acquiring, either internally or externally, bit 13 of the
acquire word applied to U1930’s A select input is always
HI. Bit 12, applied to the B select input, is Hi only when
acquiring externally and, as was mentioned earlier, is
now LO since the instrument is acquiring internally.
These two select levels allow the data at the 1C1 and
2C1 inputs of U1930 to be applied to its 1Y and 2Y
outputs respectively. The LO level applied from U1730B
to U1730A through U1930 resets U1730A, ensuring that
the digitizer is not requesting the busses. The resulting
LO at the Q output is applied to U1730B, resetting its Q
output HI. This is the initializing sequence followed when
a system reset occurs during power up.

Now that the stage is initialized, it may now monitor the
activity of the digitizer. A HI GSF (good signal flip-flop)
level from the Z-Axis Amplifier stage (diagram 13) applied
to the D input of U1730A indicates that valid data is
available to be sampled. When a HSTB (horizontal
strobe) occurs, indicating that valid data has been
sampled, this HI GSF level is clocked into U1730A and a
LO BRDIG (digitizer bus request) is generated at its QO
output. When the microprocessor (diagram 28)
recognizes this bus request, it may either ignore it or
grant control of the busses to the digitizer, depending on
what the microprocessor is doing at that time.

if the busses are not granted to the digitizer, the next
delayed clock pulse applied through U1630D, U1330C,
R1320 and U1330B to the clock input of U1730B
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changes the Q output level to LO. This resets U1730A
through U1930 and BRDIG is removed. At the same time
that the digitizer bus request is removed, the LO level at
the Q output of U1730A applied to U1730B resets this
abort level to a HI, once again establishing initial
conditions so that the next valid data point may request
the busses as previously described.

If the busses are granted to the digitizer, the LO BGDIG
(digitizer bus grant) from the DMA Control circuit
(diagram 24) enables U1430E and U1430F. At this time a
LO R/W level and a HI m(memory enable) level result
at their respective outputs. Since the digitizer is a device
that may only write to memory, U1430E is connected so
that it may only generate a LO R/W level when enabled.
The next clock to U1420A through U1630D, resulting
when the horizontal data is through being digitized,
transfers the LO BGDIG level at the D input of U1420A to
its Q output and applies it to U1520B. This resets
U1520B and results in a LO MEM and DMEM levels
applied to the Mother Board (diagram 37). The resulting
LO at the Q output of U1520B is applied to the D input of
U1730B. When the clock pulse, having been delayed by
U1330C, R1320, C1330 and U1330B to allow this data
leve! to settle, is applied to U17308B, the data is clocked
into the IC and its Q output remains at its Hl level. This
maintains the bus request and allows the remainder of
the bus transfer to occur.

The LO MEM level applied to the DMA Control circuit
(diagram 24} from U1430F tells it that the digitizer has
recognized that it now has control of the\'busses.
Acknowledging this, the DMA Control circuit-applies a
EB_R.(remove bus request) to all DMA devices. Since the
LO BGDIG level applied to U1620B is the only bus grant
present within the instrument at this time, the LO RBR
applied also to U1620B affects only digitizer circuitry as
other DMA devices ignore the RBR. The resulting LO at
the output of U1620B sets the Q output of U1730B LO
This resets U1730A through U1830 and the Digitizer Bus
Request is removed. The WE (write enable) level applied
to U1520B from the DMA Control circuit now goes LO
indicating that transfer of data to memory_i_s now
occurring. At the end of data transfer, the WE level
returns HI, clocking U1520B. This returns its Q output to
its LO level, terminating the LO DMEM and MEM levels.
This ends the cycle and the digitizer bus grant is now
removed. This cycle takes place each time a data transfer
from the digitizer to memory occurs, when in the Internal
Acquire Mode.

External Acquire Mode

Operation of the Bus Control stage when in the External
Acquire Mode differs from the Internal Acquire Mode in
that the IACQ (acquire interrupt) level is appliedto U1730A
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via U1930 at its reset input while its set input is held LO.
This is determined by the now HI level of bit 12 of the
acquire word applied to U1930 at its B select input. The
LO at the set input of U1730A sets the BRDIG level LO at
all times. This bus request may only be terminated by a
LO TACQ level, indicating that the external acquire
process is complete or has been manually terminated by
the user, and is applied through U1930 to the reset input
of U1730A. While digitizing data sequentially, as is the
case when acquiring in the External Acquire Mode, it is
necessary for the digitizer system to maintain bus control
to ensure the storage in memory of all sampled data
points; so the bus is requested at all times.

The HI mode bit 12, also applied to U1630D at this time,
changes the time at which U1420A is clocked in relation
to the digitizing sequence. When in the External Acquire
Mode, the HI to LO transition of the H/V Q signal,
indicating that vertical data has been sampled, applied to
U1630D results in a clock to UT1420A. This has changed
as, when in the Internal Acquire Mode, U1420A is
clocked with a LO to HlI transition of the H/V Q level,
indicating that both vertical and horizontal data has been
sampled. This time change that occurs in the clock to
U1420A changes the time that the DMEM and MEM
levelscare generated, allowing only vertical data to be
stofed into memory, thus decreasing the time required to
store enough valid data to represent a waveform.

ADDRESS SELECT

The Address Select stage is made up of U1030, U1130
and U1520A and provides a means for individual bits of
the A word and B word to be selected and applied to the
Data/Clock Select stage.

The 8 high-order bits from the A Word and B Word
Busses of the Address Generator circuit (see diagram 22)
are applied to U1130 and U1030 respectively. Only one
of these ICs may be enabled at a given time as
determined by U1520A. The incrementing three-bit
address from the Data/Clock Select stage, applied to the
A, B, and C inputs of U1030 and U1130, selects the
addressed bit of the enabled IC and applies it to the 1C@
input of U1320 of the Data/Clock Select stage.

U1520A determines, from the acquire word and XY On
levels, which Word Bus (A or B) should supply data to the
Data/Clock Select stage, and enables the appropriate IC.
When the Acquire Word Bus bit-11 is HI, U1520A's Q
and Q outputs toggle, alternately enabling U1030 and
U1130, as the XY On signal from the Digitizer Clock
circuit {diagram 23) clocks it.



This also generates the DTCSC (dual trace channel
switch control) level used elsewhere in this instrument. If
the Acquire Word Bus bit-11 should be LO, only U1030 is
enabled since U1520A's Q output is latched LO.

INTERNAL ACQUIRE ADDRESS GENERATOR

The Internal Acquire Address Generator stage consists of
two 8-bit shift registers, U830 and U930, connected
serially to form a 16-bit register, and U1620D. This stage
receives the sequential data clocked to it from the
Data/Clock Select stage (made up of high order bits from
the A or B Word Busses and data from the Digitizer
circuit) and, after a 15-bit address word has been
accumulated, buffers this word to the Address Bus when
properly enabled.

The data applied to the data input of U930 is clocked into
the IC and shifted sequentially on the rising edges of
consecutive SR CLK pulses applied to the clock input, pin
12, of U930. This data consists of high order bits from
either the A Word Bus or B Word Bus and the digital
information derived from the digitizing of a data point by
the digitizer circuitry, as selected by the Data/Clock
Select stage, and is stored in this sequence. When a 15-
bit address word has been stored in this manner and the
Bus Control logic determines that this data may be
transferred, a LO applied to U1620D enables the outputs
of U830 and U930 and this address word is applied to the
Address Bus.

&

ADDRESS GENERATOR

The Address Generator circuit generates unigue 15-bit
addresses for storage of digitized waveform information
in memory (RAM). Memory addresses are generated
when initiated by the microprocessor in either the
Display Mode or the DMA External Acquire mode. A
schematic diagram of the Address Generator circuitry is
given on diagram 22 in Section 7, Diagrams and Circuit
Board lllustrations. The schematic is divided by gray
shaded lines separating the circuitry into major stages.
These stage names are used to aid in identifying
components and portions of circuitry discussed.

COUNTER

The Counter stage is made up of U200A, U300C, U300F,
uU400C, U400D, U600, U630, U1200 and U1300.
Integrated circuits U600, U1200 and U1300 are
presettable up/down counters and are set to count the
number of bits necessary to complete display of a
waveform for a particular resolution. The upper bits (five
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to eight bits) are set directly from data on the Data Bus
and direct one of the DMA (direct memory access)
devices (under microprocessor control) to a to a particular
memory block, for retrieval or input purposes. The lower
ten to seven bits represent the changing portion of the
generated address.

The data used to set the counter and the preset high
order address bits is applied to the data input pins of
U630, U1200 and U1300 from the Data Bus and to U600
through U630. With the presence of a LO WE (Write
Enable) and an AWRD (A Word) pulse applied to U400D,
this data is latched into U630 and the counters U600,
U1200 and U1300 are set. Now, with each consecutive
pulse applied to the count up input of U1200 from the
output pin 7 of U1120 in the Word/Clock Select stage,
the output address to the A Word Bus from the Counter
stage advances one count. When U1200 overflows, the
count up input of U1300 is clocked by the carry output of
U1200. Similarly, U600 is clocked by the Qc output of
U1300 through U300B.

In this way, the high order bits direct the DMA device to a
specific memory block while the lower order bits
generated by the counter sequentially step through the
individital memory addresses of this block.

MODE WORD LATCH

The Mode Word Latch stage consists of U200B, U300E,
and U1720. Four bits of data, which define the mode in
which the instrument is to operate, are clocked in and
latched by U1720 with the presence of a DMDWRD
(digitizer mode word)} or WE (write enable) command.
This mode word is applied to the Mode Word Bus,
determining the source of the clock and the point at
which a Full Once command is generated by the End-of-
Count Detector stage.

A WORD BUFFER

The A Word Buffer stage consists of U620 and U730.
This stage buffers the sequential addresses generated by
the Counter stage to the Data Bus with the presence of a
LO control level applied to pins 1 and 19 of U620 and
U730. In the single-shot acquire mode, it is used to read
the address of the last data point acquired. This address
is used to determine the sequence in which data points
were entered into memory and thus, the order in which
this data should be displayed to properly represent the
acquired waveform.

END-OF-COUNT DETECTOR

The End-of-Count Detector stage consists of U700,
U1630C and their associated components. The 3 bits of
the mode word applied to U700 selects data from one of
8 inputs to appear at its W output. In this way, one of five

2-63



Theory of Operation—7854

outputs of the Counter stage as well as the ERO (End of
Readout) input from the Vertical Display and Control
circuit {diagram 32) may be monitored.

The mode word, containing waveform resolution
information, selects one of these outputs to detect when
the Counter stage has counted either 128, 256, 512 or
1024 bits, corresponding to waveform resolution. When
the selected output bit of the Counter stage changes
state, the W output of U700 applies an inverse of this
transition to U1630C. Since the rc network formed by
R1630 and C1631 causes any transition at pin 10 of
U1630C to be delayed with respect to that at pin 9 of
U1630C, a positive-going Full Once pulse is produced at
the output of U1630C on any transition of the W output
level at U700.

WORD/CLOCK SELECT

The Word/Clock Select stage consists of U320A, U1120,
U18308B, and U1400B. This stage, depending on the
levels of the A and B inputs of U1120, selects the source
of the clock input to the Counter stage and determines
the source of the high order bits for the Address Output
stage.

The B input of U1120 is bit 11 of the Mode Word. This
bit, when HI, indicates that the instrument is in the
Display Mode. The A input of U1120 is derived from<the
IACQ (acquire interrupt) and external clock levels, through
U1400B and is only high when the instrument’is in the
Acquire Mode. In this way, only the data at'inputs 1C1,
1C3, 2C1 and 2C3 may be transferred to the 1Y and 2Y
outputs.

When in the Display Mode (input B HI), the ADDADV
(address advance) pulse applied to pin 4 of U1120 is
switched to output pin 7 of U1120 and acts as the clock
applied to U1200 of the Counter stage. At the same time,
the B Word Sel level at pin 12 of U1120 appears at
output pin 9 of U1120 and is applied to the Address
Output stage, selecting the high order bits of the Address
Output stage.

When in the Acquire mode, the display Mode Word bit 11
is LO, the IACQ level at pin 5 of U1400B is HI and the
Acquire Word Bus-12 at pin 4 of U1400B is HI. This
results in a HI applied to the A input of U1120 and the
levels at the 1C1 and 2C1 inputs appear at the 1Y and 2Y
outputs respectively. The Aux Clock (external clock
address advance) signal is applied through U1120 to the
clock input of the Counter stage at pin 5 of U1200 and
the DTCSC (dual trace channel switch control) is applied
to the Address Output stage, also through U1120.
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Integrated circuit U320A, when clocked by the output of
U1630C of the End-Of-Count Detector stage, disables the
clock output of U1120 by applying a Hl to pin 1 of U1120.
This HI results as the HI mode word bit applied to the D
input of U320A (bit 11) is clocked to its Q output. The Q
output of U320A produces the IDSY (display interrupt)
level to the Microprocessor and Control circuit (diagram
28). The RDSY (reset display) and STPDSY (stop display)
inputs to U320A from the Mother Board (diagram 37)
serve respectively to enable and disable the clock select
portion of U1120

B WORD ADDRESS COUNTER

When acquiring more than one waveform at a time, the
data representative of the vertical deflection of each point
going into memory must be organized into two memory
blocks, each block representing a unique waveform.
Since acquisition of data points alternates between
waveforms, alternate data words must be directed into
different memory blocks. The B Word Address Counter
stage generates the secondary addresses required to do
this. This stage is made up of U400A, U400B, U800 and
U900 and acts very similarly to the setting of the high
order bits in the Counter stage.

The B "Word Address Counter stage accepts and stores
eight bits of a data word from the Data Bus at the inputs
of U800. This data is stored by U800 with the presence of
a LO WE (write enable) and a LO BWRD (B Word)
command at the inputs of U400B which produces a clock
to UB00. Four bits of the data latched into U800 are
applied to U900 and, with the application of either a clock
pulse from U400B, a Full Once pulse from U1630C to
U400A or both. This results in a LO LD ({load) command
applied to U900 which sets the four output bits of this
counter IC to the data levels at the corresponding inputs.
The clock applied to the count up input of U300 is the
same clock that is applied to U600. In this way, these two
counters (U600 and US00) advance at the same rate,
even though they are initially set to different values. The
low order bits of the A Word from the Counter stage, in
conjunction with the eight bits of data developed by the B
Word Address Counter stage produce a unique B Word
address as explained in the description of the Address
QOutput stage.

ADDRESS OUTPUT

The Address Output stage consists of U820, U920,
U1020, U1400D, U1620A and U1630B. This stage
develops, from the A Word produced by the Counter
stage and the partial B Word from the B Word Address
Counter stage, two unique address words addressing two
distinct blocks of memory. These two blocks of memory
are alternately addressed when digitizing both channels
of a dual vertical plug-in at the same time by alternating



the select level applied at pin 1 of U920 and U1020.
These two ICs switch either the A or B high order bits at
their inputs to their outputs, determining the highest
eight bits of the output address. Integrated circuit U820
buffers the seven lowest bits from the Counter stage to
the Address Bus when enabled.

And gate, U1400D, with the presence of a LO Acquire
Word bit-12 or a LO DMEM level applied to it through
U1620A and a LO ADDBUF (address buffer) level at its
inputs, enables U820, U920 and U1020, applying a 15 bit
address to the Address Bus. In this way, a 15 bit address
consists of the seven least significant bits of the Counter
stage and either the eight most significant bits from the
Counter stage (making up the A Word) or the eight bits
from the B Word Address Counter stage {making up the B
Word). Both words are set from the Data Bus and, as
mentioned, selection depends on the level to the select
inputs of U920 and U1020.

The least significant bit of the A Word Bus applied to
U820 through U1630B is inverted with the presence of a
HI AWRDLSB (A Word least significant bit) command.
This is used when displaying both a digitized and real
time waveform. Normally, a stored waveform is
presented on the crt by reading the digital data at each of
the sequential addresses generated by this circuitry and
by displaying the corresponding analog level at a
predetermined horizontal displacement on the crt. When
displaying both realtime and stored waveforms, however;
stored waveform data is read and displayed only at every
other sequential address. When a sequential address is
left unread, a portion of the realtime sweep is'displayed.
The resulting display is presented much like a vertical
chop display as described in the Mainframe Logic
description. When the address of the last point of the
stored waveform has been generated, the display of
stored data begins again. The data now read and
displayed consists of those addresses previously unread.
In this way, all data in even addresses is displayed, and
then all data in odd addresses is displayed, this cycle
continuing until the instrument’s mode is changed.

&

DIGITIZER CLOCK

A special high-frequency clock is required for operation
of the digitizer in this instrument. The Digitizer Clock
circuit develops the necessary 10-MHz "Burst Clock”, a
series of 11 pulses, when data on the Data Bus indicates
that digitizing of an acquired point is to occur.
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A schematic diagram of the Digitizer Clock circuit is given
on diagram 23 in Section 7, Diagrams and Circuit Board
Illustrations. The schematic is divided by gray shaded
lines separating the circuitry into major stages. These
stage names are used to aid in identifying components
and portions of circuitry discussed.

CLOCK/SOURCE SELECT

The Clock/Source Select stage consists of U1910A,
U2000, U2100 and U2230D. Integrated circuits U2000
and U2100 make up an external clock divider while
U2230D and U1910A provide selection of the clock
source to the Clock Delay stage.

The external clock rate (Aux Gate B) from the 7B87 Time-
Base unit {(Ext-Clock input connector) applied to U2000 is
divided by factors of two, four, and eight, and appear at
the Qa, Qs and Qc outputs of U2000 respectively. These
three clock rates along with the original external clock
are applied to U2100 and, depending on the control
levels applied to its A and B Select inputs from the
Acquire Word Bus, one of these four clocks appears at
the 1Y output of U2100.

The cleck source is selected by U1910A in much the
same manner as just described for selection of clock rate
by U2100. The levels present at the A Select input (set
from the Acquire Word Bus) and at the B Select input,
determined by the mainframe DTCSC (dual trace channel
switch control) level, select one of the four clock sources
at the inputs of U1910A to appear at its 1Y output. These
four clock sources include the clock output from U2100,
two Source Restart pulses, and an inverted Source
Restart pulse.

When the A Select input level of U1910A from the Acquire
Word Bus (bit 12) is HI, indicating that the digitizer is
acquiring in the External Mode, the 1Y clock output of
U1910A alternates between the selected clock output from
U2100 and the pulse generated by U1900D (Source
Restart stage) and inverted by U2230D, indicating that a
point has been completely digitized as the DTCSC level
alternates between HI and LO, respectively. In this way,
both points acquired from a dual channel vertical plug-in
may be digitized with one clock pulse from the horizontal
plug-in. Initially, a clock applied at the 1C3 input of
U1910A is transferred to the 1Y output and applied to the
Clock Delay stage. This triggers the remainder of the
digitizer clock circuitry to properly generate digitizing
clock pulses. The generation of these pulses will be
discussed in the following subsections. After these
pulses are generated, a source restart pulse is generated
by U1900D and applied to UT910A through U2230D. At
this time, if the DTCSC has already switched to a LO
level, this pulse appears at the 1Y output of UT910A and
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the Digitizer Clock circuit once again generates the clock
pulses necessary to digitize another data point. In this
way, the Digitizer Clock circuitry produces the required
clock pulses to digitize the data from both channels of a
dual-trace vertical plug-in with only one clock pulse from
the A Horizontal time base.

When the A Select level is LO, indicating that the 7854 is
in the Internal Acquire Mode, the output at pin 7 of
U1910A may only be selected from its 1C@ and 1C2
inputs. These inputs are both derived from the source
restart pulse previously mentioned so the DTCSC level at
the B Select input of UT1910A has no effect on the 1Y
output level. In this manner, the Digitizer Clock circuit
generates the eleven pulses required to digitize a data
point, generates a Source Restart Pulse, and applies this
pulse as a trigger to once again generate eleven more
digitizing pulses. This cycle continues until the A Select
level of UT1910A goes HI. This results in a continual
digitizing process at a rate as fast as electrically possible
for this circuit.

CLOCK DELAY

The Clock Delay stage consists of U2210A, U2210B and
their associated components. This stage turns off the
analog scope portion of this instrument, initiates
digitizing of a data point, and then turns the analog
portion of the oscilloscope back on when digitizing is
complete.

Initially, a clock pulse from the Clock/Source Select
stage is applied to U2210A and U2210B. This pulse
triggers both of these monostable multivibrators, and
each produces a pulse whose width is determined by an
external rc network. The pulse generated by U2210B is
applied to the Z-Axis and Focus Amplifier circuit on
diagram 13, and turns off the analog scope display. At
The same time the pulse generted by U2210A is applied
to U1900C of the Burst Counter stage and digitizing of a
data point is initiated. When the pulse from U2210A
ends, digitizing is terminated. At this time the digitized
data is stored into memory. After this has occurred, the
pulse from U2210B ends and the scope display is
restored. The pulses generated by U2210A and U2210B
are different lengths, and since both are initiated at the
same time, the proper scope off - digitize - store - scope
on sequence is always maintained.

SOURCE RESTART

The Source Restart stage consists of U19108, U1900D
and their associated components. It generates the Source
Restart pulse to the Clock/Source Select stage.

2-66

The inputs to UT1910B at 2C@ and 2C2 are derived from
the Gated Oscillator stage and are HI when the circuit is
not producing digitizing clock pulses. The input at 2C3 is
tied to ground potential while that of 2C1 originates in
the Clock Delay stage. The 2Y output is selected from
these four inputs and depends on the levels of the A and
B Select inputs (shown on U1910A of the Clock/Source
Select stage).

When in the External Acquire Mode, the LO level from
the 2C3 input of U1910B is applied to U1900D. Since
U1910A and U1910B both switch together (when (and if)
the DTCSC goes LO) the 2C1 input (XYON normally HI) is
applied to U1900D through U1910B. This HI level
produces a LO pulse at the output of U1900D and is
applied to inverter U2230D. Since the 1C1 input has
been selected by the A and B Select levels, this HI
appears at the Y1 output of U1910A, initiating another
digitizing sequence.

When in the Internal Acquire mode (A Select LO), a HI
level is applied to both the 2C@ and 2C2 inputs of
U1910B from the Gated Oscillator stage when it has
generated eleven digitizing pulses. This HI level is applied
to U1900D and at the end of this generated pulse (on the
positive transition), the 1Y output applies a triggering
clock pulse to the Clock Delay stage, initiating another
digitizing cycle. This occurs independent of the DTCSC
level, as the 1CO and 1C2 inputs of U1910A are tied
together as are the 2C@ and 2C2 inputs of U1910B.

GATED OSCILLATOR

The Gated Oscillator stage is comprised of U1920A,
U1920B, 02010, Q2020, Q2021 and their associated
components. This stage, when properly enabled,
produces a repetitive 10-MHz clock at the output of
U1900B applied to the Digitizer circuit (diagram 26).

The oscillator within the Gated Oscillator stage is made
up of 02020, Q2021 and their associated components,
and operates as follows (assume that Q2020 is off and
Q2021 is conducting).

Capacitor C2120 charges negative to a level of about
-4.3 volts, forward biasing Q2020. This causes a rapid
voltage rise at its emitter which is coupled through
C2120 to the emitter of Q2021, reverse biasing it.
Transistor Q2020 continues to conduct as C2120 now
discharges through R2121. When this voltage at the
emitter of Q2021 reaches about -8.2 volts, Q2021 turns
on pulling the base of Q2020 to a more negative level,
reverse biasing this transistor. Capacitor C2120 once
again charges negative through R2113 and the cycle
repeats itself. Nand gate, U1900B inverts this output and
buffers it at a TTL level to the Digitizer circuit (diagram
26).



Transistor Q2010 turns this stage off and on, depending
on the logic level applied to its base from U1920B. When
the base of Q2010 is LO, the transistor is turned on and
C2120 is not allowed to discharge through R2113. This is
the off state for the oscillator. When the base of Q2010
goes HI, the transistor is turned off and is essentially out
of the circuit. In this state, the oscillator runs as
previously described.

The gating of this clock is done by UT920A and U1920B.
If the clock has previously been running but is now off,
the Q output of U1920B applied to the D input of U1920A
is HI and the O output of U1920A is also HI since the last
10-MHz clock pulse applied to its reset input has set it to
this level. When a digitizing sequence is to be performed,
a pulse from the Clock Delay stage is applied to the clock
input of U1920A causing the Q output of U1920A to go
LO. This LO applied to the S (set} input of U1920B sets its
Q output HI and turns on the 10-MHz oscillator. The
Burst Counter stage counts these clock pulses, and when
the proper number of pulses has occurred, it generates a
LO level and a clock pulse to the D (data)} and clock inputs
of U1920B respectively, turning the 10-MHz clock off.
Generation of these levels will be discussed in the Burst
Counter stage description.

BURST COUNTER

The Burst Counter stage counts the 10-MHz output
pulses from the Gated Oscillator stage and develops the
necessary signals to turn the oscillator off after(the

preset number of pulses are counted. This stage is' made
up of UT1900A, U1900C, U2030A and U2130.

Integrated circuit, U2130 is a programmable counter that
counts down from the preset number applied to its data
inputs. The logical levels applied to these inputs are set
from bit 12 of the Acquire Word Bus either directly or
through UT900A (inverted). The data bits at these inputs
are latched into U2130 with the presence of a Start pulse
at its Load input. A HI at the inputs of U1900C produces
the Start pulse that loads the counter. This same pulse
sets the Q output of U2030A HI and applies this to the
Gated Oscillator stage. As the 10-MHz clock pulses are
counted down from the preset number, a point is reached
where the counter overflows and the borrow output of
U2130 is applied to U1920B of the Gated Oscillator stage
as a clocking pulse. At this time the level at the D input of
U1920B (HI) is clocked to the Q output and thus to the
base of Q2010. Since this level remains Hl, the clock
continues running. The next time U2130 overflows, the
borrow output clocks U2030A and U1920B once again.
Since the previous clock to U2030A caused its Q output
to change states, the LO applied to the D input of
U1920B is now transferred to the base of Q2010,
stopping the 10-MHz clock.
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When the output of U1900A is LO, the Q output of
U2030A is set LO initially, so the first borrow output to
U1920B turns off the 10-MHz clock. This ability to
determine whether the clock will be stopped on the first
or second borrow output enables the clock to produce
either 11 or 22 digitizing pulses.

Eleven pulses are necessary to digitize a vertical or
horizontal data point, so only 11 are needed at one time
in the Y-T (vertical-versus-time) digitizing mode. When
digitizing in the normal X-Y, (horizontal-versus-vertical)
mode, or as in the case when digitizing both channeis of
a vertical plug-in unit in the Y-T mode, 22 puises (two
individual bursts of 11 pulses) are required. In the Y-T
(realtime) mode, vertical data points are digitized
sequentially at the rate of the clock applied from a 7B87
time base unit to the 7854 mainframe. Digitizing with
any other type of time base may only be done in the
normal (X-Y) mode. Digitizing in this mode is done in a
random (for all practical purposes) manner.

<

DMA CONTROL

The DMA Control circuit generates the timing sequence
and control levels necessary for DMA (direct memory
access) devices, internal to the instrument, to take
control of the instrument busses. A schematic of the
DMA Control circuit is given on diagram 24, in Section 7,
Diagrams and Circuit Board lllustrations. The schematic
is divided by gray shaded lines separating the circuitry
into major stages. These stage names are used to aid in
locating and identifying the components and the portions
of circuitry discussed.

Three distinct DMA modules exist within the 7854
system (digitizer, readout and display). These modules
operate asynchronously with respect to the system
microprocessor and the other modules. Each performs its
specific operation at a rate completely independent of the
others.

In the process of completing one cycle of its operation,
each module must directly access memory. This DMA
operation is initiated by the individual module asserting
its bus request to the DMA Control circuit, requesting
use of the system busses as it requires them. These
requests are synchronized to the system microprocessor
by latching all pending requests on ®4 of the system
clock and checking requests on the following ®1. The
latched requests are prioritized and a DMA request is
sent to the microprocessor indicating that a DMA module
requires service.
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Memory cycles must always be completed so, on the next
non-memory cycle, the microprocessor signals the DMA
Control circuit that the system busses are available for
DMA use. The identity of the highest priority requester
has been encoded and is now decoded to issue a bus
grant to the requesting module. DMA modules may only
use the system busses when they are granted specifically
to them. The requesting module, sensing that the busses
are now available to it, signals the DMA Control circuit
with a MEM level when it is ready to use the busses.
(Since the digitizer requests use of the busses before it is
actually ready to use them, this "tell me when you're
ready” approach is required.) This MEM level is latched
on $2 of the system clock and up until this time, bus
grants may be changed depending on the priorities of bus
requests present in the system.

As a DMA module begins using the system busses, its
bus request (and thus its bus grant) is latched for the
remainder of the cycle to prevent a higher priority bus
request from interrupting this memory cycle (all memory
cycles must be completed once initiated to ensure valid
results). As the DMA cycle nears completion, the DMA
Control circuit issues a RBR {remove bus reauest)
command to all modules. The module with the active bus
grant recognizes that this RBR is directed to it and
removes its bus request if it doesn’t require another DMA
cycle. Removing its bus request allows a lower priority
DMA bus request to be serviced in a similar manner, if
present.

BUS REQUEST LOGIC

The Bus Request Logic stage consists of U120, U130,
U300A and R130. The Bus Request levels applied to the
D inputs of U130 from the digitizer {BRDIG), the readout
(W)) and the display (W) circuits are clocked into
U130 by the rising edge of ®4 of the 3-MHz free-running
clock. When enabled by a LO level at its El input from
inverter U300A, U120 encodes the highest priority LO
level appearing at its inputs into a 3-bit binary code.
Normally U120 is enabled because the RESET (system
reset) level applied to U300A is only LO during power up.
These 3 bits, representing the identity of the highest
priority bus request pending, are applied from U120's A
outputs to the Bus Grant Logic stage. Any time a LO level
is applied to one of the inputs of U120 and the IC is
enabled, a LO GS output is generated, resulting in LO
DMAREQ (DMA request) This tells the microprocessor
that a DMA device requires service.
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BUS GRANT LOGIC

The Bus Grant Logic stage consists of U220 and U230.
This stage generates bus grant levels to the digitizer
(BGDIG), readout (BGRO) and display (BGDSY) circuitry.
The bus grants are permission for each respective
module to use the instrument busses for a transfer of a
word to or from memory.

The highest priority bus request applied to the Bus
Request Logic stage is encoded and applied from that
stage to the D inputs of U230 of the Bus Grant Logic
stage. When the enable input levels at pins 4 and 13 are
Hi as determined by the DMA Timing Logic stage, the
data levels applied to the D inputs of U230 appear at the
corresponding Q outputs. When the enable goes LO, the
outputs do not follow the inputs but are latched at their
levels immediately prior to the transition. These output
levels are applied to the A, B and C inputs of U220. This
IC decodes the information at these inputs, resulting in a
LO at one, and only one, of the outputs when properly
enabled by the DMA Timing Logic stage. These LO
outputs are the bus grant signals to the various DMA
devices and result only when the microprocessor has
suspended its operation after recognizing that a DMA
device requires service, allowing that DMA device to take
controf of the instrument busses.

DMA TIMING LOGIC

The DMA Timing Logic stage generates the enable levels
for the Bus Request Logic and Bus Grant Logic stages as
well as the WE (write enable) and RBR (remove bus
request} to the memory (RAM and ROM) and DMA
(Digitizer, Readout Acquire and Vertical Display and
Control) circuits respectively. This stage consists of
U100A, U100B, U100C, U110A, U110B, U200C, U210B,
U300D, U310A, U310B, U310C, U310F, U320B, C110,
and R111.

When power is initially applied to the instrument, the
RESET level from the Microprocessor and Control circuit
{diagram 28) goes LO during a portion of the power up
sequence. This LO sets the Q output of U210B LO and
that of U320B HI (through U1T00A). At the same time, this
disables U120 of the Bus Request Logic stage and U220
of the Bus Grant Logic stage. After power up, the RESET
level goes HI and remains at that level for the rest of the
instrument’s operation. This Hl is inverted by U300A and
enables U120 by pulling the El pin LO.

The HOLDA (hold acknowledge) level from the
Microprocessor and Control circuit is normally LO (when
the microprocessor has control of the instrument
busses). This LO level applied to UT100B results in a LO at
its output. This is inverted by U110A and enables U230
of the Bus Grant Logic stage. When enabled, U230



transfers whatever is at its D inputs to the corresponding
Q output. Since the RESET level is now Hl, U120 is now
enabled and checks for a LO level applied to it by U130. If
one or more bus requests are present, the GS (group
strobe) output of U120 goes LO, producing the DMAREQ
level to the microprocessor, indicating that a DMA
module requires service. At the same time the data from
the A outputs of U120 is applied through U230 to U220
as previously described.

When the microprocessor has recognized that a DMA
request is pending, a Hl HOLDA (hold acknowledge) level
is generated on the next non-memory cycle, indicating to
the DMA Timing Logic stage that it has suspended its
internal operations and does not require the instrument
busses. This HI HOLDA level applied to U310B enables
U220 and the proper bus grant is generated. Inverter
U310F is also enabled at this time and the LO Q level of
U320B applied to its input results in a HI WE (write
enable) level.

This HI HOLDA level applied to U310B also results in a
LO applied to U200C. When the readout or display
systems are the DMA devices recognized by the
microprocessor, the MEM level applied to U200C goes
LO soon after the bus grant is given. When the digitizer is
the highest priority DMA device requesting service, a
possibility exists that it may not be ready to transfer its
data when granted the instrument busses (this is
because the digitizer requests the busses before-iit
actually needs them to speed up transfer of digitized
data). In this case the MEM level goes LO, indicating that
it is ready to use the bus, some time after the'bus grant is
given. In either case, when both the HOLDA level is HI
and the MEM level applied to U200C is LO, the output of
U200C applied to the D input of U210B goes LO. On the
rising edge of the 3-MHz ®2 ciock U210B’s Q output
toggles HI.

At this time, all inputs to U110B are HI, generating a LO
RBR (remove bus request) to all DMA devices. The DMA
device that received the bus grant recognizes this RBR
level (by gating the remove bus request pulse with the
active bus grant) and so removes its bus request.

When the Q output of U210B toggles HI, all inputs to
U100B are at a Hl level, producing a Hl applied to U110A.
This results in a LO applied to the enable inputs of U230,
latching the present data at its inputs into the device.
This is the data representing the highest priority bus
request and is applied to U220.

Since the RESET and H_O_LDA levels applied to U100A: are
Hi, the action of the Q output of U210B toggling HI
results in a HI level applied to the R (reset) input of
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U320B. On the next rising edge of the 3 MHz &1 clock,
the outputs of U320B toggle and a Hl is applied to U310F.
Since this inverting buffer is enabled, a LO ‘WE level
results.

At the same time the Q output of U320B toggled Hi, its O
output applied a LO to inverter U310A. Capacitor C110
now charges to a HI level through R111. The next rising
edge of the 3 MHz &1 clock causes U320B to toggle,
resulting in a HI WE level (disabling memory} and a HI at
its O output (U210B can't toggle to reset U320B because
its D input remains LO). This HI at the Q output of U320B
is applied to U310A and U100C. Since C110 was
charged to a HI level and it can’t discharge instantly to
the LO level now present at the output of U310A, a short
positive pulse results at the output of U100C. This is
inverted by U300D and applied to UT00B. This negative
pulse results in a pulse applied to inverter U110A. The
resulting positive pulse applied to U230’s Enable inputs
allows another encoded bus request to be latched into
this IC and be applied to U220's inputs. If a new bus
request is present, U220 decodes it and the
microprocessor allows the DMA device to be serviced.

When the microprocessor determines that it no longer is
required to allow DMA devices control of the instrument
busses and that the present DMA cycle is complete, its
HOLDA level returns to a LO state. This disables U220
and U310F, resets U320B through U100A, and applies a
LO to the D input of U210B. On the rising edge_of the
3 MHz &2 clock, the O output of U210B changes states
and the circuit is once again in its initial state.
Subsequent DMA requests are handled in a similar
manner.

"

DIGITIZER SWEEP COUNTER

The Digitizer Sweep Counter circuit is used to determine
if enough complete sweeps have occured to represent a
valid waveform. A schematic of the Digitizer Sweep
Counter stage is given on diagram 25, in Section 7,
Diagrams and Circuit Board lllustrations. The schematic
is divided by gray shaded lines separating the circuitry
into major stages. These stage names are used to aid in
identifying and locating the components and portions of
circuitry discussed.
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ACQUIRE WORD REGISTER

The Acquire Word Register stage is made up of U200D,
U2230F and U1820. It latches the eight highest order
bits from the Data Bus into U1820 with the presence of a
LO AMDWRD (A mode word) and a LO WE (write enable)
at the inputs of U200D. This produces a clock to U1820
through inverter U2230F, latching these bits into U1820
and applying them to the Acquire Word Bus. Portions of
this word are read from this bus by other circuitry within
the instrument to determine the mode in which they are
to operate.

SWEEP COUNTER

The Sweep Counter stage consists of UT1000 and U1100.
This stage is an eight-bit pre-settable counter that counts
the number of complete sweeps that are detected by the
Complete Sweep Detector stage. The eight least
significant bits from the Data Bus are loaded into the
counter ICs with the presence of a LO level at their load
inputs from U200D. Each succeeding pulse from the
Complete Sweep Detector stage applied to input pin 4 of
U1100 causes the counter to count down from the preset
number. When the counter has counted to zero, the next
pulse causes the counter to produce a LO pulse at the
borrow output of U1000. When this pulse returns to its
HI state, the Acquire Stop stage is clocked and sweep
counting terminates.

GATE SELECT

The Gate Select stage is made up of U1720 and U2220:
It determines, depending on the logic levels applied to'its
A and B Select inputs from the Acquire Word Bus, the
source of the sweep gate pulse to the Complete Sweep
Detector stage. The A gate (ASWPG) and B gate (BSWPG)
signals are selected when acquiring using the A and B
Horizontal plug-ins respectively. The flip-flops at the 2C@
and 2C1 inputs of U1720, made up of individual nor
gates (U2220), are used to condition the ASWPG and
BSWPG signals, keeping them free from multiple
transitions on their falling edges. This is accomplished by
having the corresponding Holdoff signal (A or B) reset the
flip-flop at the end of the sweep before the erronecus
transitions occur. The Ext Stop (external acquire stop)
signal from the Delay Gate B of a 7B87 time base unit is
selected when acquiring in the External Acquire Mode
and is used only when acquiring samples in sequential
fashion, at a rate determined by the time base.

COMPLETE SWEEP DETECTOR

The Complete Sweep Detector stage is made up of
U1610A, U1610B, U1710A, U1710C, U1830A, U2230A,
U2230B and C1610. This stage detects the beginning
and end of a sweep gate pulse and, if detected in the
proper order (beginning before end), produces a clock
pulse to the Sweep Counter stage, indicating that a
complete sweep has occurred.
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Upon power up, the system RESET input level applied to
U1400A goes LO. This applies a LO level to U1710A,
resulting in a LO at its output. This is applied to the R
(reset) input of UT610A to reset it and also to U1710C.
The resulting LO at the output of U1710C is applied to
the reset input of U1610B and resets its Q output to a
LO.

The first Gate pulse from the Gate Select stage applied to
the Complete Sweep Detector stage after the reset level
returns to HI, causes the Q output of U1610A to change
states, going HI, coincident with the leading edge of this
pulse. The HI levels at pins 1 and 2 of U1710A,
determined by bits 13 and 12 of the Acquire Word
respectively, along with the HI level applied to pin 13 of
U1710A produce a HI at the output of U1710A. This HI,
in conjunction with the HI Q level from U1610A and the
HI Q level from U1610B, applies a HI to the R input of
U1610B through U1710C. This enables U1610B to
change states when clocked and does so coincident with
the end of the Sweep Gate pulse applied through
U2230B to its clock input. The Q output of U1610B goes
Hi while the Q output discharges C1610 until U1710C
senses this level as LO. The resulting LO at the output of
U1710C is applied to the reset input of U1610B, resetting
the Q output LO. This pulse is applied to the Sweep
Counter stage and signifies that a complete sweep has
occurred.

When using a 7B87 in the External Acquire Mode, the
Acquire Word bit 12 applied to U1830A and U2230A is
Hl, allowing the LO level resulting from both inputs of
U200D being LO, to reset the Q output level of U1830A
to a LO level. Integrated circuits U1610A and U1610B
are reset as previously described. After the reset level
applied to UT1830A returns to HI, the first Full Once pulse
generated by the 7B87 plug-in clocks the Q output of
U1830A HI. The HI applied to U2230A from the Acquire
Word Bus results in a LO at the S input of UT1610A,
setting its Q output HI. With the end of the Ext Stop
(external acquire stop} gate pulse applied through U1720
to U2230B, U1610B is clocked and a complete sweep
pulse is produced and applied to the Sweep Counter
stage. In the 7B87 External Acquire Mode, only the end
of a gate pulse is necessary to properly generate a
complete sweep pulse. This is true because acquisition of
all data in this mode is done sequentially, unlike Internal
Acquisition.

ACQUIRE STOP

The Acquire Stop stage generates the Acquire Done Clear
signal to stop signal acquisition (digitizing) when either it
senses that the Sweep Counter has determined that
memory is full, the AQS ABORT (acquire single-shot
abort) pushbutton on the rear panel has been pressed or
when a GPIB device needs to interrupt acquisition. This
stage consists of U1400A, U1530B, U2230C, U2030B
and R2020.




A LO level applied to an input of UT400A from either the
RESET input or from U200D applies a LO level to the R
{reset) input of U2030B, resulting in a HI O output level.
This HI level indicates that the digitizer system should be
acquiring data points. When a preset number of sweeps
have occured, the Sweep Counter stage produces a
Borrow output pulse, indicating that a preset number of
sweeps have occurred. As the Borrow output pulse
returns to its normally HI state, U20308B is clocked. The
Acquire Done Clear level may also be set LO to stop
digitizing by applyiga LO level tothe S (set) input of U2030B
through the rear-panel AQS ABORT pushbutton or by a
GPIB device asserting a LO iGPIB (GPIB interrupt} level.

&

DIGITIZER

The Digitizer circuit accepts analog voltage levels from
the Vertical and Horizontal Sampler circuits (diagram 20)
and converts them to a corresponding 10-bit binary code.
These individual 10-bit words are stored in memory
(RAM) and used by the microprocessor to reconstruct a
complete stored waveform. The digitizer used in this
instrument is a ‘“successive approximation” A/D
converter and is used to obtain both high resolution and
high speed conversions. In use, a successive
approximation A/D converter presets the reference level
of a comparator to one half of the allowablé range for
inputs (average voltage level of maximum and minimum
allowable input levels). The analog input voltage level is
compared to this set reference level and one bit of digital
information is set, indicating a greater than or less than
condition, depending on the result of this comparison. A
shift register is advanced and a new reference level is set
for the comparator. This new reference level is equal to
either the sum or the difference of the initial reference
value and one-half of this value. Depending on the result
of this new comparison, a new bit of digital data is set.
This process continues, always adding or subtracting a
voitage level of one-half the previous value added or
subtracted, until all data bits are set. The combination of
all set data bits is the digital representation of the applied
analog signal.

A schematic of the Digitizer circuit is given on diagram
26 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 description use these stage names to aid in
identifying and locating components and portions of
circuitry discussed.
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COMPARATOR

The Comparator stage consists of U510, Q513, Q514 and
their associated components. It compares the input
analog level at pin 2 of U510 to the step-analog level
generated by the combination of the Approximation
Generator and D/A Converter stages applied to it at pin
3. Its output, at pin 7, is used to set one bit of data in the
Approximation Generator stage. Transistors Q513 and
Q514 buffer and invert this logic level. This resulting
signal is applied to the Approximation Data latch stage to
set one bit of serial data.

APPROXIMATION GENERATOR

The Approximation Generator stage consists of Q556,
U519B, U554C, U554D, U569A, U569B, U570, U575,
U580, Ub8bh, UB90, UB95 and their associated
components. This stage, in conjunction with the D/A
Converter stage, produces the varying analog-step
voltage to which the analog input voltage is compared in
the Comparator stage.

A clock pulse applied to U569B, U570 and U519B,
through U503D and U503A, produces a Hl Q output level
at pin 9 of U569B, assuming that the R (reset) input level
at pin 13 of U569B is HI. This reset level is HI only when
the «¢lock pulse to U519B is HI and the Q10 output of
U570, a 10-bit shift register, goes H! due to a shift
occurring. At this time, the output of U519B goes Hl,
clocking US69A to a HI Q output level at pin 6. The next
clock pulse to U569B produces a H! Q output level
applied to the D (data) input of the shift register, U570. At
the same time, U570 is clocked and this Hl level at the D
(data) input of U570 is transferred to its Q1 output, pin
11. This changes the set level, pin 4 of U569A, to a LO,
forcing its Q output LO. This is applied to U569B as a LO
reset pulse and the Q output of U569B goes LO. On the
next clock pulse, the Q1 level of U570 goes LO due to the
LO at its D input. The previously H! level of Q1 is shifted
to the Q2 output. Each consecutive clock pulse shifts this
Hi fevel by one step until the HI level reaches the Q10
output, at which time the entire cycle repeats itself. This
results in a continuous stepping of a HI output bit from
output Q1 all the way through Q10 and then back to Q1,
all steps occurring coincident with the applied clock.

The data latches, U575 through U595 in the
Approximation Generator stage, initially transmit the
logic level applied to their set input pins 5 and 12, to their
output pins 2 and 15, respectively (after a reset pulse
from the previous cycle is applied at pins 4 and 13 to
reset output pins 2 and 15 to their LO state). Assume
that all latches have just been reset and a Hl level has
just resulted at the Q1 output of U570. The output at pin
2 of Ub75 (the most significant bit) goes to a H! state
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while the remainder of the latch outputs are LO. The D/A
Converter stage “reads” this 10-bit data word and
produces an output voltage, used as the comparator
stage’s reference, equal to one-half of the allowable
input range for the comparator stage (see general
Digitizer description above). This level is compared to the
analog input level of the Comparator stage and the logic
level output of the comparator is applied to all of the data
inputs of the data latches of the Approximation
Generator stage. When this comparator output level is
Hl, an input voltage greater than (more positive) the
approximated reference is indicated; when LO, an input
more negative than the reference is indicated.

On the next clock pulse to U570, the internally stored HI
bit is shifted to the next most significant output, Q2 at pin
12 of U570. This shows up as a HI level at pin 15 of
U575, which is fed to the clock input, pin 6, for the MSB
(most significant bit) latch. This stores the level present
at the D inputs in the MSB latch. The new 10-bit word
applied to the D/A converter stage is translated to an
analog voltage level equal to either the sum or the
difference of the original reference voltage and one-half
of that value (1% X if the MSB was set HI; %2X if set to
LO). This new reference level is compared to the analog
voltage at the input of the comparator stage and a new
comparison is made. The result of this comparison is
applied to the D inputs of all the data latches of the
Approximation Generator stage. The next clock pulse
shifts the HI bit in the 10-bit shift register, U570, to the
next most significant bit and latches the digital result-of
this new comparison in the 2nd MSB latch. This\process
continues, always adding or subtracting oneshalf of the
value previously added or subtracted to the reference pin
of the comparator, until all 10 bits of the Approximation
Generator data latches have been set (see Fig. 2-35).
This 10-bit word digitally represent the voltage level at
the input of the comparator stage. After the 10th
comparison, the latches are reset and the next clock
restarts the cycle. Components U554D, R599 and C599
delay the shift of the H! bit to Q10 of U570 to produce the
ESAR (end from successive approximation register) pulse
used by the Digitizer Control Logic circuit (diagram 21).

D/A CONVERTER

The D/A Converter stage consists of U610, U620,
U621A, U621B, UB30A, U6B30B, and their associated
components. This stage receives a 10-bit data word from
the Approximation Generator stage and converts this
data to a unique analog voltage level. This is then applied
to the Comparator stage as the reference level for the
next sequential comparison.
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The data bits that are sequentially set and latched by the
Approximation Generator stage are applied to the B
inputs of U610 and U620. These 10 bits of data are
converted {five by U610 and five by U620) to the unique
voltage levels at their Vou outputs, dependent on the five-
bit binary code applied to their B inputs. These two
voltages are summed and applied to the Comparator
stage. Resistor R620, along with the LSB Match
adjustment, R623, reduces the effect that the output of
U620 has in this summation by a magnitude of 32 in
relation to that of U610. Adjusting R623 accurately sets
the magnitude for each incremental analog step by
varying the reference current in U620. Inverters U621B
and U621A are used to set reference currents and thus
the voltage output limits of U610 and U620 respectively.
The output of this stage at TP620 is limited by these
references to a maximum of +1.5 volts and a minimum of
-1.5 volts. Between these limits, there are 1024 unique
analog voltage step levels that may result at this output,
dependent on the 10-bit data word applied to the stage.

APPROXIMATION DATA LATCH

The Approximation Data Latch stage is made up by
U503B, U520, U521, Ub22, Ubb4B, U554E, U554F and
their associated components. This stage stores the
results of the 10 sequential comparisons made by the
Comparator stage and buffers them to the Data Bus
when enabled by the Digitizer Control Logic circuit
(diagram 21).

Each comparison made by the Comparator stage results
in a logic level at the output pin 7 of U510 that is inverted
by Q513 and applied to pin 6 of U503B, the input of the
Data Latch stage. The 10-MHz ®1 clock is delayed by
U503D, UB03A, U554B, R553 and C553 and is applied
to the clock input of U520, a 10-bit shift register.
This ensures that the Comparator stage has had time to
do its comparison and that the data at the D input of
U520 has settled and is valid. Each time this delayed
clock goes HI, a new bit of data is entered into the
register and previous bits are shifted to the next output.
After 10 bits of data are stored and shifted, the H/V Q
input from the Digitizer Control Logic circuit is applied to
the clock input, pin 11, of U521 to latch these data levels.
The DMEM (digitizer memory) enable level from the
Digitizer Control Logic circuit enables the buffers within
U521 and U522 and the 10-stored data bits, representing
the value of the analog input to the Comparator stage,
are buffered to the Data Bus.
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Figure 2-35. Comparison sequence of Successive Approximation Register for two random voltage samples.
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VOLTAGE REFERENCE

The Voltage Reference stage consists of U533 and its
associated components. This stage sets both the +1.5 volt
reference and -1.5 volt reference for the D/A Converter
stage. Inverter U533 is connected as a feedback amplifier
and both reference voltages are taken from its feedback
network.

CLOCK CONDITIONER

The Clock Conditioner stage is made up of UbBO3A,
UB03C and UL03D. This stage shapes (narrows) and
delays the clock pulse to the Comparator stage. By
inverting the clock pulse and applying it to U503C along
with the normal clock pulse, a short duration pulse is
produced at the output of U503C at the end of the normal
clock pulse. Since the inverted clock applied to U503C
has a one-gate longer electrical path than the normal
clock, the period of the resultant clock pulse at the output
of U503C is equal to the propagation delay time through
U503D (see Fig. 2-36).

10 MHz 91 2 10

11,12 Dcm
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Figure 2-36. Clock Pulse delay.
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SIGNATURE ANALYSIS

The Signature Analysis stage shown on diagram 27 is
used for troubleshooting the 7854. It is only used in
conjunction with the 067-0911-00 7854 Test Interface,
consisting of a Diagnostic Memory board containing
diagnostic firmware, cabling to the Microlab 1 (also
required), a personality card for the Microlab 1 and
signature tables for the version of firmware used. A
description of the keyboard circuitry shown on diagram
27 is given in the Keyboard System description.

The stage is made up of a signature clock and a software
controlled Start/Stop command generator. By sampling
levels at a node when certain blocks of circuitry are being
exercised in a specific manner by the diagnostic package,
a numerical "signature” is developed. When compared to
a table of known good signatures, problems can be
isolated. By positioning jumpers P220 and P1410 to
either the DMA or microprocessor positions, signatures
may be developed on either DMA or microprocessor
cycles respectively.

TheOclock circuit consists of U110A, U200A, U1000B,
LU1410A, U14108B, U2208, U520A and U520D. When the
MEM level at the D input, pin 2 of UT10A is LO,
indicating a memory cycle, the 3 MHz ®1 input clocks the
Q output applied to U220B HI. If the HOLDA (hold
acknowledge) level is LO, indicating that the
microprocessor has control of the memory, U520D also
applies a Hl to U220B. If the WAIT command at pin 1 of
U520A is LO, indicating that an extended memory cycle
is now complete or that a normal memory cycle has
occurred, the input at pin 3 of U220B is HI. These three
Hl levels applied to U220B result in a LO applied to
U1410B. On the falling edge of phase 4 of the 3-MHz
clock applied to U1410B, the O output of the one-shot,
U200A, goes LO to set U200A and produce the negative
going signature clock. Since U110A is now set, it is ready
for the next memory cycle.

If the HOLDA level is Hl, indicating that a DMA (direct
memory access) device is controlling the memory, the
signature clock will not run unless jumpers P220 and
P1410 are moved to the DMA position. Operation of the
clock is the same as just described except that the WE
(write enable) level, always required to be LO for a DMA
operation, either enables or disables the 3-MHz ®4 clock
that produces the signature clock.

U1400 and U110B provides a means for software to
produce the Start and Stop levels necessary for signature
analysis. Address bits 13, 14 and 15 on the Address Bus



cause one of the 8 outputs of U1400 to go LO when a
CRUCLK pulse is applied to the enable input at pin 6. This
CRUCLK level is set by diagnostic firmware and is used to
enable the Start/Stop triggers.

A LO output at pin 10 of U1400 is applied to U110B and
produces the HI Start/Stop pulse to the external
signature analyzer at pin 9 of U110B while a LO at pin 12
of U1400 resets pin 9 of U110B LO, generating the
Start/Stop pulse.

As previously mentioned, a signature for a node is
produced by sampling the levels at the node between
Start and Stop commands. The timing of these
commands, as well as the means in which circuitry is
exercised is dependent on the firmware residing on the
7854 Diagnostic Memory Board (067-0961-00) used for
troubleshooting. Actual signatures are compared to a
table of signatures known to be correct for the version of
diagnostic firmware in use. Differences in these
signatures indicate that signals at the node in question
are incorrect and should be further investigated.

MICROPROCESSOR AND CONTROL

The Microprocessor and Control circuit is' shown on
diagram 28 in Section 7, Diagrams and Circuit Board
IHustrations. The diagram is divided by gray shaded lines
separating the circuitry into major stages. The following
description uses these stage names to aid in locating and
identifying the components and portions of circuitry
discussed.

The microprocessor used in this instrument is a single
chip 16-bit central processing unit (CPU) with separate
address and data busses as well as individual inputs and
outputs for control functions. The required operating
voltages for the microprocessor and its related circuitry
are different than those used elsewhere in the
instrument, and so are developed from other supplies by
the Auxiliary Regulator circuit (diagram 38).

CLOCK

For proper operation of the microprocessor IC, U700, a
four phase clock with specific relationships must be
applied to the clock inputs at pins 8, 9, 25 and 28 of
U700. These clock pulses are developed by U920 and its
associated components.
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The crystal between pins 18 and 19 of U920 sets the
48-MHz oscillator frequency for the 4 phase Clock
generator stage which is divided internally be a factor of
16 to obtain each of the four phases of the 3-MHz clock.
Each phase of the 3-MHz clock lags the preceding clock
phase by 90 degrees to provide 4 non-overlapping clock
pulses, each with a duty cycle of about 25 percent (see
Fig. 2-37). The resonant Ic tank circuit between pins 1
and 2 of U920 prevents the oscillator from oscillating at
some subharmonic (a lower frequency) or harmonic (a
higher frequency) of the designed operating frequency of
the crystal. The clock outputs at pin 8, 9, 11 and 12 of
U920 are 12-volt level clocks and drive the
microprocessor while the inverted clock outputs at pins
6, 7. 14 and 15 of U920 are TTL levels. These are
inverted by the buffers within U1120 and drive other
digital circuitry within the instrument that require the
various phases of the 3-MHz clock at TTL levels.

The PUP (power up) command input at pin 3 of P105
from the Converter/Rectifiers circuit (diagram 15) resets
the microprocessor when power up occurs. Initially, all
supplies are at ground potential and the PUP level is LO.
The PUP level remains LO until all supplies have come up
to their proper voltages. This LO turns Q100 on as soon
as the+5Vo supply comes up and a LO FFD input level is
applied to U920 through U520E, U220C and U520F. This
LO is clocked through U920 to its FFQ output coincident
with its ®3 clock, resetting the microprocessor. The PUP
level remains LO for about 3 seconds, as determined by
the Power Up Logic stage of the Converter/Rectifiers
circuit. When this PUP level goes HI, indicating that all
supplies are at their proper voltages, Q100 is turned OFF

®2 r_l |_|
®3 [ [
va [ ] [ 1

-

2874-136

Figure 2-37. Timing relationships of the four phase, 3-MHz
clock.
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and the RESET level to the microprocessor goes HI. This
sequence ensures that all instrument power supplies are
up and settled before any operation is attempted. The
system reset may be disabled by disconnecting jumper
P1120.

INTERRUPTS AND CONTROL

The Interrupts and Control stage provides interface to
and from microprocessor, U700, enabling it to change its
operational mode to (1) service it peripherals, (2) control
its bus and memory functions, and (3) ensure proper
timing sequences for data transfer and manipulation. All
inputs associated with P130 are for test purposes only
and will not be described.

The Ready command applied to pin 62 of U700 through
U1110C, tells the microprocessor that the memory will
be ready to read or write during the next clock cycle. If,
during a memory operation, the proper memory set-up
conditions have not been met, this line is LO and the
microprocessor enters a wait state. Internal operations of
the microprocessor are suspended until the memory
systems indicate that they are ready to proceed.

The TSTHOLD command, if present, from the external
Microlab 1 test fixture (used only for troubleshooting) is
applied to input pin 13 of U900, and is transferred to its
output, pin 12, at the beginning of the $4.clock. This

normally HlI command and the normalily HI DMAREQ

command from the DMA Control circuit (diagram 24) are
applied to the inputs of U1000C. In this configuration,
either the TSTHOLD or the DMAREQ command may
produce a LO at the HOLD input, pin 64, of the
microprocessor. The DMA enable (DMAEN) jumper,
P1000, is used to determine if the DMAREQ can control
the HOLD function. This jumper is removed to disable
DMA requests for test purposes. In the hold state, the
address and data busses and the memory control outputs
(WE, MEMEN, and DBIN) are forced to a high-impedance
state, allowing DMA (direct memory access) devices to
have control of the data, address and control busses for
data input and retrieval functions.

Interrupt commands from various portions of the
instrument are prioritized and encoded by U1200. The
highest priority active LO input is encoded onto 3 lines, ICO,
IC1 and IC2. The GS (group strobe) output of U1200
goes LO when an interrupt is present at one of the inputs
of U1200. This GS command, is applied to U1100D and
develops the TNTREQ (interrupt request) signal. This
interrupt request level and the encoded interrupt
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address, as well as the TSTHOLD command and CRUIN
level are applied to their related microprocessor inputs on
&4 of each clock cycle through U900 as mentioned in
the HOLD command description. The CRUIN level may be
set by an external jumper while the interrupts may be
prioritized or disabled using the external jumpers at the
inputs of U1200.

With the presence of an interrupt request at pin 32 of the
microprocessor IC, U700, the priority interrupt code
levels at input pins 33, 34, 35 and 36 are internally
stored and compared to a register containing the priority
code of the present instruction being executed. If the
priority of the interrupt is greater than the priority of the
present instruction, upon completion of the instruction,
the interrupt sequence is initiated. Since the priority
encoder continuously monitors and encodes all interrupt
requests, and the interrupt codes to the microprocessor
are updated every clock cycle by U1200, the
microprocessor always acts upon the highest priority
request first. If the interrupt is not of sufficient priority,
the microprocessor will ignore it. Since the interrupt has
not been serviced, the interrupt request will remain
active (LO) until the program goes to a state of
sufficiently low priority to accept the request.

If, during the servicing of an interrupt request, one of
higher priority is encountered, the higher priority is
serviced and then the microprocessor returns to
complete the service of the lower priority request. Upon
completion of the request, normal operation resumes
until an interrupt of sufficient priority is once again
encountered.

The 50-Hz clock input at pin 3 of U320A generates the
highest hard wire programmed interrupt of those
available, so every 16-20 milliseconds, it is serviced. This
is used to display digitized waveforms with the real time
clock developed by the Readout Acquire system (see
diagram 31). This interrupt is reset by the RRTC (real time
clock reset) command developed by U1310 in the CRU
Outputs stage, whose operation will be discussed later in
this section.

The CRUIN input at pin 31 of microprocessor U700 acts
as an input to set specified bits of an internal (the CRU)
register. This level is determined by the jumper P1300 at
pin 8 of U900 as previously described.

DATA BUS TRANSCEIVERS

The Data Bus Transceiver stage is made up of U500,
U600, U510 and U610. Integrated circuits UB00 and
U610 make up a 16-bit buffer between the Data Bus and
the microprocessor’s Data input/output (pins 41 through
56) which allows data on the bus to be transferred to the



microprocessor with the presence of a READ command
at the enable input, pins 1 and 19 of both U600 and
U610. Integrated circuit U500 and U510 compose
another 16-bit buffer between the microprocessor Data
input/output pins and the Data Bus. When enabled with
a WRITE command at pins 1 and 19 of both U500 and
U510, data may be transferred from the microprocessor
to the Data Bus.

TRANSCEIVER CONTROL

The Data bus control signals, READ and WRITE, are
developed by the Transciever Control logic, U520C,
U400A, U400B, U400C and U400D, from the control
output levels produced by the microprocessor.

During a memory cycle, read or write, the memory enable
signal (MEM) applied to pins 2 and 12 of U400 is LO.
Assume that the levels at pins 9 and 5 of U400 are also
LO and that the R/W (read/write) signal applied to pin
13 of U400D and to pin 5 of U520C is alternating
between its HI (read) and LO (write) states. A read (Hl)
command applied to U520C and U400D forces the WRITE
command at pin 8 of U400C HI while it drives the READ
level at pin 6 of U400B LO, producing the READ
command. If the R/W command goes LO (write), the level
at output pin 6 of U400B goes HI while that at pin 8
produces the WRITE command.

Now, if the HOLDA command goes Hl, both levels at’pins
6 and 8 of U400 go HI, disabling both the read-and write
data bus transceiver. If the memory enable command
goes HI, indicating that the microprocessor is through
using the memory for a time, the data bus transceivers
are also disabled.

CONTROL BUS

The Control Bus stage buffers the control signals from
the microprocessor and sets levels to the hardware
Control Bus and Address Decoder stages with the
presence of a HOLDA command. As long as the HOLDA
command is LO, all outputs of the microprocessor are
buffered. When the HOLDA command is HI, however, the
R/W, WE, MEM and CRUOUT are held at their high
impedance state.

The IAQ {Instruction Acquisition) output at pin 7 of the
microprocessor goes to its active (Hl) state whenever the
microprocessor is fetching an instruction from memory. it
is used only for test purposes in this instrument.
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The Wait command at pin 3 of the microprocessor IC is
an output buffered by U110C going to the Mother Board
(diagram 37). The HI Wait output is produced in
conjunction with the Ready command and indicates that
the microprocessor is waiting for proper memory
conditions to be established before continuing its
operation.

The HOLDA (hold acknowledge} output, when Hl,
indicates that the microprocessor is in the Hold state, and
a DMA operation is in process.

The CRUCLK (CRU clock), when HI, indicates that
external interface logic should sample the CRUQUT data
at pin 30 of the microprocessor IC, U700, the CRUQUT
output. This output is tied to the Data input, pin 13, of
U1310 through the buffer, U620. The CRUQUT data can
be HI or LO, depending upon the particular command
being performed by the microprocessor.

A Hl R/W output at pin 13 of U620 indicates that all
memory write buffers are disabled and are in a condition
that data may be read from memory by either the
microprocessor or a DMA device when properly enabled
by MEM {memory enable) and HOLD.

The'MEM output command at pin 15 of U620 indicates
that the Address Bus contains a valid memory address.
This is present (LO) during both read from and write to
memory operations.

The WE (Write Enable) indicates that the microprocessor
or a DMA device has data available that is to be written
into memory.

CRU OUTPUTS

The CRU (hardware control) QOutputs stage consists of
U1110A, U1110B, U1120A, U1210B, U1310, U520B and
U1220B. This stage sets one of the CRU Output levels at
output pins 4, 5, 6, 7. 9, 10, 11 and 12 of U1310
depending on the data at its input pin 13 and the address
at its address pins 1, 2 and 3. A CRUCLK pulse applied to
the enable, pin 14 of U1310 through U520B and U1110A
allows the data at the input of U1310 to be transferred
and stored at the addressed output. The address data at
pins 14 and 13 of U1210B and pins 4 and 5 of U1220B
determine (1) if the CRUCLK pulse is applied to U1310 to
enable it, (2) the CRUCLK pulse is applied to U210 on
diagram 27 to enable the setting of the keyboard flags, or
(3) to disable both.
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ADDRESS DECODER

A MEM command from the Control Bus output IC, U620,
enables U1210A so that the address data at its input pins
2 and 3 causes one of its four output pins 4, 5, 6 or 7 to
go LO. If pin 4 is LO as addressed by A14 and A15
indicating a ROM cycle, a ROM (ROM enable) results. If
output pin 7 is addressed, the level of the A12 (address
bit 12) is distributed to the D input, pin 12, of U1010. If
the A, B and D inputs from the address bus are LO and
the C input is HIl, the output pin 5 of UT1010 is LO. Any
other value at the inputs will cause this output to be HI.

This output is applied to pin 10 of U1110C and, if LO, the
level from A9 {(address bit 9} at pin 9 of U1110C is
applied to the D input of US10. If HI, the D input is always
HL. If the B, C and D inputs are LO, the A Input level
selects either output pin 1 or 2 to go LO. Any other input
levels drive output pins 1 and 2 HI. Since the MEM level
from the Control Bus is LO, the G1 and G2 inputs at pins
18 and 19 of U1320 are enabled when pin 1 of U910 is
LO, and the four address lines, A, B, C and D at pins 23,
22, 21 and 20 of U1320 now select one of U1320's
outputs to go LO, depending on the address input data.

If output pin 8 is LO, and the R/W command from the
Control Bus stage is HI, indicating a read cycle, the input
at pins 9 and 10 of U1220C are both LO, generating the
FPR (front panel read) command.

Integrated circuit U1000A, whose inputs are tied to-the
ROM and GPIB commands, in conjunction with thé test
jumpers, P121 and P1210, allow both of these address
codes to refer to ROM memory, allowing ROM expansion.
The new GPIB command is derived from pin 5 of U1210A
by moving the wire jumper P1210.

ADDRESS BUFFERS

The Address Buffers stage, consisting of U800 and U810,
buffer the address outputs at pins 10 through 24 of the
microprocessor IC, U700, to levels capable of properly
driving the devices tied to the Address Bus. The buffers
are enabled when a LO level is applied to pins 1 and 19
of both U800 and U8B10. If the HOLDA level from the
Control Bus stage should go HI, the address buffer is
inhibited. The address enable jumper, P1001, allows the
buffers to be disabled by removing the jumper
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READ ONLY MEMORY

The Read Only Memory (ROM) circuit contains the stored
firmware responsible for the proper operation of this
instrument. It provides the control necessary for the
microprocessor or a DMA device to access this stored
data by using the Address and Data Busses. A schematic
of the ROM circuit is given on diagram 29 in section 7,
Diagrams and Circuit Board lllustrations. The schematic
is divided by gray shaded lines separating the circuitry
into major stages. These stage names are used to aid in
locating and identifying the components and portions of
circuitry described.

ADDRESS BUS BUFFER

The Address Bus Buffer stage consists of U130 and
U230. This stage, when enabled by a LO applied to the
enable inputs of U130 and U230 (pins 1 and 19) from the
ROM Control stage, buffers 13 bits of data from the
Address Bus to the address inputs of the I1Cs that make
up cthe Memory state. When this stage is disabled, its
Qutputs go to a high impedance state, isolating the ROM
circuitry from the instrument Address Bus.

MEMORY

The Memory stage consists of U100, U110, U200, U210,
U300, U310, U400 and U410. The first four of these parts
are ROM (read only memory) ICs, while the latter are PROM
(programmable read only memory). These memory IC's are
addressed and enabled two at a time by applying data to
their address inputs and applying a LO level to the selected
CS (chip select) inputs, resulting in 16-bit data words ap-
plied to the Data Bus Buffer stage. Integrated circuits U100,
U100, U200 and U210 are all addressed in the same man-
ner, directly from the Address Bus Buffer stage. Addresses
for (U300 and U310 for future expansion) U400 and U410
are the same as long as the Address Bus Buffer stage is
enabled. However, when the FPLA (field programmable log-
ic array) stage determines that it is required to address
memory (this determination will be discussed in the FPLA
stage description), the Address Bus Buffer stage is dis-
abled. At this time U400 and U410 are addressed by a com-
bination of the 6-bit output of the FPLA stage and the four
least significant bits applied directly from the Address Bus.
This configuration allows for addressing of up to 16 individ-
ual data words for every partial address generated by the
FPLA stage. (XU300 and XU310 may not be used if not
required by the FPLA.)
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ROM CONTROL Table 2-4 illustrates the resulting output enable and

The ROM Control stage consists of U220, U225, U227, memory cycle control levels generated by the ROM
U320, U325, U420 and U425. This stage determines, Control stage for various input combinations. As you will
from various inputs, which ROM pair should be enabled note, this table is separated into two parts. The first
as well as if the Address and Data Busses should be describes operation of this stage using static ROM and
enabled, and does so. In addition, this stage senses when PROM ICs while the second describes the variations in
an extended memory cycle will be required and operation resulting when using edge enabled ROMs. The
generates the appropriate control level to the Static/Clocked Selector, jumper P220, may be connected
microprocessor to initiate such a cycle. to accomodate use of either type of memory.
TABLE 2-4
ROM ENABLING
. -
INPUT NAME m RESULTING
—_ - PIN19 2 ENABLE
MEM ROM WAIT A12 A13 A14 A15 Fu120l FROM STAGE
LO ~ ~ ~ LO LO HI ~ ~
DATA BUS BUFFERS
OR ENABLE (LO)
(PIN 8 OF U325C)
ADDRESS BUS
V:\OL;‘D ~ ~ ~ ~ ~ ~ ~ HI ~ | BUFFERS ENABLE (LO)
BOTH (PIN 6 OF U425C)
"STATIC” e
AND ROMDLY (LO)
“CLOCKED" ~ Lo Lo 3’ ~ ~ ~ Lo ~ (PIN 8 OF U425P)
PROM ENABLE 1 (LO)
LO ~ ~ Lo LO Lo HI ~ ~ (PIN 3 OF U420A)
LO ~ ~ HI LO LO HI ~ o
OR PROM ENABLE 2 {LO)
(PIN 1 OF U320A)
|
ROM ENABLE 1 (LO)
~ LO ~ ~ ~ Hi o
VALID ~ LO (PIN 11 OF U420D)
FOR
ONLY
YSTATIC” N o N N o " N i N ROM ENABLE 2 (LO)
(PIN 8 OF U420C)
T ROM ENABLE 1 (LO)
~ LO ~ ~
VALID Lo LO ~ HI LO {PIN 11 OF U420D}
FOR
ONLY OM —_—
"CLOCKED" ~ L ~ -~ i ROM ENABLE 2 (LO)
0 Lo ~ HI Lo (PIN 8 OF U420C)
* &2 with falling edge delayed about 40 ns. ~ = indicates that state does not matter
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FPLA

U120 is the FPLA (field programmable logic array) stage.
This IC enables memory address locations containing
either invalid or obsolete data to be bypassed and left
unread, enabling valid data from a different portion of
memory to be read in its place.

Addresses known to contain valid data are ignored by the
FPLA stage. However, when an address whose data is
known to be incorrect is applied to the address inputs of
U120, its FLAG output at pin 19 goes LO, disabling the
address buffers stage through U425C of the ROM Control
stage. Also at this time, a predetermined 6-bit address is
output at the FO through F5 outputs of U120. This 6-bit
word, in conjunction with the 4 least significant bits on the
Address Bus (A1 through A4), are applied to (if used, U300
and U310) U400 and U410 of the Memory stage, address-
ing the valid “patch”data stored in these PROMs.

The six output lines to memory from the FPLA stage may
address 48 individual blocks of memory within (if used,
U300 and U310) U400 and U410, while the 4 bits of address
bus data applied directly to these ICs from the Address Bus
may address up to 16 individual 16-bit words within each of
these 48 blocks.

DATA BUS BUFFER

The Data Bus Buffer stage consists of U330 and U430.
These are tri-state devices that, when enabled by a LO
level applied to their enable inputs (pins 1 and 19), baffer
the 16-bit data word read from memory (ROM orlPROM)
to the Data Bus. When disabled, they go-io a high-
impedance state, isolating the read only memory from
the instrument data bus.

RANDOM ACCESS MEMORY

The Random Access Memory (RAM) circuit provides for
the storage and retrieval of digital data by the
microprocessor or by a DMA (direct memory access)
device on the GPIB. A schematic diagram of the RAM
circuit is given on diagram 30, in Section 7, Diagrams
and Circuit Board lllustrations. The schematic is divided
by gray shaded lines separating the circuitry into major
stages. These stage names are used to aid in locating
and identifying the components and portions of circuitry
described.
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MEMORY

The Memory stage is made up of 32 four-bit X 1024
Random Access Memory ICs and provides the actual
storage function for data on the data bus. Four, and only
four of these ICs may be addressed and enabled at one
time. The combination of the four individual 4-bit Data
outputs forms a 16-bit memory word, the data format
required by the microprocessor. The Memory stage has
the capacity to store 8192 sixteen-bit data words.

ADDRESS BUFFERS

The Address Buffers stage is made up of U650, UBS60A,
U660B and UB60C. It current buffers 10 bits of the
Address bus data to each of the 32 memory ICs address
inputs.

RAM CONTROL

The RAM Control circuit selects and enables 4 of the 32
ICs of the Memory Stage to either be read from, or
written to, by a data bus device. The RAM Control circuit
also determines if the RAM is to be read from, or written
to, and produces the appropriate enable levels for each
condition.

For the following conditions, it is assumed that the PUP
levellat the base of Q160 and BPUP (buffered PUP)
applied to Q1561 through R151 are HI, indicating that all
supplies are functioning properly.

Integrated circuit U560 is a BCD to Decimal decoder and
produces a LO at one of 10 output pins according to the
4-bit binary address at its inputs (only 8 are used in this
application). A LO at 1 of these 8 output pins enables the
specific block of memory addressed by address bits A11,
A12 and A13 on the address bus. Each block of memory
consists of four 1K by 4 bit static RAM ICs. A RAM
Disable level applied to the D input pin of U560 is
developed by the RAM Control stage from various input
levels and disables the Memory stage by applying a HI
level to pin 12 of U560, resulting in all 8 of its memory
block enable outputs going HI.

If address bit 15 (A15) is HI, MEM (memory enable) is LO,
and either address bit 13 (A13) or 14 {A14) is HI (but not
both), the output at pin 8 of U550C enables U7508B,
U750C and U750D to act as a digital switch, producing
the READ and WRITE enable levels to the Input/Qutput
Data Buffers according to the level of the R/W
(read/write) input command.

If the READ command applied to U550A is LO, indicating
that the RAM is to be read, the LO RAM Disable level at
the output of USB0A enables the block of memory
addressed by the remaining three inputs to U560 to be
read.
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When the WRITE level applied to the input of UG60F is
LO and the WE level at the input of U6GOD is LO,
indicating that the RAM is to be written to, a LO is
applied to U550A at pin 2, resulting in a block of memory
being addressed as previously described. Since the BPUP
{buffered PUP) level is HI, a LO WP {processor write) level
is applied to the write enable inputs of all memory ICs. In
this state, the portion of RAM addressed is written to.

INPUT/OUTPUT DATA BUFFERS

The Input/Output Data Buffers stage consists of U450,
U460, U350 and U360. Data from_the Memory stage is
buffered to the Data bus when the READ level developed
by the RAM Control stage is LO. When the WRITE level
from the RAM Control stage is LO, the data on the Data
bus is buffered to the Memory stage. When these buffer
enable levels (READ and WRITE) are HI, the
corresponding portions of the Input/Output Data Buffers
stage go to a high impedance state.

MEMORY BACK-UP POWER SWITCH

The Memory Back-Up Power Switch stage provides a
means of maintaining RAM contents when the 7854
power supply is turned off, either intentionally or due to a
fault in the normal power system (either external or
internal to the instrument), by using an external power
source to keep the RAM circuitry turned on.

During normal operation, the PUP (power-{up) level
applied to the base of Q160 is HI. This turns Q161 and
Q760 on while back biasing Q162, turning off Q860 (the
external power switch transistor). The normal operating
current, necessary for RAM operation, flows through
Q760.

If the PUP level should go LO, Q160, Q161 and Q760 are
turned off. Current stored in the storage capacitors that
are attached to the +5 Vs line flows as base current
through R166 to turn Q162 on. This saturates Q860 and
the external power source now supplies power to
maintain the RAM’s contents.

If the Ext Battery power is connected to this circuit while
the instrument is running, Q855 is turned on, ensuring
that Q860 remains off. C862 appears to be shorted to
ground for fast voltage transitions, as would be the case
when connecting the Ext Battery power to this circuit,
and the voltage applied to the base of Q855 through the
voltage divider R862 and R865 turns this transistor on,
back biasing Q860. This configuration ensures that the
Ext Battery power is implemented only when the PUP
level goes LO.

Theory of Operation—7854

VR870, Q163 and their associated components comprise
a voltage sense switch, sensing the voltage at the Ext
Battery input. If this input voltage should rise above
about +6.3 volts, Q163 conducts, reducing base current
to Q162. This decreases the base drive to Q860, turning
it off. In this condition, memory contents will be lost but
memory components are not damaged.

WRITE PROTECT

The Write Protect stage, consisting of Q151, U250D and
their associated components, ensures that the contents
of RAM are not changed when the instrument is turned
off and MEMORY BACK-UP POWER is in use. As the
instrument power is turned off, the PUP (power up) and
BPUP (buffered PUP) levels go LO before the instrument
supplies are actually turned off. As these levels go LO,
the Memory Back-Up Power Switch stage applies the
external MEMORY BACK-UP POWER to the RAM circuit
to maintain RAM contents and the collector of Q151 is
forced HI. This HI applied to U250D is inverted and
applied to U250B, resulting in a Hi WP {write protect)
level to prevent further writing to RAM. The instrument
supplies then turn off and RAM contents are maintained
by the MEMORY BACK-UP POWER.

@

READOUT ACQUIRE

The Readout Acquire circuit provides digital encoding of
the analog readout data received from the Horizontal and
Vertical plug-in compartments for use by the Display
system to develop an alphanumeric readout display. The
Readout Acquire circuit has a clock and time slot
generator to develop time slot information going to the
plug-ins. The counter stages, Row and Column Data
Switches and Row and Column Decoder stages provide a
means of interpreting the analog character and digital
position information for the crt display. The Character
Encoders and Buffers stages assign a unique data word
for each character, a unique address for character
location, and buffer this data to the Address and Data
Busses. A schematic of the Readout Acquire circuit is
given on diagram 31, Section 7, Diagrams and Circuit
Board MHlustrations. The schematic is divided by gray
shaded lines separating the circuitry into major stages.
The following description uses these stage names to aid
in locating and identifying the components and portions
of circuitry described.

The definition of several terms follows:

Character—A character is a single number, letter or
symbol displayed on the crt, either alone or in
combination with other charcters.
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Word—A word is made up of a related group of
characters. In the 7854 Readout Acquire circuitry, a word
can consist of up to ten characters.

Frame—A frame is a display of all words for a given
operating mode and plug-in combination. Up to eight
words acquired from the plug-ins can be displayed in one
frame. Figure 2-38 shows the position of each word in a
complete frame when operating the instrument in the
scope mode.

Column—One of the vertical lines in the Character
Selection Matrix (see Fig. 2-39). Columns C-0O {column
zero) to C-10 column 10) can be addressed in the 7854
system.

Row—One of the horizontal lines in the Character
Selection Matrix. Rows R-1 {row 1) through R-10 (row
10) and R-14 {row 14) can be addressed in the 7854
system; R-14, as shown on the matrix, prevents any
information from being encoded from the plug-in and no
display is produced.

Time-Slot—A location in a pulse train. In the 7854
readout system, the pulse train consists of 10 negative-
going pulses. Each time-slot pulse is assigned a number
between one and ten. For example, the first time-slot is
TS-1.

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

LEFT VERT RIGHT VERT A HORIZ B HORIZ

CHANNEL 1 CHANNEL1 CHANNEL1 CHANNEL1
I

o 1

| I

0

! I

0 t

I

ax- -1
LEFT VERT RIGHT VERT A HORIZ B HORIZ
CHANNEL2 CHANNEL2 CHANNEL2 CHANNEL 2

C1675-8

Figure 2-38. Location of Readout words on the crt identifying
the originating plug-in and channel.
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Display Format

Three different display formats for alphanumeric
character display exist, depending on the selected mode
of the 7854. Up to 16 lines of 40 characters each may be
displayed on the crt when programming the 7854. When
the 7854 is in the BOTH (combined SCOPE/STORED)
mode, 4 lines of 40 characters each may be displayed.
When in SCOPE mode only, displayed characters are
broken into “"words” and are displayed in only two lines.
Only this latter format will be addressed in the following
discussion, as the first two are spoken to in the
Horizontal /Vertical Display and Control description. Also,
in any mode, lines 3-14 are accessible via GPIB. Pressing
the ID button produces a readout display on lines 9-10
and 12-13 showing certain types of status information
for the 7854.

In the SCOPE mode, up to eight words of readout
information may be displayed on the crt. The position of
each word is fixed and is directly related to the plug-in
unit from which it originated. Figure 2-38 shows the area
of the graticule where the readout information from each
plug-in unit is displayed. Notice that Channel 1
information from each plug-in unit is displayed on line 1
of the crt while that of Channel 2 is displayed on line 16
(2 lines per division). Figure 2-40 shows a typical display
where only Channel 2 of the RIGHT VERT and B HORIZ
units is selected for display.

Each word in the readout display can contain up to 10
characters, although the typical display will contain
between two and seven characters per word. The
characters are selected from the Character Selection
Matrix shown in Figure 2-39. In addition, 12 operational
addresses are provided for special instructions to the
Readout Acquire circuitry. The unused locations in the
matrix (shaded area) are available for future expansion of
the Readout Acquire circuitry. 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 Acquire
circuitry uses the block diagram shown in Figure 2-41.
This description is intended to relate the basic function of
each stage to the operatiton of the overall readout
system. Detailed information on circuit operation is given
later.

The key block in the Readout Acquire system is the Timer
stage. This stage produces the basic signals that
establish the timing sequences within the Readout
Acquire circuitry. Period of the timing signal is about
200-250 microseconds. This stage also produces control
signals for other stages within this circuit. The Time-Slot
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Figure 2-40. Typical readout display where only channel 2 of
the Right Vertical and B Horizontal units is displayed.

Counter stage receives a trapezoidal voltage signal from
the Timer stage and directs it to one of ten output lines.
These output lines are labeled TS-1 through TS-10 (time-
slots one through ten) and are connected to the vertical
and horizontal plug-in compartments. The output lines
are energized sequentially, so there is a pulse on only
one of the 10 lines during any 200-250 microsecond
timing period. After the Time-Slot Counter stage has
counted time-slot 10, it produces an End-of-Word pulse
which advances the system to the next channek

Two output lines, row and column, are connected from
each channel of the plug-in unit back to the Readout
Acquire circuitry. Data is typically encoded on these
output lines by connecting resistors betwen them and the
time-slot input lines. The resultant output is a sequence
of ten analog current levels that range from zero to one
milliampere (100 microamperes/step) on the row and
column output lines. These row and column levels
correspond to the rows and columns of the Character
Selection Matrix in Figure 2-39. The standard format for
encoding information onto the output lines is given in
Table 2-5. (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 produce a
time-multiplexed analog voltage output containing all of
the column or row information from the plug-ins. The
Column Data Switch and Row Data Switch are
sequenced by the binary channel address code from the
Channel Counter stage.

The time-multiplexed output of the Column Data Switch
is monitored by the discrete amplifier of the Column
Decoder stage and if it senses that no column current
has been encoded in a time-slot, an output level to the

Table 2-5

Standard Readout Format

Time-Slot Number

Description

TS-1 Determines decimal magnitude (number of zeros displayed or prefix change information)
TS-2 Indicates normal or inverted input (no display for normal).
TS-3 Indicates calibrated or uncalibrated condition of plug-in variable control (no display for

calibrated condition).

TS-4 Scaling.

TS-5

TS-6 Not encoded by plug-in unit. Left blank to allow addition of zeros by readout system.
TS-7

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

TS-9 Defines the units of measurement of the plug-in unit. May be standard units of measure-
TS-10 ment (V, A, S, etc.) or special units selected from the Character Selection Matrix.
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Character Encoder stage generates a unique “skip” data
word and no display will be produced. Skip is used to
produce spaces in a display or to completely blank out a
portion of a line.

The analog outputs of the Column Data Switch and Row
Data Switch are connected to the Column Decoder and
Row Decoder stages respectively. These stages sense the
magnitude of the analog voltage input and produce an
output current on one of ten lines. The outputs of the
Column Decoder stage are identified as C-1 through C-10
{column 1 through 10) corresponding to the encoded
column information. Likewise, the outputs of the Row
Decoder stage are identified as R-1 through R-10 (row 1
through 10) corresponding to the encoded row
information (R-9 is not used). In addition, R-14 may be
encoded to cause the display to jump to the next display
position. The primary function of the row and column
outputs is to select a character from the Character
Selection Matrix to be produced by the Display D/A
circuit.

TIMER

Timer U2510 establishes the timing sequence for all
circuits within the Readout Acquire system. This stage
produces four time-related output waveforms (see Fig. 2-
42). The triangle waveform produced at pin 6 forms the
basis for the remaining signals. The basic period of this
triangle waveform is about 200-250 microseconds as
controlled by rc network R2611-C2612. The triangle
waveform is clipped and amplified by U2510 to form the
trapezoidal output signal at pin 10. The amplitude of this
output signal is exactly 15 volts as determined by U2510
(exact amplitude necessary to accurately encode data in
plug-in units; see Encoding the Data). The trigger output
at pin 5 provides the switching signal for the Time-Slot
Counter stage. Transistor Q2500 buffers this signal and
is used in the Position Address Counter stage and
Readout Bus Control circuit {diagram 32).

The 5-kHz ®2 signal at pin 14 and the Fast Trigger output
(5-kHz ®1) are used in the Display D/A and Amplifier
circuit (diagram 32) to determine the rate of character
display.

2-86

T |
B2 b doosd |

ov

PIN 6 \

]
di\i"\

—

[——

bv 20008

ﬂ ﬂ oV

PIN 10

-
i

2v N 200u$

TRIGGER
PIN 5

Z-AXIS
LOGIC
OFF
COMMAND

PIN18 | e lieoliiimles

NOTE: TEST OSCILLOSCOPE EXTERNALLY
TRIGGERED FROM TP2400-23.

{1195-29) 2874-141

Figure 2-42. Output waveforms of Timer stage.

TIME-SLOT COUNTER

Time-Slot Counter U2320 is a sequential switch which
directs the trapezoidal waveform input at pin 8 to one of
its 10 output lines. These time-slot pulses are used to
interrogate the plug-in units to obtain data for the
Readout Acquire system. The Trigger pulse at pin 15
switches the Time-Slot Counter to the next output line;
the output signal is sequenced consecutively from time-
slot 1 through time-siot 10. Figure 2-43 shows the time
relationship of the time-slot pulses. Notice that only one
line carries a time-slot pulse at any given time. When
time-siot 10 is completed, a negative-going “End-of-
Word” pulse is produced at pin 2 to reset the Channel
Counter IC.



Pin 16 is a Reset input for the Time-Slot Counter. When
this pin is held LO, the Time-Slot Counter resets to time-
slot 1. The Time-Slot Counter is reset in this manner
when U1330B of the Position Address Counter stage
detects that 80 characters have been acquired and stored
in memory; i.e., all 8 plug-in channels have been
encoded and stored in memory.

CHANNEL COUNTER

The Channel Counter, U2420, is a binary counter that
produces the channel address code for the Column and
Row Decoder stages. This code instructs these stages to
sequentially select and display the eight channels of data
from the plug-ins. Table 2-6 gives the eight combinations
of the channel address code and the resultant channel
selected with each combination.

Encoding the Data

Data is conveyed from the plug-in units to the Readout
Acquire system in the form of an analog (current level)
code. The characters that can be selected by the encoded
data are shown on the Character Selection Matrix (see
Fig. 2-39). Each character requires two currents to define
it; these currents are identified as the column current
and the row current, corresponding to the column and
row of the matrix. The column and row data is encoded
by programming the plug-in units. Figure 2-44 shows a
typical encoding scheme using resistors for a\voltage-
sensing amplifier plug-in unit. Notice that:the ten TS
(time-slot) pulses produced by the Time-Slot Counter
stage are connected to the plug-in unit. However, time-
slot 5, 6, 7 and 10 are not used by the plug-in unit to
encode data when using the Standard Readout Format.
(See Table 2-5 for Standard Readout Format.) The
amplitude of the time-slot pulse is exactly -15 volts as
determined by the Timer stage. Therefore, the resultant
output current from the plug-in units can be accurately
controlled by the programming resistors in the plug-in
unit.

For example, in Figure 2-44 resistors R10 through RS0
control the row analog data, which is connected back to
the Readout Acquire system. Figure 2-45A shows an
idealized output current waveform of row analog data,
which results from the time-slot pulses. Each of the row
levels of current shown in these waveforms correspond
to 100 microamperes of current. The row numbers on the
left-hand side of the waveform correspond to the row in
the Character Selection Matrix (see Fig. 2-39). The row
analog data is connected back to the Readout Acquire
system via terminal B37 of each plug-in interface
connector of the Main Interface circuit (diagram 3).
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Table 2-6
Channel Address Code

Pin 11 Pin 8 Pin 9
of of of Channel
Uu2420 U2420 uU2420 Displayed
LO LO LO Channel 1
Left Vertical
LO LO Hi Channel 2
Left Vertical
LO Hi LO Channel 1
Right Vertical
LO HI Hi Channel 2
Right Vertical
Hi Lo LO Channel 1
A Horizontal
HI LO HI Channel 2
A Horizontal
HI HI LO Channel 1
B Horizontal
HI HI HI Channel 2
B Horizontal

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. 2-44, indicates a 100-microvolt sensitivity with crt
display inverted and calibrated deflection factors. This
results in the idealized output current waveforms shown
in Fig. 2-45B at the column analog data output, terminal
A37 of the plug-in interface.

Resistor R111, connected between time-slot 1 and the
column analog data output, encodes two units of current
during time-slot 1. Referring to the Character Selection
Matrix, two units of column current, along with the two
units of row current encoded by resistor R10 (row 3),
indicates that two zeros should be added to the display.

2-88

Resistor R120 adds one unit of column current during
time-slot 2 and, along with one unit of current from the
row output, the Readout Acquire system is instructed to
add an invert arrow to the display. Resistor R130 is not
connected to the time-slot 3 line, since the deflection
factor is calibrated. Therefore, there is no column current
output during this time-slot and no display on the crt.

During time slot 4, two units of column current are
encoded by R140. There is no row current encoded
during this time-slot, resulting in the numeral 1 being
displayed on the crt. Neither row nor column analog data
is encoded during time-slots 5, 6 and 7 as defined by the
Standard Readout Format. During time-slot 8, two units
of column current and three units of row current are
encoded by resistors R181 and R80, respectively. This
addresses the u prefix in the Character Selection Matrix.
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Figure 2-44. Typical encoding scheme for Voltage-Sensing plug-in unit. Coding shown for a calibrated deflection factor of 100

microvolts (inverted).

The final data output is provided from time-slot 9 by
R190 connected to the column output and R90 to the row
output. These resistors encode two units of column
current and four units of row current to cause a V (volts)
to be displayed. Time-slot 10 is not encoded, in
accordance with the Standard Readout Format. The
resultant crt readout character display will be ¥ 100 uV.

In the above example, the row analog data was
programmed 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-slot 3 and the column analog data output line. This
encodes 10 units of column current (see shaded area in
time-slot 3 of the waveform shown in Fig. 2-45B). Since
one unit of row current is also encoded during this time-
slot by R30, a > symbol is added to the display. The crt
readout will now show ¥> 100 V. In a similar manner,
the other switches can change the encoded data for the
column output and thereby change the readout character
display. See the descriptions which follow for decoding
this information.

The column analog data encoded by most plug-in units
can be modified by attenuator probes connected to the
input connectors of amplifier plug-in units. A special
coding ring around the input connector of the plug-in unit
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senses the attenuation ratio of the probe {(with readout-
coded probes only). The probe contains a circuit that
provides additional column current. For example, if a 10X
attenuator probe is connected to a plug-in unit encoded
for 100 microvolts as shown in Figure 2-45, an additional
unit of current is added to the column analog data during
time-slot 1. Since two units of current were encoded by
R111 (see Fig 2-44), this additional current results in a
total of three units of column analog current during this
time slot. Referring to the Character Selection Matrix,
three units of column current, along with the two units of
row current encoded by R10, indicates that the prefix
should be shifted one column to the left. Since this
instruction occurs in the same time-slot that previously
indicated that two zeros should be added to the display
and only one instruction may be encoded during a time-
slot, the zeros do not appear in the display. The crt
readout will now be changed to 1 mV (readout program
produced by plug-in same as for previous sample).
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ROWN, 1 /2 13 /4 5 6 17 8 19 110 .,
R NAWAW L [ ]
Ra Ll LI
R4 HEN
R5 L

R6
R-7
RS
R9

R-10 (A)

TIMESLOT—>

002:0»11213»41516171

c1
ca_Ll
c3
ca
c5
c6
c7
cs
c9

c-10

PROGRAM FOR 100 uV, INVERTED, CALIBRATED (UNCALI-
BRATED OPERATION SHOWN BY SHADED AREA),

(B}

C1195-34

Figure 2-45. Idealized current waveforms of: (A) Row Analog
data. (B) Column Analog data.
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Three other lines of information are connected from each
of the plug-in compartments to the Readout Acquire
system. The column and row analog data from Channel 2
of a dual-channel plug-in are connected to the Readout
Acquire system through terminals A38 and B38 of each
plug-in interface connector, respectively. Force readout
information is encoded on connector terminal A35; the
function of this input is described under Column and Row
Data Switches.

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

COLUMN AND ROW DATA SWITCHES

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

The” Column Data Switch U2530 and the Row Data
Switch U2520 receive the channel address 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 encoding
data. Table 2-6 gives the eight combinations of the
Channel Address Code and the resultant channel
selected with each combination. These stages have eight
inputs and provide a time-multiplexed output at pin 7,
which includes the information from all of the input
channels. The eight inputs to each stage originate in the
plug-in units.

In addition to the encoding data inputs from the plug-in
units, inputs VR, VL, HA and HB are provided to the
Column Data Switch from the VERT MODE and HORIZ
MODE switches to inhibit the readout character display
for any plug-in unit{s) not selected for display (see
diagram 2). When a plug-in unit is selected, a Hl level is
applied to inhibit the input for the opposite channel. The
channel inhibit lines are LO only when the associated
plug-in unit has been selected for display. When a unit is
not selected, the respective line is Hl to forward bias the
associated diodes; CR2430-CR2431, CR2432-CR2433,
CR2434-CR2435 or CR2436-CR2437. The forward-
biased diodes cause encoded data from the inhibited
channel to bypass the Column Data Switch inputs.
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 over-ride the channel inhibit. This
is done by applying a LO to the associated force readout
(VRFRO, VLFRO, HAFRO or HBFRO) input. The LO level
diverts the HIl channel-inhibiit current and allows the
data from this plug-in unit to reach the Column Data
Switch, even though it has not been selected for display
by the Mode Switch and Calibrator circuit, diagram 2.

COLUMN AND ROW DECODERS

The Column Decoder U1520 and Row Decoder U1220
sense the magnitude of the analog voltages at their
inputs (pin 10) and produce a decimal output on one of
ten lines corresponding to the column or row data
encoded by the plug-in unit. These outputs provide the
column digital data and row digital data, which is used by
the Character Encoders stage.

The level sense amplifier made up of Q2710A, Q2710B;
Q2601, Q2600 and their associated components sénse
the analog level of the time multiplexed analog\column
signal. If this level indicates that data is present to be
decoded by U1520 the output of Q2600 goes HI. If,
however, it is sensed that no data is to be decoded by the
Column Decoder, the collector of Q2600 is LO. This is
applied to the Character Encoders stage to indicate a
"skip” condition.

The network at the input of the Row Decoder, made up of
Q2400 and its associated components, is a row-14
detector that produces a command to disable row data.
This row current is encoded by a special-purpose plug-in
to cause all or part of a word to be deleted. Whenever
row 14 (thirteen units of row current, or 1.3
milliamperes) is encoded, the base of Q2400 is pulled
negative enough that this transistor is turned off. With
Q2400 off, outputs 1-10 can no longer sink any current
so they are pulled Hl. No display is produced.

Row Match adjustment R2200 sets the gain of the Row
Data Switch to match the gain of the Row Decoder for
correct output. Column Match adjustment R2600
performs the same function for the Column Data Switch
stage.
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CHARACTER ENCODERS

The Character Encoder stage translates the decimal
output information coming from the Row and Column
Decoders into a unique 8-bit data word defining the
encoded character in a binary form.

The row encoder IC, U1230, receives, at its inputs, the
data from the Row Decoder IC, U1220, in the form of 9
binary bits, only one of which may be LO. This LO level
applied to one input pin of U1230 results in a 4-bit binary
code associated with that pin at its outputs.

The Column Encoder ICs, U1420 and U1430, operate in
much the same manner in that a LO input level is
encoded to a 4-bit binary code associated with the LO
input pin. A LO on any of the input pins of U1430
produces a Hl EOQ (enable output) level at its output pin
15. This HI tied to the El (enable input) input pin 5 of
U1420 disables this encoder (U1420) and its outputs go
to a high-impedance state. A unique 4-bit binary code for
the LO input line is derived from the 3 encoded outputs
of U1430 and this enable level.

If no LO level is applied to U1430’s inputs, its EO output
is LO,cenabling U1420. Any LO level at the input pins of
U1420 is encoded to the unique, 3-bit binary code
associated with that pin. These 3 encoded bits, along
with the now LO enable level from U1430, form a
unique, 4-bit binary code representing the output of the
Column Decoder stage.

The two unique, 4-bit codes representing the row and
column data encoded by the plug-in being interrogated,
together, form a unique, 8-bit data word representing
one, and only one, character that may be displayed on
the crt.

POSITION ADDRESS COUNTER

The Position Address Counter stage generates 80 unique
character position addresses representing physical
display locations on the crt. It is made up of U1130,
U1330B, Q2500 and their associated components.

The Timer stage clock output is applied to the clock input
of U1130 through the emitter-follower buffer transistor,
Q2500. Together, U1130 and U1330B make up a decimal
80 counter, with the one-shot multivibrator (U1330B)
triggering on the falling edge of count 80 to reset the
Position Address Counter (U1130) to zero. The Channel
Counter stage, U2420, is also reset by this Hl one-shot
pulse, while U1930D inverts this pulse to reset the Time
Slot Counter, U2320.
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Since the Position Address Counter clock input coincides
with that of the Time Slot Counter, a unique position
address is generated for each of any 80 consecutive time
slot pulses generated and encoded by the Readout
Acquire system.

BUFFERS

The Buffers stage is made up of 3 tri-state buffer ICs,
U830, U930 and U1030, which buffer the encoded
readout character and position data onto the Data and
Address Busses respectively. A BGRO (readout bus grant)
command from the DMA Control Logic system is required
to enable the buffers; otherwise, they are in their high-
impedance state and isolate the Readout Acquire system
from the Data and Address Busses.

The 8 most significant bits of the position address are
generated by hardwiring the inputs of U930 either Hi or
LO (set to hexidecimal address DFxx). The low order bits
(xx), as they are generated, define the lower portion of
this address and readout information is sequentially.
stored in this (DFxx) memory block. When readout
character data is retrieved from this block of memory, the
8 most significant bits of the 16-bit data word are ignored
since it only takes the 8 lower bit to uniglely define a
character from the Character Selection Matrix.

READOUT BUS CONTROL

The Readout Bus Control stage, made up of U130B and
U200C, generates the BRRO (readout bus request) signal
to the DMA Control Logic circuit.

The ROACQEN (readout acquire enable} level from the
microprocessor is quiescently LO and that of the BGRO
(readout bus grant) and RBR (remove bus request) are HI,
so that any clock pulse applied to pin 11 of U130B from
the Timer stage through Q2500 causes no change in the
Q output level. When the ROACQEN command goes Hl,
the next clock pulse from the Timer stage, through
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Q2500, causes a LO BRRO level to be generated. The
DMA Control Logic circuit responds with a LO BGRO
signal, enabling the buffers stage. After the encoded
character data and character position data is read, a RBR
(remove bus request) command is given by the DMA
Control Logic circuit, which resets the BRRO (readout bus
request) level.

@ &

VERTICAL/HORIZONTAL DISPLAY
AND CONTROL

A schematic of the Vertical Display and Control circuit is
given on diagram 32 and the Horizontal Display and
Control circuit is shown on diagram 33 in Section 7 of
this manual {Diagrams and Circuit Board lllustrations).
These circuits provide the proper contro!l voltages for
operation of oscilloscope deflection and Z-Axis Amplifier
circuitry when displaying digitally-processed waveforms
or characters.

When in the stored mode (displaying digitally processed
data), two types of information may be displayed on the
crt; digitized waveforms or alphanumeric readout
characters. Digitized waveforms may be displayed in one
of two possible sub-modes, while alphanumeric
characters may only be displayed in one manner. The two
possible waveform sub-modes are the X-Y (horizontal
versus vertical) and Y-T (vertical versus time) sub-modes
while the alphanumerics are displayed in the character
sub-mode.

In the X-Y sub-mode, both stored horizontal and vertical
data are simultaneously displayed on the crt with respect
to each other. In the Y-T sub-mode, stored Y data points
are displayed with respect to time by sequentially
addressing memory and displaying the retrieved Y-data in
the horizontal location on the crt corresponding to the
addressed memory location. The character sub-mode is
used only when displaying alphanumeric readout
characters.

In addition, X-Y and Y-T sub-modes may be entered,
alternating between portions of real time information
being displayed, when the oscilloscope is in the BOTH
(stored and real time information) mode. When in the
SCOPE (real time display) mode, the character sub-mode
may be entered, alternating between portions of real time
display information, to display alphanumeric readout
information.



Since the Vertical Display and Control circuitry varies in
operation between each of the three sub-modes
described, and due to the great number of interacting
control and signal lines in this portion of circuitry, a
written circuit description at this point would be
cumbersome and confusing. Therefore, Table 2-7 is given
at the end of this section, listing each of these signal and
control lines by name, giving a description of how that
signal will function in each of these three sub-modes.
Refer also to the following Block Diagram description for
Figure 2-46 explaining how each basic block of circuitry,
defined by gray shaded lines on the schematic, relates to
the remainder of the display system.

BLOCK DESCRIPTION

The Vertical/Horizontal Display and Control circuits
provide the proper voltages to the oscilloscope deflection
and Z-axis amplifiers for displaying digitally-processed
waveforms and characters.

Since the operation of the Display and Control circuitry
differs greatly depending on the selected operating mode,
the following description is divided into waveform and
character operating modes. Waveform mode is further
divided into X-Y (horizontal vs. vertical) and Y-T (vertical
vs. time) operation. As a further aid toward
understanding the operation of this section, the circuitry
is described in terms of major functional blocks with
waveform and character data flow diagrams provided
{see Fig. 2-46). Data flow is further described with-the aid
of Table 2-7, listing the applicable inputxand output
signals and their basic functions. Characteristic
waveforms are referenced in the table and illustrated in
Section 7 at the rear of this manual (see the Display
System Waveforms and Timing Diagrams pullouts in
the Diagrams section). Refer to Figure 2-46, Waveform
Data Flow, for detailed information concerning data flow
between major functional blocks. for sake of clarity,
inputs to the Control Logic block are not shown tied to
the small blocks that make it up. At this time, simply
assume that signal lines are connected where necessary.

Waveform Mode

Y-T OPERATION. The initial conditions for the Vertical
D/A Converter are set by the microprocessor through the
Address Decode lines to the display Control Logic stage.
The DMA Control Logic stage then sends a bus request
(BRDSY) to the DMA Control circuit (diagram 24) which
acknowledges the bus request with a bus grant (BGDSY)
back to the DMA Control Logic stage. The Interface Control
Logic stage produces the required signals to enable the

Theory of Operation—7854

Address Generator circuit (diagram 22), allowing it to drive
the Address Bus and call data from the RAM (random
access memory) circuit {diagram 30). The RAM circuit puts
the data from the accessed memory location onto the Data
Bus and the Vertical Control Logic stage then latches the
vertical data bits 4 through 13 into the Y Input Mux/Latch
stage using the YSTROBE signal.

While the Y Input Mux/Latch stage is latching in data
bits 4 through 13, the Overrange Detector stage is
looking at the 3 most significant bits from the Data Bus
(13 through 15) which contain vertical display position
information. The data from the Y Input Mux/Latch and
Overrange Detector stages is latched into the Y Output
Latch stage producing 10 bits of digital waveform
information to the Vertical D/A (digital to analog)
Converte; stage and two bits to the Vertical Current
Summer and Amplifier stage. The output from the
Overrange Detector indicates whether the digital
waveform information (i.e. data bits 4 through 13) will
result in an on-screen display.

The Vertical D/A Converter produces an analog current
outpuyt” that corresponds to the vertical information in
data bits 4 through 13. If the Overrange Detector stage
indicates that the data bits are on-screen, the analog
current output is converted to a voltage by the Vertical
Current Summer and Amplifier stage and fed through the
Output Selector stage to drive the oscilloscope Vertical
Amplifier circuit. {See Vector Generator for vector display
discussion.) However, if the Overrange Detector indicates
that the waveform data bits are off-screen (i.e., either
high or low), the Vertical Current Summer and Amplifier
stage selects a current level that will produce a single-
value off-screen display.

The initial conditions for the X Counter/Latch in the
horizontal section are set by the microprocessor at the
same time as those for the the Y Input Mux/Latch in the
vertical section. For the first displayed point, the
operation of the circuits from the X Counter/Latch to the
horizontal (X} output is the same as that for the vertical
(Y) circuitry just described. When these two
corresponding output voltages are present at the crt
deflection plates, the Control Logic stage turns on the
Point Timer stage. This drives the oscilloscope Z-Axis
circuit and turns on the display intensity. The display
intensity remains on for about 5 microseconds to provide
a spot at the prescribed horizontal and vertical
coordinates. When this time has elapsed, the Z-Axis
intensity is turned off by the Point Timer stage. Thus, the
first point on the waveform is displayed.
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