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WARNING I
THE REMAINING PORTION OF THISTABLE OF CONTENTS 
LISTS THE SERVICING INSTRUCTIONS. THESE SERVICING 
INSTRUCTIONS ARE FOR USE BY QUALIFIED PERSONNEL 
ONLY. TO AVOID ELECTRICAL SHOCK, DO NOT PERFORM 
ANY SERVICING OTHER THAN THAT CALLED OUT IN THE 
OPERATING INSTRUCTIONS UNLESS QUALIFIED TO DO SO.
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SAFETY INFORMATION

GENERAL
The following general safety information applies to all 

operator and service personnel. Specific warnings will be 
found throughout the manual where they apply and 
should be followed in each instance.

WARNING statements identify conditions or practices 
which could result in personal injury or loss of life.

CAUTION statements identify conditions or practices 
which could result in damage to the equipment or other 
property.

The word DANGER on the equipment identifies areas 
of immediate hazard which could result in personal injury 
or loss of life.

NOTES identify a procedure, condition, statement, 
etc., which may be essential for better understanding.

The following safety symbols may appear on the 
equipment.

GROUNDING
To avoid electric shock, plug in the power cord with its 

grounding (earth) conductor before connecting to the 
instrument input or output terminals.

Do not defeat the grounding connections.

USE THE PROPER POWER CORD
To avoid electric shock and fire hazard, use only the 

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

For detailed information on power connectors, see 
appropriate (operators, servicing) instructions.

USE THE PROPER FUSE
To avoid electric shock and fire hazard, use only fuses 

specified in parts list for your instrument, and identical in 
the following respects:

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

Fuse replacement procedures, that require qualified 
service personnel to perform, are described in the Service 
portion of the appropriate manual.

Disconnect the power input before replacing the fuse.

DO NOT OPERATE IN EXPLOSIVE 
ATMOSPHERE

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

DO NOT REMOVE COVERS OR PANELS
To avoid personal injury, do notoperate the instrument 

without covers or panels installed. Do not perform any 
servicing other than that contained in operating instruc­
tions unless you are qualified to do so.

DO NOT SERVICE ALONE
Do not attempt internal service or adjustment unless 

another person capable of rendering first aid and 
resuscitation is present.

iv

CAUTION —Refer to manual

DANGER—High voltage

Protective ground (earth) terminal

Chassis ground
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DF2 FEATURES

The DF Display Formatter provides data-domain display modes in addition to the existing time-domain display of the 7D01 Logic Analyzer. 
It adds state table displays with a comparison mode, a map display and other operational modes as assigned to the Menu List. The DF attaches 
to the left side of the 7D01, forming a three-wide plug-in assembly. This assembly operates in a 7000-series oscilloscope mainframe to comprise 
a complete 16-channel logic timing-state analyzer system.

A microprocessor controlled memory system, contained in the DF, is capable of recording two 7D01 information records. Portions of both 
information records may be displayed concurrently in a state table presentation.

State tables are displayed in terms of either hexadecimal, octal, or binary formats. This data may be displayed in up to two tables of 17 lines of 
16-bit words each. The left-hand table displays data currently stored in the 7D01 memory (7D01 display). The right-hand table displays data 
that has been transferred from previous 7D01 displays to the DF memory (reference display). The DF compares the 2 tables and resets the 
7D01 when the 7D01 data equals the reference data.

The map function plots a dot display of the 16 data channels in X-Y coordinate points. Each dot location represents one possible combination 
of up to 16 inputs to the 7D01.

V



Section 1 —DF2

GENERAL INFORMATION

INTRODUCTION
The Instruction Manual contains eleven sections. Operating 
information is covered in the first four sections; servicing 
information is covered in the remaining seven sections. 
Schematic diagrams are located at the rear of the manual 
and can be unfolded for reference while reading other parts 
of the manual. The reference designators and symbols used 
on the schematic diagrams are defined on the first page of 
the Diagrams and Circuit Board Illustrations section. 
Abbreviations used in the manuals, except in the parts list 
and schematic diagrams, comply with the American 
National Standards Institute Y1.1-1972 publication. The 
parts list is a computer printout and uses computer-supplied 
abbreviations.

Throughout this manual the DF2 Display Formatter will 
be referred to as the "DF."

GLOSSARY OF TERMS
The following logic terms are used throughout this manual.

Asynchronous Mode—The data is acquired by the 7D01 
using its internal clock at a rate selected by its sample 
interval control.

Bit—The smallest increment of digital information.

Blanked Columns—The columns eliminated from the 
memory by the COLUMN BLANK function.

Compare—A check between the 7D01 memory and the 
reference memory for equality (a microprocessor function.)

Data This is information acquired by the 7D01. Up to 16 
channels of data may be acquired, and each data bit is one 
clock period in the synchronous mode.

Data Record—All of the information stored in the 7D01 
memory or the DF memory. (A Data Record has 4096 
bits of information.)

Data Word—This is Good Data that may be formatted in 
any of three different ways:

1. A vertical slice of the Timing Diagram display.

2. A coordinate point of the Map display.

3. A horizontal line of characters in a State Table 
display.

NOTE

Channel 0 is the top-most channel displayed in 
TIMING DIAGRAM format and is always 
considered the least significant bit.

Don't Care Data—Invalid Data that is excluded from 
comparison in all comparison modes.

End Data—Data that fills out the last portion of a table 
when valid data ends before completion of the table. This 
is indicated by an in the display.

Good Data-AII data which is not Invalid Data.

Indeterminate Data—This is valid data but is considered 
invalid because its location cannot be defined. This data is 
indicated by an "X" in the display and occurs during sweep 
retrace in Timing Diagram. The number of Indeterminate 
Data bits for each position of the 7D01 bits/channel switch 
are: Two bits (254 bits/channel position), four bits (508 
bits/channel position), and eight bits (1016 bits/channel 
position).

Invalid Data—This term describes a combination of Indeter­
minate Data, Old Data (if any), and End Data.

New Data—The most recent acquisition of Good Data into 
the 7D01.

Old Data—Data which was part of a previous Data Record 
in the 7D01 memory but is out of sequence. This is caused 
by the arrival of the trigger before the New Data has 
completely filled the memory. Old Data is indicated by an 
“X" in the display.

Reference State Table—A display of DF memory data 
transferred from a previous 7D01 display and displayed on 
the right half of the crt.

Synchronous Mode -The data is acquired by the 7D01 
using an externally supplied clock signal (7D01 sample 
interval switch set to external, and with the external clock 
signal connected to the clock input of the channel 0-7 
Data Acquisition Probe).

TABLE—This term refers only to the 17 lines of data dis­
played on the left or right sides of the crt an any one time. 
"TABLES-" refers to only the displayed data contained 
in the two tables and should not be confused with the 
total memory capacity.

Word--See Data Word.

1-1



General Information—DF2

INSTALLATION
The DF Display Formatter attaches to the left side of the 
7D01 Logic Analyzer to make a three-wide plug-in system. 
The two units latch together to provide a rigid instrument 
that plugs into a 7000-series mainframe. Refer to Figure 1-1 
to attach the DF to the 7D01.

PACKAGING FOR SHIPMENT
If this instrument is to be shipped for long distances by 
commercial transportation, it is recommended that the 
instrument be packaged in the original manner for maxi­
mum protection. The carton and packaging material in 
which your instrument was shipped should be saved and 
used for this purpose.

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

To install the DF/7D01, first turn off the power to the 
oscilloscope mainframe. Then, gently push the 2 plug-in 
units into the appropriate plug-in compartments until they 
fit firmly. The front panels of the DF/7D01 should be 
flush with the front panel of the oscilloscope mainframe.

NOTE

When installed in a four-compartment main­
frame, the DF/7D01 occupies the left vertical, 
right vertical, and A horizontal compartments 
only. The oscilloscope mainframe vertical mode 
switch must be set to right and the horizontal 
mode switch must be set to A.

To remove the DF/7D01, pull the release latch (located 
on the lower left corner of the 7D01) to disengage the 
DF/7D01 from the mainframe. Then, gently slide the 
plug-in units from the mainframe.

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 an individual at your firm that 
can be contacted, complete instrument type and serial 
number, and 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 carton of corrugated cardboard with at least a 
200-pound test strength and at least 6 inches larger than the 
instrument dimensions to allow for cushioning.

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

3. Allow a 3-inch cushion on all sides by tighly packing 
dunnage or urethane foam between the carton and the 
instrument.

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 locations.

1-2
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DF/7D01 INSTALLATION

Slide the movable latch on the top of the DF 
forward until it stops.

Tilt the DF and 7D01 slightly and place the bottom 
two latches on the DF into the bottom two slots on 
the 7D01. Gently slide the DF forward to just 
engage the bottom latches with the bottom track on 
the7D01.

Continue to slide the DF forward until the jack at 
the top rear of the DF lines up with its mating plug 
on the 7D01.

Gently press the units together until the connector 
is properly mated and the movable latch is inserted 
into the rail slot on the 7D01.

Make sure the movable latch fits into the 7D01 rail 
groove and slide the movable latch toward the rear 
along the rail groove until it stops. The DF and 7D01 
should now be latched together to form a rigid 
three-wide plug-in system.

(2150-10)2478-42

Figure 1-1. Attaching the DF to the 7D01.



General lnformation-DF2

SPECIFICATIONS

The electrical specifications listed in Table 1-1 apply for the DF/7D01 system under the following conditions: (1) the 
instrument must have been adjusted at an ambient temperature between +20° and +30° C (+68° to +86° F), (2) the instru­
ment must be operating in an ambient temperature between 0° and +40° C (+32° and +104° F), and (3) the instrument 
must have been operating for at least 20 minutes.

TABLE 1-1

Electrical Characteristics

Characteristic Performance Requirement

External Read Clock

Frequency Range 100 kHz to 500 kHz.

Duty Cycle 50% within 5%.

Display

Vertical Size Adjustable from 6.9 div or less to at least 8.1 div from the 
top of the first line of DF readout to the bottom of the 
last line of DF readout.

Vertical Position Adjustable to vertical center of display area in any cali­
brated 7000-series mainframe.

Horizontal Position Adjustable to horizontal center of display area in any 
calibrated 7000-series mainframe.

Output Signals

Reset Logic Voltage Level LO: +0.4 V or less at 2 mA.
HI: at least +2.4 V at 2 mA.

Waveshape Positive-going rectangular pulse.

Duration 100 µs within 50 µs when used with the 7D01 internal 
read clock.

1-4
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TABLE 1-2

Environmental Characteristics

Characteristic Performance Requirement

Temperature

Calibration +20° to +30° C (+68° to +86° F).

Operating 0° to+40° C (+32° to+104° F).

Storage -55° to +75° C (-67° to +167° F).

Altitude

Operating To 15,000 feet.

Storage To 50,000 feet.

Transportation Qualified under National Safe Transit Committee Test 
Procedure 1A, Category II.

TABLE 1-3

Physical Characteristics

Characteristic Description

Net Weight Approximately 2 lbs (0.9 kg).

Overall Dimensions See Figure 1-2, Dimensional Drawing.

Figure 1-2. DF dimensional drawing.

1-5
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STANDARD ACCESSORIES

1 ea.................................................................................. GPIB Adapter

1 ea................................................................................Instruction Manual

Refer to the tabbed Accessories page in the back of this manual for standard accessory 
part numbers.

1-6
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OPERATING INSTRUCTIONS

To effectively use the DF Display Formatter, the capabilities of the DF and the companion 7D01 Logic Analyzer must be 
known. This section briefly describes the operation of the controls and connectors, provides detailed operating instructions, 
and a functional check procedure for the DF. The General Information section provides instructions for installation of the 
DF and the 7D01 into a 7000-series oscilloscope mainframe. Refer to the 7D01 Operators or Instruction Manuals for 
information on the 7D01 Logic Analyzer.

CONTROLS AND CONNECTORS

INTERNAL EXTERNAL

The Readout Source jumper is located inside the DF.
When using the Timing Diagram display, readout can be 
produced either by the DF readout system or by the read­
out system of the associated oscilloscope mainframe (refer 
to Figure 2-1). We recommend using the DF readout 
unless it is important to have the style of characters 
produced by the mainframe readout system.

The major controls required for operation of the DF are 
located on the front panel of the unit. Figure 2-2 provides a 
brief description of the front-panel functions. More infor­
mation is given under Basic Operating Instructions.

P754 • • • •

P752

PLACE MULTI-PIN JUMPER ON P752 
FOR READOUT FROM THE OSCILLO­
SCOPE MAINFRAME (MFR).

P754
P752

PLACE MULTI-PIN JUMPER ON P754 
FOR READOUT FROM THE DF1 DISPLAY 
FORMATTER (FOR R).

2150-3

Figure 2-1. Location of the Readout Source multi-pin jumper.
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(2150-1 A)2478-18

Figure 2-2. Front-panel controls, connectors, and indicators.
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Timing Diagram Switch—Selects the timing diagram display from the 7D01 Logic Analyzer.

MAP (CURSOR SCAN Switchesl—Select view of the 7D01 memory data in X-Y coordinate points on the oscillo­
scope mainframe crt. The DF automatically sequences the data locations at a FAST or SLOW rate, or data locations 
are selected manually with the 7D01 Cursor control.

STATE TABLE Switches—Select tabular display of the cursor word, the 16 words following the cursor word, and 
the trigger word. The tabular format can be displayed in HEX (hexadecimal), OCTAL, or BINARY base-number 
systems.

7D01 ONLY Switch—Selects the state table from the 7D01 memory for display on the left-hand side of the crt.

(Exclusive Or) INTENS REF Switch —Compares state table display from the 7D01 memory (left-hand column) 
to a reference state table stored by the DF (right-hand colunn).

LOGIC Switches—Determine whether the state table displays are in positive or negative logic.

TABLE = Indicator—Lamp turns on when the 7D01 state table and the reference state table are equal.

COLUMN BLANK Switches—Provide column blanking for state table displays. The blanked columns are excluded 
from the data base for all state table comparison and reset functions.

REF TABLE FOLLOWS 7D01 Switch—The cursor location (trigger-to-cursor difference) in the reference state table 
(right-hand column) follows the cursor location in the 7D01 state table (left-hand column).

REF TABLE HELD Switch—Locks the cursor location in the reference state table which allows the cursor location 
in the 7D01 reference state table to be moved independently.

REF TABLE FOLLOWS W/OFFSET Switch—Maintains the cursor location offset, between the 7D01 and reference 
state tables, that was established in the REF TABLE HELD mode.

SEARCH Switch—The 7D01 memory is searched for a match of the cursor word (first word) in the reference state 
table.

RESET IF 7D01 = REF Switch—The 7D01 memory is reset when the 7D01 memory equals the DF reference 
memory.

RESET IF TABLES = Switch—The 7D01 memory is reset when the 7D01 state table display equals the reference 
state table display.

STORE 7D01--*-REF Switch—Transfers the 7D01 memory into theDF reference memory.

INTENS CONTRAST Adjustment—Controls brightness of the intensified characters of the DF display.

HORIZ POSN Adjustment—Controls horizontal position of the DF display.

VERT SIZE Adjustment—Varies vertical size of the DF display.

VERT POSN Adjustment—Controls vertical position of the DF display.

RESET OUT Connector—Pin-jack connector provides a HIGH TTL level output when the 7D01 memory is reset by 
the DF.

Ground Connector -Pin-jack connector provides a ground return for the RESET OUT gate.

MENU Switch—Selects the Menu List display. (2150-113)2478-43

Figure 2-2. Front-panel controls, connectors, and indicators (continued).
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BASIC OPERATING INSTRUCTIONS

POWER-ON-MODE

When power is applied to the oscilloscope mainframe 
(Power-On mode), the DF reference memory and the 
memory which acquires data from the 7D01 are checked 
for proper operation of the random access memory (RAM) 
integrated circuits (refer to Error Message Displays in this 
section). Then, the 7D01 is reset and the DF reference 
memory and the 7D01 memory are cleared. The Display 
Mode is automatically set to Timing Diagram, the LOGIC 
is set to POS, and the cursor location (trigger-to-cursor 
readout) is set to +0. All other DF push-button selections 
are cancelled.

DISPLAY MODES

The DF displays digital data in 3 Display Modes: Timing 
Diagram, Map, and State Table. Figure 2-3 shows the 
controls required to activate typical DF displays.

Timing Diagram Displays
The front-panel TIMING DIAGRAM push button selects 
the Timing Diagram display (4, 8, or 16 channels) from the 
companion 7D01 Logic Analyzer (see Fig. 2-3). The cursor 
function of the 7D01 provides an intensified zone on the 
data display and a corresponding numerical readout display 
shows the logic state for each displayed channel of data. 
The position of the cursor, relative to the trigger, is also 
displayed on the crt readout. Refer to the 7D01 manual for 
more information on the 7D01 Logic Analyzer.

The source of the display readout can be from the oscillo­
scope mainframe readout system (MFR) or the DF 
(FOR R). (Refer to Internal Controls and Connectors, in 
this section, for more information.) When the Timing 
Diagram Display Mode is selected (Readout Source jumper 
set to Formatter Readout) after either the HEX, OCTAL, 
or BINARY State Table function has been displayed, the 
cursor word readout is displayed in the same base-number 
system as displayed previously in the State Table Display 
Mode. Then, the cursor word readout changes between 
binary and the base-number system in the previously 
selected State Table Display Mode, with every other push 
of the TIMING DIAGRAM push button. However, if the 
Readout Source jumper is set for mainframe readout 
(MFR), cursor word readout is displayed only in the binary 
system.

Map Displays
The Map function provides a view of the 7D01 memory 
displayed as x-y coordinate dots on the crt. The vertical 
axis represents the most significant half of the data word 
and the horizontal axis represents the least significant half 
(see Figure 2-3).

The map display can be formatted from 4, 8, or 16 
channels of input data. Therefore, 4- and 8-channel map 
displays are plotted over the entire crt display area in the 
same manner as a 16-channel display. A 16-channel display 
is capable of 64,000 coordinate points, an 8-channel display 
is capable of 256 coordinate points, and a 4-channel display 
is capable of 16 coordinate points.

A map cursor, indicated by a plus symbol (+), sequences 
automatically through the data locations in the order in 
which the data was loaded into memory. The cursor scans 
at a FAST or SLOW rate, as determined by the CURSOR 
SCAN push buttons. When either the FAST or SLOW push 
button is held in, the cursor scan is stopped near a desired 
location on the display and can be positioned to the exact 
location with the 7D01 cursor position controls. Also, 
when the MANUAL CURSOR SCAN push button is 
pressed, the 7D01 cursor position controls are used to 
manually position the cursor to the exact position desired. 
The readout display shows the logic state of the cursor 
word (bottom of crt), and the position of the cursor point, 
relative to the trigger point, is displayed at the top of the 
crt.

The map display is particularly useful for a fast overall 
check of digital systems. First of all, the map display 
pattern for a particular set of digital inputs must be known. 
Then, if there is a change in any one of the input signals, 
the map display pattern will change. A different map 
display pattern indicates that the circuits are not operating 
in the normal manner. Figure 2-4 illustrates a map display 
pattern from 16 signal inputs and shows that the map 
display pattern changes when input signals are removed.

State Table Displays
The State Table function enables the data, recorded in the 
7D01, to be displayed in a tabular format. The cursor word, 
the sixteen words which follow, and the trigger word are
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Figure 2-3. Typical DF Display Modes.
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displayed. If the trigger word is displayed in the first 17 
words of the state table, it is indicated by a blinking 
condition. The position of the cursor, relative to the trigger, 
is also displayed on the crt readout (see Figure 2-3).

Each time the 7D01 cursor position is changed or the 7D01 
is reset, the display is updated. If the data ends before 17

Figure 2-4. Typical map display usage. 

words are displayed, the remainder of the display is filled 
with an asterisk (*) character. Any "old data" from the 
7D01 memory is indicated by an "X" character.

Three push button switches select State Table displays in 
HEX (hexidecimal, base 16), OCTAL (base 8), or BINARY 
(base 2) codes. The digits are grouped in threes or fours 
depending upon the setting of the 7D01 cursor byte switch.

The ten Display push buttons are functional in STATE 
TABLE format only. When the HEX, OCTAL, or 
BINARY push buttons are depressed the function of 
all ten DISPLAY push buttons corresponds to the 
functional name positioned above each button. When 
the MENU push button is depressed the function 
of each push button changes to the number positioned 
to the left of each button. These numbers correspond 
to the numbers in the MENU list display.

7D01 ONLY. The State Table display from the 7D01 is 
displayed on the left side of the crt. The ® INTENS REF 
displays are not functional in the 7D01 ONLY mode.

7D01 © INTENS REF. Two state tables are displayed 
simultaneously on the crt. The state table from the 7D01 is 
displayed on the left half of the crt and a reference state 
table is displayed on the right half of the crt (see Figure 
2-3). When the 7D01 ® INTENS REF is initially selected, 
the STORE 7D01—-*REF push button must be pressed to 
load the reference memory. Any differences between the 
7D01 and reference state tables are indicated by intensified 
bits at the appropriate location in the 7D01 state table. 
Any differences in the state tables due to old data, indeter­
minate data, end data, or blanked columns, is interpreted as 
"don't care" conditions and are not intensified in the 7D01 
state table (refer to the Glossary in the General Information 
section). If there are no differences between state tables, 
the TABLES= indicator is illuminated.

REF TABLE FOLLOWS 7D01. The FOLLOWS 7D01 
mode is functional only when operating in the 7D01 © 
INTENS REF mode. The cursor location (trigger-to-cursor 
readout) in the reference state table is aligned with the 
cursor location of the 7D01 state table. As the 7D01 
location is changed (by means of the 7D01 cursor position 
or data position controls), the cursor location of the 
reference state table follows.

REF TABLE HELD. The HELD mode is functional only 
when operating in the 7D01 © INTENS REF mode. The 
reference table cursor location remains at one setting, 
allowing the cursor location in the 7D01 state table to be 
moved independently (offset). Refer to Figure 2-5.
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Figure 2-5. Typical state-table display showing offset between the 7D01 and reference state tables.

REF TABLE FOLLOWS WITH/OFFSET. The FOLLOWS 
WITH/OFFSET mode is functional only when operating in 
the 7D01 © INTENS REF mode. The difference in cursor 
location (offset) between the 7D01 state table and the 
reference state table, is maintained at the time the 
FOLLOWS W/OFFSET push button is pressed (see 
Figure 2-5), The offset between the 7D01 and reference 
state tables remains constant as the 7D01 cursor is moved. 
To delete the trigger-to-cursor offset, select REF TABLE 
FOLLOWS 7D01.

SEARCH. The SEARCH mode is functional when 
operating in the 7D01 © INTENS REF mode. When the 
SEARCH push button is pressed, the 7D01 memory is 
searched for a match of the reference cursor word. When a 
match of the reference cursor word is found, the REF 
TABLE mode is automatically set to HELD and the match­
ing word is moved to the 7D01 cursor word position (first 
word) of the 7D01 state table.

If a match for the cursor word is not found in the 7D01 
memory, the state table display remains unchanged. Also, if 
the first word in the reference memory is not valid, or a 
comparison is presently being made in the RESET IF 
7D01 = REF mode, a search of the 7D01 memory is not made.

RESET IF TABLES=. This mode is functional only when 
operating in the 7D01 OINTENS REF mode. When the 
RESET IF TABLES= push button is pressed, the 7D01 

resets and compares the data in the 7D01 state table to the 
data in the reference state table. If there are no differences, 
the 7D01 resets, acquires new data, and repeats the compar­
ison. The number of resets is displayed on the crt readout. 
If there are differences, the acquisition, compare, and reset 
cycle stops. The differences between state-table displays are 
intensified in the 7D01 state table. To cancel the RESET 
IF TABLES= function, a second push of the RESET IF 
TABLES= push button is required.

RESET IF 7D01 = REF. This mode is functional when 
operating in all DF display modes. When the RESET IF 
7D01 = REF push button is pressed, the data in the 7D01 
memory is compared to the data in the reference memory. 
If there are no differences, the 7D01 resets, acquires new 
data, and repeats the comparison. The number of resets is 
displayed on the crt readout. If there are differences, the 
acquisition, compare, and reset cycle stops. The cursor 
word is moved to the first difference and the RESET IF 
7D01 = REF function is canceled. The RESET IF 7D01 = REF 
function may also be canceled with a second push of the 
RESET IF 7D01 = REF push button.

STORE 7D01-*REF. This mode is functional in all DF 
display modes (Timing Diagram, Map, and State Table). 
When the STORE 7D01—* REF push button is engaged, the 
7D01 memory is transferred into the DF reference mem­
ory. When the trigger-to-cursor readout is the same in both 
state table displays, the 7D01 state table is transferred into 
the reference state table with no intensified bits. However, 
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if the trigger-to-cursor readout of the state table displays is 
offset, the 7D01 state table will be transferred to the 
reference state table with that offset (intensified bits may 
appear). The tables are equal but offset by the trigger-to- 
cursor readout (see Figure 2-5). To make the tables equal, 
either set the 7D01 cursor position controls so that the 
trigger-to-cursor readout is the same for both state tables or 
press the REF TABLE FOLLOWS 7001 push button.

COLUMN BLANKING. Column blanking is functional 
when operating in any State Table mode. Undesired vertical 
columns of data can be blanked from the state-table 
displays (COLUMN BLANK-»- push button). The blanked 
columns are interpreted as "don't care" information for 
state table comparisons and reset functions (refer to the 
Glossary in the General Information section). To restore a 
blanked column, press the COLUMN BLANK-*— push 
button. The column blanking function is automatically 
reset to display or compare all columns when the TIMING 
DIAGRAM, MAP, STATE TABLE (HEX, OCTAL, 
BINARY), 7D01 ONLY, 7D01 ® INTENS REF or MENU 
push buttons are pressed.

LOGIC STATES. When POS LOGIC is selected, the most 
positive voltage level is interpreted as a logic HI and the 
most negative level is interpreted as a logic LO. When NEG 
LOGIC is selected, the most negative level is displayed as a 
logic HI and the most positive level is interpreted as a logic 
LO.

Menu Displays

The front-panel MENU push button provides a Menu List 
display on the crt which lists additional operational modes 
assigned to the DF. The numbers in the Menu List 
correspond to the numbers assigned to the 10 Display push 
buttons. The detailed operating instructions, for the various 
operational modes listed in the Menu List, are provided in 
more detail further on in this section.

To select a desired operational mode, after the MENU 
push button has been pushed, depress the numbered Display 
push button corresponding to the numer in the Menu list. 
Refer to the detailed operating instructions in this section 
for additional instruction regarding the operational mode 
selected.

Size and Position Adjustment
The controls used to adjust the size and position of displays 
depend on the Display Mode selected.

When operating in the Timing Diagram Display Mode, 
positioning of the timing diagram display is controlled by 
the 7D01 vertical and horizontal position controls. The size 
of the timing diagram display is determined by the 7D01 
vertical and horizontal magnification controls. Vertical 
positioning of the display readout is controlled by the DF 
front-panel VERT SIZE and VERT POSN adjustments 
and horizontal positioning is controlled by the DF HORIZ 
POSN adjustment.

When operating in the Map or State Table Display Modes, 
vertical and horizontal positioning of the entire display 
(data and readout displays) is controlled by the DF front­
panel VERT POSN and HORIZ POSN adjustments. Vertical 
height of the entire display is controlled by the DF front­
panel VERT SIZE adjustment.

Error Message Displays
Error messages are provided on the crt readout to identify 
operator error and instrument failures.

SEE MANUAL CUR CAN'T MOVE. This error message 
generally occurs when the 7D01 cursor control is set 
between switch detents. When the error message appears on 
the crt, move the 7D01 cursor control into a switch detent 
and the error message should disappear. If the error message 
does not disappear, refer to the error message discussion in 
the Maintenance section of the Instruction Manual.

BAD RAM SEE MANUAL. This error message indicates 
that a random access memory (RAM) integrated circuit has 
failed. To test the DF for a bad RAM: Turn off power to 
oscilloscope mainframe, wait a short time, and turn power 
on (Power-On Mode). Then check the crt readout for an 
error message. If the error message appears on the crt read­
out, refer to the error message discussion in the Maintenance 
section of the DF Instruction Manual.
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BASIC FUNCTIONAL CHECK

The following procedure is provided for familiarization and for checking basic instrument functions of the Display 
Formatter. Refer to the Controls and Connectors discussion while performing this procedure. If a malfunction or possible 
improper adjustment is revealed while performing this procedure, first check the operation of the 7D01 and associated 
oscilloscope mainframe, then refer to the DF Instruction Manual for troubleshooting and adjustment procedures.

The functions are checked without removing the covers or making internal connections. Performance requirements, functions 
which require removal of side panels, and detailed checks of the DF memory are provided in the Performance Check and 
Adjustment procedures in the DF Instruction Manual.

SETUP PROCEDURE
1. Attach the Display Formatter to the 7D01 Logic 
Analyzer and install the three-wide plug-in assembly into 
the oscilloscope mainframe (refer to Installation, in the 
General Information section, for assembly instructions). Set 
the oscilloscope mainframe to display the right vertical and 
A horizontal compartments.

2. Connect one P6451 probe connector to the CH 0-7 input 
connector on the 7D01. Connect all ten P6451 probe tips 
together (to a common wire or connection).

3. Set the 7D01 Logic Analyzer controls as follows:

Threshold Voltage . . . .TTL (+1.4 V)

Sample Interval.......... .1 ms
Record Display Time . oo

Data Position............. .Post Trig

Data Channels............. .0-15

Trigger Source.......... .W.R.
Word Recognizer. . . . .CH 0 through CH 6—LO

CH 7-HI
CH 8 through CH 15—X 
External Qualifier—X 
Probe Qualifier—X

W.R.Mode.................. .Sync

4. Perform the Power-On function (turn mainframe power 
off, wait a short time, then turn power on).

5. Press the Manual Trigger push button.

TIMING DIAGRAM DISPLAYS

1. Perform the Setup Procedure.

2. Check crt display for a 16-channel display. It may 
be necessary to adjust the mainframe intensity and the

7D01 vertical and horizontal position/magnification 
controls.

3. Check that the trigger-to-cursor readout is zero and that 
the intensified cursor point is superimposed on the inten­
sified trigger point (left-hand side of the crt display).

4. Set the 7D01 Data Position switch to Center and press 
the Manual Reset and Trigger push buttons. Check that 
the trigger point (intensified dots) is near the center of the 
crt display and that the trigger-to-cursor readout is approx­
imately —112. Rotate the 7D01 Cursor Fine Position 
control and note that the cursor point (indicated by 
intensified dots on the left side of the 16-channel display) 
moves in 1 -bit increments as shown by the trigger-to-cursor 
readout. Rotate the 7D01 Cursor Coarse Position control 
and note that the cursor point moves in 16-bit increments. 
Note that the logic state for each channel of displayed data 
(16-bit readout at bottom of crt) changes corresponding to 
the cursor position. Set the 7D01 Cursor Position controls 
for a trigger-to-cursor readout of zero. Check that the 
intensified cursor point is superimposed on the intensified 
trigger point (center of crt).

5. Set the 7D01 Data Position switch to Pre Trig and press 
the Manual Reset and Trigger push buttons. Check that the 
trigger point (intensified dots) is at the right-hand side of 
the display and that the trigger-to-cursor readout is approx­
imately — 112. Set the 7D01 Cursor Position controls for a 
trigger-to-cursor readout of zero. Check that the intensified 
cursor point is superimposed on the intensified trigger point 
(right-hand side of crt display).

MAP DISPLAYS

1. Perform the Setup Procedure.

2. Press the MANUAL MAP push button. Check display 
for a trigger-to-cursor readout at the top of the crt and
a cursor word at the bottom.
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3. Rotate the 7D01 Cursor Position controls and note that 
the trigger-to-cursor reading can be manually changed.

4. Press the SLOW MAP push button and check that the 
trigger-to-cursor readout sequences automatically at a 
slow rate. Press the FAST MAP push button and check 
that the trigger-to-cursor readout sequences at a fast 
rate.

STATE TABLE DISPLAYS

1. Perform the Setup Procedure.

2. Press the STATE TABLE HEX push button. Then, press 
the TIMING DIAGRAM push button and check for 16 
channels on the crt. Note the logic-state readout of the 
cursor word, in hexadecimal code, at the bottom of the crt.

8. Press the STATE TABLE BINARY push button and 
note the State Table display on the left half of the crt. 
Press the 7D01 © INTENS REF push botton and check for 
a reference state table on the right side of the crt, in 
addition to the 7D01 state table. Note that the reference 
state table is all zeros and that the ones in the 7D01 state 
table are intensified.

9. Press the STORE 7D01 —* REF push button and check 
that the 7D01 display is transferred into the reference 
memory. Note that the trigger-to-cursor readout is +0 for 
both state tables displayed, and that there are no intensifed 
characters in the 7D01 state table.

10. Press the REF TABLE FOLLOWS 7D01 push button. 
Rotate the 7D01 Cursor Position controls and check that 
the trigger-to-cursor readout of the reference state table 
follows the trigger-to-cursor readout of the 7D01 state 
table.

3. Press the STATE TABLE HEX and 7D01 ONLY push 
buttons. Check for a State Table display on left side of the 
crt in hexadecimal code (base 16). Note that the cursor 
word (top word in state table) is the same as the cursor 
word in the Timing Diagram display noted in step 2 and 
that the trigger-to-cursor readout is +0. Check that the 
cursor word is blinking and that the trigger word (bottom) 
is the same as the cursor word.

4. Rotate the 7D01 Cursor Fine Position control counter­
clockwise, 1 bit at a time, until the trigger-to-cursor readout 
is —16. Check that the blinking word is the seventeenth 
word in the State Table display.

5. Press the STATE TABLE OCTAL push button. Check 
that the State Table display is given in the octal (base 8) 
code.

6. Press the STATE TABLE BINARY push button. Check 
that the State Table display is given in the binary (base 2) 
code. Press the NEG LOGIC push botton and check that all 
zeros become ones and that all ones become zeros.

7. Turn off power to the oscilloscope mainframe, wait a 
short time, and turn power on (Power-On mode). Press the 
Manual Trigger push button. Check crt for Timing Diagram 
display with trigger-to-cursor readout of zero.

11. Press the REF TABLE HELD push button. Rotate the 
7D01 Cursor Position controls. Check that the trigger-to- 
cursor readout in the 7D01 state table changes and the 
trigger-to-cursor readout in the reference state table remains 
fixed.

12. Rotate the 7D01 Cursor Position controls to set 
the 7D01 trigger-to-cursor readout to +5 and press the 
REF TABLE FOLLOWS W/OFFSET push button. Rotate 
the 7D01 Cursor Position controls and check that the 
trigger-to-cursor offset between state tables is maintained 
(offset is obtained in REF TABLE HELD mode).

13. Press the COLUMN BLANK—» push button and check 
that columns of data are blanked from the State Table 
displays. The blanked columns are interpreted as "don't 
care" information for state table comparisons. Press the 
COLUMN BLANK-»—-push button and check that the 
blanked columns of data are restored.

14. Press the REF TABLE FOLLOWS 7D01 push button. 
Check that both state tables have the same trigger-to-cursor 
readout and that there are no intensified characters in the 
7D01 state table. Check that the TABLES= indicator is 
illuminated.
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15. Press the RESET IF TABLES= push button. Check that 
the state tables are reset and the number of resets is 
displayed below the reference state table. Each time the 
Manual Trigger push button is pressed the number of 
resets displayed should advance by one. Repress the 
RESET IF TABLES= push button to turn off backlit LED. 
Press Manual Trigger push button to return state table 
display.

16. Press the RESET IF 7D01 = REF push button. Check 
that the state tables are reset and the number of resets is 
displayed below the reference state table. Each time the 
Manual Trigger push button is pressed the number of 
resets displayed should advance by one. Repress the 
RESET IF 7D01-REF push button to turn off backlit 
LED. Press Manual Trigger push button to return state 
table display.

4. Press the STATE TABLE BINARY and 7D01 ® INTEN 
REF push buttons. Rotate the DF VERT SIZE screw­
driver adjustment and note that it controls the vertical size 
of the entire State Table display. Rotate the DF VERT 
POSN screwdriver adjustment and note that it vertically 
positions the entire State Table display.

5. Rotate the DF HORIZ POSN screwdriver adjustment 
and check that it horizontally positions the entire State 
Table display.

6. Rotate the DF INTENS CONTRAST screwdriver, 
adjustment and check that it controls the brightness of the 
intensified characters in the 7D01 State Table display.

FRONT-PANEL ADJUSTMENTS

1. Perform the Setup Procedure.

2. Rotate the 7D01 Horizontal Position control and note 
that it horizontally positions the Timing Diagram display. 
Rotate the 7D01 Horizontal Magnification control and note 
that it controls the horizontal size of the Timing Diagram 
display.

3. Rotate the 7D01 Vertical Position control and note that 
it vertically positions the Timing Diagram display. Rotate 
the 7D01 Vertical Magnification control and note that it 
controls the vertical size of the Timing Diagram display.

NOTE

The Functional Check procedure is provided 
for familiarization and for checking basic 
functions of the Display Formatter. These 
functions are checked without removing the 
covers or making internal connections. Per­
formance requirements, functions which 
require removal of side panels, and detailed 
checks of the DF memory are provided in the 
Performance Check and Adjustment procedures 
in the DF Instruction Manual. Only qualified 
service personnel should perform checks given 
in the Instruction Manual.
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IRREGULAR OPERATING SYMPTOMS

The following table lists some irregular operating symptoms with their probable causes and corrective procedures. 
Table 2-1 is intended to assist the operator in determining whether an irregular operating symptom is the result of 
an operational error, a measurement technique problem or a malfunction in the DF/7D01. The probable causes for 
the symptoms listed in Table 2-1 assume that the DF/7D01 and associated equipment are operating properly. The 
corrective procedures can be performed by the operator without additional test equipment, excluding equipment 
malfunction.

TABLE 2-1
Irregular Operating Symptoms

Symptom Probable Cause Corrective Procedure
1. No data display.

2. No data display with Sample 
Interval in EXT Position.

Display positioned offscreen. Check Horiz and Vert Position settings.

No external clock signal. Check that clock signal is applied 
through Data Acquisition Probe P6451.

Wrong threshold voltage. Check Threshold Voltage selector and/ 
or adjustment for proper setting.

3. No data display with:
a. W.R. Mode in SYNC 
position.
b. Trigger Source in W.R. 
position.
c. TRIG'D indicator not lit.

No external clock signal for the W.R. 
in SYNC position.

Check that clock signal is applied 
through Data Acquisition Probe 
P6451.

Word selected on W.R. channel 
switches does not exist.

Check that W.R. channel switches are 
set for an existing word.

4. No data display with:
a. W.R. Mode in ASYNC 
position.
b. Trigger Source in W.R. 
position.
c. TRIG'D indicator not lit.

Word selected on channel switches 
does not exist.

Check that channel switches are set 
for an existing word.

Asynchronous filter is rejecting valid 
data.

Check that Filter is not set too far 
clockwise.

5. When testing circuits with 
gated clocks.

a. No data display with:
(1) Sample interval in EXT 
Position.
(2) Full display/First Trig­
ger (P617) in First Trigger 
position.
(3) TRIG'D indicator not lit.

Trigger word existed only during first 
clock pulse and is ignored by the 7D01.

Set the W.R. switches to a value not 
equal to the first word that is 
synchronously clocked, but equal to 
some other data to be captured.

Word selected on W.R. switches does 
not equal any data being clocked in.

Check that the W.R. switches are set for an 
existing word.

Data on the channels the W.R. switches 
are set to be triggered on is not changing. 
The W.R. requires an edge; i.e., a 
transition from NOT true data to true 
data. If the data clocked in always 
equals the W.R. switches, no trigger 
will occur. This may occur if only one 
W.R. switch is set to trigger while all 
the other switches are on X (don't 
care) and the data on that one channel 
is not changing.

Push manual trigger while the data is being 
clocked in. Look at the data to see if it is 
all the same as the settings of the W.R. 
switches.

-OR-
Set the W.R. switches to a more unique 
trigger word being clocked in; i.e., if only 
one channel is not changing, trigger on 
another channel that is changing.

2-12



Operating Instructions-DF2

TABLE 2-1 (CONT.)
Irregular Operating Symptoms

Symptom Probable Cause Corrective Procedure

5. (cont)
b. No data display with:

(1) Sample Interval in EXT 
position.
(2) Full Display/First Trigger 
(P617) in First Trigger 
position.
(3) TRIG'D indicator lit.

Insufficient number of clock pulses 
after trigger word to fill memory 
(display) from trigger markers to end 
of sweep.

See Table 3-1 for minimum number of 
clock pulses required to obtain a display in 
First Trigger mode.

-OR-

Set Sample Interval to 5 ms position until 
display appears. Then reset Sample Interval 
to EXT position. This fills up the remaining 
memory and switches the 7D01 from record 
to display mode.

c. No data display with:
(1) Sample Interval in EXT 
position.
(2) Full Display/First Trigger 
(P617) in Full Display 
position.
(3) TRIG'D indicator not lit.

Insufficient number of clock pulses 
to fill 7D01 memory.

See Table 3-1 for minimum number of 
clock pulses required to obtain a display in 
Full Display mode.

Trigger word existed only during the 
time when the clock pulses were 
clearing the 7D01 memory in Full 
Display mode and is ignored by the 
7D01.

Change Full Display/First Trigger selector 
(P617) to First Trigger position to catch all 
trigger events.

d. No data display with:
(1) Sample Interval in EXT 
position.
(2) Full Display/First Trigger 
(P617) in Full Display 
position.
(3) TRIG'D indicator lit.

Insufficient number of clock pulses 
after trigger word to first clear 7D01 
memory then fill 7D01 memory 
(display) from trigger markers to end 
of sweep.

See Table 3-1 for minimum number of clock 
pulses required to obtain a display in full 
Display mode.

-OR-

Set Sample Interval to 5 ms position until 
display appears. Then reset Sample 
Interval to EXT position.

NOTE

This fills up the remaining memory and 
switches the 7D01 from record mode to 
display mode. First Trigger mode may be 
preferred since fewer dock pulses are 
required to switch from record to display 
mode.
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TABLE 2-1 (CONT.) 
Irregular Operating Symptoms

Symptom Probable Cause Corrective Procedure

6. Incorrect data display. Wrong mainframe Vertical and/or 
Horizontal Mode.

Check that proper mainframe Vertical 
and/or Horizontal Mode is selected.

Wrong threshold voltage. Check Threshold Voltage selector and/or 
adjustment for proper setting.

7. Incorrect data display after 
changing Data Channel or Data 
Position setting.

Manual Reset button was not pressed 
after changing Data Channel or Data 
Position setting.

Press Manual Reset button to acquire new 
data in memory in the correct format.

8. Incorrect or noisy data display 
on channels that are not con­
nected to a Data Acquisition Probe 
P6451.

Data input lines are not biased properly 
when a Data Acquisition Probe P6451 
is not connected.

Connecta Data Acquisition Probe P6451 
to unused channels.

-OR-

Use P6451 probe only in channel 0-7 and 
set Data Channels to 0-3 or 0-7 position. 
Set all unused W.R. channel switches 
(8-15) to X (don't care) position.

9. Random or incorrect triggering 
from W.R. with only one Data 
Acquisition Probe P6451 connected.

W.R. channel switches on unused 
channels are set to HI or LO posi­
tions which can cause some channels 
to oscillate.

Set W.R. channel switches on unused 
channels to X (don't care) position.

10. Displayed data on left side of 
trigger marker is blanked out.

Full Display/First Trigger (P617) is in 
First Trigger position. The data is 
blanked because no new data was 
stored in those locations.

Set Full Display/First Trigger (P617) to 
Full Display position.
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DETAILED OPERATING INSTRUCTIONS FOR GPIB

GPIB OVERVIEW
GENERAL

The primary purpose of the General Purpose Interface Bus 
(IEE Standard 488-1975 or ANSI MC 1.1-1975) is to define 
an interface system to interconnect self-contained devices 
and other devices by external means. The GPIB is a device­
independent standard interface which allows easy configuration 
of devices into a system, or easy addition of modules to an 
existing system.

There are three elements that specify the device-independent 
interface requirements. These elements are;

1. Mechanical elements

2. Electrical elements.

3. Functional elements.

Taking full account of cost, flexibility, and compatibility as 
major factors to be considered, the objectives of the IEEE 
Standard 488-1975 are to:

1. Define a general-purpose system for use in limited 
distance applications.

2. Specify the device-independent mechanical, electrical, 
and functional interface requirements.

3. Specify the terminology and definitions related to the 
system.

4. Enable the interconnection of independently 
manufactured apparatus into a single functional system.

5. Permit devices with a wide range of capability - from the 
simple to the complex - to be interconnected to the
system simultaneously.

6. Permit direct communication between devices without 
requiring all messages to be routed through a control unit.

7. Define a system with a minimum of restrictions on the 
performance characteristics of thedevices.

8. Permit asynchronous communication over a wide range 
of data rates.

9. Define a system that, of itself, may be relatively low 
cost, and permit the interconnection of low cost devices.

IO. Define a system that is easy to use.

MECHANICAL ELEMENTS
The mechanical elements, as defined by the standard, consist 
of the physical connectors and cables. This ensures that the 
interconnecting GPIB compatible deviceswill never require 
more than a standard interfacing cable assembly. The 
connectors have 24 pins with trapezoidal shells for ease in 
interconnecting devices. (See Figure 3-1.) The pins connect 
to 16 active signal lines interlaced with eight ground lines. 
Cables are provided with a plug and a receptacle at each end 
to allow rigid stacking of connectors on any cable intersection 
or device connection. This permits either star or daisy-chain 
configurations.

ELECTRICAL ELEMENTS

The electrical elements, the voltage and current values 
required at the interface connector, are well defined by the 
standard. All specifications are based on the use of TTL 
technology. The logical states are defined as follows:

Coding Electrical Signal Levels
Logical State

0 Corresponds to > +2.0 V but
< +5.25 V (high state)

1 Corresponds to > 0 V but
< +0.8 V (low state)
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Figure 3-1. GPIB connector.

Messages can be sent as either active or passive true signals. 
Active true signals occur in the low state and passive true 
signals occur in the high state. Active transfer of a message is 
the technique for resolving conflicts between two devices 
simultaneously sending opposite remote message values, 
whereby, the interface is so structured that the active value 
overrides the passive value (using open-collector drivers into 
a terminated bus).

The electrical limits of the IEEE Standard 488-1975 
document also specify that not more than 15 devices can be 
connected to the bus at any one time; and that the total 
transmission length is not to exceed 20 meters, or two meters 
times the number of devices, whichever is less. The data rate 
through any signal line must be less than, or equal to, 1 
Megabit per second.

functional elements

GPIB LINE DEFINITIONS
The GPIB is functionally divided into three component 
buses: an eight-line Data Bus, a five-line Management Bus, 
and a three-line Transfer Bus for a total to sixteen active 
signal lines. This bus structure is shown in Figure 3-2.

Data Bus

The Data Bus contains eight bidirectional active low signal 
lines, designated DI01 thru DI08. One byte of information 
(eight bits) is transferred over the bus at a time. DI01 
represents the least significant bit in the byte and DI08 
represents the most significant bit in the byte. The Data Bus 
is used to transfer data in a bit-parallel, byte-serial form 
from talkers to listeners; it also transfers certain commands 
or addresses from the controller to subordinate devices. Data 
on the bus can be represented in ASCII (with or without 
parity), binary coded decimal (BCD), or a machine­
dependent binary code.

Management Bus

The Management Bus is a group of five signal lines generally 
used by the controller to coordinate interface messages and 
manage the interface functions. The signal definitions for the 
Management Bus are as follows:

ATN (Attention). This signal line can be asserted true only 
by the active controller in a system (usually there is only one 
controller in a system). This line indicates to all devices that 
the eight data bus signal lines represent interface messages. 
These messages are for controlling and addressing peripheral 
devices. When ATN is unasserted (passive false), only one 
talker and those peripheral devices which are assigned as 
listeners can take part in data transfers.
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Figure 3-2. General purpose interface bus structure.

SRQ (Service Request). This signal line is used by any device 
to request service from the controller and thus indicate the 
need to interrupt the current sequence of events. Reasons for 
asserting SRQ range from an error generated in a device to 
alerting the controller that a reading is available.

REN (Remote Enable).The remote enable signal line is 
asserted only by the active controller, and normally when 
under program control. The controller has the ability to put 
a listened device into a state in which the device ignores 
its front panel controls. If the device is listen-addressed by 
the controller, it can still have an active front panel if it 
generates a return to local (rtl) message internally and the 
controller has not previously put it in the remote with 
lockout state (RWLS).

EOI (End or Identify). The EOI signal line is used by any 
talker to indicate the end of a data transfer sequence. The 
EOI line is normally asserted along with the last byte of data 
transmitted. When a controller sets both ATN and EOI lines 
true, each device capable of a parallel poll, and programmed 
to do so, will indicate its current status on the DIO line 
assigned to it.

I FC (Interface Clear). The I FC signal line is activated by the 
controller when it is desirable to place all the interface 
circuitry in a predetermined quiescent state.

Transfer Bus

When a talker sends data over the Data Bus to a listener, they 
coordinate their activities by a handshaking process carried 
out over the three-line Transfer Bus. The Transfer Bus lines 
are defined as follows:

NRFD (Not Ready for Data). The NRFD signal line remains 
asserted active low when one or more assigned listeners are 
not ready to receive the next data byte. When all assigned 
listeners for a particular data transfer have released NRFD, 
the line goes inactive high. This tells the talker to place the 
next data byte on the Data Bus. NRFD cannot go high until 
NDAC goes low.

DAV (Data Valid).The talker activates the DAV signal line 
after placing a new data byte on the Data Bus. An active low 
DAV signal tells each listener to capture the new data byte 
presently on the Data Bus. The talker is inhibited from 
activating DAV when a listener holds NRFD active low.

NDAC (Not Data Accepted). The NDAC signal line is held 
active low by each listener until the listener captures the new 
data byte currently being transmitted over the Data Bus. 
When all listeners have captured the data byte, NDAC goes 
inactive high. This tells the talker that the new data byte has 
been accepted and to start another handshake sequence by 
letting DAV go high. NDAC goes low again after DAV goes 
high.
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As a result of the three-wire Transfer Bus, the rate at which 
data is transferred is determined only by the characteristics 
of the devices involved. This is what is meant by an 
asynchronous data and message transfer. Only those devices 
listened or talked are involved in the handshake when device 
dependent data is transmitted. Moreover, several devices can 
listen to the same data simultaneously. The transfer rate is 
then a function of the slowest peripheral device taking part 
in a transfer at any one time. This is an advantage when 
high-speed devices are configured to talk and listen at a high 
burst speed while slower devices are still in the system.

It needs to be noted, however, that all devices are required to 
handshake and respond to ATN messages; i.e., those control 
and address messages that are sent while the ATN (attention) 
line is true.

ATN (ATTENTION) MESSAGES
Attention messages can be broken down into four groups.

1. Address attention messages, i.e., talk and listen com­
mands, program the devices to transmit or accept data.

a. A talk address selects one device to send data and dis­
ables, or untalks, all the other devices equipped with 
talker functions from sending data. This allows only one 
talker on the bus at a time.

b. The command to disable all devices with talker func­
tions from talking is the UNT (untalk) message. UNT has 
a hexadecimal value of $5F.

c. A listen address selects one device to receive data, but 
does not affect the others: they remain as they were, 
addressed or unaddressed. Thus, several devices may 
listen at the same time. Sending a talk address does not 
affect listeners, nor does sending a listen address affect
a talker.

d. The command to disable or stop all devices from 
listening is the UNL (unlisten) message. UNL has a hexa­
decimal value of $3F.

e. Addresses are normally set by switches on the interior 
or exterior of a device. Each device must be assigned one 
or more addresses unique to it.

2. Universal ATN messages cause every device, so equipped, 
to perform the function defined in the IEEE Standard 
488-1975. For example, the serial poll enable (SPE) mes­
sage causes all those devices with serial poll capability to 
handle this command and move to the serial poll mode 
state (SPMS).

3. Addressed commands affect only those devices that are 
addressed. For example, the selective device clear (SDC) 
message only clears the device functions (not interface 
functions) of the devices that were previously listen- 
addressed. (Normal usage of a device clear is to put the 
device into its power-on state.)

4. Secondary commands are multiline messages that are 
always used in series with address, universal command, or 
addressed command messages (also referred to as primary 
commands) to form a longer version of each. Thus they 
extend the code space when necessary. Some devices, 
however, use the secondary commands as device dependent 
command messages.

|NTERFACE FUNCT|QNS
An interface function is the system element which provides
the basic operational facility through which a device can
receive, process, and send messages. There are ten interface
functions which provide the system with communications
and control capabilities. They consist of:

Source Handshake SH
Acceptor Handshake AH
Talker or Extended Talker TorTE
Listener or Extended Listener L or LE
Service Request SR
Remote Local RL
Parallel Poll PP
Device Clear DC
Device Trigger DT
Controller C

Each of these interface functions has a number of allowable 
subsets ranging from two for the Source and Acceptor 
Handshake functions, to 28 allowable subsets for the 
Controller function. The designer may choose the particular 
set of interface functions necessary to fit the particular 
device application. This implies, in interest of cost effec­
tiveness, that it is not necessary to respond to all the GPIB 
lines, but rather only to those lines pertinent to the neces­
sary functions of a particular device. For example, a device 
with listen-only mode capability requires the least number 
of signal lines to be implemented. These are:

1. The eight data lines, DI01 thru DI08.

2. The three transfer handshake lines, NRFD, NDAC, 
and DAV.

3. One management line, ATN.
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SETUP PROCEDURE FOR GPIB OPERATION

FULL DISPLAY/FIRST TRIGGER
SELECTOR OF7D01 LOGIC ANALYZER

The Full Display/First Trigger Selector (P617, inside the 
7D01 ) permits the user to select when the 7D01 will be triggered 
(switched from record to display mode) after the Manual 
Reset button has been pressed. A minimum number of 
clock pulses is required before the 7D01 will switch from 
record to display mode. The minimum number of pulses 
depends on the settings of the Full Display/First Trigger 
Selector (P617), Data Channels, and Data Position 
switches as shown in Table 3-1.

TABLE 3-1
Minimum clock pulses required 

to display data. (After the 
Manual Reset button is pressed.)

DATA

First Trigger Mode Full Display Mode1

DAT) POSITION DATA POSITION
CHANNELS POST

TRIG CENTER
PRE
TRIG

POST
TRIG CENTER

PRE
TRIG

0-3 958 510 62 1982 1534 1086
0-7 497 255 31 991 767 543

GPIB-0-15 239 127 15 495 383 271

1 In Full Display mode, the 7D01 must have 1024 clock pulses with 
0-3 data channels, 512 clock pulses with 0-7 data channels, and 
256 clock pulses with 0-15 data channels before a trigger is 
accepted.

In First Trigger mode, it is not necessary to fill the entire 
7D01 memory before a trigger is accepted. Instead, a trig­
ger can be accepted at any time after the Manual Reset 
button is pressed and the first clock pulse is accepted. 
However, the data is not displayed until the minimum 
number of clock pulses are available. This may require a 
long wait for very slow gated systems; or display may never 
occur for a burst of clock pulses that stop. The additional 
clock pulses required to switch the 7D01 from record to 
display mode can be obtained by changing the Sample 
Interval switch from the EXT position to the 5 ms posi­
tion after the data is recorded. The data recorded after the 
Sample Interval switch is changed to the 5 ms position is 
not valid, since that data was not clocked in by the external 
clock. (The data will represent the state of the lines 
sampled at a 5 ms rate.)

The position of selector P617, therefore, is a user decision, 
based on whether the GPIB is running in a continuous data 
transfer mode or in a burst mode. See Figure 3-3 for the 
location of P617.

GPIB ADAPTER
The Full Display position of P617 is recommended for 
most repetitive signal applications. The First Trigger posi­
tion of P617 is recommended for slow gated clock pulses 
and data, where there may not be enough clock pulses to 
cause the 7D01 to trigger or display data in the Full Display 
mode without a considerable waiting period. The First 
Trigger position is also recommended for a burst of clock and 
data where the clock and data occur at a reasonable rate, 
but where the quantity of clocks in the burst is less than 
the number necessary to change the 7D01 from record 
mode to display mode. See Table 3-1.

In Full Display mode, after the Manual Reset button has 
been pressed, the entire memory must be filled with new 
data before the 7D01 will accept a trigger. (This is indicated 
by illumination of the TRIG'D indicator light.) After the 
trigger is accepted, another block of data must be acquired 
(filling the memory a second time) before the 7D01 will 
switch from record mode to display mode. The size of this 
block of data depends on the Data Channels and Data 
Position switch settings on the 7D01. Refer to Table 3-1.

The GPIB Adapter is furnished as a standard accessory. It 
provides a quick means of connecting a standard GPIB con­
nector to two P6451 Data Acquisition Probes. The two 
P6451 probes provide 16 channels of data input signals 
to the 7D01, plus the DAV clock input from the channels 
0-7 probe and one qualifier input from the channel 8-15 
probe.

The GPIB Adapter consists of a GPIB connector and inter­
connecting wires, terminating in two "combs." Each comb 
is inserted into the probe head of a P6451 probe. (Remove 
any probe leads from the probe head prior to inserting the 
comb.) Figure 3-4 depicts the GPIB adapter and provides a 
cross reference between the GPIB lines and the channels 
in the Logic Analyzer System.
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Figure 3-3. Location of 7D01 Full Display/First Trigger Selector.
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Figure 3-4. GPIB adapter.
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Four holes with recessed single-pin connectors are provided 
in the "clam-shell" housing surrounding the GPIB con­
nector. The recessed single-pin connectors are connected to 
the three handshake lines (DAV, NRFD, and NDAC) and 
control line (IFC) within the GPIB connector. Four user- 
definable leads (UD0 thru UD3) are connected to channels 
0 thru 3 in the Chan 0-7 comb. The other end of these 
leads terminates in single-pin connectors. These user- 
definable leads may be connected to the recessed single­
pin connectors in the GPIB connector in any desired 
order; however, it is recommended when observing the 
handshake cycle to connect DAV to UD0, NRFD to UD1 
and NDAC to UD2. If other connections are desired for the 
user-definable lines, probe clips are provided that connect 
to the single-pin connectors of UD0 thru UD3. The probe 
clips have a retractable hook that can be attached to a 
terminal, wire, or test point in the user circuitry.

INSTALLATION OF THE GPIB ADAPTER
Install the GPIB Adapter as follows:

1. Insert the two combs of the GPIB Adapter into the 
two P6451 probe heads. The combs are marked for channels 
0-7 and channels 8-15. Follow the labeling to make sure each 
is inserted into the correct probe head.

2. Insert the two connectors of the P6451 probes into 
the input connectors on the 7D01. (Top connector -- 
channels 0-7; bottom connector — channels 8-15.)

3. Connect the four user-definable lines as desired.

4. Connect the GPIB Adapter to the user's GPIB 
connector.

7D01 FRONT PANEL

Set the 7D01 Logic Analyzer controls as follows:

Sample Interval Ext
Record Display Time °° (Full clockwise 

detent)
Data Channels 0-15
Data Position Post Trig
Byte Switch 4 Bit
Trigger Source W. R.
Ext Clock Polarity
W. R.Mode Sync
Word Recognizer CH 0-15 setW.R 

switches to trigger 
on particular bus 
transactions as de­
scribed later in this 
section under the 
heading, GPIB 
TRIGGERING

External Qualifier X (Don't care)
Probe Qualifier X (Don't care)
Threshold Voltage TTL (+1.4 V)

GPIB ACQUISITION AND DISPLAY

GENERAL MENU DISPLAY
In GPIB mode of operation, the digital information on the 
interfacing bus lines is acquired synchronously using the 
negative-going edge of the GPIB DAV (Data Valid) line as a 
clock. Up to 254 instructions are stored in the 7D01 memory, 
then disassembled and displayed on the crt in IEEE Standard 
488 mnemonic message format. The screen format allows 
17 GPIB events to be displayed at one time as shown in 
Figure 3-5. As the data is "scrolled" manually, (by the 7D01 
cursor control) all 254 events may be viewed.

The GPIB Adapter (furnished as a standard accessory) pro­
vides an interconnection between the GPIB and the 7D01, 
via the P6451 probes. This allows monitoring of up to 
sixteen interface bus lines at any one time.

When the MENU push button is depressed, the DF displays 
a Menu List on the crt. See Figure 3-5. Various operational 
modes are displayed in a numerical listing. The numbered 
Display push button, corresponding to the number in the Menu 
List, is selected to obtain the desired operational mode. If 
another operational mode is desired, the MENU push button 
must be depressed before each operational mode selection.

GPIB DISPLAY

GPIB mode of operation is assigned to position No. 1 in the 
Menu List (see Figure 3-5). This function enables the data, 
recorded in the 7D01 memory from the GPIB Adapter, to 
be displayed in a tabular format.

3-8



Operating Instructions for GPIB—DF2

Figure 3-5. GPIB operational mode display.
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GPIB CRT DISPLAY
The tabular format consists of:

1. Trigger-to-cursor readout.

a. Located at the top (first line) of the crt.

b. Indicates the position of the cursor, relative to the 
trigger. Readout is in a + or — decimal number of ex­
ternal clocks.

c. The word "GPIB" is also displayed on the top 
line, indicating that the crt is displaying GPIB 
data information.

2. Trigger word readout.

a. Located at the bottom (19th line) of the crt.

b. Trigger word is displayed in its hex, octal, or binary 
equivalent numbers, depending on which state table 
push button (HEX, OCTAL, or BINARY) was de­
pressed prior to selecting the MENU push button. See 
Figure 3-6.

3. Seventeen lines of data in IEEE Standard 488 mnemonic 
message format.

a. Located between the top and bottom lines (trigger- 
to-cursor and trigger word readouts).

b. The information contained in the 17 lines is a 
17-event data segment of the 254 events (instructions) 
stored at any one time in the 7D01 memory. As the 
data is "scrolled" manually, (by the 7D01 cursor con­
trol) all 254 events may be viewed.

c. Each line (bus transaction) on the crt contains data 
information from the interface bus. Up to 16 bus 
lines may be connected through the GPIB Adapter via 
the P6451 probes to the 16 channels in the 7D01. 
Figure 3-7 depicts the relationship of the 16 channels 
in the 7D01 to each line readout on the crt display 
and describes the mnemonic representation of the 
GPIB signal lines.

d. The functions of the 16 bus lines are defined as 
follows:

— Four control lines: ATN, EOI, SRQ, and REN. 
(CH 4-7)

— Eight data bus lines. (CH 8-15)

— Four user-definable lines, used to provide 
additional circuit information. (CH 0-3)

Control Lines (Channels 4-7)
The four control lines are displayed on the crt in GPIB 
mnemonic form as ATN, EOI, SRQ, and REN. The 
mnemonic for each control line is displayed on the crt 
when the line is asserted true (the GPIB lines are active 
low).

Data Bus Lines (Channels 8-15)
The information contained on the eight data lines of the 
interface bus represent control or address messages when­
ever the ATN line is set true (active low). The mnemonic 
message format for these ATN messages displayed on the 
crt is in accordance with the multiline interface message 
format specified in IEEE Standard 488-1975. Figure 3-8 
is a conversion table showing the relationship of the 
mnemonic messages to their equivalent hex or binary value.

Figure 3-6. Changing trigger word readout in GPIB operation.
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Figure 3-7. Typical DF GPIB display showing disassembled instructions in I EE E Standard 488-1975 message mnemonics.
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MULTILINE INTERFACE MESSAGES SENT AND 
RECEIVED ON THE DATA BUS WITH ATN (ATTENTION) TRUE

LEAST SIGNIFICANT 
BITS (DIO 1 thru 4)

MOST SIGNIFICANT 
BITS (DIO 5 thru 7)

5

I BINARY I

|HEX $0 $1 $2 $3 $4 $5 $6 $7
b4 b3 b2 bi

0 0 0 0 0 — — 00 16 00 16 00 16

0 0 0 1 1 GTL LLO 01 17 01 17 01 17

0 0 1 0 2 — — 02 18 02 18 02 18

0 0 1 1 3 — — 03 19 03 19 03 19

0 1 0 0 4 SDC DCL 04 20 04 20 04 20

0 1 0 1 5 PPC PPU 05 21 05 21 05 21

0 1 1 0 6 — — 06 22 06 22 06 22

0 1 1 1 7 — — 07 23 07 23 07 23

1 0 0 0 8 GET SPE 08 24 08 24 08 24

1 0 0 1 9 TCT SPD 09 25 09 25 09 25

1 0 1 0 A — — 10 26 10 26 10 26

1 0 1 1 B — — 11 27 11 27 11 27

1 1 0 0 C — — 12 28 12 28 12 28

1 1 0 1 D — — 13 29 13 29 13 29

1 1 1 0 E — — 14 30 14 30 14 30
1 1 1 1 F — — 15 UNL 15 UNT 15 31

(ACG) ADDRESSED 
COMMAND GROUP

(LAG)
LISTEN 

ADDRESS
GROUP

(TAG)
TALK 

ADDRESS 
GROUP(UCG) UNIVERSALV

COMMAND GROUP
J

SECONDARY 
COMMAND 

GROUP 
(SCG)

PRIMARY COMMAND GROUP (PCG)
2478-32

Figure 3-8. Hex and binary to mnemonic message conversion table.
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These ATN messages are categorized as follows, with their hexadecimal or decimal value(s).

Addressed Command 
Group

GTL 
SDC 
PPC 
GET 
TCT

$01
$04
$05
$08
$09

-Data in hex ($) values. (See Notes 1 and 3)

Universal Command
Group

$11
$14
$15
$18
$19

Data in hex ($) values. (See Notes 1 and 3)

Listen Address Group
LAG

UNL

00 thru 30

$3F

- Address displayed in decimal, (see Note 2.)

Value of UNL in hex ($). (See Note 1.)

00 thru 30 Address displayed in decimal. (See Note 2.)
Talk Address Group

$5F Value of UNT in hex ($). (See Note 1.)

Secondary Command 
Group

SCG 00 thru 31 —Address displayed in decimal, (see Note 2.)

NOTES:

1. All hex values displayed are identified by the dollar sign ($) preceding the numeric or alphanumeric hex value.

2. The numeric value of an address message is in decimal (base 10), and is not preceded by the dollar sign. Figure 
3-8 may be used to convert this number to either a hex or binary number, (e.g., TAG 28 is equivalent to a hex 
value of $5C or a binary value of 101 1100.)

3. An ATN message that is "not defined," will be displayed with an intensified hex value. Refer to Figure 3-8 to 
verify that a displayed message is "not defined", (e.g, ATN $0D — The "$0D" is intensified since it is a "not 
defined" message.)

Device-Dependent Messages

The controller may address itself as a talker or a listener. 
After the controller has addressed all listeners and one 
talker via 7-bit coded interface messages (when ATN is 
true), any commonly understood binary, BCD, or alpha­
numeric code may be used to transfer data between periph­
eral devices, once the ATN line becomes unasserted (passive 
high). The standard ASCI I code is the most commonly used 
code. Figure 3-9 is a conversion table to convert ASCII 
characters to hex or binary values.

User-Definable Lines (Channels 0-3)

The four user-definable lines may be connected to the three 
handshake lines (DAV, NRFD, and NDAC) and control line 
(IFC) at the GPIB Adapter connector. Or, if desired, they 
may be connected to other points within the user's circuitry. 
The binary value of each line is displayed on the right of the 
crt. See Figure 3-7.
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LEAST SIGNIFICANT 
-------- B|TS --------- MOST SIGNIFICANT BITS

2478-33

 BINARY 

 HEX $0 $1 $2 $3 $4 $5 $6 $7
b4 b3 b2 bi

0 0 0 0 0 NUL DLE SP 0 @ p <’> <P>

0 0 0 1 1 SOH DC1 ! 1 A Q <A> <Q>

0 0 1 0 2 STX DC2 2 B R <B> <R>

0 0 1 1 3 ETX DC3 # 3 C S <C> <S>

0 1 0 0 4 EOT DC4 $ 4 D T <D> <T>

0 1 0 1 5 ENQ NAK % 5 E U <E> <U>

0 1 1 0 6 ACK SYN & 6 F V <F> <V>

0 1 1 1 7 BEL ETB 7 G w <G> <W>

1 0 0 0 8 BS CAN ( 8 H X <H> <X>

1 0 0 1 9 HT EM ) 9 I Y <l> <Y>

1 0 1 0 A LF SUB ★ J z <J> <Z>

1 0 1 1 B VT ESC + ; K [ <K> <[>

1 1 0 0 C FF FS < L \ <L> <\>

1 1 0 1 D CR GS - = M ] <M> <]>

1 1 1 0 E SO RS > N A <N> <A>

1 1 1 1 F SI US / ? O — <O> DEL

Figure 3-9. Hex and binary to ASCII conversion table.
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SECONDARY FUNCTIONS OF DISPLAY PUSH 
BUTTONS
During GPIB display, DISPLAY push buttons 3 through 6 
(LOGIC POS, LOGIC NEG, COLUMN BLANK», and 
COLUMN BLANK ») perform their normal functions, 
affecting the four user-definable line columns only. The 
remaining DISPLAY push buttons (7, 8, 9, and 10) have no 
effect on the GPIB display.

When entering GPIB mode from a power-on state, the 
LOGIC POS button is backlit. This indicates that the user- 
definable lines (represented by columns of ones and zeros 

on the right portion of the crt) are displayed in positive 
logic (0 = logic low and 1 = logic high). To represent the 
user-definable lines in negative logic (0 = logic high and 1 = 
logic low), push the LOGIC NEG button. When this state 
is selected the LOGIC NEG button is backlit. Depressing 
the COLUMN BLANK-» push button blanks the user- 
definable columns (channels 3, 2, 1, and 0), in that order. 
Depressing the COLUMN BLANK» push button restores the 
columns (channels 0, 1,2, and 3), in that order. Momentarily 
depressing the buttons will blank or restore one column 
at a time. Holding either button down will cause the function 
to automatically blank or unblank all columns. The user 
may wish to column blank all the user-definable lines to 
exclude them from photographic documentation. When­
ever any columns are blanked, both push buttons are backlit.

GPIB TRIGGERING

GENERAL DESCRIPTION AND FEATURES

The versatile word recognizer feature of the 7D01 allows 
considerable flexibility in triggering on any particular 
transaction over the GPIB. For most triggering needs, the 
word recognizer mode should be synchronous. (The word 
recognizer will trigger the 7D01 on the falling edge of the 
Data Valid (DAV) clock signal, when all word recognizer 
conditions are met; i.e., when there is a match between the 
W.R. switches and the input lines.) When the 7D01 is 
triggered, the green LED (TRIG'D) on the front panel of 
the 7D01 lights, to indicate the triggered condition.

NOTE

Two trigger modes exist in the 7D01:

1. First Trigger mode — The 7D01 is triggered when 
the first W.R. condition goes true, after at least one 
dock puise has occurred to arm the W. R.

2. Full Display mode — After 256 docks have cleared 
the memory, followed by the W.R. condition going 
true, the 7D01 is triggered.

Asynchronous triggering of the 7D01 is useful for storing 
data from an event that is not synchronous with the DAV 
clock. An example of this is triggering on Interface Clear 
(IFC), which can be asynchronous to the DAV clock.

While the word recognizer is used most often to trigger the 
7D01 on the occurrence of a specified event, it can also be 
used to look for illegal states of the GPIB. If the logic ana­
lyzer is triggered with the W. R. switches in a position 
representing an illegal GPIB state, the data captured before 
and after the trigger can be useful in uncovering the cause 
of the error. This is especially useful in the design phase of 
a GPIB interface. For example, if the GPIB system con­

figuration does not implement or use parallel poll, then the 
W. R. can be set to trigger the 7D01 on the simultaneous 
occurrence of ATN and EOI. Triggering on this event would 
indicate an error; the cause of the error could then be in­
vestigated by viewing the data captured.

The GPIB Adapter, an accessory of the DF, provides 
twelve dedicated lines from the GPIB to the Word Rec­
ognizer inputs in the 7D01. These dedicated lines and as­
sociated inputs are listed as follows:

NOTE

GPIB Lines W.R. Channels (7D01)

REN (Remote Enable) 4
SRQ (Service Request) 5
EOI (End or Identify) 6
ATN (Attention) 7
DI01 8
DI02 9
DI03 10
DI04 11
DI05 12
DI06 13
DI07 14
DI08 15

tn the synchronous W. R. mode, the dock is the 
negative-going edge of the DA V signal. This dock 
synchronously docks data into the memory and 
compares this data to the settings of the W. R. 
switches. If the data and settings are the same, a 
pulse the length of the dock pulse is transferred 
to the W. R. output. The DA V line going true 
(active low) is a signal from a talking unit to each 
listener that a new byte is valid on the data lines.
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Four user-definable (UD) lines (UD0 through UD3), con­
nected to W. R. channels 0 through 3, can be used for addi­
tional trigger qualification. The probe qualifier input from 
the channel 8-15 probe and external qualifier may be used 
similarly. The lines can be attached, for example, to a user's 
internal GPIB circuitry to provide further ability to trigger 
the 7D01 on a specific GPIB transaction.

For triggering on a GPIB event, the most important point 
to remember is that the bus is defined in negative logic. 
This means that a true (active) signal is a LOW signal to 
the word recognizer. For example, when ATN is asserted 
it means a LOW voltage appears at the input to channel 7 
in the word recognizer. This also applies to the other 
control lines, channels 4, 5, and 6.

The GPIB data lines are also expressed in negative logic. 
These lines contain information regarding a specific GPIB 
interface message or device-dependent message. The binary 
value of a specific message is set into the W. R. switches 
(CH 8-15). For example, the ASCII character "A" has a 
hex value of $41, and a binary value of X100 0001. Thus, 
to recognize the data byte "A", set the W. R. switches as 
shown below:

TRIGGER ON ANY ATN MESSAGE
To trigger the 7D01 on the first ATN message after the
Reset button is pushed, set the W. R. switches as follows:

ATN - CH 7 LO
All other W.R. switches X (don't care)

TRIGGER ON ANY ATN MESSAGE GROUP
The 7D01 may be triggered on the first ATN message within 
a specified group. There are five group categories of ATN 
messages.

ACG (Addressed Command Group) 
UCG (Universal Command Group) 
LAG (Listen Address Group)
TAG (Talk Address Group)
SCG (Secondary Command Group)

X000 XXXX 
X001 XXXX 
X01X XXXX 
X10X XXXX
X11X XXXX

ATN (ATTENT|0N MESSAGE
TRIGGERING)

To effectively analyze the conditions on the GPIB it is 
important to be able to trigger the 7D01 on any one of 
the following ATN messages.

When the 7D01 is triggered on an ATN message group, the 
W. R. switches for channels 8-15 (corresponding to the data 
lines, DI01 thru DI08) must be set to recognize the desired 
group. The higher-order bits define the groups and the lower- 
order bits define a specific address or message within the 
group. To trigger the 7D01 on an ATN message group set 
the W. R. switches as follows:

1. Trigger on any ATN message.

2. Trigger on any ATN message group.

3. Trigger on a specific ATN message.
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ACG (Addressed Command Group)

X000 XXXX - Binary value

ATN - CH 7 LO

CH15-8 - X HI HI HI XXXX

LAG (Listen Address Group)

$20 — $3F - Hex value range

X 0 1 X XXXX - Binary value

ATN - CH 7 LO

CH15-8 X HI LO X XXXX

UCG (Universal Command Group)

X001 XXXX - Binary value

ATN - CH 7 LO

CH15-8 X HI HI LO XXXX

TAG (Talk Address Group)

$40 — $5F — Hex value range

X 1 0 X X X X X - Binary value

ATN - CH 7 - LO

CH15-8 - X LO HI X XXXX
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SCG (Secondary Command Group)

$60 — $7F —Hex value range

X 1 1 X X X X X Binary value

ATN - CH 7 — LO

CH15-8 - X LO LO X XXXX

SPE (Serial Poll Enable)

$18 — Hex value

X 0 0 1 1 0 0 0 -Binary value

ATN - CH7 -LO

CH15-8 - X HI HI LO LO HI HI HI

TRIGGER ON A SPECIFIC ATN MESSAGE
The 7D01 may be triggered on any specified ATN message 
within any of the five groups. See Figure 3-8 for a complete 
listing of all ATN messages with their hex and binary values.

The lower order bits of the data lines define the specific 
address or message within any of the five groups previously 
listed. To trigger the 7D01 on a specific ATN message set 
the W. R. switches as defined in the following examples.

UNL (Unlisten)

$3F — Hex value

X 0 1 1 1 1 1 1 — Binary value

ATN - CH7 —LO

CH15-8 - X HI LO LO LO LO LO LO
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UIMT (Untalk)

$5F — Hex value

X 1 0 1 1111 Binary value

ATN - CH7 LO

CH15-8 — X LO HI LO LO LO LO LO

TAG 14

$4E — Hex value

X 1 0 0 1 110 - Binary value

ATN-CH7 LO
CH15-8 - X LO HI HI LO LOLO HI

LAG 25

$39 - Hex value

X 0 1 1 10 0 1 —Binary value

ATN - CH7 -LO

EXTERNAL 
DLJALIFER

W.R. 
MODE

WORD RECOGNIZER

SYNC

ASYNC

decimal LAG 25

SCG 22

$76 Hex value

X 1 1 1 0 110 —Binary value

ATN CH7 ~LO

CH15-8 - X LO LO LO HI LO LO HI

PROBE
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NON-ATN MESSAGE TRIGGERING

TRIGGERING ON ANY NON-ATN MESSAGE
Non-ATN messages are device-dependent messages trans­
ferred over the GPIB when the ATN line is false (passive 
high). To trigger the 7D01 on any non-ATN message, set 
the CH 7 W. R. switch HI and all the other W. R. switches 
to X (don't care). The 7D01 will be triggered on the first 
non-ATN message after the Reset button is pushed.

Some controllers such as the TEKTRON IX 4051, have the 
capability to drive data line DI08. In instances when trans­
mitting non-ASCII data, the user may want to trigger on a 
data byte containing all eight-bits. The W. R. switch for 
Channel 1 5 may then be set for either a LO or HI, along 
with the other seven data switches.

TRIGGERING ON A SPECIFIC NON-ATN 
MESSAGE
To trigger on a specific non-ATN message the W. R. switches 
(CH 15-8), corresponding to the data lines, must be set to 
the negative logic value of the data byte for that specific 
message. Figure 3-9 depicts device-dependent messages 
for the ASCII code. To trigger on "carriage return" (CR), 
set the W. R. switches as shown in the following example:

CR (Carriage Return)

$0D — Hex value

X 0 0 0 1 1 0 1 — Binary value

ATN-CH7 -HI

CH15-8 - X HI HI HI LO LO HI LO

CONTROL LINE TRIGGERING

The 7D01 may also be triggered on any of the other control 
lines (EOI, SRQ, and REN) or the user definable lines 
(UD0 thru UD3). To trigger on any of these lines set the 
corresponding W. R. switch to LO, and the W. R. switches 
for all other channels to X (don't care). The user-definable 
lines may be connected to any of the single-pin connectors 
(DAV, NRFD, NDAC, and IFC) provided in the GPIB 
Adapter for additional GPIB triggering capability. Refer 
to Figure 3-4.

3-20



Operating Instructions for GPIB -DF2

GPIB TIMING

The ability to display and evaluate transactions over the GPIB in asynchronous timing mode can uncover problems 
that would not be found with synchronous data acquisition. Ansynchronous timing can show errors in the imple­
mentation of the state diagrams that define the GPIB in IEEE Standard 488-1975. It can also be used to observe and 
determine the GPIB speed of operations.

CORRECT HANDSHAKE

When observing GPIB operations, look first at the hand­
shake cycle, especially if the GPIB is not working properly. 
The following procedure lists the steps required to observe 
the GPIB handshake cycle.

1. Connect the user-definable lines in the GPIB Adapter as 
follows: (Refer to Figure 3-4.)

a. Connect UD0 (black lead) to DAV (Data Valid).

b. Connect UD1 (brown lead) to NRFD (Not Ready 
For Data).

c. Connect UD2 (red lead) to NDAC (Not Data Accepted).

7. Adjust the sample interval switch and push the Reset 
button to reacquire data, until the timing diagram on the 
crt resembles the handshake timing diagram shown in 
Figure 3-10.

All six states, A thru F, must be in the exact order depicted 
in Figure 3-10 for the handshake cycle to be working cor­
rectly. (Refer to GPIB Overview previously described in this 
section.) If no handshake is occurring on the crt display, the 
level of the three lines will indicate what state the hand­
shake is in. For additional information refer to the AH 
(Acceptor Handshake) State Diagram in Figure 3-11 and 
IEEE Standard 488-1975.

ASYNCHRONOUS TRIGGERING

2. Connect the GPIB Adapter to a GPIB connector of the 
system being tested.

3. Use the following 7D01 Front Panel Control Settings:

Data Channels 
Threshold Voltage 
Sample Interval

W. R. Mode

0 -3
TTL (+1.4 V)
Set between 5 ms and 10 
10 ns. Setting depends on 
how fast the GPIB hand­
shake is operating and 
what the user wants to 
observe.
ASYNC

The ability to observe a specific event across the GPIB is 
important in finding errors or studying the speed and 
execution of the GPIB. The 7D01 triggering versatility 
makes possible the observation of these events. To trigger 
the 7D01 on any DAV signal going low, set the W. R.
switches as follows:

CH 0 = UD0 = DAV LO

CH 1 = UD1 = NRFD X

CH2 = UD2=NDAC X

CH3=UD3 X

External Qualifier X

All other W. R. switches X

4. Push the Manual Reset button to start the 7D01 acquiring 
new data.

5. Push the Manual Trigger button to switch the 7D01 from 
acquisition mode to display mode.

6. Push the TIMING DIAGRAM button on the DF and ad­
just the 7D01 Horizontal and Vertical controls for a full 
scale display of channels 0 through 3 on the crt.
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The user can observe the three GPIB handshake lines on the 
crt, after the 7D01 has been triggered by some event in­
ternal to the circuitry of the device under test or evaluation. 
For example, the UD3 line can be attached to the user 
circuitry, trigger the 7D01, and be displayed on the crt as 
a fourth channel along with the GPIB handshake lines.

When observing the handshake cycle in the four channel 
mode, only channels 0 through 3 are sampled and displayed 
on the crt. However, all 16 channels, plus the probe and 
external qualifier signals, can be used to qualify the trig­
gering of the 7D01. The External Trig/Qualifier Input 
(BNC) connector on the 7D01 front panel is also available 
for user qualification. Set the corresponding polarities to 
whichever edge is to trigger the W. R. (Switch is set HI for 
the positive-going edge, or LO for the negative-going edge).

The W. R. Mode switch should be in the ASYNC (asyn- 
shronous mode) position when sampling with the 7D01 
internal clock.

NOTE

In the asynchronous mode the Filter knob, on 
the front panel of the 7D01, controls the time 
that the word recognizer output must be true 
before the 7D01 is triggered. If the Filter is set 
for 300 ns (fully clockwise), the input word to the 
HZ. R. switches has to be true for at least 300 ns, 
or the 7D01 will not be triggered. This feature 
prevents the 7D01 from being triggered falsely 
on a glitch lasting less than the time setting of 
the Filter knob.

If it is necessary to observe the control and data lines of 
the GPIB along with the handshake lines, the 7D01 Data 
Channels switch should be set to 16 channel mode (0-15 
position). It may be useful to look at the handshake lines 
in relationship to ATN (Attention — Channel 7). The 
handshake lines may be observed after, or before and 
after, the occurrence of ATN.

To observe the handshake lines after the first occurrence 
of ATN, set the 7D01 switches as follows:

Data Position Post Trigger
CH 7 = ATN LO
All other W. R. switches X (don't care)

3-22



Operating Instructions for GPIB—DF2

To observe the handshake lines both before and after ATN 
is unasserted (line goes HI), set the 7D01 switches as follows:

Data Position Center Trigger
CH 7 = ATN HI
All other W. R. switches X

To look at the handshake or timing on the last data byte 
handshaked in a device-dependent message (assuming the 
talker asserts EOI on the last byte), set the W. R. switches 
as follows:

CH 6= EOI LO
CH 7 = ATN HI
All other W. R. switches X

To observe how a parallel poll is handled over the GPIB and 
how long it takes, set the W. R. switches as follows:

CH 6= EOI LO
CH 7 = ATN LO
All other W. R. switches X

Further details on GPIB triggering is provided in detail 
earlier in this section under GPIB TRIGGERING.

2. Record the decimal number of the trigger-to-cursor 
readout. This value will be referred to as T .

3. Move the intensified cursor to the right (using both 
course and fine cursor controls) until it is immediately past 
the second negative edge.

4. Record this value as T

5. Subtract Ti from T2 (T2 — Ti ). This value is the 
number of samples taken between the two negative-going 
edges. (Subtract the numbers algebraically, observing the 
proper sign.)

6. Multiply this number of samples by the value of the 
sample interval, taken from the Sample Interval switch. 
This value equals the time between the two negative-going 
edges.

The same procedure should be followed for calculating 
the differential time measurement between an event on one 
channel and an event on a different channel.

TIME MEASUREMENTS

The measurement of time between GPIB events is required 
for evaluation of system speed and individual device speed. 
It is useful in the design stages for studying and improving 
the bus performance. It is also useful in determining what 
portion of the bus design should be implemented in hard­
ware and what should be handled by a microprocessor.

The following text describes how to obtain differential 
time measurements using the 7D01 cursor-to-trigger 
readout and cursor controls. Push the TIMING DIAGRAM 
push button on the DF and obtain a timing display of the 
crt. The Data Channels switch on the 7D01 may be in 
either 4, 8, or 16 channel position, depending on what 
timing measurements the user desires. Using fewer lines 
on the crt allows more data storage and hence more ac­
curacy, if the time of the sample interval is decreased. 
Adjust the display positioning controls as desired. To 
measure the differential time between two negative­
going edges for the same channel, follow this sequence:

1. Position the intensified cursor immediately past the 
first negative edge. (Cursor course and fine controls may be 
used; however, the final setting of the above position 
should be set with the fine control.)

NOTE

The Sample Interval switch position may need adjusting, 
and acquisition of new data may be necessary, depending 
on the kind of information desired and the operating 
speed of the bus. If there is too much extraneous infor­
mation on the crt, the internai dock speed should be 
increased. This also provides more resolution for dif­
ferential time measurements. It may be necessary to 
change the Data Position switch from Post Trigger to 
Center Trigger, or from Center Trigger to Pre-Trigger 
in order to get the desired information on the crt as it 
relates to events before or after the trigger. For very 
slow sample speeds (e.g., 1 ms or 5 ms), the 7D01 may 
need a digital latch in order to catch and store faster 
transitions than the sample rate would acquire. The 
TEKTRONIX DL2 (7000-Series plug-in)and DL 502 
(TM 500-Series plug-in) digital latches cover this require­
ment. For example, if the Sample Interval switch were 
set to 5 ms, but DA V went from low and back to high 
in 100 µs, the 7D01 would often miss this occurrence.
The digital latch in series with the data would latch 
this 100 µs pulse for the duration of the sample 
interval, and the transaction would show on the crt.

It may be desirable to measure the bus response of just one 
device with a controller. This can be accomplished by con­
necting the two together and measuring their responses. 
To evaluate a system for overall speed, connect all the de­
vices together; the handshake cycle goes only as fast as 
the slowest device participating in the handshake.
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The following footnotes are referenced in the above GPIB handshake timing diagram. The state diagrams on the opposite page are pro­
vided as an aid in interpreting the above timing diagram and associated footnotes. For additional information refer to the IEEE Standard 
488-1975.

NOTES:
1. NRFD can go high any time within this period. If it does, the AH (Acceptor Handshake) goes to the ACRS (Acceptor Ready State) 
before going to the AIDS (Acceptor Idle State).

2. The SH (Source Handshake) may actually be in the SGNS (Source Generate State), SWNS (Source Wait for New Cycle State), or 
SDYS (Source Delay State) when ATN goes high. This is specified in the Controller State Diagram which shows that the controller can­
not go into CSBS (Controller Standby State) when the SH is in the STRS (Source Transfer State).

2478-35

Figure 3-11A. GPIB handshake and ATN with associated state diagrams.

3-24



Operating Instructions for GPIB—DF2

AH State Diagram

NOTES: (Continued)
3. The time between NRFD going false and DAV going true is dependent on how fast the talker can put out a new data byte (nba) 
and react to NRFD going false. The requirements for the source handshake going from SDYS (Source Delay State) to STRS (Source 
Transfer State) are RFD true and at least Tx has elapsed. Tj is the minimum settling time for multiline messages placed on the data 
bus by the talker. If the talker puts the nba (new byte available) on the data bus at least Tj before RFD goes true, then the talker can 
assert DAV true immediately after RFD goes true.

4. In the SWNS (Source Wait for New Cycle State) the DAV message may be sent either true or false.

5. If NDAC is low after ATN goes high, it means that a device on the bus is a listener. Two possibilities exist for NRFD:
"A" occurs in which NRFD goes true within t2 after ATN is released, if the listener is not ready for the next message (rdy). This 
moves the AH from ACRS to ANRS.
"B" occurs in which NRFD stays high if the listener is ready for the next message (rdy).

6. If the UNL (unlisten) command was sent when ATN was true, then releasing ATN sends the AH into the idle state (AIDS). NDAC 
will go high within t2 after ATN goes high. The NRFD and NDAC lines will be in the "B" state and "D" state, respectively.

2478-36

Figure 3-11B. GPIB handshake and ATN with associated state diagrams.
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The following time measurement examples illustrate 
GPIB evaluation.

1. Measuring Timing Events of The GPIB 
Handshake
Figure 3-11 is a GPIB handshake timing diagram with the 
ATN and data lines added. Refer to this figure during the 
following examples.

a. t2 = response to ATN. If NRFD and NDAC are not 
low when ATN goes low (true), they must go low within 
200 ns. Set W. R. switches to trigger on ATN (CH 7) - LO 
and measure the time it takes NRFD and NDAC to go low.

b. t2 is also a constraint when ATN goes high (false). 
If NRFD is false when ATN goes false, the listeners must 
be ready to handshake the next data byte or they must 
pull NRFD low (true) within 200 ns. Set W. R. switches 
to trigger on ATN (CH 7) — HI and measure the time it 
takes NRFD to be pulled low.

c. Handshake speed. The time between handshake bytes; 
the time between two consecutive DAV negative-going edges 
specifies how fast the bus is running. This time will vary, de­
pending on the devices connected to the bus and the type 
of message going across the bus. To calculate this time, set 
the W. R. switches to trigger on ATN (CH 7) — LO. Meas­
uring the DAV-to-DAV time while ATN is low indicates 
how fast the ATN messages are being handled. A parti­
cular ATN message can be used to trigger the 7D01 by 
setting data channels 8 thru 15 to the value of that inter­
face message. (See GPIB Triggering explanation earlier in 
this section.)
For device dependent message speed analysis, set the W. R. 
switches to trigger on ATN (CH 7) —HI. While ATN is false 
(high), the handshake lines indicate the speed of the messages 
between the talker and the listener(s), depending on how 
the system is configured.

d. Talker timing for a new byte available (nba). The 
measurement of a talker's speed of placing new bytes of 
data on the bus can be made in the timing mode of the 
7D01. The handshake speed can be measured as the time 
between DAV pulses, but this measurement of how fast a 
talker puts a new data byte on the bus is slightly more in­
volved. This measurement is the time between DAC going 
true and when the newdevice-dependent message is put on 
the data bus (nba).

This measurement requires a sequence of data across the 
bus in which one byte is different from the next. For 
example, suppose a device outputs "5.0" on the GPIB 
when it is talked. The speed of putting a new byte on the 
bus is measured as follows:

1 ) Set the 7DÜ1 to 16 channel data acquisition mode.

2) Set the W. R. switches to trigger on the ASCII char­
acter (period).

(Period)

$2E — Hex value

X 0 1 0 1110 —Binary value

CH 15-8 X HILO HI LO LO LO HI

NDAC - CH 2 -HI

ATN-CH 7 -HI
All others — X (don't care)

3) Push LIMING DIAGRAM push button on DF.

4) Obtain a handshake cycle display as shown in Figure 
3-10. The trigger should have occurred on NDAC going high 
indicating that the listener(s) accepted the decimal point 
(the ASCII period) on the GPIB.

5) Push the MENU push button, then the DISPLAY 
No. 1 push button to select GPIB operation mode.

6) Starting with a trigger-to-cursor readout of "+0", 
increment the cursor switch until the first occurrence of 
the new data byte, ASCII character "0" ($30), is moved 
to the top line of the crt display. This first occurrence of 
the nba is the time that the talker took to put the new byte 
on the data bus.

7) The decimal value of the trigger-to-cursor readout is 
the number of internal samples taken between the time 
NDAC went high and the time when the nba was put on 
the bus. Multiply this decimal number by the Sample 
Interval switch setting on the 7D01 to obtain the absolute 
time.

2. IFC (Interface Clear) Occurrence
The IFC (Interface Clear) may be displayed by connecting 
UD3 to the IFC connection in the GPIB Adapter. Set the 
W. R. switch CH 3 to LO and all other W. R. switches to 
X (don't care). The controller in the system must be pro­
grammed to assert IFC (for a TEXTRONIX 4051, use 
the IN IT statement). The timing readout can reveal the 
duration of the IFC pulse and its relationship to the other 
handshake lines: is it truly asynchronous to the other 
GPIB lines, or does the controller only assert IFC when in 
a particular state of the GPIB? The GPIB lines can also be 
studied after IFC is asserted to insure that the interface 
was, indeed, cleared according to the IEEE Standard 
488-1975, and that it occurred in less than the 100 µs 
allowed by the standard.

3. SRQ (Service Request) Occurrence
Any device on the bus except the controller, can assert SRQ 
in order to request service. Service is requested to relay an 
error message, to indicate a valid reading has been taken, 
or for many other reasons. It may be useful to measure the 
time between when the instrument receives some illegal 
message and when it pulls SRQ. It may also be useful to 
determine when SRQ is pulled in relation to the handshake 
cycle.
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ERROR MESSAGE DISPLAY

In GPIB mode of operation, an error message appears on the crt to identify an operator error.

REQUIRES 16 CHANNEL MODE

This error message indicates that the 7D01 Data Channels 
switch is in the 0-3 or 0-7 position, and must be placed in 
the 0-15 position for correct acquisition of all the GPIB 
lines.
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IRREGULAR OPERATING SYMPTOMS FOR GPIB

In addition to the Irregular Operating Symptoms contained in Section 2, the following table lists irregular symptoms 
associated with GPIB operation.

TABLE 3-2
Irregular Operating Symptoms for GPIB

Symptom Additional Symptoms Probable Cause and Correction

1. a. No data display.
b. TRIG'D indicator not lit.

Pressing HEX, OCTAL or BINARY push 
buttons has no effect on display.

No external clock signal. Either the hand­
shake cycle is not operating, or the GPIB 
adapter combs are connected incorrectly 
to the opposite channel probes.TRIG'D indicator lights when Manual 

Trigger is pushed but goes off when 
button is released.

2. a. Menu List is displayed after 
MENU push button is pressed, 
no change in display when 
DISPLAY No. 1 push button 
is pressed.

b. Pressing any STATE TABLE 
or DISPLAY push buttons has 
no effect on display.

c. TRIG'D indicator not lit.

Pressing TIMING DIAGRAM or MAP 
push buttons removes Menu List and 
blanks crt.

No external clock signal. Either the hand­
shake cycle is not operating, or the GPIB 
adapter combs are connected incorrectly to 
the opposite channel probes.

TRIG'D indicator lights when Manual 
Trigger is pushed but goes off when 
button is released.

3. a. Display is blank or Menu 
List only is displayed after 
MENU and DISPLAY No.
1 push buttons are pressed.

b. TRIG'D indicator is lit.

Memory is not filled. This is caused by a 
short burst of GPIB transactions, not 
enough to fill up all the memory.

a. Change Full Display/First Trigger (P617) 
selector to First Trigger.

-OR —

Set Sample Interval to 5 ms position until 
the memory fills up and the display appears. 
Then reset the Sample Interval switch back 
to EXT position.

4. Error message "REQUIRES 
16 CHANNELS" is displayed on 
the crt when the 7D01 is in 16- 
channel mode.

Occasionally happens when a trigger occurs 
after the Manual Reset is pushed but before 
memory becomes full. Push the Manual 
Reset button again.
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GPIB APPLICATIONS
The DF/7D01 is a versatile measuring and display tool capable of providing detailed analysis of a GPIB system. The following 
hypothetical problem and solution demonstrates what can be done with the DF/7D01.

PROBLEM
A GPIB system that is operational occasionally hangs up 
(the three-line handshake cycle stops) for no apparent 
reason. To determine the cause for such a hang-up, it is 
necessary to examine the GPIB transactions that occurred 
prior to the hang-up.

PROCEDURE

1. Connect the GPIB Adapter to one of the GPIB system 
cables. Connect the combs to the two P6451 probes and the 
probes to the 7D01. (These connections are described 
earlier in this Section under the heading Setup Procedure for 
GPIB Operation.)

NOTE
Make sure Ch 0-7 and CH 8-15 are connected 
properly in the adapter, probes, and 7D01.

6. Change the 7D01 from data acquisition to data display 
mode by turning the Sample Interval switch to 5 ms position 
and pushing the Manual Trigger button to fill the remaining 
memory. Approximately 250 events prior to the handshake 
cycle hang-up can be viewed and studied. Examining the 
commands and/or data that were sent across the bus can 
reveal the reason for the hang-up, and possibly the device 
causing the problem.

It is also useful to know where in the handshake cycle the 
bus became hung up. Turn the Cursor control knobs until the 
trigger word (blinking line) is located at the top line of the 
crt. The user-definable lines (which were connected to DAV, 
NFRD, and NDAC prior to data acquisition) now indicate 
the state of the handshake after the hang-up. These states are 
shown as ones and zeros in the four columns on the right 
side of the crt. By analyzing the state of the handshake after 
the hang-up, the device (whether it is the talker or a listener) 
causing the hang-up can be identified.

2. Set 7D01 Front Panel to:

Sample Interval

Data Position

Word Recognizer

External and Probe Qualifier

Ext

Pre Trig

Ch 0 thru 15 - Set all 
switches on X (don't care)

X (don't care)

NOTE

If any of these situations is suspected, the user- 
definable lines can be useful in examing the hanshake 
lines in the timing mode, and/or looking at a device's 
internal logic to discover if the signals are finding 
their way into, and out of, the interfacing logic.

3. Connect user-definable lines in the GPIB adapter to:

UD0 DAV

UD1 NRFD
UD2 NDAC

4. Set DF for GPIB display:

Press MENU then DISPLAY No. 1 push button.

5. Run the system and wait for it to hang up. The 7D01, in 
pre-trigger mode, has stored in memory all the GPIB 
transactions (clocked by the falling edge of DAV) up to 
where handshaking stopped. The W.R. trigger switches were 
set to X (don't care); therefore, the 7D01 would not have 
been triggered anytime prior to the hang-up, i.e., the 
stopping of DAV which is the external clock.

POSSIBLE CAUSES

1. The GPIB will not work correctly if the devices are set to 
different addresses than those specified in the controller 
program, or if two or more devices are set to the same 
address. This is one of the first possible causes to check. 
Compare the controller program or the DF displayed address 
commands against the actual switch settings on each device.
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2. A controller may have talk-addressed a device that:

a. has no talker capability.

b. is at a different address.

c. has nothing to say; the device was not first programmed 
to take a reading, or send a message, or was not queried 
in some manner.

NOTE

No common condition exists for the state of the 
handshake lines or the actions of the controller. 
Various devices handle each situation differently.

3. Hardware problems in a device may cause intermittent 
errors or may totally disable the bus handshake.

a. A device may be holding down on NRFD or NDAC so 
that the handshake cycle progresses no further than AN RS 
(Accept or Not Ready State) or ACDS (Accept Data 
State).

b. A talker may never sense that NRFD or NDAC goes 
true; in this case, the handshake cycle does not progress 
past the SDYS (Source Delay State) or the STRS (Source 
Transfer State).

c. A talker may internally assert DAV, but a faulty buffer 
or gate may not allow the signal to pass through to the 
GPIB.

GPIB FUNCTIONAL CHECK

1. Perform the Setup Procedure described earlier in Section 
2 under the heading Basic Functional Check.

2. Set the trigger-to-cursor readout to "0".

3. Press the STATE TABLE HEX, then the MENU push 
buttons. Check for a Menu List display on the crt. Press 
the DISPLAY No. 1 push button, and check for a tabular 
GPIB display. Note that the trigger word at the bottom 
of the crt is in hex code.

4. Hold the COLUMN BLANK ■> push button in. Note that 
the four right columns on the crt are blanked one at a 
time. Hold the COLUMN BLANK push button in. Note 
that the four columns are restored one at a time.

5. Press the STATE TABLE OCTAL pushbutton, then the 
MENU and DISPLAY No. 1 buttons in that order. Note 
that the trigger word is in octal code.

6. Press the STATE TABLE BINARY push button, then the 
MENU and DISPLAY No. 1 buttons in that order. Note 
that the trigger word is now in binary code.

7. Press the LOGIC NEG push button. Note that all zeros 
become ones and all ones become zeros in the four right 
columns and the trigger word. Press the LOGIC POS 
push button and note that the zeros and ones change back 
again.
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DETAILED OPERATING INSTRUCTIONS
FOR ASCII OPERATION

ASCII ACQUISITION AND DISPLAY

GENERAL

In ASCII mode of operation, the DF provides a 
representation of the data in all 128 possible ASCII 
characters. The appropriate ASCII character is displayed, 
along with its binary, octal, or hex value to the right of the 
character. The crt display permits 17 ASCII character lines 
(events) to be displayed at one time. See Figure 4-1.

(events) may be stored in memory. The data is displayed 
on both the left and right sides of the crt. The left side 
represents channels 0 thru 7, and the right side represents 
channels 8 thru 15. See Figure 4-2.

MENU DISPLAY

When the MENU push button is depressed, the DF displays a 
Menu List on the crt, as shown in Figure 4-1. Various 
operational modes are displayed in a numerical listing. Select 
the numbered Display push button that corresponds to the 
number in the Menu List, to obtain the desired operational 
mode. Before selecting a new operational mode, first depress 
the MENU push button.

ASCII Crt Display
The tabular format consists of:

1. Trigger-to-cursor readout.
a. Located at the top (first line) of the crt.

b. Indicates the position of the cursor, relative to the 
trigger. Readout is in a + or -- decimal number of 
external clocks.

c. The work "ASCII" is also displayed on the top line, 
indicating that the crt is displaying ASCII data 
information.

ASCII DISPLAY

ASCII mode of operation is assigned position No. 2 in the 
Menu List. (See Figure 4-1.) This function enables data, 
recorded in the 7D01 memory from theP6451 probes, to be 
displayed in a tabular format. In 8-channel mode of data 
acquisition, up to 508 words (events) may be stored in 
memory; the data is displayed on the left side of the crt, as 
shown in Figure 4-1. In 16-channel mode, up to 254 words

2. Trigger word readout.

a. Located at the bottom (19th line) of the crt.

b. Trigger word is displayed in its equivalent hex, octal, 
or binary value, depending on which STATE TABLE 
push button (HEX, OCTAL, or BINARY) was 
depressed prior to selecting the MENU push button.

c. When the trigger word is displayed in octal, the octal 
value readout consists of the entire sixteen bits. It is 
not displayed as two 8-bit octal values.
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Figure 4-1. ASCII operational mode display.
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NOTES:

1. The hex values of ASCII characters displayed on the crt are identified by the "$" sign preceding the numeric or 
alphanumeric value.

2. The octal values of ASCI I characters displayed on the crt are identified by the sign preceding the numeric value.

3. To display the binary value in four column groups, position the byte switch on the 7D01 to "4 Bit". To display the 
binary value in three column groups, position the byte switch on the 7D01 to "3 Bit".

2478-38

Figure 4-2. ASCII state table displays of hex, octal, and binary values.
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3. Seventeen lines of data displayed in standard ASCII 
mnemonic format.

a. Located between the top and bottom lines (trigger-to- 
cursor and trigger word readouts).

b. The information contained in the 17 lines appearing 
on the crt at any one time, is a data segment of the 
508 words (8-channel mode) or 154 words 
(16-channel mode) stored in the 7D01 memory. As 
the data is "scrolled" manually (by the 7D01 cursor 
control) all of the stored memory may be viewed.

c. The number to the right of the ASCII character (or 
mnemonic) is its value in either hex ("$" precedes the 
value), octal ("@" precedes the value), or binary 
depending on which STATE TABLE push button (HEX, 
OCTAL, or BINARY) was depressed prior to selecting 
the MENU push button. See Figure 4-3.

NOTE

In ASCH operation both the trigger word readout 
and the 17-iine table are always displayed in the 
same mode (hex, octal, or binary).

d. Figure 4-2 illustrates the various state table displays 
(hex, octal, and binary) available with ASCII 
operation. Figure 4-4 and 4-5 provide tables for 
converting ASCII mnemonic code to equivalent hex, 
octal, and binary values.

Figure 4-3. Changing display mode in ASCII operation.

4-4



Operating Instructions for ASCII—DF2

LEAST 
SIGNIFICANT— -* 

BITS
MOST SIGNIFICANT BITS

0 0 0 0 1 1 1 1

0 0 1 1 0 0 1 1

b5 0 1 0 1 0 1 0 1

 BINARY 

HEX $0 $1 $2 $3 $4 $5 $6 $7
b4 b3 b2 b1

0 0 0 0 0 NUL DLE SP 0 @ P <’> <P>

0 0 0 1 1 SOH DC1 ! 1 A Q <A> <Q>

0 0 1 0 2 STX DC2 2 B R <B> <R>

0 0 1 1 3 ETX DC3 # 3 C S <C> <S>

0 1 0 0 4 EOT DC4 $ 4 D T <D> <T>

0 1 0 1 5 ENQ NAK % 5 E U <E> <U>

0 1 1 0 6 ACK SYN & 6 F V <F> <V>

0 1 1 1 7 BEL ETB - 7 G w <G> <W>

1 0 0 0 8 BS CAN ( 8 H X <H> <X>

1 0 0 1 9 HT EM ) 9 I Y <l> <Y>

1 0 1 0 A LF SUB * J Z <J> <Z>

1 0 1 1 B VT ESC + ; K [ <K> <[>

1 1 0 0 C FF FS < L \ <L> <\>

1 1 0 1 D CR GS - = M ] <M> <]>

1 1 1 0 E SO RS > N A <N> <A>

1 1 1 1 F SI US / ? 0 — <O> DEL

2478-40

Figure 4-4. Hex and binary to ASCII conversion table.
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MOST SIGNFICANT BITS ——------ *-

OCTAL @00 @02 @04 @06 @10 @12 @14 @16

0 NUL DLE SP 0 @ P <’> <P>

1 SOH DC1 ! 1 A Q <A> <Q>

2 STX DC2 If 2 B R <B> <R>

3 ETX DC3 3 C S <C> <S>

4 EOT DC4 $ 4 D T <D> <T>

5 ENQ NAK % 5 E U <E> <U>

6 ACK SYN & 6 F V <F> <V>

7 BEL ETB 7 G W <G> <W>

2478-41

OCTAL @01 @03 @05 @07 @11 @13 @15 @17

0 BS CAN ( 8 H X <H> <X>

1 HT EM ) 9 I Y <l> <Y>

2 LF SUB ★ J Z <J> <Z>

3 VT ESC + K [ <K> <[>

4 FF FS < L \ <L> <\>

5 CR GS - — M 1 <M> <]>

6 SO RS > N A <N> <A>

7 SI US / ? O <O> DEL

LEAST SIGNIFICANT BITS

Figure 4-5. Octal to ASCII conversion table.

SECONDARY FUNCTIONS OF DISPLAY
PUSH BUTTONS
In ASCII display, the Display push buttons, 3, 4, 5 and 6 
(LOGIC POS, LOGIC NEG, COLUMN BLANK*“, and 
COLUMN BLANK-») are functional; however, their function 
varies depending on the mode of operation. Table 4-1 defines 
the functions of these Display push buttons for hex, octal, 
and binary display modes. The remaining Display push 
buttons (7, 8, 9 and 10) have no effect on the ASCII 
displays.

Switching from positive logic to negative logic for either hex, 
octal, or binary display mode changes both the displayed 
ASCII character or mnemonic and the ASCII value. For 
example, in positive logic, the ASCII character "5" is 
displayed with a binary value of 0011 0101. When the 
LOGIC NEG push button is pressed the display changes to

“J 1100 1010" (the complement of 0011 0101 ). This 
feature is useful when ASCII data is recorded in negative 
logic. Refer to Figures 4-4 and 4-5 for ASCII conversion 
tables.

When operating in either hex or octal mode of ASCII display, 
pushing the COLUMN BLANK » push button will zero or 
remove the eighth bit from the displayed ASCII value. For 
example, the character "B" has a displayed hex value of 
"$C2" which is converted to "$42" after the COLUMN 
BLANK-» push button is pressed. Removing the eighth 
bit insures that the displayed value of ASCII characters 
is always between $00 and $7F for hex displays, and be­
tween @000 and @177 for octal displays. This feature 
enables users who are not interested in the parity bit 
(eighth bit) to easily read the value of the 7-bit ASCII 
character or mnemonic.
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TABLE 4-1
Secondary Functions of Display Push Buttons.

DISPLAY 
PUSH BUTTON

DISPLAY MODE

HEX OCTAL BINARY

COLUMN BLANK-* Zeros CH 7 (and CH 15 
in 16-channel mode). 
Displays hex value of 
only CH 0-6 (and CH 8- 
14 in 16-channel mode). 
See note 1.

Zeros CH 7 (and CH 15 
in 16-channel mode). 
Displays octal value 
of only CH 0-6 (and 
Ch 8-14 in 16-channel 
mode). See note 1.

Column blanks each 
bit data from CH 
7 thru 0 (and CH 15 
thru 8 in 16-channel 
mode). Holding button 
in, automatically blanks 
all binary data columns 
from crt. See note 1.

COLUMN BLANK* Restores the display 
of all eight data bits in 
hex. See note 2.

Restores the display 
of all eight data bits in 
octal. See note 2.

Restores each column 
of binary data, one 
column at a time. 
Holding button in auto­
matically restores all 
binary data columns to 
crt. See note 2.

LOGIC POS Trigger word, ASCII 
characters, and equiv­
alent hex values 
displayed in positive 
logic. See note 3.

Trigger word, ASCII 
characters, and equiv­
alent octal values 
displayed in positive 
logic. See note 3.

Trigger word, ASCI I 
characters, and equiv­
alent binary values 
displayed in positive 
logic. See note 3.

LOGIC NEG Trigger word, ASCI I 
characters, and equiv­
alent hex values 
displayed in negative 
logic. See note 4.

Trigger word, ASCII 
characters, and equiv­
alent octal values 
displayed in negative 
logic. See note 4.

Trigger word, ASCII 
characters, and equiv­
alent binary values 
displayed in negative 
logic. See note 4.

Notes:

1. Turns on backlit LEDs of both blanking push buttons.

2. Turns off backlit LEDs of both blanking push buttons.

3. Positive logic: 0 = logic low and 1 = logic high.

4. Negative logic: 0 = logic high and 1 = logic low.
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The eighth bit can be useful when recorded and displayed 
with the 7-bit ASCII character. In some cases it represents 
the horizontal parity of the lower seven bits. The user can 
verify the correct parity with those lower seven bits. 
(Ordinarily, this is most easily done when in the binary 
display mode.) The eighth bit can also be used to indicate 
either of two states; this may be dependent on, or 
independent of, the stored ASCII character. For example, 
the eighth bit could indicate the direction of a bus when 
an ASCII character was clocked into the7D01. If connected 
to a UART (Universal Asynchronous Receiver Transmitter), 
this line could indicate whether the data originated from a 
computer or a terminal.

In the binary display mode of ASCII, the user can column 
blank all of the binary data columns. Taking out the 
extraneous data can be useful for photographic 
documentation.

The column-blanking push buttons have no effect on the 
trigger word in either hex, octal, or binary mode of 
operation.

ASCII TRIGGERING
By using the word recognizer feature of the 7D01, it is possible to trigger the 7D01 on individual events in an ASCI I display. 
The features of 8-channel and 16-channel triggering are described separately.

8-CHANNEL ASCII TRIGGERING
In 8-channel ASCII, the eight channels are displayed on the 
left half of the crt. These eight correspond to the W.R. 
switches CH 0 thru 7. If it is desired to trigger on a specific 
event, the binary value of the event is set in the W.R. 
switches CH 0 thru 7. All other W.R. switches should be set 
to "X" (don't care). To trigger the 7D01 on the ASCII 
character "Y", set the W.R. switches as follows:

"Y" Uper Case ASCII character

$59 — Hex value

@131 — Octal value

X 1 0 1 1 0 0 1 - Binary value

CH 7-0-X HI LO HI HI LO LO HI

CH 15-8 — All switches on X (don't care)

16-CHANNEL ASCII TRIGGERING
In 16-channel ASCII, the first eight channels are displayed on 
the left side of the crt as an ASCII character or mnemonic 
along with its value in hex, octal, or binary. The other eight 
channels are displayed on the right side of the crt in the same 
manner. The eight channels on the right side correspond to 
W.R. switches CH 8 thru 15. It is possible to trigger the left 
display (CH 0-7) on a specific event concurrently with 
another specific event on the right side (CH 8-15). For 
example, to trigger the 7D01 on the ASCII character "CR" 
(carriage return) for the left display and "W" for the right 
display, set the W.R. switches as follows:

"CR" ASCII mnemonic for carriage return

$0D — Hex value

@015 — Octal value

X 0 0 0 1 1 0 1 — Binary value

CH 7-0-X LO LO LO HI HI LO HI

"W" Upper case ASCII character

$57 - Hex value

@127 — Octal value

X 1 0 1 0 111- Binary value

CH 15-8 —X HI LO HI LO HI HI HI
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When the trigger-to-cursor readout is on "+0", the trigger 
word contains the hex, octal, or binary values of both 
characters "CR" and "W" . The left display contains the 
character "CR" in the top line of the table, and the right 
display contains the character "W" in the top line of the 
table.

TRIGGER WORD
In 16-channel mode, the trigger word is displayed with 
channels 8-15 first, followed by channels 0-7. For the 
previous example, the trigger word would be displayed for 
the selected mode, as follows:

Binary -- 0101 0111 0000 1101

Hex - 570D

Octal -053415

In the trigger words displayed above, note that the binary 
and hex trigger words are directly related to the binary and 
hex values of "CR" and "W". The octal trigger word is not 
directly related; the octal derivation from two 8-bit binary 
values is not the same as the derivation from a 16-bit binary 
value. This difference is shown as follows:

Octal value for "W 
displayed on right 
side of crt.

1 o 1

Octal value for "CR" 
displayed on left side 
of crt.

- Combined octal value of "W‘ 
"CR" as displayed in the 
trigger word.

1 0 1
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NEGATIVE LOGIC ASCII TRIGGERING
In the preceding examples of ASCII triggering, data was 
assumed to be in positive logic. It is also possible to dis­
play ASCII data in negative logic, where a logic high = 0 
and logic low = 1. To trigger the 7D01 on an ASCI I 
character in negative logic, set the W.R. switches on the 
7D01 in negative logic. For example, to trigger the 7D01 
on an ASCI I character "LF" (line feed) in negative logic, 
set the W.R. switches as follows.

"LF" ASCII mnemonic for line feed
X 0 0 0 1 0 1 0 — Binary value

positive logic

X 1 1 1 0 1 0 1 — Binary value
negative logic

CH 7-0-X HI HI HI LO HI LO HI
(W.R. switch settings for "LF" in negative logic)

CH 15-8 — All switches on X (don't care)

ERROR MESSAGE DISPLAY

In ASCII mode of operation, an error message appears on the crt to identify an operator error.

REQUIRES 8 OR 16-CHANNEL MODE

This error message indicates that the 7D01 Data Channels 
switch is in the 0-3 position when operating in the ASCII 
mode. Change the switch to either 0-7 or 0-15 position.
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IRREGULAR OPERATING SYMPTOMS FOR ASCII

In addition to the Irregular Operating Symptoms contained in Section 2, the following table lists irregular symptoms 
associated with ASCII operation.

TABLE 4-2
Irregular Operating Symptoms for ASCII

Symptom Additional Symptoms Probable Cause and Correction

1. a. No data display.
b. TRIG'D indicator not lit.

Pressing HEX, OCTAL or BINARY 
push buttons has no effect on display.

No external clock signal. Check that the 
clock signal is applied through the Data 
Acquisition Probe P6451.

TRIG'D indicator lights when Manual 
Trigger is pushed but goes off when 
button is released.

2. a. Menu List is displayed after 
MENU push button is pressed, 
no change in display when 
DISPLAY No. 2 push button 
is pressed.
b. Pressing any STATE TABLE 
or DISPLAY push buttons has 
no effect on display.
c. TRIG'D indicator not lit.

Pressing TIMING DIAGRAM or MAP 
push buttons removes Menu List and 
blanks crt.

No external clock signal. Check that the 
clock signal is applied through the Data 
Acquisition Probe P6451.

TRIG'D indicator lights when Manual 
Trigger is pushed but goes off when 
button is released.

3. a. Display is blank or Menu 
List only is displayed after 
MENU and DISPLAY No. 2 
push buttons are pressed.

b. b. TRIG'D indicator is lit.

Memory is not filled. This is caused by a 
short burst of ASCII data, not enough to fill 
up all the memory.

a. Change Full Display/First Trigger (P617) 
selector to First Trigger.

—OR —

Set Sample Interval to 5 ms position until 
the memory fills up and the display appears. 
Then reset the Sample Interval switch back 
to EXT position.
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ASCII FUNCTIONAL CHECK

1. Perform the Setup Procedure described earlier in Section 
2 under the heading Basic Functional Check.

2. Set the trigger-to-cursor readout to "0".

3. Press the STATE TABLE HEX and MENU push buttons, 
in that order. Check for a Menu List displayed on the crt. 
Press the DISPLAY No. 2 push button and observe a 
tabular ASCII display on the crt. Note that the trigger 
word at the bottom of the crt is in hex code and that the 
value of the ASCII characters are also displayed in hex. 
The "$" sign preceding the ASCII value in the display 
indicates that the value is in hex.

4. Press the COLUMN BLANK--* push button. Note that the 
displayed ASCII values have changed. The top line in the 
left display, before pressing the COLUMN BLANK-* 
button, was "NUL $80". It is now "NUL $00". After 
pressing the COLUMN BLANK * button, all 
displayed ASCII values should be between "$00" and 
"$7F".

6. Press the COLUMN BLANK-* push button. Note that the 
displayed ASCII values have changed. After pressing the 
COLUMN BLANK-»button all displayed ASCII values 
should be between "@000" and "@177".

7. Press the STATE TABLE BINARY push button, then the 
MENU and DISPLAY No. 2 buttons, in that order. Note 
that the trigger word and ASCII values have changed to 
binary code.

8. Press the LOGIC NEG push button. Note that all zeros 
become ones and all ones become zeros in the ASCII value 
and trigger word readouts. Press the LOGIC POS push 
button and note that the zeros and ones change back 
again.

9. Hold the COLUMN BLANK-* push button in. Note that 
the binary columns are blanked from left to right one at a 
time. Hold the COLUMN BLANK*- push button in. Note 
that the binary columns are restored one at a time.

5. Press the STATE TABLE OCTAL push button, then the 
MENU and DISPLAY No. 2 buttons, in that order. Note 
that the trigger word and ASCII values have changed to 
octal code. The "@" sign preceding the ASCII value in 
the display indicates the value is in octal code.
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THEORY OF OPERATION

The functions of the DF are controlled by a microprocessor system built into the instrument. Data and control functions are 
transferred within the DF by an 8-bit data bus and a 16-bit address bus. The microprocessor acquires data from the associat­
ed 7D01 Logic Analyzer and performs the functions indicated by the push buttons on the DF front panel. The various 
output displays are coupled back through the 7D01 to the oscilloscope mainframe. Due to the complexity of the DF circuitry 
(especially the microprocessor) normal troubleshooting techniques may not apply to this instrument. See the Maintenance 
section of this manual for Troubleshooting procedures.

The following descriptions refer to the functional blocks shown on the schematic diagrams in the back of this manual.

FRONT PANEL <1>
The desired function of the DF is selected by pressing one 
of the front-panel switches. When one of the switches is 
pressed, one of the keyboard lines (KYBD Ï - KYBD 4) 
drops to a LO level.

The microprocessor must then determine which switch is 
being pressed. The keyboard line which is being held LO 
indicates the proper switch column. The row is indicated by 
clocking a HI level through shift register U65 until the key­
board line returns to a HI level. The shift register is then 
cleared (all outputs LO). This procedure is repeated five 
times to eliminate any contact bounce.

EXAMPLE: If the OCTAL button is pressed, KYBD 2 line 
will go LO. The outputs of U65 are then sequentially driven 
HI until KYBD 2 goes HI. This occurs on the third clock 
pulse, identifying the OCTAL switch.

DATA ACQUISITION <2>
The circuitry shown on the Data Acquisition diagram ac­
quires data, cursor, and status information from the 7D01, 
and connects the keyboard information (KYBD 1 - KYBD 4) 
to the Data Bus.

Address Decoder
The Address Decoder, U102, provides a single line output 
for each of eight addresses. Table 5-1 is a truth table for the 
Data Acquisition Address Decoder.

TABLE 5-1
Data Acquisition Address Decoder

Inputs Outputs2

A0 A1 A2 A3 HZP1

LO LO LO LO LO 00B0

HI LO LO LO LO 00BÏ

LO HI LO LO LO 00B2

HI LO HI LO LO 00B5

LO HI HI LO LO @ClB6

HI HI HI LO LO 00B7

1 Hi Zero Page.
2 Outputs change state on rising edge of 02^ signal.

7D01 Cursor Acquisition
The cursor position count is received by the DF as ten bits 
of parallel data. This data is converted to serial data by U132 
and U138 and is then clocked through U162 (1D to 1Q) to 
DB0 (Data Bus line 0).

7D01 Status Acquisition
The operating mode of the 7D01 (store or display) is used by 
the DF to ensure the validity of the acquired data. If the 
7D01 goes into store mode while the DF is acquiring data, 
the data acquired would not be valid. The 2Q and 3Q out­
puts of U162 indicate the status of the 7D01.

Keyboard Latch
The Keyboard Latch, U172, connects the keyboard signal 
lines (KYBD 1 - KYBD 4) to the data bus (DB4 - DB7).
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7D01 Data Acquisition
Data stored by the 7D01 is transferred to the DF and 
stored for faster access by the microprocessor. The data is 
transferred in serial form and is connected to DB4 (Data 
Bus line 4) through input 1D and output 1Q of U182.

The frame pulse indicates the beginning of the serial data. 
When the frame pulse clocks the Q output of U158B LO, 
the microprocessor starts clocking in the serial data, one bit 
at a time, by addressing 00B1 to pulse the Display Clock 
Off line LO for each bit of data.

MPU, PROGRAM, AND DATA <3> 
STORAGE

This diagram shows the microprocessor, the program ROM 
(Read Only Memory), and the data-storage and scratch-pad 
RAMs (Random Access Memories).

Microprocessor
The microprocessor, U264, is the heart of the DF. All 
other stages of the circuitry either provide or accept data 
and/or instructions for (or from) the microprocessor. Due 
to the complexity of the microprocessor operation, a 
description of the microprocessor will not be attempted in 
this manual. If detailed information is needed, refer to the 
microprocessor manufacturer's specification books.

Program ROM
The Program ROM (Read Only Memory), U284 and U294, 
provides the permanent storage for the microprocessor 
instructions. When the microprocessor addresses a location 
in the Program ROM, the Program ROM connects the 
addressed information to the Data Bus, which the micro­
processor reads and acts on.

Scratch-Pad RAM
The Scratch-Pad RAM (Random Access Memory), U274, 
provides temporary storage of data or addresses for the 
microprocessor. The Scratch-Pad RAM can store up to 128 
eight-bit bytes of information.

Data Storage RAM
The Data Storage RAM consists of eight RAMs and three 
Bus Driver integrated circuits. Drivers U304 and half of 
U308 buffer the address lines to the RAMs. U354 and the 
other half of U308 provide buffered 3-state outputs for the 
RAMs to drive the data bus.

VERT AND HORIZ DISPLAY <4> 
OUTPUT

The Vertical and Horizontal Display Output circuits provide 
the X-axis and Y-axis deflection for each dot of the State 
Table or Map displays.

The State Table display consists of 32 columns and 19 rows 
of characters. Each character contains 5 columns and 7 rows 
of dots. The State Table display is presented in the follow­
ing manner: The top row of information (cursor position) 
is written first. The bottom row of information (trigger 
word) is written next. The rest of the display is then writ­
ten, starting with the first row of data and working down. 
Each row of the display is written from left to right on the 
crt.

The characters are each written by starting at the top left 
corner of the character and proceeding across the character 
to the right edge, then returning to the left edge and drop­
ping to the next row of the character.

The Map display consists of 256 columns and 256 rows of 
possible dot locations.

Display Column Counter
The Display Column Counter sets the horizontal position of 
each character of the State Table display. Counter U402 
provides the column number (1 to 16) to the ROM, U422.
The output of U422 determines the horizontal spacing of 
the characters. The other 16 columns (columns 17 through 
32) are spaced the same as columns 1 through 16, except 
that they are offset to the right half of the crt display by 
the HI level at the Q output of U404B. The three-bit or 
four-bit byte spacing is determined by the level at the E 
address input of U422. When the E address input is LO, 
4-bit byte spacing is provided by the ROM. When the E 
address line is HI, the other half of the ROM is addressed, 
providing 3-bit bytes.

Character Column Counter
Character Column Counter U412 provides the horizontal 
spacing of the five columns of dots for each character. The 
output of U412 is added to the output of U422 to set the 
horizontal position of each dot.

Display Row Counter
The Display Row Counter sets the vertical position of each 
line of the State Table display. Counter U504/U404A pro­
vides the row number (1 through 19) to the ROM, U522.
The output of U522 determines the vertical spacing of the
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rows. Row 1 (cursor location) is written at the top of the 
crt. Row 2 (trigger word) is written at the bottom of the 
crt. The other 17 rows are written, in order, starting just 
below row 1.

Character Row Counter
Character Row Counter U502 provides the vertical spacing 
of the seven rows of dots for each character. The output of 
U502 is added to the output of U522 to set the vertical 
position of each dot.

Display Finish Detector
The Display Finish Detector stops the Display Clock signal 
after completion of the second or ninteenth display row. 
The State Table display is finished at completion of row 
ninteen. The Map and Timing Diagram displays require only 
the information in rows 1 and 2 (top and bottom). The rest 
of these displays are provided from other sources.

Character and Dot Position Adders
Adders U432 and U434 combine the outputs of the Display 
and Character Column Counters to drive the Horizontal 
D-to-A (digital-to-analog) converter. Adders U532 and 
U534 combine the outputs of the Display and Character 
Row Counters to drive the Vertical D-to-A converter.

Map Location Latches
The Map Location Latches accept data directly from the 
microprocessor, via the Data Bus, to asign dot positions for 
the Map display. These latches are enabled when the DF is 
in the Map mode.

Map Display Multiplexer
The Map Display Multiplexer selects either State Table or 
Map display. When the State Table display is selected, the 
outputs from the adders are coupled through to the Hori­
zontal and Vertical D-to-A converters.

When the Map display is selected, the first two lines (top 
and bottom) of the State Table are displayed, then the Map 
Display Multiplexer switches to the Map Location Latch 
outputs for the remainder of the display.

Vert and Horiz D-to-A Converter
The Digital-to-Analog converters, U468 and U568, each 
convert eight lines of digital data input to one line of analog 
data output. The output of each converter is amplified and 
connected as a push-pull signal to the Vertical or Horizontal 
outputs to drive the mainframe.
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CHARACTER MEMORY AND <5> 
GENERATOR
The Character Memory and Generator circuitry provides 
the Z-axis (intensity) control for the display.

Next Character Row Counter
The Next Character Row Counter provides the number of 
the next row of the character being displayed.

Character Latch Decoder
The Character Latch Decoder provides the signals to clock 
the character address information into U674 and U676.

Next Character Counter
The Next Character Counter provides the address for the 
next character to be displayed.

RAM Address Switch
The RAM Address Switch allows the Character RAM to be 
addressed by either the microprocessor (to load the RAM) 
or by the Next Character Counter (for display).

Character RAM
The Character RAM stores the data required to display each 
character (as supplied by the microprocessor). The data is 
then fed to the Present Character Latch one character at a 
time.

Present Character Latch
The Present Character Latch holds the data from the 
Character RAM while it is being used. Once this informa­
tion is latched, the Next Character Counter advances to the 
address of the next character to be displayed. This "pipe­
line" effect increases the speed of the display by effectively 
reducing the access time of the Character RAM to zero.

Present Character Generator and Shift Register
The Present Character Generator, U684, provides five out­
puts, one for each character column. The five outputs 
indicate whether the corresponding dots are bright or dark. 
The five outputs from U684 are loaded into Shift Register 
U694 and clocked out in sequence to provide the Z-axis 
(intensity) information for each row of each character.

DISPLAY CONTROL AND <6>
Z-AXIS
The circuits on this diagram provide the clock and control 
signals for the display.
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65-Hz Clock
The 65-Hz Clock, U640, provides the "refresh" timing for 
the display.

Blinking Character Counter
The Blinking Character Counter, U648, causes the trigger 
word to blink when it appears in the State Table display by 
disabling the z-axis every fourth time the trigger word is 
displayed.

4-MHz Clock
The 4-MHz Clock provides the display clock signal when 
gated by the Character Dot Detector. Flip-flop U714A and 
gate U724D ensure a full-width pulse output for the first 
enabled clock pulse.

Character Dot Detector
The Character Dot Detector speeds up the display by allow­
ing display time only if a dot is to be displayed. If no dot is 
to be displayed at the present address, the next pulse from 
the 4-MHz Clock is coupled to the DSPL CLK line to ad­
vance the counters (diagrams 4 and 5) to the next address. 
If a dot is to be displayed, the Character Dot Detector 
allows one 4-MHz Clock pulse for the D-to-A converters 
(diagram 4) to settle, then enables the Z-axis for two 4-MHz 
Clock pulses before advancing the counters to the next 
address.

All display information is supplied by the DF, except for 
the Timing Diagram display which is provided by the 7D01 
directly.

Output Buffers
The Output Buffers provide the final amplification required 
by the control signals used by the oscilloscope mainframe.

DISPLAY <7>
The Display diagram shows the three shift registers and 
associated emitter followers and LED's which make up the 
front-panel lighting for the DF.

ROM EXTENSION <9>
This diagram show the program ROM extension, extended 
ROM decoder, regulated +5 V power supply and the 
troubleshooting plugs.

Program ROM Extension

The Program ROM (Read Only Memory) Extension (U820, 
U830, U840, and U850) provides additional permanent 
storage for the microprocessor instructions. This addi­
tional storage extends the basic program (provided by the 
Program ROMs, U284 and U294) by 2048 eight-bit 
bytes of instruction for each ROM chip added.

Map Z-Axis
The Map Z-Axis stage enables the z-axis (intensity) for each 
dot of the Map display. Monostable multivibrator U748A is 
triggered by the output of U714B to allow the D-to-A 
converters (diagram 4) to settle. U748B then enables the 
z-axis to display each dot.

Extended ROM Decoder

The Extended ROM Decoder, U860, provides a chip select 
line output for each ROM. Table 5-2 is a truth table for 
the Extended ROM Decoder.

Display Control
The Display Control stage determines the source of the dis­
play and readout signals. The readout source is selected by 
jumper P754. When the jumper is in the MFR (mainframe 
readout) position, the cursor position and cursor word 
readout is supplied by the 7D01 in the Timing Diagram 
mode (the DF provides the readout for the other display 
modes). When the jumper is in the FOR R (formatter 
readout) position, the DF provides the readout for all 
display modes.

TABLE 5-2
Extended ROM Decoder

INPUTS BEGINNING 
ADDRESSESA15 A14 A13 A12 A11

LO HI LO LO LO $4000 - U820
LO HI LO LO HI $4800
LO HI LO HI LO $5000
LO HI LO HI HI $5800
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Regulated +5 V Power Supply Troubleshooting Pins

The regulated +5 V power supply provides a regulated 
power source for the program ROM extension sockets 
(U820, U830, U840, and U850) and is derived from the 
+15 V supply on the Intelligence Board (A3). The extended 
ROM decoder, U860, derives its +5 V supply from the 
instruments common +5 V supply. U860 has a different 
supply than the ROMs in order to keep the address lines 
from being pulled down if the regulated +5 V supply should 
go down. If this happens all the features of the DF, except 
the Menu mode, would still be operational.

A double row of parallel connected square pins make up 
P807, P808, P809, and P810. One row of pins interconnects 
the ROM Extender Board (A5) to the Intelligence Board 
(A3). The other row of pins provide a convenient access 
for all (non-buffered) address, data and control lines from 
the microprocessor.

5-5



Section 6—DF2

MAINTENANCE

This section of the manual contains information for performing preventive maintenance, troubleshooting, and corrective 
maintenance.

PREVENTIVE MAINTENANCE

Preventive maintenance consists of cleaning, visual inspection, etc. Preventive maintenance performed on a regular basis may 
prevent instrument breakdown and will improve the reliability of the instrument. The severity of the environment to which 
the instrument is subjected determines the frequency of maintenance. A convenient time to perform preventive maintenance 
is preceding adjustment of the instrument.

CLEANING VISUAL INSPECTION
The instrument should be cleaned as often as operating 
conditions require. Accumulation of dirt on components 
acts as an insulating blanket and prevents efficient heat 
dissipation which can cause overheating and component 
breakdown.

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

Exterior
Loose dust accumulated on the front panel can be removed 
with a soft cloth dampened in a mild detergent and water 
solution. Abrasive cleaners should not be used.

Interior
Dust in the interior of the instrument should be removed 
occasionally due to its electrical conductivity under high- 
humidity conditions. The best way to clean the interior is 
to blow off the accumulated dust with dry, low-pressure air.

Remove any dirt which remains with a soft brush or a cloth 
dampened with a mild detergent and water solution. A 
cotton-tipped applicator is useful for cleaning in narrow 
spaces.

The instrument should be inspected occasionally for such 
defects as broken connections, improperly seated semi­
conductors, damaged circuit boards, and heat-damaged 
parts.

The corrective procedure for most visible defects is obvious; 
however, particular care must be taken if heat-damaged 
components are found. Overheating usually indicates other 
trouble in the instrument; therefore, it is important that the 
cause of overheating be corrected to prevent recurrence of 
the damage.

Switch Contacts
Switch contacts and pads are designed to operate without 
lubrication for the life of the switch. However, as the 
switches are not sealed, dust attracted to the contact 
area may cause the switch contacts to become electrically 
noisy. Cleaning may be accomplished by flushing the 
contact area with isopropyl alcohol or kelite (1 part kelite 
to 20 parts water). Do not use chemical cleaning agents that 
leave a film or that might damage plastic parts. Do not use 
cotton swabs or similar applicators to apply cleaning agents, 
as they tend to snag and leave strands of cotton on the 
switch contacts. Should it become necessary to remove a 
switch for replacement or cleaning refer to Component 
Removal and Replacement in this section.

SEMICONDUCTOR CHECKS

Periodic checks of semiconductors in the instrument are 
not recommended. The best check of semiconductor 
performance is actual operation in the instrument. More 
details on checking semiconductor operation are given 
under Troubleshooting.
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TROUBLESHOOTING

The following information is provided to help you troubleshoot the instrument. Information contained in other sections of 
the manual should be used along with the following information to aid in locating the defective component. An under­
standing of the circuit operation is very helpful in locating troubles, particularly where integrated circuits are used.

TROUBLESHOOTING AIDS
Diagrams
Complete schematic diagrams are given on the foldout 
pages in section 10, Diagrams and Circuit Board Illustrations. 
The component number and electrical value of each 
component in this instrument are shown on these diagrams. 
(See the first page of the Diagrams and Circuit Board 
Illustrations section for definitions of the reference 
designators and symbols used to identify components in 
this instrument.) Important waveforms, and the numbered 
test points where they were obtained, are located adjacent 
to each diagram. The portions of circuits mounted on 
circuit boards are enclosed with heavy, solid-black lines.

Circuit Board Illustrations
To aid in locating circuit boards, a circuit board location 
illustration appears on the back of the foldout page facing 
the schematic diagram. In addition, an illustration of the 
circuit board(s) is included here, with the physical location 
of the components and waveform test points that appear on 
the schematic diagram identified. Each circuit board 
illustration is arranged in a grid locator with an index to 
facilitate rapid location of components contained in the 
schematic diagrams.

Troubleshooting Chart
A troubleshooting chart is given in section 10, Diagrams and 
Circuit Board Illustrations, to aid in locating a defective 
circuit. Circuit operation is discussed in detail in section 5, 
Theory of Operation.

Error Messages on Crt
Table 6-1 indicates the action to be taken in the event 
an error message is displayed on the crt.

TROUBLESHOOTING EQUIPMENT
The following equipment, in addition to that listed in the 
Performance Check and Adjustment section, is useful for 
troubleshooting this unit.

System Test Fixture
Description: Effectively replaces microprocessor U264, and 
allows operator control of the DF's data bus, address bus, 
and R/W line. Tektronix Part 067-0746-00.

TABLE 6-1
Error Messages and Responses

Error Message Action

SEE MANUAL CUR
CAN'T MOVE

1. Check that 7D01 cursor position switch (both fine and course) is firmly seated in detent.

2. Check DF and 7D01 cursor circuitry.

3. Contact your local Tektronix Field Office or representative for factory repair.

BAD RAM 
SEE MANUAL

1. Check RAMs U314, U316, U318, U320, U334, U336, U338, and U340, or associated circuitry 
(see Data Bus and RAM Test in this section). Refer to diagram 3 in section 10.

2. Contact your local Tektronix Field Office or representative for factory repair.

REQUIRES 16 
CHANNEL MODE

1. When operating in GPIB mode, this error message indicates that the 7D01 Data Channels switch is 
in the 0-3 or 0-7 position. Change switch to the 0-15 position.

REQUIRES 8 or 16
CHANNEL MODE

1. When operating in ASCII mode, this error message indicates that the 7D01 Data Channels switch is 
in the 0-3 position. Change switch to 0-7 or 0-15 position.
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Interface Test Fixture
Description: Serves as a buffer between the System Test 
Fixture (067-0746-00) and the DF. Tektronix Part 
067-0804-00.

trouble is not located by these checks, the remaining steps 
aid in locating the defective component. When the defective 
component is located, it should be replaced using the 
replacement procedure given under Corrective Maintenance.

Cable Extender
Description: Allows the DF to operate remote from the 
7D01 plug-in unit. Tektronix Part 067-0805-00.

Power Supply
Description: De voltage supply; voltage +5 volts, within 5%, 
with a current capability of at least 1 ampere. Recom­
mended TEKTRONIX types: PS501, PS502, or PS505 
Power Supplies.

Transistor Tester
Description: Dynamic-type tester. Purpose: Test semi­
conductors. Recommended TEKTRONIX types: 576 
Curve Tracer, 577/177 Curve Tracer system, 7CT1N Curve 
Tracer unit and a 7000-series oscilloscope, or a 5CT1N 
Curve Tracer unit and a 5000-series oscilloscope.

Multimeter
Description: Voltmeter, 10 megohm input impedance and 
a range from 0 to at least 50 volts de; accuracy, within 
0.1%. Ohmmeter, 0 to 20 megohms. Test probes should be 
insulated to prevent accidental shorting. Purpose: Check 
voltage and resistance.

Test Oscilloscope (Storage Type Preferred)
Description: Frequency response, de to 100 megahertz 
minimum; vertical deflection factor, 5 millivolts to 5 volts/ 
division. A 10X, 10 megohm voltage probe should be used 
to reduce circuit loading. Purpose: Check operating 
waveforms.

Plug-In Extender
Description: Two types of extenders are available. (1 ) Flex­
ible Plug-In Extender: Tektronix Part 067-0616-00 (two 
required). (2) Rigid Plug-In Extender: Tektronix Part 
067-0589-00 (two required). Purpose: Allows plug-in 
operation outside the mainframe.

TROUBLESHOOTING TECHNIQUES

Preliminary Troubleshooting Procedure
This preliminary troubleshooting procedure is arranged to 
check the simple trouble possibilities before proceeding 
with extensive troubleshooting. The first few checks ensure 
proper connection, operation, and adjustment. If the

@

1. CHECK CONTROL SETTINGS. Incorrect control 
settings can indicate a trouble that does not exist. If there is 
any question about the function or operation of any 
control, see the Functional Check in the Operating Instruc­
tions section of this manual.

2. CHECK ASSOCIATED EQUIPMENT. Before pro­
ceeding with troubleshooting, check that the equipment 
used with this instrument is operating correctly. Check that 
the signal is properly connected and that interconnecting 
cables are not defective. Also check the power source. If 
the trouble persists, this instrument is probably at fault.

3. VISUAL CHECK. Visually check that portion of the 
instrument in which the trouble is located. Many troubles 
can be located by visible indications such as unsoldered 
connections, broken wires, damaged circuit boards, 
damaged components, etc.

4. CHECK INSTRUMENT ADJUSTMENT. This instru­
ment contains only one adjustment; check the adjustment, 
or the affected circuit if the trouble appears in one circuit. 
Complete adjustment instructions are given in the 
Performance Check and Adjustment section.

5. ISOLATE TROUBLE TO A CIRCUIT. To isolate 
trouble to a circuit, note the trouble symptom. The 
symptom often identifies the circuit in which the trouble is 
located. When trouble symptoms appear in more than one 
circuit, check the affected circuits by taking voltage and 
waveform readings. Also check for the correct output 
signals at the front-panel connector with a test oscilloscope. 
Incorrect operation of all circuits often indicates trouble in 
the power supply, microprocessor, ROM's, or bus drivers. 
Check for correct voltages of the individual supplies. A 
defective component elsewhere in the instrument can 
appear as a power-supply trouble and may also affect the 
operation of other circuits.

6. CHECK VOLTAGES AND WAVEFORMS. Often the 
defective component can be located by checking for the 
correct voltage or waveform in the circuit.

7. CHECK INDIVIDUAL COMPONENTS. The following 
procedures describe methods of checking individual 
components. Two-lead components that are soldered in 
place are best checked by first disconnecting one end. This 
isolates the measurement from the effects of surrounding 
circuitry.
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WARNING

To avoid electric shock, disconnect the power 
source before removing or replacing semi­
conductors.

Inductors. Check for open inductors by checking con­
tinuity with an ohmmeter. Shorted or partially shorted 
inductors can usually be found by checking the waveform 
response when high-frequency signals are passed through 
the circuit. Partial shorting often reduces high-frequency 
response (roll off).

Transistors. A good check of transistor operation is actual 
performance under operating conditions. A transistor can 
be effectively checked by substituting a new component or 
one that has been checked previously. However, be sure 
that circuit conditions are not such that a replacement 
transistor might also be damaged. If substitute transistors 
are not available, use a dynamic tester. Static-type testers 
are not recommended, since they do not check operation 
under simulated operating conditions.

Integrated Circuits. IC's (integrated circuits) can be checked 
with a voltmeter, test oscilloscope, or by direct substitution. 
A good understanding of circuit operation is desirable when 
troubleshooting circuits using IC's. Use care when checking 
voltages and waveforms around the IC's so that adjacent 
leads are not shorted together. A convenient means of 
clipping a test probe to the 14-, 16-, 20-, and 40-pin IC's 
is with an IC test clip. This device also serves as an extraction 
tool. The lead configuration for the semiconductors used in 
this instrument are shown on a pullout page in the front of 
the diagrams section.

Diodes. A diode can be checked for an open or shorted 
condition by measuring the resistance between terminals 
with an ohmmeter. Use a scale having a low internal source 
current, such as the R X 1 kΩ scale. The resistance should 
be very high in one direction and very low when the meter 
leads are reversed.

Do not use the ohmmeter on a scale that has 
high internal current. High currents may 
damage the diode.

The cathode end of each glass-encased diode is indicated by 
a stripe, a series of stripes, or a dot. The cathode and anode 
ends of metal-encased diodes are identified by the diode 
symbol marked on the case.

Resistors. Check resistors with an ohmmeter. See the 
Replaceable Electrical Parts list for the tolerance of the 
resistors used in this instrument. Resistors normally do not 
need to be replaced unless the measured value varies widely 
from that specified.

Capacitors. A leaky or shorted capacitor can usually be 
detected by checking resistance with an ohmmeter set on 
its highest scale. Do not exceed the voltage rating of the 
capacitor. The resistance reading should be high after the 
initial charge of the capacitor. An open capacitor can best 
be detected with a capacitance meter or by checking if the 
capacitor passes ac signals.

8. REPAIR AND ADJUST. If any defective parts are 
located, follow the replacement procedures given in Cor­
rective Maintenance. Be sure to check the performance of 
any circuit that has been repaired or had any electrical 
components replaced.

Troubleshooting with the System Test Fixture
Index to troubleshooting the DF with the 067-0746-00
System Test Fixture.

PAGE

Preliminary Setup Information..................6-4

Data Bus and RAM Test............................6-6

ROM Test...................................................6-6

Keyboard Test........................................... 6-7

Button Lights Test......................................6-8

Display Test................................................ 6-8

7D01 Control Signals.................................6-10

7D01 Acquisition......................................6-11

Reset Output..............................................6-13

PRELIMINARY SETUP INFORMATION. Perform the 
following steps before proceeding to any of the individual 
procedures.

a. Connect test equipment as shown in Figure 6-1. The 
Interface Test Fixture is connected to the DF ROM 
Extension circuit board as shown in Figure 6-2.

b. Set the System Test Fixture (067-0746-00) control 
switches (LATCH, FIXTURE, BREAK, INSTR CYCLE) 
to the Off position.
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PLUG-IN EXTENDER 
(2) 067-0616-00

CABLE EXTENDER 
067-0805-00

TEST OSCILLOSCOPE

VERTICAL

HORIZONTAL

(2150-7)2478-45

Figure 6-1. Test equipment setup for troubleshooting the DF Digital Formatter.

Figure 6-2. Partial view of ROM Extension board. Shows pin 
location and indexing for connection to the Interface Test 
Fixture.

c. Press the STOP button; the ABA (address bus available) 
indicator should light. If the ABA indicator does not light, 
press the RESTART button. If the ABA indicator still does 
not light, recheck the test equipment setup illustrated in 
Figure 6-1. Also, check the DF clock circuits (01,02), 
reset circuit, power supplies, and the Halt line (pin 2 of 
U264). Check that the BA output (pin 7 of U264) is not 
excessively loaded or shorted (low). If the ABA indicator 

does not light, and all the above functions operate properly, 
either the test fixture or U264 is defective.

d. Once the ABA indicator is on, the 067-0746-00 System 
Test Fixture is effectively replacing the DF micro­
processor (U264).

NOTE

The System Test Fixture DA TA and ADDRESS 
switches, and the EXAMINE and DEPOSIT 
push buttons control the DF's data bus, 
address bus, and R/W line. A t all times during 
this troubleshooting procedure, disregard the 
condition of the Address lights on the System 
Test Fixture.

e. All references to the setting of the ADDRESS and 
DATA switches will be in base 16 (hexadecimal) to indicate 
how each group of 4 switches is set, or each group of 4 
lights is read. Refer to Table 6-2 for Hex-to-Binary 
conversion.

f. In general, if a peripheral does not operate properly on a 
Deposit or Examine function of one of its addresses, the 
line that generates that address should be checked (with a 
logic analyzer or a storage scope) to determine if it is pulsed 
low. If the line is not pulsed low, the defect will be in either 
the address coding circuitry or the System Test Fixture.
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TABLE 6-2

Hex-to-Binary Conversion

Hex Binary Hex Binary

0 0000 8 1000

1 0001 9 1001
2 0010 A 1010

3 0011 B 1011

4 0100 C 1100

5 0101 D 1101

6 0110 E 1110
7 0111 F 1111

DATA BUS AND RAM TEST. The object of this test is to 
ensure that the data bus lines are independent of each 
other, and no other peripheral is controlling the bus.

NOTE

A complete cell-by-cell test of only the Data 
RAM is executed by the DF microprocessor 
upon Restart. A defective cell is indicated on 
the crt display as "SEE MANU A L BAD RAM".

The testing method used is to address a RAM cell, write 
into it (Deposit), then read it (Examine). This is accom­
plished as follows:

a. Set the System Test Fixture (ADDRESS switches) to 
correspond to an address in one of the following RAM's. 

should match the Data lights. Continue testing the data 
buses with a different switch high (1) each time. If, at any 
point the lights don't agree with the switch positions, check 
the RAM addressing and support circuits.

d. Set all (except one) of the System Test Fixtures DATA 
switches to 1. Repeat step c with a different switch set low 
(0) each time.

NOTE

If at any time the Data lights do not match the 
DA TA switches in steps c and d, the problem 
is either a bad RAM 1C, some other 1C on the 
bus not being disabled, or the buses are either 
shorted together, to ground, open, or tied to 
Vcc. A good method to isolate an 1C, which 
is not getting off the bus, is to disconnect the 
IC's on the data bus, one at a time, until the 
problem disappears.

ROM TEST. The object of this test is to ensure that the 
ROM IC's (U284, U294) are being addressed, and that they 
drive the data bus.

The method is to read (Examine) several addresses in each 
of the above ROM's and check that the proper output 
appears on the System Test Fixture Data lights. This is 
accomplished as follows:

a. Set the System Test Fixture (ADDRESS switches) to 
correspond to an address of one of the ROM IC's shown in 
Table 6-3.

1. Scratch pad RAM (Hex addresses 0000 through 007F).

2. Data RAM (Hex addresses 6000 through 63FF).

EXAMPLE:

The Scratch pad RAM, Hex address 007F, converted to 
binary is — 0000 0000 0111 1111. Select the ADDRESS 
switches on the System Test Fixture to match this address.

b. Set all (except one) of the System Test Fixture DATA 
switches to 0.

c. Press the DEPOSIT button, then the EXAMINE button, 
and note how the Data lights compare with the switches. 
The information you have put in the DATA switches

EXAMPLE: ROM U284

Hex address F800 converted to binary is — 1111 1000 
0000 0000 (refer to Table 6-2). Select the ADDRESS 
switches on the System Test Fixture to match this address.

b. Press the System Test Fixture EXAMINE button, and 
note how the Data lights compare with the Data Output 
listed for that address in Table 6-3.

c. If the Data lights do not match the Data Output listed, 
the address pins of the IC in question should be checked 
with a storage type test oscilloscope, or a logic analyzer to 
determine if:

1. The IC is being enabled (chip selects are correct).

2. The address lines A0-A10 levels correspond to the 
ADDRESS switch.
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TABLE 6-3

ROM Hexadecimal Output Program

ROM U284 ROM U294

Address Data Output Address Data Output

F800 38 F000 CE

F801 39 F001 00

F802 8D F002 00

F 804 86 F 004 00
F808 26 F008 7F

F810 10 F010 55

F820 39 F020 26

F840 97 F040 25

F880 F0 F080 C1

F900 13 F100 DF

FA00 73 F200 97

FC00 84 F400 5C

If the IC in question passes these last two checks (and the 
DF passed the previous test, Data Bus and RAM Test), 
substitute the 1C with a known good ROM.

KEYBOARD TEST. The object of this test is to check for 
proper operation of the Keyboard circuit.

NOTE

A failure could originate in the Keyboard 
circuit IC's (U65, U172), the address decoding 
for them, or the interconnections on one of the 
specific push buttons used in the test.

If a specific push button switch appears to malfunction, 
first review the Basic Operating Instructions (in section 
2 of this manual). This will confirm the normal operation 
for that switch in a particular mode. If the malfunction 
persists, and the problem is not a defective switch or dirty 
contacts, proceed to the Keyboard Circuit Checkout 
Procedure in Table 6-4.

The Keyboard Circuit Checkout Procedure (Table 6-4) 
checks the operation of a shift register. Therefore, the 
procedural steps must be performed in the exact sequence 
listed. An operator error incurred during the performance 
of this procedure invalidates the sequence, and step 1 of 
the Keyboard Circuit Checkout Procedure must be started 
again.

TABLE 6-4

Keyboard Circuit Checkout Procedure

Step
System Test Fixture

Comment
Address Data Light Display1

1 00B6 XX2 Clears U65. No check; proceed to step

2 Hold down TIMING DIAGRAM button on DF.

3 00B0 EX2 Reads a Kybd 1 key down.3
4 00B0 FX2 Reads TIMING DIAGRAM key.

5 Hold down OCTAL button on DF.

6 00B0 DX2 Reads a Kybd 2 key down.3
7 00B0 FX2 Reads OCTAL key down.

8 Hold down COL BLANK-«— button on DF.

9 00B0 BX2 Reads Kybd 3 key down.3
10 00B0 FX2 Reads «--down.

11 Hold down STORE 7D01—► REF button on DF.

12 00B0 7X2 Reads Kybd 4 key down.3
13 00B0 FX2 Reads STORE key down.

The X means "disregard the lights in that part of the display".
Press the System Test Fixture EXAMINE button.
Refer to diagram 1 in the Diagrams and Circuit Board Illustrations section.
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BUTTON LIGHTS TEST. The object of this test is to 
assure that each of the DF button lights operate properly.

NOTE

The DF SEARCH and STORE 7D01-* REF 
buttons do not have lights.

The button lights in the DF are driven by the outputs of a 
serial-to-parallel shift register. The System Test Fixture data 
bus 7 (DATA switch number 7) is the input, and a press of 
the DEPOSIT button (address 00B2) is the clock of this 
shift register.

Table 6-5 lists the number of times the DEPOSIT button 
must be pushed in order to control a given DF button 
light.

TABLE 6-5

Manual Clock Pulses Required To Control Button Lights

Number of Deposits 
(Clock) Button Light

1 TIMING DIAGRAM

2 FAST

3 SLOW

4 MANUAL

5 Not Used

6 HEX
7 OCTAL

8 BINARY

9 MENU
10 7D01 ONLY

11 © INTENS REF

12 TABLES= (Indicator light)
13 POS

14 NEG

15

16

17 FOLLOWS 7D01

18 HELD
19 FOLLOWS W/OFFSET

20 Not Used

21 7D01=REF

22 TABLES= (button light)

To completely check the button lights, proceed as follows:

a. Set the System Test Fixture DATA switch number 7 
HI (1), and the ADDRESS switches for 00B2 (refer to 
Table 6-2).

b. Press the System Test Fixture DEPOSIT (manual clock) 
button the required number of times shown in Table 6-5, 
and note that the specified button light comes on.

NOTE

All button lights that are on at the start of this 
test will be shifted to the right and down with each 
each press of the Deposit button.

c. Set the System Test Fixture DATA switch number 7 
LO (0).

d. Repeat step b and note the button light goes off.

If a button light fails to either turn on or off, check the 
LED, associated transistor, shift register, or the LED power 
supply (VR62, CR62, and R62).

DISPLAY TEST. There are four control bits with which the 
microprocessor controls the display. Two of these are at 
address 00A8. The other two (at address 0098) are used to 
control operation when in the 7D01 Timing Diagram mode. 
Checkout for proper display function is accomplished as 
follows:

a. Connect the DF Readout Source multi-pin jumper 
(internal) to display the formatter readout (FOR R). 
Refer to Figure 6-3.

Insure that the system Test Fixture ABA indicator light 
is on. Turn off the oscilloscope power momentarily. This 
action will load WOM RAM with random data for future 
display. Disregard the actual data that is displayed in the 
following checks. It's only purpose is to provide a method 
to check the mode of operation.

b. Set the System Test Fixture ADDRESS switches to 
00A8, and the DATA switches as shown for that address on 
line 1 of Table 6-6.

c. Press the DEPOSIT button.

d. Set the System Test Fixture ADDRESS switches to 
0098, and the DATA switches as shown for that address on 
line 1 in Table 6-6.

e. Press the DEPOSIT button.
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Figure 6-3. Location of readout source multi-pin jumper.

TABLE 6-6
Formatter Readout Truth Table

Line #
Data Switch Number

Display(Address 00A8) (Address 0098)
3* 1 0 3 0*

1 X 0 0 1 X Map mode, with 2 lines of DF readout. (No map is visible.)

2 1 1 0 1 1 7D01 Timing diagram display with 2 lines of DF readout, if trigge

3 1 1 0 0 1 Display 7D01 Timing diagram only—no DF readout, if triggered.1

4 X 1 1 X X Displays 19 lines of DF readout.

1

1 = HI, 0 = LO, X = DON'T CARE
»Control signals necessary only to produce a Timing Diagram display.
1 If the 7D01 is not triggered, check that 7D01 Sample Interval switch is not in the EXTERNAL position, and press the Manual Trigger 
button; verify performance of the 7D01. Check DFs "7D01 reset" circuit.
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f. Check for the proper display (as shown in Table 6-6 for 
line 1). If the display is correct, repeat the above procedure 
for lines 2, 3, and 4 of Table 6-6.

g. Connect the DF Readout Source multi-pin jumper 
(internal) to display mainframe readout (MFR). Refer to 
Figure 6-3.

h. Repeat steps b through f, using Table 6-7.

NOTE

If the display does not match that shown in
Tables 6-6 and 6-7, first check the mode 
decoding circuitry, then the display. HINT—If 
the display doesn't work, follow the counter 
docks around to assure they are all operating.

7D01 CONTROL SIGNALS. There are three control lines 
with which the microprocessor can directly control the 
7D01.

Set up conditions as follows:

a. Connect the DF Readout Source multi-pin jumper 
(internal) to display the mainframe readout (MFR). Refer 
to Figure 6-3.

b. Set the System Test Fixture ADDRESS switches to 
0098, and DATA switch number 0 to HI (1 ).

c. Press the DEPOSIT button.

d. Set the System Test Fixture ADDRESS switches to 
00A8. Set DATA switches: number 3 to HI (1 ), number 1 
to HI (1 ), and number 0 to LO (0).

e. Press the DEPOSIT button.

f. Press the 7D01 manual trigger button.

1. Cursor Increment. Check as follows:

a. Set the System Test Fixture ADDRESS switches for 
00B7.

b. Press the EXAMINE button and observe that the cursor 
display on the crt moves one increment. Check that the 
cursor moves one increment each time the EXAMINE 
button is pressed. See note below.

NOTE

If the cursor does not perform properly, check 
that the 7D01 cursor position switch {both 
course and fine) are firmly seated in a detent; 
also check the cursor dock circuitry.

2. Display Clock. Check as follows:

TABLE 6-7

Mainframe Readout Truth Table

Line #

Data Switch Number

Display(Address 00A8) (Address 0098)
03* 1 0

1 X 0 0 0 Map mode, except for 2 lines DF readout.

2 X 1 0 0 No 7D01 display or readout.

3 1 1 0 1 Display 7D01 only, with readout, if triggered.1

4 X 0 1 X Not a valid display.

5 X 1 1 0 Displays 19 lines of DF readout.

1 If the 7D01 is not triggered, verify performance of the 7D01; check DF’s "7D01 reset" circuit; check that 7D01 sample interval switch 
is not in the external position.

1 = HI, 0 = LO, X = DON'T CARE
"Control signals necessary only to produce a Timing Diagram display.
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a. Set the System Test Fixture ADDRESS switches to 
0098. Set DATA switch number 0 to LO (0).

b. Press the DEPOSIT button. The crt display should 
disappear.

c. Set the System Test Fixture DATA switch number 0 to 
HI (1).

a. Connect the DF Readout Source multi-pin jumper 
(internal) to display the mainframe readout (MFR). 
Refer to Figure 6-3.

b. Set the System Test Fixture ADDRESS switches to 
0098, and DATA switch number 0 to HI (1 ).

c. Press the DEPOSIT button.

d. Press the DEPOSIT button. The crt display should 
return.

d. Set the System Test Fixture ADDRESS switches to 
00A8. Set the DATA switches: number 3 to HI (1), number 
1 to HI (1 ), and number 0 to LO (0).

NOTE

Address 0098 determines if the 7D01 display 
dock is on or off.

e. Press the DEPOSIT button.

f. Press the 7D01 manual trigger button.

3. 7D01 Reset. Check as follows:

1. CURSOR ACQUISITION. Check as follows:

a. Set the System Test Fixture ADDRESS switches to 
00A8. Set DATA switches: number 1 to HI (1), number 
0 to LO (0), and number 3 to LO (0).

b. Press the DEPOSIT button. The 7D01 trig'd light should 
go out, and the crt display should disappear.

c. Set the System Test Fixture DATA switch number 3 
to HI (1).

a. Set the 7D01 data channels switch to 0-3.

b. Rotate the 7D01 cursor position switch (fine and 
course) to position the intensified dot one click before it 
disappears from the right side of the crt display.

c. Set the System Test Fixture ADDRESS switches to 
00B6.

d. Press the DEPOSIT button.
d. Press the EXAMINE button.

e. Press the 7D01 manual trigger button. The crt display 
should return, and the trig'd light should stay on.

NOTE

DA TA switch number 3 at address 00A8 
controls the 7D01 reset.

7D01 ACQUISITION. Since the DF's acquisition of the 
7D01's data is handled entirely by the microprocessor, this 
is the most complex interface. Check the Acquiring states 
of cursor counters, Acquiring 7D01 status, and Acquiring 
contents of 7D01 memory, as outlined in the following 
procedures.

Set up conditions as follows:

@

e. Set the System Test Fixture ADDRESS switches to 
00B0.

f. Press the EXAMINE button 8 times, and observe that 
the Data light number 0 stays off.

g. Press the EXAMINE button 6 times. Data light number 
0 should turn on and remain on.

h. Press the EXAMINE button once, and observe that 
Data light number 0 turns off.

i. Press the EXAMINE button once, and observe that Data 
light number 0 turns on again.
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j. Rotate the 7D01 cursor position switch (fine) one click 
(dot disappears from the display).

k. Set the System Test Fixture ADDRESS switches to 
00B6.

i. Set the System Test Fixture ADDRESS switches to 
00B0.

j. Press the EXAMINE button. Observe that Data light 
number 1 is off.

I. Press the EXAMINE button.

m. Set the System Test Fixture ADDRESS switches to 
00B0.

n. Press the Examine button exactly 14 times. The Data 
bus light number 0 should remain lit through all 14 
Examines.

o. Press the EXAMINE button 2 more times. The Data 
light number 0 should be off both times.

k. Press the 7D01 manual reset button.

l. Press the 7D01 manual trigger button.

m. Press the EXAMINE button. Observe that Data light 
number 1 is on.

3. 7D01 Memory. Check as follows:

a. Connect the two P6451 probes (7D01 standard acces­
sories) to the 7D01 connectors.

2. 7D01 STATUS. Check as follows:
b. Set the 7D01 front-panel controls as follows:

NOTE

The 7D01 should be in external trigger, with no 
input.

Threshold Voltage . . . . . . .TTL

Sample Interval.......... . . . .External

Ext Clock Polarity. . . . . . . . ._r

Data Channels............. . . . .0-15

Data Position............. . . . .Post Trig
a. Press the 7D01 manual reset button.

b. Set the System Test Fixture ADDRESS switches to 
00B0.

c. Press the EXAMINE button.

d. Check that Data light number 2 is off.

e. Press the 7D01 manual trigger button.

f. Press the EXAMINE button. Observe that Data light 
number 2 is on.

c. Connect the P6451 probe test leads as follows:

(1) Both probe ground leads to the Interface Test 
Fixture ground terminals.

(2) Channel 12 probe lead to terminal 0.

(3) External clock probe lead to terminal C.

d. Press the 7D01 manual reset button.

e. Press the 7D01 manual trigger button (if trig'd light is 
not on).

g. Set the System Test Fixture ADDRESS switches to 
00B5.

f. Set the System Test Fixture ADDRESS switches to 
0098. Set DATA switches: number 3 to HI (1 ), and number 
0 to LO (0).

h. Press the EXAMINE button. g. Press the DEPOSIT button.
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NOTE

If a bright dot appears on the crt display, 
either position it off-screen, or reduce the 
oscilloscope intensity.

h. Set the System Test Fixture ADDRESS switches to 
00B1.

i. Press the EXAMINE button.

j. Check that Data light number 5 is on, number 6 is 
on, and number 7 is off.

k. Press the EXAMINE button once. Data light number 4 
should change state.

l. Press the EXAMINE button once. Data light number 5 
should go off, and Data light number 4 should change state 
again.

m. Continually press the EXAMINE button. Note that 
Data light number 5 remains off, light number 6 remains 
on, and light number 4 changes state with each press of 
EXAMINE. Stop pressing the EXAMINE button when Data 
light number 7 comes on (approximately 15-20 Examines).

n. Press the EXAMINE button once more. Check that Data 
light number 7 is off, and that light number 4 changes state.

RESET OUTPUT. The logic level of the DF reset output 
(RESET OUT jack on DF front panel) is the inverse of 
whatever is deposited into the System Test Fixture DATA 
switch 1 at address 0098.
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CORRECTIVE MAINTENANCE

Corrective maintenance consists of component replacement and instrument repair. Special techniques required to replace 
components in this instrument are given here.

OBTAINING REPLACEMENT PARTS

All electrical and mechanical part replacements can be 
obtained through your Tektronix Field Office or represent­
ative. However, many of the standard electronic components 
can be obtained locally in less time than is required to order 
them from Tektronix, Inc. Before purchasing or ordering 
replacement parts, check the parts list for value, tolerance, 
rating, and description.

NOTE

When selecting replacement parts, it is impor­
tant to remember that the physical size and 
shape of a component may affect its perform­
ance in the instrument, particularly at high 
frequencies. All parts should be direct replace­
ments unless it is known that a different 
component will not adversely affect instrument 
performance.

Some parts are manufactured or selected by Tektronix, Inc. 
to satisfy particular requirements, or are manufactured 
for Tektronix, Inc. to our specifications. Most of the 
mechanical parts used in this instrument have been manu­
factured by Tektronix, Inc. To determine the manufacturer 
of parts, refer to parts list, Cross Index Mfg. Code Number 
to Manufacturer.

SOLDERING TECHNIQUES

The reliability and accuracy of this instrument can be 
maintained only if proper soldering techniques are used 
when repairing or replacing parts. General soldering 
techniques, which apply to maintenance of any precision 
electronic equipment, should be used when working on this 
instrument. Use only 60/40 rosin-core electronic-grade 
solder. The choice of soldering iron is determined by the 
repair to be made. When soldering on circuit boards, use a 
15- to 25-watt pencil-type soldering iron with a 1/8-inch 
wide, wedge-shaped tip. Keep the tip properly tinned for 
best heat transfer to the solder joint. A higher wattage 
soldering iron may separate the wiring from the base 
material. Avoid excessive heat; apply only enough heat to 
remove the component or to make a good solder joint. 
Also, apply only enough solder to make a firm solder joint; 
do not apply too much solder.

S CAUTION <

The Acquisition, Intelligence, and Button 
Lights circuit boards in this instrument are 
multilayer type boards with a conductive 
path(s) laminated between the top and bottom 
board layers. All soldering on these boards 
should be done with extreme care to prevent 
breaking the connections to the center 
conductor(s); only experienced maintenance 
personnel should attempt repair of these 
boards.

When ordering replacement parts from Tektronix, Inc., 
include the following information:

1. Instrument type.

2. Instrument serial number.

3. A description of the part (if electrical, include 
circuit number).

4. Tektronix part number.

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

For metal terminals, (e.g., coaxial connector, ground lug, 
etc.) a higher wattage soldering iron may be required. 
Match the soldering iron to the work being done. For 
example, if the component is connected to the chassis or 
other large heat-radiating surface, it will require a 40-watt 
or larger soldering iron.

The following technique should be used to replace a 
component on a circuit board:

1. Grip the component lead with long-nose pliers. Touch 
the soldering iron to the lead at the solder connection. Do 
not lay the iron directly on the board, as it may damage 
the board.
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2. When the solder begins to melt, gently pull the lead 
out. If unable to pull the lead out of the circuit board 
without using force, try removing the other end of the 
component as it may be more easily removed.

NOTE

The reason that some component leads seem 
troublesome to remove is due to a bend placed 
in each lead during the manufacturing process. 
The purpose of the bent leads is to hold the 
component in place during a flow-soldering 
manufacturing process that solders all com­
ponents at one time.

If a component lead is extremely difficult to remove, it 
may be helpful to straighten the leads on the back side of 
the board with a small screwdriver or pliers while heating 
the soldered connection.

Unsolder the component from the circuit board using heat 
on the component lead so that the solder will stay behind 
on the board. If you desire to remove solder from a circuit 
board hole for easier installation of a new component, use a 
solder-removing wick.

3. Bend the leads of the new component to fit the holes in 
the board. If the component is replaced while the board is 
mounted in the instrument, cut the leads so they will just 
protrude through the board. Insert the leads into the holes 
in the board so the component is firmly seated against the 
board (or as positioned originally). If it does not seat 
properly, heat the solder and gently press the component 
into place.

4. Touch the iron to the connection and apply a small 
amount of solder to make a firm solder joint. To protect 
heat-sensitive components, hold the lead between the 
component body and the solder joint with a pair of long- 
nose pliers or other heat sink.

5. Clip the excess lead that protrudes through the board 
(if not clipped in step 3).

6. Clean the area around the solder connection with a 
flux-removing solvent. Be careful not to remove information 
printed on the board.

COMPONENT REMOVAL AND
REPLACEMENT

WARNING I
LbbmbmbmI

To avoid electric shock, disconnect the instru­
ment from the power source before replacing 
components.

The exploded-view drawing associated with the Replaceable 
Mechanical Parts list may be helpful in the removal or 
disassembly of individual components or subassemblies. 
Component locations are shown in the Diagrams and 
Circuit Board Illustrations section.

CIRCUIT BOARDS

If a circuit board is damaged beyond repair, replace the 
entire board assembly. Part numbers are given in the 
Replaceable Electrical Parts list for completely wired 
boards. Refer to Figure 6-4 for circuit board locations.

A2-BUTTON LIGHTS CIRCUIT BOARD. To remove the 
circuit board:

1. Position instrument upside down with front panel facing 
you. Carefully pry front panel away from sub-panel using a 
small screwdriver in slot provided on sub-panel bottom. 
Carefully remove front panel.

2. Note colors of the three multi-pin connectors and the P 
number to which each connects on the two front sub-panel 
mounted circuit board assemblies.

3. Remove 4 screws (A, B, C, and D on Figure 6-5) from 
front sub-panel assembly.

4. Remove 4 screws (A, B, C, and D on Fig. 6-6) from 
Button Lights circuit board. Carefully lift board away from 
sub-panel assembly.

5. To replace Button Lights circuit board, reverse order of 
removal, and snap panel back into position.

Al—FORMATTER KEYBOARD CIRCUIT BOARD. To 
remove the circuit board:

1. Remove A2-Button Lights circuit board as previously 
described.
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Figure 6-4. Circuit board locations.
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Figure 6-5. Locations of securing screws on the front sub-panel.

2. Disconnect 2 wires (W1 and W2 on Figure 6-7). Remove 
4 hexagonal spacers (A, B, C, and D on Figure 6-7), and 
lift board away from front sub-panel.

Figure 6-6. Locations of securing screws on A2 Button Lights 
circuit board.

3. To replace AT Formatter Keyboard circuit board, 
reverse order of removal.

A5 R0M EXTENDER CIRCUIT BOARD. To remove the 
circuit board.
1. Note the color of all multi-pin connectors and the P 
number to which each connects.

2. Disconnect all cables that terminate on A5 ROM Ex­
tender circuit board.

3. Remove 3 screws (G, H, and I on Figure 6-8).

4. Lift circuit board clear of instrument.

5. To replace A5 -ROM Extender circuit board, reverse 
order of removal.

A3—INTELLIGENCE CIRCUIT BOARD. To remove the 
circuit board:

1. Remove A5—ROM Extender circuit board as previously 
described.

2. Remove 6 screws (A, B, C, D, E, and F on Figure 6-8).

3. Carefully disengage interconnecting board pins (one row 
of interconnecting pins at front panel end of board, and 
one row near rear panel). Lift board clear of instrument 
between top and bottom frame rails.

4. To replace A3—Intelligence circuit board, reverse order 
of removal. The use of a small screwdriver may aid in 
aligning the circuit board connecting pins with their sockets.



Figure 6-7. Locations of hex securing spacers and wiring to be 
disconnected on A1 Formatter Keyboard circuit board.

A4—ACQUISITION CIRCUIT BOARD. To remove the 
circuit board:

1. Remove 3 screws (A, B, and C on Figure 6-9).

2. Note color of all multi-pin connectors and the P number 
to which each connects.

3. Disconnect all cables that terminate on A4— Acquisition 
circuit board.

4. Remove 6 screws (D, E, F, G, H, and I on A4—Acqui­
sition circuit board).

5. Carefully disengage interconnecting board pins (one row 
of interconnecting pins at front panel end of board, and 
one row near rear panel). Lift board clear of instrument 
between top and bottom frame rails.

6. To replace A4 -Acquisition circuit board, reverse order 
of removal. The use of a small screwdriver may aid in 
aligning the circuit board connecting pins with their sockets.

PUSHBUTTON SWITCHES
All the pushbutton switches used in this instrument are 
mounted on the A1 -Formatter Keyboard circuit board. 
First, remove the A1—Formatter Keyboard circuit board 
following the procedure given under Circuit Boards in this 
section. To remove any switch from the board, simply push 
from the rear of the switch until the two plastic retainers 
disengage from the board. To replace the switch, align the 
two plastic retainers with the mating holes in the circuit 
board and snap into position.

Figure 6-8. Locations of securing screws on A3 Intelligence circuit board and A5 ROM Extender circuit board.
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Figure 6-9. Locations of securing screws and hardware mounting screws on A4 Acquisition circuit board.

SEMICONDUCTORS

Semiconductors should not be replaced unless actually 
defective. If removed from their sockets during routine 
maintenance, return them to their original sockets. 
Unnecessary replacement of semiconductors may affect 
the adjustment of this instrument. When semiconductors 
are replaced, check the operation of the part of the instru­
ment which may be affected.

To avoid electric shock, power must be turned 
off before removing or replacing semi­
conduc tors.

Replacement devices should be of the original type or a 
direct replacement. The lead configurations of the semi­
conductor devices used in this instrument are shown in the 
Diagrams and Circuit Board Illustrations section. When 
replacing, check the manufacturer's basing diagram for 
correct basing.
An extracting tool should be used to remove the 14-, 16-, 
20-, and 40-pin integrated circuits to prevent damage to the 
pins. This tool is available from Tektronix, Inc. Order 
Tektronix Part 003-0619-00. If an extracting tool is not 
available when removing one of these integrated circuits, 
pull slowly and evenly on both ends of the device. Try to 
avoid having one end of the integrated circuit disengage 
from the socket before the other, as the pins may be 
damaged.

INTERCONNECTING PINS

All interconnections in this instrument are made utilizing 
pins soldered into the board. Two types of mating 
connectors are used for these interconnecting pins. If the 
mating connector is mounted on a plug-on circuit board, a 
special socket is soldered into the board. If the mating 
connector is on the end of a lead, an end-lead pin connector 
is used which mates with the interconnecting pin. The 
following information provides the removal and replace­
ment procedure for the various types of interconnecting 
methods:

CIRCUIT-BOARD PINS. A circuit-board pin replacement 
kit (including necessary tools, instructions, and replacement 
pins with attached ferrules) is available from Tektronix, Inc. 
Order Tektronix Part 040-0542-00. Replacing circuit-board 
pins on multi-layer boards is not recommended; refer such 
repairs to your local Tektronix Field Office or representative.

To replace a damaged pin, first disconnect any pin 
connectors. Then unsolder (see Soldering Techniques) the 
damaged pin and pull it from the board with a pair of 
pliers, leaving the ferrule (see Fig. 6-10) in the circuit board 
if possible. If the ferrule remains in the circuit board, 
remove the spare ferrule from the replacement pin and 
press the new pin into the hole in the circuit board. If the 
ferrule is removed with the damaged pin, clean out the hole 
using a solder-removing wick and a scribe. Then press the

WARNING
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Figure 6-10. Exploded view of circuit-board pin and ferrule.

replacement pin, with attached spare ferrule, into the 
circuit board. Position the replacement pin in the same 
manner as the original pin had been. Solder the pin to the 
circuit board on each side of the board. If the original pin 
was bent at an angle to mate with a connector, carefully 
bend the new pin to the same angle. Replace the pin 
connector.

CIRCUIT-BOARD PIN SOCKETS. The pin sockets on the 
circuit boards are soldered to the back of the board. To 
remove or replace one of these sockets, first unsolder the 
pin (use a vacuum-type desoldering tool to remove excess 
solder). Then straighten the tabs on the socket and remove 
the socket from the board. Place the new socket in the 
circuit board hole and press the tabs down against the 
board. Solder the tabs of the socket to the circuit board; be 
careful not to get solder inside the socket.

S CAUTION <

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

END-LEAD PIN CONNECTORS. The pin connectors used 
to connect the wires to the interconnecting pins are 
clamped to the ends of the associated leads. To remove or 
replace damaged end-lead pin connectors, remove the old 
pin connector from the end of the lead and clamp the 
replacement connector to the lead.

Some of the pin connectors are grouped together and 
mounted in a plastic holder; the overall result is that 
these connectors are removed and installed as a multi-pin 
connector (see Troubleshooting Aids). If the individual 
end-lead pin connectors are removed from the plastic 
holder, note the order of the individual wires for correct 
replacement.

ADJUSTMENT AFTER REPAIR
After any electrical component has been replaced, the 
adjustment of that particular circuit should be checked, 
as well as other closely related circuits. See Section 7 for a 
complete Adjustment procedure.
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Section 7-DF2

PERFORMANCE CHECK AND ADJUSTMENT

This section provides information necessary to check performance requirements, functions which require removal of side 
panels, detailed checks of the DF memory, and to make internal adjustments. An additional Functional Check procedure, 
in the Operating Instruction section, checks the functions of the front-panel controls.

PRELIMINARY INFORMATION
ADJUSTMENT INTERVAL

To maintain instrument accuracy, check the performance 
of the DF every 1000 hours of operation, or every 6 
months if used infrequently. Before complete adjustment, 
thoroughly clean and inspect this instrument as outlined in 
section 4, Maintenance.

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

PERFORMANCE CHECK
Performance of this instrument can be checked by 
performing only the Performance Check. This procedure 
checks the instrument against the tolerances listed in the 
Performance Requirement column of the DF Specifi­

cations, and also checks the DF memory. Performance 
Check Table 7-1 (derived from the Specifications in the 
General Information section) briefly describes the test 
method to check the performance requirement for a given 
characteristic. To completely check all instrument 
functions, as well as instrument performance, perform the 
Functional Check (located in the Operating Instructions 
section) and Performance Check procedures.

ADJUSTMENT PROCEDURE
Completion of the Adjustment procedure ensures that the 
instrument is correctly adjusted. Instrument performance is 
checked before an adjustment is made.

PARTIAL PROCEDURE
A partial performance check or adjustment may be desired 
after replacing components or to touch up the adjustment 
portion of the instrument. Each Performance Check and 
Adjustment step is written to stand alone. Therefore to 
perform a partial procedure proceed to the desired 
numbered step (1,2, 5, etc.) and follow the procedure.

TABLE 7-1

Performance Check Description

Characteristic Performance Requirement Test Method

External Read Clock

Frequency Range 100 kHz to 500 kHz. Not Tested.

Duty Cycle 50% within 5%. Not Tested.

Display

Vertical Size Adjustable from 6.9 div, or less, to at least 
8.1 div from the top of the first line of DF 
readout to the bottom of the last line of DF 
readout.

Not Tested.

Vertical Position Adjustable to vertical center of display area in 
any calibrated 7000-series mainframe.

Not Tested.

Horizontal Position Adjustable to horizontal center of display area 
in any calibrated 7000-series mainframe.

Not Tested.
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TABLE 7-1 (CONT.)

Performance Check Description

Characteristic Performance Requirement T est Method

Output Signals

Reset Logic Voltage 
Level

LO: +0.4 V, or less, at 2 mA. LO tested by connecting 7D01 channel 0 probe 
and 2 mA source (2.4 kilohm to +5 V) to 
RESET OUT jack. (7D01 Threshold Voltage 
set to +0.4 V.)

HI: at least +2.4 V at 2 mA. HI tested by connecting 7D01 channel 0 probe 
and 2 mA drain (1.2 kilohm to gnd.) to RESET 
OUT jack. (7D01 Threshold Voltage set to 
+2.4 V.)

Waveshape Positive-going rectangular pulse. Checked indirectly above.

Duration 100 µs within 50 µs when used with the 7D01 
internal read clock.

Checked by using trigger-to-cursor readout on 
displayed pulse (1 µs sample interval).

TEST EQUIPMENT REQUIRED
The test equipment listed in Table 7-2 is required for a 
complete performance check and adjustment of this 
instrument. The specifications for test equipment, given 
in Table 7-2, are the minimum required to meet the 
Performance Requirements. Detailed operating instructions 
for test equipment are omitted in this procedure. Refer to 
the test equipment instruction manual if more information 
is needed.

SPECIAL FIXTURES
Special fixtures are used only where they facilitate 
instrument adjustment. These fixtures are available from 

Tektronix, Inc. Order by part number from Tektronix 
Field Offices or representatives.

TEST EQUIPMENT ALTERNATIVES
The test equipment listed in the Examples of Applicable 
Test Equipment column. Table 7-2, is required to check 
and adjust this instrument. The Performance Check and 
Adjustment procedure is based on the first item of equip­
mentgiven as an example. If other equipment is substituted, 
control settings or setups may need to be altered. If the 
exact item of equipment given as an example is not 
available, refer to the Minimum Specifications column to 
determine if other equipment may be substituted. Then 
check the Purpose column. If you determine that your 
measurement requirements will not be affected, the item 
and corresponding step(s) can be deleted.
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TABLE 7-2

Test Equipment

Description Minimum Specifications Purpose
Examples of Applicable 

Test Equipment

1. Oscilloscope mainframe Tektronix 7000-series with 
2 vertical and 1 horizontal 
plug-in compartments.

Provides display for 7D01 and 
DF.

a. TEKTRONIX 7603 
Oscilloscope.

b. Refer to the TEKTRONIX 
catalog for a compatible 
oscilloscope mainframe.

2. Logic Analyzer with 
Data Acquisition Probes.

Tektronix 7D-series compat­
ible with DF.

The DF is operable only 
with a companion Logic 
Analyzer.

a. TEKTRONIX 7D01 Logic 
Analyzer with two P6451 
Data Acquisition Probes.

3. TTL Signal Source Clock and 8-bit counter.
Clock frequency; approxi­
mately 1 kilohertz.

Provides standard input sig­
nals to 7D01.

a. TEKTRONIX067-0804-00 
TEST FIXTURE.

b. Circuit as shown in 
Figure 7-2.

4. +5-Volt Power Supply Current; at least 100 mA. Provides power to TTL Signal 
Source and provides 2 mA 
source for Reset Out check.

a. TEKTRONIX PS501 
Power Supply with TM500- 
series Power Module.

5. Voltmeter Range;+0.4 V to +2.4 V. Set 7D01 Variable Threshold 
Voltage during Reset Out 
check.

a. Triplett 630-NA VOM.

b. Simpson 262.

INDEX TO PERFORMANCE
CHECK AND ADJUSTMENT

PAGE

PRELIMINARY PROCEDURE.......................................7-3

PERFORMANCE CHECK PROCEDURE

1. Check Trigger Points....................................... 7-4
2. Check Old Data............................................... 7-5
3. Check Data Acquisition...................................7-6
4. Check Mainframe Readout............................. 7-6
5. Check Reset Out Pulse..................................... 7-7

ADJUSTMENT PROCEDURE

1. Adjust Horizontal Gain.................................... 7-8

PRELIMINARY PROCEDURE
1. Before connecting the DF Display Formatter to the 
7D01 Logic Analyzer, set the 7D01 for "first trigger" 
operation (see Fig. 7-1 ), and check that the DF is set for 
Formatter Readout (FOR R).

2. Attach the DF to the 7D01 and install the three-wide 
plug-in assembly into the oscilloscope mainframe (refer to 
Installation, in the General Information section, for 
assembly instructions).

3. Connect the Interface Test Fixture to the 7D01 as 
shown in Figure 7-2.

4. Setthe7D01 Logic Analyzer controls as follows:

Sample Interval Ext

Record Display Time oo

Data Position Post Trig

Data Channels 0-15

Trigger Source W.R.

Word Recognizer
Ch 0 through Ch 15 Lo
External Qualifier X
Probe Qualifier X
W.R. Mode Sync.

Threshold Voltage TTL (+1.4 V)

Ext Clock Polarity ~L
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5. Perform the Power-On function (turn mainframe power 
off, wait approximately 10 seconds, and turn power on).

PERFORMANCE CHECK
PROCEDURE

1. Check Trigger Points
a. Perform the Preliminary Procedure.

b. Adjust mainframe intensity and 7D01 Vert and Horiz 
controls for a well-defined Timing Diagram display.

c. Check that the trigger-to-cursor readout (top of 
display) is +0 and the cursor word readout (bottom of 
display) is 0000 0000 0000 0000 when the trigger and 
cursor intensified spots are superimposed.

d. Change the 7D01 Data Channels switch to 0-7 
position and press the Record Manual Reset push button.

e. Set the 7D01 Cursor position controls to superimpose 
the cursor tnd trigger intensified spots on the display.

f. Check that the trigger-to-cursor readout is +0 and the 
cursor word readout is 0000 0000.

g. Change the 7D01 Data Channels switch to 0-3 
position and press the Record Manual Reset push button.

h. Set the 7D01 Cursor position controls to super­
impose the cursor and trigger intensified spots on the 
display.

i. Check that the trigger-to-cursor readout is +0 and that 
the cursor word readout is 0000.

j. Change the 7D01 Data Channels switch to 0-15 
position and the Data Position switch to Center position.
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BLOCK DIAGRAM OF 
INTERFACE TEST FIXTURE 

SIGNAL GENERATOR

TO 7D01 
PROBES

(2150-16)2478-47

Figure 7-2. Test setup for Performance Check and Adjustment Procedure.

k. Press the Record Manual Reset push button and 
repeat parts c through i.

l. Change the 7D01 Data Channels switch to 0-15 
position and the Data Position switch to Pre Trig 
position.

m. Press the Record Manual Reset push button and 
repeat parts c through i.

2. Check Old Data.
a. Perform Preliminary Procedure.

b. Adjust mainframe intensity and 7D01 Vert and Horiz 
controls for a well-defined Timing Diagram display.

c. Change 7D01 Trigger Source switch to Ch 0 position 
and press the Record Manual Reset push button.

d. Rotate the 7D01 Cursor Fine Pos control counter­
clockwise until the cursor intensified spots disappear.

e. Check that the cursor readout (bottom of display) 
disappears at the same time as the cursor intensified 
spots.
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f. Repeat parts c through e for all positions of the 7D01 
Data Position and Data Channels switches.

h. Check that the top 16 rows of column 1 display 0 
through F.

3. Check Data Acquisition
a. Perform the Preliminary Procedure.

b. Press the STATE TABLE HEX push button.

c. Adjust mainframe intensity for a well-defined display.

d. Check that the top 16 rows of columns 1 and 3 
display 0 through F (see Figure 7-3).

7D01 TRIG

TOP 16 
ROWS

+ 0
4 3 2 1j COLUMNS
0 0 0 0

0 1 0 1
0 2 0 2
03  0 3
04  04

0505 
06 06
0 7 0 7 
0808

09 09 
0A 0A 
0B 0B 
0C   0C

0D 0D 
0E  0E 
0F  0F 
10 10

0000 TRIG 2150-17

Figure 7-3. Hexadecimal State Table display.

e. Rotate the 7D01 Cursor Coarse position switch one 
position clockwise at a time. Check that the data 
displayed in columns 1 and 3 remain the same, and that 
the top 16 rows of columns 2 and 4 change from all O's 
(7D01 TRIG +0), to all 1's (7D01 TRIG +16), etc., 
through all F's (7D01 TRIG 16). Ignore any X's or 
*'s in the displays.

f. Change the 7D01 Data Channels switch to 0-7 
position and press the Record Manual Reset push button.

i. Rotate the 7D01 Cursor Coarse position switch one 
position clockwise at a time. Check that the data 
displayed in column 1 remain the same, and that the top 
16 rows of column 2 change from all O's through all F's 
twice while the trigger-to-cursor readout advances from 
+0 through —16. Ignore any X's or *'s in the displays.

j. Change the 7D01 Data Channels switch to 0-3 position 
and press the Record Manual Reset push button.

k. Rotate the 7D01 Cursor position controls to set the 
trigger-to-cursor readout to +0.

l. Check that the top 16 rows display 0 through F.

m. Rotate the 7D01 Cursor Coarse position switch 
clockwise and check that the display remains the same, 
while the trigger-to-cursor readout advances from +0 
through —16. Ignore any X's or *'s in the display.

4. Check Mainframe Readout
a. Perform Preliminary Procedure.

b. Adjust mainframe intensity for a well-defined Timing 
Diagram display.

c. Note the normal (formatter) readout at the top and 
bottom of the display.

d. Turn off power to the mainframe and remove the 
7D01 -DF (do not disconnect the probes from the 7D01 ). 
Disconnect the DF from the 7D01 (refer to Installation, 
in the General Information section, for instructions).

e. Set the DF Readout Source jumper to the MFR (main­
frame readout) position.

f. Connect the DF to the 7D01 and install into the main 
mainframe.

g. Rotate the 7D01 Cursor position controls to set the 
trigger-to-cursor readout to +0.

g. Adjust the mainframe readout intensity control and 
check that crt readout can be obtained.
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h. Press the MAP FAST push button and check that 
normal (formatter) readout is present.

i. Press the STATE TABLE HEX push button and check 
that normal readout is present.

j. Turn off power to the mainframe and remove 
7D01-DF1.

k. Disconnect the DF from the 7D01 and set the DF 
Readout Source jumper to FOR R (formatter readout).

l. Reconnect the DF to the 7D01.

5. Check Reset Out Pulse
a. Setthe7D01 for First Trigger mode (internal jumper).
Set 7D01 controls as follows:

Sample Interval.......................1 µs

Record Display Time............ 00

Data Channels......................... 0-3

Data Position......................... Post Trig

Trigger Source.......................Ch 0

Threshold Voltage................. Var (±12 V)

Leave all probe tips open.

b. Turn on power to mainframe.

c. Press 7D01 Manual Trigger push button and adjust 
mainframe intensity and 7D01 Vert and Horiz controls 
for a well-defined Timing Diagram display (four traces)

Figure 7-4. Reset Out check test setup.

d. Connect a voltmeter between the 7D01 Threshold 
Voltage Monitor jack and ground and set to +2.4 volts.

e. Connect a 1.2-kilohm resistor between the DF RESET 
OUT jack and ground (Figure 7-4A).

f. Connect the Channel 0 probe tip to the RESET OUT 
jack.

g. Press the RESET IF 7D01=REF push button and 
check that the 7D01 resets once and displays a HI pulse 
on channel 0 of the Timing Diagram.

h. Rotate the 7D01 Cursor position controls to set the 
cursor intensified dot to the falling edge of the displayed 
pulse.

i. Check that the trigger-to-cursor readout is at least 
+50 and less than or equal to +150.

j. Set the 7D01 Threshold Voltage Monitor for +0.4 volts.

k. Disconnect the 1.2-kilohm resistor and Channel 0 
probe from the RESET OUT jack.
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l. Press the 7D01 Record Manual Reset and Manual 
Trigger push buttons (in that order).

m. Connect a 2.4-kilohm resistor from a +5-volt supply 
to the RESET OUT jack (Figure 7-4B).

n. Connect the Channel 0 probe to the RESET OUT 
jack.

o. Press the RESET IF 7D01 = REF push button and 
check that the 7D01 resets once and displays a HI pulse 
on channel 0 of the Timing Diagram display.

p. Disconnect the 2.4-kilohm resistor and Channel 0 
probe from the RESET OUT jack.

q. Turn off power to the mainframe and remove the 
7D01-DF.

r. Disconnect the DF from the 7D01 and set the 7D01 
to the Full Display mode (internal jumper).

ADJUSTMENT PROCEDURE
1. Adjust Horizontal Gain

a. Perform the Preliminary Procedure. (Do NOT set 
7D01 to First Trigger mode.)

b. Press MAP FAST push button and adjust mainframe 
intensity control for well-defined Map display (diagonal 
line).

c. Adjust the front-panel HORIZ POSN screwdriver 
adjustment to position the left end of the Map display 
to the left edge of the crt graticule.

d. Note the position of the right end of the Map display 
relative to the edge of the crt graticule. The right end of 
the display should be within 0.2 division from the right 
edge of the graticule.

e. If adjustment of the horizontal gain is required; turn 
off the power to the mainframe, partially remove the 
7D01-DF from the mainframe, and adjust the Horiz 
Gain screwdriver adjustment (accessible through the top 
rail of the DF). (Clockwise rotation of the control 
reduces the horizontal gain.)

f. Check the resultant adjustment by re-inserting the 
7D01-DF into the mainframe, applying power, and 
pressing the MAP FAST push button.

g. Repeat parts e and f as required.
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Section 8—DF2 Instruction

INSTRUMENT OPTIONS

No options were available for this instrument at the time of this printing.

Information on any subsequent options may be found in the CHANGE 
INFORMATION section in the back of this manual.
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REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field Office 
or representative.

Changes to Tektronix instruments are sometimes made to accommodate improved 
components as they become available, and to give you the benefit of the latest circuit 
improvements developed in our engineering department. It is therefore important, when 
ordering parts, to include the following information in your order: Part number, instrument 
type or number, serial number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your local 
Tektronix, Inc. Field Office or representative will contact you concerning any change in part 
number.

Change information, if any, is located at the rear of this manual.

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number

00X Part removed after this serial number

ITEM NAME

In the Parts List, an Item Name is separated from the description by a colon (:). 
Because of space limitations, an Item Name may sometimes appear as incomplete. For 
further Item Name identification, the U.S. Federal Cataloging Handbook H6-1 can be 
utilized where possible.

ABBREVIATIONS

ACTR ACTUATOR PLSTC PLASTIC
ASSY ASSEMBLY OTZ QUARTZ
CAP CAPACITOR RECP RECEPTACLE
CER CERAMIC RES RESISTOR
CKT CIRCUIT RF RADIO FREQUENCY
COMP COMPOSITION SEL SELECTED
CONN CONNECTOR SEMICOND SEMICONDUCTOR
ELCTLT ELECTROLYTIC SENS SENSITIVE
ELEC ELECTRICAL VAR VARIABLE
INCAND INCANDESCENT WW WIREWOUND
LED LIGHT EMITTING DIODE XFMR TRANSFORMER
NONWIR NON WIREWOUND XTAL CRYSTAL
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City, State, Zip

CROSS INDEX-MFR. CODE NUMBER TO MANUFACTURER

Mfr. Code

00213

01121
01295

04713 
07263

07910 
14752 
18324 
27014 
32997 
34649 
50579 
53184 
56289 
72982 
73138 
75042

80009
91637

Manufacturer Address

NYTRONICS, COMPONENTS GROUP, INC., 
SUBSIDIARY OF NYTRONICS, INC.
ALLEN-BRADLEY COMPANY
TEXAS INSTRUMENTS, INC., SEMICONDUCTOR 
GROUP

MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 
FAIRCHILD SEMICONDUCTOR, A DIV. OF 
FAIRCHILD CAMERA AND INSTRUMENT CORP. 
TELEDYNE SEMICONDUCTOR
ELECTRO CUBE INC.
SIGNETICS CORP.
NATIONAL SEMICONDUCTOR CORP.
BOURNS, INC., TRIMPOT PRODUCTS DIV. 
INTEL CORP.
LITRONIX INC.
XCITON CORPORATION
SPRAGUE ELECTRIC CO.
ERIE TECHNOLOGICAL PRODUCTS, INC.
BECKMAN INSTRUMENTS, INC., HELIPOT DIV. 
TRW ELECTRONIC COMPONENTS, IRC FIXED 
RESISTORS, PHILADELPHIA DIVISION 
TEKTRONIX, INC.
DALE ELECTRONICS, INC.

ORANGE STREET
1201 2ND STREET SOUTH

P 0 BOX 5012, 13500 N CENTRAL 
EXPRESSWAY
5005 E MCDOWELL RD,PO BOX 20923

464 ELLIS STREET 
12515 CHADRON AVE.
1710 S. DEL MAR AVE.
811 E. ARQUES
2900 SEMICONDUCTOR DR. 
1200 COLUMBIA AVE.
3065 BOWERS AVE. 
19000 HOMESTEAD RD.
5 HEMLOCK STREET

644 W. 12TH ST.
2500 HARBOR BLVD.

401 N. BROAD ST.
P 0 BOX 500
P. 0. BOX 609

DARLINGTON, SC 29532 
MILWAUKEE, WI 53204

DALLAS, TX 75222 
PHOENIX, AZ 85036

MOUNTAIN VIEW, CA 94042 
HAWTHORNE, CA 90250 
SAN GABRIEL, CA 91776 
SUNNYVALE, CA 94086 
SANTA CLARA, CA 95051 
RIVERSIDE, CA 92507 
SANTA CLARA, CA 95051 
CUPERTINO, CA 95014 
LATHAM, NY 12110 
NORTH ADAMS, MA 01247 
ERIE, PA 16512 
FULLERTON, CA 92634

PHILADELPHIA, PA 19108 
BEAVERTON, OR 97077 
COLUMBUS, NE 68601
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Ckt No.
Tektronix 
Part No.

Serial/Model No.
Name & Description

Mfr
Code Mfr Part NumberEff Dscont

Al 670-4663-01 CKT BOARD ASSY : KEYBOARD 80009 670-4663-01
A2 670-4664-01 CKT BOARD ASSY:BUTTON LIGHTS 80009 670-4664-01
A3 670-4662-00 CKT BOARD ASSY:INTELLIGENCE 80009 670-4662-00
A4 670-4661-00 CKT BOARD ASSY ACQUISITION 80009 670-4661-00
A5 670-5506-00 CKT BOARD ASSY:ROM EXTENDER 80009 670-5506-00

C72 290-0745-00 CAP.,FXD,ELCTLT:22UF,+50-10%,25V 56289 502D225
C73 290-0746-00 CAP.,FXD,ELCTLT:47UF,+50-10%,16V 56289 502D226
C74 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5 RIO3K
C75 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C76 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K

C77 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C78 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C79 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C81 290-0746-00 CAP.,FXD,ELCTLT:47UF,+50-10%,16V 56289 502D226
C82 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K

C83 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C84 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C85 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C86 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C87 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K

C93 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C95 290-0745-00 CAP.,FXD,ELCTLT:22UF,+50-10%,25V 56289 502D225
C96 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C97 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C98 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K

C99 281-0773-00 CAP.,FXD,CER DI: 0.01UF,10%,100V 72982 8005H9AADW5R103K
C187 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C206 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C233 281-0772-00 CAP.,FXD,CER DI:0.0047UF,10%,100V 72982 8005H9AADW5R472K
C243 281-0772-00 CAP.,FXD,CER DI:0.0047UF,10%,100V 72982 8005H9AADW5R472K

C254 290-0745-00 CAP.,FXD,ELCTLT:22UF,+50-10%,25V 56289 502D225
C257 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C310 281-0786-00 CAP.,FXD,CER DI:150PF,10%,100V 72982 390049X5P015IK
C311 281-0786-00 CAP.,FXD,CER DI:150PF,10%,100V 72982 390049X5P0151K
C467 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K

C468 281-0762-00 CAP.,FXD,CER DI:27PF,20%,100V 72982 390-049X5P0270M
C470 281-0773-00 CAP.,FXD,CER DI :0.01UF,10%,100V 72982 8005H9AADW5R103K
C472 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C481 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C492 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K

C493 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C494 290-0782-00 CAP.,FXD,ELCTLT:4.7UF,+75-10%,35V 56289 503D475G035AS
C567 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C568 281-0763-00 CAP.,FXD,CER DI:47PF,10%,100V 72982 390049X5P0470K
C570 281-0773-00 CAP.,FXD,CER DI : 0.01UF,10%,100V 72982 8005H9AADW5R103K

C572 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C581 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C583 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C604 281-0759-00 CAP.,FXD,CER DI:22PF,10%,100V 72982 390-049X5P0220K
C605 281-0759-00 CAP.,FXD,CER DI:22PF,10%,100V 72982 390-049X5P0220K

C624 281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982 8005H9AADW5R471K
C625 281-0788-00 CAP.,FXD,CER DI:47OPF,10%,100V 72982 8005H9AADW5R471K
C641 285-1076-00 CAP.,FXD,PLSTC: 0.2UF,5%,100V 14752 230B1B204J
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C642 281-0773-00 CAP.,FXD,CER DI: 0.01UF,10%,100V 72982 8005H9AADW5R103K
C691 281-0785-00 CAP.,FXD,CER DI:68PF,10%,100V 72982 390049X5P0680K
C704 281-0791-00 B010100 B010219 CAP.,FXD,CER DI:270PF,10%,100V 80009 281-0791-00
C704 281-0773-00 BO10220 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADW5R103K
C705 281-0762-00 B010100 B010219X CAP.,FXD,CER DI:27PF,20%,100V 72982 390-049X5P0270M

C706 283-0115-00 XB010220 CAP.,FXD,CER DI:47PF,5%,200V 72982 805-509C0G470J
C748 281-0786-00 CAP.,FXD,CER DI:150PF,10%,100V 72982 390049X5P0151K
C749 281-0786-00 CAP.,FXD,CER DI:150PF,10%,100V 72982 390049X5P015IK
C825 283-0167-00 CAP.,FXD,CER DI:0.1UF,10%,100V 72982 8131N147 C 104K
C835 283-0167-00 CAP.,FXD,CER DI : 0.1UF,10%,100V 72982 8131N147 C 104K

C845 283-0203-00 CAP.,FXD,CER DI :0.47UF,20%,50V 72982 8131N075 E474M
C855 283-0167-00 CAP.,FXD,CER DI : 0.1UF,10%,100V 72982 8131N147 C 104K

CR62 152-0107-00 SEMICOND DEVICE : SILICON,400V,400MA 80009 152-0107-00
CR151 152-0141-02 SEMICOND DEVICE : SILICON,30V,150MA 07910 1N4152
CR152 152-0141-02 SEMICOND DEVICE : SILICON,30V,150MA 07910 1N4152
CR254 152-0141-02 SEMICOND DEVICE : SILICON,30V,150MA 07910 1N4152
CR471 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152

CR564 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR565 152-0141-02 SEMICOND DEVICE : SILICON,30V,150MA 07910 1N4152
CR571 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR691 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR865 152-0066-00 SEMICOND DEVICE:S1LICON,400V,750MA 80009 152-0066-00

DS8 150-1036-00 LAMP,LED : RED,3.OV,40MA 50579 RL4484
DS10 150-1036-00 LAMP, LED : RED, 3. OV, 4 0MA 50579 RL4484
DS12 150-1036-00 LAMP,LED : RED,3.OV,40MA 50579 RL4484
DS14 150-1036-00 LAMP, LE,D: RED, 3.0 V, 4 0MA 50579 RL4484
DS18 150-1036-00 LAMP,LED :RED,3.OV,40MA 50579 RL4484

DS20 150-1036-00 LAMP, LED :RED, 3. OV, 40MA 50579 RL4484
DS22 150-1036-00 LAMP, LED : RED, 3. OV, 40MA 50579 RL4484
DS24 150-1036-00 LAMP,LED : RED,3.OV,40MA 50579 RL4484
DS26 150-1036-00 LAMP,LED : RED,3.OV,40MA 50579 RL4484
DS28 150-1036-00 LAMP,LED : RED,3.OV,40MA 50579 RL4484

DS30 150-1029-00 LAMP,LED:2.0V,GREEN 53184 XC209G
DS34 150-1036-00 LAMP , LED : RED, 3 . OV, 40MA 50579 R.L4484
DS 36 150-1036-00 LAMP, LED : RED, 3. OV, 40MA 50579 RL4484
DS38 150-1036-00 LAMP, LED : RED, 3 . OV , 40MA 50579 RL4484
DS40 150-1036-00 LAMP,LED:RED,3.0V,40MA 50579 RL4484

DS42 150-1036-00 LAMP,LED : RED,3.OV,40MA 50579 RL4484
DS44 150-1036-00 LAMP,LED:RED,3.0V,40MA 50579 RL4484
DS46 150-1036-00 LAMP,LED :RED,3.OV,40MA 50579 RL4484
DS52 150-1036-00 LAMP, LED : RED, 3. OV, 40MA 50579 RL4484
DS54 150-1036-00 LAMP, LED : RED, 3. OV, 40MA 50579 RL4484

L73 108-0574-00 COIL,RF:30UH 80009 108-0574-00
L81 108-0574-00 COIL,RF:30UH 80009 108-0574-00
L704 108-0736-00 B010100 B010219X COIL,RF:825NH 80009 108-0736-00

LR72 108-0184-00 COIL, RF: 3.2UH (WOUND ON A 10 OHM RESISTOR) 80009 108-0184-00
LR95 108-0184-00 COIL,RF:3.2UH(WOUND ON A 10 OHM RESISTOR) 80009 108-0184-00

Q8 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q10 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q12 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q14 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q18 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
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Q20 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q22 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q24 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q26 151-0254-00 TRANSISTOR:SILICON, NPN 80009 151-0254-00
Q28 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00

Q30 151-0254-00 TRANSISTOR: SILICON,NPN 80009 151-0254-00
Q34 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q36 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q38 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q40 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00

Q42 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q44 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q46 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q52 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00
Q54 151-0254-00 TRANSISTOR:SILICON,NPN 80009 151-0254-00

Q141 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065
Q151 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065
Q184 151-0342-00 TRANSISTOR:SILICON,PNP 80009 151-0342-00
Q188 151.-0342-00 TRANSISTOR:SILICON,PNP 80009 151-0342-00
Q202 151-0341-00 TRANSISTOR: SILICON,NPN 07263 S040065

Q206 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065
Q234 151-0342-00 TRANSISTOR:SILICON,PNP 80009 151-0342-00
Q244 151-0342-00 TRANSISTOR:SILICON,PNP 80009 151-0342-00
Q254 151-0342-00 TRANSISTOR:SILICON,PNP 80009 151-0342-00
Q258 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065

Q472 151-0460-00 TRANSISTOR:SILICON,NPN 07263 2N3947
Q482 151-0460-00 TRANSISTOR:SILICON,NPN 07263 2N3947
Q482 151-0460-00 TRANSISTOR:SILICON,NPN 07263 2N3947
Q486 151-0459-00 TRANSISTOR:SILICON,PNP 04713 2N3251
Q572 151-0460-00 TRANSISTOR:SILICON,NPN 07263 2N3947

Q582 151-0459-00 TRANSISTOR:SILICON,PNP 04713 2N3251
Q586 151-0459-00 TRANSISTOR:SILICON,PNP 04713 2N3251
Q592 151-0342-00 TRANSISTOR:SILICON,PNP 80009 151-0342-00
Q594 156-0065-00 MICROCIRCUIT, LI: FIVE NPN TRANSISTOR ARRAY 80009 156-0065-00
Q752 151-0341-00 TRANSIS TOR:SILICON,NPN 07263 S040065

Q754 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065
Q756 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065
Q760 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065
Q762 151-0223-00 TRANSIS TOR:SILICON,NPN 80009 151-0223-00
Q764 151-0220-00 TRANSISTOR:SILICON,PNP 80009 151-0220-00

Q770 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065
Q772 151-0223-00 TRANSISTOR: SILICON,NPN 80009 151-0223-00
Q774 151-0220-00 TRANSIS TOR:SILICON,PNP 80009 151-0220-00
Q782 151-0342-00 TRANSISTOR: SILICON,PNP 80009 151-0342-00
Q792 151-0435-00 TRANSISTOR : SILICON, PNP 80009 151-0435-00

Q796 151-0435-00 TRANSISTOR:SILICON,PNP 80009 151-0435-00

R8 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R9 307-0489-00 RES,NTWK,FXD,FI:THICK FILM,100 OHM,20%,1W 32997 4408R0011010
R19 307-0489-00 RES,NTWK,FXD,FI:THICK FILM,100 0HM,20%,lW 32997 4408R0011010
R21 315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,0.25W 01121 CB1045
R29 307-0489-00 RES,NTWK,FXD,FI:THICK FILM,100 OHM,20%,1W 32997 4408R0011010

R30 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
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R39 315-0104-00 RES. ,FXD,CMPSN:100K OHM,5%,0.25W 01121 CB1045
R40 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R62 303-0360-00 RES. ,FXD,CMPSN:36 OHM,5%,1W 01121 GB3605
R65 315-0203-00 RES. ,FXD,CMPSN:2OK OHM,5%,0.25W 01121 CB2035
R66 315-0203-00 RES. ,FXD,CMPSN:20K OHM,5%,0.25W 01121 CB2035

R67 315-0203-00 RES. ,FXD,CMPSN:20K OHM,5%,0.25W 01121 CB2035
R68 315-0203-00 RES. ,FXD,CMPSN:20K OHM,5%,O.25W 01121 CB2035
R141 315-0203-00 RES. ,FXD,CMPSN:20K OHM,5%,0.25W 01121 CB2035
R142 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
R150 315-0133-00 RES. ,FXD,CMPSN:13K OHM,5%,0.25W 01121 CB1335

R151 315-0391-00 RES. ,FXD,CMPSN:390 OHM,5%,0.25W 01121 CB3915
R152 315-0620-00 RES. ,FXD,CMPSN:62 OHM,5%,0.25W 01121 CB6205
R156 315-0512-00 RES. ,FXD,CMPSN:5.IK OHM,5%,0.25W 01121 CB5125
R184 315-0201-00 RES. ,FXD,CMPSN:200 OHM,5%,0.25W 01121 CB2015
R187 315-0132-00 RES. ,FXD,CMPSN:1.3K OHM,5%,0.25W 01121 CB1325

R188 315-0362-00 RES. ,FXD,CMPSN:3.6K OHM,5%,0.25W 01121 CB3625
R201 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R202 315-0681-00 RES. ,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
R203 315-0162-00 RES. ,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CB1625
R204 315-0132-00 RES. ,FXD,CMPSN:1.3K OHM,5%,0.25W 01121 CB1325

R205 315-0153-00 RES. ,FXD,CMPSN:15K OHM,5%,0.25W 01121 CB1535
R206 315-0681-00 RES. ,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
R232 315-0102-00 RES. ,FXD,CMPSN:IK OHM,5%,0.25W 01121 CB1025
R233 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
R234 315-0100-00 RES. ,FXD,CMPSN:10 OHM,5%,0.25W 01121 CB1005

R235 315-0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 01121 CB2205
R242 315-0102-00 RES. ,FXD,CMPSN:IK OHM,5%,0.25W 01121 CB1025
R243 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
R244 315-0100-00 RES. ,FXD,CMPSN: 10 OHM,5%,0.25W 01121 CB1005
R245 315-0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 01121 CB2205

R251 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R252 315-0102-00 RES. ,FXD,CMPSN:IK OHM,5%,0.25W 01121 CB1025
R254 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
R255 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R256 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035

R257 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R258 315-0222-00 RES. ,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R259 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R262 315-0242-00 RES. ,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 CB2425
R263 315-0472-00 RES. ,FXD,CMPSN:4,7k OHM,5%,0.25W 01121 CB4725

R284 315-0102-00 RES. ,FXD,CMPSN:IK OHM,5%,0.25W 01121 CB1025
R310 315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
R311 315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
R463 315-0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 CB1825
R467 315-0200-00 RES. ,FXD,CMPSN:20 OHM,5%,0.25W 01121 CB2005

R469 315-0162-00 RES. ,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CB1625
R470 311-1248-00 RES. ,VAR,NONWIR: 500 OHM,10%,0.50W 73138 72X-23-0-501K
R471 315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
R472 315-0163-00 RES. ,FXD,CMPSN:16K OHM,5%,0.25W 01121 CB1635
R475 311-1228-00 RES. ,VAR,NONWIR:10K OHM,20%,0.50W 32997 3386F-T04-103

R480 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R481 315-0101-00 RES. ,FXD.CMPSN:100 OHM,5%,0.25W 01121 CB1O15
R482 315-0331-00 RES. ,FXD,CMPSN:330 OHM,5%,0.25W 01121 CB3315
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R483 323-0195-00 RES.,FXD,FILM:1.05K OHM,1%,0.50W 75042 CECT0-1051F
R484 32.1-0108-00 RES.,FXD,FILM:130 OHM,l%,0.125W 91637 MFF1816G130R0F
R485 321-0155-00 RES.,FXD,FILM:402 OHM,1%,0.125W 91637 MFF1816G402R0F
R486 315-0201-00 RES.,FXD,CMPSN:200 OHM,5%,0.25W 01121 CB2015
R491 321-0270-00 RES.,FXD,FILM:6.34K OHM,1%,0.125W 91637 MFF1816G63400F

R492 321-0222-00 RES.,FXD,FILM:2K OHM,1%,0.125W 91637 MFF1816G20000F
R494 315-0361-00 RES.,FXD,CMPSN:360 OHM,5%,0.25W 01121 CB3615
R495 315-0300-00 RES.,FXD,CMPSN:30 OHM,5%,0.25W 01121 CB3005
R502 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R503 315-0512-00 RES.,FXD,CMPSN:5.IK OHM,5%,0.25W 01121 CB5125

R505 315-0513-00 RES.,FXD,CMPSN:51K OHM,5%,0.25W 01121 CB5135
R506 315-0203-00 RES.,FXD,CMPSN:2OK OHM,5%,0.25W 01121 CB2035
R508 315-0154-00 RES.,FXD,CMPSN:150K OHM,5%,0.25W 01121 CB1545
R562 315-0124-00 RES.,FXD,CMPSN:120K OHM,5%,0.25W 01121 CB1245
R563 315-0182-00 RES.,FXD,CMPSN:1.8K 0HM,5%,0.25W 01121 CB1825

R564 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R565 315-0273-00 RES.,FXD,CMPSN:27K OHM,5%,0.25W 01121 CB2735
R566 315-0223-00 RES.,FXD,CMPSN:22K OHM,5%,0.25W 01121 CB2235
R567 315-0200-00 RES.,FXD,CMPSN:20 OHM,5%,0.25W 01121 CB2005
R569 315-0162-00 RES.,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CB1625

R570 311-1225-00 RES.,VAR,NONWIR:1K OHM,20%,0.50W 32997 3386F-T04-102
R571 315-0752-00 RES.,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
R572 315-0133-00 RES.,FXD,CMPSN:13K OHM,5%,0.25W 01121 CB1335
R575 311-1228-00 RES. ,VAR,NONWIR:10K OHM,20%,0.50W 32997 3386F-T04-103
R580 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035

R581 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R582 315-0331-00 RES.,FXD,CMPSN:330 OHM,5%,0.25W 01121 CB3315
R583 323-0195-00 RES.,FXD,FIIM:1.05K OHM,1%,0.50W 75042 CECTO-1051F
R584 321-0108-00 RES.,FXD,FILM:130 OHM,1%,0.125W 91637 MFF1816G130ROF
RS85 321-0155-00 RES.,FXD,FILM:402 OHM,1%,0.125W 91637 MFF1816G402ROF

R586 315-0201-00 RES.,FXD,CMPSN:200 OHM,5%,0.25W 01121 CB2015
R590 315-0113-00 RES.,FXD,CMPSN:11K OHM,5%,0.25W 01121 CB1135
R591 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R592 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R594 315-0361-00 RES.,FXD,CMPSN:360 OHM,5%,0.25W 01121 CB3615

R595 315-0300-00 RES.,FXD,CMPSN:30 OHM,5%,0.25W 01121 CB3005
R604 315-0622-00 RES.,FXD,CMPSN:6.2K OHM,5%,0.25W 01121 CB6225
R605 315-0432-00 RES.,FXD,CMPSN: 4.3K OHM,5%,0.25W 01121 CB4325
R624 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R625 315-0153-00 RES.,FXD,CMPSN:15K OHM,5%,0.25W 01121 CB1535

R641 321-0318-00 RES.,FXD,FILM:20K OHM,1%,0.125W 91637 MFF1816G20001F
R642 321-0352-00 RES.,FXD,FILM:45.3K OHM,1%,0.125W 91637 MFF1816G45301F
R691 315-0102-00 RES.,FXD,CMPSN:IK OHM,5%,0.25W 01121 CB1025
R692 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,0.25W 01121 CB1025
R704 315-0102-00 RES.,FXD,CMPSN:IK OHM,5%,0.25W 01121 CB1025

R705 315-0102-00 RES.,FXD,CMPSN:IK OHM,5%,0.25W 01121 CB1025
R736 315-0244-00 RES.,FXD,CMPSN:240K OHM,5%,0.25W 01121 CB2445
R737 315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,0.25W 01121 CB1045
R748 315-0203-00 RES.,FXD,CMPSN:20K OHM,5%,0.25W 01121 CB2035
R749 315-0362-00 RES.,FXD,CMPSN:3.6K OHM,5%,0.25W 01121 CB3625

R751 315-0432-00 RES.,FXD,CMPSN:4.3K OHM,5%,0.25W 01121 CB4325
R752 315-0512-00 RES.,FXD,CMPSN:5.IK OHM,5%,0.25W 01121 CB5125
R753 315-0303-00 RES.,FXD,CMPSN:30K 0HM,5%,0.25W 01121 CB3035
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R754 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R755 311-1231-00 RES. ,VAR,NONWIR:25K OHM,20%,0.50W 32997 3386F-T04-253
R756 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
R757 315-0753-00 RES.,FXD,CMPSN: 75K OHM,5%,0.25W 01121 CB7535
R760 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035

R761 315-0512-00 RES.,FXD,CMPSN:5.IK OHM,5%,0.25W 01.121 CB5125
R762 315-0512-00 RES.,FXD,CMPSN:5.IK OHM,5%,0.25W 01121 CB5125
R763 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
R764 315-0511-00 RES.,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
R770 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1O35

R771 315-0512-00 RES.,FXD,CMPSN:5.IK OHM,5%,0.25W 01121 CB5125
R772 315-0821-00 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215
R773 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
R774 315-0511-00 RES.,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
R781 315-0512-00 RES.,FXD,CMPSN:5.IK OHM,5%,0.25W 01121 CB5125

R782 315-0203-00 RES.,FXD,CMPSN:2OK OHM,5%,0.25W 01121 CB2035
R790 315-0244-00 RES.,FXD,CMPSN:240K OHM,5%,0.25W 01121 CB2445
R791 315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,0.25W 01121 CB1045
R792 315-0511-00 RES.,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
R810 308-0402-00 RES.,FXD,WW:30 OHM,5%,5W 00213 1250S-30R00J

S8 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S10 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S12 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S14 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S18 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00

S20 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S22 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S24 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S26 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S28 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00

S34 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S36 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S38 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S40 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S42 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00

S44 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S46 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S48 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S52 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00
S54 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00

S58 263-0019-00 ACTR ASSY,PB: 80009 263-0019-00

U8 156-0572-00 MICROCIRCUIT,DI:8 BIT SERIAL IN-PRL OUT 80009 156-0572-00
U26 156-0572-00 MICROCIRCUIT,DI:8 BIT SERIAL IN-PRL OUT 80009 156-0572-00
U42 156-0572-00 MICROCIRCUIT,DI:8 BIT SERIAL IN-PRL OUT 80009 156-0572-00
U65 156-0572-00 MICROCIRCUIT,DI:8 BIT SERIAL IN-PRL OUT 80009 156-0572-00
U102 156-0469-00 MICROCIRCUIT,DI:3-LINE TO 8-LINE DECODER 01295 SN74IS138N

U110 156-0503-00 MICROCIRCUIT,DI:HEX INVERTER BUFFER 80009 156-0503-00
U132 156-0625-00 MICROCIRCUIT,DI:8 BIT PRL LOAD SHIFT RGTR 80009 156-0625-00
U138 156-0625-00 MICROCIRCUIT,DI:8 BIT PRL LOAD SHIFT RGTR 80009 156-0625-00
U152 156-0574-00 MICROCIRCUIT,DI:TRI-STATE QUAD D F-F 80009 156-0574-00
U156 156-0349-01 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE 80009 156-0349-01

U158 156-0366-00 MICROCIRCUIT,LI:DUAL D-TYPE F-F 80009 156-0366-00
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U162 156-0574-00 MICROCIRCUIT,DI:TRI-STATE QUAD D F-F 80009 156-0574-00
U172 156-0574-00 MICROCIRCUIT,DI:TRI-STATE QUAD D F-F 80009 156-0574-00
U182 156-0574-00 MICROCIRCUIT,DI:TRI-STATE QUAD D F-F 80009 156-0574-00
U216 156-0385-00 MICROCIRCUIT,DI: HEX.INVERTER 01295 SN74LS04N
U217 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LS00N

U218 156-0171-00 MICROCIRCUIT,DI:QUAD 2-INPUT OR GATE 01295 SN7432N
U222 156-0403-00 MICROCIRCUIT,DI:HEX. INV W/OPEN COLL OUTPS 01295 SN74S05N
U264 156-0426-00 MICROCIRCUIT,DI MICROPROCESSOR 6800 04713 MC6800L
U268 156-0469-00 MICROCIRCUIT,DI:3-LINE TO 8-LINE DECODER 01295 SN74LS138N
U274 156-0716-00 MICROCIRCUIT,DI:128 X 8 BIT STATIC RAM 04713 6810A

U284 156-0899-00 MICROCIRCUITSs2048 X 8 ROM,CUSTOM MASK 80009 156-0889-00
U294 156-0900-00 MICROCIRCUIT,DI: 2048 X 8 ROM,CUSTOM MASK 80009 156-0900-00
U304 156-0649-00 MICROCIRCUIT,DI:3 STATE HEX. NON INVT BFR 80009 156-0649-00
U308 156-0649-00 MICROCIRCUIT,DI: 3 STATE HEX. NON INVT BFR 80009 156-0649-00
U310 156-0733-00 MICROCIRCUIT,DI:DUAL MONOSTABLE MV 27014 DM74LS221N

U314 156-0291-00 MICROCIRCUIT^: 1024 BIT X STATIC ROM 34649 2102
U316 156-0291.-00 MICROCIRCUIT^: 1024 BIT X STATIC ROM 34649 2102
U318 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U320 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U334 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102

U336 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U338 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U340 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U354 156-0649-00 MICROCIRCUIT,DI:3 STATE HEX. NON INVT BFR 80009 156-0649-00
U402 156-0741-00 MICROCIRCUIT,DI:4-BIT BINARY COUNTER 80009 156-0741-00

U404 156-0387-00 MICROCIRCUIT,DI:DUAL J-K NEG EDGE TRIG 01295 SN74LS73N
U409 156-0386-00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATE 01295 SN74LS10N
U412 156-0656-00 MICROCIRCUIT,DI:DECADE COUNTER 80009 156-0656-00
U415 156-0385-00 MICROCIRCUIT, DI : HEX. INVERTER 01295 SN74LS04N
U417 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LS00N

U422 156-0785-09 MICROCIRCUIT,DI:PROM U522 PROGRAMMED 80009 156-0785-09
U432 156-0679-00 MICROCIRCUIT,DI:4-BIT BINARY FULL ADDER 01295 SN74LS283N
U434 156-0679-00 MICROCIRCUIT,DI:4-BIT BINARY FULL ADDER 01295 SN74LS283N
U452 156-0574-00 MICROCIRCUIT,DI:TRI-STATE QUAD D F-F 80009 156-0574-00
U454 156-0574-00 MICROCIRCUIT,DI:TRI-STATE QUAD D F-F 80009 156-0574-00

U462 156-0530-00 MICROCIRCUIT,DI :SEL/MULTIPLEXE,16 PIN DIP 80009 156-0530-00
U464 156-0530-00 MICROCIRCUIT, DI :SEL/MULTIPLEXE, 16 PIN DIP 80009 156-0530-00
U468 156-0509-00 MICROCIRCUIT,LI:8 BIT BIN,MULT,CURRENT OUTPUT 04713 SC20803LH
U492 156-0067-00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 80009 156-0067-00
U502 156-0741-00 MICROCIRCUIT,DI:4-BIT BINARY COUNTER 80009 156-0741-00

U503 156-0464-00 MICROCIRCUIT,DI:DUAL 4-INPUT NAND GATE 01295 SN74LS20N
U504 156-0741-00 MICROCIRCUIT,DI:4-BIT BINARY COUNTER 80009 156-0741-00
U522 156-0785-08 MICROCIRCUIT,DI:PROM U422 PROGRAMMED 80009 156-0785-08
U532 156-0679-00 MICROCIRCUIT,DI:4-BIT BINARY FULL ADDER 01295 SN74LS283N
U534 156-0679-00 MICROCIRCUIT,DI: 4-BIT BINARY FULL ADDER 01295 SN74LS283N

U552 156-0574-00 MICROCIRCUIT,DI:TRI-STATE QUAD D F-F 80009 156-0574-00
U554 156-0574-00 MICROCIRCUIT,DI:TRI-STATE QUAD D F-F 80009 156-0574-00
U562 156-0530-00 MICROCIRCUIT,DI:SEL/MULTIPLEXE,16 PIN DIP 80009 156-0530-00
U564 156-0530-00 MICROCIRCUIT,DI:SEL/MULTIPLEXE,16 PIN DIP 8Ô009 156-0530-00
U568 156-0509-00 MICROCIRCUIT,LI:8 BIT BIN,MULT,CURRENT OUTPUT 04713 SC20803LH

U604 156-0733-00 MICROCIRCUIT, DI: DUAL MONOSTABLE MV 27014 DM74LS221N
U614 156-0386-00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATE 01295 SN74LS10N
U624 156-0733-00 MICROCIRCUIT,DI:DUAL MONOSTABLE MV 27014 DM74LS221N
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U632 156-0412-00 MICROCIRCUIT,DI:4-BIT BIN UP/DOWN COUNTER 01295 SN74LS193N
U634 156-0412-00 MICROCIRCUIT,DI:4-BIT BIN UP/DOWN COUNTER 01295 SN74LS193N
U636 156-0412-00 MICROCIRCUIT,DI :4-BIT BIN UP/DOWN COUNTER 01295 SN74LS193N
U638 156-0388-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 01295 SN74LS74N
U640 156-0402-00 MICROCIRCUIT,DI: TIMER 18324 NE555V

U641 156-0469-00 MICROCIRCUIT,DI: 3-LINE TO 8-LINE DECODER 01295 SN74LS138N
U642 156-0547-00 MICROCIRCUIT,DI:QUAD TOW-INPUT MULTIPLEXER 80009 156-0547-00
U644 156-0547-00 MICROCIRCUIT,DI:QUAD TOW-INPUT MULTIPLEXER 80009 156-0547-00
U646 156-0547-00 MICROCIRCUIT,DI:QUAD TOW-INPUT MULTIPLEXER 80009 156-0547-00
U648 156-0387-00 MICROCIRCUIT,DI:DUAL J-K NEG EDGE TRIG 01295 SN74LS73N
U652 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102

U654 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U656 156-0291-00 MICROCIRCUIT,DI: 1024 BIT X STATIC ROM 34649 2102
U658 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U662 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U664 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U666 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102

U668 156-0291-00 MICROCIRCUIT,DI:1024 BIT X STATIC ROM 34649 2102
U674 156-0391-00 MICROCIRCUIT,DI:HEX LATCH WITH CLEAR 01295 SN74LS174N
U676 156-0388-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 0.1295 SN74LS74N
U684 156-0882-00 MICROCIRCUIT,DI:ROM CHAR GEN 80009 156-0882-00
U694 156-0073-00 MICROCIRCUIT,DI:SGL 10MHZ SHIFT REG 01295 SN7496N

U704 156-0385-00 MICROCIRCUIT,DI:HEX.INVERTER 01295 SN74IS04N
U714 156-0388-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 01295 SN74LS74N
U724 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LS00N
U735 156-0574-00 MICROCIRCUIT,DI : TRI-STATE QUAD D F-F 80009 156-0574-00
U738 156-0387-00 MICROCIRCUIT,DI:DUAL J-K NEG EDGE TRIG 01295 SN74LS73N
U746 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LS00N

U748 156-0733-00 MICROCIRCUIT,DI: DUAL MONOSTABLE MV 27014 DM74LS221N
U752 156-0386-00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATE 01295 SN74LS10N
U756 156-0383-00 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE 012.95 SN74LS02N
U810 156-0277-00 MICROCIRCUIT,LI:VOLTAGE REGULATOR 27014 LM340T-5
U820 156-1132-00 MICROCIRCUIT,DI: 2048 X 8 ROM,CUSTOM MASK 80009 156-1132-00

U860 156-0469-00 MICROCIRCUIT,DI:3-LINE TO 8-LINE DECODER 01295 SN74LS138N
VR62 152-0481-00 SEMICOND DEVICE : ZENER,1W,5.IV,5% 04713 1N3826A
Y704 158-0056-00 XTAL UNIT,QTZ:4 MHZ,0.003%,SERIES RESN 80009 158-0056-00
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DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS
Symbols and Reference Designators
Electrical components shown on the diagrams are in the following units unless noted otherwise:

Capacitors = Values one or greater are in picofarads (pF). 
Values less than one are in microfarads (µF). 

Resistors = Ohms (Ω).
Graphic symbols and class designation letters are based on ANSI Standard Y32.2-1975.

Logic symbology is based on ANSI Y32.14-1973 in terms of positive logic. Logic symbols depict the logic 
function performed and may differ from the manufacturer's data.
The overline on a signal name indicates that the signal performs its intended function when it goes to the low state. 
Abbreviations are based on ANSI Y1.1-1972.
Other ANSI standards that are used in the preparation of diagrams by Tektronix, Inc. are:

The following prefix letters are used as reference designators to identify components or assemblies on the diagrams.

Y14.15, 1966
Y14.2, 1973
Y10.5, 1968

Drafting Practices.
Line Conventions and Lettering.
Letter Symbols for Quantities Used in Electrical Science and 
Electrical Engineering.

The following special symbols may appear on the diagrams:

A Assembly, separable or repairable 
(circuit board, etc)

H Heat dissipating device (heat sink, 
heat radiator, etc)

S
T

Switch or contactor 
Transformer

AT Attenuator, fixed or variable HR Heater TC Thermocouple
B Motor HY Hybrid circuit TP Test point
BT Battery J Connector, stationary portion U Assembly, inseparable or non-repairable
C Capacitor, fixed or variable K Relay (integrated circuit, etc.)
CB Circuit breaker L Inductor, fixed or variable V Electron tube
CR Diode, signal or rectifier M Meter VR Voltage regulator (zener diode, etc.)
DL Delay line P Connector, movable portion W Wirestrap or cable
DS Indicating device (lamp) Q Transistor or Silicon-controlled Y Crystal
E Spark Gap, Ferrite bead rectifier Z Phase shifter
F Fuse R Resistor, fixed or variable
FL Filter RT Thermistor

P|ug to E.C. Board

[Box] Identifies Panel 
_ Controls, Connectors and 

Indicators

Test Voltage ¾

Assembly Number

Cam Switch 
Closure Chart 
(Dot indicates 
switch closure)

SEL Value Selected 
at Factory

Board Name^„^

Internal 
Screwdriver 
Adjustment

+ I2.V

Plug Index

Refer to Waveform

+I2.V

DAG Refer to Diagram Number

Coaxial Connector

Shielding

Heat Sink

I2W-É

VERTICAL AMPLIFIER^

Etched Circuit Board 
Outlined in Black

Decoupled or Filtered 
Voltage

Modified Component—See 
Parts List (Depicted in grey, 
or with grey outline)

+ I2.V

RI4 
sei_

TPI2

AMPL

Schematic Name 
and Number




















































































