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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is
for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the manual
where they apply, but may not appear in this summary.

Terms In This Manual
CAUTION statements identify conditions or practices that
could result in damage to the equipment or other property.

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

Terms As Marked on Equipment

CAUTION indicates a personal injury hazard not immediate-
ly accessible as one reads the marking, or a hazard to prop-
erty including the equipment itself.

DANGER indicates a personal injury hazard immediately ac-
cessible as one reads the marking.

Symbols In This Manual

This symbol indictes where applicable caution-
ary or other information is to be found.

Symbols As Marked on Equipment
[1 DANGER — High voltage.

@ Protective ground (earth) terminal.

A ATTENTION — refer to manual.

Power Source

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

Grounding the Product

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

Danger Arising From Loss of Ground

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

Use the Proper Power Cord
Use only the power cord and connector specified for your
product.

Use only the power cord that is in good condition.

Refer cord and connector changes to qualified service
personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type, volt-
age rating and current rating as specified in the parts list for
your product.

Refer fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an explo-
sive atmosphere unless it has been specifically certified for
such operation.

Do Not Operate Without Covers

To avoid personal injury, do not operate this product with-
out covers or panels installed. Do not apply power to the
plug-in via a plug-in extender.

xviii @
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SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

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

Use Care When Servicing With Power On

Dangerous voltages may exist at several points in this prod-
uct. To avoid personal injury, do not touch exposed connec-
tions and components while power is on.

Disconnect power before removing protective panels, sol-
dering, or replacing components.

Power Source

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

OPTION
NUMBER A1

Universal Euro
220 volt/50 Hz
Rated 16 ampere

OPTION
NUMBER A3

Australian
240 volt/50 Hz
Rated 10 ampere

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

OPTION
NUMBER A2

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

OPTION
NUMBER A4

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

23617-01
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GENERAL INFORMATION - 7D02Z LOGIC ANALYZER

SECTION 1
GENERAL INFORMATION
Introduction

The 7D02 Logic Analyzer is a design, debugging, and troubleshooting
aid for use in the development of digital systems, especially microprocessor-based
systems. It is capable of supporting both 8-bit and 16-bit microprocessors.
The 7D02 has been designed as a plug-in for any three-wide (or larger)

Tektronix 7 Series oscilloscope mainframe.

7D02 COMPONENTS

The basic 7D02 offers a wide (28-channel) Acquisition Memory, four
word recognizers, two general-purpose counters, a user—configurable clock,
data qualification circuitry, a state machine architecture, three memories,
and a simple facility for customizing the 7D02 for a wide variety of

microprocessors.

The basic 7D02 acquires data from the system under test (SUT) on 28
channels, usually orgainized as:

16 address bus lines
8 data bus lines
4 control lines

The word recognizers perform recognition on these 28 channels plus
an additional three channels (an external trigger line and two additional
control lines from the SUT). Any of the four word recognizers can be used
to recognize user-defined patterns on all 31 channels or on any subset
thereof. The word recognizers can also be complemented, i.e., they can
recognize the absence of a pattern.

The counters can count up to 65,534 events, microseconds, or milliseconds.
Execution of commands (such as qualifying data or triggering) can be
conditioned upon a counter reaching a user-specified value.

The state machine architecture provides tremendous flexibility in

triggering. Occurrences of events (counters reaching user-specified values,
word recognitions) are input to the state machine. The state machine can
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examine all of its inputs simultaneously and generate a set of simultaneous
commands to the counters, trigger(s), and data qualification circuitry.

The commands can include a transition into a new state. Different states
can associate different commands with the same inputs. The state machine
executes in real time with the SUT and can enter any of its states in any
order, any number of times. This makes the 7D02 ideal for following the
complicated, convoluted sequences of bus transactions often associated

with software/firmware-based systems. A simple yet powerful user language
makes detailed understanding of the state machine unnecessary.

The standard 7D02 contains three memories:
1. Program Memory contains the current user-entered program.

2. Acquisition Memory (or Main Acquisition Memory) contains the data

acquired the last time a 7D02 program was run.

3. Storage Memory can be used to save either a program or the contents

of the Acquisition Memory.

The PM 100 series of Personality Modules makes it possible to reconfigure
the 7D02 for a wide range of microprocessors by simply plugging the
appropriate module into the front panel of the 7D02. A General Purpose
Personality Module (PM 101) is available for non-microprocessor systems
or for systems based on microprocessors for which a specific Personality

Module is not available.

Expansion Option

Option 3 increases the width of Acquisition Memory and word recognizition

by 16 channels. The 44 channels of memory are generally assigned as:

24 address bus lines
16 data bus lines
4 control lines

As in the basic 7D02, two additional control lines and the external

trigger line are also available for word recognition.
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Timing Option

Option 1 turns the 7D02 into two logic analyzers in one package. The
Timing Option has its own trigger, acquisition memory (Timing Option

Acquisition Memory), and word recognizer.

Used synchronously, the Timing Option acts as an 8-channel extension

of the Main Acquisition hardware.

Used asynchronously (with its own internally-generated time base),
it is a timing logic analyzer that recognizes (and stores) both data and
glitch information on 8 channels.

The Timing Option can be used to trigger the main 7D02 and vice versa.

Data in the Timing Option Acquisition Memory are displayed separately
from other acquired data. These data may be displayed either in timing
diagram or in state table form at the user’s option. These eight lines of
data are the only lines of data monitored by the 7D02 that can be displayed

in timing diagram form.

FUNCTIONAL OVERVIEW

This overview introduces some important terms and concepts. Understanding

them may make programming the 7D02 easier.

Using the 7D02 keyboard, the user enters a program describing an event
or sequence of events in the system under test. The program usually directs
the 7D02 to trigger (acquire data and stop running) when the event or
sequence is detected. It may also describe the type of data the user wishes

to acquire.

When the program is run, information is extracted from the program
to set up the various acquisition hardware components (counters, word
recognizers, state machine, clock and data qualifiers, trigger delay

counter, etc.).

The acquisition hardware is then activated and data sampling begins.
Data is always sampled on an edge of the system under test (s.u.t.) master
clock, but not necessarily on every s.u.t. clock edge. The clock qualification
circuitry (which is set up with information from the user’s program and/or
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Personality Module-defined defaults) selects the edges of the s.u.t. master
clock on which data is considered to be valid. This qualified s.u.t. clock
becomes the 7D02 State Clock, which defines a single cycle of the 7D02.
Data is sampled only on the State Clock.

On each cycle of the 7D02 (at the State Clock), s.u.t. data is sampled,
program-defined conditions are tested, and commands associated with
conditions that have occurred are executed. For example, the occurrence
of a particular word recognition can cause a counter to be incremented.

The state machine checks all of its inputs simultaneously and causes the
relevant programmed commands to be executed simultaneously in real time
with the system under test.

Although data is sampled on every State Clock, it is not necessarily
stored into the Acquisition Memory. The data qualification circuitry uses
program-defined (or default) criteria to determine whether or not each
particular word of sampled data is to be stored. A word of data consists
of the values on all channels being sampled on the system under test at a
State Clock.

Words of data that meet the data qualification criteria are stored
in consecutive locations in the Acquisition Memory. Data is stored
continuously from the moment the 7D02 begins running the program. Data
continues to be stored even after the Acquisition Memory is filled, with

the oldest word of data being lost every time a new one is stored.

Execution of a trigger command has the effect of activating a delay
counter associated with the Acquisition Memory. Once activated, the delay
counter increments every time a word of data is stored into the Acquisition
Memory. When the value in the delay counter reaches the user-specified
value, acquisition is considered to be complete and the 7D02 stops executing

the program.

NOTE

The Timing Option has its own trigger and delay
counter. If the Timing Option is installed and
data is acquired with both the Main and Timing
Option sections of the 7D02, then both sections
must trigger and both delay counters must reach
their programmed values before the program stops

executing. B
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Once the program has stopped executing, acquired data is formatted
and displayed. The user is then free to move acquired data to Storage
Memory, to move programs to or from Storage Memory, to examine acquired
data in different formats, to enter a new program, to rerun the program,

etc.

MODES OF OPERATION

Powering-up the 7D02 causes diagnostic routines to be run automatically.
Assuming there is no failure, the routines require five to ten seconds to
complete. If the 7000-series mainframe is 'cold," the diagnostics are
usually completed before the CRT warms up. Otherwise, diagnostic displays
and test patterns may be seen on the CRT.

After the completion of diagnostic testing, the 7D02 is always in one
of five modes of operation. Briefly, in the order they are likely to be

encountered, they are:

1. Programming Mode. The mode into which the 7D02 powers-up. The user
enters the program describing the data to be sought and stored.

2, Run Mode. Data is acquired under the direction of the program in

Program Memory.

3. Display Mode. The acquired data is formatted and displayed on the
CRT display.

4, Immediate Mode. The user enters commands to be executed immediately,
rather than when the program is run. These include moving information to

or from Storage Memory, changing displays, and changing operating modes.

5. Format Mode. Characteristics of program and data displays, such as
the radices in which word recognizer fields and acquired data are displayed,

can be changed by the user.
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OPERATING CONTROLS

The following paragraphs briefly describe the function of each of the
front panel pushbutton switches (referred to as "keys'"). Refer to Fig.
1-1. Note that the descriptive paragraphs are keyed numerically to the
illustration to positively identify the keys. The keys are described in
basically a top-to-bottom, left-to-right sequence.

‘ 7D02 LOGIC ANALYZER '

#DATA MOVE® EVENT #COMMAND ¥ NUMERIC ENTRY #
DISPLAY COUNTERN% DELETE START | STOP

; .

(]
]
J

ACQ MEM

(]
(]
(]

< DATA SCROLLING £>

1 &

=
[ = [

o™ o

PROGRAM ELSE GO TO

g
R
£
=
(=)
E
2
m™
od

]
]
]

M EE
IHERCRERERG

IMMEDIATE NOT

=]
=]
=
=3
2
=
£

0
0
BEEOHEHE

(]
[]
g

VERT POS HORIZ POS
PERSONALITY MODULE TIMING
Taktronix PM100 SERIES A Pods1 TRIG IN TRIG 0UT

M 5 MAX 2p==50Q 5V MAX

Release
Latch

2919-01

Fig. 1-1. 7D02 Front Panel.

Most keys are grouped by function within colored borders. Briefly,

the functions of the key groups are as follows:

- The Data Movement keys are used to move information among the 7D02

memories and to/from the display.
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- The Event, Command, and Structure keys, together with the [], OR,
and NOT keys, are used to enter the user’s program.

- The IMMEDIATE key is used to enter Immediate mode commands.
- The Numeric Entry keys are used to enter command and display parameters.
- The DELETE key removes unwanted items from a program.

- The START/STOP key runs or aborts execution of the current program.

- The DATA SCROLLING keys move a display "window" through acquired
data or a stored program.

- The CURSOR keys move the blinking cursor around the screen, allowing
programs to be entered/deleted and parameters to be changed.

1. DISPLAY

The DISPLAY key is used to specify the CRT as the destination of a
data movement command in Immediate mode. It indicates that the contents
of the memory selected as the source of the move are to be displayed in
the central display area of the screen. The DISPLAY key is only valid in

the following keystroke sequences:

IMMEDIATE DISPLAY ACQ MEM
IMMEDIATE DISPLAY PROGRAM
IMMEDIATE DISPLAY STORE MEM

The last keystroke in each sequence is the source for the move. As
soon as the source key is pressed, the source memory is displayed on the
screen and a mode change takes place. The 7D02 enters Programming mode if
the source is PROGRAM and enters Display mode if the source is ACQ MEM or
STORE MEM.
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2. ACQ MEM

The ACQ MEM key is used to specify the Acquisition Memory as the
source of a data movement command in Immediate mode. If the Timing Option
is installed, a menu allows the user to distinguish the Main Acquisition
Memory from the Timing Option Acquisition Memory. The ACQ MEM key is only
valid in the following keystroke sequences:

IMMEDIATE DISPLAY ACQ MEM
IMMEDIATE STORE MEM ACQ MEM

The IMMEDIATE key puts the 7D02 into Immediate mode. The second
keystroke in each sequence indicates the destination to which the contents

of the Acquisition Memory are to be moved.

3. PROGRAM

The PROGRAM key is used to specify Program Memory as either the source
or destination of a data movement command in Immediate mode. It is valid

only in the following keystroke sequences:

IMMEDIATE DISPLAY PROGRAM
IMMEDIATE STORE MEM PROGRAM
IMMEDIATE PROGRAM STORE MEM

The IMMEDIATE key puts the 7D02 into Immediate mode. The second key
in each sequence is the destination of the data movement. The third key

in each sequence is the source.

4, STORE MEM

The STORE MEM key is used to specify the Storage Memory as the source
or destination of a data movement command in Immediate mode. The STORE MEM
key is only valid in the following keystroke sequences:

IMMEDIATE DISPLAY STORE MEM
IMMEDIATE STORE MEM ACQ MEM
IMMEDIATE STORE MEM PROGRAM
IMMEDIATE PROGRAM STORE MEM

The IMMEDIATE key puts the 7D02 into Immediate mode. The second
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keystroke in each sequence indicates the destination of the data movement.

The third keystroke indicates the source.

5. IMMEDIATE

Pressing the IMMEDIATE key puts the 7D02 into Immediate mode, i.e.,
makes it ready to execute a command immediately as opposed to entering one

into a program.

Each time the IMMEDIATE key is pressed, the command currently in the
Immediate area (at the bottom of the screen) is deleted. The blinking
cursor then appears at the beginning of the area, indicating readiness to

accept a new command.

Valid Immediate mode commands fall into two categories: Data Movement
and the GOTO command. Data movement is further subdivided into non-destructive
(Display) and destructive data movements. Legal keystroke sequences in the

immediate area are:

IMMEDIATE DISPLAY ACQ MEM
IMMEDIATE DISPLAY PROGRAM
IMMEDIATE DISPLAY PROGRAM
IMMEDIATE DISPLAY STORE MEM

IMMEDIATE PROGRAM STORE MEM
IMMEDIATE STORE MEM PROGRAM
IMMEDIATE STORE MEM ACQ MEM

IMMEDIATE GOTO (optional test #)

Except for the GOTO command, each keystroke pair indicates a destination
followed by a source for a data movement command. The first three sequences
above are executed as soon as the last keystroke is entered and cause
transition into a new mode of operation (Programming or Display). The rest
are executed only when the cursor is moved onto the "EXECUTE" that appears
at the end of the command. Until then, CURSOR and digit keys can be used
to change parameters associated with the Data Movement and GOTO keystrokes.
For more information, see Chapter 3 in the Operator’s manual and the entries
in this section describing the indivudal keys involved.
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6. WD RECOGNIZER

The WD RECOGNIZER key permits the user to define a word recognition
event in a 7D02 program. The event is TRUE when the incoming data matches

a pattern entered by the user.

The 7D02 provides four distinct Word Recognizers. Each may be programmed
with a different pattern. Each may appear any number of times in a test
or program. Only the Word Recognizer(s) in the current Test and the Qualify
block (if any) are evaluated when the program is running.

The numeric keypad is used to enter the pattern to be recognized into
a multi-line "form'" that appears on the screen when the WD RECOGNIZER key
is pressed. Any Personality Module channel for which "X" ("DON'T CARE")
is entered will be considered to match the incoming data on that channel
regardless of the actual value of the data. The event is TRUE when the
incoming data on all the channels match the corresponding entries programmed
into the Word Recognizer; i.e., the value of the Word Recognizer is the
AND of the matches on the individual channels.

Each Word Recognizer in the standard 7D02 can recognize up to 31 bits,
usually grouped as 8 data bus bits, 16 address bus bits, 6 control bits,
and a single bit for the External Trigger In line. The Expansion Option
increases Word Recognizer size to 46 bits (usually 16 data, 24 address,
and 6 control). Installation of the Timing Option adds a single Timing
Option link bit to the 7D02 Word Recognizers.

7. END
The END key is used to terminate a Test or Qualify block in a program.
Subsequent legal keystrokes are automatically entered into the next

unused Test, or into the Qualify block if the QUALIFY key is pressed after
the END key.

1-10 @



GENERAL INFORMATION - 7D02 LOGIC ANALYZER

8. ELSE

The ELSE key replaces an event in a program and indicates that the
following command or compound command is to be executed whenever none of
the events in the Test are TRUE. It may be entered as the first keystroke
in a Test, or whenever an "IF" or "OR IF" prompt appears in a program.

The ELSE clause may be used once in each Test. It must be the last
clause in the Test, i.e., no events may follow the ELSE clause in that

Test.

9. QUALIFY

The 7D02 samples data from the system under test on every cycle (as
determined by the State Clock——see Section 2). The default operation is
to store every word of sampled data into the Acquisition Memory. The QUALIFY
key allows the user to set up criteria that must be met for the sampled
data to be stored into Acquisition Memory on any given cycle.

When used as a Structure key, QUALIFY creates a Qualify block. The
Qualify block is always active when the program is running, regardless of
which of the Tests in the program is currently active. The block is defined
by pressing the QUALIFY key, followed by an event key (or compound event),
followed by the END key. A compound event may include complemented events
(i.e., the NOT key may be used). Data is stored into Acquisition Memory
only on those cycles on which the event in the Qualify block is TRUE.

When used as a Command key, QUALIFY means "store." On every cycle on
which the command is executed, the sampled data will be stored into
Acquisition Memory (regardless of the status of the event in the Qualify

block, if any).

10. COUNTER

The 7D02 has two general-purpose counters. A 7D02 counter can count
discrete events or can measure and/or accumulate time intervals. The numeric

keypad is used to select the counter mode (i.e., events or time).

A counter command is actually executed only during normal program
flow. Through it, the user can direct an event counter to increment or
reset to zero, or can direct a time counter to begin accumulating time,
to stop accumulating time, or to reset to zero and begin accumulating time.

@ 1-11
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A counter event is defined in terms of a user—specified terminating
value. Once the counter reaches the terminating value, the event becomes
TRUE. The numeric keypad is used to program this value into the counter.

Both counters are initialized to a value of zero each time a program

is run.

11. TRIGGER

The Trigger command allows the user to indicate the point of interest
in the data being sampled by the 7D02. It defines the window within which
data gathered from the system under test is to be stored in the Acquisition
Memory.

By specifying the location of the trigger point within the acquired
data, the user indicates a value for the delay counter associated with the
Acquisition Memory. Execution of the Trigger command activates the delay
counter. The delay counter then increments once with each word of data
stored into the Acquisition Memory. Acquisition is considered to be complete
when the counter reaches its programmed value. The program is then stopped
and the 7D02 switches to Display mode.

The trigger, in conjunction with the delay counter value, defines the
data window. If the delay is D, the number of words of data acquired after
the trigger is D, and the number of words acquired up to and including the
trigger is [256-D] (or less, if fewer than [256-D] qualified storage cycles
preceded the trigger).

Data acquisition and program execution stop when each memory (Main,
Timing, or both) for which a Trigger command appears in the program has
triggered and has had its delay counter reach its programmed value.
Therefore, triggering indirectly leads to the transition from Run mode to

Display mode.

If the Timing Option is not installed, every execution of a Trigger
command also causes the External Trigger Out line to go TRUE (high). If
the Timing Option is installed, raising this line is a little more
complicated; for full details on programming External Trigger Out, see
Chapter 7 in the Operator’s manual.
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12, GOTO

When executed, the GOTO command causes the 7D02 to transfer control
to one of the tests in the current program. The specified test becomes

active and all other tests in the program are deactivated.

When used in a program, GOTO is executed when it is reached in normal

program flow.

When GOTO is used as an Immediate mode command, the user enters the
keystroke sequence IMMEDIATE GOTO and an optional test number. The command
is not executed until the blinking cursor is moved (with the . or . key)
onto the EXECUTE field that appears in the Immediate area. This allows the
user to change the test number appearing with the GOTO. The effect of
executing the command is to put the 7D02 into Run mode and start execution

of the program currently in Program Memory at the specified test.

13. ]

The [] key is used to combine events to form compound events or to

combine commands to form compound commands.

When pressed after am "IF", "OR IF", or "STORE ON" prompt, the [] key
generates an '"open bracket" indicating the start of a compound event. The
next use of the key closes the bracket, terminating the compound event.
Between brackets, event keys and the OR key can be pressed in an "event
OR event OR ... OR event" sequence. The event keys can also be p;eceded
by the NOT key to negate component events. The compound event is TRUE when

any one (or more) of the component events comes TRUE.

When pressed after a "THEN DO" or "ELSE DO" prompt, the [] key generates
an '"open bracket" on the screen, indicating the start of a compound command.
The next use of the key closes the bracket, terminating the compound
command. Any number of command keys may be entered between the brackets.

The commands are counnected with an implied logical AND operator, i.e.,
execution of the compound command during normal program flow implies
simultaneous execution of all the component commands within the brackets.
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14. OR

The OR key is used within brackets to form compound events within a
7D02 program. Each event within a compound event must be followed by either
an OR and another event, or by a [] keystroke to terminate the compound

event.

The implication of the OR is that the compound event is TRUE when one
or more of the component events is TRUE. The component events within a

compound event are evaluated simultaneously.

15. NOT

The NOT key allows the user to complement an event, i.e., to define
an event as a counter not having reached its terminating value or as a

Word Recognizer not matching a word of data.

A NOT key can only appear within the brackets of a compound event,
either immediately following the opening bracket, or after an OR. It must
be immediately followed in the program by an event (WD RECOGNIZER or
COUNTER). It affects only the single event immediately following it. It

cannot be used to negate a compound event as a whole.

16. Digit Keys (0-9, A-F)

The‘digit keys (0 — 9 and A - F) provide a hexadecimal keypad that

is used to make menu selections and enter numeric parameters.

Menu and numeric values may be changed by moving the blinking cursor
to the menu or numeric field to be modified and pressing the appropriate
digit key(s). As each digit is entered, it replaces the previous value,
and (except on Format mode menus) the blinking cursor moves to the next

digit positionm.
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17. DON’T CARE

The DON’T CARE key can be used for certain numeric fields related to
the Personality Module and Timing Option channels to indicate that the
user is not concerned with the values on the corresponding channels.

The DON’T CARE key displays as an "X".

18. FORMAT

The FORMAT key switches the 7D02 to or from Format mode. It has no
effect when a program is running (Run mode), however. Format mode produces
a special display on the screen, temporarily replacing whatever was displayed
before. The display includes menus and numeric fields that allow a user
to change the form of data to be entered or displayed on the 7D02 screen.

For example, the user can:

- change the radices of Word Recognizer fields, acquired data displays,

etc.

- enable or disable the highlighting of differences between Storage

Memory and Acquisition Memory in Display mode.

- enable and disable the display of acquired glitch information in the
Timing Option data displays (if the Timing Option is installed).

- invert the Timing Option data channels (if the Timing Option is
installed) and/or the system under test buses (if the PM10l General Purpose
Personality Module is attached). Inversion of a channel means that word
recognizer values entered for the channel are complemented before being
used, and data gathered on the channel is complemented before being

displayed.

The Format mode display varies depending on the Personality Module
attached and the presence or absence of the Timing Option. Pressing the
FORMAT key a second time restores the original display and operating mode
of the 7D02,
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19. DELETE

The DELETE key removes unwanted items from the end of the program
currently in Program Memory. Generally, a program item consists of all of
the lines in a program that are associated with a single programming
keystroke. (The programming keys include the Event keys, Command keys,
Structure keys, [], OR, and NOT).

The DELETE key only works when the blinking cursor is at the end of
the program or on one of the lines associated with the last item in the

program.

20. START/STOP

Pressing the START/STOP key while in Programming, Display. or Immediate
mode causes the 7D02 to attempt to execute the program currently in Program
memory. If the program contains no errors, the 7D02 enters Run mode at

Test 1 of the program.

Pressing the START/STOP key while the 7D02 is in Run mode causes it
to stop acquiring data and terminate executing of the program. The 7D02

then enters display mode.

21. DATA SCROLLING

During Display mode, the two DATA SCROLLING keys are used to scroll
through the displayed memory (Storage Memory or one of the Acquisition
Memories). The CURSOR keys cannot be used for this purpose because they
are associated with the blinking cursor which remains in the Immediate
area during Display mode (the blinking cursor can be used to modify

parameters of the display command there).

Each DATA SCROLLING key is associated with two arrows. The 4@l and Bp
arrows on the front panel are for the Timing Diagram, which scrolls
horizontally. The 4 and §arrows on the keys are for the other displays
(Timing State, all Main Acquisition Memory displays, and stored Programs)

which scroll vertically.

The‘/. key scrolls toward the beginning of data; the ./' key
scrolls toward the end of data. The arrows indicate the direction in which
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the data window moves. The data actually appears to move in the opposite
direction. This, however, is consistent with the manner in which the CURSOR
# and CURSOR P keys work. The data window is defined in terms of a data
cursor, which indicates the viewer’s current position in the viewed memory.
The Timing displays contain explicit data cursors; the data cursor for
Main Acquisition Memory displays and stored-program displays is implied,

and always at the top line of the display.

22. CURSOR

The four CURSOR keys (@ ,{,4,B) move the blinking cursor in the
direction indicated by the arrow on the key

The only valid positions for the blinking cursor are digits of numeric
fields, menus, the EXECUTE field that appears after certain Immediate mode
commands, and the end of a program or Immediate mode command.

The.key moves the cursor up to the next line containing a valid
cursor position. It places the cursor on the leftmost position on that
line. If there are no legal positions above the cursor, the cursor moves
to (or remains on) the leftmost position on the current line.

The § key moves the cursor down to the next line containing a valid
cursor position. It places the cursor on the leftmost position on that
line. If there are no legal positions below the cursor, the cursor moves
to (or remains on) the rightmost position on the current line.

The 4l key moves the cursor to the next legal position to the left.
If there are no more legal positions on the same line, it works like the
.key, except that it places the cursor on the rightmost position of a

line.

The WP key moves the cursor to the next legal position to the right.
If there are no more legal positions on the same line, it works like the

P key.
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Position Controls and Connectors

Display Positioning Potentiometers

The VERT POS and HORIZ POS potentiometers allow the user to position
the display vertically and horizontally. Due to differences in 7000 series
mainframes, it may be necessary to adjust the display position for a
particular mainframe. Once adjusted, there should be little need to readjust.

TRIG IN and TRIG OUT

The "TRIG IN" BNC allows devices such as a coded scope probe or the
A6701 18-bit word recognizer to trigger the 7D02. This input is TTL
compatible. This line is labeled "EXT TRIG IN" in 7D02 program displays.

The "TRIG OUT" BNC allows the 7D02 to trigger other instruments. The
TRIG OUT signal is generated when a trigger command is executed. See Section
7 for details.

P6451 Probe Slot

The P645]1 probe plugs into the P6451 Probe slot. The P6451 is used
to acquire data with the Timing Option.

Personality Module Slot

The PM-100 Series Personality Module plugs into the Personality Module
slot. The Personality Module configures the 7D02 for a particular
microprocessor. It acquires data from the s.u.t. and determines data display

formats, disassembly of data, word recognizer formats, etc.
The 7D02 should not be operated without a Personality Module connected.

The Module should not be plugged in while the 7D02 is powered up. To do
so could cause permanent damage to the 7D02 or to the Personality Module.

1-18 . @



GENERAL INFORMATION - 7D02 LOGIC ANALYZER

Display Screen Characteristics

Screen Layout

Once diagnostics have been completed, the 7D02 display is generally
divided into three regions (see Fig. 1-2).

Status Area
Status Area
Central Display Area

Immediate Area

Fig. 1-2, Display Regions 2802

They are:

1. Status Area. Two lines of inverse video at the top of the screen
are reserved for error and informational messages. Monitoring information
appears there during Run mode. Vital statistics (such as final counter
values) appear during Display mode.
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2. Central Display Area. The bulk of the display (a varying number
of lines, depending on the size of the Immediate area) is used to display
the contents of one of the memories (Program, Acquisition, or Storage) or
the Format mode display.

3. Immediate Area. An inverse-video area at the bottom of the screen
is used for the entry of Immediate mode commands. When the user is not in
Immediate mode, the area contains the last display command entered in
Immediate mode (i.e., the one responsible for the current contents of the
Central Display area). During Display mode, parameters associated with the
display command can be manipulated. During Format mode, this area disappears

completely.

Parameters

Program and other parameters are entered with the Numeric Entry keys.
User-changeable parameters always appear on the display as digits in the
opposite video mode as their background (i.e., inverse video in the Central
Display area, normal video in the Immediate area). There are two types of
parameters that appear in 7D02 displays (see Fig. 1-3).

TEST 1
1IF
1 COUNTER # 1 =[00100] O-EVENTS

1THEN DO .
\Numeric Field

1 TRIGGER ]
1 O-BEFORE DATA
O BEFORE DATA Menu
1 CENTERED
2 AFTER DATA Expanded Menu
3 ZERO DELAY
O-SYSTEM UNDER TEST CONT.
0-STANDARD CLOCK QUAL.
END TEST

P bk ek ek et b

2919-03

Fig. 1-3. 7D02 Display Parameters.

1-20 @



GENERAL INFORMATION - 7D02 LOGIC ANALYZER

1. A menu gives the user a number of choices, each labeled with an
arbitrary digit. The user selects a choice by moving the blinking cursor
to the menu and pressing the digit key associated with the desired choice.
Only the current selection for the menu is displayed, unless the user
positions the cursor onto the digit associated with the selection; at that
time, the menu is "expanded" to display all possible choices. Since there
is only one cursor, only one menu can be expanded at any time.

2. A numeric field is a parameter for which the digits entered have

meaning of themselves, i.e., they are not used for selection of a choice

but actually are the parameter values.
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SECTION 2
THEORY OF OPERATION

BLOCK DIAGRAM DESCRIPTION

Introduction

The 7D02 is a programmable logic analyzer used in design and development
of microprocessor and microcomputer systems. It is based upon a state
machine architecture and consists essentially of two functional analyzers
that can be used separately or in conjunction. The Main section is a
syachronous 28 stored channel logic analyzer (44 stored channels with the
Expansion Option). The Timing Option section is an eight stored channel

logic analyzer capable of both synchronous and asynchronous operation.

The Main section architecture (see Fig. 2-1.) is that of a general-
purpose synchronous logic (state) analyzer with replaceable interface
(personality) modules to adapt to different systems under test. In operation,
the instrument senses data applied to the personality module and uses those
data to develop qualifications and triggers under program control to store
information surrounding an operational point of interest in the system
under test. The Main section includes 30 bus lines (16 address, 8 data,
and 4 control lines, all of which are applied to both Word Recognizer and
Acquisition Memory circuit blocks; and two control lines that are applied
only to the Word Recognizer block), seven lines that are applied to the
Front End circuits (six control lines plus the raw clock), one external
trigger line, and one Timing Option link bit line. The Expansion Option,
which allows the 7D02 to operate with 16-bit microprocessors and other
systems, extends the address lines to 24 and the data lines to 16,

Through the Personality Module, the 7D02 is '"personalized" to fit the
system under test. The Personality Module plugs into the system under test
in place of its microprocessor or otherwise connects into the system bus,
providing the 7D02 access to the address, data, and clock lines of that
system. Dedicated Personality Modules are available for a wide range of
microprocessor systems. A General Purpose Personality Module (PM101) is
available for custom interconnection to other types of systems.

The Timing Option adds the capability for fast asynchronous sampling
of data for development of hardware timing circuits. This option can be

D
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used as either an independent eight-channel asynchronous logic analyzer
that can use the main section to define its trigger, or as an extension
of the main section, providing monitoring for eight additional lines in
synchronism with the main section clock. The option includes a separate
memory, called the Timing Option Acquisition Memory, used to store the
eight lines of data. These data are acquired through a separate Timing

Option probe, the P6451.

Data in the Timing Option Acquisition Memory are displayed separately
from other acquired data, These data may be displayed either in timing
diagram or in state table form at the user’s option. These eight lines of
data are the only lines monitored by the 7D02 that can be displayed in

timing diagram form.

As shown in Fig. 2-1, the 7D02 may be conveniently divided into two
parts, the Main section, and the Timing Option section. The Main section
consists of all blocks in Fig. 2-1 except the P6451, IC Acquisition, and
the Trigger and Time Base blocks. The Timing Option section consists of

the three above listed blocks.
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Main Section

Housekeeping functions of the Main section are performed by the
Keyboard, CPU, and Display circuit groups. The keyboard allows the operator
to communicate commands and other program information to the logic circuits.
The CPU processes information from the keyboard and other sources and
provides overall control functions, while the Display circuits provide
result indications and program prompts. In operation, the Display circuits
present both program prompts and options; that is, the operator is notified
not only of those actions that are necessary and permissible, but also of
those actions that are not permissible. The Display circuits are
character-oriented, translating and formatting data from the CPU for display

on the mainframe screen.

Internal communication among these circuit blocks is accomplished
over the CPU parallel data bus (16 address and 8 data bits). The keyboard
communicates through the Front Panel circuits. Through the bus, the CPU
exercises operational control over the processing and decision circuits
in the 7D02, performing such tasks as setting up the word recognizer and
time base values, and reading out data for display.

Interface between the 7D02 and the system under test is provided by
a set of Personality Modules containing specialized circuits that transform
signals in that system to the standard format of signals required by the
7D02. These circuits include very fast clock circuits to transfer the
system clock signal to the 7D02 with as little propagation delay as possible.
Signals from the Personality Module are applied to the Front Panel circuit
block for distribution.

The Front End circuits receive the clock and control lines (C4 through
C9) from the Personality Module (through the Front Panel circuits) to
generate the qualified clock signals for timing 7D02 operations. Control
signals from the Acquisition Memory and Timing Option circuits are processed
in the Front End circuits to start and stop real time operations. Principal
signals from the Front End circuits include STATE CLOCK 0, which is the
raw data clock from the Personality Module used to time START/STOP operations;
STATE CLOCK 1, a pulse-shaped clock that runs only during acquisiton and
is used in all Main section circuit blocks; STATE CLOCK 2, a pulse-shaped
clock that runs continuously and is used in the Timing Option section
during synchronous operations; and the MASTER STOP signal, which is
effectively the end of acquisition mode and the start of display mode.
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The Word Recognizer circuit block contains four separate word recognizers
that may be used relatively independently under program control. Address
and data signals from the Personality module (applied through the Front
Panel circuits) are loaded into input latches in both the Word Recognizer.
Each word recognizer compares input data with a value entered by the
operator at the keyboard. Upon recognition of a data match, the word
recognizer signals the State Machine circuits, which take the appropriate
action determined by the executing program. (It is also possible to enter
"don‘t care" values, X’s, into a word recognizer.) If a match occurs, the
State Machine outputs change to any of the following: changing to another
test, starting or reloading a counter, stopping acquisition, or qualifying
data. Note that the width of the word recognizers is extended from 32 bits
(including the timing option link bit and the external trigger input line)
to 48 bits by the addition of the Expansion Option. All circuit operations
are basically the same.

The Acquisition Memory circuit block contains a 256-bit, 28-channel
RAM; the address, store, and read control circuits to operate the RAM; and
the latches that temporarily store input data from the first latch. Input
data are loaded into the input latches at STATE CLOCK 1 time and then
loaded in the RAM. If the address counter is not enabled by the QUALIFY
TRACE signal from the State Machine circuits, the address is not incremented
and the next data set is written over the previous set in the same RAM
location. From the RAM, data are read by the CPU over the CPU bus during
display mode for application to the Display circuits. Note that the
acquisition memory RAM space is increased by 16 channels, to a total of
44, by the addition of the Expansion Option. All circuit operations are

basically the same.

The State Machine circuit block contains the state machine and two
16-bit counters plus input/output and associated control circuits. The
state machine is implemented using RAM circuits and is thus much more
versatile through programmability. Event and/or time counting functions
are accommodated by the two counters. Primary inputs to the state machine
are the CPU bus, four word recognizer signals, and the STORE signal (from
the acquisition memory). Outputs include the QUALIFY TRACE and STOP TRACE
TRIG signals, which control storage in the acquisition memory and SYNC
TRIGGER, which controls Timing Option section operations.
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Timing Option Section

The Timing Option section is operable either alone or in conjunction
with the Main section, including being triggered by the Main section. The
section consists of the P6451 probe, IC Acquisition, and Trigger and Time
Base circuits. Input data on eight channels are applied through the P6451
probe to the IC Acquisition circuit block. This block includes the Timing
Option Acquisition Memory and the Timing Option Word Recognizer plus
associated input/output and control circuits. These circuits operate in
the same manner as the similar circuits in the Main section. In synchronous
operation, the circuits function as an extension of the Main section,
adding eight data channels and a word recognizer. In asynchronous operations,
control signals are provided by the Trigger and Time Base circuit block.

The Trigger and Time Base circuit block contains the circuits that
allow the Timing Option section to operate asynchronously. These include
the time base, trigger, asynchronous filter, sequencer, delay counter, and
processor address decoder circuits. The time base is generated as required
from either an internal 100-MHz oscillator or various lower-frequency
inputs from the State Machine circuit block. If the Timing Option section
is operated synchronously, triggering is caused by the SYNC TRIGGER signal
from the State Machine. If the section is operated asynchronously, the
Timing Option section is armed by the SYNC TRIGGER signal from the State
Machine and is then triggered by a match from its own word recognizer.

Operation Sequence

For purposes of explanation, assume that this simple program has been
loaded at the keyboard: If Word Recognizer #l1 equals 0000 on the data bus,
the Main section and Timing Option section will both trigger in synchronous
operation. Both sections have been delayed to "after data" position, the
system under test is not being halted, and no data qualification is being
done. The general purpose Personality Module (PM10l) is being used.

The CPU loads the RAMs and latches in all blocks as appropriate for
the program, sets up the Word Recognizers, the State Machine, the Front
End circuits, the timing trigger, and the IC Acquisition circuits. When
the START/STOP key is pressed to run the program, the STORE signal from
the Acquisition Memory block starts the acquisition process. Storage takes
place at a 10-MHz rate.
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Data are applied to both the Word Recognizers and Acquisition Memory.
Control lines and clock are applied to the Front End circuits. However,
since no clock qualification is called for in the program, the control
line inputs are not used. The word recogniton search process is performed
each time data are loaded until a match (0000) is found in Word Recognizer

#1.

Until the word recognition occurs, data are continually loaded into
the Acquisition Memory RAMs. After 256 load cycles, the memory load starts
again at the beginning of memory. When the word recognition match occurs,
Word Recognizer #1 signals the State Machine, which sends a STOP TRACE
TRIG signal to the Acquisition Memory. This signal initializes a delay
counter which then counts 16 qualified clocks and halts the main section
acquisition. For the Timing Option section, the stop process is initiated
by the State Machine issuing a SYNC TRIGGER signal. This signal initializes
a delay counter which then counts 16 qualified clocks and halts the Timing
Option section. (Remember that, for this program, the Timing Option section
is being operated synchronously as an extension of the Main section.)

At the point of stopping acquisition, conditions are that the trigger
has occurred, there are 239 locations of good data before the trigger, and
there are 16 locations of good data after the trigger. (This is established

by selecting the "after data" position.)

The CPU then sets up the circuits to read and display the acquired
data as required in the program. Since the Timing Option section is being
used, those data may be displayed, at the operator’s option, in timing
diagram form. All other data must be displayed in state table form. This
completes one operational cycle of the program.

The preceding description is one of many possible (2304) different
7D02 operational cycles. Refer to the Operators Manual for more information.
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SIGNAL TITLE DEFINITIONS

Introduction

This is an alphanumeric listing of the mnemonic titles that identify
signals within the 7D02 and its internally—installed options. The listing
includes the signals that are unique to a single assembly and those that
are common to two or more assemblies. Following the signal title is the
point of origin by diagram number, and circuit designator. An example
follows this paragraph. Following the point of origin is the definitiom,

a brief statement of the purpose of the signal, and where appropriate, the
timing relationship it bears to some known point. The signal may also be
a derivative of some other signal. In such cases, the '"parent signals are
mentioned. Also, a signal may be controlled by several devices, as in a

wire-OR configuration. All sources are mentioned in these cases.
Exanmple:
Name Signal Source Description

STORE: Diagram 7: U6040B -— The STORE signal controls the Store
operation of the Acquisition Memory circuits. It is high during
the Store cycle, and low during the Display cycle.

Mnemonic Listing

A: Diagram 8A: U5050 ~— The A signal is applied to the Counter Control
Multiplexer to select either the 1 MHz or 1 kHz clock for application to

Counter 1.

/ACQ MEM SEL: Diagram 9A: U4080~11 -- The /ACQ MEM SEL signal is one of
the hardware addresses from the CPU. The signal corresponds to address
page 3:Exxx. When low the signal enables reading the Acquisition Memory.

AD@-AD7: Diagram %A: U3050-12 through 19 -- These eight lines are part
of the internal data bus on the CPU board. The lines are not buffered, and
carry both address and data words at different times in the Microprocessor

cycle.
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AI@-AI1l5: Diagram 5B: —— These signals are from the Personality Module.
They carry the address word to be applied to the Word Recognizer and Memory.

AI@-AT11l: Diagram 4A: U1010 and U2010 -- These 12 lines carry buffered
addresses from the CPU to the Personality Module.

AIL@-ATIL15: Diagram 5B: U040 and U2040 (CPU), or U2020 and U3020 (probe)
-~ These interfaced, latched address lines carry the address words from
either the Personality Module or the CPU to the Word Recognizer and Memory.

ATI16-A123: Diagram 1B: -- These lines come from the Personality Module
carrying the eight-bit word used in the Expansion Option section.

AIL16-ATIL23: Diagram 6: Ul0l0 —- These eight lines are the expansion of
the AIL@-AIL15 lines defined above, and are used only with the Expansion

Option section.

AL16-AL23: Diagram 6: U2020 -- These eight lines are the output from the
Pipeline Latch Register on the Expansion Option board.

ALE: Diagram 9A: U3050 -- The ALE signal comes from the Microprocessor
as the address latch enable signal. It occurs during the first clock state

of a machine cycle.

ASYNC TRIG: Diagram 3A: Q7041 -- The ASYNC TRIG signal is the filtered
or unfiltered trigger signal from the Timing Option section. It is applied
to the Word Recognizer circuits as one of the inputs for pattern recognition.

/A@@@-BFFF: Diagram 9A: U4040 -- This line is one of the eight major
address lines to the CPU memory. When low, it enables U4030 (9B), one of
the ROMs.

AP-Al15: Diagram 9A: U3065, U4070, U3050 -~ These are the unbuffered address
lines from the CPU. Note that the Al2-Al5 lines are only used on the CPU.

B: Diagram 8A: U5050 -- The B signal is applied to the Counter Control
Multiplexer to select either the 1 MHz or 1 kHz clock for application to

Counter 2.

BD@-BD7: Diagram lA: U2055, U3055 -- Buffered data lines that carry the
column data from the keyboard to the CPU and, in the opposite direction,
carry the offset data to the DAC, U4045.
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BS@-BS1: Diagram 2C: Q3043, Q3045 -- These two signals are derived from
the /R and /Rl signals. /BS@ enables reading the Acquisition RAMs when
low. /BS1 enables reading the Glitch/Pipeline RAM.

BSC: Diagram 8A: U1010A —— This is the buffered version of the ST CLK 1
signal; it is used to time the State Machine circuits.

/BSC: Diagram 8B: U5020A -- The complement of BSC, /BSC drives part of
the Counter circuits in the State Machine.

/BSC2: Diagram 8B: U5010D -- Another complement of the /BSC signal, /BSC2
also drives part of the State Machine Counter circuits.

CHANNEL SW SIG: Diagram 10B: -- This signal is from the oscilloscope
mainframe; it shuts off the Z OUT signal during the time that the mainframe

circuit is switching channels.

/CHAR: Diagram 10A: U2010 ~- This signal moves low for a period of about
293 ns; the low pulse occurs every 2.3 us. /CHAR is used to clock U3010,
which produces the RESET HOZ and /INC VERT signals.

CH@-CH5: Diagram 10A: U2030A,U3030B -- Used to time the Cursor Position
Detector. These signals correspond to the characters written on the display.

CI@-CI9: Diagram 1B: -- The interfaced control signals that come from the

Personality Module.

CII@-CII5: Diagram 4B: U4010 ~- These six interfaced signals are buffered
versions of the CI@-CI5 signals from the Personality Module.

CIL@-CIL7: Diagram 5B: U5030, U4040 -- The latched CII¢-CII5, S.E. TRIG,
and ASYNC TRIG signals, from the Personality Module, Front Panel, and
Timing Option circuits, respectively.

CLK, /CLK: Diagram 1B: -- Complementary clock signals from the Personality
Module. The frequency of the signal varies with the type of module.

CLOCK 1: Diagram 8C: U2040 -- Drives the State Machine Counter 1 circuits.
Depending on the code sent to the input of U2040, the CLOCK 1 signal is
ground, a modified form of the ST CLK 1 signal, the 1 MHz or 1 kHz clock
from U6040, or the /MWR2 signal from the Write Decoder.
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CLOCK 2: Diagram 8C: U3040 -- Virtually identical to the CLOCK 1l signal,
except that the /MWR3 signal is used instead of the /MWR2 signal, and the
CLOCK 2 signal drives the Counter 2 circuits.

/CNTR 1: Diagram 8C: U3010 -- Indicates termination of count by the Counter

1 circuits.

/CNTR 2: Diagram 8C: U4010 -- Indicates termination of count by the Counter

2 circuits.

CNT WR EN: Diagram 8A: U5050 -— The CNT WR EN signal is one of two signals
that control output selection by Multiplexer U2040.

/CNT WR EN: Diagram 8A: U4030D -- Sent to the R/W Decoders in Counter 1
and Counter 2 of the State Machine to control the Instruction Enable input

to each counter,
/CNT 1: Diagram 8C: U2030B ~- Goes low when Counter 1 overflows.

/CNT 2: Diagram 8C: U3030A -- Same as above, except that it applies to
Counter 2.

COUNTER RESET READ: Diagram 8C: U2040 -- Indicates the reset status of
either Counter 1 or Counter 2, depending on the state of U2040. In one
case, the output passes the 95 counter control code.

/CUR CLR: Diagram 10A: U2010 -- This signal moves low for a period of
about 293 ns. The low pulse occurs every 2.3 us. The signal is used to

initialize the Arbitration circuit.

/CUR EN: Diagram 10A: U2010 -- This signal is simply a different phase
from the /CUR CLR signal. It is used to gate the Cursor in the Display

circuits.

/CUR POS: Diagram 10A: Ul020 -- As above, this signal is like the /CUR
CLR signal, but occurs at a different phase.

CII@-CII5: Diagram 4B: Ul040 -- Buffered versions of CI@-CI5 from the
Personality Module.
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/CI17: Diagram 4B: U5010 -~ The inverted and buffered form of the CI7
signal from the Personality Module. Used by the CPU to sense the state of
the C7 line at the Personality Module input.

C@#-C7: Diagram 1A: U2055 —-- Column input data from the keyboard matrix.

DIL@-DIL7: Diagram 5B: U3040, U4020 -- The interfaced and latched data
lines from the Personality Module and from the CPU. The lines are fed to
the Word Recognizer stages and to the Acquisition Memory stages. The CPU
uses this data path for setting a mask in the Word Recognizer,

DISPLAY: Diagram 7A: U6040B -— The DISPLAY signal is one of the more
prominent signals in the 7D02. The signal is high when the 7D02 acquisition

unit is in the Display mode.

/DISPLAY COMM: Diagram 7A: U2010 —- The /DISPLAY COMM signal is set low
by the CPU through the RAM Read Control when a display operation is
requested. The /DISPLAY COMM signal is used to reset the Reset Flipflop
in the Trigger and Timebase circuits,

/DIV EN: Diagram 4B: U4050 -- This signal comes from the CPU Control
circuits. When U4050 receives a "4'" code, the /DIV EN signal goes low,
then high, to clock 1l4~bit latch U1020 (on Diagram 4A). This latch conveys
the code from the CPU to set up the Programmable Clock Synthesizer circuit.

DI@-DI7: Diagram 4A: ~- These eight lines convey the data from the
Personality Module to the CPU via buffer U3010.

D@-D7: Diagram 9A: U2080 —-- These eight data lines are the principal means
of transporting data around the 7D02. The bus is shared with other sources:
U1020 on Diagram 2, plus U2040 and U6050 on Diagrm 6.

DP1-D71: Diagram 4B: Ul040 —~ The eight interfaced lines from Ul040 that
drive the majority of the gates in the Six-bit Comparator.

/DLY TC: Diagram 3B: U7020D, U7020A, U1030 -- The terminal count output
of Ul030 is held low to prevent the occurrence of a trigger until the "wait
for trigger" state, which occurs when both SEQ Ql and SEQ Q2 are both high.

DOT CLK: Diagram 10A: U2020F -- The DOT CLK signal is a 3.4133-MHz signal

that is used to time Display Section operations.
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E/T1: Diagram 8A: U5030F -- This signal, along with the /E/T1, E/T2, and
/E/T2 signals, controls the mode of Counter 1 and 2. When E/Tl is high,
Counter 1 is in the Events count mode; when the signal is low, the counter

is in the Time measurement mode.
/E/T1: Diagram 8A: U5050 -- Complement of E/TL.

E/T2: Diagram 8A: US030E -- Controls the operating mode of Counter 2 in
the State Machine. When E/T2 is high, the counter is in the Events count
mode; when the signal is low, the counter is in the Time measurement mode.

/E/T2: Diagram 8A: U5050 -~ The complement of E/T2.

EXP @§-3, EXP 6, 13-15: Diagram 6: U4040, U5040 -- These lines carry the
results of the word recognizer comparison from the Expansion Option circuits

to the Main Word Recognizer circuits.

/EXT BUS EN: Diagram 9A: U4040 -- This signal is used for two purposes:

When low, it enables the passage of data through U4075 on the CPU Board;

this is the link from the internal CPU data bus to the Main Data Bus for

the 7D02. The signal is also connected to the Display circuits, where it

enables (when low) the passage of data from the main bus to the Character
ROM.

/ESYNC: Diagram 4B: U2050 -- The product of the ESYNC Comparator, U2050.
Inputs to the comparator are data bits from the CPU and control bits from
the Personality Module, via the Ten-bit Buffer. The /ESYNC signal is applied
to the Programmable Clock Synthesizer for use as one of the control signals.

/EXT TRIG: Diagram 8A: U5010F -- Moves low under one of two conditions:
1) the /SYNC TRIG signal from the State Machine RAM moves high; or 2) the
MASTER STOP signal from U4030C on the Front End Board moves high.

/E@-/ES, /E7, /E9-/Ell, /E15: Diagram 3B: U3060 -- These signals are used
to trigger and time various operations in the Timing Option circuits. /E@
clocks the data from the Main Data Bus into U8050, the latch that controls
the selection of the time base output frequency. The /El, /E3, /E4, and
/E5 signals clock data from the write bus through the latches that control
the Input Acquisition stages; the latches are U4010, U5010, U6010, and
U7010 on the IC Acquisition Board. The /E2 signal clocks data on the WB@,
WB1l, and WB5 lines through U3020 to control the inputs to the Trigger
stages. The /E7 signal is applied to U4045 on the Front Panel Board to
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clock data into the latch of the DAC. The /E9 signal controls the Load
input of U1050 and U2050, part of the timing Option Delay Counter, and
/E10 controls the Load input of U2040 and U1l030 (through U1040). Thus, the
two signals control the loading of the Delay Counter. The /Ell signal
clocks the data on the write bus into latch U8030, which controls the
amount of delay that is programmed into the Async Filter circuits. The
/E15 signal is used to furnish a diagnostic signal from the Time Base

circuits.

G: Diagram 8B: U4020A -- The G signal is the product of the /STOP TRACE
LATCHED signal, BSC, @1, and Y4. The G signal moves low to enable latch
U3050, which reads back the qualify and reset signals onto the Buffered
Data Bus. The G signal moves low following each applied ST CLK 1 signal
(assuming that all other conditions are correct), and is terminated by
/STOP TRACE LATCHED.

GLRCG: Diagram 2A, 2B: U4030, U5030, U6030, U7030, U4050, U5050, U6050,
and U7050 -- This is the glitch recognition signal output from all eight
of the Input Acquisition stages in the Timing Option circuit. The signal
moves high when any onme of the eight listed stages pulls high on the line.
The signal is applied to the Trigger section of the Timing Option.

/JHALT ENABLE: Diagram 7A: U2020 -- The /HALT ENABLE signal moves low
whenever the CPU calls for a high-speed stop. The signal enables the Halt
SUT Generator circuit to stop the SUT (System Under Test) when the DISPLAY
signal moves high at the end of the next storage cycle.

/HALT SUT: Diagram 7A: U7010A -- The /HALT SUT signal controls the Syatem
Under Test; when low, the line stops the SUT. Conditions that produce the
low state are a low on the /HALT ENABLE line, and a high state on the

DISPLAY line.

HOLDOFF: Diagram 10C: Q5043 —- The HOLDOFF signal is a buffered version
of the RESET VERT signal from U3010B. The signal moves high once each 16.7
milliseconds, and stays high for a few microseconds before returning low.
It is used by the oscilloscope circuits to determine hold-off timing.

HORIZ SIG +: Diagram 10C: Q5031 -— A positive-going ramp that is approximately
0.25 volts in amplitude, occurring at a 12.9-kHz repetition rate. The
signal drives one side of the oscilloscope horizontal deflection circuits.
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HORIZ SIG -: Diagram 10C: Q5032 -- A negative-going ramp that is otherwise
identical to the HORIZ SIG + signal.

HORIZ POS: Diagram 16: R3076 -- The DC voltage from this potentiometer
is injected into the Ramp Amplifier circuit to position the display on the
CRT as required.

/INC VERT: Diagram 10A: U3010A -- This signal moves low momentarily each
77 microseconds. It signifies the end of each 32-character group and causes
the Staircase Generator to add a current increment, thus moving the CRT

display downward by one vertical increment.

INHIBIT DISABLE: Diagram 8A: U5050 -~ Pulled high to disable the Inhibit
circuit when diagnostics routines are programmed into the 7D02.

INHIBIT 2: Diagram 8B: U1010B -- The INHIBIT 2 signal moves high at the
beginning of a Store cycle, and remains high until just after the second
state clock signal has occurred.

/INHIBIT 2: Diagram 8B: U5010B, U5010E -- The complement of INHIBIT 2
just described. The signal is applied to Counter 1 and Counter 2 circuits,
and to the Acquisition Memory circuits, in both cases to inhibit circuit
activity until the input stages of the 7D02 are cleared.

I0/M: Diagram 9A: U3050 —-- This signal from the Microprocessor is low
during memory operations of the Microprocessor, and high during I/0
operations. It is used as part of the Page Select circuit inputs, to enable
U4080 and U4040, and for ancillary functions outside the 7D02 proper.

/LAST ADDR + 1: Diagram 7A: U2010 -- When instructed by the CPU, the RAM
Read Control pulls this line low to enable the passage of the memory address
from the MAC to the Main Data Bus,

/LATCHES SEL: Diagram 9A: U4080 ~- The LATCHES SEL signal is a common
enabling signal throughout the 7D02. It moves low to latch data into various
buffers and latches.

/LOAD: Diagram 10A: U2010 -~ The /LOAD signal is one of the five outputs
from the Timing Generator, U2010. The signal moves low for a period of
about 293 nanoseconds, at a repetition rate of about 2.34 microseconds.

It clocks the Character Counter output into U3010A, controls the shift/load
input of the Character Line shift Register, and clocks the Cursor Detector

and Inverse Video Control flip-flops.
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LOOK: Diagram 4A: U6010G ~- Applied to the Personality Module. It goes
high after the high level of the PROBE signal is clocked into U6030 by the
ALE pulse.

L#-L3: Diagram 10A: U3030B -— Outputs of the +9 Line Counter circuit. The
period of the L3 signal is about 696 microseconds. These signals drive the
Character ROM, U1040.

MA@-MA7: Diagram 6: U3050, U4050 -- These eight lines carry the output
of the Expansion Option MAC (Memory Address Counter) to the Expansion
Option RAM,

/MAC EN: Diagram 3B: U5030A -- The MAC EN signal is applied to enable the
Timing Option MAC (Memory Address Counter). The signal also controls the
generation of the /MACTC signal. If the QUALIFY or STATE CLOCK CONTROL
signals are low, the /MAC EN signal is held high, which prevents incrementing
the MAC.

/MAC TNCK: Diagram 7A: Ul025A -- Applied to the Expansion Option circuits
to synchronize the reading of Expansion Option memory and the transition
from Store to Display modes. This signal moves low whenever STORE moves
high, or when the /RD signal is permitted to pass through U5040A and U1010A
to control U1025A,

MASTER STOP: Diagram 4A: U4030B -- MASTER STOP moves high when the TIMING
TRACE STOP signal from the Timing Option circuits moves high and DISPLAY
moves high. If the Timing Option is not installed, the MASTER STOP signal
is a copy of the DISPLAY signal.

/MEM EN: Diagram 7A: U2020 -- Moves low to enable the Load input on the
MAC, for both the Acquisition Memory and the Expansion option circuits.
When this signal is low, the CPU can place an address in the MAC to read

the Acquisition Memory.

MAINFRAME MODE INFO: Diagram 10B: P210 -- This signal comes from the
Mainframe to control the blanking of the Z-axis signal to the Mainframe.
When MAINFRAME MODE INFO and CHANNEL SW SIG are the same state the Z OUT
signal is held low, and the display is off.

/MWR1-6: Diagram 8A: U6050 -- These six signals are the output of the
Write buffer. /MWR1 is applied to the write enable input of RAM U1060.
/MWR2 and /MWR3 combine with other signals at U7040 to create the SELECT
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1 and SELECT 2 signals that control R/W Multiplexers Ul040 and U4040. /MWR4
is applied to the clock input of U5050; the positive tramsition of the
signal latches the buffered data. /MWR2, /MWR3, and /MWR5 are applied to
the Counter 1 and Counter 2 circuits, where the first two increment the
counters and /MWR5 is used to set the Reset counters. /MWR6 sets the two
flip-flops that generate the INHIBIT 2 signal.

0@-07: Diagram 8A: U2060, U5060 -- These eight outputs from the State
Machine RAM provide instructions to the State Machine Counters. The
instructions include Time Measurement, Event Count, and other forms of

mode control.

/PAGE SEL @: Diagram 9A: U4065A -- One of two signals, PAGE SELECT @ and
PAGE SELECT 1, that subdivide the RAM address structure and provide four

separate address pages that a given address may refer to.
/PAGE SEL 1: Diagram 9A: U4065B -— See /PAGE SELECT @.
/PATCH: Diagram 9A: J1001 —- Reserved for future use.

/PE: Diagram 2A: U4010 -- Enables the parallel loading of the MAC, and
enables the /BS@# and /BS1 signals to the Acquisition RAM.

PROBE: Diagram 9A: U4055B -- When either /PROBE @ or /PROBE 1 are low, the
line moves high. The signal is applied to U6030 on the Front End Board,
where it controls the state of LOOK.

/PROBE @: Diagram 9A: U4080 -- One of the two address subdivisions for
probe selection. The line goes low to address one half the probe addresses,
and high to address the other half.

/PROBE 1: Diagram 9A: U4080 -— Used to create the PROBE SEL signal.

/QC: Diagram 10A: U2020E -- The inverted +8 output of U2030, with a period

of about 2.34 microseconds. The signal is applied to the enabling inputs

of U1040 to reduce its duty cycle.

QUAL TRACE: Diagram 8A: Ul060 -- This signal is used to qualify bits in
all segments of the 7D02. It is routed to the Acquisition Memory, Expansion
Option, Trigger and Timebase, and the IC Acquisition Memory circuits.
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QUAL @: Diagram 4B: U2030, U2040, and U3020 -- One of two signals that

come from the Six-bit Comparator. Control bits from the Personality Module
are matched with data bits from the CPU to form a comparison that ''qualifies"
the output of a pulse from the State Clock 1 Pulse Shaper. The QUAL § line

is also controlled by U4040B, U6020C, and U6020D.

QUAL 1: Diagram 4B: U3030, U3040, and U4020 -- The same in principle to
the QUAL # signal, except that it applies to the control of ST CLK 2. This

line is also controlled by U4040C and U6020E.

/RAM SELECT: Diagram 9A: U4040 —-- The /RAM SELECT signal moves low to
enable U1080, the Ram Select Decoder.

/RAW CLK: Diagram 4A: Q6041 —- This signal is the output of the ECL/TTL
Translator circuit. It is applied to the ST CLK § Buffer, to the Programmable
Clock Synthesizer, and to the two Pulse Shaper circuits.

/RBE: Diagram 3B: U3040C -- The low state of /TIM OPT SEL and /RD at the
inputs of U3040 pull the /RBE signal low. This enables the Read Buffer,
U1020, on the IC Acquisition Memory Board.

RB@-RB7: Diagram 2C: U2020; Diagram 2A: U5020 and U6020; Diagram 2B: U3020
and U7020 —-- These eight lines are the read bus outputs of the Data
Acquisition RAM for the Timing Option. The lines are applied in common
with the output of U2020 to the output translator stages.

RC~1: Diagram 7B: U4040 —- The overflow output from the MAC; when high
it enables U6040 to inform the CPU that the MAC has counted past its
capacity.

/RD: Diagram 9A: U4070 -— The /RD signal comes from the CPU through buffer
U4070. The signal triggers reading of the Main Interface Bus throughout

the 7D02. The /RD signal moves low just following the ALE pulse, assuming
that a read operation is selected.

/RD EN @#-/RD EN 3: Diagram 7A: U2010 -- Upon CPU command, this signal
moves low to enable the CPU to read the status of several circuits on both

the State Machine and the Acquisition Memory circuits.

/RDPL: Diagram 7A: U2020 -- This signal is used primarily in Diagnostic
mode to provide CPU access to the Acquisition Memory.
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/READY: Diagram 10B: U3020B -- The /READY signal is used to initiate wait
states in the Microprocessor to compensate for the difference in clock

rates between the CPU and Display Circuits. The signal is also applied to
U3080 in the CPU circuits, which initiates a two-clock delay in the enabling

process.

RESET: Diagram 3B: U4040A, U40208B -- The RESET signal is applied to the
Sequencer, TC Flag, and Trigger Amplifier circuits. It is high when the
/DISPLAY COMMAND signal is high, and returns low at the first ST CLK 2
signal that occurs after STORE moves low.

RESET HOZ: Diagram 10A: U3010A -- The RESET HOZ signal is applied to the
Ramp Generator circuit, where it resets the ramp. It is the complement of
the /INC VERT signal.

/RESET OUT: Diagram 9A: U4055A -- This signal indicates that the 7D02
Microprocessor is resetting. It is used in the CPU circuits to reset the
Page Select flip-flops.

RESET VERT: Diagram 10A: U3010B -~ The RESET VERT signal moves high for
a short period each 16,7 milliseconds to cause the display to return to
the top of the screen. The pulse is applied to the Staircase Generator and
turns the reset gate on for a moment to discharge the staircase capacitor.

RESET 1: Diagram 8C: U2030A -- Informs the CPU of the reset status of
Counter 1.

RESET 2: Diagram 8C: U3030B —- Same as RESET 1, except that it applies
to Counter 2.

RST 6.5: Diagram 9A: —— An interrupt line to the CPU.

RUN/STOP CNTR 1: Diagram 8C: Ul020B -- This signal drives U6030A. When
high the signal permits the passage of the clock signal from the Divider
circuits to Counter 1.

RUN/STOP CNTR 2: Diagram 8C: U2020A -- This signal drives U6030B. When
high, the signal permits passage of the clock signal from the Divider
circuits to Counter 2.

ROW @—-ROW 4: Diagram 10A: U4042 ~- The outputs of the Row Counter. The
lines are applied to the RAM control Multiplexer as one of two sets of

data that are time—shared by the multiplexer and applied to the Display
RAM,
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/R@-/R4: Diagram 3B: U3050 -- These five signals from decoder U3050 are
applied to the IC Acquisition Circuits, where the /R@ and /Rl signals are
used to generate the bank select signals to the Data Acquisition RAM. The
/R2, /R3, and /R4 signals enable U2010 and U2020.

RP-R5: Diagram 1A: U2025 -- These six lines carry the coordinates for one

axis of the keyboard.

SELECT 1: Diagram 8A: U7040C —- Controls the choice of signals that pass
through the R/W Multiplexer, Ul040.

SELECT 2: Diagram 8A: U7040B —-- Controls the choice of signals that pass
through Multiplexer U4040 in Counter 2.

/SEL P: Diagram 4A: U5020A -~ Enables reading the PROMs in the Personality
Module. The /SEL P line moves low if the PROBE line is high and the /RD

line 1is low.

S.E. TRIG: Diagram lA: U5025A -- The TRIG IN signal which is applied to

the Main Word Recognizer circuits.

SEQ Ql: Diagram 3B: U4030A -- The SEQ Ql signal is applied to multiplexer
U2010 on the IC Acquisition Memory Board, then sent through the Level
Translator to Ul020 for transmission on the Main Data Bus.

SEQ Q2: Diagram 3B: U4030B -- See SEQ Ql.

ST CLK CONTROL: Diagram 2A: U4010 -- Used in the selection of the ST CLK
2 signal or the Timebase output as the T.0. CLK. When ST CLK CONTROL is
high, the passage of the ST CLK 2 signal is blocked; when the signal is
low, the ST CLK 2 signal can pass and be used as the T.0O. CLK.

ST CLK @#: Diagram 4A: U6020F -— The ST CLK § signal is the complement of
the /RAW CLK signal.

ST CLK 1: Diagram 4A: U5050A -- The ST CLK 1 signal is the synthesized
and shaped output of Pulse Shaper U5050A. The signal is applied to the
Word Recognizer, Expansion Option, Acquisition Memory, and State Machine

circuits as the master timing signal.
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ST CLK 2: Diagram 4A: U5050B -- The ST CLK 2 signal is identical to the
ST CLK 1 signal, except that ST CLK 2 runs continuously and is applied to
the Timing Option and Front Panel circuits.

/ST MACH SEL: Diagram 9A: U4080 -- Enables the address latch in the State

Machine circuits.

/STOP TRACE LATCHED: Diagram 8B: U6020B -- Applied to the CPU Acitivity
Monitor in the Acquisition Memory circuits, where it is sent on to the CPU
as a status signal indicating a main trigger has occurred.

STOP TRACE TRIGGER: Diagram 8A: U5060 -- Terminates a Store operation.
It is applied to the Display/Store Mode Control to change the mode.

STORE: Diagram 7A: U6040B -- The STORE signal is high when the Main
Acquisition unit is in Store mode. It is used extensively throughout the
7D02 as a control signal.

/STORE COMM: Diagram 7A: U2010 -- The /STORE COMM signal moves low in
preparation for a Store operation. The signal is used by the Timing Option
circuits, principally to hold the Reset flip-flop locked in the set state
until the operation begins.

/SYNC TRIG: Diagram 8A: U6060-.. - This signal comes from the State
Machine RAM; it is combined with MASTER STOP through U7015. Either signal
causes the /EXT TRIG output. Its primary function is to arm or trigger the

Timing option.

Sl: Diagram 9A: U3050 -- S1 is one of the timing signals from the 7D02
Microprocessor. It is used to enable decoder U4080 on the CPU board, to
reset U4045, as the CPU RAM write enabling signal, and to enable the CPU
Buffer in the Display circuits.

TC: Diagram 2C: U3040C -- TC indicates that terminal count has occurred
in the Timing Option MAC. The signal is applied to the TC Flag flip-flop
in the Trigger Amplifier.

TC FLAG: Diagram 3A: U3030A -~- The TC Flag signal is set high and remains
high following the terminal count (TC) signal from the MAC. At a later
time, the RESET signal clears U3030A, which pulls the TC FLAG signal low.
The signal is applied through the IC Acquisition Memory circuits to U1020,
where it is used by the CPU as a status signal.
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TIME BASE: Diagram 3A: U7060 -- The output of the Timebase circuits in
the Timing Option. The output varies from 5 ms to 20 ns in 1-2-5 intervals.
The output is applied to the IC Acquisition Memory circuits, where it or
the ST CLK 2 signal is used as the T.0. CLK signal.

/TIM OPT SEL: Diagram 9A: U4080 -- Used by the CPU to enable addressing
of the Timing Option circuits.

TIMING TRACE STOP: Diagram 3B: Q6064 -- The TIMING TRACE STOP signal is
generated by several sources: The LOCKOUT signal, a high state at the WB&4
line (latched by /E1l), a high from the /Q output of Sequencer flip-flop
U4030B, or the RESET signal. The TIMING TRACE STOP signal is used with the
DISPLAY signal to generate the MASTER STOP signal. Its major purpose is

to indicate that the Timing Option has stopped storing data.

T.0.Af - T.0.A7: Diagram 2C: U2040-U3030. These are the eight output lines
from the Timing Option Memory Address Counter. The lines control the RAM
address, and are passed through the Read Buffer to inform the CPU of the
RAM address.

T.0.CLK: Diagram 2C: U4040A -- Derived from either the TIMEBASE or the
ST CLK 2 signal. It is applied to the Acquisition stages, and to the
Sequencer and Delay Counter circuits on the Trigger and Timebase Board.

/TRIG: Diagram 3A: U3030B, U2020D, U5020C, U7020C -- The synchronous or
asynchronous trigger signal. It is applied to the Sequencer circuits,
assuming that U7020C and U5020C permit the line to move negative.

TRIG IN: Diagram lA: -- This signal enters the 7D02 through the external
trigger connector. It is applied to the Trigger Threshold circuit.

TRIG MODE: Diagram 3A: U3020B -- The TRIG MODE signal is used to hold the
Async path closed while the Trigger Amplifier is operating in the Sync
trigger mode. The signal is also used in conjunction with the /STORE COMMAND

signal to reset the RESET flip-flop at the beginning of an Acquisition

cycle.
TRIG OUT: Diagram lA: U5035 —- The /SYNC TRIG signal from the State Machine

is applied through buffer U5035B, inverted, and routed out to the front-panel
BNC signal as the TRIG OUT connector.
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TTL SWEEP GATE: Diagram 10A: U3010B -- The complement of the RESET VERT
signal. SWEEP GATE is applied to the Mainframe by way of the Sweep Gate
Buffer for unblanking the display.

/VERT CLR: Diagram 10A: U2010 -- Identical to the /CHAR, /LOAD, /CUR CIR,
etc. signals that come from U2010, except that it is displaced in phase
from the others. The /VERT CLR signal is applied to U3010B, where it is
used to immediately reset the flip-flop after it is set by the output of

the Row Counter.

VERT SIG +: Diagram 10C: Q6033 -- One of the two ramp signals that are
fed to the Mainframe vertical amplifier.

VERT SIG -: Diagram 10C: Q6032 -- This signal is the same, but of opposite
polarity to the VERT OUT + signal.

VERT POS: Diagram 16: R3096 —— DC current through this potentiometer is
injected into the Vertical Amplifier stage to position the display.

/WAIT: Diagram 4B: U3050 -- The output of the Two-bit Wait Comparator
results from comparison of the control signals from the Personality Module
and data from the CPU through the 14-bit Latch. The low /WAIT signal holds
the Pulse Shapers from changing state and places the Programmable Clock
Synthesizer in a hold condition.

WB@-WB7: Diagram 3B: Ul060 —- These eight lines carry data from the CPU
to the Timing Option circuits.

/WORD REC: Diagram 2A: U3040D -- The outputs of the Input Acquisition
stages are coupled together in a wire—or configuration. The two pairs of
four stages join at the inputs of U3040D to generate the /WORD REC signal.
This line is low if word recognition has occurred.

/WDRA: Diagram 2B: U4050, U5050, U6050, U7050 —-- Each of the outputs of
these Acquisition stages join in a wire-or configuration. The line is low

if word recognition has occurred.

/WR: Diagram 9A: U4070 -~- The /WR signal from the Microprocessor is used

to enable the application of the instructions from the CPU to the 7D02
circuits. For example, /WR is almost always asserted following the assertion
of one of the select lines from U4080.
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/W.R. SEL: Diagram 9A: U4080 -- The /WR SEL signal is pulled low to enable
the CPU to write to the Word Recognizer RAM.

/W.R. 1: Diagram 5A: U5020 -- This signal is low when a bit pattern that
is addressing the word recognizer 1 RAM is the same as that loaded into
the RAM by the CPU at the outset of the Acquisition cycle. In other words,

when a pattern match occurs.

/W.R. 2: Diagram 5A: U4030 -- Same as W.R. 1, except that it applies to
W.R. 2,

/W.R. 3: Diagram 5A: U7040A -- Same as W.R. 1, except that it applies to
W.R. 3.

/W.R. 4: Diagram 5A: U7040B -- Same as W.R. 1, except that it applies to
W.R. 4.

X10 IN: Diagram lA: -— The attenuation factor signal from the external
probe. It causes the threshold to switch from 1.4 to 0.14 volts when a
coded 10X probe is connected to the EXT TRIG IN connector.

/YP-/¥7: Diagram 8A: U7050 —- Eight signals from decoder U7050. Each
serves a different function: /Y(® enables U6060; /Yl enables U3050; /Y2 and
/Y3 form a part of the SELECT 1 and SELECT 2 lines, and control the two
16-bit counters in Counter 1 and Counter 2; /Y4 enables the generation of
the G signal; /Y5 sets the Overflow flip~flop in Counter 1l; /Y6 is not
used at present; and /Y7 resets the Inhibit 2.5 flip-flop.

/Z ENABLE: Diagram 10A: U1010A -- The /Z ENABLE signal is set low with
each character to enable display of that character on the screen. It is a
product of the Character Counter output, which furnishes the signal for
the D input to U1010, and the /LOAD signal, which clocks the C5 signal
into the latch.

/@-1FFF: Diagram 9A: U4040 —- One of the RAM address lines in the CPU,
/20@@-3FFF: Diagram 9A: U4040 -- One of the RAM address lines in the CPU.
2-kHz CLK: Diagram 8B: U5030A —-- Applied to Multiplexer U6040, where it
is used as a clock signal for the State Machine counters. It is also sent

to the Timing Option circuits, where it is used in forming the TIMEBASE

signal.
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2 MHz CLK: Diagram 8B: U7020A -- Same as above, except for the frequency.

20 kHz CLK: Diagram 8B: U5030B -— This signal is applied to the Timing
Option circuits for use in generating the TIMEBASE signal.

200 kHz CLK: Diagram 8B: U7020B -- Same as 20 kHz CLK, except for the

frequency.
/30@@-3FFF: Diagram 9A: U4040 —- One of the RAM address lines in the CPU.

3 MHz CLK: Diagram 9A: U3050 -- The 3-MHz CLK signal is generated by the
Microprocessor from the incoming 6-MHz CLK signal. It is applied to the

Display Circuits and used for CPU synchronization.

/4@@@~5FFF: Diagram 9A: U4040 -- One of the RAM address lines in the CPU

circuits.

One of the RAM address lines in the CPU

|
I

/6@@@-TFFF: Diagram 9A: U4040

circuits,

/83@@-9FFF: Diagram 9A: U4040 One of the RAM address lines in the CPU

circuits.

6 MHz CLK: Diagram 9A: U40708 —- The 6 MHz CLK signal is fed to the
Microprocessor where it is used as the timing signal for the CPU circuits
and for the generation of the 3 MHz CLK signal. The signal is applied to
the State Machine circuits, where it is divided to produce the 2 MHz, 200
kHz, 20 kHz, and 2 kHz signals.
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DETAILED CIRCUIT DESCRIPTIONS

FRONT PANEL BOARD

Introduction

Refer to Fig. 2~2, which is a block diagram of the Front Panel circuits.

These circuits perform five functions:

1. The five lowest address bits are applied through the Keyboard
buffer, then to the keyboard.

2. The /SYNC TRIG signal is buffered, then sent out as the TRIG OUT
signal at the front-panel BNC connector.

3. Threshold data from the P6451 is applied via the BD@-BD7 lines

from the Read Buffer to the DAC (Digital to Analog Converter). The DAC
output passes through several amplifier stages before it is applied to the
P6451 probe.

4, The /LATCHES SEL (A9-All) and /RD lines are applied to the Decoder,
which generates a /KEYBOARD STROBE pulse that enables the Column Buffer
and the Decoder. The Decoder enables the Read Buffer for CPU read access
to data on the Buffered Data Bus. The Write Buffer, which is controlled
by the /WR signal, enables the CPU to write on the Buffered Data Bus. The
Column Buffer transmits the keyboard column data to the Buffered Data Bus
for CPU use.

5. The TRIG IN signal from the 7D02 Front Panel connector is applied

to the Threshold Gate circuit, where it is compared to the threshold voltage
that is applied to another input of the gate. The circuit is used to adapt
the trigger threshold to the probe attenuation factor. S.E. TRIG is an
inverted and buffered version of /EXT TRIG.

Keyboard Circuits

Refer to Diagram lA, which depicts part of the Front Panel Board
circuits. Buffer U2025 is a hex inverter that has open-collector outputs.
The A@ through A5 bits from the CPU, which in this case are used to specify
the row of the keyboard, are applied through the buffer to the keyboard

via connector P1012.
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Fig. 2-2. Front Panel Circuits Block Diagram
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The keyboard is accessed through the lower six address lines, Af
through A5, whenever address 0:F6XX is read. The rows of the keyboard are
scanned by the address lines and the columns are read as the data byte.
That is, the first row is read by reading 0:F601, the second by reading
0:F602, then 0:F604, 0:F608, 0:F610, and 0:F620. The column location of a
pressed key is given by the position of a zero bit in data read at the row
address. For instance, pressing the digit key "7" produces a data byte of
F7 (hex) at row address 0:F604. F7 (hex) is 1111¢111 (binary), and the
zero bit is in bit position three (beginning with the LSB in position §
at the right in the usual way). Table 2-1 lists the column and row assignments
of the keyboard. Note that the "7" key is in column three in the table,
corresponding to its bit position (also three) in the data word.

TABLE 2-1
Keyboard Bit Assignments

Column: | O 1 2 3 4 5 6 7
Row: 0 | Display |Word Counter | D E F DELETE | START/
Rec STOP
1 | ACQ MEM |END TRIGGER | A B C -— -—
ki
2 | PROGRAM |ELSE GO TO 7 8 ) 9 S S
3 | STORE MEM| QUAL O 4 5 6 C -—
4 OR 1 2 3 C C
5 | IMMEDIATE NOT 0 X FORMAT | ——- C

Data from the other axis of information for the keyboard (column)
enters the board through connector P1038 in parallel eight-bit format.
These lines, C@ through C7, are applied to buffer U2055, which is enabled
by the A8 line from the CPU address bus and the /KEYBOARD STROBE signal.
When both lines are low, the buffer transfers the column data to the
Buffered Data Bus for further use by the CPU,
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Trigger Buffer

The /EXT TRIG OUT signal from the State Machine circuits is applied
to buffer U5035, which drives the TRIG OUT signal to the Front Panel
connector. Diodes CR5043 and CR5042 protect the buffer.

Threshold Voltage Generator

The Threshold Voltage Generator furnishes the threshold voltage levels
for the P6451. Both the Threshold Voltage Generator and the P6451 are parts
of the Timing Option.

The P6451 threshold is set by writing an eight-bit value into the DAC
on the Front Panel Board at address 0:F8E@. Each LSB of the value corresponds
to a 50-mV threshold step. Table 2-2 lists the value that must be applied
to the DAC to arrive at a specific threshold value. Note that an 8@H offset

is required to arrive at the expected output.

TABLE 2-2
P6451 Threshold Values

Threshold Calculation Value
+6.350 8¢H + 7FH FFH
+1.40¢ 8¢H + 1¢H 9CH
+0.950 801 + ¢1H 81H
¢.000 80H + (QH 80H
-3.000 8¢H - 3¢H 44H
-6.350¢ 8¢H - 7FH @14

When a threshold voltage level is required for the P6451, the CPU
addresses the DAC by way of the /E7 line from the Timing Option, and loads
the BD@-BD7 lines with the appropriate data through the Writer Buffer.
Upon the low state of the /E7 line, the data is latched into U4045, which
responds by producing an output that corresponds to the data just loaded.

The DAC and surrounding circuits operate as follows:
DAC U4045 is a unipolar eight-bit device which, in its configuration

with U3045A, B, C, and D, operates in a bipolar mode. The DAC is also
equipped, as implied earlier, with an integral latch.
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Operational Amplifier U3045D is configured to operate as a voltage
follower amplifier, using VR1034 as the voltage reference. The purpose of
the amplifier stage is to provide a fixed reference voltage at pin 15 of
the DAC for the internal divider string.

Current from the internal divider string leaves U4045 by way of pin
1 and pin 2, called Iout and /Iout, respectively. The current from pin 2
is applied to the input of U3045B, which has a gain of minus one. The
output current of the amplifier is applied through R5048, summed with the
current from pin 1, and applied to the input of U3045A. Depending upon the
value programmed into the DAC, and due to the summing of positive and
negative current components from pins 1 and 2, current applied can swing
either positive or negative. Figure 2-3 shows a graph of the two outputs
and the composite outputs. The output of U3045A is applied to divider
network R2046 and R2045, which in conjunction with GAIN adjustment R1046,
divides the applied voltage by ten. Thus, one tenth of the applied voltage
is sent to the input of operational amplifier U3045C. The gain of this
stage, approximately 5/2, is set by resistors R2041 and R2042. (Vipreshold
x 1/10 x 5/2 = 1/4 Viy,. Thus, the gain of 4 on the P645]1 threshold amplifier
yields Vi, for the circuit.)
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/
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7~ /Vout
/
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Fig. 2-3. 10UT, /IOUT, and Composite Output.
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Adjustment of the stage is done by connecting the CAL-NORMAL jumper,
P1034, in the CAL position, and performing the following adjustments: The
maximum input value (6.350 V) is programmed into the DAC, then the voltage
at TP1053 is set by GAIN adjustment R1046 for a value of 1.5833 volts. The
OFFSET potentiometer (R1042) is set with zero programmed; the voltage at
TP1053 is measured to be zero. (The CAL-NORM jumper is used to sum the
offset of the analog ground reference~-internal to the P6451 Probe--with
the probe threshold.)

Buffers and Decoders

US5055A and U5055B are the Keyboard Strobe Gate and Write Decoder,
respectively. The A9 and Al0 address lines are held high on the input of
U50258B, which enables pin 14 of U5055B. Addresses for the Keyboard Strobe
are 0:F6XX or F7XX. Address line All to pin 13 is also held low. Then,
when the /LATCHS SEL signal from the CPU moves high, the output of U5055B
(/KEYBOARD STROBE) moves low to enable U5055A. The signal is also sent to
U2055 to enable the Column Buffer, as required.

If the /RD line from the CPU is low, /KEYBOARD STROBE causes output
pin 4 of U5055A to move low and enable U4055. This passes the BD@-BD7 data

through U4055 to the Main Data Bus.

Write Buffer U3055 sends data by way of the Buffered Data Bus to the
DAC from the CPU. Any write cycle gates the data onto the BD@-7 Data Bus.
When the CPU has the appropriate data at the inputs of U3055, it pulls the
/WR line low, which transfers the data to the Buffered Data Bus for loading
into the DAC latch.

Trigger Threshold Circuit

This circuit provides a two-level switching threshold for the incoming
EXT TRIG signal. It consists of Input Amplifier Q7046-Q7048, Probe Attenuator
switch Q6038-Q6014, and Switching Comparator U7035.

The X10 In signal from the probe ring enters at P7050, pin 3. this
signal is either open (X1) or closed to ground (X10). Darlington transistor
Q6038 sense the switch closure and turns off, which allows Q6014 to turn
off as well. The voltage across R6032 is thus reduced to about 140 mV.

When the switch is open (X1) Q6038 conducts, which turns on Q6014 and sets
the voltage on R6032 to approximately 1.4 volts.
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The TRIG IN pulse from the front panel BNC connector is fed through
pin 4 of P7050 to the gate of FET Q7046. This transistor is connected in
totem—-pole configuration with Q7048. From the drain of Q7048, the signal
is applied to the input of U7035, a differential comparator with complementary

outputs.

As the incoming trigger signal from Q7046 crosses the threshold level
at pin 4 of U7035, the comparator switches and its outputs move in opposite
directions (pin 11 moves high and pin 9 moves low). When the trigger ends,
the comparator once again switches and the outputs move in the opposite

direction.

TIMING OPTION

Introduction

The Timing Option (Optiom 1) consists of the IC Acquisition Board,
which is depicted on diagrams 2A, 2B, and 2C; and the Trigger and Timebase
Board, which is depicted on diagrams 3A and 3B. Since both of these boards
share the same general function, they are discussed as a unit in this
description. The description is divided as follows: Block Description,

Trigger Paths, and Detailed Description.

Block Description

Refer to Fig. 2-4, which is a block diagram of the Timing Option
section. The Time Base and State Clock section receives the ST CLK 2 signal
and the 2 MHz- 2 kHz signals, and generates a 100-MHz signal on the board.
From these signals, the circuit generates the CLOCK signal, which comes
from two sources: During synchronous operation, the State Clock signal is
the source, so the CLOCK signal has the same timing characteristics as the
State Clock. During asynchronous operations, the Time Base-generated signals
provide the CLOCK signal, which varies from 5 ms to 20 ns in 1-2-5 sequence.
The CLOCK signal is applied to the Sequencer and Delay Counter, the Trigger

circuit, and to the Data Acquisition stages.
The Memory Address Counter advances the RAM address whenever the /MAC

EN signal is low. The Counter is loaded by the CPU address bus. It can be
read by the CPU by way of the D@-D7 lines. The /MAC EN signal, which enables
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The Memory Address Counter advances the RAM address whenever the /MAC
EN signal is low. The Counter is loaded by the CPU address bus. It can be
read by the CPU by way of the D@-D7 lines. The /MAC EN signal, which enables
the counter, is produced by the Sequencer and Delay Counter circuits.

The Trigger and Async Filter circuits, using the external trigger
signal and the output of the Word Recognizers of the Timing Option, produce
the /ASYNC TRIG signal for use by the Main Word Recognizer circuits. The
circuits also produce the /TRIG signal that is used by the Sequencer
circuits. To reduce the effects of glitches and races in asynchronous
trigger sources, the Async Filter section of this circuit delays the /TRIG
signal in 20 ns steps from @ to 300 ns. (A glitch is defined here as a

repetitive, aperiodic event of unknown origin.)

The Sequencer and Delay counter circuits generate the TIMING TRACE
STOP and /MAC EN signals. The first is used by the Front End board, where
the signal is combined with the DISPLAY signal to form the MASTER STOP
signal. The Delay Counter is a 16-bit counter that runs off the clock
signal from the Timebase and State Clock circuit. The Sequencer delays the
stop that follows the trigger by a programmed number of clock pulses (O
to 65534).

The Decoder consists of a pair of address range decoders that, by
decoding the addresses on the Af through All lines, determine the address
on the address bus lines for the purpose of writing control signals to the

Timing Option circuits and reading data from the Timing Option circuits.

The Acquisition stages consist of eight integrated circuits that
recognize bit patterns from the P6451 Probe, as controlled by the CPU
through the WB@-WB7 lines.

The Acquisition RAM stages consist of four 4 by 256 RAM integrated
circuits. These are used to accept the bits from the data and glitch outputs
of the Input Acquisiton stages.

Note that although the CPU is involved in nearly every circuit function,
it is not active (beyond setup) in the Timing Option. The CPU sets up the
circuits, they become triggered, then proceed without further action from
the CPU.
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Fig. 2-4. Timing Option Block Diagram
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Trigger Paths

Figure 2-5 illustrates how the Timing Option relates to the main part
of the 7D02 in Sync Mode operation. The /WORD REC signal comes from the
AND combination of eight P6451 inputs and the normal or inverted external
trigger signal. From there the signal is applied to U5020, through a buffer,
and out as the ASYNC TRIG OUT signal, to be sent to the Main Word Recognizer
circuits.,

TIMING OPTION EXT TRIG IN
WORD RECOGNIZER
= |
—@ g
y SYNC
1 —? MODE
Q7041
P —¢ U4020A U2020A
US5020D
ASYNC TRIG
D . e
/WORD REC ;
TIMING OPTION

T T Twawmos ]

ASYNC TRIG OUT

WORD RECOGNIZER STATE MACHINE | SEQUENCER
— |
/SYNC. TRIG.

2 I —m  u3oaoe
\i 2020 [TRIG

3 — | u
—

ST.CLK. 1 a |
2919.08

Fig. 2-5. Timing Option in SYNC Mode.

Figure 2-6 illustrates the Async Mode trigger path. Basically, the
path involves the same major circuits as the Sync path, except that other
circuitry is used in addition. The GR signal is fed to the GLRCG gate,
which enables that signal to pass through if glitch recognition is selected.
The /WORD REC signal from the Timing Option Acquisition Stage is also
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passed to the Filter gating section, where it shares a common bus with the

normal or inverted external trigger. This signal is applied to the Async
Filter or through the Zero delay gate (U4020C), whichever is selected.

From there, the signal (delayed or undelayed) is sent through the congrol
gate to the Pulse Stretcher and the Edge Select gate. Through the former,
through a buffer, then out to the Word

the polarity of the other input to the Edge
or negative edge will trigger the trigger
earlier time by the SYNC TRIG signal from
the State Machine circuit, which, as mentioned earlier in this description,

the stretched pulse is applied
Recognizer Board. Depending on
Select Gate, either a positive
gate. This gate is armed at an

is driven by the Main Word Recognizer.
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WORD RECOGNIZER

T T 11
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»
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Fig. 2-6.

ASYNC Mode Trigger Path.
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Detailed Description

Data Acquisition. Refer to Diagrams 2A and 2B. The Acquisition stages
consist of eight discrete units that perform word and glitch recognition,
each with its own channel. Thus, eight channels of word recognition data
come from the external probe. Each of the Acquisition stages feeds data
to an acquisition RAM, where it can be read by the CPU. All of the Input
Acquisition stage word recognizer outputs combine to form a wire-OR
connection, so only a single output is applied to the Trigger circuits.

The same applies to the glitch recognition lines, in that all eight combine
to be applied to the Trigger circuits. Since the eight word recognizer
channels are essentially the same, only one will be described here.

Latches U4010, U6010B, U7010B and U5010B receive the WB@-WB4 signals,
which control the instructions that are fed to the Input Acquisition stages.
These include the Data Hi/Lo control, the Sync/Async control, the Off/On
control, the Pipeline/Glitch control, and the Glitch Recognizer Off/On
control.

Refer to Diagram 2A. U7030 receives data from Channel 3. It in turn
feeds data to U6020, the RAM that stores data from U6030, the Channel 2
Input Acquisition Stage. Refer to Fig. 2-7, which is a block diagram of
U7030, and also applies to the other seven units. Differential data at ECL
levels from the external probe is sent to U7030 by way of pins 7 and 8 of
J7048 and then to pins 9 and 10 of U7030. Once in the device, the data is
applied to the differential inputs of U2. From the output of U2, the data
is sent through delay line U6040 to permit the timing Option to meet its
Hold Time specification. The delayed data is sent through amplifier U3,
then is applied to latch U4 and Glitch Detector U5. Upon the rising edge
of each clock (entering U7030 at pin 1, then through Ul to U4 and U9), the
data at the input of U4 is clocked to the Q output, then sent off the
device as the Data Out, at pin 3.

The Glitch Detector output moves high if at least two threshold
transitions occur between the rising edges of the clock. When this occurs,
the high is transferred through multiplexer U7 (assuming that the
Pipeline/Glitch control line at pin 16 is low), then clocked through latch
U9. If the Glitch Recognition Off/On line is low, gate Ul0 is enabled, and
the Glitch Recognizer Out line, pin 14, will indicate the presence of one
or more glitches. The Glitch Recognizer outputs of all eight word recognizers
are wired together, so whenever any channel detects a glitch, that output

moves high.
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Glitch detection and recognition are done in the Timing Option Async
Mode only. In Sync mode, the Glitch output flip-flop (U9) looks instead
at the data output, becoming a second, or pipeline delay stage, which
matches the main section pipeline delay. (The term "pipeline" refers to
the chain of circuits through which acquired data passes before being

stored in the Acquisition Memory.)

The word recognizer in the device (U6030) is always set to its internal
Async mode, regardless of the Timing Option mode. This is accomplished by
the Sync/Async control, which is always set low. When the Timing Option
is in the Sync Mode, the Word Recognizer data is synchronized in the Main

Section of the 7D02 word recognizers.

Data Acquisition RAMs. The RAMs (U6020, for example) accept data from
the Data and Glitch/Pipeline outputs (pins 3 and 2, respectively) of the
Word Recognizer stages. When the bank select (BS) inputs are high, the RAM
is disabled, write operations cannot occur, and the outputs go to the ECL
low level. During the acquisition period, the BS inputs are low and the
clock to U7030 also drives the /WE (write enable) input to U6020. Following
each qualified clock, the address advances to the next cell. To read the
RAM, the clock input is high, and one or the other of the BS inputs is
pullsed low by the CPU read pulse (/R@ or Rl on Diagram 2C). (A "qualified"
clock is one that is used to store a valid signal. Invalid signals are

overwritten by the next clock and data.)

Memory Address Counter. During the acquisition period, the MAC (Memory
Address Counter) advances the RAM address whenever the /MAC EN signal is
low (/MAC EN is controlled by QUALIFY; if this signal is low, /MAC EN is
forced high). The counter consists of two four-bit binary counters, U2040
and U3030; the terminal count of U2040 is connected to the Count Enable
line of U3030, which permits the latter to increment on each 16th cycle.
The terminal count outputs of both counters are joined together at U3040C,
which produces a terminal count signal with the occurrence of an FF count.
Following the acquisition cycle, the low /R2 signal enables U2020 and U2010
to pass the stop address to the TTL translators, and eventually to the
CPU.
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Fig. 2-7. Block Diagram of Input Acquisition Stage.

Address data for the read cycle of the MAC comes through buffers U2050
and U3010A and B, which translate the incoming TTL levels to ECL. The
memory is read by writing an address through the buffers to the MAC parallel
inputs. First, the /PE line from U4010 pin 5 (Diagram 2A) is held low, and
the address data is placed on the address bus. Then, the CPU sends a read
clock by way of either the /R@ or the /Rl line, through pin 1C or 1D of
P102, which passes through several stages and eventually reaches U4040,
pin 14, as the clock to load the address data. (The CLOCK signal at pin
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11 of U4040 has previously been set high to enable U4040.) Note that the
MAC acts more like a register than a counter when used in the read mode.
After the address is clocked into the MAC, the acquired data in the RAM

is sent through U2020 and U2010, through ECL to TTL tramslator stages, to
U1020, which places the address data on the Data Bus. The /RBE signal from
the Trigger Board (derived from the CPU /RD and /SEL D signals) enables
the buffer when required.

The address signals from the MAC also go to each RAM, where the data
selects one location in the RAM to be read by the CPU by way of the RB@
through RB7 lines.

It should be noted that the MAC is always loaded to @ before an
acquisition cycle, by reading acquisition memory location @#. Also, after
the MAC is loaded, the Parallel Enable inputs are set high. However, to
prevent a false clock, the CLOCK signal is first set low. Finally, when
the Parallel Enable inputs are switched high, the BS lines are switched
low to begin acquisition through U3050, Q3043, and Q3045.

Clock, Qualifier and Control Circuits. Refer to Diagram 2C. The STATE
CLOCK CONTROL signal from U4010 on Diagram 2A passes through buffer U4040B,
where it is wire-Or connected with the pin 15 output of U4040D, and applied
to the base of Q1046 and Q1042. These two transistors control the passage
of the QUAL TRACE signal, which enters the board at pin 17A of P202, and
the ST CLK 2 signal from P202, pin 3A. If STATE CLOCK CONTROL is high,
Q1042 condusts, holding the base of Q1037 at approximately +3 volts. Thus,
the QUAL TRACE signal cannot pass through to Ql037. Likewise, if the same
input condition exists, Ql046 conducts to hold the base of Ql047 at about
+3 volts, and the ST CLK 2 signal cannot pass through to Ql047.

At pin 2 of U4040A, the TIMEBASE and ST CLK 2 buffers are tied together.
During a Sync-mode acquisition cycle, the TIMEBASE signal is set low so
the state clock buffer, Ql047, can drive the line. When this occurs, the
STATE CLK CONTROL line is low, enabling the state clock buffer,

The qualify buffer consists of Q1043, Ql036, and Ql035. Assuming again
that the STATE CLK CONTROL line is low, the signal can pass through Ql037,
which shares input pins 5 and 6 of U3040A and B with the incoming /MAC EN
signal. If QUAL TRACE is high, the emitter of Ql037 can go low, permitting
the /MAC EN signal to enable the MAC to count on each state clock. If,
however, the QUAL TRACE signal goes low, then the MAC cannot count. (At
that point, data written to the RAM is simply over-written until a qualified
clock occurs, changing the RAM address by incrementing the MAC.)
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When Async operation is chosen, the STATE CLK CONTROL is pulled high,
which blocks the QUAL TRACE and ST CLK 2 signals.

Data Readout Circuits. As mentioned earlier, the CLOCK signal is set
high by the Time Base to read the Acquisition RAM, and the /PE signal must
be low. When the /R® signal goes low to read the memory, U3050 is non-
inverting, so the /BS® line also goes low, activating the RAM to produce
the memory contents on the RBJ through RB7 lines. The falling edge of /R{
or /Rl also clocks the address bits into the MAC. The RB@-RB7 lines are
inverted and translated in level by eight parallel transistors, then sent
through U1020 to the Data Bus. The same CPU pulse that pulled /RP low also
pulls the /RBE line low, which enables the tri-state output of U1020.
Similarly, the /Rl signal enables reading the Glitch/Pipeline RAM. In order
to enable these read operations, the /PE signal must remain low, which
keeps the RAM outputs low.

The /R2 line from P102 pin 2C is applied through Q2022, inverted, and
enables U2020 to pass the AI2 through AI7 bits (MAC address) to the Read
Bus. Also, the output of U3010 (pin 8) enables U2010 to pass AIf and AIl.
(This occurs when /R2 is low, and /R3 and /R4 are high.) When the /R2,
/R3, and /R4 lines are all high, U3010 enables the A and B inputs of U2010
to pass the RBY and RB]l signals through the multiplexer, out pins 2 and
15, and onto the bases of Ql0l4 and Q1017, respectively.

If /R3 is low and the other two lines are high, the SEQ Ql and SEQ
Q2 signals pass through the multiplexer. If /R4 is low and the other two
lines are high, the TC FLAG signal is passed.

Time Base Section. (Refer to Diagram 3A.) The Time Base section is
composed of oscillator U5050, divider U7050, latch U8050, Multiplexer
U8040, and Multiplexer U7060. The oscillator operates as follows: Resistor
R6067 sets the DC level; Y6060 produces feedback around U5050A to sustain
oscillations. The output of the oscillator is fed to U7050, where it is
divided by two at pin 15, furnishing the 20-nS signal that is applied to
pin 5 of U7060 and then to the Async Filter circuits, and divided by five
into a 50-nS signal, which is applied to pin 4 of U7060. The 50-nS signal
is also fed to Q8069, which feeds the signal to U8060. The 20-nS signal
is also applied to the Async Filter circuit multiplexer-divider.

The WB@-WB7 data from the CPU enters the board by way of Buffer U8050.
The Ql, Q7, and Q8 lines are connected to U8060, to control the selection
of either the 20 MHz, 2 MHz, 200 kHz, 20 kHz, or 2 kHz signals. The Q2,
Q3 and Q4 lines are applied to U7060, a one-of-eight multiplexer.
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The selected signal from U8060 (2 kHz through 20 MHz in decades) is
applied to the clock input of U8040, which is a synchronous four-bit
counter. This counter is controlled by the Q5 and Q6 bits from U8050, which
cause the stage to divide by 2, 4, or 10, Thus, for instance, the 2-kHz
signal applied through U8060 will come out of U8040 as 200 Hz, 500 Hz, or
1 kHz, depending on the control inputs. Operation of the counter is as

follows:

Assume that the counter has just completed a count sequence. The CARRY
output at TP 85 is high just at the end of the sequence, so the U5040
output is low, which enables the load input to U8040, At this point, the
D1 or D3 inputs preload the counter to determine the divide factor. (Since
D2 is always high, the counter is always preloaded with at least four. If
D1l is held high during the load period, the counter preloads 6, then counts
the remaining 9 cycles to 15, This is the divide-by-ten mode. If the
divide-by-four mode is chosen, D3 is held high, and the counter is preloaded
to 12, then counts the remaining three pulses to 15. Refer to Fig. 2-8,
which illustrates the divide-by-four function as an example. If D1 and D3
are both high, the counter preloads 14 and counts the remaining 1 pulse
to 15, providing the divide-by-two mode.
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Fig. 2-8. Time Base Divide-by-four Operation.
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As mentioned earlier, U7060 is a one-of-eight multiplexer. Lines
WB@-WB3 are applied through U8050 to the A, B, and C inputs of U7060 to

control the selection of one of the six time-base input sources:
1. X1l at pin 5 -- the 20-nS timing signal from U7050.
2. X2 at pin 4 -- the 50-nS timing signal from U7050.

3. X4 at pin 11 -~ the output of U8060 (which is the 2 kHz through 2
MHz signal in decade steps).

4, X5 at pin 12 -- the buffered output of U8040.

5. X7 at pin 14 —- the /E15 signal from U3060 (which is a four~line
to sixteen-line decoder that produces a test signal from software purposes).

6. U7060 output -- the TIMEBASE signal (which is the timing signal
that is passed through P203, pin 25A, to the IC ACQ MEM board).

External Trigger Amplifer

The /EXT TRIG signal from the Front Panel circuits is applied to an
ECL Translator that comsists of Q2010, Q2017, and Q2013, Fixed bias for
the stage is provided by the resistor string that connects to the bases
of Q2013 and Q2017. Constant current for the stage comes from Q2013. The
/EXT TRIG signal is then applied through emitter follower Q2015, the emitter
of which drives one input of U2020A and U4020A.

The WBP and WBl signals from Ul060 on Diagram 3B are applied to triple
latch U3020. This stage drives the other inputs to U2020 and U4020, as
discussed earlier. The /WORD REC signal, which is the output of these two
stages, is sent to U4020D, U5020D, and U6020, the Async Filter circuit.

The /WORD REC signal also comes from the IC Acquisition board by way of
P102, pin 11C, to P103, pin 1l1C.

The purpose of U2020A and U4020A is to provide an external trigger

that is of either polarity. This is controlled by the WB@ and WBl signals
through U3020. Output pin 12 is high if no glitch recognition is required.
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Sync Trigger Amplifier

The /SYNC TRIG signal from the State Machine circuits is applied from
P203, pin 18B, to the ECL Translator that consists of Q1026, Q1022, and
Q1025. This circuit operates in the same way as the External Trigger
Translator described earlier. The trigger signal is taken from the collector
of Q1025 and applied to the base of amplifier Ql1027, which amplifies and
inverts the signal, then applies it to flip~flop U2020.

Async Filter

The Async Filter section is used to delay the trigger transition to
the low level by a specified amount of time, in order to avoid triggering
on glitches and races caused by unmatched delays. There are four signal
paths associated with the Async Filter. These are as follows:

The zero-delay path around the Async Filter in Async mode is U4020C.
In this case, U8020 is loaded with an F, which causes the terminal count
output at pin 4 to be low. Since pin 16 of U8030 is high, the output of
U5020B holds the input, pin 12, of U4020C low. Thus, when the /WORD REC
signal goes low at the pin 11 input to U4020D, the input to U5050B, pin
12, will be permitted to move low.

The second path through the Async Filter, which is the 20-nS path,
is by way of U6020B. The 20-nS signal from U7050 is applied to the clock
input, pin 9 of U6020. The flip-flop is held set, however, until the /WORD
REC goes low. At that time, the 20-nS signal clocks the flip—-flop, and the
flip-flop output goes low. The hex code in U8030 is now a 1, so U8020 pin
3 is high. This forces the output of U5020A, pin 2, low. Because of the
code stored in U8030, pin 6 of U7020B is also low. Thus, when the output
of U5020B goes low, as just described, U4020C, pin 15 goes low, which pulls
the input pin 12 of U5050B to go low. (The /WORD REC signal had already
gone low, which enabled the output of U4020D to go low.)

The third path, which is the 40-nS path, is through both cells of
U6020, Both remain set until the /WORD REC signal goes low. Then, the next
positive transition clocks U6020B. But U6020A cannot switch until the
following transition, since it must wait for U6020B to switch. The hexadecimal
code on U8020 is @, so the 20-nS path is still open through U7020B, enabling
U5020A to control the pin 13 input to U4020C. The code in U8020 holds the
pin 5 input of U7020A low, so the gate output does not move low until
U6020A switches high. This enables the pin 15 output of U4020C to move
low. As in the 20-nS path discussion, the /WORD REC signal is already low,
so the pin 12 input of U5050B can move low.
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The fourth path is for 60-nS and longer delays, and is through counter
U8020. The hexadecimal code for these delays is from 2 to E, where 2 is
the longest delay. In this case, the code is always such that pin 6 of
U7020 is always high, which blocks the path through U4020, pin 13. Following
the 40-nS sequence just described, pin 5 of U8020 moves high, which permits
the device to begin counting the 20-nS signal applied at pin 13. (Heretofore,
U8020 was inhibited from counting by the low at pin 5, and was stopped by
pin 9 of U4020C when the TC output went low following each delay period.
While pin 5 of U8020 was low, the hexadecimal code from U8030 was loaded
into the U8020 inputs each 20 nS.) Depending on the number preloaded into
the counter (2 through F), a specified time later, the counter reaches F,
the overflow point. Then, pin 4 goes low, and U4020C, pin 15 pulls U5050B
low. As before, the /WORD REC signal has enabled U4020D, pin l4 to go low.
At the same time, the pin 9 output of U4020C locks the count of U8020 at
F.

Trigger Section. The controlling gates for both the Async Trigger
paths are U5020D and U5050B. The control lines for these two gates come
from U8030; pin 15 of the latch controls pin 10 of U5050B, and pin 19 of
the latch controls pin 10 of U5020. The two control lines are always
complementary. Refer to Fig. 2-9.

Assume that the Sync mode is selected. Thus, U5020 pin 10 is low, and
U5050B pin 10 is high. When the /SYNC TRIG signal goes low, pins 9 and 14
of flip-flop U2020 go low. At this time, both the RESET signal from U4040
on Diagram 3B and the LOCKOUT signal from U4030 are low. The TRIG MODE
signal from U3020 is high, which holds U3030B set. This blocks the Async
trigger path through U3030B, so the Sync trigger signal from U2020, pin 9
passes by the latch to serve as the /TRIG signal. (U3030B and U2020 are

connected in a wired-OR configuration.)

Assume that the Async mode is selected. Pin 10 of U5020 is high, and
pin 10 of U5050B is low. When pin 10 of U5050B is low, indicating the Async
mode, pin 11 is low (which occurs when glitch recognition happens or if
glitch recognition is not selected), and pin 12 is low (which occurs
following the Async Filter delay, if any), the TRIG signal at U5050B pin
14 goes high. This sets the pulse-stretcher flip-flop, U4040. Its output
goes high, which is inverted twice through output buffer Q7042-Q7041 to
become the ASYNC TRIG OUT signal at pin 194 of P203. The flip~flop stays
in the set condition until the TRIG signal returns low and, following that
event, the next positive edge of ST CLK 2 occurs. Thus, the ASYNC TRIG OUT
signal is high from the time that the TRIG signal moves high to the positive
transition that follows the TRIG signal negative edge.
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While the Async mode is selected, the /SYNC TRIG signal arms the Sync
Trigger path by setting U2020 pins 14 and 9 low, just as it does in the
Sync mode. The LOCKOUT signal holds U3030B pin 13 high for one clock cycle
following acquisition start, causing it to ignore the clock applied to pin
11. After U6030C pin 11 moves low and LOCKOUT moves low, the signal from
U6030 pin 15 clocks U3030B, and its output goes low.

ASYNC TRIGGER PATH
FROM U5050 PIN 15
]

U3020

POLARITY SEL 1
Q } l
- ——— o0E U6030D l
o | TRIGM f —» TRIG MODE
|
|
I
|
Q1026 |
Q1025 |
SYNC Q1027 [+ U3030B
TRIGGER U2020 l L
PATH a i]o
O 00 O0O0pPpOgYgOoOO o l_
@ ) o—P
(. [TRIG __
RESET @ TO SEQUENCER

LOCKOUT
0 0000000000000

OSYNC MODE: TRIG MODE HIGH, LOCKOUT LOW
~ASYNC MODE: TRIG MODE LOW.

0O 0O 00O0O0

o
(¢]
(o]
(o]
O

291912

2-9. Sync and Async Trigger Paths for Timing Option.
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U6030D is used to select the polarity of the Async trigger. The WB3
bit, which is controlled by the CPU, selects the trigger edge by placing
a high or low level on pin 13 of exclusive-OR gate U6030. This causes the
signal to pass through inverted, or not, depending on the output state of
U3020. The signal is used to clock U3030B.

TC Flag flip—flop U3030A produces the TC FLAG signal. When the MAC
Terminal count occurs, U3030A, pin 7 moves high. At the next ST CLK 2
signal, U3030A clocks the high to its Q output, and U6030A holds the D
input high. The TC FLAG signal, which is used by the CPU to indicate that
the Acquisition RAM is full, remains high until the RESET signal once again
moves high and resets U3030A.

Sequencer and Reset Circuit. This circuit comprises the upper third
of the Trigger and Timebase Diagram, sheet 3B. The Reset Circuit consists
of flip-flop U4040A, plus U5040A, U5040D, U3040A, U5040F, and U3020. The
RESET signal is used to reset the Sequencer flip-flops, and three more in
the Trigger circuits. When RESET goes low, the Acquisition cycle begins.
In the Async mode, the TRIG MODE signal is low, so the /STORE COMMAND is
passed through U3040A and inverted by US040F to set U4040. This causes the
RESET signal to move low. After the completion of the Acquisition cycle,
the /DISPLAY COMMAND moves low, which resets U4040 and causes the RESET
line to return high.

In the Sync Mode, the TRIG MODE signal is high, which inhibits the
/STORE COMMAND path. However, the STORE signal goes high on the first STATE
CLK 2 signal that follows the rising edge of /STORE COMMAND. THe high state
of the STORE signal pulls the J input to U4040 low. On the following ST
CLK 2 pulse, the ES CLK signal clocks U4040 back to the set condition,

commencing the Acquisition cycle.

The RESET signal is also applied to U5030B, pin 14, to control the
TIMING TRACE STOP signal. When RESET is high, U5030 cuts off Q6063, which
cuts off Q6064, and the TIMING TRACE STOP signal moves high.

The Sequencer consists of flip—-flops U4030A and U4030B. Refer to Table
2-3, which lists the input conditions for the various states.
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TABLE 2-3
Sequencer States

State Name SEQ Q1 SEQ Q2 Input Conditions Causing State
1. Reset low high RESET signal high.
2. Wait for Trigger high high Enters on next Timing Option

clock following low RESET.

3. Delaying, or high low Enters on next Timing Option
zero—delay stop clock after /TRIG goes low.
4. Regular stop low low Enters on next Timing Option clock

following low /DLYTC.

The /DLY TC signal is the terminal count signal from the Delay Counter.

This signal and the /TRIG signal from the Trigger Circuits are wired-OR
connected with signals from the Sequencer that permit the TRIG signal to

go low only during the "wait for trigger" state, and the /DLYTC signal to
go low only during the delaying state. The Sequencer then waits until the
inputs (/TRIG and /DLYTC) actually occur before it changes state. The main
feedback elements for this operation are U7020C, U7020D, and U5020D. Refer
to Fig. 2-10.

When the RESET signal is low and before a stop state occurs, U5030
permits the /MACEN and TIMING TRACE STOP signals go low. Note from the MAC
description that the /MAC EN signal has qualifier data, but the TIMING
TRACE STOP signal does not. Thus, two parallel paths exist for the generation
of these signals. The WB4 line, which is applied to U8030B, controls the
selection of the "regular" stop versus the 'zero~delay" stop. Thus, if
U8030 pin 12 is high, U5030 ignores the state of SEQ Ql, and causes TIMING
TRACE STOP AND /MACEN to go high on the next Timing Option CLOCK after the

trigger, and no delay occurs.

Note in Fig. 2-10 that SEQ Ql can move low only after RESET has gone
low one clock previously. The same relationship exists between SEQ Q2 and
/TRIG. The pulses depicted in dashed lines indicate when the QUALIFY signal
is low, which forces the /MACEN signal high. This inhibits the MAC from

incrementing.
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Fig. 2-10. Sequencer and Reset Circuit Waveforms.

Delay Counter. The Delay Counter, depicted on Diagram 3B, consists
of U1050, U2050, U2040, and U1030, all of which are four-bit counters;
buffer Ul040, transistor Q2035, and inverter U5040E; and U4050B, which is
configured as a 3-input OR gate. The circuit is a 16~bit binary counter
that increments at the Timing Option CLOCK signal rate. The circuit is
enabled to count by a low state of the /DCE signal from U5020C, which is
driven by the Sequencer circuit. This signal is wired-OR connected to
/MACEN, which conducts qualifier information to the Delay Counter during
Sync Mode periods. Thus, when /MACEN is high, the Delay Counter does not

increment.

To conserve power, the Delay Counter consists of an ECL, one TTL, and
two CMOS four-bit counters. The Q3 output of ECL counter Ul030 is level-
shifted by Q2035 to TTL, and clocks the TTL stage, U2040. The QD output
of U2040 clocks Ul050 through an inverter, and the carry output of Ul050
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clocks U2050 directly. When U2040, U1050, and U2050 all reach terminal
count, the output of U4050 (which acts like an OR gate) moves low. Then,
when Ul1030 also reaches terminal count and the /MACEN is low, the /DLYTC
can go low, signalling the Sequencer to go to the regular stop state. Note
that the Delay Counter can count or end only on qualified clocks, since
the /MACEN signal is wired-OR connected with both the /DCE and /DLYTC

signals.

All of the Delay Counter stages are parallel-load units. thus, the
counter is loaded by the CPU through the WB§ through WB7 lines, with the
load command appearing on the /E9 and /E10 lines. Note that U1030 also
requires a clock pulse, whereas the others load asynchronously. Consequently,
the Timebase circuit is set to produce a 100-nS clock pulse on the Timing
Option CLOCK line whenever Ul030 is to be loaded.

CPU Address Decoder. This circuit consists of several different address
buffers and decoders. The first, Ul060, is the Write Bus Buffer. It buffers
the signals from the Main Data Bus for distribution through the Timing
Option circuits. It is gated by U4050, which is discussed next.

The Address lines from the CPU Address Bus are applied to several
decoders; the A9 through All lines go to U3040B and U4050A. This is a range
decoder that produces a low level to enable U3060 and Ul060 whenever the
following address ranges appear: 0:F8XX or 0:F9XX. Note that the /LATCHES
SEL line from the CPU must also be low to enable U4050.

As just mentioned, U4050 enables the pin 18 input to U3060. The other
enabling input, pin 19, is enabled by the /WR signal from the CPU when the
Address and Data Bus lines are stable. The A5 through A8 address lines are
applied to U3060, which decodes the address data into one of 1l enable
lines. These drive the clock inputs of the CMOS latches in the Timing
Option circuits. Note that this decoder and the previous one are both

concerned with write operations only.

The Read Bus is controlled by decoder U3050. When the CPU /RD line
and /SEL D line are both low, the /RBE signal is low to enable buffer U1020
(depicted on diagram 2C; it passes the CPU Data Bus contents). At the same
time, the first two signals enable U3050 to decode the A9 through All
address data. This decoder will produce one out of five outputs low; these
signals are R through R4.
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FRONT-END BOARD CIRCUIT DESCRIPTION

Introduction

The circuits on the Front End Board provide the following:

1. Pulse shaping of the non-symmetrical raw clock pulses for the
low-power components used in other areas of the 7D02,

2. A preliminary clock qualification for generation of a state clock,
thus defining the state time of the remainder of the Acquisition Unit.

3. High-speed control of the state clock.

4, Access to the PROM in the Personality Module (also called probe).

Block Diagram Description

Refer to the detailed block diagram of the Front End circuits Fig.
2-11A for 670-5989-00 boards, Fig. 2-11B for 670-5989-00 boards These
circuits relate to the display menu in the following ways:

1. In the upper section of the screen. the SLOW CLOCK indicator blinks
whenever the master clock frequency is less than 500 Hz.

2. Also in the upper screen is a probe-specific message. The PM101
General Purpose Probe uses this portion of the display to report the status
of the C7 input The PM102/103 reports CPU HALTED (if the microprocessor
under test is halted) in this screen location. Other probes generate

specific messages of interest for processors they test.

3. The display section entitled TRIGGER MAIN, STANDARD CLOCK QUAL,
applies to these circuits. This menu segment expands to include user clock
qualification definitions, positive or negative—edge clock selection, and

user clock syntheses definitions.
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Block Diagram of Front End Circuits

(670-5989-00 Boards Only)
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Clock Conditioner Circuits (670-5989-00 boards only)

Beginning at the top of Fig. 2-11A, the ECL clock signal from the
probe 1s translated into TTL levels in the ECL Receiver-Translator, where
clock polarity selection also occurs. The RAW CLOCK signal is then fed
into the two Pulse Shaper circuits and the ST CLK @ Buffer, each of which
produces a different version of the RAW CLOCK signal: ST CLK § is simply
a buffered version of the RAW CLOCK signal. The Pulse Shapers produce a
40-nS clock pulse, regardless of the pulse width of the input signal. The
CIP-CI9 lines from the probe are fed to the 10-Bit Buffer for further
transmission to the Clock Qualifying circuits, which consist of the two-bit
Esync and Wait Comparators, the Clock Delay-Divider, and the Six-bit
Comparator.

The Clock Qual Comparator is basically a six-bit word recognizer. It
is programmed to select the appropriate clock pulses from the /RAW CLK
signal, to form the state clock signals. The output of the Six-bit Comparator
joins with the output of the Programmable Delay-divide circuit in controlling
the operation of the two Pulse Shaper circuits.

The Clock Delay-Divide circuit receives the /RAW CLK, WAIT, and ESYNC
signals, plus the programming bits from the l4-bit Latch. The circuit
shifts a continuous ESYNC pulse as much as four raw clock pulses to produce
a state clock signal that is delayed as much as four clock pulses from
/ESYNC. The circuit can also divide the raw clock by 2, 3, or 4 to produce
the state clock signal. It can use the /WAIT signal to add extra raw clock

pulses in either of the previous two operationmns.

Clock Conditioner Circuits (670-5989-01 boards only)

Beginning at the top of Fig. 2-11B, the ECL clock signal from the
probe is translated into TTL levels in the ECL Receiver-Translator, where
clock polarity selection also occurs. The RAW CLOCK signal is then fed
into the two Pulse Shaper circuits and the ST CLK @ Circuit, each of which
produces a different version of the RAW CLOCK signal: ST CLK § is either
ST CLK 2 or an inverted form of RAW CLK, depending on the status of STORE.
With STORE high, ST CLK @ is ST CLK 2; with STORE low, ST CLK § is RAW CLK
inverted. This allows the STORE/DISPLAY master flip-flop to be clocked the
first time by ST CLK § even when ST CLK 2 is very heavily qualified. The
Pulse Shapers produce a 40-nS clock pulse, regardless of the pulse width
of the input signal. The CI@-CI9 lines from the probe are fed to the 10-Bit
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Buffer for further transmission to the Clock Qualifying circuits, which
consist of the two-bit Esync and Wait Comparators, the Clock Delay-Divider,

and the Six~bit Comparator.

The Six-Bit Comparator performs clock qualification by acting as a
word recognizer. It is programmed to select the appropriate clock pulses
from the /RAW CLK signal, to form the state clock signals. The output of
the Six-bit Comparator joins with the output of the Programmable Delay-
divide circuit in controlling the operation of the two Pulse Shaper circuits.

The Clock Delay-Divide circuit receives the /RAW CLK, WAIT, and ESYNC
signals, plus the programming bits from the l4-bit Latch. The circuit
shifts a continuous ESYNC pulse as much as four raw clock pulses to produce
a state clock signal that is delayed as much as four clock pulses from
/ESYNC. The circuit can also divide the raw clock by 2, 3, or 4 to produce
the state clock signal. It can use the /WAIT signal to add extra raw clock
pulses in either of the previous two operations.

Buffer Circuits (670-5989-00 boards only)

The Buffer circuits consist of a 13-bit Buffer-driver, which provides
buffering for the A@-All bits from the CPU and for the /PROBE § signal
from the CPU. The Buffer—driver passes address signals from the CPU to the
personality module (probe) to control the PROM in the module.

The other circuit in this group is the 8~bit Buffer, which passes the
data from the personality module to the CPU. Control lines from the CPU
Control circuits, discussed next, enable or disable both of the Buffers

as required by the CPU.

Latch and Buffer Circuits (670-5989-01 boards only)

The Latch circuits consist of a 13-bit Latch (U1010 & U2010), which
provides latching for the A@-All bits and /PROBE § from the CPU. The latches
pass address signals from the CPU to the personality module (probe) to
control the PROM in the module.

The other circuit in this group is the 8~bit Buffer, which passes the
data from the personality module to the CPU. Control lines from the CPU
Control circuits, discussed next, enable or disable both of the Buffers
as required by the CPU.
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CPU Circuits (670-5989-00 boards only)

CPU Monitor. The CPU Monitor keeps track of several functions on the
board and notifies the display, CPU, or other circuits of the state of
those functions. The functions monitored are:

1. If the DP line is low, a slow clock indication appears on the
screen.

2. If the D1 line is low, the Expansion Option is installed in the
7D02.

3. If the D2 line is low, the Timing Option is installed in the 7D02.

4. If the D3 line is low, the CPU is asynchronously checking the C7
line at the probe tip like a logic probe.

The CPU Control Circuits, using the /RD, /WR, and /LATCHES SEL signals
(plus the A4-A6 and A9-All bits from the CPU) control the selection of the
state clock division and delay functions, plus the selection of bit C4
through C9 as clock qualifying signals. The /WR SEL signal causes the
generation of state clocks during diagnostics. The PROBE, ALE, and /RD
signals produce the LOOK and /SEL P signals that are applied to the probe

circuits.

CPU Circuits (670-5989-01 boards only)

CPU Monitor. The CPU Monitor keeps track of several functions on the
board and notifies the display, CPU, or other circuits of the state of
those functions. The functions monitored are:

1. If the DP line is low, a slow clock indication appears on the
screen.

2. If the D1 line is low, the Expansion Option is installed in the
7D02.

3. If the D2 line is low, the Timing Option is installed in the 7D02.
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4. If the D3 line is low, the CPU is asynchronously checking the C7
line at the probe tip like a logic probe.

The CPU Control Circuits, using the /RD, /WR, and /LATCHES SEL signals
(plus the A4-A6 and A9-All bits from the CPU) control the selection of the
state clock division and delay functions, plus the selection of bit C4
through C9 as clock qualifying signals. The /WR SEL signal causes the
generation of state clocks during diagnostics. The PROBE, ALE, and /RD
signals produce the LOOK and /SEL P signals that are applied to the probe

circuits.

State Clock Generation (670-5989-00 boards only)

The Front End Board develops three state clock signals: The first,
ST CLK @, is simply the inverted from of the /RAW CLK signal. The ST CLK
1 signal is a controlled pulse-width, qualified clock that is turned off
during display and turned on during storage. The ST CLK 2 signal is identical
to ST CLK 1, except that it runs continuously. For purposes of discussion,
assume that no clock qualification and no clock synthesis is selected, and
that the menu selection is for a positive edge. Refer to Diagram &4A, which

depicts the circuits that perform the clock conditioning function.

Raw Clock Generation. The ECL differential CLK and /CLK signals from
the Probe enter the board via pins 26D and 26C, respectively, of P104. The
two signals are terminated and shifted in level by R6040, R6041, R6033,
R6045, R6032, and two 6.2-volt Zener diodes, VR6040 and VR6041. This network
changes the ECL signals at the input to levels suitable for the inputs of
U6040 (-7 volts on U6040, pin 2, and -7.8 volts on U6040, pin 10).

In order to select a postive edge of the clock, it is necessary to
set pin 12 of latch U1020 low. This low is applied to U6020A and U5010,
p;in 8. This in turn places a negative voltage at pin 1 and 11 of U6040
(about -3.2 volts) and a less negative voltage at pins 4 and 8 (about -2
volts). The two center transistors are on, and the two outer transistors
are off, making the conduction path to pin 6 of U6040, which passes the
CLK signal to the base of Q6041.

If a negative edge is required for a clock, the CPU loads a high at
output pin 12 of U1020. This, by way of U5010 and U6020, reverses the
condition of the switching transistors. The potentials applied to the bases

of the switching transistors in U6040 cause the outer pair to conduct and
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the inner pair to cut off. Thus, the /CLK signal is passed to the next

stage.

Q6041, VR6049, and related components form the Raw Clock Buffer. The
clock signal from U6040 is clamped by CR6045, then applied to the base of
Q6041, an emitter follower. The circuit is designed to produce a very fast
signal that swings from about 2.5 volts to 0.3 volts. The signal from the
emitter is called /RAW CLK, and is applied to the input of U6020F, the ST
CLK @ Buffer; to the clock input of U5030, the Programmable Delay-divide
circuit; and to U5050A and U5050B, the two state clock Pulse Shaper stages.

Transistor Q6043 is used to shut off the state clock signals when
diagnostic routines require a quiet clock line. This is done by setting
the D7 bit high, which turns on Q6043 and locks the /RAW CLOCK line at

near ground potential.

Pulse Shaper Circuits. The QUAL 1 signal from the Six-bit Comparator
on Diagram 4B is applied to the J input, pin 11, of U5050B. It is assumed
that no clock qualification has been selected by the operator, so pin 1l
of U5050B is high. (Note that several sources control pin 11 of U5050B,
so all must permit the line to go high.) At the negative edge of the raw
clock applied at pin 13, U5050B pin 9 goes high and pin 7 goes low. The
negative transition from pin 7 is applied through delay line U6050B to the
clear input of U5050B, pin 14. About 40 nS after the clock, U5050B clears
itself. (30 nS is from the delay line; the other 10 nS is from the pulse
rise time and the delay through the flip-flop.) The output from US5050B is
a positive pulse of approximately 40 nS duration that occurs with each
negative edge applied.

The other Pulse shaper consists of U5050A and related components.
Like the previously described circuits, no clock qualifier has been chosen,
so the wire-anded Six-bit Qual Comparator is not pulling low on the J input
of U5050A. Unlike the first Pulse Shaper, however, this J input (pin 3)
is also controlled by the Master Stop Gate, which consists of U4030B and
U6020C. The output of U4030B is called MASTER STOP, which, if high, signifies
that the timing option and the main acquisition memory have completed data
storage. The signals at the inputs of U4030B are the TIMING TRACE STOP and
DISPLAY signals, both of which are presently high. Thus, the J input to
U5050A is held low, so the flip-flop does not produce any clock pulses.

Now assume that the 7D02 switches into the store mode. First, the ST
CLK # signal from buffer U6020 is sent out to the Acquisition Memory
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circuits via P204, pin 21A. This’s
so the DISPLAY signal at pin 20A o

ignal clocks the Store-display flip—flop,
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Slow-clock Detector. The ST CLK 1 and ST CLK 2 signals are also applied
to the clock inputs of U5040A and U5040B. These are one-shots that detect

if a slow clock is occurring. When

the 7D02 is operating in the store mode,

both the ST CLK 1 and ST CLK 2 signals are running, and both one-shots are

triggered. The RC combination of e
period at approximately 1 mS. Thus

ach of the one-shots sets the operating
, for each clock applied to the one-

shots, a 1 mS pulse is applied to U5020, which combines the outputs of the
one-shots. (In earlier models of the 7D02, only U5040A is connected to

U5020B, and U5020B pin 5 is ground
Since both one-shots are re-trigge
clocks slow to more than a 1 mS pe
low and the D@ line from U2010 wil

CPU Monitor. Periodically, th
location page @ at FF60. When this
enables the CPU to read the output
comes from U4050.

CPU Control Circuits. Refer t
Circuits consists of U4030A, U4050
connect to the inputs of U4040D; i

ed. Thus, only state clock 2 is monitored.)
rable, so long as neither of the state
riod, the output of U5020B will remain

1 also remain low.

e CPU interrogates U2010 by reading at
occurs, pin 19 of U2010 moves low, which
s of U2010. The low at pin 19 of U2010

o Diagram 4B. One of the CPU Control
, and U4040D. The /WR and /RD signals
f either of these signals are low,

indicating that a read or write operation is in process, pin 5 of U4050

is also low. (Recall that the addr

ess set for this operation is 0:FF6X.)

The /LATCH SEL signal from P204 pin 4A is the first two digits of the
address page O and F, so pin 4 of U4050 is also enabled. The third digit

of the address, an "F", is applied

to U4030A, so the pin 6 input of the

decoder is enabled. The 6 of the address is applied to pins 1, 2, and 3
of U4050, which are the A4, A5, and A6 lines, respectively. Under the
conditions just set, pin 9 of U4050 goes low, which indicates that the CPU

is reading buffer U2010B (enabled

buffer has three inputs other than
11. These include the pin 13 input
Expansion Option is installed; the
indicating if the Timing Option is

at pin 19 by the low from U4050). This
the slow-clock indication input at pin
from P204, pin 17B, indicating if the
pin 15 input from P204, pin 17A,
installed; and pin 17, which is controlled

2-59



THEORY OF OPERATION - 7D02 LOGIC ANALYZER

by U5010, pin 7. This line, labelled /C7) is a signal direct from the

probe. It is an asynchronous sampling of C7 by the CPU, the result of which
is displayed in the upper section of the 7D02 screen. Anytime the C7 signal
is a high at the probe tip, a message is posted on the 7D02 display; if

the signal is low, the opposite message is posted. This message is contained
in the individual ROMs in the Personality Module. The messages are specific

to the particular personality module connected.

ROM Read Control. The CPU reads the Probe ROM only when the system
is in the Display mode. It does so by selecting Page 3 at address EQ00 to
FFFF. This permits the CPU to address as much as 8K of ROM in any probe
that is connected to the 7D02. For example, consider using the lower 4K:
calling Page 3 with address EXXX stimulates the CPU to pull the PROBE
signal high. It moves high well before the ALE signal goes low at the input
of buffer U6010F, which removes spurious noise from the ALE signal before
applying it to U6030B. When the ALE signal clocks U6030B, pin 11 (the Q
output) of the flip~flop goes high, which is passed through buffer U6010G
to J104, pin 27D, the LOOK signal. When high, this signal shuts off the
high-speed buffers in the probe circuits.

Later, the /RD signal from the CPU, via P204, pin l4B, moves low;
since the pin 1 input of U5020A is already low, the output moves low. This
is the /SEL P line, which enables buffers U6010A, U2010A, U1010, and U3010,
the buffers that transfer data to and from the probe. U3010, a tri-state
buffer, drives the data bus to the CPU directly. U1010, U2010B, and U6010
address the probe circuit. The /SEL P signal from U5020 is also sent out
J104, pin 25C, to access the P-ROM in the personality module.

State Clock Generation (670-5989-01 boards only)

The Front End Board develops three state clock signals: ST CLK @ is
either ST CLK 2 or an inverted form of RAW CLK, depending on the status
of STORE. With STORE high, ST CLK § is ST CLK 2; with STORE low, ST CLK
@ is RAW CLK inverted. The ST CLK 1 signal is a controlled pulse-width,
qualified clock that is turned off during display and turned on during
storage. The ST CLK 2 signal is identical to ST CLK 1, except that it runs
continuously. For purposes of discussion, assume that no clock qualification
and no clock synthesis is selected, and that the menu selection is for a
positive edge. Refer to Diagram 4A, which depicts the circuits that perform

the clock conditioning function.
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Raw Clock Generation. The ECL differential CLK and /CLK signals from
the Probe enter the board via pins 26D and 26C, respectively, of P104. The
two signals are terminated and shifted in level by R6040, R6041, R6033,
R6045, R6032, and two 6.2-volt Zener diodes, VR6040 and VR6041. This network
changes the ECL signals at the input to levels suitable for the inputs of
U6040 (-7 volts on U6040, pin 2, and -7.8 volts on U6040, pin 10).

In order to select a postive edge of the clock, it is necessary to
set pin 12 of latch U1020 low. This low is applied to U4040 and U6020A,
pin 8., This in turn places a negative voltage on pins 1 and 11 of U6040
(about -3.2 volts) and a less negative voltage at pins 4 and 8 (about -2
volts). The two center transistors are on, and the two outer transistors
are off, making the conduction path to pin 6 of U6040, which passes the
CLK signal to the base of Q6041.

If a negative edge is required for a clock, the CPU loads a high at
output pin 12 of U1020. This, by way of U4040 and U6020, reverses the
condition of the switching transistors. The potentials applied to the bases
of the switching transistors in U6040 cause the outer pair to conduct and
the inner pair to cut off. Thus, the /CLK signal is passed to the next

stage.

Q6041, VR6049, and related components form the Raw Clock Buffer. The
clock signal from U6040 is clamped by CR6045, then applied to the base of
Q6041, an emitter follower. The circuit is designed to produce a very fast
signal that swings from about 2.5 volts to 0.3 volts. The signal from the
emitter is called /RAW CLK, and is applied to the input of U4050B, the
first gate of the ST CLK @ Circuit; to the clock input of U5030, the
Programmable Delay-divide circuit; and to U5050A and U5050B, the two state
clock Pulse Shaper stages.

Transistor Q6043 is used to shut off the state clock signals when
diagnostic routines require a quiet clock line. This is done by setting
the D7 bit high, which turns on Q6043 and locks the /RAW CLOCK line at

near ground potential.

Pulse Shaper Circuits. The QUAL 1 signal from the Six-bit Comparator
on Diagram 4B is applied to the J input, pin 11, of U5050B. It is assumed
that no clock qualification has been selected by the operator, so pin 11
of US050B is high. (Note that several sources control pin 11 of U5050B,
so all must permit the line to go high.) At the negative edge of the raw
clock applied at pin 13, U5050B pin 9 goes high and pin 7 goes low. The
negative transition from pin 7 is applied through delay line U6050B to the
clear input of U5050B, pin 14. About 40 nS after the clock, U5050B clears
itself. (30 nS is from the delay line; the other 10 nS is from the pulse
rise time and the delay through the flip-flop.) The output from US5050B is
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a positive pulse of approximately 40 nS duration that occurs with each

negative edge applied.

The other Pulse shaper consists of U5050A and related components.
Like the previously described circuits, no clock qualifier has been chosen,
so the wire-~anded Six-bit Qual Comparator is not pulling low on the J input
of U5050A. Unlike the first Pulse Shaper, however, this J input (pin 3)
is also controlled by the Master Stop Gate, which consists of U4030C and
U6020C. The output of U4030C is called MASTER STOP, which, if high, signifies
that the timing option and the main acquisition memory have completed data
storage. The signals at the inputs of U4030C are the TIMING TRACE STOP and
DISPLAY signals, both of which are presently high. Thus, the J input to
U5050A is held low, so the flip-flop does not produce any clock pulses.

Now assume that the 7D02 switches into the store mode. First, the ST
CLK @ signal from U5020C is sent out to the Acquisition Memory circuits
via P204, pin 21A. This signal clocks the Store-display flip-flop, so the
DISPLAY signal at pin 20A of P204 moves low. This causes the MASTER STOP
signal to move low, and U6020C permits the other circuits to have control
of the J input of U5050A. At the next clock pulse, ST CLK 1 begins. This
signal is applied to the Word Recognizer, Expansion Option, Acquisition
Memory, and State Machine boards; the ST CLK 2 signal is applied to the
Trigger, IC ACQ Mem, and Front Panel Boards.

Slow-clock Detector. The ST CLK 1 and ST CLK 2 signals are also applied
to the clock inputs of U5040A and U5040B. These are one-shots that detect
if a slow clock is occurring. When the 7D02 is operating in the store mode,
both the ST CLK 1 and ST CLK 2 signals are running, and both one-shots are
triggered. The RC combination of each of the one-shots sets the operating
period at approximately 1 mS. Thus, for each clock applied to the one-
shots, a 1 mS pulse is applied to U5020, which combines the outputs of the
one-shots. (In earlier models of the 7D02, only U5040A is connected to
U5020B, and U5020B pin 5 is grounded. Thus, only state clock 2 is monitored.)
Since both one-shots are re-triggerable, so long as neither of the state
clocks slow to more than a 1 mS period, the output of U5020B will remain
low and the D@ line from U2010 will also remain low.

CPU Monitor. Periodically, the CPU interrogates U6010 by reading at
location page @ at FF60. When this occurs, pin 1 of U6010 moves low, which
enables the CPU to read the outputs of U6010. The low at pin 1 of U6010
comes from U2055-9.
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CPU Control Circuits. Refer to Diagram 4A. One of the CPU Control
Circuits consists of U4030A and B, and U2055, The /WR and /RD signals
connect to the inputs of U4030B; if either of these signals are low,
indicating that a read or write operation is in process, pin 5 of U2055
is also low. (Recall that the address set for this operation is 0:FF6X.)
The /LATCH SEL signal from P204 pin 4A is the first two digits of the
address page O and F, so pin 4 of U2055 is also enabled. The third digit
of the address, an "F", is applied to U4030A, so the pin 6 input of the
decoder is enabled. The 6 of the address is applied to pins 1, 2, and 3
of U2055, which are the A4, A5, and A6 lines, respectively. Under the
conditions just set, pin 9 of U2055 goes low, which indicates that the CPU
is reading buffer U6010B (enabled at pin 1 by the low from U2055). This
buffer has three inputs other than the slow-clock indication input at pin
2. These include the pin 4 input from P204, pin 17B, indicating if the
Expansion Option is installed; the pin 6 input from P204, pin 17A, indicating
if the Timing Option is installed; and pin 8, which is controlled by U5010,
pin 7. This line, labelled /CII7, is a signal direct from the probe. It
is an asynchronous sampling of C7 by the CPU, the result of which is
displayed in the upper section of the 7D02 screen. Anytime the C7 signal
is a high at the probe tip, a message is posted on the 7D02 display; if
the signal is low, the opposite message is posted. This message is contained
in the individual ROMs in the Personality Module. The messages are specific

to the particular personality module connected.

ROM Read Control. The CPU reads the Probe ROM only when the system
is in the Display mode. It does so by selecting Page 3 at address EQO00 to
FFFF. This permits the CPU to address as much as 8K of ROM in any probe
that is connected to the 7D02. For example, consider using the lower 4K:
calling Page 3 with address EXXX stimulates the CPU to pull the PROBE
signal high. It moves high well before the ALE signal goes low at the input
of buffer U6010F, which removes spurious noise from the ALE signal before
applying it to U6030B. When the ALE signal clocks U6030B, pin 10 (the /Q
output) of the flip-flop goes high, which is passed through buffer U5010D
to J104, pin 27D, the LOOK signal. When high, this signal shuts off the
high-speed buffers in the probe circuits,

Later, the /RD signal from the CPU, via P204, pin 14B, moves low;
since the pin 2 input of U5020A is already low, the output moves low. This
is the /SEL P line, which enables latches U1010 and U2010, and buffer
U3010, the latches and buffers that transfer data to and from the probe.
U3010, a tri-state buffer, drives the data bus to the CPU directly. Latches
U1010, and U2010 address the probe circuit. The /SEL P signal from U5020
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is also sent out J104, pin 25C, to access the P-ROM in the personality
module.

Clock Qualifier Circuits (670-5989~00 boards only)

This discussion includes a description of the Six-bit Comparators,
the Two-bit Wait Comparator, the Two-bit Esync Comparator, and the Clock
Delay-divider circuit. Refer to Table 2-4A, which lists the raw clock

selection codes.

TABLE 2-4A
Raw Clock Selection Codes

Data Bus Lines

D7 | D6 | D5 | D4 | D3| D2 | D1 | D§
Address Upper Control Lines
0:FF@X - + c4
0:FF@X - + C5
0:FF@X - + cé6
0:FF@X ~ + c7
0:FF1X ~ + C8
0:FF1X - + Cc9

Placing a 1 at any of the locations selects a clock at the indicated
polarity of the signals. For example, a clock at the positive level of C7
at the the probe tip is required. Address O0:FF@X is called, and line D§
is pulled high (@1 hex on the data bus). These conditions are set before

the store cycle begins. The expression for this function is:
C4*C5*%C6*C7*C8*C9 = CLK.

Likewise, the function for removing clocks is:
/Cb4+/C5+/C6+/C7+/C8+/C9 = no CLK.

Six~-bit Comparator. Refer to Diagram 4B. There are two comparators
in parallel, one of which generates the QUAL @ signal, the other of which
generates QUAL 1. The first consists of U2030, U2040, and U3020. The second
comparator consists of U3030, U3040, and U4020. Each comparator is a set
of AND-OR INVERT gates connected in a wire—OR configuration. Control of
the Comparators is from the ten-bit buffer, consisting of U4010, U5010,
and U6010; data to the Comparators is from the twelve-bit latch (U1040 and

U2020).
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Assume that the clock is desired only when the C9 bit is high Referring
to Table 2-4, note that the C9 bit is listed across from address page @
at FF1X. The CPU stimulates U4050 to send a clock pulse to pin 9 of U2020.
At this time, the D3, D2, D1, and D inputs to U2020 are a & hex; thus D2
is high, which in turn makes the D22 output from U2020 high. This applies
a high level to pin 12 of both U3020 and U4020. The remaining pins of U3020
and U4020 are low.

The CI9 bit from the probe enters the board at P104-24D and is applied
to pin 4 of U5010 and pin 15 of U6010, both part of the 10-bit Buffer.
Through the buffers, the bit is applied to pin 11 of U3020 and pin 11 of
U4020 from U5010, and to pin 4 of U3020 and pin 4 of U4020 from U6010. The
4 hex set previously causes U3020 pins 9, 2, and 5 to be low, and a high
level at U3020-12 and U4020-12. Thus, the high at pin 12 of the two gates
enables the CI9 signal to pass through U3020 and U40620, which makes QUAL
1 and QUAL 0 both high. These two signals are applied to the J inputs of
U5050 (pins 3 and 11), the two Pulse Shaper circuits on Diagram 4A. The
high at each J input causes the flip-flop to produce a clock output at the
next raw clock occurrence. If, for example, the CI9 line is high with every
other clock cycle, the two Pulse Shapers will produce a state clock 1 and

2 with every other raw clock cycle.

In conclusion, the Six-bit Comparators are used to qualify the ST CLK
1 and ST CLK 2 signals, so that clocks may be skipped, deleted, or otherwise
altered by comparison with the CI4-CI9 bits from the probe.

Clock Delay and Divider. Refer to Table 2-5A, which lists the WAIT
and ESYNC generation codes. This discussion is based on an example of a
delay-by-two clock generation. Thus, an ESYNC function must be generated
each time a delay by two is required. In this example, then, an ESYNC
function is to be produced when C6 moves high. In Table 2-5A, the address
for C6 is address page § at FF3X for a positive ESYNC on C6. As a result,
latch U1050 must have a hex 80 stored; the CPU applies the required data
to U4050, which produces a clocking signal from pin 12, to be applied to
pin 11 of U1050, clocking the hex 80 into Ul050. This makes pin 6 of U1050
high; the remainder of the output are low. The high at pin 6 is applied
to pin 11 of U2050, the Esync Comparator. The CI6 line at pin 23C of Pl104
is now high; it connects to U5010, pin 17, and through U4010 pin 2 t 18,
the line connects to pin 10 of U2030 and U3030, and to pin 12 of U2050.
As a result of the high at pin 12 of U2050, the /ESYNC signal at pin 8
goes low, which makes the output of U4030B on Diagram 4A go low.
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TABLE 2-5A
/WAIT and /ESYNC Generation Codes

D7 D6 D5 D4 D3 D2 D1 D@
0:FF3X S+ S- cé
0:FF3X W+ W- c7
0:FF3X S+ S- c8
0:FF3X W+ | W- c9

(This table represents: C6+C8 = /ESYNC, and C7+C9 = /WAIT.)

Now that the ESYNC condition is developed, the WAIT condition must
be developed. In the example, a high level on the C9 line produces a WAIT
state. Referring once again to Table 2-5A, for a WAIT condition on a C9
high state, an 02 hex is required. However, to avoid destroying what is
already loaded into Ul1050, an 82 hex is loaded into U1050. The CPU clocks
U1050 by the usual means (U4050), and the result at the output of U1l050
is a high state at pin 15 of U1050, which makes pin 11 of U3050 high. In
order to pass this level through the Wait Comparator, pin 12 must also be
high. The CI9 signal from P104 pin 24D is fed to pin 4 of U5010 and pin
15 of U6010, through the buffers and to pin 11 of U3020 and pin 2 of U3050
in inverted form, and to pin 4 of U3020 and pin 12 of U3050 uninverted.
The high at pins 11 and 12 of U3050 permits the /WAIT signal at output pin
8 to go low; the /WAIT signal is applied to pin 3 of U4030B and pin 9 of
U5030 (see Diagram 4A). The low at pin 9 of U5030 holds U5030 from acting
at present. (See Table 2-6A, which lists the states of U5030.)

TABLE 2-6A
U5030 Truth Table

Pin 9 Pin 11 Function
0 0 Hold

0 1 Not permitted
1 0 Load
1 1 Shift Right
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The /WAIT signal is also applied to pins 4 and 10 of U4040. This
circuitry performs a special case of the WAIT function, where wait states
are to be produced at the same time as clock outputs, as when a delay by
1 or divide by 2 is selected. In such cases, only ESYNC and WAIT states
are available. Referring to Table 2-7A, note that a WAIT state overrides
ESYNC. Thus, if both are selected to occur simultaneously, the ESYNC will
not function. Thus, when the /WAIT signal goes low, the two sections of
U4040 pull the QUAL @ and QUAL 1 lines low, disabling any clock output
until the /WAIT signal returns high, at the end of the wait state.

TABLE 2-7A
Clock Delay and Divider Truth Table

Function /ESYNC /WAIT CLOCK Output
Delay by n low high tgp + n

high low waiting (adding clock time if output pending)

low low waiting (adding clock time if output pending)

high high no effect (no output if previous delay completed)
Divide by n high high divde by n

low high to + (n-1) synchronized

high low waiting (adding clock time)

low low waiting (adding clock time)

NOTES: 1. /ESYNC does not override a pending output. Thus, when in a divide
mode, changing the phase of division can cause false outputs.
2. The ESYNC and WAIT circuits are level-sensitive.
3. The ESYNC and WAIT functions should not be selected if a divide
by 1 or delay by § is selected.

Example of Delay-by-two Operation. Returning to the Clock Delay and
Divide circuit, the next example is a delay-by-two operation. Refer to
Table 2-8A, which lists the CPU Control Codes for clock synthesis In this
example, for a delay-by-two and a negative-going clock, a code 5D hex is
required. This code is applied to Ul020 by way of the data bus inputs. The
CPU generates a strobe signal by way of U4050, which is supplied to clock
pin 11 of U1020. Beginning at bit @, output pin 12 is high, which causes
the negative edge to be selected by U6040, as discussed earlier in the
description. Bit 1 is not used in this circuit. Bit 2 from pin 16 (the
Delay bit) is high, and is applied to U5030, pin 3. Bit 3 from pin 19 is
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also high; it is applied to pin 2 of U5030. (Pins 2, 1 13, and 12 of U5030
are the A, B, C, and D parallel inputs to the shift register.)

TABLE 2-8A
CPU Control Codes for Clock Synthesis

at ADDR CF49 | D6 | D5 | D4 | D3 | D2 | D1 | D@ | Operation CLK Polarity
Delay by 1 plus
Delay by 1 minus
Delay by 2 plus
Delay by 2 minus
Delay by 3 plus
Delay by 3 minus
Delay by 4 plus
Delay by 4 minus

Don’t care
Divide by 2 plus
Divide by 2 minus
Divide by 3 plus
Divide by 3 minus
Divide by 4 plus

LTI R T R R R I e R
AN SRR SR S S SER ST S S S SR SR SR Y
Ll = TR T SR T R T T~ W S~ S ]

L e N e U N -~ W i R R o R T
L i N~ Y R~ i i = T = G
L e U S SRS AR U ]

AR R T U B R~ R L

Divide by 4 minus

DP is the clock polarity bit; D2 is the delay bit.
(Example: to set up a delay-by-four, plus polarity, 1110100 (74 hex) is
written at address CF4§.)

The following discussion describes how U5030 is loaded. Note that the
/ESYNC pulse was generated in previous discussions. When /ESYNC goes low,
this causes pin 11 of U5030 to go low. Since there is not wait signal at
this time, pin 9 of the register is high, and the data from U1020 is loaded
into the register. Thus, QD pin 10 is now low, QC pin 8 is high, and QB
pin 6 is low. The high on pin 10 is inverted through U6020D and E, and
applied to the J inputs of U5050 (the two pulse shapers), holding both
from producing clock pulses for now. As soon as the /ESYNC pulse returns
high, so does U5030 pin 11. A high at pin 11 and pin 9 of the register
makes it shift to the right. At the next raw clock following the end of
the ESYNC pulse, the low at QC is shifted over to the QD output, making
pin 10 go low. The resulting high at the J inputs to U5050 permits the
pulse shapers to produce state clock signals at the following raw clock
edge. Then, the register shifts again, which causes a high to occur at the
QD output. As a result, a data strobe output at ST CLK 1 and ST CLK 2 are
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produced from the ESYNC pulse. Now, another ESYNC pulse 1is sent to U5030,
and it repeats the operation just described. The result of this is that
the two ESYNC pulses cause a delay-by-two operation to occur in producing
the data strobe signal (called the State Clock).

Divide-by-three Operation. The next example is of dividing by three,
using the positive edge of the raw clock signal (see Fig. 2-12A). Referring
to Table 2-8A, to divide by three on a positive transition requires that
a 50 hex be loaded into Ul020 from the CPU. When the code is loaded, pin
3 of U5030 is low, and the A, B, C, and D inputs are low, high, low, and
high, respectively. This particular code causes U5030 to load, then shift
twice; load, then shift twice, etc., in a continuous series of operations.
This occurs because U5020C is first disabled, which, along with the high
states at pins 4 and 3 of U4030, cause pins 9 and 11 of U5030 to remain
high. Now, on the first shift of U5030, the high at QB shifts to QC, so
U5020 is still disabled, and conditions have not changed at the output of
U4030A. On the next shift, both Qb and Qc are low, so the output of U4030
goes low. This reinstates the load operation, and the cycle begins once

again.

T T3
i | I I [
| |

T2
|
SET UPl HOLD i | | 4
|
|

T1
' |

/ESYNC !
U4030-4

2 .Ta
|
I
|

/WAIT
U4030-3

I

|

| T
STCLK | | | [

-
I
1
|
|
1
|
| |
05030-10 | | | | |
|
SHl

|
LOAD FT SHIFT LOAD HOLD SHIFT SHIFT

2919-16

Fig. 2-12A-a. U5030 Delay-by-Two Operation with One Wait State.
(670-5989-00 Boards Only)
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In the foregoing operation the circuit will divide in any one of
three clock phases; thus, an ESYNC pulse is required to ensure that the
proper phase is selected. Referring to Fig. 2~12A. note that an ESYNC pulse
occurs just following the first self-loading operation. Thus, two load
cycles will occur in a row, then the operation will begin as described

above

I s e B LT L

U4030-5 | ’ l
__I L1 T L1
U5030-10 | |
STCLK. [] | 1
JESYNC L L |
U4030-3 | l L_1J |
| |
SHIIFT LOIAD SHIFT SHIFT LOAD LOAD  SHIFT

291917

Fig. 2-12A-b. U5030 Divide-by-Three Operation Without Wait State.
(670-5989-00 Boards Only)

The Wait function operates in the same way as just described in the
Delay-by-two Operation. Note that the Wait function should not be used
during ESYNC time

Clock Qualifier Circuits (670-5989-01 boards only)

This discussion includes a description of the Six-bit Comparators,
the Two-bit Wait Comparator, the Two-bit Esync Comparator, and the Clock
Delay divider circuit. Refer to Table 2-4B, which lists the raw clock

selection codes.

2-70 @



THEORY OF OPERATION - 7D02 LOGIC ANALYZER

TABLE 2-4B

Raw Clock Selection Codes
Data Bus Lines

D7 | D6 | D5 | D4 | D3 | D2 | D1 | D@
Address Upper Control Lines
0:FF@X - + o
0:FF@X - + c5
0:FF@X - + cé
0:FF@X - + c7
0:FF1X - + c8
O:FF1X - + Cc9

Placing a 1 at any of the locations selects a clock at the indicated
polarity of the signals. For example, a clock at the positive level of C7
at the the probe tip is required. Address O0:FF@X is called, and line D@
is pulled high (@1 hex on the data bus). These conditions are set before
the store cycle begins. The expression for this function is:

C4*C5%C6*CT7*C8*C9 = CLK.
Likewise, the function for removing clocks is:
/Ch+/C5+/C6+/C7+/C8+/C9 = no CLK.

Six-bit Comparator. Refer to Diagram 4B. There are two comparators
in parallel, one of which generates the QUAL § signal, the other of which
generates QUAL 1. The first comsists of U2030, U2040, and U3020. The second
comparator consists of U3030, U3040, and U4020. Each comparator is a set
of AND-OR INVERT gates connected in a wire-OR configuration. Control of
the Comparators is from the ten-bit buffer, consisting of U4010, U5010,
and U6010; data to the Comparators is from the twelve-bit latch (U1040 and
U2020).

Assume that the clock is desired only when the C9 bit is high. Referring

to Table 2-4B, note that the C9 bit is listed across from address page @

at FF1X. The CPU stimulates U4050 to send a clock pulse to pin 9 of U2020.
At this time, the D3, D2, Dl, and DP inputs to U2020 are a 4 hex; thus D2
is high, which in turn makes the D22 output from U2020 high. This applies
a high level to pin 12 of both U3020 and U4020. The remaining pins of U3020
and U4020 are low.
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The CI9 bit from the probe enters the board at Pl04~24D and is applied
to pin 4 of U5010 and pin 15 of U6010, both part of the 10-bit Buffer.
Through the buffers, the bit is applied to pin 11 of U3020 and pin 1l of
U4020 from U5010, and to pin 4 of U3020 and pin 4 of U4020 from U6010. The
4 hex set previously causes U3020 pins 9, 2, and 5 to be low, and a high
level at U3020-12 and U4020-12. Thus, the high at pin 12 of the two gates
enables the CI9 signal to pass through U3020 and U4020, which makes QUAL
1 and QUAL 0 both high. These two signals are applied to the J inputs of
U5050 (pins 3 and 11), the two Pulse Shaper circuits on Diagram 4A. The
high at each J input causes the flip~flop to produce a clock output at the
next raw clock occurrence. If, for example, the CI9 line is high with every
other clock cycle, the two Pulse Shapers will produce a state clock 1 and

2 with every other raw clock cycle.

In conclusion, the Six-~bit Comparators are used to qualify the ST CLK
1 and ST CLK 2 signals, so that clocks may be skipped, deleted, or otherwise
altered by comparison with the CI4~CI9 bits from the probe.

Clock Delay and Divider. Refer to Table 2-5B, which lists the WAIT
and ESYNC generation codes. This discussion is based on an example of a
delay-by-two clock generation. Thus, an ESYNC function must be generated
each time a delay by two is required. In this example, then, an ESYNC
function is to be produced when C6 moves high. In Table 2-5B, the address
for C6 is address page ¢ at FF3X for a positive ESYNC on C6. As a result
latch U1050 must have a hex 80 stored; the CPU applies the required data
to U2055, which produces a clocking signal from pin 12, to be applied to
pin 11 of Ul050, clocking the hex 80 into U1050. This makes pin 6 of U1050
high; the remainder of the output are low. The high at pin 6 is applied
to pin 11 of U2050, the Esync Comparator. The CI6 line at pin 23C of P104
is now high; it connects to U5010, pin 17, and through U4010 pin 2 to 18;
that line connects to pin 10 of U2030 and U3030, and to pin 12 of U2050.
As a result of the high at pin 12 of U2050, the /ESYNC signal at pin 8
goes low, which makes the output of U6020B on Diagram 4A go high.

TABLE 2-5B
/WAIT and /ESYNC Generation Codes
D7 | D6 | D5 | D4 | D3 [ D2 | D1 | D@
0:FF3X S+ S- cé
0:FF3X W+ W- c7
0:FF3X S+ S- c8
0:FF3X W+ W~ Cc9

(This table represents: C6+C8 = /ESYNC, and C7+C9 = /WAIT.)
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Now that the ESYNC condition is developed, the WAIT condition must
be developed. In the example, a high level on the C9 line produces a WAIT
state. Referring once again to Table 2-5B, for a WAIT condition on a C9
high state, an 02 hex is required. However, to avoid destroying what is
already loaded into U1050, an 82 hex is loaded into Ul050. The CPU clocks
U1050 by the usual means (U2055), and the result at the output of Ul050
is a high state at pin 15 of U1050, which makes pin 11 of U3050 high. In
order to pass this level through the Wait Comparator, pin 12 must also be
high. The CI9 signal from P104 pin 24D is fed to pin 4 of U5010 and pin
15 of U6010, through the buffers and to pin 11 of U3020 and pin 2 of U3050
in inverted form, and to pin 4 of U3020 and pin 12 of U3050 uninverted.
The high at pins 11 and 12 of U3050 permits the /WAIT signal at output pin
8 to go low; the /WAIT signal is applied to pin 12 of U4040D and pin 9 of
U5030 (see Diagram 4A). The low at pin 9 of U5030 holds U5030 from acting
at present. (See Table 2-6B, which lists the states of U5030.)

TABLE 2-6B
U5030 Truth Table

s@ sl
Pin 9 Pin 10 Function
0 0 Hold
0 1 Shift Left
1 0 Shift Right
1 1 Load

The /WAIT signal is also applied to pins 4 and 10 of U4040. This
circuitry performs a special case of the WAIT function, where wait states
are to be produced at the same time as clock outputs, as when a delay by
1 or divide by 2 is selected. In such cases, only ESYNC and WAIT states
are available. Referring to Table 2~7B, note that a WAIT state overrides
ESYNC. Thus, if both are selected to occur simultaneously, the ESYNC will
not function. Thus, when the /WAIT signal goes low, the two sections of
U4040 pull the QUAL § and QUAL 1 lines low, disabling any clock output
until the /WAIT signal returns high, at the end of the wait state.
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TABLE 2-7B
Clock Delay and Divider Truth Table

Function /ESYNC /WALIT CLOCK Output
Delay by n low high tg + n
high low waiting (adding clock time if output pending)
low low waiting (adding clock time if output pending)
high high no effect (no output if previous delay completed)
Divide by n high high divde by n
low high tg + (n-1) synchronized
high low waiting (adding clock time)
low low waiting (adding clock time)

NOTES: 1. /ESYNC does not override a pending output. Thus, when in a divide
mode, changing the phase of division can cause false outputs.
2. The ESYNC and WAIT circuits are level-semsitive.
3. The ESYNC and WAIT functions should not be selected if a divide
by 1 or delay by § is selected.

Example of Delay-by-two Operation. Returning to the Clock Delay and
Divide circuit, the next example is a delay-by-two operation. Refer to
Table 2-8B, which lists the CPU Control Codes for clock synthesis. In this
example, for a delay-by-two and a negative-going clock, a code 5D hex is
required. This code is applied to Ul020 by way of the data bus inputs. The
CPU generates a strobe signal by way of U2055, which is supplied to clock
pin 11 of Ul020. Beginning at bit @, output pin 12 is high, which causes
the negative edge to be selected by U6040, as discussed earlier in the
description. Bit 1 is not used in this circuit. Bit 2 from pin 16 (the
Delay bit) is high, and is applied to U5030, pin 2. Bit 3 from pin 19 is
also high; it is applied to pin 3 of U5030. (Pins 3, 4, 5, and 6 of U5030
are the A, B, C, and D parallel inputs to the shift register.)
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TABLE 2-8B
CPU Control Codes for Clock Synthesis

at ADDR CF4¢ | D6 | D5 | D4 | D3 | D2 | D1 | D@ | Operation CLK Polarity

¢ 1 1 1 1 ) ¢ Delay by 1 plus
@ 1 1 1 1 ¢ 1 Delay by 1 minus
1 ) 1 1 1 @ @ Delay by 2 plus
1 @ 1 1 1 @ 1 Delay by 2 minus
1 1 ) 1 1 @ ¢ Delay by 3 plus
1 1 @ 1 1 @ 1 Delay by 3 minus
1 1 1 ¢ 1 ¢ ¢ Delay by 4 plus
1 1 1 1) 1 ) 1 Delay by 4 minus
@ ¢ ¢ ¢ ¢ ¢ 1 Don“t care

¢ 1 ) ¢ @ ) ) Divide by 2 plus
¢ 1 ¢ ¢ ) @ 1 Divide by 2 minus
1 ) 1 ) ) ) ¢ Divide by 3 plus
1 ¢ 1 ¢ ) ¢ 1 Divide by 3 minus
1 1 ¢ 1 ) ¢ ¢ Divide by 4 plus
1 1 @ 1 @ @ 1 Divide by 4 minus

D@ is the clock polarity bit; D2 is the delay bit
(Example: To set up a delay-by-four, plus polarity, 1110100 (74 hex) is
written at address CF4{.)

The following discussion describes how U5030 is loaded. Note that the
/ESYNC pulse was generated in previous discussions. When /ESYNC goes low
this causes pin 10 of U5030 to go high Since there is no wait signal at
this time, pin 9 of the register is high, and the data from U1020 is loaded
into the register Thus, QD pin 12 is now low, QC pin 13 is high, and QB
pin 14 is low. The high on pin 12 is inverted through U6020D and E, and
applied to the J inputs of U5050 (the two pulse shapers). holding both
from producing clock pulses for now. As soon as the /ESYNC pulse returns
high U5030 pin 10 goes low. A low on pin 10 and a high on pin 9 of the
register makes it shift to the right. At the next raw clock following the
end of the ESYNC pulse, the low at QC is shifted over to the QD output
making pin 12 go low. The resulting high at the J inputs to U5050 permits
the pulse shapers to produce state clock signals at the following raw clock
edge. Then, the register shifts again, which causes a high to occur at the
QD output. As a result a data strobe output at ST CLK 1 and ST CLK 2 are
produced from the ESYNC pulse
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Now, another ESYNC pulse is sent to U5030, and it repeats the operation
just described. The result of this is that the two ESYNC pulses cause a
delay-by-two operation to occur in producing the data strobe signal (called
the State Clock).

Divide-by-three Operation. The next example is of dividing by three,
using the positive edge of the raw clock signal (see Fig. 2-12B). Referring
to Table 2-8B, to divide by three on a positive transition requires that
a 50 hex be loaded into Ul020 from the CPU. When the code is loaded, pin
2 of U5030 is low, and the A, B, C, and D inputs are low, high, low, and
high, respectively. This particular code causes U5030 to load, then shift
twice; load, then shift twice, etc., in a continuous series of operationms.
This occurs because a high signal on either input to U4050C causes its
output to be low, enabling the other input to U6020B. A shift right is
then caused by /ESYNC’s going low, which appears as a high on pin 10 of
U5030 (since /WAIT was high on pin 9). Now, on the first shift of U5030,
the high at QB shifts to QC, so that the output of U5020 is still low, and
conditions have not changed at the output of U6020F. On the next shift,
both Qb and Qc are low, so the output of U4050C goes high. This reinstates

the load operation, and the cycle begins once again.

| |

LOAD SHIFT  SHIFT LOAD HOLD SHIFT SHIFT

T1 T2 T3 T1 T2 Tw T3
JESYNC | N ol Cog 0 |
U6020B-3 | | | l | I‘f_
l SET UP| HOLD |
/WAIT ! | | _ | l | |
U5030-9 i | l | LT | | |
| | | | | |
ST CLK ! | | | [ |
| | 1 | ! T
U5030-12 | | I | | | |
l l | l |
| | |

|
|
1
I
|
|

2919-18

Fig. 2-12B-a. U5030 Delay-by-Two Operation with One Wait State.
(670-5989-01 Boards Only)
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In the foregoing operation, the circuit will divide in any one of
three clock phases; thus, an ESYNC pulse is required to ensure that the
proper phase is selected. Referring to Fig. 2-12B, note that an ESYNC pulse
occurs just following the first self-loading operation. Thus, two load
cycles will occur in a row, then the operation will begin as described
above.
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2919-19

Fig. 2-12B-b. U5030 Divide-by-Three Operation Without Wait State.
(670-5989-01 Boards Only)
The Wait function operates in the same way as just described in the
Delay-by-two Operation. Note that the Wait function should not be used
during ESYNC time.

Diagnostics (670-5989-00 boards only)

When diagnostics are operating, the CPU is required to produce a ST
CLK 1 signal to strobe data through the pipeline system, and to perform a
walking code check of the memories in the 7D02 Acquisition Section. It
does so by stimulating the preset input on U5050A, pin 4. This is done by
first pulling the /WR SEL line at P204, pin 16A, low. Following this, the
/RD line is pulled low, which permits the output, pin 11 of U5020D, to
move low. This in turn causes the output of U4040A to pull the J and CLR
inputs of U6030B low. The output, pin 15, of U6030 goes low, which forces
U5050A to set, and the ST CLK 1 line moves high. Owing to the internal
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characteristics of the flip-flop (and the delay line coupling the /Q output
to the CLR input), U5050A begins to oscillate at an approximate 70-nS
period.

Following the completion of the diagnostic routine that requires the
State Clock, the hold on U6030B is released, and the next negative edge
from pin 15 of U6050 to U6030B pin 14, will clock U6030 back to the set
condition, which synchronously allows U5050 to resume normal operation.

Diagnostics (670-5989-01 boards only)

When diagnostics are operating, the CPU is required to produce a ST
CLK 1 signal to strobe data through the pipeline system, and to perform a
walking code check of the memories in the 7D02 Acquisition Section. It
does so by stimulating the preset input on U5050A, pin 4. This is done by
first pulling the /WR SEL line at P204, pin 16A, low. Following this, the
/RD line is pulled low, which permits the output, pin 11 of U5020D, to
move low. This in turn pulls the J and CLR inputs of U6030A low. The
output, pin 15, of U6030A goes low, which forces U5050A to set, and the
ST CLK 1 line moves high. Owing to the internal characteristics of the
flip-flop (and the delay line coupling the /Q output to the CLR input),
U5050A begins to oscillate at an approximate 70-nS period.

Following the completion of the diagnostic routine that requires the
State Clock, the hold on U6030B is released, and the next negative edge
from pin 15 of U6050 to U6030B pin 14, will clock U6030 back to the set
condition, which synchronously allows U5050 to resume normal operation.
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WORD RECOGNIZER CIRCUITS

Introduction

The Word Recognizer consists of four 32-channel word recognizers;
each has 16 address channels, 8 data channels, and 8 control channels. If
the Expansion Option is installed in the 7D02, the total address channels
are 24 and the total data channels are 16. The 7D02 offers four word
recognizer functions in that four different words may be set up at once.
These are selected by calling a word recognizer and filling the appropriate
fields, which offers the operator the following options: Address equals,
Data equals, control ¢ through 5 equals, external trigger equals, and
timing word recognizer link bit. This is the generalized format for use

with the General Purpose Personality Module.

Block Diagram Description

Refer to Fig. 2-13, which is a block diagram of one of the word
recognizers. In the following description, only one of the word recognizers
is discussed, since all four are essentially alike. Each word recognizer
consists of the following major elements:

The Probe Receiver Buffer, which isolates the input to the word
recognizer from the raw data probe circuits. This consists of Schmitt
Trigger Buffers U1010, U2010, and U3010.

The CPU Buffer, which receives the addresses from the CPU to select
a particular location to write data to during the Display mode. These are
tri-state buffers U1040, U2040, U3040, and U4040.

The latches, which store the incoming address, data, and control bits
for the duration of one STATE CLK 1 cycle. The latches establish the setup

and hold time for the main acquisition system.

The RAM Comparator, which compares the data from the CPU, as loaded,
with the incoming data from the Personality Module. The RAM consists of
U6030, which receives the data byte; U8010, which receives the control
signal byte; U6020, which receives the lower address byte; and U4010, which
receives the upper address byte. Enabling of the RAMs is controlled by two
lines from decoder U5050.
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Fig. 2-13. Word Recognizer Block Diagram

2

-80




THEORY OF OPERATION - 7D02 LOGIC ANALYZER

The Output Gates, which decodes the CPU instructions and loads the
masking data into the RAM from the CPU. U5050 is a three-line to eight-line
decoder. Only the /Y0 and /Y3 lines are used here. U5050 is addressed by
calling page 1:FBXX or page 1-'F8XX.

The Expansion Gates, which receive the Word Recognizer outputs from

the Expansion Option circuits. These consist of U6050A, B, C, and D.

The Expansion Option circuits, which add sixteen channels to the 7D02
capacity. These circuits consist of Probe Receiver Buffers U3010 and U4010,
Latches Ul1010 and U6010, Tri-state Buffers U3020 and U4020, and RAMs U4040
and U5040. Also, one-half of Ul030 performs the CPU controller function.

Detailed Description

In this description, Diagrams 5A and 5B, which depict the Word
Recognizer circuits, and Diagram 6, which depicts the Expansion Option
portion of the Word Recognizer will be discussed. Note that part of the
Expansion Option applies to the Acquisition Memory circuits, and is not
discussed here. Refer to Diagram 5A.

Loading the Word Recognizers. In the following discussion, a 0000 hex
is to be looked for on the SUT (System Under Test) data bus by word
recognizer 1, and word recognizer 3 is to look for the value AAAA hex on
the SUT data bus. Thus, both the main word recognizer and the Expansion

Option section are used in this example.

Loading the RAM requires that all don’t care bits must be loaded with
ones. Thus, the address RAMs (U6020, and U4010) must be loaded with ones.
To address these RAMs, the CPU calls address page 1:FBXX. This is done by
first pulling the /WR SEL line low at the pin 5 input of U5050 (the line
corresponds to address page 1:FXXX). This line also connects to U5040, pin
4, on Diagram 5A. The use of this gate is discussed later. The B part of
address FBXX is applied to U5050, pins 1, 2, 3, and 6, which are the A8,
A9, A10, and All signals. Now, the /WR signal must move low for U5050 to
load the RAMs. However, the address bits must first be enabled to pass to
the RAM inputs, as follows:

The /WR SEL signal at pin 4 of U5040B is low, thus, pins 2 and 13 of

U7050 are high. At this time, the DISPLAY signal is high, so the resulting
high from U7050A, pin 12, disables latches U2020, U3020, U4020, and U5030.
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Also, U5040 pin 8 is low. This pulls low on one enable input of Ul040,
U2040, U3040, and U4040. Shortly thereafter, the ALE signal from the CPU
goes low, so the bits from the CPU pass through Ul040. U2040, U3040, and
U4040, and are presented to the inputs of the word recognizers. The /WR
signal is pulled low, which enables the outputs of U5050. The B part of
address FBXX is a binary 1011, so the Y3 output, pin 12, of U5050 is low,
and U6020 and U4010 are enabled to load the value on the CPU Data Bus at
the selected address. As a result, U6020 and U4010 are loaded with FF (all
ones) in all locations.

The upper address—equals system is not to be used in this example,
so US040 (on Diagram 6) also must be loaded with ones. This stage is located
at address page 1: F7XX, which is applied to decoder Ul030. As before,
page 1, F, corresponds to the /WR SEL signal, which is applied to U1050D,
pin 11 (Diagram 6). The other input, pin 12, is the All signal, now low
from the 7H part of the address, so the pin 13 input to U1030 is now high,
as a result of the low /WR SEL signal. Also, the A8 line, applied to the
pin 14 input of U1030, is high because of the 7H part of the address. Thus,
when the /WR signal goes low at pin 15 of Ul030, pin 9 goes low to enable
U5040. The ones to be loaded into U5040 are applied to the RAM as follows:

The low /WR SEL signal is applied to Ul050C. Since the 7D02 is operating
in a display mode at this time, the STORE signal is low. Thus, output pin
10 is high, and input latches U1010 and U6010 are disabled. The /WR SEL
signal is also applied to pin 10 of U1040; when the ALE signal at pin 9
goes low, UlO40 pin 8 goes low to enable U3020 and U4020, the CPU address
buffers. Since the STORE signal is low, as previously discussed, the address
buffers pass the CPU address to U5040 and U4040. However, only U5040 will
load the data, since U4040 is not enabled by U1030. In this way, U5040 is
loaded with ones in every cell of the RAM.

Recalling the example, word recognizer 1 is to be loaded with 0000
hex and word recognizer 3 is to be loaded with AAAA hex. Thus, the mask
to be loaded into the RAMs will be as follows: location 00 and AA in U6030
will store a one and four hex, respectively; all other locations will store
a zero in the lower nibble. The upper nibble of data will store an F hex

in U8010.

The address for enabling U6030 and U8010 is page 1:F8XX, so the /WR
SEL line is pulled low by the CPU. This disables latches U2020, U3020.
U4020, and U5030, and enables the address buffers from the CPU (U1040,
U2040, U3040, and U4040). This applies the addresses to the word recognizer
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RAMs through U3040 and U4040. Now, the /WR signal goes low to enable U5050
(Diagram 5B), which pulls low on pin 20 of the write enable line of U6030
and U8010. At the first write, which is usually at address 00, an F1 hex

is loaded. At all other addresses, except for AA (which is to be loaded
with F4), a FO is to be loaded. 256 load cycles later, the RAMs are loaded.

Returning to the circuits on Diagram 6, part of this example was to
load U4040 with a 1 at location 00, and a 4 at location AA. To address the
RAM, page 1:F6XX is called; the data comes into U4040 on the D4 through
D7 lines, and the write enable line, pin 20, is selected by pin 10 of
U1030. Following the load cycle, location 00 will contain a 1 hex and AA
will contain a 4 hex; all other locations will contain O hex. This completes
the loading of the word recognizer for this example. In summary, if the
word applied to the data field in word recognizer 1 equals 0000 and at
another time the word applied to the data field in word recognizer 3 equals
AAAA hex, then a word recognition output should pass to the State Machine

circuits from the two word recognizers just loaded.

Word Recognition. Some time after the mask is stored in the two RAMs
of the Word Recognizer, the 7D02 transitions into the Store mode of
operation. This means that high-speed data is coming through from the probe
to the Word Recognizer via P105 (see the left edge of Diagram 5A). The
incoming data is applied through data buffers U1010, U2010, and U3010,
which provide hysteresis buffering to the input latches, U2020, U3020,
U4020, and U5030. (Note that the lines connecting to U5030 are not buffered
on this board; buffering occurs on the Front End board.)

At the proper time for each applied word, the ST CLK 1 signal clocks
the words into the input latches. The word that is present on the latches
outputs is sent through P105 to the Acquisition Memory circuits. The same
data is also applied to the Word Recognizers on Diagram 5B. Likewise (see
Diagram 6), the ST CLK 1 signal clocks the applied words into the Expansion
Option input latches, U1010 and U6010. The words are then applied to the
Pipeline latches, then to the Expansion Option Memory RAMs.

Recall that Word Recognizers 2 and 4 are not in use for this example.
As a result of the mask that is in U6030, Pin 10 and 14 of this RAM are
held low. The low from pin 10 is applied to pin 2 of U6050A; this holds
its output pin 3 low, which holds the output of U7040B, /WR4, high. Likewise,
the low at pin 14 of U6030 causes pin 6 of U6050 to hold the output of
U4030 high (/WR2).
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For any other input than 00 or AA hex, pin 16 and 12 of U6030 are
low. When a 00 hex is read from U6030, output pin 16 will go high. However,
the output of U6050D will not go high unless word recognition has occurred
in the Expansion Option word recognizer as well. Referfing to Diagram 6
again, U4040 was masked for a 00 hex on the upper data byte. When a 00 is
read from U4040, pin 16 goes high, which enables the other side, pin 12
of U6050 (Diagram 5B). The output of U6050D is connected to pin 12 of
U5020. The other inputs of U5020 have been set high by the mask, so when
pin 12 goes high, the /WR1 signal at pin 8 goes low, and the State Machine

is informed that a match has occurred in Word Recognizer 1.

In the same way, when the data applied to U6030 is AA hex, pin 12
goes high. Referring to Diagram 6, when the data at the input of U4040 is
AA, pin 12 goes high also. These two events cause the output of U6050C
(pin 8) to go high, enabling the output of U7040A, /WR3, to go low. (As
in the case of Word Recognizer 1, the other inputs to U7040A were already
high, due to the mask loaded in the RAMs.)

ACQUISITION MEMORY

Introduction

The Acquisition Memory circuits perform the following functions:
1. Storage of 44 channels of data for display on the Mainframe CRT.

2. Production of the delay that is required for generating complex

triggers and qualifiers.
3. Generation of a halt command to the system under test (SUT).

4, Generation of the signal that controls the system transfer from

store to display mode.
5. Positioning of the trigger word relative to the stored data.

Refer to Fig. 2-14, a detailed block diagram of the Acquisition Memory
Circuits. Note that the Expansion Option is depicted, and is discussed as

an integral part of the circuitry.
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The 44 data inputs from the Word Recognizer Circuits are connected
to the 28-bit and 16-bit Pipeline Latch Circuits. Words are consecutively
clocked into the latches by the ST CLK 1 signal. The same clock edge
increments the Address Counter. Following this edge, a word is written
into the RAM from the Pipeline Latch. The word is store only if the Address
Counter increments, as controlled by the QUAL TRACE signal from the State
Machine circuits. Otherwise, the addressed RAM cell is overwritten, and

the word is effectively not stored.

The Address Counter and Control Logic section receives the ST CLK 1,
QUAL TRACE, and A@-A9 signals, plus control signals from the CPU Mode
Control circuit. The Address Counter and Control Logic circuits address
the RAM, control the read and write operations to and from the RAM, and
send out the address signals to the Last Address Buffer. The CPU Mode
Control receives data from the CPU to direct the activities on the Acquisition
Memory Board. This circuit directs the Address Counter and Control Logic
circuits in both the main and expanded sections of the 7D02., It also

controls the operating mode of the 256-bit Delay Counter.

The RAM is 256 by 44 bits in capacity. It and the input latch constitute
the pipeline referred to earlier, in that a word is temporarily stored in
the RAM to permit other circuits in the 7D02 time to produce complex signals

such as triggers and qualifiers.

The RAM Read Control decodes the address and control lines from the
CPU in order to read various buffers and the RAM. The outputs of the circuit
include the /DISPLAY COMMAND and /STORE COMMAND signals, the /LAST ADDR
+1 signal, the READ ENABLE signal to the RAM circuits and the READ ENABLE
signal to the CPU Activity Monitor.

The Display/Store Mode Control circuit, using the signals from the
RAM Read Control circuit, the 256-bit Delay Counter, and the ST CLK 1 and
STOP TRACE signals, produces the DISPLAY and STORE signals that are used
by the 7D02 as the timing indices for high-speed start-stop operations.

The CPU Activitiy Monitor receives status signals from the Halt SUT
Generator circuit, the Display/Store Mode Control, the State Machine, the
Main Section Trigger, the Main Memory, and the Main Section Start-up
circuits. The monitor buffers these signals and informs the CPU of signal

status.
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Fig. 2-14. Acquisition Memory Block Diagram
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The 256-bit Delay Counter permits the operator to position the display
in relation to the trigger point. The counter is controlled by the CPU
Mode Control, which controls the loading of the amount of delay. The QUAL
TRACE signal enables the counter operation.

The Last Address Buffer, when interrogated by the CPU, places the
current address from the Memory Address Counter (MAC) onto the Data Bus

lines.

Detailed Description

Refer to Diagrams 7A and 7B, which depict the circuits located on the
Acquisition Memory Board. Also, refer to Diagram 6, which depicts the

Expansion Option.

The following description is split into two parts. The first part
discussed major circuit areas in detail; the second provides examples of

operation in various modes.

CPU Mode Control

This circuit consists of U5040C and D, U1030B, Ul025B and D, U1010B
and Mode Control Latch U2020. It is driven by address lines A8 through
All, the /WR line, the /LATCHES SEL line, and the D@ through D3 data bus
lines. The CPU addresses the Mode Control to set the operating modes of
the Acquisition Memory circuits. Refer to Table 2-9, which is the truth
table for the D@ through D3 inputs. These inputs set the mode of operation.
The latch is enabled by holding the A8 address line high at pin 12B of
P207. The clock to U2020 is permitted to pass if AlQ is high, A9 is low,
All is low, and /LATCHES SEL is low. The positive edge necessary to clock
the data into the latch is furnished by the /WR signal. The address set
by the CPU to enable and clock U2020 is page 0:F5XX, which includes the

lines just discussed.
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TABLE 2-9

Mode Control Latch Truth Table

Data Bits
D3 D2 D1 DY Display Mode Store Mode
0 0 0 O No action Storing data; no halt; delay
0 0 0 1 Reading data not permitted
0 0 1 0 Reading pipeline not permitted
0 0 1 1 not permitted not permitted
01 0 O Halted SUT Storing data; halt on stop; storing;
delay
0 1 0 1 Read data; Halted SUT not permitted
0 1 1 0 Read pipeline data; not permitted
Halted SUT
0 1 1 1 not permitted not permitted
1 0 0 O Loading delay counter ¢ delay; storing data; no halt
1 0 0 1 Loading delay counter not permitted
or reading data
0 1 0 not permitted not permitted
0 1 1 not permitted not permitted
1 0 O Loading delay counter @ delay; halt on store stop;
and Halted SUT storing data
1 1 0 1 Reading data or loading| not permitted
delay counter; halted SUT
1 0 not permitted not permitted
1 1 not permitted not permitted

The CPU Mode Control also controls loading of the Delay Counter (U1040

and U2040). This is accomplished by setting a high on the D3 line.
addressing page 0:F5XX to clock the high into U2020, then addressing page
0:F4XX. This permits the /WR signal, which moves low soon thereafter, to
pass through U5040C, Ul1030A, Ul025B, Ul010B, and Ul020C to clock the Delay
Counter. (The transition passes through U1020C because ST CLK 1 is low

during the loading period.)

To summarize, the CPU Mode Control performs the following (as listed

by the output pin number of U2020):
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Pin 2 controls U5040B, part of the flip-flop that enables reading of the

memory in Display mode.

Pin 3 generates the /MEM EN signal, which enables loading the MAC (Memory
Address Counter) on the Acquisition Memory and Expansion Option boards.
Addresses are loaded from the CPU Address Bus during Display Mode.

Pin 7 generates the RDPL (read pipeline) signal that controls one side of
U1010D, which in turn controls the ST CLK 1 signal to be applied to the

RAM read/write inputs during diagnostics.

Pin 6 is the /RDPL signal to the Expansion Option board; it serves a similar

purpose to the RDPL signal.

Pin 11 is the /HALT ENABLE signal that initiates the Halt SUT (System Under
Test) action; the signal also connects to the CPU Activity Monitor (U2030)

to inform the CPU of circuit status.

Pin 15 enables U1030C, the Stop Trace Trigger input gate. The line is high
when no delay is selected.

Pin 14 is the delay stop line. When the line is high, the Delay Counter

is enabled (through UI030A) to end the Store cycle after the correct delay.
Also, a high level on the line enable passage of ST CLK 1 pulses to the
Delay Counter through U1020C. When low, the line enables loading of the
Delay Counter. The delay value is loaded from the CPU Data Bus during
Display Mode. The delay value is the complement of the absolute delay,

plus one.

RAM Read Control

This circuit consists of three—line to eight-line decoder U2010,
US5040A, Ul1010A and U5040B (connected as a flip-flop), Ul010C, and U1025A.
Central to the circuit is decoder U2010. CPU signals addressing the decoder
are the A¢, Al, Al@, and All lines. The decoder is enabled through pin 6,
which is driven by U5040A. The decoder outputs, Y$ through Y7, are listed

below:
Y® drives the tri-state enable input to RAM U3020 and U4030. When low, the

signal causes the data in the RAM at the address specified by the MAC to

be sent out on the data bus lines.
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Y1l drives the second pair of RAMs, U5020 and U5030. As above, the action
is the same as for Y@.

Y2 drives the third pair of RAMs, U6020 and U6030, as above.

Y3 drives the last RAM, U7020. As described above, when pin 18 of U7020
(tri-state input) is pulled low, .the word at the addressed location is
applied to the DY through D3 Data Bus lines.

Y4 is the /DISPLAY COMMAND signal, which is the trigger from the CPU
(through U2010) to shift the Acquisition Memory circuits to the Display
mode. The signal is used to set the Display/Store flip-flop and is sent

off the board to be used in the Timing Option circuits.

Y5 is the /STORE COMMAND signal, which is the trigger from the CPU (through
U2010) which shifts the Acquisition Memory circuits to the Store Mode. The

signal sets CPU Activity Monitor flip-flop U6040A when the Store operation

begins, clocks Display/Store Mode Control flip-flop U7040B at the start

of a Store operation, and is also sent to the Timing Option circuits.

Y6 is the LAST ADDR +1 line; it is used by the CPU to enable U3030, the
Last Address +1 Buffer, to determine the address in the MAC at the transition
to Display Mode.

Y7 is the enable line for U2030, which forms part of the CPU Activity
Monitor. U2030 is the Status Monitor, which when enabled furnishes status

information from the Acquisition Memory circuits to the CPU.

The /RD and /ACQ MEM SEL (address 2:EXXX) signals are applied to
U5040A, another part of the RAM Read Control. When the two signals are
low, U2010 is enabled and, in Display mode, flip-flop Ul010A-U5040B is
reset. Ul010C and U1025A form the gating circuit that controls the MAC
during the Display mode, on both the main Acquisition Memory and on the
Expansion Option board. The ST CLK 1 signal is permitted to pass when the
STORE signal is high from U6040B. This high also holds both U1010C, pin
8, and Ul025A, pin 2 high. This in turn pulls pin 12 of Ul1020D (Diagram
7A) and pin 1 of Ul040A (Expansion Option, diagram 6) low. This passes the
ST CLK 1 signal to the MAC after the Display to Store transition.

During a Read operation, U2020 sets pin 6 of U5040B high. This forces
pin 2 of Ul010A low, which permits U5040A to control Ul1010A. The CPU has
set address page 2:EXXX (/ACQ MEM SEL), so U5040A pin 2 is low. thus, when
/RD goes low at pin 3 of U5040A, the transition is passed through U5040A
and U1010A to U1010C, pin 9, and Ul025A, pin 3. The STORE signal is low
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to the other inputs of these gates (since the 7D02 is in Display mode),
so the transition can pass through to clock the MAC. Pin 13 of Ul1020D is
enabled by the low ST CLK 1 signal.

CPU Activity Monitor

This circuit consists of U7010D, flip-flop U6040A, and buffer U2030.
Periodically, the CPU addresses page 2:E803, which causes decoder U2010
to enable placing the data at the buffer inputs on the Data Bus, lines D@
through D7. This buffered information is described in the following
paragraphs. Note that part of the buffer provides the CPU with access to
the State Machine status lines. The descriptions are organized by U2030

input pin number.
Pin 12 is the COUNTER RESET READ signal from the State Machine.

Pin 14 is the /HALT ENABLE signal from the pin 11 output of U2020. See the

CPU Mode Control description for more information.

Pin 16 is the DISPLAY signal from U6040B. This signal is high when a Display
operation is occurring.

Pin 18 is the output of U7010C, which is the pending stop acquisition

signal.
Pin 2 is the /STOP TRACE LATCHED signal from the State Machine.

Pin 4 is from U6040A and indicates that the MAC has cycled at least once.
(U6040A is discussed later.)

Pin 6 is the /INHIBIT 2 signal from the State Machine.

Pin 8 is the STORE signal from U6040B. It is high when a Store operation
is occurring.

Some of the above-noted lines come from the State Machine. Refer to
the State Machine description for more information.

Another part of the CPU Activity Monitor consists of U7010D and U6040A.
At the start of a Store operation, the /STORE COMMAND signal is pulled low
momentarily by U2010, which sets U6040A. The /Q output of the flip-flop
connects to U2030, and indicates the status of the MAC. The Q output of
the flip-flop is coupled back to its own J input, pin 2, so U6040A can
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change state only once more, then it locks up. At the start of the Store
operation, the /INHIBIT 2 signal is low. Thus, the output of U7010D is
high and U6040A cannot switch back to the reset state. Following the
positive excursion of /INHIBIT 2, the pin 12 input of U7010D is controlled
by the overflow output of U4040, one stage of the MAC. This line stays
low, disabling U6040A, until the MAC counts up to FF. Then the line goes
high, allowing flip—-flop U6040A to switch, and be reset by the next ST CLK
1 signal. As a result, U6040A pin 6 pulls its own pin 2 input low, so
subsequent clock pulses have no effect. Thus, U6040A indicates to the CPU
when the MAC has counted to FF, by locking up after that event occurs;
i.e., when the memory is filled to capacity.

Display/Store Mode Control

This circuit consists of U1030A, U1030C, U7010C, U6040B, and U7040B,
and sets the operating mode for the Acquisition Memory circuit. At the
start of a Display operation, the high DISPLAY signal from U6040B, pin 10,
is sent to pin 1 of U7010A to set the /HALT SUT line low, to U2030 to
indicate status to the CPU, and to U7040B (to release control of the
flip-flop). Sometime later, when the CPU calls for a Store operation, the
/STORE COMMAND signal will go low, then high, and clock U7040B to the set
state. The low from pin 9 of U7040B enables flip—-flop U6040B to reset on
the next excursion of the ST CLK # signal. When this occurs, the STORE
signal moves high. At the same time, the low DISPLAY signal resets U7040B.
From then on, U6040B will not change state again until a high state is
provided by U7010C. This occurs when the STOP TRACE TRIGGER signal from
the State Machine goes high (zero-delay path), or when the Delay Counter
overflows. When either of these conditions produces the high state to pin
14 of U6040B, the next ST CLK @ excursion sets U6040B, and the DISPLAY
signal once again moves high. Flip-flop U7040B remains in the reset condition
until the /STORE COMMAND signal once again clocks it to the set state.

As mentioned earlier, Ul030C is one path for ending a store operation,
and is used when no delay is programmed. Pin 10 of Ul030C is held high by
U2020 to enable this path. The /INHIBIT 2 signal is low for he first two
ST CLK 1 pulses to keep the gate from terminating the operation too soon;
the signal moves high after the second pulse, and the gate is then under
control of the STOP TRACE TRIGGER signal from the State Machine. Later,
this signal moves high, causing the J input of U6040B to move high and

terminate the Store operation.

The other stop path is through Ul030A. At the start of the Store
operation, U7040A is reset by the /INHIBIT 2 signal. The low state from
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U7040A prevents Ul040 and U2040 from incrementing until the STOP TRACE
TRIGGER signal at pin 2 moves high. Following the positive edge of the ST
CLK 1 signal applied to pin 4 of U7040A, the flip-flop changes state, and
the pin 10 input to Ul040 is enabled. The pin 13 input of Ul030A has already
been enabled by the CPU. As each valid stored word occurs, the QUAL TRACE
signal is also high. Thus, the Delay Counter increments until the overflow
bit (pin 2 of Ul030A) goes high. The resulting high at pin 14 of U6040B
causes the Display/Store flip-flop to set at the next ST CLK § positive

excursion.

Halt SUT Generator

This circuit consists of Ul025C, U1020A, and the flip—-flop that
consists of U7010A and U7010B. The circuit is used to stop the system under
test (SUT) when the 7D02 Main Section stops (when it changes from Store
mode to Display mode).

Assume that no Halt SUT is selected and that the DISPLAY signal is
low, indicating that the 7D02 is in the Store mode. The low at U7010 pin
1 ensures that the /HALT SUT line is high for the time that the DISPLAY
line is low. The /HALT ENABLE line from U2020 pin 11 is high also, since
Halt SUT is not selected, so that high holds pin 4 of U7010 high, which
in turn holds pin 2 of U7010 low. Thus, when DISPLAY moves high at the end
of the Display period, pin 2 holds the /HALT SUT signal high.

If Halt SUT is selected, the /HALT ENABLE line is pulled low, which
permits Ul1025C to control Ul1020A. When STORE goes high and DISPLAY low,
U7010 pin 4 goes low, and U7010 pin 2 goes high. The high on pin 2 enables
the DISPIAY signal to control the state of /HALT SUT; that is, when DISPLAY
is high, /HALT SUT is low, and vice versa.

Should Halt SUT be terminated, the /HALT ENABLE line returns high,
which blocks the STORE signal from having further control through U1025D.
The next time that /HALT SUT is moved high by the low-going DISPLAY signal,
pins 4 and 5 of U7010 will both be high, forcing pin 6 low, and locking
the /HALT SUT line high.
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Memory Address Counter

The Memory Address Counter (MAC) consists of eight-bit binary counter
U3040 and U4040 (on the Acquisiton Memory board) and U3050 and U4050 (on
the Expansion Option board). Each of these counters can be preset to any
number from ¢ to 255, and operates in two ways: In Store operatioms, the
counters sequentially address the RAM on each active edge of ST CLK 1. In
Display operations, the counters are loaded from the CPU Address bus with
a RAM address containing data needed by the CPU.

At the start of the storage operation, the CPU does a false read at
address 2:E3EC, which sets the initial address for the MAG to F (hex).
This loading is enabled by the /MEM EN signal from U2020. After the STORE
command is sent, Ul020D is enabled to pass ST CLK 1 pulses to the clock
input of U3040 and U4040. Likewise, MAC U3050 and U4050 on Diagram 6 are
loaded, enabled, and clocked in the same fashion as that on Diagram 7. As
clock pulses are applied to the MAC, the QUAL TRACE signal is asserted
with each valid word that is presented to the memory. Thus, the counter
advances only when the QUAL TRACE signal is high, indicating qualified
data. Otherwise, as each succeeding word enters the memory, it writes over
the previously stored word until a qualified word appears and the countr

1s incremented.

RAM control is exercised by the MA@ through MA7 lines from the MAC.
When the CPU reads the data out of the RAMs, it first interrogates the
Last Address Buffer. This buffer places the last address that was sent
from the MAC to the RAMs on the Data Bus. When the CPU selects a particular
address to be read, it first sends that address to the MAC. Then, when the
/RD signal from the CPU goes low, the address is clocked into the MAC and
the contents of the address are applied to the Data Bus.

Delay Counter

This circuit consists of eight-bit binary counters U1040, U2040, and
U7040A on Diagram 7A, and is used to change the position of data on the
CRT. As discussed earlier, two paths exist for the STOP TRACE TRIGGER to
stop the system. After the /INHIBIT 2 signal resets U7040A, the Delay
Counter remains disabled until the STOP TRACE TRIGGER signal goes high.
The high causes pin 6 of U7040A to go high at the next ST CLK 1. The high
from U7040A enables the Delay Counter to begin counting.
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The CPU loads the Delay Counter with a preset number via the D@-D7
Data Bus lines before the storage cycle begins. It is loaded by the same
line from U2020 that enables Ul1030A pin 13. When the counter reaches
overflow, U2040 pin 15 moves high, and UL030A pin 12 moves low, which
causes the 7D02 to shift back to the Display mode. Thus, the STOP TRACE
TRIGGER signal is delayed in stopping acquisition by the delay set in the
counter by the CPU.

Last Address Buffer

This circuit consists of only U3030, and is used to inform the CPU
of the point at which the MAC stopped, and thus the location that was last
stored. When the CPU requires this information, it sets the LAST ADDR +l
line from U2010 low (by doing a read at 2:E8@2), which enables the buffer
to place the data from the MAC on the Data Bus.

Pipeline Register

This circuit consists of latches U3010, U4010, U5010, and U6010 on
Diagram 7B, and U2020 and U5020 on Diagram 6. The address, data, and control
bits from the Word Recognizer are applied to the inputs of the Pipeline
Register, which temporarily stores these bits for later storage by the
RAM. Register clocking is provided by the ST CLK 1 signal, gated by U1020D.
Each ST CLK 1 pulse advances the next word from the Word Recognizer to the
Register, where it is held for ome ST CLK 1 cycle before being loaded into
the RAM.

The Expansion Option section of the Pipeline Register (U2020 and
U5020) operates in the same way as described above. the MACTNCK signal
from the Acquisition Memory circuit, which controls Ul040A (Diagram 6),
enables the ST CLK 1 signal to latch the register. (MACTNCK clocks the
register in the Display mode, since ST CLK 1 is low then.) Total capacity
of the Pipeline Register, including the Expansion Option, is 44 bits.
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The Random Access Memory (RAM) is the principal storage medium for
the Acquisition Memory. It consists of seven integrated circuits: U3020,
U4030, U5020, U5030, U6020, U6030, and U7020. Lines to each of the RAMs
are the four input lines (pins 9, 11, 13, and 15), the four output lines
(pins 10, 12, 14, and 16), the eight address lines (MA@ through MA7), the
tri-state enable line (pin 18), and the read/write enable (pin 20).

As a word is applied to the RAM from the Pipeline Register, the MAC
advances the RAM address each time a valid word is loaded. If the word
just loaded is not qualified, the address is not incremented and it is
written over by the next word that occurs. When a valid word occurs, the
MAC advances the RAM one address, and that word is stored in the next
address, rather than being over-written in the last address at the next

clock pulse.

Expansion Option

As mentioned previously, the Expansion Option is an extension of the
Acquisition Memory Board, although a significant portion of the board is
an extension of the Word Recognizer circuits. The circuits that apply to
the Acquisition Memory that have not yet been described are the RAM and
the RAM Read Control. Refer to Diagram 6. The RAMs are U3030, U3040, U2030,
and U2040. As in the previous description, the RAMs are controlled in pairs
by the RAM Read Control, which is the upper half of U1030 and U1040 A, B,
D.

The /RDPL signal enters the board through Ul050D, is inverted, and
then applied to pin 5 of U1050 to lock the pin 5 input of Ul040 low. This
permits the ST CLK 1 signal to cycle the RAM for diagnostic purposes, as

in the main board.

Store Mode

The Acquisition Memory has two modes of operation, Display and Store.
In the Store Mode, the first step is to set the Memory Address Counter
(MAC) to its starting point (FD (hex)). Then the CPU generates the STORE
command. A false read signal at location page 2:E8f1 is received from the
CPU. The /ACQ MEM SEL line from the CPU is the 2:E part of the address.
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This line is pulled low, which enables pin 2 of US5040A. A short time later,
the CPU pulls the /RD line low, which in turn causes U5040A pin 1 to pull
pin 3 of UlOl0A and pin 6 of U2010 high. The high at pin 6 of U2010 enables
this decoder. Pin 5 (Al@) is low and pin 3 (All) is high; lines Al$ and
All are the 8 part of the 2E:8 address. To enable the Y5 output of U2010,
the AP line is high and the Al line is low (U2010, pins 1l and 2, respectively).
These cause Y5 (/STORE COMMAND) to move low. Refer to Fig. 2-15, which
illustrates the timing relationships of the signals involved in the
Display-to-Store transition.

The low /STORE COMMAND signal resets U6040A, which is part of the CPU
Activity Montior. The /Q output of this flip-flop is connected to buffer
U2030 to inform the CPU of the MAC cycle status when interrogated. The
/STORE COMMAND signal is also connected to the clock input of U7040B, so
the positive edge of the /STORE COMMAND signal sets U7040B. (The positive
edge occurs when the /RD signal returns high, ending the access period of
the CPU.)

Before the sequence begins, the Master Store/Display flip-flop (U6040B)
is in Display Mode with pin 9 of U6040B low. The low applied to pin 13
enables U6040B to change states at the next ST CLK # positive edge. When
this occurs, the high applied from U6040B pin 9 forces Ul0l0D pin 13 low,
which in turn permits the ST CLK 1 signal to pass through U1020B. The clock
pulses are applied to the read/write inputs of the RAMs (pin 20 of U3020,
U4030, U5020, U5030, U6020, U6020 and U7020).

The high STORE signal from pin 9 of U6040B is also applied to U1010C,
pin 8, and Ul025A, pin 2. This forces U1010C pin 10 low, which allows
passage of the ST CLK 1 signal via pin 13 of Ul020D to pin 11, to increment
the Memory Address Counter, U3040 and U4040. The ST CLK 1 signal from
Ul020D is also fed to U6040A, and as a latching signal to the Pipeline
Latches (U3010, U4010, U5010, and U6010).

The high at Ul1025A pin 2 forces its output, pin 1, low. This low
(MACTNCK) is applied to pin 1 of Ul040A (see Expansion Option, Diagram 6)
to enable passage of the ST CLK 1 signal to the Pipeline Register (U2020
and U5020), and to the clock inputs of MAC counters U3050 and U4050.

Still referring to Daigram 6, the STORE singal from P206 pin 20B is
applied to Ul050B, pin 6. The high on pin 6 forces Ul1040B pin 5 low,
permitting the ST CLK 1 signal to pass through to the read/write inputs
of RAMs U3030, U3040, U2030, and U2040.
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Fig. 2-15. Display to Store Transitions
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At this point, the system is in the Store mode. As an example, assume
that a program is to be run that includes zero delay, and that the system
under test continues to run. This means that the Delay Counter is not used
in this example. To begin the sequence of events, the high state from
U5040A pin 1 resets the flip~flop that consists of Ul010A and U5040B. The
resulting low from pin 1 of Ul0l0A is applied to pin 9 of Ul010C and pin
3 of Ul025A. Since the ST CLK 1 signal is low at this time, the positive
edge from U1010A is passed through Ul020D to increment U3040 and U4040
(the MAC). (Pin 8 of Ul1010C is already low; see earlier discussion.)

The same clocking signal is also applied to the Pipeline Register,
consisting of U3010, U4010, U5010, and U6010, and to the Pipeline Register
on the Expansion Option board (Diagram 6, U2020 and U5020). The clock also
increments the MAC (U3040 and U4040 on Diagram 7B, U3050 and U4050 on
Diagram 6).

After the first ST CLK 1 signal the word in the Pipeline Register is
invalid, since the Register contains the previous output of the Word
Recognizer latches. However, the word in the Word Recognizer latches 1is
now valid, having been strobed by the first ST CLK 1 signal of this sequence.
The following ST CLK 1 pulse (the second pulse after STORE went high) then
stores a valid word in the Pipeline Register; this word is then applied
to the RAMs. (The word is applied to pins 9, 11, 13, and 15 of each RAM.)

During the first two clocks applied to the Acquisition Memory circuits,
the /INHIBIT 2 signal from the State Machine is low. This resets U7040A
and disables U1030C until /INHIBIT 2 moves high. Then, the STOP TRACE
TRIGGER signal can set U7040A, and be passed through U1030C.

Recall that on the second ST CLK 1 signal, the MAC was incremented
to @@. Following the positive edge of ST CLK 1, a valid word is presented
to the memory. The address for the RAMs is stable and applied to the MA@-MA7
inputs. The ST CLK 1 signal is still high, lasting for about 40 nS, and
is applied to Ul020B pin 4. The resulting high at pin 6 of Ul020B holds
the pin 20 input of each RAM high. When the ST CLK 1 signal falls, the low
at pin 20 causes each RAM to write, or store the applied bits. (The write
cycle lasts for the low period of ST CLK 1, which is about 60 nS when
running at 10 MHz.) When the ST CLK 1 signal returns high, loading stops,
the MAC is incremented, and a new word is loaded into the Pipeline Register.
This continues in sequence, storing a set of data into each RAM cell with
each successive state clock pulse, as qualified by later discussion.
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As each word enters the pipeline, it is qualified or rejected by the
QUAL TRACE signal from the State Machine. This signal is high to indicate
that the word in question is '"qualified" or valid for storage.

The QUAL TRACE signal comes in at P207-17A, and is applied to pin 7
of U3040, U4040, U2040, and U1040, and to pin 1 of U1030A. A qualified
word causes the QUAL TRACE signal to be high, so the MAC is incremented
with each ST CLK 1 pulse. If the word is not qualified, the QUAL TRACE
line goes low. With no qualified word, the conditions are as follows: The
MAC has been incremented to @1 on the last cycle, and a new word is in the
Pipeline Register. Since QUAL TRACE is low, the MAC does not increment on
the next ST CLK 1 signal. As a result, the new word is written over the
word already stored in the last cycle. This occurs any time that the QUAL
TRACE signal is low and a Store cycle occurs.

The storage cycles just described are repeated as long as the ST CLK
1 signals continue and trigger conditions are not satisfied. If enough
clocks occur, the MAC overflows, having counted past FF. The overflow
signal from pin 15 of U4040 goes high, which also causes pin 12 of U7010D
to go high. The /INHIBIT 2 signal has since gone high, following the second
state clock. The output of U7010D is connected to pin 3 of U6040A, so the
low applied to this pin permits the flip-flop to be reset by the next
positive edge of the ST CLK 1 signal. Once U6040A is reset, it will not
change state until it is again set by a low /STORE COMMAND signal, which
occurs at the beginning of the next store sequence. The pin 7 output of
U6040A is fed to pin 4 of U2030, which is interrogated by the CPU to
determine the state of that line. (U2030 is read by addressing 2:E83.)

Some time later, the State Machine sends a STOP TRACE TRIGGER signal
to the Acquisition Memory circuits. The signal is sent to pin 2 of U7040A
and pin 9 of Ul030C. Although U7040A changes states, it does not affect
the Delay Counter. This is because the counter is held in the load mode
by the low level from U2020, pin 14. The high at U1030C pin 9 (enabled by
the high levels at pins 10 and 11 of Ul030C) pulls output pin 8 low. This
enables U6040B to set on the next ST CLK, causing the DISPLAY signal to
go high and the STORE line to go low. Note that when U6040B went to the
Store mode, the low DISPLAY signal placed U7040B in the reset state. This
in turn placed a high level at pin 13 of U6040B, which, with the high now
applied to U6040B pin 14, permitted U6040B to be clocked to the Display
Mode.
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When the STORE signal goes low, Ul010C pin 8 and Ul025A pin 2 go low.
The low levels applied to Ul010C pin 8 and 9 causes Ul020D to block ST CLK
1 pulses from passing to the MAC. Under control of Ul025A pin 1, U1040A
(Diagram 6) blocks ST CLK 1 pulses from passing to the MAC and Pipeline
Register on the Expansion Option board. The low STORE signal also holds
U1010D pin 11 (Diagram 7A) low. Ul0l0D pin 12 is also low, so the resulting
high at pin 5 of UL020B blocks any clock signal from entering the read/write
inputs to the RAMs.

Display Mode

As mentioned earlier, U2030 is interrogated, as required, to update
the CPU on whether a store or display operation is occurring. It does so
by interrogating the D7 bit from U2030. When a low is detected at the D7
bit, the acquisition unit has completed storing, and the CPU can read the
data from the RAM. See Fig. 2-16, which illustrates the signals involved

in the Store-to-Display transition.

Next, the CPU reads the Full Status Monitor to determine if the MAC
has filled. Then, the CPU reads the Last Address +1 Buffer, U3030. If the
memory address has passed FF during store mode, then U3030 indicates the

oldest data in memory.

The CPU then sets the Mode Control Latch pin 2 to a 1, writing a 1
at DY in address page 0:F5XX. The low /LATCHES SEL signal from the CPU
(which corresponds to the O0:F portion of the address) is applied to U5040C,
pin 9. Later, the /WR signal goes low at U5040C pin 8, and causes pin 10
to go high. (By addressing Al@ high and A9 and All low, the CPU has already
pulled pins 3 and 5 of U1030B high low.) Thus, when /WR goes low U1030B
pin 6 also goes low. The high A8 bit at the input of Ul025D enables U2020.
Then, the positive edge of the /WR signal strobes the data into U2020,
which causes pin 2 to go high and pin 3 to go low and permits the CPU to
set an address into the MAC. (This also applies to the Expansion Option;
the /MEM EN signal goes there to perform the same task.) At the same time,
the high at pin 2 of U2020 permits Ul0l0A to pass the enabling signal from
U5040A, pin 1. When the CPU addresses page 2:EXXX, the /ACQ MEM SEL signal
goes low, and the /RD signal later does also. This resulting positive edge
at pin 1 of U5040A passes through UlQ10A, Ul010C and Ul020D to increment
the MAC.
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Fig. 2-16. Store-to-Display Transition Signal Timing Relations
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Since the ST CLK 1 is low during the display mode, the transition
from Ul1010A is passed to the MAC as a strobe signal. This clocks the CPU
address into the MAC, permitting the CPU to select the location to be read.

Read Memory Description

Reading the Memory is accomplished as follows: First, since the CPU
can read the D7 line from the Status Monitor (U2030), it can determine
when the Memory is in the Display mode. When the D7 line from U2030 is
low, the CPU checks the Full Status Monitor (D5 line) to determine whether
the MAC has passed hexadecimal FF while storing data. Then, the CPU pulls
the Y6 line of U2010 low to read the Last Address +1 Buffer, U3030. The
information read there tells the CPU the address of the last word stored,
plus one, which gives it a reference from which to start. The CPU then

performs the following sequence of operations:

1. Address page 0:F5XX is called, and a 1 is set into the D@ line to
pin 4 of U2020. (As discussed earlier, the page 0:F part of the address
applies to the /LATCHES SEL signal at pin 9 of U5040C, and the 5 part of
the address applies to the All, Al@, A9, and A8 lines.)

2. The /WR line is pulled low, which clocks the 1 into U2020, pin 4.
Pin 6 of U5040B goes high, which permits U5040A to control Ul010A. Also,
the pin 3 output of U2020 goes low, enabling the MAC, which now awaits a
clock.

3. The CPU addresses page 2:EXXX, which is the /ACQ MEM SEL signal.

This enables the /RD signal to control U5040A. In addition, the Al@, A®,
All and Al lines are set at this time to address the desired RAMs. For
example, an XX1¥ on the lower byte sets U2010, pin 13 low after the decoder
is enabled. This low signal enables RAM U6020 and U6030.

4. The CPU sets a MAC address on lines A2 through A9.

5. The /RD signal goes low; this is passed through U5040A, ULO010A,
U1010C, and U1020D to clock the MAC, enabling the MAC output. The /RD
signal also clocks U3050 and U4050 on the Expansion Option board, as the
MACTNCK signal. Note that the ST CLK 1 signal is low during Display modes,
so Ul020D permits the MAC clocking signal to pass through the gate. The
/RD signal also enables (through U5040A) pin 6 of U2010, which pulls pin
13 of U2010 low in this example, and data from U6020 and U6030 are placed
on the Data Bus, lines D@ through D7.
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Diagnostics

During the use of diagnostic procedures, Ul0l10D is used for overriding
the Display/Store Mode Control. Mode Control Latch U2020 sets the RDPL
signal to a high state. This locks the output of Ul010D low, which allows
the ST CLK 1 signal to cycle the RAM during diagnostics.

STATE MACHINE

Introduction

Refer to Fig. 2-17, which is a simplified block diagram that illustrates
the the most significant relationships among the State Machine circuits.
The State Machine is the core of the 7D02; every other circuit is, in
essence, peripheral to these circuits. A state machine is fundamentally a
device that has inputs, outputs, logic, and a memory. Feedback for most
state machines is provided through control logic, as just noted. However,
in the 7D02, a RAM is used to make the State Machine programmable, and

thus much more versatile than an ordinary state machine.

Fundamentally, the State Machine circuits consist of the State Machine
(RAM, Multiplexer, Feedback, etc.) and two 16-bit Counters. The heart of
the State Machine is the RAM, which is loaded by the CPU as directed by
the opertor’s program. The Counters provide the events or time count

functions.

Figure 2-18 is a detailed block diagram of the State Machine. The
Start-Up Control produces the inhibit signal, which disables the Counters
and state machine during the first two clocks of a cycle, since this is a

period in which invalid data occur.

The four word recognizer signals are applied to the State Machine
Latch, which stores the signals at the occurrence of the state clock signal.
The Latch also stores the state feedback bits from the RAM by way of the
Multiplexer, and the counter feedback bits from the two 16-bit Counters.

The information stored in the latch is used to address a location in the
RAM. That location contains the data that are appropriate for the next

operation.
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Fig. 2-17. State Machine Simplified Block Diagram.

Two 16-bit counters form a large part of the State Machine circuits.
The Counters operate in two major modes: Time and Events. For example, the
Counters will count events such as a re-occurring state clock, or measure
the time, or define events such as: ten counts past the occurrence of WR1,
or 50 uS past the occurrence of WRl. The commands that control the counters
are Reset and Run, Run, and Stop, all in the Time mode; and Reset and
Increment, both in the Event Mode.

The Divider circuit receives the 6~MHz signal from the CPU circuit,
divides the 6 MHz signal into the 2 MHz, 200 kHz, 20 kHz, and 2 kHz output
signals that are used in the State Machine, and also in the Timing Option

circuits, if installed.
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Fig. 2-18. State Machine Detailed Block Diagram.

The Decoder receives the read, write, and specific address signals,
decodes those signals, and selects the appropriate devices to be read from
or written into. The Decoder also furnishes timing pulses for some of the
circuits in the State Machine.
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The Address and Data lines are applied to the various buffer circuits
on the board. These are translated into the Buffered Address (BA) Bus lines
and the Buffered Data (BD) Bus lines, which are distributed throughout the
State Machine for exchange of data and transmission of addresses.

While reading the following detailed description, refer to Diagrams
8A, 8B, and 8C. These depict the State Machine circuits.

Detailed Description

Buffered Address Bus (Diagram 8A)

The Word Recognizer bits, the two State Machine feedback lines, and
the /CNTR 1 and /CNTR 2 signals are all fed to U7060, which is an edge-
triggered octal latch. Triggering for the latch is from the BSC (Buffered
State Clock) signal. The output of U7060 is applied to the three RAM
integrated circuits, U2060, U5060, and Ul060.

The other two devices that share the Address Bus function are U4060
and U3050. The first, U4060, is a tri-state octal buffer. It receives the
AP through A8 address bits from the CPU, and when enabled, applies the
bits to the Buffered Address Bus. Pins 1 and 19 of the device enable the
transfer of data; these are the CNT WR ENABLE signal from U5050, and an
enable signal from latch U6020.

The second of the two is U3050, which is used to read back the Qualify
RAM signals, QUALIFY TRACE, and the RESET 1 or RESET 2 signals into the
buffered data bus. The latch also reads back the State Machine state during
acquisition, the State Machine trigger state, the State Machine last state,
and reading the Word Recognizers for self-test. Two CPU-controlled signals
are applied to U3050: A read signal of 1:E4@f loads and latches the input
information into U3050; a read signal of 1:E1f#¢ puts the information present
inside the latch on the BD Bus. The G signal from U4020A enables the latch.
Generation of this signal is discussed later in this description.
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Buffered Data Bus (Diagram 8A) i

The Buffered Data Bus is used to read back the State Machine RAMs for
verification, to read the Counter outputs, and to read the contents of
U3050 for miscellaneous operating system information. The Buffered Data
Bus consists of U2050 and U6060. Buffer U2050 is an octal tranceiver, which
isolates the State Machine Data Bus from the 7D02 Main Interface Bus. The
device is enabled by the /RD signal from the CPU, and the /ST MACH SEL D
signal from U6020. The second device, U6060, is used to read the RAM. The
RAM outputs are placed on the BD Bus whenever U2060 and U5060 are read.

State Machine Mode Register (Diagram 8A)

TABLE 2-10
State Machine Mode Register Bits
Output | State Title Output Mode
Q1 )} /E/T1 Counter 1 Events Mode
1 Time Mode
Q2 @ /E/T2 Counter 2 Events Mode
1 Time Mode
Q3 ) B Counter 2: 1 kHz
1 1 MHz
Q4 ) A Counter 1: 1 kHz
1 1 MHz
Q5 @ INHIBIT DISABLE Disables the INHIBIT 1 and INHIBIT 2 signals.
1 Normal start, discarding first two data cycles
Q6 ) CNT WR EN Read or write the RAM; write to counter.
1 Acquisition cycle in process,.
Q7 SFP starting state.
Q8 SF1 starting state.
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Octal latch U5050 serves as the State Machine Mode Register. It
generates the CPU-programmable states that are used in the State Machine.
Inputs to the latch come from the BD Data Bus, and are latched by the MWR4
signal from the Write Decoder, U6050. Refer to Table 2-10, which lists the
outputs of U5050. Note that the output states of U5050 do not change until
a bit change is applied to the device, and U5050 is once again addressed.

Inhibit Circuit (Diagram 8B)

As implied by the title, the Inhibit Circuit prevents part of the
State Machine from operating during certain periods. During the first two
state clock periods of the acquisition cycle, the INHIBIT 2 signal is kept
high to prevent invalid data from appearing at the RAM output. Since the
state clock signal is running while the RAM is inhibited, other state
clock-triggered devices are also held off until the inhibit period ends.
The signal is also used to preset several devices to a known state before
the State Machine begins to operate, and hold those devices in that state
until the second clock cycle is complete. Refer to Fig. 2-19, which

illustrates the timing relationships in the Inhibit circuit.

ST CLK 1
STORE J /
INHIBIT 2 L
U6010 PIN 6 1 (
U2010B PIN 7 |

2919-26

Fig. 2-19. 1Inhibit Circuit Timing Relationships.
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The inputs to the Inhibit circuit are the /BSC 2 signal from U5010D,
which is applied to the clock input of U6010A and U6010B (pins 1 and 13);
the delayed store signal from multiplexer U5040; and the /MWR6 signal from
the Write Decoder, U6050. The MWR6 signal, which is controlled by the CPU
through the Write Decoder, is pulled low to set U6010A and B, and other
flip-flops, before the acquisition cycle begins. At the point of setting
U6010, the output of Ul010B goes high, is inverted through U5010E as
/INHIBIT 2A, and is applied to the select input of U5040 (see Diagram 8A)
to enable the "A" side of the Multiplexer inputs.

Before proceeding further, it is necessary to explain the purpose of
delaying the STORE signal to the K input, pin 2, of U6010A. When the 7D02
is equipped with the Timing Option, the starting time of the Main Section
acquisition and that of the Timing Option Section differ slightly, in that
the Timing Option will often start first. Thus, the STORE signal from the
Main part of the 7D02 is used to reset U6010A. However, because of the
difference in loading on the STATE CLK 1 and STATE CLK 2 lines, the STORE
signal may go high before the first BSC signal has passed. To eliminate
the race problem that might occur, the STORE signal is passed through
U5040, which is configured to operate as a buffer for the section 4 inputs
and output. In addition, R6028 and C6018 further delay the signal before
it reaches U6010. Thus, an erroneous startup of the system is averted by
delaying the STORE signal.

The Startup circuit operates as follows: When the first positive
transition of /BSC2 occurs (as just discussed), STORE is still low, so
U6010A remains set. When the second positive edge of /BSC2 occurs, the
STORE signal has already gone high, so the flip-flop resets. Circuit U6010B
cannot change state yet, since its K input was still low at the clock edge.
On the following (third) /BSC2 edge, U6010B changes state, pulling the pin
5 input of Ul1010B low, and ending the positive excursion of the INHIBIT
2A signal. The /INHIBIT 2 signal moves high at this time, which switches
the output of multiplexer U5040 to the "B" side of the inputs.

The INHIBIT DISABLE signal from U5050 is applied to the pin 4 input
of Ul010B to disable the inhibit signal at the option of the CPU. However,
the disable function is used only during the Diagnostic mode of operation.

At the same time that the Inhibit circuit is set by the /MWR6 signal
from U6050, that same signal sets U2010B, and its pin 7 output is low. As
a result, the STATE CLK 1 signal is unable to pass through UlQOl0A to the
clock input of Ul030A and Ul030B in the Counter 1 and Counter 2 circuits
until the first negative edge that occurs following the second STATE CLK
1 excursion. This prevents the Counters from counting an extra clock during

start-up.
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RAM Circuits (Diagram 8A)

The RAM circuits include the RAM, the Stop Trace Latch Circuit, and
the Sync Trigger circuit. The 256 x 9 State Machine RAM consists of three
integrated circuits: U2060 and U5060 are 256 x 4 devices, whereas U1060
is a 256 x 1 inverting RAM. The lines to address each RAM come from the
Buffered Address circuits (BA@-BA7), the D1 through D4 inputs are fed by
the Buffered Data Bus (BD@-BD7), and the Ql through Q4 outputs are sent
to the @@ to @7 lines. Circuit Ul060 is separately addressed to provide
qualify information as the ninth bit of the memory.

The Stop Trace Latch circuit consists of U6020B, U7040A, U4020A, and
U3050 (Diagram 8B). The circuit gates the buffered state clock (/BSC)
signal to the enable input of U3050. At the outset of the Acquisition
cycle, the /INHIBIT 2 signal sets the pin 9 output of U6020B high. This
enables U7040A, pin 13, for the gate to pass the BSC signal if the other
conditions are right. The G input to U3050 is enabled following every state
clock signal. This condition persists until the STOP TRACE signal from
U2060, pin 12, goes high. This resets U6020B after the next BSC pulse;
U7040A is disabled, and U3050 is also disabled. Circuit U7040A is disabled
by U5010A when STOP TRACE is high. This latches the trigger state, and
also the state of the qualify line at that time.

The principal area of interest by the CPU in U3050 is in the BA6 and
BA7 bits from that device. These lines permit the CPU to tell the operator
the state of the State Machine at a given time. It should be noted that
the output of U7040A is also dependent on enabling from the Y4 signal from
Read Decoder U7050. Circuit U3050 also allows reading of the Qualify RAM,
the RESET 1 and 2 signals, and Word Recognizer values.

The Sync Trigger circuit consists of U7015 and related components.
The /SYNC TRIGGER signal comes from the State Machine RAM, and is sent to
the Timing Option circuits. The signal also goes to the Front Panel of the
7D02., The signal comes from pin 10 of U2060 to an RC circuit consisting
of R7060 and C7060 for filtering out the noise that occurs when a large
number of address lines change at once. From the filter, the signal is
applied to U7015. When writing into the RAM, a series of pulses will occur.
The MASTER STOP signal is applied to the other input of U7015, which filters
out the undesired signal transitions during writing time. The output signal,
/EXT TRIG, is sent from P208, pin 23A to the Front Panel circuits.
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State Feedback Bits Multiplexer (Diagram 8A)

This stage consists of U5040, a quad two-to-one multiplexer. The
select input, pin 1, is controlled by the /INHIBIT 2 signal from U5010E,
as discussed earlier. During the first part of an acquisition cycle, the
select input is low. This allows the "A" side of the nputs to pass through
to the outputs. Signals 1A and 2B are the starting states for the State
Machine from U5050; signals 1B and 2A are the state feedback bits from the
RAM. When the /INHIBIT signal goes high, the state feedback bits are
selected. The 3A and 3B bits are the RESET 1 and RESET 2 signals to U3050.
The RESET 2 signal is read first, after which the CPU resets U6010; then,
the RESET 2 signal is read. The 4A and 4B inputs are tied together, so the
STORE signal passes through despite the multiplexer state. The STORE signal
is delayed by the multiplexer and the output RC circuit, as discussed
earlier, to avoid producing the /INHIBIT signal too soon.

Decoder

JK flip-flop U6020 is configured as a latch and receives the /ST MACH
SEL signal from the CPU board, along with the ALE signal. Whenever the CPU
calls for an address in the range of 1:E@@@-1:EFFF, the /ST MACH SEL signal
goes low, and is clocked into U6020 on the negative edge of the ALE signal.
(ALE is used to ensure that the enable lines to U6050 and U7050 are stable.)
The output signals from U6020 are used to gate U6050, U7050, U4060, and
U2050.

Decoder U6050 is called the Write Decoder. It is a 3- to 8-line
decoder, and is driven by the pin 6 output of U6020, the /WR signal, and
the All address line. Whenever the first signal is high and the last two
are low, the device is enabled to pull low the output selected by address
lines A8, A9, and Alf. For instance, whenever the address 1:E1¢ is written,
the MWR (Memory Write 1) line goes low.

Decoder U7050 is called the Read Decoder; it is similar to U6050,
except that it is controlled by the /RD line from the CPU, instead of the

/WR line. The outputs of the decoder, Y@ through Y7, are fed to various
circuits in the State Machine for read operations. Refer to Table 2-11,

which is a memory map of the State Machine.
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TABLE 2-11
State Machine Memory Map

1:EQ@@-1:EQFF Main State Machine RAM (Read or Write)
+

1:E19¢-1:EIFF 9th Bit RAM (Write only)

1:E2X0 Counter 1  Control Register (Read or Write)

1:E2X1 Read Control Register

1:E2X2 Read Upper 8 Bits

1:E2X3 Read Lower 8 Bits

1:E2X4 Write Re-initialize to Value in Holding Register

1:E2X5 Write Load Lower 8 Bits

1:E2X6 Write Load Upper 8 Bits

1:E2X7 Counter 1 Enable

1:E3X0 Counter 2: Control Register (Read or Write)

1:E3X1 Read Control Register

1:E3X2 Read Upper 8 Bits

1:E3X3 Read Lower 8 Bits

1:E3X4 Write Re~initialize to Value in Holding Register

1:E3X5 Write Load Lower 8 Bits

1:E3X6 Write Load Upper 8 Bits

1:E3X7 Counter 2 Enable

1:E400 Read: Allows 9th-bit RAM to be read out

1:E400 Write: State Machine Mode Register

1:E50¢ Read: FF preset (must be done prior to loading counters)

1:E5¢¢ Write: counter Qutput Reset (must be done prior to acquisition)

1:E60¢ Write: Initializes State Machine

Divider Circuit (Diagram 8B)

The 6-MHz clock signal from the CPU circuits enters the State Machine

Board at P208, pin 26B and is applied to inverter U5030C. The inverted

clock is then applied to U7020A. The inverter is a buffer to reduce noise
on the received signal. AND gate Ul010D provides the feedback to convert
the three-cell counter into the divide-by-three counter that is required
to produce the 2-MHz output. The 2-MHz signal from U7020 pin 6 is fed to

U7020B, to U6040, and from P208, pin 26A to the Timing Option Circuits.
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The 2-MHz signal clocks U7020B, which is configured to operate as a
divde-by-ten counter. The output of the counter, 200 kHz, is fed out pin

25B to the Timing Option circuits, and to U7030A, which is a CMOS decade
counter. This stage divides the signal to 20 kHz, and applies the signal

to U7030B and through buffer U5030 to the Timing Option circuits. Decade
Counter U7030B divides the applied 20 kHz into 2 kHz, and applies it through
U5030A to the input of U6040, which is a dual four-line to one-~line
multiplexer. The 2-kHz signal is also sent out to the Timing Option.

Timing Counter Control Circuit (Diagram 8B)

The Timing Counter Control circuit consists of Multiplexer U6040 and
JK flip~flops U6030A and U6030B. The multiplexer selects the counter signal
source, as listed in Table 2-12. The two sources are the 2-kHz and 1-MHz
signals from the divider circuit. The multiplexer is gated on by the MASTER
STOP signal, so that, when the MASTER STOP line goes high at the end of
the acquisition period, both outputs of the multiplexer turn off.

TABLE 2-12
U6040 Truth Table
A B 1Y Output and Resolution 2Y Output and Resolution
low low 2 kHz, 1 mS 2 kHz, 1 mS
low high 2 kHz, 1 mS 2 MHz, 1 uS
high low 2 MHz, 1 uS 2 kHz, 1 mS
high high 2 MHz, 1 uS 2 MHz, 1 uS$

The two outputs of the multiplexer are each fed to a gated JK flip-flop,
which divides the incoming clock by two. These flip-flops operate similarly,
so only U6030A is discussed here. When the count is to begin, the J and K
inputs to U6030A are pulled high, by the Start/Stop Circuit (U1020), which
enables U6030A to toggle on the applied clock (2 kHz or 2 MHz). The divided
clock is applied to Multiplexer U2040 for application to the Counter 1
stages, as required.

Counters (Diagram 8C)

Refer to Diagram 8C; the lower half of the diagram depicts the two
counters. Counter 1 is the upper circuit chain, and Counter 2 is the lower
circuit. Both counters are essentially identical, so only the Counter 1
circuits will be described herein, except where important differences might
affect the description. In the following discussion, the summary of counter
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performance is followed by a description of the major parts of the counter.
Last is a description of each major mode. Table 2-13 is a listing of the

major counter performance factors.

The Counters operate in three modes of operation: time, event count,
and event control. In the following discussion, the function of each major
segment of the Counter is explained. Refer to Fig. 2-20, which is a detailed
block diagram of the Counter 1 circuits. Refer also to Table 2-14, which
lists the counter commands from the State Machine RAM.

TABLE 2-13
Counter Performance Summary

Counting Mode Minimum Count Maximum Count | Error
Time* 0 65534 +/- 1 count or +/- 0.01
Events 0 54434 0

Control Mode

Time¥*
Pulse Width
Generation 2 65534 -0, +1 count -0,
+0.2 us, +/- 0.1%
Measurement,

Counter stopped
before terminal
count 0 User value -1 [ -0, +2 counts +/- 0.01%

Events
Event Count
Window 2 65535 0

Measurement,

Counter stopped
before terminal
count 0 User value -1 |0

*When using the time mode of the counters, there is another additive error:
The times noted above are given for one start/stop cycle of the counters.
In the case of more than one cycle, the error bounds increase, to the
absolute error bound of +/~ N counts, where N is the number of start and

stop cycles.
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INHIBIT 2
[ |
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CNT. WR. EN.
COUNTER RESET READ
2919.27
Fig. 2-20. Counter 1 Block Diagram.
TABLE 2-14
State Machine Counter Commands
05, 04 Command
or
03, 02 Time Events
low low RUN NOP
low high Reset and Run Increment Once
high high Stop Reset
high low NOP (Not Used)
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Start-Stop Circuit. This circuit consists of U3020B, U5010C, and
Ul020B. The 04 and 05 lines from the RAM control the enabling of the clock
to be applied when the Time mode is selected.

Operation is as follows: The /INHIBIT 2 signal from U5010E is low for
the first two state clocks of the measurement cycle. Thus, U1020 is set
at this time, which causes a low to be placed on the J and K inputs of
U6030A. This prevents any clock pulses from being applied to the counter
for now. After an event occurs and a counter command is issued (see Table
2-14), the 04 and 05 lines are set to enable the clock signals. For now,
assume that the Run command is selected for Counter 1, which means that
the 05 line is low. The state of 04 is not significant to this circuit
when 05 is low. When the /INHIBIT 2 line returns low, Ul020B is free to
change state, and the low at pin 11 and high at pin 12 arm it to do so.
When the negative edge of the first /BSCl pulse occurs, Ul020B is cleared,
and the high from its pin 8 permits U6030A to begin passing the divider
output (1 MHz or 1 kHz) to the Counter. When the cycle is completed, the
05 line is set high by the RAM. This causes the K input to Ul020B to move
low, and the flip-flop will remain in the reset condition until a command
is issued to change. The command that sets Ul020B is the STOP command. To
set UlD20B, lines 04 and 05 must both be high. This presents a high at pin
11, U1020B, and a low at pin 12 of U1020B. This will set the flip-flop
(U1020B) at the next negative edge of the /BSCl signal.

Reset-Load Circuit. This circuit consists of U3020C, U5020E, and
U1020A. Control inputs for the circuit are the 04 and 05 lines from the
RAM, the /BSCl signal. /INHIBIT 2, and the /LOAD 1 signal from the other
Reset stage, U2030A. At setup, the CPU sets U2030A, thus clearing Ul1020A.
At the| beginning of the cycle., the /INHIBIT 2 signal moves low, forcing
the K finput of Ul020A low for the first two clock pulses to prevent the
flip—-flop from switching before the cycle begins. When the /INHIBIT 2
signal| returns high, the counter control codes again have control of the

circuit. Depending on other requirements of the program from the State

Machine RAM, the counter control codes will vary in state. When the command
to reset and run Counter 1 occurs, the RAM produces a high at the 04 signal
and a low at the 05 signal. This enables U1020A to reset at the next
negative edge of the /BSC signal. The high level from the pin 6 output of
Ul1020A is coupled to the pin 12 input of multiplexer U2040. If the mode

of operation is Time, the high is coupled out of U2040 as the COUNTER RESET
READ signal, which is sent to the J and K inputs of U2030A. This high
permits U2030A to change state to the set condition, which pulls the /LOAD
1 signal low. As a result, Ul020A is set by the low at pin 4, and Ul040
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receives a low at the pin 2 and pin 3 inputs, to be used as part of an
instruction to reinitialize the counter. Flip—flop Ul020A cannot change
state for the remainder of the cycle, because of the low at pin 4.

The output from U3020C and U5020E is also fed forward to U3010 pin
13, as a look—ahead function. When high, and the counter completes counting
/CNTR 1 goes low. However, if RESET 1 is high (meaning the counter is being
reset), U5020B locks /CNTR 1 high until the counter resets. In time mode,
the high state of U3020C, U5020E indicates that a Reset command was issued.
This locks /CNTR 1 high.

Events Clock Generation. This circuit consists of Ul030A and U4020.
When the proper control code (04 high; the state of 05 is irrelevant to
this circuit) is applied to pin 2 of UL030A, the flip-~flop is permitted
to change state when clocked. The purpose of the circuit is to produce the
clock to be applied to the Counter circuit,

At the outset of the counter cycle, the state clock signal is not
permitted to pass through Ul010A by the high state of U2010B pin 7. Following
the second state clock signal, pin 1 of Ul010 moves high, so the third
state clock signal will be passed to pin 4 of Ul030A, which changes state
to the set condition. This results in a high level, beginning the first
event, to be applied to pin 3 of multiplexer U2040, and to pin 9 of U4020C.
Since the gated state clock 1 and /BSC2 signals are time-coincident, pin
9 of U4020C moves high just after pin 10 moved low. At the end of the /BSC
pulse, both inputs to U4020C are high, so the low at pin 1 of Ul030 resets
the flip-flop, ending the event pulse. With the next state clock pulse,
the circuit repeats the cycle just described. Figure 2-20 illustrates the
timing relationship of the signals involved in the circuit.

Multiplexer. This stage is a dual four-line to one-line multiplexer
that controls the passage of clock signals and status signals to the CPU.
This selects the Time or Events mode of operation. The stage is controlled
by the INHIBIT 2 signal, which disables the multiplexer during the first
part of the counter operating cycle, and the E/Tl1 and CNT WR EN signals,
which carry the encoded data to control the multiplexer selection. Table
2-15 lists the outputs that occur with different input combinations.
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TABLE 2-15
Truth Table for Multiplexer U2040
A B Output 1Y Output 2Y
low low Ground; no clock to U1050 Counter 2 Reset status from U2020B
low high MWR2 signal from U6050 Ground
high low Clock signal from U6030 Counter 1 Reset status from U1020A
high high Events pulses from U1030A 05 Control Code from RAM

CPU Read-Write Access Gate. This is a quadruple two-line to one-line
multiplexer. Its purpose is to control the operating modes of the 16-~bit
Counter, Ul050. Selection of the channel to be enabled is controlled by
the SELECT 1 line to pin 1 of the multiplexer. When the pin is low, the A
channels are selected, and when pin 1 is high, the B channels are selected.
Note that the pin 11 input to Ul040 is connected to +5 V, and the pin 14
input is connected to the /CNT WR EN signal. Since the 4A and 4B inputs
are channeled to the IE input of the counter, only the three least significant
bits are used to provide instructions to the counter. Further, the 1A and
2A lines are tied together, so only a value of 4 or 7 can pass through the
A side of the multiplexer. The counter receives the value 4 as an instruction

to reinitialize, and the value 7 as an instruction to enable the count.

The B side of the multiplexer receives data via the A@ through A2
lines, which are then sent (when pin 1 is high) to the If through 12
instruction inputs to the counter.

16-bit Counter. The Counter consists of Ul050, which is a programmable,
presettable, 16-bit binary counter. In this configuration, three instruction
lines permit the selection of eight different modes of operation. An
eight-bit I/0 bus permits preloading of the counter and reading of the

counter output lines.

Refer to Table 2-16, which is a list of the counter states. Note that,
as noted above, only the 4 and 7 values are used in normal counter operation.
However, through multiplexer Ul040, the CPU can select any one of the eight

combinations, software permitting.
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TABLE 2-16
U1050 Operating Modes

Inputs Modes

Ig I I; (hexadecimal)

L L L (0) Write Control Register
L L H (1) Read Control Register
L H L (2) Read Word Counter

L H H (3) Read Address Counter
H L L (4) Reinitialize Counters
H L H (5) Load Address

H H L (6) Load Word Count

H H #H (7) Enable Counters

Data fed into the I/0 are latched into the internal bus of the Counter
on the positive edge of a clock signal applied to pin 10. The Y2 signal
from the Read control Buffer (U7050) enables the pin 9 input to place the
Counter outputs on the buffered data (BD@-BD7) lines. The ACI line is used
to enable incrementing or decrementing the Counter by applying a clock
pulse to the clock input, pin 10. The IE input, pin 8, enables the instruction
inputs listed at the top of Table 2-16.

Reset Flip-flop. As discussed earlier, the Reset Flip-—flop (U2030A)
operates in conjunction with U1020A through multiplexer U2040 in Time mode.
The high from pin 9 of U2040 enables U2030A to change state. The /INHIBIT
2 signal has already placed U2030A in the reset state at the beginning of
the count cycle, so, when the first clock pulse is applied to U2030A after
the COUNTER RESET READ line goes high (from U2040, pin 9), the flip-flop
sets. The pin 6 output goes high, and the pin 7 output goes low. The output
from pin 6 (RESET 1) is inverted through U5020B and applied to pin 2 of
U7010B, to pin 13 of multiplexer U3010, and to pin 11 of U7015. This
prevents the Counter from indicating that the count is complete while the
Counter is being reset. These are discussed later in this description. The
RESET 1 signal is also sent to U5040 (Diagram 8A), to be multiplexed with
other signals for CPU access. Output pin 7 of U2030A, now low, resets
U2030B, and is fed back to set Ul020A and to apply the reset value to
U1040. The set input to U2030A, pin 5, is used by the CPU to set the

Counter.
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Overflow Flip—-flop. This flip-flop, U2030B, stops the Counter when
overflow occurs. Early in the sequence of count events, the Reset Flip-flop
just discussed resets U2030B. The J input (pin 14) of U2030B is held low
by U4030 until counter overflow occurs, so U2030B cannot set until the
line moves high. When overflow occurs, COUNTER RESET READ will already
have gone low, so the high at the J input of U2030B permits it to change
state at the next clock signal. The pin 10 output, /CNT 1 goes high and
stops the Counter from further operation. This signal is also fed to
multiplexer U3010. The opposite signal from U2030B pin 9 goes to pin 10
of U7015B, which is used in the timer mode of operation.

Counter Output Multiplexer. This circuit consists of U3010 and is an
AND-OR-invert gate that produces the /CNTR 1 signal from four different
sources. Refer to Fig. 2-21, which illustrates the quivalent logic diagram
of the device. As shown on the diagram, a low state at the /CNTR 1 output
occurs with three sets of conditions. Note that the INCREMENT and RESET
COMMAND lines are from the same source. These are expressed differently
in the Time and Events modes to better illustrate the purpose of the line.

Counter Mode Description. In the following paragraphs, the operation
of Counter 1 is described in each of the major modes of operation.

RESET (U2030-6) _—-._.q
WCO (U1050-2) I
INCREMENT (U5020-10) — . | ™\ EVENTS TERMINAL COUNT
INHIBIT 2 (U1010-6) — /

COUNTER RESET READ (U2040-9) ~————¢———(
E/TI

q
l ) EVENTS COUNT OVERFLOW 3 /CNTR.1
OVERFLOW (U2030-10) '

TIME COUNT COMPLETE

RESET COMMAND (U5020-10)

2919-28

Fig. 2-21. Equivalent Logic Diagram of U3010 and Connecting Circuits.
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1. Time Mode. In the Time mode, the following sequence and algorithm

applies:
a. The CPU loads the counter with the value 3.
b. The CPU sets the counter to the decrement mode.
¢. The CPU commands the counter to count twice.
d. The CPU sets the counter to the increment mode.

At this point, the counter is ready to run. Following the acquisition
cycle, the counter is read by using the following algorithm.

IF (Reset and Start flip—flop (U1020A or U2020B) is set) THEN (result of count) = 0.
ELSE IF (Reset flip-flop (U2030A or U3030B) is set) THEN (result of count) = 0.
ELSE IF (value read from counter) 1 THEN (result of count) = 0.

ELSE IF (value read from counter) = 2 THEN (result of count) =1

ELSE IF (value read from counter) = 0000 THEN (result of count) = overflow

ELSE (result of count) = ({(value read from counter) = 1).

2, Time Control Mode. In the Time Control mode, the following sequence

and algorithm applies:
a. the CPU loads the counter with the user value -2.
b. The CPU sets the counter to the increment mode.
c. The CPU commands the counter to count twice.
d. The CPU sets the counter to the decrement mode.

At this point, the counter is ready to run. Following the acquisition

cycle, the counter is read by using the following algorithm:

IF (Reset and Start flip-flop (U1020A or U2020B)) THEN result = 0.
ELSE IF (Reset flip-flop (U2030A or U3030B)) THEN result = 1.

ELSE IF (user value) equals counter value THEN result = O.
ELSE IF (user value -1) equals counter value THEN result = 1.
ELSE IF (counter value) = FFFF THEN result = user value.

ELSE result = user value - counter value -1.

Refer to Fig. 2-22, which illustrates the circuits used in this mode.
The /INHIBIT signal presets Start-Stop flip-flop Ul020B and Reset-Look
Ahead flip-flop Ul020A at the beginning of the operation. This causes both
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flip—-flops to have a low output. The low from UL020B pulls the J and K
inputs of U6030A low, which prevents that flip-flop from passing the applied
clock signal from U6040. The low from Ul020A is fed to pin 12 of multiplexer
U2040. This line is used to inform the CPU (by means of the COUNTER RESET
READ line) of the counter’s status.

When the /INHIBIT 2 signal goes high following the second STATE CLOCK
signal, Ul020B is free to change state. The 05 line from the State Machine
RAM is now low, so the K input of Ul020B is high, and the J input is low,
because of the low state of the 04 line at the input of U3020. (The low
05 and low 04 correspond to the counter commands, RUN.) When the /BSC
signal next occurs, both Ul020A and Ul020B change states to the reset
condition, and the outputs, pin 6 and 8 go high. The first, from pin 6,
causes the COUNTER RESET READ line to go high when the multiplexer (U2040)
selects the Ul020A output; this informs the CPU that the Counter is in
operation. The second, from Ul1020B, permits U6030 to pass the divided clock
to U2040 as the timer clock. This signal is either 1 MHz or 1 kHz, depending
on the instructions from the State Machine RAM.

Multiplexer U2040 is a dual four-line to one-line multiplexer. In
this case, the CNT WR EN signal is high and the E/T1 signal is low, which
connects the clock signal from U6030A to output pin 7 for application to
the Counter, and input pin 12 (status from U1020A) to output pin 9, the
COUNTER RESET READ signal. The multiplexer is initially held off by the
INHIBIT 2 signal, but is enabled following the second state clock pulse.
The clock signal from pin 7 of the multiplexer is applied to pin 10, the
clock input, of 16-bit Counter U1050.
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Fig. 2-22. Block Diagram of Counter #1 for Time Mode.

The CPU R/W Access Gate (Ul040) is a quadruple two-line to one-line
multiplexer. The SELECT 1l line from the Decoder circuits controls the
multiplexer by way of the S input line, pin 1. Essentially, the multiplexer
chooses between allowing the CPU to load a predetermined number into the
Counter by way of the BD@-BD7 lines, or to run the Counter. In this mode,
the multiplexer passes the enable or reinitialize command from Reset
flip-flop U2030A.

Central to the Counter 1 circuit is U1050. It accepts eight parallel
preloading lines from the data bus, and is mode-controllable by way of the
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IE, I, Il1, and I2 lines from the CPU R/W access gate. In the timer modgz r
the Counter is set to (J, then permitted to run as long as the gatingisignal‘
allows clock pulses to enter. If the Counter reaches an accumulation of;i“i}
66535, pin 2 of Ul050 goes low. This causes U4030C, pin 10, to go high ..
(COUNTER RESET READ is already low), which enables the J input, pin 14,

of U2030B, and the flip-flop changes state at the next applied clock. (It
was previously preset by the Y5 signal.) The high state from U2030B, pin

10 (IGNT1) is applied back to the ACI input of Ul050, stopping the Counter.
It is also applied to pin 9 of the Output Multiplexer, U3010. The pin 10
input of U3010 is already high, so U3010, pin 8 (/CNTR 1), goes low to

indicate the termination of the count.

3. Event Count Mode. In the Event Count Mode, the following sequence

and algorithm applies:
a. The CPU loads the counter with the value 2.
b. The CPU sets the counter to the decrement mode.
c¢. The CPU commands the counter to count once.

d. The CPU sets the counter to the increment mode.

At this point, the counter is ready to run. Following the acquisition
cycle, the counters are read, using the following algorithm:

IF (value of Reset flip-flop (U2030A or U3030B)) is set OR (value of counter) = 1
THEN (result of count).

ELSE IF (value read from counter) = 0000

THEN (result of count) = (overflow).

ELSE (result of count) = ((value read from counter) -1).

Refer to Fig: 2-23, which is the detailed block diagram of the circuits
used in the Events Count mode. When this mode is selected, the counter
control code is such that the Events flip-flop (Ul030A) begins to produce
event pulses, which are derived from the STATE CLOCK pulses. These are
applied to Multiplexer U2040, which passes the events pulses through to
U1050, the 16-bit counter, and to clock the Reset and Overflow flip-flops
(U2030A and B), as required.
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Fig. 2-23. Block Diagram of Counter #1 for Events Count Mode.

Read/Write Access Multiplexer Ul040 operates the same in this mode
as in the Timer mode, in that the Counter is either directed to reinitialize
or to increment. See the detailed discussion on the Counter circuit earlier

in this description.

The Counter increments once for each event applied to the clock input
until the events to be counted have occurred, or the counter overflows.
When the counter overflows, the Overflow flip~flop will stop the counter
and pull low on the /CNTR 1 line at the output of Multiplexer U3010.

4, Control Mode. The Control Mode applies to both events and time

operations. The following sequence and algorithm applies:

a. The CPU loads the counter with a value equal to the user value

minus 2.
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b. The CPU sets the counter to the increment mode.
¢. The CPU commands the counter to count once.
d. The CPU sets the counter to the decrement mode.

At this point, the counter is ready to run. Following the acquisition

cycle, the counter can be read by the CPU with the following algorithm:

IF (value of Reset flip-flop (U2030A or U3030B) is set)
THEN (result of count) = 0.

ELSE IF (value read from counters) = (FFFF)
THEN (result of count) = user value.

ELSE IF (user value -1) is less than (value read from counter)
THEN (result of count) = 0.

ELSE (result of count) = ((user value) - (value read from counter) -1),

Refer to Fig. 2-24, which is the detailed block diagram showing the
circuit elements used for the Counter Control mode. The purpose of the
mode is to permit the CPU to load, read, and increment or decrement the
counter as required. Thus, the counter can be loaded with a number, then
incremented until overflow occurs. At this time, the counter will indicate
that the count is complete.

The Events circuit is used, as appropriate, to generate an event pulse
for clocking the counter. Multiplexer U2040 passes the clock pulse through
to the counter as the CLOCK 1 signal. The COUNTER RESET READ line is used
to provide status information to the CPU.

If the CPU is to load a number into the input of the counter, the R/W
Multiplexer is directed, by means of the A@-A2 lines, to enable loading.
At the same time, the CPU places the number to be loaded at the BD@-BD7
inputs, then clocks the counter once to latch the number into the counter

register.
If the CPU is to read the contents of the counter, a code is sent to

the R/W Multiplexer which enables the counter to place the contents from
the output register on the data bus, lines BD@#-BD7.
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Fig. 2-24. Block Diagram of Counter #l1 for Events Control Mode.

The Reset flip-flop is used in this mode to reset the counter during
or after the count process. The Overflow flip-flop detects overflow, then
prevents the counter from incrementing further until another count operation

is commanded.
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CPU CIRCUITS

Introduction

Refer to Fig. 2-25, which is a detailed block diagram of the CPU
circuits. The CPU consists of the following major circuits:

1. The CPU and Buffer, which is the controller for the 7D02. The CPU

is an 8085 Microprocessor that controls the entire 7D02, except for the

power supply circuits. The Microprocessor communicates by way of an eight-bit
data bus (D@-D7) and a sixteen-bit address bus (A@-Al5).

2. The CPU Timing Circuits, which consist of the Clock, Interrupt

Timer, Power-up Reset Gate, and Wait State Generator. The Clock circuit
generates the 6-MHz timing signal for use by the Microprocessor and by the
State Machine circuits. The Interrupt Timer generates a 30-Hz timing signal
that prompts the Microprocessor to scan the keyboard and blink the display
cursor, as required. The Power-up Reset Gate is used to reset the
Microprocessor for diagnostic purposes. The Wait-State Generator creates

the delay necessary to compensate for propagation delay from the Personality
Module and to synchronize Microprocessor operations with those of the

Display circuits.

3. The Selection Logic Circuits, which separate the memory into smaller
address partitions. These circuits consist of the I/0 Select Circuits, the
1/0 Page Select Circuit, and the Memory Partition Circuit, and combine to
decode the CPU address lines into one of eight address segments.

4, The Buffers, which consist of the Address Latch and Data I/0
Buffers. The Address Latch provides buffering and interim storage of the
lower eight address bits from the CPU. The Data I/0 Buffers receive and
transmit data between the main interface and the data bus internal to the
CPU board.

5. The RAM and ROM circuits, which store hardware and software

instructions and routines, plus data acquired from the Timing Option
circuits, or from the Personality Module.
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Fig. 2-25. CPU Circuits Detailed Block Diagram
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CPU Timing Circuits

The CPU Timing circuits consist of the Clock circuit, the Power-up
Reset Gate, the Wait-state Generator, and the Interrupt Timer. Refer to
Diagrams 9A and 9B while reading these descriptions.

Clock Circuit. The clock signal is generated by the oscillator that
consists of tramsistors Q1025, Q1030, buffer U4070B, and related components.
Transistor Q1025 and nearby components form a Colpitts oscillator. The
output is taken from the collector of Q1025, then applied to a
temperature-compensated amplifier that is formed by diode CR1021 and
transistor Q1030. The 6-MHz output signal is then applied through buffer
U4070B to U3050 (the Microprocessor) and off the board to the State Machine
circuits. The Microprocessor divides the applied 6-MHz clock by two for
the 3-MHz clock that is used extensively throughout the 7D02.

Power—-up Reset Gate. This circuit consists of Q1001 and related
components. The circuit is used to reset the Microprocessor for service
and diagnostic purposes, and to ensure proper turn-on. There are two modes

of activation: Power-up and Reset.

When the 7D02 is turned on, nearly one-half second transpires before
the supply reaches full voltage. During this time, the 7D02 will be held
in the reset condition. Diodes VRI007 and CR1002 prevent Q1001 from turning
on until the supply voltage rises to approximately +4.2 V. When the supply
reaches this value, Ql00l begins to supply current from C1001. The
Microprocessor remains in the reset condition until the charge on Cl1001
reaches about +2.4 V.

If the power supply fails momentarily, CR1001 discharges Cl1001, the
Microprocessor is reset, and the system is restarted. This ensures that
the Microprocessor will not execute erroneous programs that occur because

of power failure.

When the RESET pushbutton is pressed, €100l is discharged through
R1001. Upon release of the pushbutton, Cl00l begins to charge again, through
Ql00l1. From the moment of pushbutton release to turn—-on of the Microprocessor,

the elapsed time is usually about 0.3 second.
Wait-State Generator. To begin this description, it is important to

define the meaning of the term "wait-state'. For the purposes of this
description, the term refers to a period in which Microprocessor activity
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is deferred; that is, the Microprocessor is simply held dormant. The
customary length of wait-state periods is one or two 3-MHz-clock cycles,

depending on the source of the wait-state prompt.

The Wait-state Generator consists of U4050A, U4050C, U4045A, U4055C,
U3080, and U4055B. The purpose of the circuit is to extend the Microprocessor
operating cycle to accomodate the delayed response of the Personality
Module and to wait for read or write access to the Display RAM. When reading
from the Personality Module ROM, the following occurs: U4050, pin 12, is
low during a probe access period and when ALE is high. This low is clocked
through U4045 with the rising edge of the 3-MHz clock. The low from U4045
holds pin 35 of U3050 low, which causes the Microprocessor to add a wait
state to the cycle. Then, the /READY line goes high, another wait state
is added, and the regular cycle is completed. The /READY line goes high
in this instance after one cycle, because U4050 pin 12 goes high when ALE
goes low, and the 3-MHz clock signal clocks the line low.

When read or write access to the Display RAM is required, the /READY
line is low. This input initiates a processor wait cycle until the Display
Access period is complete. When the Microprocessor is adding wait states,
the EXT BUS EN line must be enabled for the added wait periods. This 1is
done by the /READY signal at pin 9 of U3080 (S@#), the Two-clock Delay
Register. U3080 is a four-bit shift register. The parallel inputs, pins
3, 4, 5, and 6, are wired to +5 V and ground such that each time the
register is loaded, it loads a binary 1100 into the four cells. The Sl
input to U3080, which is the other mode control input, is connected to the
ALE signal from pin 14 of buffer U4070A.

Refer to Fig. 2-26, which is a timing diagram of signals in the CPU
circuits. To begin, both /READY and ALE must be high in order for the shift
register to parallel-load. When this occurs, 1100 is loaded into U3080,
and the output, pin 12, moves low. This enables the Address Select Gate,
U4040. The ALE signal, which is only one-half clock period in width, goes
low immediately. At the next positive edge of the 3-MHz CLK signal, either
of the following can occur: 1) If the /READY signal is low because of a
display cycle, the register will be in a hold state, and no shifting will
occur; 2) If the /READY signal is high, the high state stored in the shift
register will be clocked out of the register following two clock excursions,
and U4040 will be disabled after the two clock cycles. Note that, except
during 1/0 operations, the IO/M signal is low, which enables the other
input to gate U4040. Thus, the access period from the Data Bus that is
external to the CPU is two clock cycles plus the number of wait states
(one if probe access is required, and one or two during Display access).
Refer to Table 2-17, which lists the states of the Wait-State Generator.
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TABLE 2-17
Wait-State Generator Truth Table

S1(ALE) S@(READY) FUNCTION
low low Hold
low high Shift Right
high low Shift Left (not permitted)
high high Load
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Interrupt Timer. This circuit consists of timer Ul030 and transistor
Q1037. The circuit generates a 30-uS pulse that interrupts the Microprocessor
at a rate of approximately 30 Hz. The Microprocessor, with each interrupt,
scans the keyboard and updates the cursor. The jumper in the collector
circuit of Q1037 permits the interrupt timer to be disabled for troubleshooting

purposes.

Selection Logic Circuits

The 7D02 memory is divided into eight segments, each of which can
hold 8K bytes of data. The division is done by decoder U4040, which decodes
the Al13, Al4, and Al5 bits from the Microprocessor into eight select lines.
See Table 2-18, which depicts the memory map. The Y@ through Y5 select
lines are used to select one of the six ROM stages depicted on Diagram 9B
(u3010, U3020, U3030, U4010, U4020, and U4030), which contain the firmware
for the 7D02. The Y6 line of U4040 enables U1080 (Diagram 9B also), which
decodes the RAM select addresses. The Y7 line enables external bus operation.
(External bus, in this context, means exterior to the CPU Board.)

TABLE 2-18
CPU Memory Map

Page Address Range Capacity | Use

@0Jg-BFFF 48K Program ROM

CPY@-DFFF 8K RAM
0:EQG0-0 :EFFF 4K Display
¢:FP@@-@ :FFFF 4K Latches
1:EQ@¢@-1:EFFF 4K State Machine
1:FP@@-1:FFFF 4K Word Recognizer
2:EQPQGP-2 :EFFF 4K Acq Memory
2:F0@@-2 :FFFF 4K Timing Option
3:EQQ¥Q-3 :FFFF 8K Probe ROM

Flip-flops U4045B, U4065A, U4065B, plus U4050B and U4055D form the
Page Select circuit, which drives decoder U4080. The page selection principle
increases the effective address space used for addressing the hardware.
The three high-order address bits (Al5, Al4, and Al3) are applied through
U4050B to enable U4080. Bit Al2 and the two page-select lines are decoded
to overlay the hardware enable lines, Y@ through Y7, from U4080. Page
select occurs as follows: The selection code is applied from the CPU, via
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the DP and D1 lines, through address buffer U2080. (R3073 is used for test
purposes, as is discussed later; it is a set of zero-ohm resistors in a
chip.) When the Microprocessor is ready to set the address, an output
occurs, which clocks U4045B with a positive transition on the /WR line.
The resulting positive edge from the output of U4045B clocks both segments
of U4065, applying the select data to U4080. S@ or Sl is then set low by
the Microprocessor, so by way of U4055D, the decoder is gated on and the
outputs of U4080 are enabled.

On power-up, the Page Select Register is set to zero. Any I/0 output
latches the two lowest data bits (D@ and D1) into U4065, and sets the I/0
page into U4080. This page number is stable until another output changes
the page, or until the CPU is reset. Following the page selection, any
memory reference to EPPJY~FFFF will select only the devices related to that

page.

Memory Circuits

Refer to Diagram 9B. The 7D02 ROM consists of six 8K by 8 ROM units.
These are U3010, U3020, U3030, U4010, U4020, and U4030. The 7D02 RAM sectiom
consists of sixteen 1K by 4 RAM units. These are Ul040 through Ul075 and
U2040 through U2075.

Refer to Diagram 9A. Since the low-order address and the data from
U3050 are multiplexed from the same lines (AD@-AD7), U3065 is used to hold
the low-order address bits stable for the full duration of the memory
access cycle. The bits are latched into U3065 on the falling edge of the
ALE signal. The lower four high-order address bits and three control signals
are sent through U4070A for buffering before being applied to the Main
Interface Bus (which is internal to the 7D02).

Data sent out from U3050 are sent through U2080 for application to
the Main Interface Bus (U2080 is enabled by S1.) Data read from the Main
Interface Bus are applied through buffer U4075, from which it is presented
to the Internal Interface Bus (which directly accesses the Microprocessor).
Circuit U4075 is gated by the /RD and /EXT BUS ENABLE to permit the passage
of data from the Main Interface Bus to the Internal Data Bus.

When installed in the 7D02, zero-ohm resistor pack R3073 connects the
Microprocessor to the External Bus. To break this connection, R3073 is
removed from its socket, and another, 4.7 kOhm single-in-line package, is
installed instead. This unit forces the Microprocessor to execute a fixed
and continuous cycle of instructions that cycles the address bus and data

bus for signature analysis purposes.
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DISPLAY CIRCUITS

Introduction

Refer to Fig. 2-27, which is a simplified block diagram of the Display
circuits., The Display circuits can be considered as simply a RAM and an
address counter, with a processor—-to-RAM interface, a data interface, and
an address—to-mainframe interface.

The RAM contains a coded copy of what is to be put on the display.
The information is stored in the form of a modified 7-bit ASCII character
set, such that the standard ASCII control and lower—case characters are
altered in this case to be graphic characters. The most significant bit
(MSB) of the 8-bit RAM location indicates whether the character is to be
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Fig. 2-27. Display Circuits Simplified Block Diagram.
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The display codes are sent through the Data I/0 Buffer from the
Processor to the RAM. The code is then read back out of the RAM by the
Counter. The code is interpreted by the Character ROM, and the appropriate
dot representation is sent to the Z-axis Generation circuits, which convert
the data into serial-by-bit format, then send the data on to the Mainframe
Z-axls circuits. Normally, the Counter comstantly counts through the RAM
to refresh the display at approximately 60 times per second.

During CPU access time, the Multiplexer switches control of the RAM
address from the Counter to the CPU, and the I/0 Bus Buffer is activated
for a read or write operation of the Display RAM. The Arbitration Gate,
using CPU and counter—derived signals, blocks CPU access during display

access time.

The Scan Generator circuit produces a ramp for the vertical and
horizontal sweeps. The display screen is scanned by a full raster that
begins on the top-left corner of the screen and moves to the right and
towards the bottom. The Display Counter circuits trigger the start and
stop of both the horizontal and vertical scan signals. The Scan Generator
produces a ramp signal for the horizontal scan, and a staircase signal for

the vertical scan.

The scan consists of an array of dot positions, made up of 256 dots
per line and 216 lines of dots. Characters consist of dot arrays that are
9 lines high and 8 dots wide. Thus, there are 24 character rows on the
display, each of which can contain 32 characters. Refer to Fig. 2-28, which
illustrates the dot arrays that form the characters.

Refer to Fig. 2-29, which is a block diagram that represents Diagram
10A, the display counter and logic circuits. The 3.4133-MHz oscillator
produces the master dot clock signal for the Display circuits, having a
293-nS period. The oscillator signal is fed to the Divide-by-eight Dot
Counter to be divided to an approximate 2.3~uS period, to the Timing
Generator to synchronize its outputs, and to the Character Line Shift
Register and Z-axis Output circuit, to be discussed later in the Display
Z-axis Logic Circuit descriptiom.

The output of the Divide-by-eight Dot Counter is fed to the Timing
Generator and the Divide-by-thirty-three Character Counter. The Timing
Generator produces five pulse trains, each of different phase, for timing
the various display control circuits. Some of these signals are also applied
to the Arbitration Gate in the Display Z-axis Control circuits to control
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Fig. 2-29. Display and Control Logic Circuits Block Diagram
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the CPU access to the Display RAM. The Divide-by-thirty~-three Character
Counter produces the CH through CH4 signals, which are used by the Cursor
Position Detector to locate the cursor to address the current display
character, and the CH5 signal, which resets the Horizontal Retrace and

Screen Blanking Circuits.

The CH5 signal is also applied to the Divide-by-nine Line Counter.
This stage produces the L@ through L3 signals, which address the dot line
(in the Character ROM) of the character to be displayed. The L3 output of
this stage (approximately 696-uS period) is applied to the Divide-by-
twenty-four Rows Counter. The ROW§ through ROW4 lines from this stage are
applied to the Display RAM to specify the row that is to be displayed. The
Row Counter Reset, at a period of about 16.7 mS, is applied to the Vertical
Retrace Flip-flop, which is used to reset to Staircase Generator at the

end of each display frame.

The Horizontal Retrace circuit, which is driven by the Timing Generator
and the CH5 signal, resets the Ramp Generator, and increments the Staircase
Generator. The Screen Blanking circuit applies the /Z ENABLE signal to the
Z-axis circuits to blank the display during horizontal retrace time. The
Cursor Position Detector decodes the CHff through CH4 signals, determines
the position of the cursor, and sends a pulse to the Z-axis control Logic
circuits, depicted in Fig. 2-30. The Vertical Retrace Flip-flop, using the
VERT CLR and ROW COUNTER RESET signals, supplied the SWEEP GATE signal to
the Mainframe, and the RESET VERT signal to the Staircase Generator, to

reset the staircase signal at the end of each display.

Refer to Fig. 2-30, which is a block diagram of the Display Z-axis
Control Logic circuits, depicted on Diagram 10B. The Arbitration Gate
produces the /READY signal, and under direction of the CPU circuits,
controls the RAM Control Multiplexer circuit. The Arbitration Gate decides
when the CPU will have control and access to the Display RAM. The RAM
Control Multiplexer switches the data and control signals (ROW@-ROW4,
CH@-CH4, A@-A9, etc.) to drive the Display RAM. Through the Processor I1/0
Buffer, the CPU reads data from or writes data into the RAM. Data from the
RAM is applied to the Character ROM, which looks up the row dot patterns
for each character. These dot patterns are fed to the Character Line Shift

Register, which changes the serial-by-character data to serial-~by-bit data.
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Fig. 2-30. Display Z-axis Control Logic Circuits Block Diagram.

From the Character Line Shift Register, the data are then fed into
an exclusive-OR gate, which is controlled by the Inverse Video circuits.
These determine if inverse video is required for a character, cursor
character, or line. The output of this gate is fed through the enabling
gate that is controlled by the /Z ENABLE signal. This blanks the display
for one character following each set of 32 characters. The final output
is through the Z-axis Output circuit, which shapes the output pulse, and
allows the Mainframe Mode circuits to control the signal passage, if
required. This output signal is fed to the Display Z-axis Drive circuits,
to be discussed in the following paragraph.
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Refer to Fig. 2-31, which is a block diagram representation of the
Display Axis Drive Circuits, depicted in detail on Diagram 10C. The TTL
SWEEP GATE signal from the Vertical Retrace Flip-flop is amplified by the
Sweep Gate Buffer and applied to the Mainframe to unblank the display when
required. The Z OUT signal from the Z-axis OQutput circuit is applied to
the Z-axis Driver circuits, to be amplified and applied to the Mainframe
Z-axis circuits to modulate the display. The RESET VERT signal is applied
to the Holdoff Buffer circuit, from which the signal is applied to the

Mainframe Horizontal Drive circuits.

The RESET VERT signal is also applied to the Staircase Generator,
where it is used to reset the generator at the end of a complete display
cycle. The /INC VERT signal is also applied to the circuit, and is used
to increment the staircase signal at the end of each line of characters.
The VERT POS signal is injected at the amplifier to offset the display,
as necessary, and the signal is amplified and converted into differential
drive signals, VERT SIG + and VERT SIG -, which are then applied to the

Mainframe Vertical circuits.

The Ramp Generator, which consists of the Discharge Gate, the Current
source, Amplifier, and Output Amplifier, generates the ramp that drives
the mainframe horizontal circuits. The RESET HOZ signal from the Horizontal
Reset circuit is used to reset the generator at the end of each display
sweep. The HORIZ POS signal is injected at the Amplifier stage to offset
the display horizontally, as necessary. The Output Amplifier divides the
signal into differential drive signals, HORIZ SIG + and HORIZ SIG -, which
are then applied to the Mainframe Horizontal Deflection circuits.

Detailed Description

Refer to Diagram 10A, which is the schematic diagram for the Display
Counter and Logic circuits. These circuits form the master timing section

for the Display board.

3.4133-MHz Oscillator. This stage controls the rate at which the
Z-axis is modulated. Each dot is visible on the screen for a period of 293
nS, which is the oscillator signal period. The principal components of the
oscillator are Q1010 and Y1015. These and related components form a
transistor Colpitts oscillator. The oscillator output is fed through buffer
U2020F and distributed to U2020C, U2010, U1030 and U4040B.
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Fig. 2-31. Display Axis Drive Circuits Block Diagram
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Divide-by-eight Dot Counter. This stage consists of a three-cell
binary counter U2030B. The /CLK signal from U2020C is fed to this stage,
where the signal is divided by two, four, and eight. The three outputs are
sent to U2010, the Timing Generator, to be discussed later. The Q. output
from pin 9 is sent to the clock input of U2030A, part of the Divide-by-
thirty-three Character Counter.

Divide-by-thirty-three Counter. This circuit consists of four-cell
counter U2030A, two-cell counter U3030B, and U4030B. The circuilt counts
up to 32, at which point pin 10 of U3030B goes high. When pin 3 of U2030A
goes high at the 34th count, U4030 resets the circuit, and it begins the
count from ¢ once again. Figure 2-32 illustrates the idealized waveforms
at the output of the counter. Note that when the CHf signal moves positive,
AND-gate U4030B immediately resets all counter cells to zero, which causes
a very short pulse to appear on the CHf line at the beginning of each count
cycle. The Chf-CH4 outputs of the counter are applied to RAM Control
Multiplexer U2050 and U3050 on Diagram 10B, where the signals are used to
address character codes that are stored in the RAM by the CPU. Lines CH@$-CH4
are also applied to the Cursor Position Decoder, which consists of U4020D
and U1020. Line CH5 is fed to Ul0l0A and Ul010B, which are discussed in
subsequent paragraphs, and to the Divide-by-nine Line Counter.

uzo30-11 LTI UU U UL U UL
oo UMM UL LU

CH 1 r J J 1 4 L1 L1l
CH 2 L L I L

CH 3 | L b

L
CH 4 | L
I

CH5

291939
Fig. 2-32. Divide-by-Thirty-Three Character Counter.
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Divide-by-nine Line Counter. This stage consists of four-cell binary
counter U3030A and U4030D. As illustrated in Fig. 2-33, the stage counts
up in a binary sequence until output lines L@ and L3 move high. At this
point, the counter resets itself and resumes the ordinary binary count.
Lines L@#-L3 are applied to the Character ROM, where the lines are used to
specify the dot line of an addressed character to be displayed. The L3
line also connects to the clock input of the Divide-by~twenty-four Row
Counter.

CH5 _J LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ
Lo o T O e O I A e Y e O

R R S R SRS A S
L2 il L I

L3 [ |

2919-40

Fig. 2-33. Divide-by-Nine Line Counter Waveforms.

Divide-by—-twenty—four Row Counter. This circuit comsists of four-cell
binary counter U4042B, AND-gate U4030A, and single-cell counter U4042A.
The two counters form a simple divide-by-thirty-two counter until the ROW3
and ROW4 lines move high. At this point, AND-gate U4030A resets the circuit,
and the circuit begins to count up from zero once again. The result is a
divide-by-twenty-four counter, as illustrated by the idealized waveforms
in Fig. 2-34. The ROW$-ROW4 lines are sent to the Display RAM (U3050 and
U4050), and used to address the character codes stored in the RAM. The
output of U4030A is connected to the clock input of Vertical Retrace
Flip-flop U3010B, where it is used to clock U3010B at the end of the last
sweep in the display.

Timing Generator. This stage consists of U2010, a three—line to
eight-line decoder. The decoder is fed the three outputs of U2030B, the
Divide-by-eight Dot Counter, and produces eight output pulses that are
different in phase from one another. (The second, third, and seventh of

these pulses are not used.) Figure 2-35 illustrates the timing relationships
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of the input and output signals. The /CHAR signal from the Y@ output is
used to clock the Horizontal Retrace Flip-flop, U3010A, at the end of each
32 characters.

e Juinnnnunnnnnnnnnnnyyul

rowo 1L U U U LUy uy
row1l L[ LI L L J LI LJ 1

W2l 1 L1

ROW 3 | 1 1 —
ROW 4 [ L
U4030A-3 JL

2919-41

Fig. 2-34. Divide-by-Twenty-Four Row Counter Waveforms.

Screen Blanking. Flip-flop Ul010A is clocked by the /LOAD signal from
the Timing Generator, which recurs at approximately every 2.3 uS. The
flip—flop remains reset until the CH5 signal moves high, which only does
so at 77-mS intervals, or at the end of every 32 characters. Thus, during
the 33rd character space, /Z ENABLE is high to blank the display during

horizontal retrace time.

~
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Fig. 2-35. Timing Generator Input and Output Signal Timing

Horizontal Retrace Circuits. Flip-flops Ul010B and U3010A form this
circuit, which produces the signals to reset the Ramp Generator and increment
the Staircase Generator for the next horizontal sweep. Flip-flop U1010B
stays in the reset condition until the end of a character count, when line
CH5 goes high for a short time. The /LOAD signal from U2010 occurs at a
rate that is 33 times faster than CH5, and clocks Ul010B during the high
state of CH5, passing the high to U3010A. Approximately 5 uS later, the
/CHAR signal clocks the high state into U3010A, RESET HOZ goes high and
/INC VERT goes low. This causes the Ramp Generator to reset and prepare
for the next sweep, and the Staircase Generator to increment to the next
lower level on the display. Approximately 5 uS later, the /CUR CLR signal
from U2010 resets U3010A, preparing it for the next cycle. In the meantime,
the CH5 line has gone low and /LOAD has reset Ul010B.

Vertical Retrace. This circuit, which consists of latch U3010B,

operates as does the one just previously described, except at a slower
rate. Initially, U3010B is reset. At the termination of a complete display
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cycle, that is, after the display is scanned, the Divide-by-twenty-four
Counter output from U4030A clocks a high at the output RESET VERT line,
which resets the Staircase Generator. The SWEEP GATE signal at the other
output moves low to blank the display during the reset period. A few
microseconds later, the /VERT CLR signal once again resets U3010B.

Cursor Position Decoder. This circuit consists of U1020 The CH{
through CH4 signals are applied to this circuit, which produces a low level
at its output whenever the character address is equal to binary 10001.

This low signal is used by the logic circuits, to be discussed later.

Display Z-axis Control Logic Circuits

Refer to Diagram 10B, which is the detailed schematic diagram for the
Control Logic and Memory sections of the Display Board.

Arbitration Gate. This circuit consists of Inverter U2020B, plus
latches U3020A, U3020B, and U4040A. The purpose of the Arbitration Gate
is to compensate for the timing disparity between the 3-MHz CLK signal and
the 3.4133-MHz DOT CLOCK signal in the Display circuits, and thus to resolve
when the CPU circuit can access the Display RAM. The signals that are based
on the DOT CLOCK signal are /LOAD and /CUR CLR; the signals that are based
on the 3-MHz CLK signal are /DISPLAY and ALE. Refer to Fig. 2-36, which

depicts an idealized version of the waveforms that pertain to the circuit.

As noted in the introduction, the operating cycle is divided into the
Display period (which is when the /DISPLAY SEL signal is high). At some
time following the negative transition of /DISPLAY SEL the /LOAD signal
moves low, then high, to clock a low state at U3020A pin 5, the /PROC ACC
signal. (U3020A was previously set high by the /CUR CLR signal.) The low
/PROC ACC signal is applied to the RAM Control Multiplexer (U4050, U3050,
and U2050), to switch the Multiplexer to the CPU access mode. (Placing the
/PROC ACC signal low connects the A input group to the output; high connects
the B input group to the output.)

Following the next positive excursion of the 3 MHz CLK signal, the
output of U4040A moves low. This sets U3020B, and the /READY signal moves
high, which ends the CPU wait cycle. Shortly thereafter, the /CUR CLR
signal once again sets U3020A and U4040A. When the next ALE pulse occurs,
concurrently with a low /DISPLAY SEL state, U3020B pulls the /READY signal
low, starting another CPU wait state. The output of U4040A is also applied
to U4020C, where it is used along with /EXT BUS EN to control Ul050, the
I1/0 buffer.
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Fig. 2-36. Arbitration Gate Waveforms.

RAM Control Multiplexer. The Multiplexer consists of three distinct
devices, U4050, U3050, and U2050. These devices switch the Display RAM
address between the Character and Row (CH@-CH4; ROWP-ROWL) data from the
Display Counter circuits and the Address Bus lines (A@-A9) from the CPU.

As mentioned earlier when the CPU requires access to the Display
RAM, it triggers the Arbitration Gate, which in turn produces the low /PROC
ACC signal that switches the Multiplexer to give access to the CPU. The
/WR signal from the CPU is used here to control /WE (Write Enable) input
to the RAM. Control of this line permits selecting either a read or write
function between the CPU and the Display RAM.

Processor I/0 Buffer. This circuit consists of buffer Ul050, inverter

U2020D, and U4020C. When access to the Display RAM is required, the CPU
gains this access by means of the Arbitration Gate, which enables U1050.
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The Buffer is bidirectional, and is controlled by the S1 line through
U2020A. When S1 is high, data are read from the Display to the CPU; when
Sl is low, data come from the CPU to the Display devices.

Character ROM. The Character ROM (U1040) stores the dot patterns for
all the character codes that are stored in the Display RAM. Character codes
in modified ASCII format are applied to the Character ROM by the Display
RAM. The appropriate dot line is chosen by the Dot Line Counter via the
L@ through L3 lines. ROM data are loaded into the Character Line Shift
Register once for each character on a scan line with the /LOAD signal from

the master Timing Generator.

Character Line Shift Register. The Character Line Shift Register,
U1030, shifts dot line data from the Character ROM in serial-by-bit format
to the Z-axis circuit. The 3.4133-MHz DOT CLK signal sets the period that
each bit is asserted while shifted out. After /LOAD moves high, the DOT
CLK signal shifts the character data serially out of U1030, to pin 5 of
U4010B, which is part of the Inverse Video circuit.

Inverse Video Circuit. This circuit consists of U4030C, U4010C and
D, U4020A and D, U1010C and D, U1020 and U4020D. The four most significant
bits from the Display RAM are applied to this circuit. In essence, these
circuits form a decoder that determines when video inversion is to take
place. The DD6, DD5, and DD4 bits are applied to U4010C, U4030C, U4020A
and Ul1010D. This part of the decoder detects the bits that form the timing
characters depicted in the first two columns and the seventh column of
Fig. 2-28.

Since the 7D02 has a character-oriented display, inverse video
information is often encoded in the character information. There are two
cases in which an inverted video display occurs: a timing diagram, which
is position-dependent; and alphanumeric data, which is not. The principal
reason for the Inverse Video Circuit is to conserve the ROM space that
would otherwise have been required to store all of the inverse possibilities.
The circuit that is used here decodes the DD7 and timing characters to
gate inverse video from the Character ROM output.

Timing character inverse video information includes the gating of a
cursor that has fixed position in the display. When the cursor position
(Character 17, /CUR POS) has been decoded and the fourth dot in the cursor
position character (/CURS EN) is asserted, the Z-axis signal for the timing
characters is inverted on pin 12 of U4010D. The alphanumeric characters
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are inverted when data bit 7 (DD7) is high. If DD7 is high for timing
characters (normally low) the display circuit will put out inverse-video
timing diagrams. In this case, when the cursor position is decoded, the
cursor will be inverted inverse video; that is, normal video.

The cursor position is decoded by U1020. Inverse video switching
occurs in U4010B, and the timing diagram decoding occurs in U4010C, U4030C,
U4020A. and Ul010D. Inverse video alphanumeric selection occurs in U1010C;
timing character selection occurs in U4010D and U4020D.

Z~axis Output Circuits. The video signal from U4010B is applied to
U4020B, which is controlled at pin 5 by the /Z ENABLE signal from the
Display Counter circuits. This signal is high at the 33rd character on
each line, and low for the other 32. This blanks out the display during
retrace of both the vertical and horizontal scans.

The signal from the output of U4020B is fed to latch U4040B, which
synchronizes the Z OUT signal with the DOT CLK signal. Through Q5041,
Q5042, and U4010A, the Mainframe Mode circuit, the Z OUT signal can be
blanked by the Mainframe, if necessary. Refer to Diagram 10C, which is a
schematic diagram of the Display Axis Drive circuits. These circuits consist
of the Sweep Gate Buffer, the Z-axis Driver, the Holdoff Buffer, the
Vertical Staircase Generator, and the Horizontal Ramp Generator.

Sweep Gate Buffer. The TTL SWEEP GATE signal from U3010B is applied
to emitter follower Q5044, from which it is applied to the Mainframe
circuits to control screen unblanking.

Z-axis Driver. The Z-axis Driver consists of transistors Q5051 and
Q5052, plus related components. The transistors are connected in a
single-ended current switch configuration, and provide isolation for the

output Z~axis signals to the Mainframe.

Holdoff Buffer. This stage consists of transistor Q5043 and related
components. The transistor is connected as an emitter follower, to isolate
the Vertical Retrace Flip-flop from the Mainframe.

Vertical Staircase Generator. This circuit produces the vertical
staircase that positions each scan line of the display. It consists of
Discharge Gate transistor Q6031, Operational Amplifier U6030, Current
Source Q6011, Q6022, and Q6021, and Output Amplifier Q6033-Q6032, plus

associated components.
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When /INC VERT from the Horizontal Retrace Flip—flop is high, Q6011
is conducting, which keeps Q6022 biased off. Because of the connection of
Q6021, it acts as a diode placing the base of Q6022 at about +4.3 V. Then,
when the INC VERT signal moves low (approximately three clock periods),
Q6022 is biased on, and conducts through C6031. The conduction period of
the transistor is very short, so the capacitor only takes on a small charge
with each INC VERT pulse. This voltage is amplified by U6030, which also
receives the offset from the VERT POS line. The output of the amplifer is
applied to differential amplifier Q6033-Q6032. This stage furnishes the
differential VERT SIG + and VERT SIG - signals to the Mainframe vertical

circuits. At this point, each step is approximately 1.6 mV.

When the last line on the display is completed, the RESET VERT signal
moves high for a moment, causing Q6031 to conduct, and discharging C6031.
This brings the staircase voltage back to the beginning point. VERTICAL
AMPLITUDE ADJUST R6011 sets the magnitude of each current increment, and
thus the display size.

Horizontal Ramp Generator. The Ramp Generator produces the horizontal
drive signal for the Mainframe horizontal circuits, in the form of a ramp
that occurs at a 12,929-Hz repetition rate. The circuit consists of Discharge
Gate Q5021, Current Source Q5019-Q5017, Amplifier U5020, and Output Amplifier
Q5031-Q5032.

The RESET HOZ signal is normally low so Q5021 is biased off. Transistor
Q5017 sets the bias on Q5019 at about +4.3 V, and R5013 sets the current
through Q5019, which furnishes the current to charge C5022. The voltage
at the pin 3 input of U5020 increases linearly until the RESET HOZ signal
moves high. Then, Q5021 conducts, discharges 5022, and holds it discharged
until RESET HOZ once again moves low. The ramp is amplified by U5020 and
applied to the Output Amplifier.

Output Amplifier. Transistors Q5032 and Q5031 are connected as a
differential amplifier. The output signals, HORIZ SIG + and HORIZ SIG -,
are applied to the Mainframe interface to drive the Mainframe horizontal
circuits. The DC level from the front-panel position control, on the HORIZ
POS line, is applied to the summing point of U5020 to horizontally position
the display, as necessary. The output signal is approximately 3 V p-p,

measured across the outputs.
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POWER SUPPLY

Introduction

The Power Supply circuits convert the +15-volt and -15-volt supplies
from the Mainframe into the +5-volt and +3-volt regulated supplies (The
actual voltages of the two supplies are +4.85 and +2.85. However, in this
circuit description, the nominal voltages used are +5 and +3, respectively.)
Overall efficiency of this circuit is approximately 83 percent. The converter
consists of the +5-volt Driver, the +5-volt Power Output Stage, the +3-volt
Driver. and the +3-volt Output Stage. Refer to Fig. 2-37, which is a block

diagram of the Power Supply circuits.

+16 V
+5-VOLT DRIVE SIGNAL +5-VOLT
POWER +6 VOLTS
DRIVER OuUTPUT
k
-16 V
DIFFERENTIATED
OSCILLATOR CURRENT
OUTPUT RETURN
y
+3- DRIVE SIGNAL +3-VOLT
Daﬂ\ll\?ELg > POWER +3 VOLTS
OoUTPUT

2919-44

Fig. 2-37. Power Supply Circuits Block Diagram.

+5-volt Driver

The +5-volt Driver consists of Oscillator U3055C, Comparator U3055D,
Ring Counter U2055, and the Base Driver, which consists of transformer
T3037 and transistors Q1043, Q1049, Ql042, and Q1048
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Integrated circuit U3055C and related components form the oscillator,
which operates at a frequency of about 47 kHz. The oscillator output is
applied to differentiator C3066-R4054, which shapes the signal into a
triangular wave for application to U3055D and U3055B, to pin 13 of U2055B,
and through CR3064 to pin 3 of U2055A. (CR3064 comes into operation only
when the +5-volt supply has gone into current limit, to keep the Ring
Counter operating.)

The Comparator stage consists of U3055D and related components. The
+5-volt sense signal is applied through J211 pin 17B, through R3005, to
one input of the Comparator. The combination of the differentiated oscillator
output and the reference voltage from the +5-volt adjustment, R5065, is
applied to pin 11. As the oscillator voltage and reference voltage combination
crosses over the potential of the +5-volt sense line, the comparator output
switches states. Refer to Fig. 2-38, which illustrates the comparator
operation. Note that, as the dashed line (corresponding to the +5-volt
sense line voltage) of the second waveform moves positive, the pulse
duration of the third waveform changes. (Note that the waveforms in Fig.
2-38 are stylized and exaggerated for better illustration effect.)

The Comparator and Ring Counter form a pulse-duration modulated
regulator. That is, by changing the duration of the positive and negative
excursions of the drive signal to the output stage, the output voltage
will also change. As mentioned earlier, the output of Comparator U3055D
is a series of pulses that vary in duration, depending on the relationship
of the two voltages at the inputs of U3055D. The upper half of the Ring
Counter is clocked directly by the Oscillator output, so its output is in
phase with that of the Oscillator. However, because of the changing pulse
duration of the U3055D output signal, the output of U2055A, pin 1 is slewed
in phase from that of U2055B pin l4. This is illustrated by the fourth and
fifth lines in Fig. 2-38. The phase difference between the two Ring Counter
outputs produces a current waveform composite that is similar to the
idealized version at line six of Fig. 2-38.
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Fig. 2-38. +5 Volt Regulator during Normal Operation.

The Ring Counter section of the regulator is formed by the cross-
coupling of JK flip-flops U2055A and U2055B. Figure 2-39 is an equivalent
circuit of this stage, which can be considered as a pair of latches that
are connected in cascade, then coupled back. Assume that, at the outset
of operation, Ul is set and U2 is reset. Clocks @1 and ¢2 are slewed from
one another, so Ul and U2 are never clocked simultaneously. As illustrated
by the cross-connection, the two latches cannot make state transitions
simultaneously.

In the actual circuit. the Ring Counter cells are preset in opposite
states at turn-on by R3061-C2066. Because of the cross-coupling of the two
flip-flops (similar in principle to the equivalent circuit in Fig. 2-39),
the two stages alternate in output state with each clock pulse. The output
signals are applied to the Driver Stage.
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Fig. 2-39. Ring Counter Equivalent Circuit and Waveforms.

Returning to the Comparator section of the regulator, if over-current
or over-voltage occurs, the potential at pin 10 of U3055D may rise to the
point at which it remains more positive than the maximum excursion of pin
11, and the comparator will stop switching. Output pin 13 will be held
low, and the Ring Counter will stop switching, since no clock will pass
to the pin 3 clock input (See Fig. 2-40, which illustrates this action.)
The stage will remain locked up until pin 10 of U3055D once again falls
below the maximum positive excursion of pin 11, when the stage will resume
normal operation. Note, however, that the above condition normally occurs
during over—current conditions, but otherwise occurs only if a severe

over-voltage condition exists.
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Fig. 2-40. +5 Volt Regulator during Overvoltage or Overcurrent.

If the output voltage falls to the point that U3055D is forced out
of its operating range, the output of U3055D will rise positive. However,
since the Comparator is an open-collector device, diode CR3064 couples the
Oscillator negative transitions to the clock input of U2055A so that the
Ring Counter will continue to operate at a fixed duty cycle Capacitor
C3063 and resistor R3062 act to delay the clock impulse, allowing the ring
counter to continue running. The result, shown in Fig. 2-41, is a

maximum—-duration modulated drive signal.

@ 2-157



THEORY OF OPERATION - 7D02 LOGIC ANALYZER

U2055- 1 3_J |__
U2055-10 N\
U2055-11 - —2D / -

—~
-—
—_—— —

11 L

U2055-3

U2055-14 I

U2055-1 L__

IDEALIZE
DRIVE
COMPOSITE

291948

Fig. 2-41. +5 Volt Regulator during Undervoltage or Undercurrent.

The Base Driver circuit consists of complementary transistor pair
Q1043-Q1049 and related components, which are driven by the /Q output of
U2055B; and complementary transistor pair Ql1042-Ql1048 and related components,
which are driven by the Q output of U2055A. The transistor pairs operate
in push-pull to drive transformer T3037.

The diodes in the emitter circuits protect the emitters from voltage
transients that would otherwise occur during the switching cycle. Resistor
R2042 limits the baseline current through the transformer. Resistor R2041
and capacitor C2043 provide the extra current required to switch the output

stages.
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+5-volt Power Output Stage

This circuit consists of power transistors Q1015 and Ql1035, transformers
T4035 and T3024, plus current-limiting transistor Q4048. The drive signal
is coupled through T3037, which steps up the current by a factor of ten.
The drive signal is fed to the output drivers, which are connected as a
complementary pair. Because of the "dead" areas of the drive signal applied,
and because the stage is ordinarily biased at zero, both output transistors
are off for some of the operating cycle. Thus, when drive is removed, the
output circuit pulls the storage current out of the transistors, so that
the two turn off faster. Capacitors C3018 and C3035 furnish the return
current path for the transformer.

The drive current is coupled across current sense transformer T4035
to Q4048, to be discussed later, and across output transformer T3024 to
the rectifier stage, which consists of CR2035 and CR2018. These are Schottky
diodes, which have a very low forward voltage drop, and thus improve supply
efficiency. From there, the current passes through inductive filtering to
the load. Most of the capacitive load for the supply is on the circuit
boards, distributed throughout the 7D02.

The current that is coupled across T4035 is used to drive Q4048. At
any time that the voltage across the secondary of T4035 exceeds 0.7 volts,
Q4048 begins to conduct, which pulls positive on the input network to pin
10 of U3055D. The cathode of CR4065 is normally at about +5 volts, and its
anode is near ground. When Q4048 pulls positive on the network, C4067
couples this positive change to CR4065, causing it to go through U3055D
into over-range, as discussed earlier. Capacitor C4049 and resistor R4057
serve as a delay circuit to hold U3055D in over-range for a short time,
which slows the circuit during turn—on and slows current-limit recovery
time. Diode CR4056 is connected in parallel with R4057 to reduce the
discharge time of C4049.

Meanwhile, the reduced drive to the Output stage cuts down on the
signal to Q4048, so it stops conducting. This permits the RC circuit to
bleed down, U3055D to come out of over-range, and the supply to attempt
to resume full-scale operation again. If the current demand is still too
high, enough voltage is coupled across T4035 to cause Q4048 to conduct
again, and the current-limit cycle repeats.
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+3-volt Driver

The +3-volt Driver circuit consists of comparators U3055A, U3055B,
and associated components. The differentiated wave at the input of U3055D
is also applied to pin 7 of U3055B, where it is used for comparison with
the +3-volt sense line. The other input to U3055B is driven by U3055A,
which drives U3055B into over-range whenever current demand on the supply

is too high.

It should be noted that the +3-volt supply is simply a demand current
sink. That is, if the demand on the supply reduces to zero, the output
voltage also goes to zero, and the current consumed by the regulator and
output stages also goes to zero. The +3-volt supply need not be operating
for the +5-volt supply to operate properly.

Because of the potential at pin 5 of U3055A, CR3048 is normally
reverse-biased. Thus, the voltage at pin 6 of U3055B is set by R4043,
R4044, and R4045 at about +5 volts. Each time the integrated oscillator
signal at pin 7 of U3055B crosses +5 volts, the comparator switches. (This
is virtually identical to the operation of U3055D; see the +5-volt Supply
description.) The resulting output is illustrated in Fig. 2-42, which shows
idealized waveforms of the circuit. Note that in actual operation the
reference voltage at pin 6 of U3055B will never continue to increase as
shown here for effect. Rather, the regulator circuit, being a closed loop,
will quickly correct the shift in reference voltage. Thus, dependirg on
the level of the +3-volt SENSE line, U3055B produces a drive signal that
varies in pulse width and energy content to regulate the +3-volt level.
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Fig. 2-42. +3 Volt Regulator Operation.
Current Limiter

Comparator U3055A and related components form the Current Limiter for
the +3-volt supply. Normally, the current through R5010 is such that the
potential at U3055A, pin 5, remains slightly positive relative to that at
pin 4. Thus, the output of the comparator (pin 2) is +15 volts, holding
CR3048 back-biased. As the demand on the supply increases to the limit
point (approximately 1.3 A), the voltage at pin 5 of U3055A drops below
that on pin 4. The comparator switches, and its output swings negative.
Diode CR3048 is turned on, which pulls U3055B pin 6 well below the triangular
wave on the other input, and the comparator output moves positive and stays
there. Transistor Q2040 is biased into saturation, and Q5038 is turned
off, which turns off the normal current for the +3-volt supply.

Should the current demand decrease, the voltage at pin 5 of U3055A
will rise to the point at which the comparator will switch. Resistor R3044
and capacitor C3042 continue to hold CR3048 in conduction a little longer.
When C3042 discharges sufficiently, CR3048 permits U3055B to switch and

resume the regulation cycle.

+3-volt Output

This circuit consists of transistors Q2040 and Q5038, plus related
components. Transistor Q2040 serves as a buffer stage, driving Q5038, which
controls the current for the +3-volt supply. Transistor Q5038 is turned
on and off at a varying duty cycle which thereby controls the current drawn
through L5034. When Q5038 is off, the current that continues to flow through
L5034 1s returned to the +5-volt supply by diode CR5017, thereby increasing
the efficiency of both supplies.
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SECTION 3
PERFORMANCE CHECK AND ADJUSTMENT

Preliminary Information

Ad justment Interval

To maintain the specified accuracy of the 7D02, check the performance
after each 2000 hours of operation, or after 12 months if the instrument
is used infrequently. Before performing adjustment procedures thoroughly
clean and inspect the instrument as described under Preventive Maintenance

in Section 5, Maintenance.

Tektronix Field Service

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

Using This Procedure
The procedures in this section are divided into four general areas:

Self Test Diagnostics -- exercise the 7D02 circuits under conditions
approaching maximum performance. Successful completion of these tests
indicates to a high confidence level that the 7D02 is operating properly.

Functional Check —- assures that the Timing Option section (if
included), trigger in, trigger out, counters, state machine, and halt

circuits operate normally.

Adjustment Procedure -— provides detailed instructions for adjusting
internal parameters. Since very few adjustable components are used in the
7D02, the procedure is relatively short.

Performance Check Procedure -- checks each parameter in a step-by-step
procedure against its specification. The procedure is necessarily long and
detailed, and should be used selectively to isolate problems or to verify
any suspected parameter.
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All performance check procedures are done with the 7D02 plugged into
the Mainframe. The adjustment procedures require that extenders be installed
and that the 7D02 side panels be removed.

Refer to Table 3-1, Specifications, for a complete list of the 7D02

performance data.

TABLE 3-1
SPECIFICATIONS
Definition of Column Headings
Characteristics —— A distinguishing electrical, environmental, or

physical feature or property of the product.

Performance Requirement -- Statements which describe the characteristics
of the product in terms of verifiable limits. Information in this column
defines the primary characteristics of the product and are considered to
be a commitment between TEKTRONIX and the Customer. This performance is
considered essential for minimum product performance and as such should
be verified as part of the Performance Check procedure.

Description —-- Statements which describe characteristics of the product
which cannot be stated in terms of verifiable limits or which do not need
verification (such as length or weight).

Supplemental Information -— Statements of capabilities which support
or are secondary to the Performance Requirements. These statements may or
may not be checked in the Performance Check procedure.

CHARACTERISTICS DESCRIPTION

State Table Display

Type: Raster Scan - 24 lines x 32 characters
per line
Number of channels (Basic 7D02) 28
displayed Data 8
Address 16
Control 4
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TABLE 3-1

- SPECIFICATIONS (cont.)

CHARACTERISTICS DESCRIPTION

Max number acquisition 19
memory locations displayed
Typically 17

Radices Available

Data: Mnemonic disassembly for each supported
microprocessor.

ASCII

HEX

BINARY

OCTAL

Address: HEX
BINARY

OCTAL
ASCII

Control: MNEMONIC DISASSEMBLY
BINARY

Signal Inputs Signal inputs for the 7D02 are obtained

through optional Personality Modules.
These Personality Modules, along with
Option 03, determine the number of
channels that will be input to the 7D02.

Basic 7D02: Data 8
Address 16
Control 10

Ext. Trigger 1

Input impedance: Determined by the Personality
Module (PM) used.

Setup/Hold time: Depends on PM used.
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS

DESCRIPTION

Synchronous Clock

Setup/Hold time:

Clock qualifiers:

Determined by PM used.

Max number = 6

7D02 is capable of shifting or
dividing qualified clocks by
up to four positions or times

respectively.

Memory Size

Acquisition memory:

Storage memory:

(Basic 7D02) 28 x 256

28 x 256

[

(Basic 7D02)

Counters
2 universal counters:
Time mode —
Resolution

Maximum count

Event mode -
Maximum count

Control mode:
Time mode -
Resolution
Minimum interval generated
Maximum interval generated

Event mode -

Minimum interval generated
Maximum interval generated

1 ms or 1 us
65,534

65,534

1l ms or 1 us

2
65,534
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS DESCRIPTION

Word Recognizers

Number of word recognizers: 4
Number of channels: (Basic 7D02) 32

Data 8

Address 16

Control 6

Ext. Trigger 1

Timing Option Link 1 (if Timing Option

installed)

Triggering The 7D02 can be triggered from any of the

Word Recognizers or from either of the
Counters, in the Control mode. This
gives the 7D02 the ability to track and
trigger on very complex program flows.

Trigger position: Number of qualified clocks displayed
after the trigger point:
Trigger Before Data 240

Trigger Centered 128
Trigger After Data 16
Zero Delay 0
Data Qualification Complex data qualification is provided

through the use of the Word Recognizers
and Counters.

Option 01 - Timing Option The Timing Option provides the 7D02 user
with 8 additional channels of asynchronous
data acquisition at sample rates of up to
50 MHz.

Singal Inputs

Number of channels: 8 (using a P6451 Data Probe)
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS DESCRIPTION
Clock
Asynchronous:
Sample rates 20 ns to 5 ms in a 1,2,5 sequence

Synchronous sample:

Maximum frequency 10 MHz obtained from system under test
via the Personalty Module

Memory Size

Acquisition memory: 8 x 255

Glitch memory: 8 x 255

Word Recognizers

One data word recognizer: 8 channels (ANDed together)

One glitch word recognizer: 8 chennels (ORed together but ANDed
with the Data Word Recognizer)

External trigger in: Front panel BNC TTL compatible
Asynchronous filter: Programmable to 300 ns in 20 ns increments
Triggering

The Timing Option can be
triggered from any or all
of the following sources: Timing Option Data Word Recognizer

Timing Option Glitch Word Recognizer

Main Section (7D02) Word Recognizers

W N e

External Trigger In
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS

DESCRIPTION

Digital Delay

Maximum delay:

65,534 sample clocks

Timing Diagram Display

Number of channels:

Window size:

Numeric formats:

Glitch display:

124 words in x 1 mode or
31 words in X 4 mode.

Data channels can be relocated by the user.

HEX

OCTAL

BINARY

ASCII

Glitches are displayed by an . above the

line where the glitch occurred.

State Table Display

Max number of words displayed:

Number of words scrolled:

19

Numeric formats: HEX
OCTAL
BINARY
ASCII

Glitch displayed as a * in the table
beside DATA

255

Miscellaneous

The Timing Option comes standard with
a P6451 Data Acquisition Probe.
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS

DESCRIPTION

Option 03 - Expansion

The Expansion Option provides the 7D02
with the ability to support 16-bit

microprocessors.

Signal Inputs

Adds an additional 16 bits Data 8

to the 7D02: Address 8

Word Recognition

Maximum number of channels 48
Data 16
Address 24
Control 6
Ext. Trigger . 1

Timing Option Link 1 (if Timing Option insta.._.d,

Display

Max number of channels:

44
Data 16
Address 24

Control 4

Memory Size

Acquisition memory:

Storage memory:

44 x 256

44 x 256
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS

PERFORMANCE
REQUIREMENTS

SUPPLEMENTAL
INFORMATION

Timing Option

Asynchronous Timing
Mode

Glitch position:

Trigger position
accuracy:

Sample period crystal
controlled +0.01%

+0 -1 Bit

+1 Bit

Asynchronous only

System Specs with P6451

Max data skew:
Glitch latch:

Minimum pulse width:

PIC NUM. 1

Type 1 glitch

5 ns

0 +5 ns
Type 2 glitch

6 ns

System Specs with P6451

and PM101

Data setup time:

Data hold time:

Timing word recognizer:

Setup
Hold

20 ns maximum

2 ns maximum

40 ns maximum

2 ns maximum
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS PERFORMANCE SUPPLEMENTAL
REQUIREMENTS INFORMATION
P6451 Probe See P6451 literature for more
information.
Input R and C: Approx. 1 M-ohm

Approx. 5 pF without leads
Approx. 12 pF with leads

Minimum logic swing: 500 mV +27% threshold
voltage centered on
threshold voltage

Maximum logic swing: ~15 V to threshold
voltage plus 10 V

Maximum non—-destruct ~40 to +40 V

input voltage:

Threshold voltage
accuracy: +60 mV System spec

Input current: Approx. 8 uA measured at
6.4 V into probe tip

External Trigger In

System spec using PM10l
input impedance:

1.0 M +27% Compatible with 10X
coded probe. nominal
capacitance 20 pF.
P6105 10X 2 meter
probe recommended.

Threshold voltage: 1.4 V nominal

Hysteresis: 60 mV nominal at BNC
600 mV nominal with P6105
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS PERFORMANCE SUPPLEMENTAL
REQUIREMENTS INFORMATION

Input voltage:

High state 2.0 V min (with 1X probe only)
Low state 0.8 V max (with 1X probe only)

Main Word Recognizer

Setup time: 10 ns @ BNC max P6105 adds 9 ns to
setup time, subtracts
Hold time 18 ns @ BNC max 9 ns from hold time

Timing Word Recognizer

Asynchronous mode min.
pulse width: 25 ns

Trigger output: TTL level signal that is

1 qualified state clock
pulse approx. 86 ns after
the timing trigger event

is clocked into the 7D02.
If timing option is not
installed, the main trigger
command initiates the trig-
ger out. See Fig. 1, 50-ohm
series terminated driver.
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS

PERFORMANCE
REQUIREMENTS

SUPPLEMENTAL
INFORMATION

Low state voltage:

High state voltage:

0.5 V into Ry, =

2.4 V into Ry,

2K

2K

Output can drive one STTL load.

System Specifications
with PM101

Clock qualifier data
channels C4-C9:

Data/Address/C@-C5:

When C6-C9 are used to
generate /ESYNC and
/WAIT:

Clock period minimum:

Clock pulse width,

minimum:

Minimum interval between

qualified clocks:

Setup time = 55 ns
Hold time = 0.0 ns

Setup time = 45 ns
Hold time = 0.0 ns

Setup time = 55 mns
Hold time = 0.0 ns

100 ns

100 ns

3-12

max

max

max

max

max

max

25 ns high, 25 ns low

Measured per manual per-

formance check procedure

Typical setup time =

Typical setup time

Typical setup time =

35 ns

25 ns

35 ns
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS PERFORMANCE SUPPLEMENTAL
REQUIREMENTS INFORMATION
Halt delay at PMIOl: Schottky TTL level signal

that is approx. 58 ns after
the 7D02 stops acquisition.
In zero delay trigger mode,
the 7D02 stops acquisition

2 qualified state clocks
after the main trigger event
is clocked into the 7D02.
Refer to Fig. 3-0.

Counters

Counting mode time mS or uS
clock accuracy: 0.01% Error Bound

(#0.01% +1 count) X (number

of Start/Stop cycles)

Control mode time mS or u$S
clock accuracy: 0.017% Error bound

(-0/+1 count +.01% of

value -0/+.2 uS) X number

of start/stop cycles.

Note: If 7D02 is stopped

prior to terminal count,

add one count to error

bound.
Environmental Specifications
Non-operating temp: -55 to 75 (deg. C)
Operating temp: 0 to 50 (deg. C)
Relative humidity: 90 to 95 (%)
Non-operating altitude: 15 (kM) (50,000 feet)
Operating altitude 4.5 (kM)(15,000 feet)
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TABLE 3-1

SPECIFICATIONS (cont.)

CHARACTERISTICS PERFORMANCE SUPPLEMENTAL
REQUIREMENTS INFORMATION
Vibration: 10-55 Hz (SW), 75 min. tot.
Tek Std. 062-2858-00, Cl-3
Shock: 50 {(g°s)

Bench handling:

Package trans. vib.:

(Non-op)

Package drop (Non-op):

Hal f-sine, 11 mS, 18 reps
Tek Std. 062-2858-00, Cl1-3

45 deg. or 4"
All significant faces
Tek Std. 062-2858-00, Cl-3

25.4 (mm) (1 inch)
Approx. 270 rpm
Tek Std. 062-2858-00, C1-3

0.914 (M)(3 feet)
10 drops
Tek Str. 062-2858-00

Mechanical Specifications

Weight:

OQutside dimensions:

Mainframe compatibility:

Approx. 8 1lbs (3.6 kg)

21x13x37 cm (8.25" wide x
5" high x 14.6" deep)

Compatible with all 3 and
4 wide 7000 Series
Oscilloscopes

Temperature—derated in
rack-mounted oscilloscopes
to 35 deg. C.

Display degraded in
storage oscilloscopes.
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General

Test Equipment Required

The test equipment listed in Table 3-2 is required for a complete

per formance check and adjustment of the 7D02. Detailed operating instructions

for use of the test equipment are not included in the Performance Check

and Adjustment Procedures. Refer to the appropriate test equipment manuals

for more information. Refer to the paragraph that follows table 3-2 for

information on assembling the small test fixtures required.

TABLE 3-2

TEST EQUIPMENT REQUIRED

Item

Familiar Name

Purpose

Oscilloscope Main-Frame
(7603, 7704A, or other

appropriate mainframe)

Oscilloscope, 200-MHz
bandwidth, dual-trace,
calibrated 1 nS/div
resolution

Probes (2)

Time Mark Generator
(TG501)

Pulse Generator
(PG508)

Pulse Generator
(PG502)

Digital Counter
(DC503)

Mainframe

Test Oscilloscope

P6105

TG501

PG508

PG502

DC503

3-15

To provide the facilities
necessary to operate the
7D02.

To provide for examination
of 7D02 signals.

Test oscilloscope input probes
and EXT TRIG in check.

To provide a precision frequency
reference to the 7D02.

To provide stimulus pulses to
7D02.

To provide stimulus pulses to
7D02.

To provide for measuring clock

frequencies.
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TABLE 3-2

TEST EQUIPMENT REQUIRED (cont.)

Item

Familiar Name

Purpose

Personality Module

Digital Multimeter
(DM501A)

Power Supply
(PG5034)

Test Equipment
Mainframe (TM504)

Logic Analyzer
(7D01)

Miniature Retractable
Hook Tip (206-0222-00)

BNC Male to Dual
Binding Post Adapter
(103-0035-00)

50-Ohm Feed Through
Terminator (011-0049-01)

Flexible Plug-In
Extender (067-0616-00)

Coaxial Cable, 50-Ohm,
18-inch (012-0076-00)

Test Lead, Black
(012-0426-01)

Test Lead, Red
(012-0426-00)

PM101

DM501A

PS503A

TM504

7D01

Hook Tips

BNC to Binding
Post Adapter

50-Ohm

Termination

Extender

Coaxial Cable

Black Test Lead

Red Test Lead

To provide data acquisition for 7D02.

To provide for measuring test
signals.

To provide test voltsges.

To provide facilities necessary

to operate above six items.

To provide for examination
of 7D02 conditions.

To provide for signal line
connectors (9 required).

To provide for signal line
connection (4 required).

To provide for signal
termination (2 required).

To allow 7D02 operation outside
Mainframe (2 required).

To provide for signal connection
(2 required).

To provide for signal measurement
with DMSOI1A.

To provide for signal measurement
with DM501A.
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TABLE 3-2

TEST EQUIPMENT REQUIRED (cont.)

Item

Familiar Name

Purpose

BNC Elbow, Male to
Female (103-0031-00)

BNC Female to EZ Ball
Adapter (013-0076-01)

BNC T (103-0030-00)

Probe Tip to BNC
Adapter (013-0084-01)

BNC Male to BNC Male
Adapter (103-0029-00)

Small Screwdriver

Wire, 22-gauge

Resistor, 2-kChm

BNC Elbow

BNC to Ball

Adapter

BNC T

Probe Tip to BNC

Adpater

BNC Male to Male
Adapter

Screwdriver

To provide for signal connection.

To provide for signal connection.

To provide for signal connection

(2 required).

To provide for signal connection
(2 required).

To provide for signal connection.

To provide for potentiometer

ad justment.
To provide for test lead connections
to signal source (6 1.5-inch

pieces required).

To provide for output signal loading.

Test Fixtures

Two types of test fixtures are required. For ease of reference in the

procedures that follow, these are designated as Test Fixtures, 1 and 2.

Test Fixture 1 is assembled by loosening the binding post screws on a BNC

to Binding Post Adapter, inserting a separate piece of 22-gauge wire through
each, tightening the screws, and bending the wire in opposite directions.

(For most effective use, insert the wire so that all of the excess length
is to one side.) Two examples of Test Fixture 1 are required. Test Fixture

2 is assembled by loosening the binding post screws on a third BNC to

Binding Post Adapter, bending the wires on the 2-kOhm resistor appropriately
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to fit the binding posts holes, inserting one resistor lead in each post,

and tightening the screws.

Self-Test Diagnostics

PM10l Personality Module Self Test Connection Procedure
a. Turn off power to the Logic Analyzer at the oscilloscope mainframe.

b. Remove the plastic cover on the back of the Personality Module using

a small screwdriver or allen wrench.

c. Move the strapping connector from the power-off position to the

power-on position.

d. Connect the Data, Address, Control and Clock leads on the PM10l to
the Self-Test Stimulus pins as indicated in Table 3-3 and shown in Fig.

3-1.
Note

The PM10l leads are color-coded with the
standard resistor code. The color of the
lead itself signifies the least significant
digit, while the color of the end of the
lead signifies the more significant digit.
Connection to a particular pin of the

up to four for each T# is arbitrary.
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Table 3-3
SELF TEST STIMULUS CONNECTION

PM101 Individual Test Leads
Data Address Address Qualifiers | Timing Other
Connector
T2 DY A Black
T3 D1 Al Brown
T4 D2 A2 Red
TS5 D3 A3 Orange
T6 D4 A4 Yellow
T7 D5 A5 Green
T8 D6 A6 Blue
T9 D7 A7 Violet
T10 D8 A8 Al6 Qo
T11 D9 A9 Al7 qQl
T12 D1 AlQ Al8 Q2
T13 D11 All Al9 Q3
Ti4 D12 Al2 A20 Q4
T15 D13 Al3 A21 Q5
Tl6 D14 Als4 A22
T17 D15 Al5 A23
T18 Q6
T19 Q7
T20 Q8
T21 Q9
CLK Grey
T HALT Red
GND White Black
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ck [
GND [~ R
20
T17 [ 3 719
T16 (] [ T8
T15 ] ] 15
T4 [] (] 14
T13 (] ] T3
T12[] ] 7
™[] ] 111
Ti0 ] ] T
T17[] [ 77
Tie[ ] ] 1e
T15(] [] T
T4 ] T4
T3] o 13
T2[] [ 112
T[] 0™
Ti0[ ] [} 7o
T []
T8 [] T9 [] ] 1o
T [ T8 [] J 18
T6 [] 7 [J (]
5 ] 6 [ ] e
] T[] []Ts
™[] T4 [] 3
T2 [] [ s
GND[J== T2 J== w=[ ] T2
ON »=["] | ] THALT
OFF
J5050

Fig. 3-1. Test Socket Layout. 21980

Extender Installation Procedure

For those adjustment procedures in which the 7D02 must be operated
outside the Mainframe, install and connect the Extenders as follows:

1. Turn off Mainframe power.
2. I1f connected, disconnect PM10l and P6451 from front panel connectors.
3. Remove 7D02 from Mainframe.
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4. Remove 7D02 side panel by gently prying (with fingers) at back end
and pulling out directly, taking care not to bend panels.

5. Install two Extenders in appropriate Mainframe compartments.
6. Connect Extender connectors to appropriate connectors in 7D02 rear
panel.

Initial Setup Procedure

Set up the 7D02 for performance check and adjustment as follows:
NOTE

In the following procedures:

1. All reference to pressing a "key" refers to
pressing a pushbutton switch on the 7D02 front
panel unless otherwise specified at the reference.

2. All references to "display" pertain to the

Mainframe screen unless otherwise specified at

the reference.

1. Perform PM10l1 Personality Module Self Test Connection Procedure.
2. Install 7D02 in appropriate 7000-Series Mainframe.
3. Connect PM10l General Purpose Personality Module to data input

connector at lower left front of 7D02.

4, Connect P6451 Timing Probe to timing input connector at lower right
front of 7D02.
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5. Turn on Mainframe power. Power—-up diagnostics will run automatically.

- If diagnostics run successfully, the message
"POWER UP DIAGNOSTICS COMPLETE"
will be displayed on screen.

- If diagnostic ROM test fails, following message
will be displayed on screen:
"POWER UP VERIFICATION"
"XXXXXXX FAIL"
"WARNING"
"UNABLE TO COMPLETE VERIFICATION"

- If other diagnostic tests fail, appropriate
error message will be displayed.

If error message is displayed, refer to Section 5, Maintenance.
6. Press START/STOP key. Instrument should acquire data and display
ascending sequence of numbers in data and address fields..The control count
increments. The control field is the binary representation of the second

most significant hex digit in the data and address fields.

- If instrument does not display proper data, recheck

loop connections on Personality Module.

- If no comnection errors, refer to Section 5, Maintenance.

7. Allow 7D02 to warm up for 20 minutes before proceeding.

8. Turn Mainframe power off for five or more seconds, then turn power
on again.

9. Within several seconds, press and hold any key. Resultant keyboard

failure should cause 7D02 to remain in extended diagnostic mode, which
will be indicated on screen by list of diagnostic tests, all of which pass
except KEYBOARD.

10. Release held key.

3-22 @




PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

11. Press X key. Diagnostic module test menu should be displayed.
12. Press 0 key to select "TEST ALL'".

13. Press START/STOP key. Extended diagnostic tests should run and
status should be displayed.

- If any test fails, recheck loop connections on

Personality Module.

- If no connection errors caused failure, refer to

Section 5, Maintenance.

14, Repeat parts 8 through 11 to set up instrument for performance
test and adjustment. Display should appear as in Fig. 3-2.

15. Press "X" to exit diagnostic monitor.

POWERUP DIAGNOSTICS COMPLETED

DISPLAY <—PROGRAM

2919-51

Fig. 3-2. Power Up Verification Display.
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Functional Check

1. Check Timing Option Operation

a. Press ELSE, TRIGGER, and 1 (Timing) keys.

b. Move cursor to sample period field and enter 20 nS.

c. Move cursor to Word Recognizer field and enter all 0°s.
d. Move cursor to filter field and enter 40 nS.

e. Press END key.

f. Press START/STOP key to run program.

g. CHECK - that display is binary pattern.

2. Check External Trigger In
Equipment required:
P6105 10X Probe (from Test Oscilloscope)
NOTE
Make certain that P6105 Test Oscilloscope probe
used in following parts is properly compensated

at 20 pF before performing this procedure. This
probe must be a 10 X coded probe.

a. Remove P6105 probe from Test Oscilloscope and connect to EXT TRIG
IN connector on 7D02.

b. Disconnect control line C9 from PM101 test socket terminal T21.
c. Connect P6105 probe ground to test socket ground.
d. Connect P6105 probe tip to terminal T21.
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e. Turn mainframe off for five seconds to reset default parameters.

Turn on the mainframe power again.

f. Press FORMAT key and change ''Word Recognizer Data Field" and 'Data
Field Display" radices to binary.

g. Press FORMAT key again to exit format mode.
h. Press IMMEDIATE, DISPLAY, and PROGRAM keys.
i. Press WD RECOGNIZER key.

j- Move cursor to Word Recognizer data field and enterXXXXXXXXXXXXXX0X.
as shown for check #1 in the following table.

CHECK # DATA VALUE EXT TRIG IN VALUE RESULT
1 XXXXXXXXXXXXXX0X 0 Trigger on Data Bit #1=0
2 XXXXXXXXXXXXXX0X 1 No Trigger
3 XXXXXXXXXXXXXX1X 0 No Trigger
4 XXXXXXXXXXXXXX1X 1 Trigger on Data Bit #1=1
(Bit @ is the least
significant bit)
k. Move cursor to External Trigger In field and enter O.
1. Press TRIGGER and END keys.
m, Press START/STOP key.
n. CHECK - that result is as shown in table above.
o. Repeat step h and perform checks 2 through 4 and verify results.

After tests 2 and 3, press the START/STOP button to stop acquisition.

pP. Disconnect P6105 probe and reconnect control line C9.
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3. Check Counter, Trigger, and State Machine

a.

Equipment required:

DC503

Coaxial Cable

50-ohm Termination

Using

Coaxial Cable, connect TRIG OUT connector to 50-ohm Termination.

Connect terminator to DC503 CHANNEL B input connector.

b.

Set DC503 FUNCTION control to PERIOD. Set clock rate to 1 uS. Set

all buttons to out position.

down mainframe for five seconds to reset default parameters.
COUNTER key and enter 10,000 uS.

[1 (brackets) key.

COUNTER key.

2 for Counter #, and enter 1 to select uS.

2 to select reset and run mode.

GO0 TO, [] (brackets), ELSE, COUNTER, and END keys.

counter, enter 2 for counter #, enter 10000 and 1 for uS.

[1 (brackets) keys, then press COUNTER key again.

Move cursor to Counter Mode field and enter 2 to select reset and

c. Power
d. Press
e. Press
£. Press
g. Enter
h. Enter
i. Press
j. Press
k. Press
1.

run mode.
m. Press
n. Press
o. Press
P Press

GO TO key and enter 1.
[1 (brackets) key.
ELSE, TRIGGER, 1 (Timing), and END keys.

ELSE, TRIGGER, and END keys.
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q. Press START/STOP key.
r. Adjust B level control for a stable display.
s. CHECK - that DC503 indicates 20 mS.

t. Press the STOP key.

4, Check HALT Circuit

a. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

b. Move cursor to end of existing program.

c. Press and hold DELETE key until entire program is deleted.

d. Press WD RECOGNIZER key.

e. Press TRIGGER key.

f. Move cursor to Trigger Delay field and enter 3 to select zero
delay.

g. Enter 1 to select system under test halt mode.

h. Press END key.

i. Press WD RECOGNIZER key and enter 0000 into the Word Recognizer

Data Field. All other values should be "X".

j. Press TRIGGER and END keys.

k. Press IMMEDIATE GO TO, 2, and right-hand cursor (execute) keys.
1. CHECK - that trigger occurs on data 0000.

m. Press START/STOP key.

n. CHECK - that trigger occurs on data 0003.
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o. Continue pressing START/STOP key and checking that data increments
by 3 each time key is pressed.

Equipment required:
DM501A
Screwdriver
Extender (P/0 Service Maintenance Kit, 067-0939-00)
a. Perform Extender Inatallation Procedure and Initial Setup Procedure.

b. Set DM501A to measure DC volts in 20-volt range.

c. Connect DM501A VOLTS test lead to Power Supply Board J211, pin
27B.

d. Connect DM501A LOW test lead to Power Supply Board J211, pin 20B.
e. Record voltage indicated on DM501A.
f. Calculate difference between recorded voltage and +15V, divide

result by three. If recorded voltage is below +15 V, subtract quotient
from +4.85 V; if recorded value is above +15 V, add quotient to +4.85 V.
Resultant value is adjustment voltage.

g. Connect DM501A VOLTS test lead to Main Interface Board J201, pin
3B (+5-volt sense line).

h. Connect DM501A LOW test lead to Main Interface Board J201, pin lA.
i. CHECK - that indicated voltage is as calculated in part f£.

je. INTERACTION

- If voltage is not as calculated, adjust potentiometer R5065 at left
edge of Power Supply Board.
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- If voltage cannot be adjusted to calculated value, refer to Section

5, Maintenance.

2. Check +3-Volt Power Supply
NOTE

This check is required only if the 7D02 is
equipped with the Timing Option. This supply
may be checked, however, even if no Timing
Option is available, by using the Power
Supply Test Fixture which is part of the
Service Maintenance Kit (Tek. P/N 067-0939-00)
and an alternative procedure described below.
Instructions for installation of the Fixture
come with the Service Maintenance Kit.

Equipment required:

DM501A
(Optional) Power Supply Test Fixture

a. Connect DM501A VOLTS test lead to Main Interface board J202, pin
27B.

b. Connect DM501A LOW test lead to Main Interface board J202, pin 1B.
c. CHECK - that indicated voltage is between 2.71 and 2.99 V.
d. INTERACTION - If voltage indication is not correct, refer to Section

5, Maintenance.

2.1 Alternative +3 Volt Power Supply Check

If the Timing Option is to be installed for the first time, or if no
Timing Option is available, the +3 Volt Power Supply can be tested anyway
using the Power Supply Test Fixture in slot A@3 instead of the Timing
Option Board. A@2, the IC Acquisition board, also must be removed.

Install the Power Supply Test Fixture in slot A@3 in accordance with

the instructions in the Service Maintenance Kit and perform the same

procedure as above.
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3. Check and Adjust Display Vertical and Horizontal Gain and Position
Equipment required:
Screwdriver

a. Per form Extender Installation Procedure and Initial Setup Procedure
steps 1 and 3 through 11. (If 7D02 has been warmed up for 20 minutes,
perform only Steps 1 and 3 through 5, plus 8 through 11.)

b. Press 2 key to select Display Module.

c. Press START/STOP key twice.

d. CHECK - that full screen inverse-video display appears.

e. Adjust front panel VERT POS control to set top of display at top

graticule line.

f. Adjust front panel HORIZ POS control to set left-hand side of
display at left-hand graticule line.

g. CHECK - that screen inverse video display is: 1) not larger than
1 minor division wider or higher than graticule, and 2) not smaller than

2 minor divisions narrower or lower than graticule.

h. INTERACTION - If display is not correct, perform parts i through
r. If display is correct, perform parts k through r.

i. Adjust Display Board VERT gain control potentiometer R6011 (at
left-hand edge of board) to set bottom of display at bottom graticule line.

j. Adjust Display Board HORIZ gain control potentiometer R5013 (at
left-hand edge of board) to set right-hand side of display at right-hand

graticule line.

k. Turn front panel VERT POS control to clockwise extreme, then

counterclockwise extreme.
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NOTE

It is possible that, if the Mainframe calibration
is not proper, there might be two major divisions
of total displacement, but the displacement might

not be plus and minus one division.

1. CHECK - that top and bottom edges of display move at least 1l major

division above and below corresponding graticule lines.
m. Reset VERT POS control for centered display.

n. Turn front panel HORIZ POS control to clockwise extreme, then

counterclockwise extreme.
NOTE

It is possible that, if the Mainframe calibration
is not proper, there might be two major divisions
of total displacement, but the displacement might

not be plus and minus one division.

o. CHECK - that right-hand and left-hand edges of diplay move at least
1 major division to right and to left of corresponding graticule lines.

p. Reset VERT POS control for centered display.
q. Press START/STOP key three times.
T. Press X key to display diagnostic module test menu.

4. Check and Adjust Timing Option Threshold Voltage
NOTE

This check is applicable only if subject 7D02
is equipped with Timing Option.
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Equipment required:

PS503A

DM501A

Hook Tip (8)
Wire, 22 gauge
Test Oscilloscope

a. Per form Extender Installation Procedure and Initial Setup Procedure

through step 6.
b. Turn off Mainframe and PS503A power.

c. Disconnect P6451 probe leads from PM10l, and move PM10l jumper
from.ON position (test) to OFF position (operate).

d. Insert short piece of 22-~gauge wire in PS503A positive 0-20V 1A
output binding post. Tighten post knob.

e. Install Hook Tips on P6451 probe leads.
f. Connect P645]1 probe lead Hook Tips to wire installed in part d.

g. Use short piece of 22-gauge wire to connect PS503A COMMON and
ground binding posts.

h. Connect P6451 ground (black) lead to above wire.
i. Connect DM501A to measure output voltage of PS503A.
i. Turn on Mainframe power.

k. After message '"DIAGNOSTICS COMPLETED" is displayed, press ELSE,
TRIGGER, and 1 (Timing) keys.

1. Press 1 key to select data centered.
m. Enter PLUS 0.00 in Threshold Voltage field.

n. Move cursor to Word Recognizer field and enter all 1°s.
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o. Move cursor to Filter field and enter 300 ns.
p. Press END key.
q. CHECK - that program is as shown in Fig. 3-3.

TEST 1

1ELSE DO

1 TRIGGER 1-TIMING

1 1-CENTERED
THRESHOLD ¥. = O-PLUS 0. 00
1-ARM ASYNC, TRIG ON WRJT
SAMPLE PERIOD 1 # 1-100NS
WORD RECOGNIZER=11111111
EXT TRIG IN=X
GLITCH RECOGNIZER=XXXXXXXX
FILTER=300 NS

END TEST 1

DISPLAY € PROGRAM

2919-52

Fig. 3-3. Threshold Voltage Program.

r. Turn PS503A output voltage to 0.
8. Turn on PS503A power.
t. Press START/STOP key.
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u. CHECK - that display indicates that program is running.

v. Slowly increase PS501A output voltage (very slowly as it approaches
60 mV).

w. CHECK - that Timing Option triggers at voltage less than 60 mV.

X. INTERACTION

- If Timing Option triggers properly, proceed to part y.

- If Timing Option does not trigger properly, perform parts an through

bi
y. Press IMMEDIATE, DISPLAY, PROGRAM keys.
z. Move cursor to Threshold Voltage field and enter PLUS 6.35.

aa. Press START/STOP key.

ab. CHECK - that display indicates that program is running.

ac. Slowly increase PS503A output voltage (very slowly as it approaches
6.4 V).

ad. CHECK - that Timing Option triggers at less voltage than 6.41 V.

ae. INTERACTION
- If Timing Option triggers properly, proceed to part af.

- If Timing Option does not trigger properly, perform parts bl through
cg.

af. Increase PS503A output voltage to 6.5 V.
ag. Press IMMEDIATE, DISPLAY, PROGRAM keys.

ah. Move cursor to Word Recognizer field and enter all 0°s.
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ai, Press START/STOP key.
aj. CHECK - that display indicates that program is running.
ak. Very slowly, decrease PS503A output voltage.

al. CHECK - that Timing Option triggers at voltage greater than 6.29

am. INTERACTION
- If Timing Option triggers properly, perform parts an through bk.

- If Timing Option does not trigger properly, perform parts bl through

cg.

an. Move piece of 22-gauge wire from PS503A positive output to negative
output.

ao. Turn PS503A output voltage to 0.

ap. Press IMMEDIATE, DISPLAY, and PROGRAM keys.
aq. Move cursor to Threshold Voltage field and enter 0.00.

ar. Press START/STOP key.

as. CHECK - that display indicates that program is running.

at. Increase PS503 output voltage (in negative direction) until trigger
occurs.

au. CHECK - that Timing Option triggers at voltage less than -60 mV.

av. INTERACTION
- If Timing Option triggers properly, proceed to part aw.

- If Timing Option does not trigger properly, perform parts bl through
cg.
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aw. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ax. Move cursor to Threshold Voltage field and enter MINUS 6.35.
ay. Press START/STOP key.

az. CHECK - that display indicates that program is running.

ba. Increase PS503A output voltage, slowly as it approaches -6.4 V.

bb. CHECK - that Timing Option triggers at voltage more positive than
-6.41 Vo.

bc. INTERACTION
- If Timing Option triggers properly, proceed to part bd.

- If Timing Option does not trigger properly, perform parts bl through

cv.
bd. Increase PS603A output voltage to -6.5 V.

be. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

bf. Move cursor to Word Recognizer field and enter all 0°s.
bg. Press START/STOP key.

bh. CHECK - that display indicates that program is running.
bi. Slowly decrease PS03A output voltage.

bj. CHECK - that Timing Option triggers at voltage more negative than
-6.29 V.

bk. INTERACTION

- If Timing Option triggers properly, adjustment verification is

complete.

- If Timing Option does not trigger properly, perform parts bl through

cv.
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bl. Turn off Mainframe power for five or more seconds, then turn power
on again.

bm. Within several seconds, press and hold any key to cause Keyboard
Module failure and cause 7D02 to remain in extended diagnostic mode.

bn. CHECK - that display shows list of diagnostic tests, all of which
pass except KEYBOARD.

bo. Press X key to display module test menu.

bp. Press 2 key to select Display module.

bq. Press START/STOP key twice.

br. CHECK - that full-screen inverse~video diplay appears.

bs. Move Front Panel Board jumper P1034 (at upper right-hand edge of
board) from pins 2 and 3 (NORMAL) to pins 1 and 2 (CAL).

bt. Disconnect P6451 from front panel connector.

bu. Connect DM501A LOW test lead to Front Panel Board P1034, pin 1
(at upper right-hand edge of board).

bv. Connect DM501A VOLTS test lead to Front Panel Board Test Point
1053 (at upper right-hand edge of board).

bw. CHECK - that DM501A indicates 0 +0.012 V.
bx. INTERACTION
- If voltage is not correct, perform part by.
- If voltage is correct, proceed to part bz.

by. Adjust OFFSET potentiometer R1042 (left-hand potentiometer of two
at upper right-hand edge of board) for DM501A indication of 0 +0.012 V.

bz. Press START/STOP key.

ca. CHECK - that display consists of 24 horizontal lines and 1 vertical
line at center.

- that DM501A indicates +1.588 +0.012 V.
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cb. INTERACTION
- If voltage indication is not correct, perform part cc.
- If voltage indication is correct, proceed to part cd.

cc. Adjust GAIN potentiometer R1046 (right-hand potentiometer of two
at upper right-hand edge of board) for DM501A indication of +1.588 +0.012
V.

cd. Press START/STOP key.

ce. CHECK - that DM501A indicates -1.588 +0.012 V.

cf. INTERACTION
- If voltage indication is not correct, perform part cg.
- If voltage indication is correct, proceed to part ch.

cg. Press START/STOP key three times; repeat part by, moving offset
slightly; then repeat parts bz through cf.

NOTE

1f, after three or more iterations of adjust-
ing offset and gain potentiometers, voltage
still cannot be set to specifications, refer
to Section 5, Maintenance.

ch. Connect Test Oscilloscope probe to Front Panel Board Test Point
1053 (at upper right-hand edge of board).

ci. Set Test Oscilloscope controls for 0.5 V/div, 0.2 ms/div, rising

edge auto triggering, and AC coupling.

cj. Turn off Mainframe power for five or more seconds, then turn power

on again.
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ck. Within several seconds, press and hold any key to cause keyboard
Module failure and cause 7D02 to remain in extended diagnostic mode.

cl. Press X key to display module test menu.

cm. Press 2 key to select Display module.

cn. Press E key to enable looping.

co. Press START/STOP key to run diagnostic program.

cp. CHECK - that display indicates that program is running and is

looping on test 1 (test 1 passes but program does not enter test 2).

cq. Adjust Test Oscilloscope controls for display of single decreasing

ramp.
cr. CHECK ~ that ramp decreases at linear rate.

cs. INTERACTION - If ramp shape is not correct, it may be necessary

to perform more detailed procedure than outlined in this procedure from
part a through part am (particularly parts v through am). This would entail
making threshold check at every 60-mV step as voltage is increased, and
would consist of 256 checks. If ramp shape is correct, proceed to part ct.

ct. Disconnect Test Oscilloscope probe.

cu. Move Front Panel Board jumper P1034 (at upper right-hand edge of
board) from pins 1 and 2 (CAL) to pins 2 and 3 (NORMAL).

cv. Turn Mainframe power off and remove Extenders in essentially

reverse order of installation.
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Per formance Check Procedure

1. Perform Self-Test Diagnostic Procedure

2. Perform Functional Check Procedure

3. Check Display Vertical and Horizontal Gain and Position
Equipment required:
Screwdriver
a. Perform Initial Setup Procedure, Steps 1 and 3 through 11. (If

7D02 has been warmed up for 20 minutes, perform only Steps 2 and 3 through
5, plus 8 through 11.)

b. Press 2 key to select Display Module.

c. Press START/STOP key twice.

d. CHECK - that full screen inverse-video display appears.

e. Adjust front panel VERT POS control to set top of display at top

graticule line.

£. Adjust front panel HORIZ POS control to set left-hand side of
display at left-hand graticule line.

g. CHECK - that screen inverse video display is: 1) not larger than
1 minor division wider or higher than graticule, and 2) not smaller than

2 minor divisions narrower or lower than graticule.

h. Turn front panel VERT POS control to clockwise extreme, then

counterclockwise extreme.
NOTE
It is possible that, if the Mainframe calibration
is not proper, there might be two major divisions

of total displacement, but the displacement might
not be plus and minus one division.
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i. CHECK - that top and bottom edges of display move at least 1 major
division above and below corresponding graticule lines.

j- Reset VERT POS control for centered display.

k. Turn front panel HORIZ POS control to clockwise extreme, then

counterclockwise extreme.
NOTE

It is possible that, if the Mainframe calibration
is not proper, there might be two major divisions
of total displacement, but the displacement might

not be plus and minus one division.

1. CHECK - that right-hand and left-hand edges of diplay move at least
1 major division to right and to left of corresponding graticule lines.

m. Reset VERT POS control for centered display.
n, Press START/STOP key three times.
o. Press X key to display diagnostic module test menu.

4. Check Timing Option Threshold Voltage
NOTE

This check is applicable only if subject 7D02
is equipped with Timing Option.

Equipment required:

PS503A

DM501A

Hook Tip (8)
Wire, 22 gauge
Test Oscilloscope
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a. Perform Initial Setup Procedure through step 6.
b. Turn off Mainframe and PS503A power.
c. Disconnect P645]1 probe leads from PMI10l, and move PM10l jumper

(J5050) from ON position (test) to OFF position (operate).

d. Insert short piece of 22-gauge wire in PS503A positive 0-20V lA
output binding post. Tighten post knob.

e. Install Hook Tips on P6451 probe leads.
f. Connect P6451 probe lead Hook Tips to wire installed in part d.
g. Use short piece of 22-gauge wire to connect PS503A COMMON and

ground binding posts.

h. Connect P6451 ground (white) lead to above wire.
i. Connect DM501A to measure output voltage of PS503A.
j. Turn on Mainframe power.

k. After message '"DIAGNOSTICS COMPLETED" is displayed, press ELSE,
TRIGGER, and 1 (Timing) keys.

1. Press 1 key to select data centered.

m. Enter PLUS 0.00 in Threshold Voltage field.

n. Move cursor to Word Recognizer field and enter all 1°s.
o. Move cursor to Filter field and enter 300 ns.

P- Press END key.

q. CHECK - that program is as shown in Fig. 3-4.

r. Turn PS503A output voltage to O.

5. Turn on PS503A power.
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TEST i

1ELSE DO

1 TRIGGER 1-TIMING

1 1-CENTERED
THRESHOLD . = O-PLUS 0.00
1-ARM ASYNC, TRIG OnN WRJT
SAMPLE PERIOD 1 # 1-100NS
WORD RECOGNIZER=11111111
EXT TRIG IN=X
GLITCH RECOGNIZER=XXXXXXXX
FILTER=300 NS

END TEST 1

DISPLAY 4 PROGRAM

2919-53

Fig. 3-4. Timing Option Threshold Voltage Program.

Press START/STOP key.
CHECK - that display indicates that program is running.

Slowly increase PS501A output voltage (very slowly as it approaches

60 mv).

w.

CHECK - that Timing Option triggers at voltage less than 60 mV.

Press IMMEDIATE, DISPLAY, PROGRAM keys.
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y-

z.

aa.

ab.

PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

Move cursor to Threshold Voltage field and enter PLUS 6.35.
Press START/STOP key.
CHECK - that display indicates that program is running.

Slowly increase PS503A output voltage (very slowly as it approaches

6.4 V).

ac.

ad.

ae.

af.

ag.

ah.

ai.

aj.

ak.

CHECK - that Timing Option triggers at less voltage than 6.41 V.
Increase PS503A output voltage to 6.5 V.

Press IMMEDIATE, DISPLAY, PROGRAM keys.

Move cursor to Word Recognizer field and enter all 0°s.

Press START/STOP key.

CHECK - that display indicates that program is running.

Very slowly, decrease PS503A output voltage.

CHECK - that Timing Option: triggers at voltage greater than 6.29

Move piece of 22-gauge wire from PS503A positive output to negative

output.

al.

an.

ao.

ap.

aq.

Turn PS503A output voltage to O.

Press IMMEDIATE, DISPLAY, and PROGRAM keys.

Move cursor to Threshold Voltage field and enter 0.00.
Press START/STOP key.

CHECK - that display indicates that program is running.

Increase PS503 output voltage (in negative direction) until trigger

Qoccurs.
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ar.

as.

at.

au.

av.

aw.

ax.
Vo.

ay.

az.

ba.

bb.

be.

bd.

be.

5. Check Setup and Hold, Main Section Data, Address,

PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

CHECK - that Timing Option triggers at voltage less than -60 mV.

Press IMMEDIATE, DISPLAY, and PROGRAM keys.

Move cursor to Threshold Voltage field and enter MINUS 6.35.

Press START/STOP key.

CHECK - that display indicates that program is running.

Increase PS503A output voltage, slowly as it approaches -6.4 V.

CHECK - that Timing Option triggers at voltage greater than -6.41

Increase PS603A output voltage to 06.5 V.
Press IMMEDIATE, DISPLAY, and PROGRAM keys.

Move cursor to Word Recognizer field and enter

Press START/STOP key.

CHECK - that display indicates that program is
Slowly decrease PSO3A output voltage.

CHECK - that Timing Option triggers at voltage

Equipment required:

PG508

Hook Tips

Test Fixture 1
50-Ohm Termination
Test Oscilloscope
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

a. Connect 50-Ohm Termination to PG508 OUTPUT connector.
b. Connect Test Fixture 1 to 50~Ohm Termination.
c. Connect PM101 grounds (2) and Test Oscilloscope probe grounds to

Test Fixture 1 black terminal.

d. Disconnect data lines 15 through O from PMI0l test socket sections
B and C (see Fig. 3-1) and connect four channels to Test Fixture 1 red
terminal.

e. Disconnect PM101 clock line from test socket pin (See Fig 3-1),
and connect clock line and Test Oscilloscope probe to Test Fixture 1 red
terminal.

£. Using Test Oscilloscope to measure signal voltage, set PG508 output

pulse for high level of +2.4 V and low level of +0.5 V.

g. Set Test Oscilloscope position controls so that center graticule

line represents +1.4 V, which is desired threshold.

h. Set PG508 TRANSITION TIME control fully counterclockwise (lowest

transition time).

i. Set PG508 PERIOD outer control to .2 uS and PERIOD center control
fully counterclockwise.

j. Set PG508 NORM/COMPLEMENT switch to out position to select non-—
inverted output.

k. Set PG508 MODE switches for undelayed mode.

1. Set PG508 DURATION outer control to 10 nS and adjust DURATION
center control for 45 nS pulse as displayed on Test Oscilloscope.

m. Press IMMEDIATE, DISPLAY, and PROGRAM keys.
n. Move curson to end of existing program.

o. Press and hold DELETE key until entire program is deleted.
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PERFORMANCE CHECK AND ADJUSTMENT ~ 7D02 LOGIC ANALYZER

P. Press [] (brackets), NOT, and WD RECOGNIZER keys.

q. Press FORMAT key, select Word Recognizer Address and Data fields
binary mode, and press FORMAT key again.

Tr. Move cursor to Word Recognizer Data field and enter 1°s in bit
positions corresponding to those connected to PG508 output. (All other bit

positions should contain X’s.)
s. Press [] (brackets) key.
t. Press TRIGGER key.

u. Move cursor to Clock Qualification field and enter 1 to select

user clock qualification.

v. Enter 1 to select falling edge of clock. Press END.

w. CHECK - that display is of program as shown in Fig. 3-5.
X. Press START/STOP key to run program.

y. CHECK - that program continues to run.

z. Wait approximately 15 seconds and press START/STOP key to stop

program.
aa. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ab. Move cursor to Clock Edge Selection field and enter 0 to select

rising edge of clock.

ac. Set PG508 NORM/COMPLEMENT switch to in position to invert output
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

TEST 1

1IF

NOT

WORD RECOGNIZER # 1

DATA=XXXXXXXXXXXXX111

AD=XAXXXXXXAXLLLXXXXXXXXK11L

CO=X Ci=X ca2=X C3=X

C4=X CS5=X EXT TRIG IN=X

TIMING WR=X

1THEN DO

1 TRIGGER O-MAIN

i 0-BEFORE DATA
O0-8YSTEM UNDER TEST CONT.
1-USER CLOCK QuaL.
1-FALLING EDGE OF CLOCK
C9-C4 (ANDED CLOCKS)=XXXXXX
O-STANDARD CLK. SYNTHESIS

END TEST i

[ A N PG U S 0 S W N Wy

DISPLAY € PROGRAM

2919-54

Fig. 3-5. Setup and Hold Data Program.

ad. CHECK - that pulse on Test Oscilloscope display is negative-going
and of 45-nS duration.

ae. INTERACTION - If pulse duration is not 45 nS, adjust PG508 DURATION

control.

af. Move cursor to Word Recognizer Data field and enter 0°s in bit

positions in which 0’s were entered in part r.

ag. Press START/STOP key to run program.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

ah. CHECK - that program continues to run.

ai. Wait approximately 15 seconds. then press START/STOP key to stop
program.

aj. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ak. Repeat parts r through aj for groups of approximately four-channels
for rest of data channels, all of address channels, and six control bit
channels (C@-C5).

6. Check Setup and Hold, Main Section ANDed Clocks
Equipment required:

PG508

Hook Tips

Test Fixture 1

50-Ohm Termination

Test Oscilloscope
a. Perform parts a through o of step 5 except parts d, i and 1.
Instead, disconnect control lines C9 through CO from PM10l test socket
section A (see Fig. 3-1) and connect lines C6, C5, and C4 to Test Fixture
1 red terminal; set PG508 PERIOD outer control to 20 uS and turn PERIOD
center control fully counterclockwise. Set pulse width to 55 nS.
b. Press ELSE and [] (brackets) keys.
c. Press COUNTER key.
d. Enter 1 to select uS.
e. Press GO TO key.

f. Press [] (brackets) key.

g. Press ELSE key.
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PERFORMANCE CHECK AND ADJUSTMENT -~ 7D02 LOGIC ANALYZER

h. Press GO TO key.

i. Press [] (brackets) key.

j. Press NOT and COUNTER keys.

k. Enter 00050 (u$S).

1. Press [] (brackets) key twice.

m. Pre\ss COUNTER key.

4
4
\

|
n. Move cursor to Counter Command field and enter 2 to select reset

and run m&de.
o. Presis GO TO key and enter 2.
P Press [] (brackets) key, then ELSE key, then [] key again.

q. Press| TRIGGER key.
\

r. Move cursor to Trigger Delay field and enter 3 to select zero
delay.
8. Move cursor to Clock Qualification field and enter 1 to select

user clock qualification.
t. Enter 1 to select falling edge of clock.

u. Move cursor to C9-C4 ANDed Clocks field and enter 1°s in bit
positions C6, C5, and C4 (C9, C8, and C7 must be X's).

v. Press GO TO key.
w. Press [] (brackets) key.
X. Press END key to end Test 3, then again to end Test 4.

y. CHECK - that program is as shown in Fig. 3-6A.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

TEST 1
1ELSE DO

[COUNTER # 1 1-uS
0-RUN

[GOTO 2

END TEST 1

TEST 2

2ELSE DO

2 co0To 3

END TEST 2

TEST 3

3IF
NDT ,
COUNTER # 1 = 00050 1-uS
SR,

3THEN DO

COUNTER # 1 1-uS
2—-RESET AND RUN

GOTO 2

]

3
3
3
3
3
3

ELSE DO

TRIGGER O-MAIN
3—-ZERO DELAY
O-SYSTEM UNDER TEST CONT.
1-USER CLOCK QUAL.
1-FALLING EDGE OF CLOCK
C9-C4 (ANDED CLOCKS)=XXX111
O-STANDARD CLK. SYNTHESIS

EEID 4

ARARARNENRARARGEARO]

END TEST 3
TEST 4
END TEST 4

DISPLAY <« PROGRAM

2919-55

Fig. 3-6A. Setup and Hold ANDed Clocks Program.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

TEST 1

1ELSE DO

COUNTER # 1 1-uS
0-RUN

GOTO 2

END TEST 1
TEST 2
2ELSE DO
2 6070 3
END TEST 2
TEST 3

0
Lo}
T

g—

NOT
COUNTER # 1 = 00050 1-uS
Saluiy

THEN DO

COUNTER # 1 1-uS
2-RESET AND RUN

GOTO 2

e

ELSE DO

TRIGGER O-MAIN
3-ZERO DELAY
0-SYSTEM UNDER TEST CONT.
1-USER CLOCK GUAL.
0-RISING EDGE OF CLOCK
C?-C4 (ANDED CLOCKS)>=XXXCQO
O-STANDARD CLK. SYNTHESIS

GOTO 4

oo

END TEST 3

TEST 4

END TEST 4

3
3
3
3
3
3
3
3
3
2
3

DWW RLWWWWW

DISPLAY < PROGRAM

2919-56

Fig. 3-6B. Setup and Hold ANDed Clocks Program.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

TEST 1

1ELSE DO

COUNTER # 1 1-uBS
O—-RUN

GOTO 2

END TEST 1
TEST 2
2ELSE PO

2 G0OT0 3
END TEST 2
TEST 3

A
-t
T

NOT
COUNTER # 1 = 00500 1-u$S

e )

THEN DO

COUNTER # 1 1-uS
2~-RESET AND RUN

GOTO 2

)

ELSE DO
TRIGGER O-MAIN
3-ZERO DELAY
O~SYSTEM UNDER TEST CONT.
1-USER CLOCK QUAL.
C—-RISING EDGE OF CLOCK
C?-C4 (ANDED CLOCKS)=000XXX
0-STANDARD CLK. SYNTHESIS
GOTO 4
Al

3
3
3
2
3
3
3
3
3
3
2
3
3
2
3
3
3
3
3
3
3

END TEST 3
TEST 4
END TEST 4

DISPLAY <« PROGRAM

2919-57

Fig. 3-6C. Setup and Hold ANDed Clocks Program.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

TEST 1
1ELSE DO
COUNTER # 1 1-uS

O0-RUN

6070 2

END TEST 1

TEST 2
2ELSE DO
2 G070 3

END TEST 2

TEST 3

A
-
M

NOT
R = -
|COUNTER # 1 = 00500 1-uS

THEN DO

COUNTER # 1 1-uS
2-RESET AND RUN

GOTO 2

——

ELSE DO

TRIGEGER O-MAIN
3-ZERO DELAY
0—-SYSTEM UNDER TEST CONT.
1-USER CLOCK QUAL.
1-FALLING EDGE OF CLOCK
C9-C4 (ANDED CLOCKS)= 111XXX
O-STANDARD CLK. SYNTHESIS

6070 4

END TEST 3

TEST 4

END TEST 4

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

DISPLAY < PROGRAM

2919-58

Fig. 3-6D. Setup and Hold ANDed Clocks Program.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

z. Press START/STOP key to run program.

aa. CHECK - that program continues to run, with no trigger and no

slow clock indication.

ab. Wait approximately 15 seconds and press START/STOP key to stop

program,

ac. CHECK - that 255 data words were stored in memory by scrolling
data to the last word of memory. The last location should be labeled 254.

ad. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ae. Move cursor to Clock Edge Selection field and enter O to select

rising edge of clock.

af. Move cursor to C9-C4 ANDed Clocks field and enter 0°s in bit
positions C6, C5 and C4.

ag. CHECK - that program is as shown in Fig. 3-6B.
ah. Set PG508 NORM/COMPLEMENT switch to in position to invert output.

ai. CHECK - that pulse on Test Oscilloscope display is negative going
and of 55-nS duration.

aj. INTERACTION - If pulse duration is not 55 nS, adjust PG608 DURATION
control.

ak. Press START/STOP key to run program.

al. CHECK - that program continues to run, with no trigger and no
slow clock indication.

am. Wait approximately 15 seconds and press START/STOP key to stop
program.

an. CHECK - that 255 data words were stored in memory.

ao. Press IMMEDIATE, DISPLAY and PROGRAM keys.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

ap. Move cursor to C9-C4 ANDed Clocks field and enter 0°s in bit
positions C9, C8, and C7; enter X’s in bit positions C6, C5 and C4.

aq. CHECK - that program is as shown in Fig. 3-6C.

ar. Disconnect PM10l control lines C6, C5, and C4 from Test Fixture
1l red terminal and connect PM10l control lines C9, C8, and C7 instead.

as. Press START/STOP key to start program.

at. CHECK - that program continues to run, with no trigger and no

slow clock indication.

au. Wait approximately 15 seconds and press START/STOP key to stop

program.
av. CHECK - that 255 data words were stored in memory.
aw. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ax. Move cursor to Clock Edge Selection field and enter 1 to select

falling edge of clock.

ay. Enter 1°s in C9-C4 ANDed Clocks field bit positions €9, C8, and
c7.

az. CHECK - that program is as shown in Fig. 3-6D.
ba. Set PG508 NORM/COMPLEMENT switch to out position to invert output.

bb. CHECK - that pulse on Test Oscilloscope display is positive-going

and of 55-n8 duration.

be. INTERACTION -~ If pulse duration is not 55 nS, adjust PG508 DURATION

control.
bd. Press START/STOP key to start program.

be. CHECK - that program continues to run, with no trigger and no

slow clock indication.

bf. Wait approximately 15 seconds and press START/STOP key to stop
program.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

bg. CHECK - that 255 data words were stored in memory.

7. Check Setup and Hold, Main Section ESYNC and WAIT
Equipment required:

PG508

Hook Tips

Test Fixture 1
50-0hm Termination
Test Oscilloscope

|

ESYNC Section
a. Perform parts a through o of step 5 except parts i and 1. Instead,
disconnect control lines C9 through CO from PM10l test socket section A
(see Fig. 3-1) and connect control lines C6 and C8 (ESYNC) to Test Fixture

1 red terminal; set PG508 PERIOD outer control to 20 uS and turn PERIOD
center control fully counterclockwise. Set PG508 duration to 55 nS.

b. Press COUNTER key and enter 2 for counter #.
c. Enter 10 events.
d. Press [] (brackets) key.

e. Press TRIGGER key.

f. Move cursor to Trigger Delay Field and enter 3 to select zero
delay.
g. Move cursor to Clock Qualification field and enter 1 to select

user clock qualification.
h. Enter 1 to select falling edge of clock. Enter "X" in C4-C9.

i. Move cursor to clock synthesis field and enter 1 to select user
clock synthesis.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

Enter 1 to select divide clock; and enter 2 to divide clock by

Enter

Press

Enter

Enter

Press

Press

Press

Press

Press

Press

CHECK

Press

CHECK

1 in ESYNC bit 6 position.

COUNTER key and enter 1 for Counter #.

1 to select uS.

1 to select stop command.

GO TO key.

[1 (brackets) key, ELSE key, and [] (brackets) key again.
COUNTER key.

COUNTER key again and enter 2 for Counter #.
[1 (brackets) key.

END key twice to end Tests 1 and 2.

- that program is as shown in Fig. 3-7.
START/STOP key to run program.

- that count stored in Counter #l is approximately 200 u$

(ten times PG508 period).

X.

y-

Repeat parts v and w several more times.

Press

IMMEDIATE, DISPLAY, and PROGRAM keys.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

TEST 1

1IF

1 COUNTER # 2 = 00010 O—-EVENTS

1THEN DO

A

TRIGGER O-MAIN
3-ZERO DELAY
O-SYSTEM UNDER TEST CONT.
1-USER CLOCK GUAL.
1-FALLING EDGE OF CLOCK
C?~C4 (ANDED CLOCKS)=XXXXXX
1-USER CLOCK SYNTHESIS
1-DIVIDE CLOCK BY 2
ESYNC: Cé=1 OR C8=X
WAIT: C7=X OR (%=X

COUNTER # 1 1-u8
1-570P

GOTO 2

e

ELSE DO
COUNTER # 1 1-uS
O-RUN
O—-RUN
1 §TOP
2 RESET AND RUN
COUNTER # 2 O-EVENTS
O—-INCREMENT

i
1
i
1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
i
1
1
1
1
1
1

)

END TEST 1t
TEST 2
END TEST 2

DISPLAY € PRDGRAM

2919-59

Fig. 3-7. Setup and Hold, ESYNC Program.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

z. Move cursor to Divide Clock field and enter 3 to select divide by

aa. Press START/STOP key.
ab. CHECK - that program runs continuously, with slow clock indications.

ac. Wait approximately 15 seconds and press START/STOP key to stop

program.
ad. CHECK - that no data were stored in memory.
ae., Press IMMEDIATE, DISPLAY, and PROGRAM keys.

af. Move cursor to Clock Edge Selection field and enter 0 to select

rising edge of clock.
ag. Move cursor to ESYNC C6 bit position and enter 0.
ah. Set PG508 NORM/COMPLEMENT switch to in position to invert output.

ai. CHECK - that pulse on Test Oscilloscope display is negative-going
and of 55-nS duration.

aj. INTERACTION - If pulse duration is not 55 nS, adjust PG508 DURATION

control.
ak. Press START/STOP key to run program.

al. CHECK - that program runs continuously, with slow clock indication.

am. Wait approximately 15 seconds and press START/STOP key to stop

program.
an. CHECK - that no data were stored in memory.
ao. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ap. Move cursor to Divide Clock field and enter 2 to select divide
by 2.

aq. Press START/STOP key to run program.
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PERFORMANCE CHECK AND ADJUSTMENT - 7DO2 LOGIC ANALYZER

ar. CHECK - that count stored in Counter #1 is approximately 200 uS.
as. Repeat parts aq and ar several times.

at. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

au. Move cursor to ESYNC C6 bit position and enter X.

av. Enter 0 in C8 bit position.

av. Press START/STOP key to run program.

ax. CHECK - that count stored in Counter #1 is approximately 200 uS.
ay. Repeat parts aw and ax several times.

az. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ba. Move cursor to Divide Clock field and enter 3 to select divide
by 3.

bb. Press START/STOP key to run program.

be. CHECK - that program runs continuously, with slow clock indication.

bd. Wait approximately 15 seconds and press START/STOP key to stop

program,
be. CHECK - that no data were stored in memory.
bf. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

bg. Move cursor to Clock Edge Selection field and enter 1 to select

falling edge of clock.

bh. Move cursor to ESYNC C8 bit position and enter 1.
bi. Set PG508 NORM/COMPLEMENT switch to out position (NORM).

bj. CHECK - that pulse on Test Oscilloscope display is positive-going
and of 55-nS duration.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

bk. INTERACTION - If pulse duration is not 55-nS, adjust PG608 DURATION

control.
bl. Press START/STOP key to run program.

bm. CHECK - that program runs continuously, with slow clock indication.

bn. Wait approximately 15 seconds and press START/STOP key to stop
program.

bo. CHECK - that no data were stored in memory.
bp. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

bq. Move cursor to Divide Clock field and enter 2 to select divide
by 2.

br. Press START/STOP key to runm program.

bs. CHECK - that count stored in Counter #1 is appxomately 200 uS.
210 us.

bt. Repeat parts br and bs several times.

WAIT Section
bu. Disconnect PM10l control lines C6 and C8 (ESYNC) from Test Fixture

1 red terminal; connect instead PM10l1 control lines C7 and C9 (WAIT) to

red terminal,

bv. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

bw. Move cursor to ESYNC C8 bit position and enter X.
bx. Move cursor to WAIT C7 bit position and enter 1.

by. CHECK - that program is as shown in Fig. 3-8.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

TEST 1

1IF

1 COUNTER # 2 = 00010 O-EVENTS

1THEN DO

TRIGGER O-MAIN
3~-ZERO DELAY
0-SYSTEM UNDER TEST CONT.
1-USER CLOCK QUAL.
1~-FALLING EDGE OF CLOCK
CP-C4 (ANDED CLOCKS)I=XXXXXX
1-USER CLOCK SYNTHESIS
i-DIVIDE CLOCK BY 2
ESYNC: C&a=X OR C8=X
WAIT: C7=X OR C%=X

COUNTER # 1 1-uS
1-STOP

6070 2

ELSE DO

COUNTER # 1 1-uB
O—-RUN

COUNTER # 2 O-EVENTS
O—-INCREMENT

END TESTI

TEST 2

END TEST 2

i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
!
1
1
i
1
1
!

DISPLAY € PROGRAM

Fig. 3-8. Setup and Hold, WAIT Program.

bz. CHECK - that pulse in Test Oscilloscope display is positive-going
and of 55-nS duration.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

ca. INTERACTION - If pulse duration is not 55 nS, adjust PG608 DURATION

control.
cb. Press START/STOP key to run program.
cc. CHECK - that program runs continuously, with slow clock indication.

cd. Wait approximately 15 seconds and press START/STOP key to stop

program.

ce. CHECK - that no data were stored in memory as shown in Fig. 3-9.

CTR1=00100 US TRIC LOC = =#x
CTR2=00000 EVT LAST TEST = 1
NO DATA ACQUIRED

DISPLAY «<—ACGMEM O-MAIN
1-MNEMONIC
0 ABSOLUTE
1 MNEMONIC

2919-61

Fig. 3-9. WAIT Program Result (No Data Stored).
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

cf. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

cg. Move cursor to ESYNC C7 bit position and enter X.

ch. Move cursor to WAIT C9 bit position and enter 1.

ci. Press START/STOP key to run program.

cj. CHECK - that program runs continuously, with slow clock indication.

ck. Wait approximately 15 seconds and press START/STOP switch to stop

program.
cl. CHECK - that no data were stored in memory.
cm. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

cn. Move cursor to Clock Edge Selection field and enter 0 to select

rising edge of clock.
co. Move cursor to WAIT C9 bit position and enter O.
cp. Set PG508 NORM/COMPLEMENT switch to in position to invert output.

cq. CHECK - that pulse on Test Oscilloscope display is negative-going
and of 55-nS duration.

cr. INTERACTION - If pulse duration is not 55 nS, adjust PG508 DURATION
control.

cs. Press START/STOP key to run program.
ct. CHECK - that program runs continuously, with slow clock indicationm.

cu. Wait approximately 15 seconds and press START/STOP key to stop
program.

cv. CHECK - that no data were stored in memory.

cw. Press IMMEDIATE, DISPLAY, and PROGRAM keys.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

cX. Move cursor to WAIT C7 bit position and enter O.

cy. Enter X in C9 bit position.

cz. Press START/STOP key to run program.

da. CHECK - that program runs continuously, with slow clock indication.

db. Wait approximately 15 seconds and press START/STOP key to stop

program.

dc. CHECK - that no data were stored in memory.

8. Check Minimum Clock Pulse Width (25 nS), Minimum Clock Period (100 nS),
Minimum Data Acquisition Period (100 nS), and Minimum Interval Between

Qualified Clocks
Equipment required:

Test Oscilloscope
PG502

PG508

Coaxial Cable

Test Fixture 1 (2)
50-Ohm Termination
Hook Tips

a. Using coaxial cable, connect PG502 + TRIG OUT connector to PG508
TRIG/GATE IN connector.

b. Connect Test Fixture 1 to PG502 output connector.

c. Connect PM101 ground (2) and Test Oscilloscope channel 1 probe
ground to PG502 Test Fixture 1 black terminal.

d. Connect PMIOl clock and Test Oscilloscope channel 1 probe to PG502

Test Fixture 1 red terminal.

e. Pull PG502 BACK TERM switch to out positionm.
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PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

£. Set PG502 PERIOD control to .1 uS and turn PERIOD VARIABLE control
fully counterclockwise (X1 position).

g. Using Test Oscilloscope to measure signal voltage, adjust PG502
output controls for high level of +2.4 V and low level of +0.5 V.

h. Set PG502 COMPLEMENT NORM switch to in position to invert output.

i. Set PG502 PULSE DURATION control to 5 nS and ad just PULSE DURATION
VARIABLE control for 25-nS negative-going pulse on Test Oscilloscope. Set
period control for 100 nS.

j. Connect 50-Ohm Termination to PG508 OUTPUT connector.
k. Connect second Test Fixture 1 to 50-Ohm Termination.
1. Connect Test Oscilloscope channel 2 probe ground to second Test

Fixture 1 black terminal.

m. Connect PM101 data lines O through 3 and Test Oscilloscope channel

2 probe to second Test Fixture 1 red terminal.

n. Turn PG508 PERIOD control fully clockwise (to EXT TRIG position).
o. Set PG508 TRIGGERING switches to out positions.

P. Adjust PG508 TRIG/GATE LEVEL control so that TRIG’d/GATED LED
indicator above control blinks (which indicates that PG508 is triggering

on input signal from PG502).

q. Using Test Oscilloscope channel 2 to measure signal voltage, set
PG508 output pulse for high level of +2.4 V and low level of +0.5 V.

r. Set Test Oscilloscope position controls so that center graticule
line represents +1.4 V, which is threshold level.

8. Set PG508 NORM/COMPLEMENT switch to its normal, out position.

t. Set PG508 TRANSITION TIME controls fully counterclockwise (lowest

transition time).
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u. CHECK - that PG508 output pulse on Test Oscilloscope display
(channel B) is positive-going and of 45-nS duration at center graticule

line.

v. INTERACTION - If pulse duration is not 45 nS, adjust PG508 DURATION

control.

w. Set PG508 DELAY switches for delay mode (lower switch to in
position).

X. Adjust PG508 DELAY controls so that the falling edge of the PG508
pulse is coincident with the rising edge of the PG502 pulse at the center
graticule line.

y. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

z. Move cursor to end of existing program.

aa. Press and hold DELETE key until entire program is deleted.

ab. Press COUNTER key and enter 10000 events.

ac. Press [] (brackets) key.

ad. Press COUNTER key and enter 2 for Counter #.

ae, Enter 1 to select uS.

af. Enter 1 to select stop command.

ag. Press GO TO key.

ah. Press [] (brackets) key twice.

ai. Press NOT key, then WD RECOGNIZER key.

aj. Press FORMAT key, binary for Word Recognizer Address and Data
fields, and press FORMAT key again.

ak., Enter 1°s in Word Recognizer Data bit positioms 3, 2, 1, and 0.
Enter X in C4 and C5.
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al. Press [] (brackets) key twice.

am. Press TRIGGER key.

an. Move cursor to Trigger Delay field and enter 3 to select zero

delay.

ao. Move cursor to Clock Qualification field and enter 0 to select
standard clock qualification.

ap. Press GO TO key and enter 3.

aq. Press [] (brackets) key, ELSE key, then [] (brackets) key again.
ar. Press COUNTER key, enter 0 for events.

as. Press COUNTER key and enter 2 for Counter #.

at. Press [] (brackets) key twice.

au. Press COUNTER key and enter 2 for Counter #.

av. Enter 1050 uS.

aw. Press OR key, then NOT key.

ax. Press WD RECOGNIZER key and enter 1 for Word Recognizer #.
ay. Press [] (brackets) key twice.

az. Press TRIGGER key.

ba. Press GO TO key, the [] (brackets) key.

bb. Press ELSE key.

bc. Press [] (brackets) key.

bd. Press COUNTER key.
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be. Enter 1 to select reset command.

bf. Press COUNTER key and enter 2 for Counter #.

bg. Enter 1 to select uS.

bh. Enter 2 to select reset and run command.

bi. Press GO TO key and enter 1.

‘bj. Press [] (brackets) key.

bk. Press END key to end Test 2 and again to END Test 3.

bl. CHECK that program is as shown in Fig. 3-10.

bm. Press START/STOP key to run program.

bn. CHECK - that program runs continuously, with no trigger.

bo. Wait approximately 15 seconds and press START/STOP key to stop

program.
bp. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

bq. Move cursor to Clock Qualification field in Test 2 and enter 1

to select user clock qualification.
br. Enter 1 to select falling edge of clock.
bs. Set PG502 NORM/COMPLEMENT switch to out position for normal output.

bt. CHECK that PG502 output pulse on Test Oscilloscope display is
positive-going and of 25-nS duration.

bu. INTERACTION -~ If pulse duration is not 25 nS, adjust PG502 PULSE
DURATION VARIABLE control.

bv. Press START/STOP key to run program.

bw. CHECK - that program runs continuously.
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TEST 1

1IF

1 COUNTER # 1 = 10

1THEN DO

COUNTER # 2 1-uS
1-STOP

GOTO 2

S .

OR IF

NOT

WORD RECOGNIZER
DATA=XXXXXXXXXXX
AD=XXXXXXXXXXXXX
CO=X Ci=X
Ca4=X CS=X
TIMING WR=X

b

THEN DO
TRIGGER O-MAIN
3~-ZERO DELAY

O-STANDARD CL
GOTO 3

—

ELSE DO

COUNTER # 1 O-EV
O~-INCREMENT

COUNTER #4 2 1-uS
O—-RUN

1
i
1
1
1
1
i
1
1
i
1
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
i
1
1
1

END TEST 1

O-SYSTEM UNDER TEST CONT

000 O~-EVENTS

TEST 2
21IF

COUNTER # 2 = 01050 1-u8S
OR

NOT

WORD RECOGNIZER # 1
DATA=XXXXXXXXXXXX1111
AD=XXXXXXXXXXXXX XXX XAXXNXXXX
COo=X C1=X Cc2=X C3=X
C4=X CH=X EXT TRIG IN=X
TIMING WR=X

)

THEN DO
TRIGGER O-MAIN
3-ZERQ DELAY
O-SYSTEM UNDER TEST CONT.
O-STANDARD CLOCK QUAL.
GOTO 3

# 1

1111
AXXXKXXKXXXX
ca=x C3=X
EXT TRIG IN=X

OCK QUAL.,

NRNRORLRMNMRRDORLDONNR DR ND

ELSE DO

COUNTER # 1 O~EVENTS
1-RESET

COUNTER # 2 1-uS
2~-RESET AND RUN

GOT0 1

ENTS

RN R R

END TEST 2
TEST 3
END TEST 3

DISPLAY € PROGRAM

2919-62

Fig. 3-10. Clock Check Program.
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bx. Press START/STOP key to stop program.
by. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

bz. Move cursor to Word Recognizer Data field and enter 0°s in data

bit positions 3, 2, 1, and 0.
ca. Set PG508 NORM/COMPLEMENT switch to in position to invert output.

cb. CHECK - that PG508 output pulse on Test Oscilloscope display is
negative-~going and of 45-nS duration.

cc. INTERACTION - If pulse duration is not 45 nS, adjust PG508 DURATION

control.
cd. Press START/STOP key to run program.

ce. CHECK that program runs continuously while triggering on falling
edge of clock with 0°s on data lines.

cf. Press START/STOP key to stop program.
cg. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ch. Move cursor to Clock Edge field and enter 0 to select rising edge
of clock.

ci. Set PG502 NORM/COMPLEMENT switch to in position to invert output.

cj. CHECK - that PG502 output pulse on Test Oscilloscope display is
negative-going and of 25-nS duration.

ck. INTERACTION - If pulse duration is not 25 nS, adjust PG502 PULSE
DURATION VARIABLE control.

cl. Press START/STOP key to run program.

cm. CHECK -~ that program runs continuously while triggering on rising

edge of clock with 0°s on data lines.
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9. Check Counter Accuracy
Equipment required:

TG501

PG508

50-Ohm Termination
Test Fixture 1
Coaxial Cable
Hook Tips

Test Oscilloscope

a. Connect 50-Ohm Termination to PG508 OUTPUT connector.
b. Connect Test Fixture 1 to 50-Ohm Termination.
c. Connect PM10l and Test Oscilloscope probe grounds to Test Fixture

1 black terminal.

d. Connect PM10l clock lead and Test Oscilloscope probe to Test Fixture

1 red terminal.

e. Using coaxial cable, connect TG501 MARKER OUT connector to PG508
TRIG/GATE IN connetor.

f. Set TG501 MARKER control to 50 mS and press button in control

center to select calibrated operation.
g. Set PG508 PERIOD control to EXT TRIG.
h. Press PG508 MODE UNDLY switch.

i. Set PG508 DURATION output control to 10 nS and adjust the DURATION
VARIABLE control for a 25 nS pulse width at the center graticule line.

j. Using Test Oscilloscope to measure signal voltage, set PG508 output
pulse for high level of +2.4 V and low level of +0.4 V.

k. Set Test Oscilloscope position controls so that center graticule
line represents +1.4 V, which is desired threshold.
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1. Adjust PG508 TRIG/GATE LEVEL control so that TRIG'D/GATED LED
indicator above control blinks (which indicates that PG508 is triggering
on input from TG501). )

o. PTress and N0LAd ULLLLIE KEy ULILLL CULLAS paugsws av —vmeeon -
P- Press ELSE key.

q. Press [] (brackets) key.

r. Press COUNTER key and enter 2 for Counter #.

s. Enter 1 to select uS.

t. Press GO TO key, then press [] (brackets) key.

u. Press ELSE key, then [] (brackets) key.

v. Press COUNTER key and enter 2 for Counter #.

w. Enter 1 to select stop command.

X. Press TRIGGER key.

y. Move cursor to Trigger Delay field and enter 3 to select zero
delay.
z. Move cursor to Clock Qualification field and enter 0 to select

standard clock qualification.
aa. Press [] (brackets) key.
ab. Press COUNTER key.
ac. Enter 399 events.

ad. Press GO TO key and enter 2, press ELSE, then press [] (brackets)
key.

3-74



ae.

af.

ag.

ah.

PERFORMANCE CHECK AND ADJUSTMENT ~ 7D02 LOGIC ANALYZER

Press COUNTER key.
Press COUNTER key and enter 2 for Counter #.
Press [] (brackets) and end keys.

CHECK - that program is as shown in Fig. 3-11.

TEST 1
1ELSE DO
[ COUNTER # 2 1-uS
0-RUN
GoTo 2
END TEST 1
TEST 2
SELSE DO

COUNTER # 2 1-uS
1-870P
TRIGGER O-MAIN
3-ZERQO DELAY
O0~-SYSTEM UNDER TEST CONT.
O—-STANDARD CLOCK QUAL.
END TEST 2
TEST 3
3IF
3 COUNTER # 1 = 0039% O-EVENTS
3THEN DO
3 6070 2
3ELSE DO
COUNTER # 1 O-EVENTS
O—-INCREMENT
COUNTER # 2 1-uS
C—-RUN
e

2
2
2
2
2
2
2
2

END TEST 3

DISPLAY <& PROGRAM

2919-63

Fig. 3-11. Counter Accuracy Program 1.
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ai.

aj.
+6 us.

ak.

al.

an,
ao.
ap.

aq.
+3 mS.

ar.
as.
at.
au.
av.

aw.

ay.

PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

Press START/STOP key to run program.

CHECK - that Counter #1 contains 0 and Counter #2 contains 50000

Press IMMEDIATE, DISPLAY, and PROGRAM keys.

Move cursor to Counter Mode field and enter 2 to select mS.

CHECK - that program is as shown in Fig. 3-12.

Press IMMEDIATE, GO TO, 3, and right-hand cursor movement keys.
CHECK - that program runs continuously, with slow clock indication.
Wait approximately 20 seconds for trigger to occur.

CHECK - that Counter #1 contains 399 and Counter #2 contains 20000

Press IMMEDIATE, DISPLAY, and PROGRAM keys.

Move cursor to Test 1 counter number and change 2 to 1.

Enter 1 to select uS.

Move cursor to Test 2 counter number and change 2 to 1.

Move cursor to Test 3 first counter number and change 1 to 2.
Enter 399 and enter 0 to select events mode.

Press START/STOP key to run program.

CHECK - that Counter #l contains 50000 +6 uS and Counter #2

contains 0.
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TEST 1

iELSE DO

COUNTER # 2 2-MS
O—-RUN

G0OTO 2

END TEST 1t

TEST 2

nJ
m
r
wn
m
=
0

COUNTER # 2 2-MS
1-8TOP
TRIGGER 0O-MAIN
3~-ZERQO DELAY
0~-SYSTEM UNDER TEST CONT.
O-STANDARD CLOCK GQUAL.

END TEST 2

TEST 3

3IF

3 COUNTER # 1 = 00399 O-EVENTS

3THEN DO

3 GOT0 2

3ELSE DO

COUNTER # 2 2-MS
0-RUN

COUNTER # 1 O-EVENTS
O~ INCREMENT

e —

2
2
2
2
2
2
2
2

END TEST 3

DISPLAY <€ PROGRAM

Fig. 3-12. Coumter Accuracy Program 2.

az. Press IMMEDIATE, DISPLAY. and PROGRAM keys.

ba. Move cursor to Test 1 Counter Period field and enter 2 to select
mS
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bb. Press IMMEDIATE, GO TO, 3, and right-hand cursor movement keys.
bc. CHECK - that program runs, with slow clock indication.
bd. Wait approximately 20 seconds.

be. CHECK - that Counter #1 contains 20000 +3 mS and Counter #2

contains 399,

10. Check External Trigger In Input Resistance
Equipment required:

DM501A
BNC to Dual Binding Post Adapter

a. Connect BNC to Dual Binding Post Adapter to TRIG IN connector.

b. Connect DM501A test leads to binding posts with positive meter
lead to red binding post.

c. Set DM501A to 2M ohm scale.

d. CHECK - that resistance is between 980 kohms and 1.02 Mohms.

11. Check External Trigger Setup and Hold
Equipment required:

PG508

PG502

BNC Elbow

BNC T

Probe Tip to BNC Adapter

Test Oscilloscope

Coaxial Cable (2)

50-Ohm Termination

BNC to Dual Binding Post Adapter
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a. Connect BNC Elbow to 7D02 TRIG IN connector.

b. Connect BNC T to BNC Elbow.

c. Using coaxial cable, connect PG502 OUTPUT connector to BNC T.
d. Pull PG502 BACK TERM switch to out position.

e. Connect Probe Tip to BNC Adapter to remaining section of BNC T.

f. Remove retractable hook tip from Test Oscilloscope channel 1 probe
and connect probe to Probe Tip to BNC Adapter.

g. Using coaxial cable, comnect PG502 + TRIG OUT connector to PG508
TRIG/GATE IN connector.

h. Set PG502 PERIOD control to .l uS and adjust PERIOD VARIABLE control
for 200 nS period as measured on Test Oscilloscope.

i. Set PG502 NORM/COMPLEMENT switch to in position (COMP).

j. Set PG502 PULSE DURATION control to 10 nS and adjust PULSE DURATION
VARIABLE control for pulse with of 28 nS as measured on Test Oscilloscope.

k. Connect 50-Ohm Termination to PG508 OUTPUT connector.
1. Connect BNC to Dual Binding Post Adapter to 50-ohm Termination.
m, Connect PM101 and Test Oscilloscope channel 2 grounds to BNC to

Dual Binding Post Adapter black terminal.

n. Connect PM10l clock line and Test Oscilloscope channel 1 probe to
BNC to Dual Binding Post Adapter red terminal.

0. Set PG508 PERIOD control to EXT TRIG.
P- Press PG508 MODE DELAY switch in.

q. Set PG508 COMPLEMENT switch to out position (NORM).
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r. Set PG508 DURATION outer control to 10 nS and ad just DURATION
center control for pulse duration of 100 nS.

8. Ad just PG508 TRIG/GATE LEVEL control so that TRIG'D/GATED LED
indicator blinks.

t. Set PG508 TRANSITION TIME, LEADING, and TRAILING controls fully

counterclockwise.

u. Using Test Oscilloscope to measure signal voltage, adjust PG508
output pulse for high level of +2.4 V and low level of +0.4 V.

v. Set Test Oscilloscope position controls so that center graticule
line represents +1.4 V, which is desired threshold level.

w. Set PG508 DELAY outer control to 10 nS and adjust DELAY center
control so that rising edge of output is 10 nS after PG502 output pulse

rising edge.

X. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

y. Move cursor to end of existing program.

z. Press and hold DELETE key until entire program is deleted.
aa. Press WD RECOGNIZER key.

ab. Move cursor to External Trigger In field and enter 0. (All other
fields should contain X’s.)

ac. Press [] (brackets) key, then TRIGGER key. Move cursor to Delay
field and enter 0 for before data.

ad. Move cursor to Clock Qualification field and enter 1 to select

user clock qualification.
ae. Enter 0 to select rising edge of clock.

af, Press TRIGGER key and enter 1 to select Timing Option Section.
Enter 0 into Delay field for before data.

3-80



ag.
ah.
ai.

aj.

PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

Press [] (brackets) key.

Press END key to end Test 1.
CHECK - that program is as shown in Fig. 3-13.

Press START/STOP key to run program.

TEST 1

1IF

WORD RECOGNIZER # 1

DATA=XXXX

AD=XXXXXX

CO=X Ci=X C2=X C3=X

C4=X Co5=X EXT TRIG IN=0

TIMING WR=X

THEN DO

TRIGGER O-MAIN
O-BEFORE DATA
0~-SYSTEM UNDER TEST CONT.
1-USER CLOCK QUAL.
O-RISING EDGE OF CLOCK
C?-C4 (ANDED CLOCKSI=XXXXXX
O-STANDARD CLK. SYNTHESIS

TRIGGER 1-TIMING
C~BEFORE DATA
THRESHOLD Vv = O0-PLUS 1.40
1-ARM ASYNC, TRIG ON WRJ[
SAMPLE PERIOD 1 #-100NS
WORD RECOGNIZER=XXXXXXXX
EXT TRIG IN=X
GLITCH RECOGNIZER=XXXXXXXX
FILTER=000 NS

e

END TEST 1

1
i
1
1
i
1
1
1
1
1
1
1
1
1
1
!
1
!
1
1
1
i
1
1
1

DISPLAY € PROGRAM

2919.85

Fig. 3-13. External Trigger Setup and Hold Program.
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ak. CHECK - that program runs continuously with no trigger.

al. Wait approximately 15 seconds and press START/STOP key to stop

program.
am. Set PG502 NORM/COMPLEMENT switch to in position to invert output.

an. CHECK - that PG502 output pulse on Test Oscilloscope display is
negative-going and of 28-nS duration.

ao. INTERACTION - If pulse duration is not 28 nS, adjust PG502 PULSE
DURATION VARIABLE control.

ap. CHECK - that rising edge of PG508 output pulse occurs 10 nS after
PG502 output pulse falling edge.

aq. INGERACTION - If PG508 output pulse is not positioned properly,
ad just PG508 DELAY control.

ar. Press START/STOP key.
as. Press IMMEDIATE, DISPLAY and PROGRAM keys.

at. Move cursor to Word Recognizer External Trigger In field and

change 0 to 1.
au. Press START/STOP key.

av, CHECK - that program runs, with no trigger.

12. Check Asynchronous Mode Pulse Width In
Equipment required:

PG502

BNC T

BNC Elbow

Probe Tip to BNC Adapter
Coaxial Cable

Test Oscilloscope
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a. Make certain that PM10l self-test jumper J5050 (see Fig. 3-1) is
in on position.

b. Connect BNC Elbow to 7D02 front panel TRIG IN connector.

c. Connect BNC T to BNC Elbow above.

d. Connect Probe Tip to BNC Adapter to BNC T above

e. Using Coaxial Cable, connect BNC T above to PG502 output connector.
f. Pull PG502 BACK TERM switch to out position.

g. Remove retractable hook tip from Test Oscilloscope probe and connect

probe to Probe Tip to BNC Adapter.

h. Using Test Oscilloscope to measure signal voltage, set PG502 output
pulse for high level of +2.4 V and low level of +0.4 V.

i. Set Test Oscilloscope position controls so that center graticule

line represents +1.4 V.

j-. Set PG502 PULSE DURATION control to 5 nS and adjust PULSE DURATION
VARIABLE control for 25-nS pulse at center graticule line on Test Oscilloscope
display.

k. Recheck signal levels as in part h.

1. Set PG502 PERIOD control to EXT TRIG (to employ manual triggering).

m. Make certain that PG502 NORM/COMPLEMENT switch is set to NORM

position.

n. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

‘0. Move cursor to end of existing program.

p. Press and hold DELETE key until entire program is deleted.

q. Press ELSE key.
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r. Press TRIGGER key and enter 1 to select Timing Option Section.

8. Move cursor to Timing Mode field and enter 1 to arm async trigger

on Word Recognizer true.

t. Select sample period of 20 nS.
u. Enter filter value of 000 nS.
v. Move cursor to External Trigger In field and enter 1.

w. Press START/STOP key to run program.

X. CHECK - that program runs continuously.

y. Press PG502 MAN TRIG switch once.

z. CHECK - that display indicates that trigger occurred.

aa. Repeat parts w through z approximately 20 times to ensure that
each single pulse is recognized.

ab. Set PG502 NORM/COMPLEMENT switch to in position to complement
output.

ac. Set PG502 PERIOD control to 1 uS.

ad. CHECK - that PG502 output pulse on Test Oscilloscope Display is
negative-gain and of 25-nS duration at center graticule line.

ae. INTERACTION — If pulse is not 25 nS, adjust PG502 PULSE DURATION
VARIABLE control.

af. Set PG502 PERIOD control to EXT TRIG again.
ag. Press IMMEDIATE, DISPLAY, and PROGRAM keys.
ah. Move cursor to External Trigger In field and enter O.

ai. Press START/STOP key to run program.
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aj. CHECK - that program runs continuously.
ak. Press PG502 MAN TRIG switch once.
al. CHECK - that display indicates that trigger occurred.

am. Repeat parts ai through al approximately 20 times to ensure that

each single pulse is recognized.

13. Check Setup and Hold, Timing Option Section Data
Equipment required:

Test Oscilloscope
PG508

PG502

50~Ohm Termination (2)
Test Fixture 1 (2)
Hook Tips

Coaxial Cable

a. Connect 50-ohm Termination to PG502 OUTPUT connector.
b. Connect Test Fixture 1 to 50-Ohm Termination.
c. Connect Test Oscilloscope channel 1 probe ground to Test Fixture

1 black terminal.

d. Connect Test Oscilloscope channel 1 probe to Test Fixture 1 red
terminal.
e. Using Hook Tips, connect eight channels of P6451 to Test Fixture

1l red terminal.

£, Using Hook Tip, connect P6451 ground to Test Fixture 1 black
terminal.
g. Connect second 50-Ohm Termination to PG508 OUTPUT connector.
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h. Connect second Test Fixture 1 to 50-Ohm Termination above.

i. Connect Test Oscilloscope channel 2 probe ground to second Test Fixture

1 black terminal.

j. Connect Test Oscilloscope channel 2 probe to second Test Fixture

1 red terminal.

k. Connect PM1Ol clock lead to second Test Fixture 1l red terminal.
1. Connect PM10l1 grounds to second Test Fixture 1 black terminal.
m. Set PG502 PERIOD control to .1 uS.

n. Turn PG502 PERIOD VARIABLE control fully counterclockwise (to X1

position).

o. Make certain that PG502 NORM/COMPLEMENT switch is set to out (NORM)

position,.

P- Set PG502 PULSE DURATION control to 5 nS and ad just PULSE DURATION
VARIABLE control for 22-nS pulse on Test Oscilloscope channel 1.

q. Pull PG502 BACK TERM switch to out position.

r. Using Test Oscilloscope to measure signal voltage. adjust PG502
OUTPUT (VOLTS) controls for output high level of +2.4 V and low level of
+0.4 V on channel 1.

S. Using Coaxial Cable, connect PG502 + TRIG OUT connector to PG508
TRIG/GATE IN connector.

t. Adjust PG508 TRIG/GATE LEVEL control so that TRIG’D/GATED LED
indicator above control blinks (which indicates that PG508 is triggering
on PG502 output).

u. Set PG508 PERIOD control to EXT TRIG.

v. Using Test Oscilloscope to measure signal voltage, adjust PG508

output (VOLTS) control for output high level of +2.4 V and low level of
+0.4 V on channel 2.
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w. Press PG508 MODE DELAY switch.

X. Make certain that PG508 NORM/COMPLEMENT switch is set to out (NORM)

position.
y. Set PG508 DURATION outer control to 10 nS and ad just DURATION
center control for 50 percent duty cycle waveform on Test Oscilloscope

channel 2.

z. Set Test Oscilloscope position controls so that center graticule

line represents +1.4 V for both channels.

aa. Adjust PG508 DELAY control so that the falling edge of PG502
positive pulse crosses center graticule line 2 nS following point at which
the rising edge of PG508 positive-going pulse crosses center graticule

line.

ab. Power down mainframe for five seconds to reset 7D02 default

parameters.

ac. Power up mainframe.

ad. Press ELSE key.

ae. Press TRIGGER key.

af. Enter 1 to select Timing Option Section.

ag. Move cursor to Trigger Arm field and enter O to select synchronous
mode,

ah. Press END key.
ai. Press START/STOP key to run program.
aj. CHECK - that data displayed are all 1°s

ak. Repeat parts ai and aj ten times to ensure that data 1°s are
always displayed.
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al. Set PG502 NORM/COMPLEMENT switch to in position to complement
output.

am. CHECK - that rising edge of PG502 negative-going pulse crosses
center graticule line 2 nS following point at which rising edge of PG508

positive-going pulse crosses center graticule line.

an. INTERACTION ~ If pulse timing is not correct. adjust PG508 DELAY

control.
ao. Press START/STOP key to run program.
ap. CHECK - that data displayed are all 0°'s.

aq. Repeat parts ao and ap 10 times to ensure that data 0’s are always

displayed.

ar, Set PG508 NORM/COMPLEMENT switch to in position to complement
output.

as. CHECK - that rising edge of PG502 negative-going pulse crosses
center graticule line 2 nS after falling edge of PG508 negative-going pulse

crosses center graticule line.

at. INTERACTION -~ If pulse timing is not correct, adjust PG508 DELAY

control.

au. Press IMMEDIATE, DISPLAY, and PROGRAM keys.
av, Move cursor to position after end of Test 1.
av. Press ELSE key.

ax. Press TRIGGER key.

ay. Move cursor to Clock Qualification field and enter 1 to select

user clock qualification.

az. Enter 1 to select falling edge of clock.
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ba. Press and quickly release DELETE key three times to delete Test

bb. Press START/STOP key to run program.
be. CHECK - that data displayed are all 0°s.

bd. Repeat parts bb and bc ten times to ensure that data 0’s are

always displayed.
be. Set PG502 NORM/COMPLEMENT switch to out position (NORM).

bf. CHECK - that falling edge of PG502 positive-going pulse crosses
center graticule line 2 nS following point at which falling edge of PG508

negative-going pulse crosses center graticule line.

bg. INTERACTION - If pulse timing is not correct, adjust PG508 DELAY

control.
bh. Press START/STOP key to run program.
bi. CHECK - that data displayed are all 1°s.

bj. Repeat parts bh and bi ten times to ensure that data 1°s are

always displayed.

14. Check Setup and Hold, Timing Option Section Word Recognizer
Equipment required:

Test Oscilloscope
PG508

PG502

50-Ohm Termination (2)
Test Fixture 1 (2)
Hook Tips

Coaxial Cable

a. Perform parts a through aa of step 13 except, in part p, set PG502
output pulse duration to 42 nS.
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b. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

c. Move cursor to end of existing program.

d. Press and hold DELETE key until entire program is deleted.
e. Press WD RECOGNIZER key.

f. Move cursor to Timing WR bit field and enter 0 to select Timing

Word Recognizer.

g. Move cursor to Acquisition Mode field and enter O to select

synchronous mode.

h. Enter all 1°s in Word Recognizer field.
i. Press [] (brackets) key.

j. Press TRIGGER key.

k. Move cursor to Clock Qualification field and enter 1 to select

user clock qualification.

1. Move cursor to Clock Edge field and enter O to select rising edge
of clock. Press TRIGGER key and enter 1 to select Timing Option Trigger.

m. Press [] (brackets) and END keys.

n. CHECK - that program is as shown in Fig. 3-14.

o. Press START/STOP key to run program.

P. CHECK - that program runs continuously, with no trigger.

q. Press START/STOP, IMMEDIATE, DISPLAY, and PROGRAM keys.

r. Move cursor to Timing Option Word Recognizer field and change all
1°s to all 0°s.

s. Set PG502 NORM/COMPLEMENT switch to in position to complement
output.
t. CHECK ~ that rising edge of PG502 negative~going pulse crosses

center graticule line 2 nS after rising edge of PG508 positive-going pulse

crosses center graticule line.
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u. INTERACTION - If pulse timing is not correct, adjust PG508 DELAY
control.
v. Press START/STOP key to run program.

TEST 1
1IF
WORD RECOGNIZER # 1
DATA=XXXX
AD=XXXXXX
CO=X Ci=X C3=X
Ca=X CS5=X EXT TRIG IN=X
TIMING WR=0
THRESHOLD . = 0O-PLUS 1.40
0—-8YNC
WORD RECOGNIZER=11111111
1 THEN DO

ot ek ot peb ek ek ok b o ke

TRIGGER O-MAIN
O0-BEFORE DATA
O-SYSTEM UNDER TEST CONT.
1-USER CLOCK QUAL.
O-RISING EDGE OF CLOCK
CP~C4 (ANDED CLOCKS)=XXXXXX
O-STANDARD CLK. SYNTHESIS
TRIGGER 1-TIMING
O-BEFORE DATA
THRESHOLD ¥, = 0O-PLUS 1. 40
0-SYNC, TRIGGER IMMEDIATE

Sncees

END TEST 1

1
1
1
1
1
1
i
1
1
1
1
1
1

DISPLAY € PROGRAM

2919-66

Fig. 3-14. Setup and Hold, Timing Option Word Recognizer Program.

w. CHECK. - that program runs continuously, with no trigger.
X. Set PG508 NORM/COMPLEMENT switch to in position to complement
output.
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y. CHECK - that rising edge of PG502 negative-going pulse crosses
center graticule line 2 nS after falling edge of PG508 negative-going pulse

crosses center graticule line.

z. INTERACTION - If pulse timing is not correct, adjustPG508 DELAY

control.
aa. Press START/STOP IMMEDIATE, DISPLAY, and PROGRAM keys.

ab. Move cursor to Clock Edge field and enter 1 to select falling

edge of clock.

ac. Press START/STOP key to run program.

ad. CHECK - that program runs continuously, with no trigger.
ae. Press START/STOP key to stop program.

af. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

ag. Move cursor to Timing Option Word Recognizer field and change all
0°s to all 1°'s.

ah. Set PG502 NORM/COMPLEMENT switch to out position (NORM).
ai. CHECK - that falling edge of PG502 positive-going pulse crosses
center graticule line 2 nS after falling edge of PG508 negative-going pulse

crosses center graticule line.

aj. INTERACTION ~ If pulse timing is not correct, adjust PG508 DELAY

control.
ak. Press START/STOP key to run program.

al. CHECK - that program runs continuously, with no trigger.
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15. Check Internal Clock Accuracy
Equipment required:

DC503
Test Oscilloscope Probe

a. Turn off Mainframe power.

b. Remove 7D02 from Mainframe.

c. Remove 7D02 right-hand side panel.

d. If Mainframe is three-compartment type, remove right—hand side
panel.

e. Reinstall 7D02 in Mainframe (in left-hand three compartments if

Mainframe is four-compartment type).

f. Disconnect probe from Test Oscilloscope.

g. Connect probe BNC connector to DC503 channel A input connector.
h. Connect probe tip to Main Interface Board J202, pin 25A.

i. Connect probe ground to Main Interface board J201, pin lA.

j. Set DC503 function control to .1 S.

k. Set DC503 channel A DC/AC COUPL switch to out position.

1. Turn on Mainframe power while holding any 7D02 key pressed (to

hold operating system in diagnostic mode).

m. Press X key to display module test menu.

n. Press 3 key to call keyboard diangostic module.

0. Press START/STOP key twice to call keyoard layout display for key
test.
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Press ACQ MEM key.
NOTE
The diagnostic routines are designed so that
certain keys at the left-~hand side of the
keyboard call certain clock frequencies.

Adjust DC503 channel A LEVEL control for Stable DC503 display.

CHECK - that count indicated on DC503 display is between 19.998

and 20.002 MHz.

Press PROGRAM key.

t. CHECK - that count indicated on DC503 display is between 9.999 and
10.00]1 MHz.
NOTE

DC503 display should be quite stable. Indication

should not vary by more than two counts. If

variance occurs, -ad just DC503 LEVEL control to

stabilize.
u. Press IMMEDIATE key.
v. CHECK - that count indicated on DC503 display is between 1.9998
and 2.0002 MHz.
w. Press WD RECOGNIZER key.
X. Adjust DC503 channel A LEVEL control for stable DC503 display.
y. CHECK - that count indicated on DC503 display is between 0.19998
and 0.20002 MHz.

Press QUALIFY key.
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aa. Adjust DC503 channel A LEVEL control for maximum indication of

approximately 19 or 20.
ab. Set DC503 channel A function control to 10 S.

ac. CHECK - that count indicated on DC503 display is between 199.9
and 200.0.

ad. Turn off Mainframe power.
ae, Perform reverse order of parts a through i.

af. Turn on Mainframe power.

16. Check Trigger Position Accuracy
Equipment required:
Test Oscilloscope
50-Ohm Termination (2)
Hook Tips
PG502
Coaxial Cable

Test Fixture 1 (2)

a. Per form parts a through aa of step 13 except part p; set output
pulse duration to 42 nS.

b. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

c. Move cursor to end of existing program.

d. Press and hold DELETE key until entire program is deleted.

e. Press ELSE key.

£. Press TRIGGER key and enter 1 to select Timing Option section.

g. Move cursor to Timing Acquisition Mode field and enter 1 to select
asynchronous with triggering on rising edge.
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h. Enter 2 and 0 to select 20 nS sample period.
i. Move cursor down to Word Recognizer field and enter all 0°s.
j. If necessary, move cursor to Filter field and enter 000 nS.

k. Press START/STOP key to run program.

1. Move cursor to Horizontal Expansion field and enter 1 for X4
expansion.
m. CHECK - that trigger occurs within one sample period of time that

last channel changed from ! to 0. For three permissible displays, see Fig.

e e e e i ey

2919-67

Fig. 3-15. The 3 Permissible Trigger Point Transitions

n. Repeat parts k and 1 ten times to ensure that triggering occurs

within one sample period.
17. Check Glitch Latch and Glitch Trigger
Equipment required:
Test Oscilloscope
Test Fixture 1
Hook Tips

PG502
50-Ohm Termination

3-96 @



PERFORMANCE CHECK AND ADJUSTMENT - 7D02 LOGIC ANALYZER

a. Connect 50-Ohm Termination to PG502 OUTPUT connector.
b. Connect Test Fixture 1 to 50-Ohm Termination.
c. Using Hook Tips, connect eight channels of P6451 to Test Fixture

1 red terminal. Connect oscilloscope channel 1 to red terminal; ground to

black terminal.

d. Using Hook Tip, connect P6451 ground to Test Fixture 1 black

terminal.
e. Pull PG502 BACK TERM switch to out position.

f. Set PG502 PERIOD control to 1 uS and turn PERIOD VARIABLE control
fully counterclockwise (to X1 position).

g. Set PG502 PULSE DURATION control to <2 nS.

h. Make certain that PG502 NORM/COMPLEMENT switch is set to out (NORM)

position.

i. Using Test Oscilloscope to measure voltage, set PG502 OUTPUT (VOLTS)
controls for high level of +2.4 V and low level of +0.4 V.

j. Set Test Oscilloscope position controls so that center graticule
line represents +1.4 V, which is desired threshold.

k. Adjust PG502 PULSE DURATION VARIABLE control for 5 nS pulse width
at center graticule line.

NOTE
As the PULSE DURATION VARIABLE control is adjusted,
it may not be possible to reach both +0.4 and +2.4 V,
In that event, it is important to adjust the voltage

levels so that the threshold is at the 50-percent
point of the rising and falling edges.

1. Press IMMEDIATE, DISPLAY, and PROGRAM keys.
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m. Move cursor to end of existing program.

n. Press and hold DELETE key until entire program is deleted.

o. Press ELSE key.

P- Press TRIGGER key and enter 1 to select Timing Option section.

q. Move cursor to Timing Acquisition Mode field and enter 1 to select

asynchronous with triggering on rising edge

r. Move cursor to Sample Period field and enter 1 twice to select 100
nS.

s. Enter X“s in all positions of Word Recognizer field.

t. Move cursor to Glitch Recognizer field and enter 1 in bit position

7 (most significant bit).
u. CHECK - that program is as shown in Fig. 3-16.
v. Press START/STOP key to run program.

w. CHECK - that each channel contains series of glitch marks 10 + 1

sample periods apart.
NOTE
It may be possible that a pulse or a pulse and glitch
may appear instead of only a glitch. However, a glitch,
or a pulse, or a pulse and glitch must appear in each
position. See Fig. 3-17.

X. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

y. Move cursor to Glitch Recognizer field and enter X in bit position

7 and 1 in bit position 6.

z. Press START/STOP key to run program.
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TEST 1

1ELSE DO

1 TRIGGER 1-TIMING

i O-BEFORE DATA
THRESHOLD V. = O-PLUS 1. 40
1-ARM ASYNC, TRIG ON WRST
SAMPLE PERIOD 1 # 1-100NS
WORD RECOGNIZER=XXXXXXXX
EXT TRIG IN=X
GLITCH RECOGNIZER=1XXXXXXX
FILTER=000 NS

END TEST 1

DISPLAY € PROGRAM
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Fig. 3-16. Gliteh Latch and Trigger Program.
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Fig. 3-17. Glitch Latch and Trigger Data.
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CHECK - that each channel contains series of glitch marks 10 + 1

sample periods apart. See note above

ab.

ac.

Press IMMEDIATE, DISPLAY, and PROGRAM keys.

Move cursor to Glitch Recognizer field and enter X in bit position

6 and 1 in bit position 5.

ad.

ae.

Press START/STOP key to run program.

CHECK -

that each channel contains series of glitch marks 10 + 1

sample periods apart. See note above

af.

Continue procedure of inserting ! in individual Glitch Recognizer

bit position and check for recognition in all eight bit positions.

18. Check Glitch Position
Equipment required:

Test Oscilloscope

PG502

PG508

Hook Tips

Test Fixture 1(2)

50-Ohm Termination (2)

Coaxial Cable
a. Connect 50-ohm Termination to PG502 OUTPUT.
b. Connect Test Fixture 1 to 50-Ohm Termination.
c. Connect 50-ohm termination to PG508 output.
d. Connect Test Fixture 1 to 50-ohm Termination.
e. Connect 50-ohm Coaxial Cable from PG502 Trigger Output to TRIG/GATE
IN of PG508.
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f. Using Hook Tips, connect P6451 channel 0 to PG508 Test Fixture red
terminal.
g. Connect Test Oscilloscope Channel 1 Probe to PG508 Test Fixture

red terminal.

h. Connect Test Oscilloscope Channel 1 Probe ground to PG508 Test

Fixture black terminal.

i. Using Hook Tips connect P6451 Channel 1 to red terminal of PG502

Test Fixture.
j. Connect P6451 ground to black terminal of PG502 Test Fixture.

k. Connect Test Oscilloscope Channel 2 probe to red terminal of PG502

Test Fixture.

1. Connect Test Oscilloscope Channel 2 ground to black terminal of
PG502 Test Fixture.

m. PG502 Setup:

Period to 1 uS; Variable Control fully counterclockwise.
Duration to < 2 nS.

Pull back termination to OUT position.

Set NORM/COMPLEMENT switch to OUT (NORM) position.

n. Set PG502 output level volts to low level = +0.4 V, high level =
+2.4 V as measured on Test Oscilloscope Channel 2.

0. Set Test Oscilloscope position controls so that center graticule
line represents +1.4 V, the desired threshold.

P- Adjust PG502 pulse duration variable control for 5 nS pulse width

at center graticule line.
NOTE

As the PULSE DURATION VARIABLE control is adjusted,
it may not be possible to reach both +0.4 and +2.4 V.
In that event it is important to adjust the voltage
levels so that the threshold is at the 50-percent
point of the rising and falling edges.
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q. PG508 setup:

Period Control to EXT TRIG.

Set TRIG/GATE level to make TRIG'D GATED light blink.
Set mode to DELAYED.

Set DELAY range to 0.1 uS.

Set DURATION range to 0.1 uS.

Set DURATION VARIABLE fully counterclockwise.

Set TRANSITION TIME controls fully counterclockwise.
Set NORMAL/COMPLEMENT switch to OUT.

T. Set PG508 output level controls to low level = +0.4 V, high level
= +2.4 V as measured on Test Oscilloscope Channel 1.

s. Set Test Oscilloscope POSITION control such that the center graticule

line represents +1.4 V.

t. Adjust PG508 DELAY VARIABLE such that the rising edges of both
channels coincide at the center graticule lines

u. Press IMMEDIATE, DISPLAY, and PROGRAM keys.

v. Move cursor to end of existing program.

w. Press and hold DELETE key until entire program is deleted.

X. Press ELSE key.

y. Press TRIGGER key and enter 1 to select Timing Option section.

z. Move cursor to Sample Period field and enter 2 and 0 to select 20
nS. Enter XXXXXXX1l into Word Recognizer. Enter XXXXXXXX into Glitch

Recognizer.
aa. CHECK - that program is as shown in Fig. 3-18.
ab. Press START/STOP key to run program.

ac. Move cursor on data display to Timing Diagram field at bottom of
display and enter 1 before asterisk to select X4 magnification.
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ad. CHECK - that data display is as shown in Fig. 3-19.

ae. Check that glitch on Channel 1 either coincides with or is one
sample after the rising edge of Channel 0. If Channel 1 is sampled as data.
the glitch may or may not be present Repeat steps i and ab through ae for

P645]1 Channel 2 through Channel 7.

TEST 1

1ELSE DO

i TRIGGER 1-TIMING

1 0~BEFORE DATA
THRESHOLD V. = 0-PLUS 1.40
1-ARM ASYNC, TRIG ON WrR[
SAMPLE PERIOD 2 # 0-10 NS
WORD RECOGNIZER=XXXXXXX1
EXT TRIG IN=X
GLITCH RECOGNIZER=XXXXXXXX
FILTER=000C NS

END TEST 1

DISPLAY €« PROGRAM

2919-70

Fig. 3-18. Glitch Position Program.
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SECTION 4

PREPARATION FOR USE AND RESHIPMENT

Introduction

The 7D02 Logic Analyzer is calibrated and ready to use upon receipt.
It is electrically compatible with all 7000-Series mainframes except that
used in the Digital Processing Oscilloscope (DPO). (The DPO mainframe will
not digitize the 7D02 outputs.) However, for best overall performance, two
mainframe models are preferred: the 7603 and the 7704A. If used in a rack
mounted mainframe, the 7D02 operating temperature specification must be
derated to 35 degrees Celsius to accommodate different air flow patterns.
If the 7D02 is used in a storage mainframe, it is recommended that the
mainframe be operated in non-—-store mode.

Installation

The 7D02 is designed to occupy three plug-in compartments in a
mainframe. It thus fills a three-compartment mainframe, such as the 7603.
In a four-compartment mainframe, such as the 7704A, the 7D02 may be installed
in either the right—hand three or left-hand three compartments. Mainframe
interface switching accommodates this.

Note that some rack mounted mainframes include vertical rods in front
of the plug-in compartments. These rods interfere with 7D02 installation
and must be removed. To do so, remove the screws at the ends and remove
the rods.

Install the 7D02 in the mainframe as follows:

1. Turn off mainframe power.

2. Align 7D0Z bottom tracks with rails in appropriate plug-in
compartments.

3. Carefully slide 7D02 into mainframe and apply firm pressure to

seat connectors so that front panel vertical face is flush with mainframe

front.
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4, Connect PM10l1 and P6451 to front panel connectors as appropriate.

To remove the 7D02 from the mainframe, turn off mainframe power
disconnect PM10l and P6451, grasp the release latch at the lower edge of
the front panel and pull the unit out of the mainframe.

Packaging for Shipment

If the 7D02 is to be shipped for a long distance by commercial carrier,
it is strongly recommended that the instrument be packaged in the original
manner for appropriate protection. The carton and packing material in which
the instrument was shipped from the factory should be saved and used for

this purpose.

If the original package is unavailable or is unfit for use, pack the

instrument as follows:

1. Obtain corrugated cardboard carton with test strength of at least
200 pounds and inside dimensions of not less than six inches more than
instrument dimensions in all places (this will allow for inclusion of

cushioning materials).

2, Wrap instrument in polyethylene sheeting to protect finish.

3. Place three inches of cushioning material such as urethane foam
in bottom of carton, place wrapped instrument on cushioning, and add at

least three inches of cushioning at ends and sides and on top of instrument
so that it is held firmly in place.

4, Seal carton securely with shipping tape or industrial stapler or

a combination of both methods.

Further, if the instrument is to be shipped to a Tektronix Service
Center or to the Factory Service Center for repair or service, attach to
the instrument a tag containing the following information:

1. Name and address of the owner.

2. Name of the individual to be contacted if necessary.
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3. Instrument type and serial number.
4, Description of the required service.

Also, include the Tektronix Service Center address and the owner’s
address on the carton in one or more prominent locations.
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SECTION 5
MAINTENANCE
Preventive Maintenance

Preventive maintenance consists of periodic inspection and cleaning
of the instrument. Preventive maintenance procedures performed on a regular
basis may prevent instrument breakdown and will improve reliability. The
severity of the conditions under which the instrument is operated will
determine the frequency of preventive maintenance procedures. A usually
convenient and appropriate time to perform these procedures is immediately

prior to instrument adjustment.

Visual Inspection

The instrument should be inspected carefully for such defects as
broken connections, damaged circuit boards, improperly seated semiconductors,
and heat-damaged parts. It is normally not necessary to disassemble the

instrument for this purpose. However, removal of covers is appropriate.

Corrective procedures for most visible defects are obvious. However,
particular care must be taken if heat-damaged components are found. It may
not be sufficient to merely replace such components. Overheating usually
indicates other problems in the instrument. Therefore, it is most important
that the cause of overheating be identified and corrected to prevent

recurrence of the damage.

Cleaning

Accumulation of dust and dirt on components acts as an insulating
blanket and prevents efficient heat dissipation. This can cause overheating
and component breakdown. Dust on components is troublesome also because
of its electrical conductivity under high humidity operating conditions.

Avoid the use of checmical cleaning agents that

might damage plastic parts used in the instrument.

In particular, avoid chemical compounds that contain
benzene, toluene, xylene, acetone, or similar solvents.
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Exterior

Loose dirt and dust accumulation on exterior surfaces can be removed
with a soft cloth or brush. Built up accumulation of hardened materials
can be removed with a soft cloth dampened in a solution of mild detergent

and water. Abrasive cleaners should not be used.

Extra care should be taken in cleaning the front panel pushbutton
area. Cleaning solution must not be allowed to enter around the buttons.
If a dry cloth or brush does not suffice in cleaning the front panel, use
a very slightly dampened cloth to remove soil.

Interior

Loose dust can best be removed from interior surfaces by blowing with
low-pressure, dry air. Any remaining dirt can be removed either with a
bruch and air pressure or with a cloth dampened in a solution of mild
detergent and water. A cotton-tipped swab is useful for cleaning in small

spaces.

Note that cleaning normally required with most keyboards is not
required for the 7D02 keyboard. Disassembly and reassembly requires special
tools and fixtures and should not be attempted in the field.
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CORRECTIVE MAINTENANCE

Corrective maintenance consists usually of component replacement to
effect repairs. Techniques required to replace components in the 7D02 are

described in this sectiom.

Static-Sensitive Components

Static discharge can damage any semiconductor

component in this instrument.

This instrument contains electrical components that are susceptible
to damage from static discharge. See Table 5-1 for relative susceptibility
of various classes of semiconductors. Static voltages of 1 kV to 30 kV are

common in unprotected environments.
Observe the following precautions to avoid damage:
1. Minimize handling of static-sensitive components.
2. Transport and store static-sensitive components or assemblies in
their original containers, on a metal rail, or on conductive foam. Label
any package that contains static-sensitive assemblies or components.
3. Discharge the static voltage from your body by wearing a wrist
strap while handling these components. Servicing static-sensitive assemblies
or components should be performed only at a static-—free work station by

qualified service personnel.

4, Nothing capable of generating or holding a static charge should

be allowed on the work station surface.
5. Keep the component leads shorted together whenever possible.

6. Pick up components by the body, never by the leads.
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7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a floor or work-surface

covering capabile of generating a static charge.

9. Use a soldering iron that is connected to earth ground.
10. Use only special antistatic suction type or wick type desoldering
tools.

5-4 @



MAINTENANCE - 7D02 LOGIC ANALYZER

TABLE 5-1

RELATIVE SUSCEPTIBILITY TO STATIC DISCHARGE DAMAGE

Relative
Susceptibility
Semiconductor Classes Levels*
MOS or CMOS microcircuits
or discretes, or linear
microcircuits with MOS
inputs. (Most Sensitive) 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar
transistors 5
JFETs 6
Linear microcircuits 7
Low-power Schottky TTL 8
TTL (Least Sensitive) 9

*Voltage equivalent for levels:

1 =100 to 500 V 4 =500V
2
3

200 to 500 V 5 = 400 to 600 V
250 Vv 6 = 600 to 800 V

7
8
9

= 400 to 1000 V (est.)

(Voltage discharged from a 100 pF capacitor

resistance of 100 ohms.)

900 Vv
1200 Vv
through a

5~5
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Obtaining Replacement Parts

All electrical and mechanical replacement parts can be obtained through
any Tektronix Field Office or representative. However, many standard
electronic components may be obtained locally in less time than would be
required to order from Tektronix, Inc. Before ordering or purchasing
replacement parts, check the appropriate parts list for value, tolerance,

rating and description.
NOTE

When selecting replacement parts, it is important
to remember that the physical size and shape of a
component may affect its performance in the
instrument, particularly at high frequencies. All
parts should be direct replacements unless it is
known that a different component will not adversely

affect instrument performance.

Some parts used in the 7D02 are manufactured or selected by Tektronix
to satisfy particular requirements, or are manufactured for Tektronix to
internally generated specifications. Most of the mechanical parts used in
the instrument were manufactured by Tektronix. To determine the manufacturer
of parts, refer to the parts list, Cross Index Mfg. Code Number to
Manufacturer.

When ordering replacement parts from Tektronix, Inc., include the

following information:

1. Instrument type.

2, Instrument serial number.

3. Description of the part (if electrical, include circuit designator).
4, Tektronix part number.
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Soldering Techniques

To avoid electrical shock, disconnect the instrument
from the power source before attempting soldering.

The circuit boards used in the 7D02 are multilayer
type boards with conductive paths laminated between
the board layers. All soldering on these boards
should be done with extreme care to avoid breaking
the connections. Only experienced maintenance
personnel should attempt repair of the boards.

The reliability and accuracy of the 7D02 can be maintained only if
proper soldering techniques are used when repairing or replacing parts.
General soldering techniques that apply to maintenance of any precision
electronic equipment should be used when repairing the instrument. Use
only 60/40 resin-core, electronic—grade solder. The choice of soldering
iron is determined by the repair to be made. When soldering on circuit
boards, use an 8- to 15-watt pencil-type soldering iorn with a very small
wedge—shaped or pointed 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 board base material. Apply only enough heat to remove
the component or to make a good solder joint. Also, apply only enough
solder to make a firm joint.

For metal terminals such as coaxial cable ground lugs, a higher wattage
soldering iron may be required. It is thus necessary to match the soldering
iron to the task. For example if the component is connected to the chassis
or other such large heat-radiating surface, a soldering may require a
larger tip and higher wattage iron (about 40 watts).

The following technique should be used to replace a soldered component

on a circult board:
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1. Grip one lead of the component to be removed with long-nose pliers
and touch the soldering iron tip to the lead at the solder connection. Do
not place the tip directly on the board as this may cause damage to the
board.

2, Gently pull the lead out as the solder melts. If the lead cannot
be removed without increased force, try to remove the other lead of the

component .
NOTES

Some component leads are difficult to remove because
of a bend placed in each lead during the board manu-
facturing process. The purpose of the bends is to
hold the component in place during a flow soldering
process that solders all components at one time.

If a component lead is extremely difficult to remove,
it may be helpful to straighten the lead on the back
side of the board with pliers or a small screwdriver

while heating the connection.

Unsolder the component from the circuit board by
applying heat to the component lead so that the
solder will remain on the board. If it is necessary
to remove excess solder from a circuit board hole

for easier installation of a new component, a solder-
removal tool should be used.

3. Bend the leads on the new component to fit the circuit board holes.
(If the component is to be installed while the board is still installed
in the instrument, trim the leads to just protrude through the board.)

4, Insert the component leads in the holes and seat the component in
the same position as was the removed component. If the component will not
seat properly because of solder remaining in the holes, heat the solder
until the component will seat properly.

5. Hold the lead between the component body and the solder connection
with long-nose pliers (or another heat sink to protect the heat-sensitive
component), touch the soldering iron tip to the lead connection, and apply
a small amount of solder to make a firm connection.
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6. Trim any lead excess that protrudes through board (if not already

done in step 3).

7. Clean the area around the connection with a flux-remover solvent,

taking care not to remove information printed on the board.

Component Removal and Replacement

To avoid electrical shock, disconnect the instrument

from the power source before removing components.

Mechanical and Small Components

The exploded view drawing associated with the Replaceable Mechanical
Parts list may be helpful in the removal or disassembly of individual
components subassemblies. Component locations are shown in the Diagrams
and Circuit Board Illustrations Section. For specific instructions pertaining
to soldered parts such as resistors, capacitors, and diodes, refer to the

Soldering Techniques paragraph.

Circuit Boards

The following paragraphs contain detailed procedures for removal of
circuit boards for repair or replacement. If a circuit board is damaged
beyond the practical limit of field repair, replace the entire board and
return the board through a Field Office or the Factory Service Center.
Part numbers of completely wired boards are given in the Replaceable

Electrical Parts List.

NOTE

In the following procedures: the term ''right
side up" means that the instrument is in normal
operating position, the term "left-hand side up"
means that the instrument is resting on the
surface thatis to the right when one faces the
front panel, and the term '"right-hand side up"

means the opposite.
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In each instance, replacement is accomplished in essentially the reverse

Avoid touching the gold connectors on circuit
boards. 0Oils and moisture can seriously degrade

order of removal.

contact quality.

Keyboard -— Remove the Keyboard as follows:

1. Place instrument right side up while facing front panel.

2. Remove four screws on upper front panel; remove panel.

3. Remove two larger screws that fasten subpanel to front casting;

lift subpanel and keyboard out from casting.

4, Remove three harmonica connectors from back of keyboard and remove

keyboard/subpanel assembly.

5. Remove eight small screws to separate keyboard from subpanel.
Probe Interface Board —— Remove the Probe Interface Board as follows:
NOTE

This board must be removed before the Front Panel,
IC Acquisition, Trigger, Front End, Word Recognizer,
Expansion Option, and Acquisition Memory Boards can

be removed.

1. Place instrument left-hand side up while facing instrument bottom.
2. Remove three screws that secure board to nutblocks.
3. Using finger pressure, carefully pry board loose from connector

and remove board.
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NOTE

To remove any of the other boards, the long aluminum
strip screwed to the top center rail must be removed.

Front Panel Board —~ Remove the Front Panel Board as follows:
1. Place instrument left-hand side up.
2. Remove screws from two nutblocks on board at top center and bottom

center rails. The bottom screw is located under the latch bar. (Leave

nutblocks on board.)

3. Disconnect five-wire harmonica connector that leads to front panel
BNC connectors.

4, Disconnect two—wire harmonica connector that leads to P6451 Board.

5. If Keyboard has not been removed, disconnect three harmonica
connectors that lead to Keyboard.

6. Using finger pressure, carefully loosen board from connector;
remove board from instrument, taking care not to damage components on
board.

IC Acquisition Board -—- Remove the IC Acquisition Board as follows:

1. Place instrument left-hand side up while facing instrument bottom.
2. Remove connector leading to P6451 Board. Do not pull on the cable.
3. Using finger pressure, carefully loosen board from connector;

remove board from instrument, taking care not to damage components.

Trigger Board, Front End Board, Word Recognizer Board, Expansion Option

Board, and Acquisition Memory Board —— Remove each of these boards as
follows:

1. Place instrument right side up while facing instrument left-hand
side.
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2, Using finger pressure, carefully loosen board from comnector;
remove board from instrument, taking care not to damage components on

board.
NOTE: The Probe Interface board need not be removed in order to remove the

following board.

State Machine Board, CPU Board and Display Board —— Remove each of these

boards as follows:

1. Place instrument right side up while facing instrument left-hand
side.
2. Remove screw that secures nutblock at corner of board to upper

left-hand rail. (Leave nutblock on board.)
3. Using finger pressure, carefully loosen board from connector;

remove board from instrument, taking care not to damage components on

board.

Power Supply Board -— Remove the Power Supply Board as follows:

1. Remove Display and CPU boards as outlined above.

2, Place instrument right side up while facing rear panel.

3. Remove two large screws that secure heat sink to rear panel.
4, Remove screw that secures nutblock at corner of board to upper

left-hand rail. (Leave nutblock on board.)
5. Turn instrument upside down.

6. Remove screw that secures nutblock at corner of board to lower

left-hand rail.

7. Place instrument right side up.
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8. Remove screw that secures nutblock at center of board to top center
rail.

9, Using finger pressure, carefully loosen board from connector.

10. Taking care not to damage components on board or other components,

move board toward Display Board position and remove from instrument.

Vertical and Horizontal Interface Boards —- Remove each board as follows:
1. Place instrument right side up while facing instrument rear panel.
2, Remove Power Supply Board as outlined above.

3. Remove four screws that secure plastic circuit card guide to rear
panel.

4, Disconnect two harmonica comnectors that lead to Main Interface
board.

5. Remove plastic circuit card guide and board from rear panel.

6. Spring plastic guide fingers open to separate board from guide.

P6451 Board —- Remove the P6451 Board as follows:
1. Place instrument left-hand side up while facing front panel.
2. Remove four screws that secure lower front panel to front casting;

remove panel while at the same time disconnecting five-wire harmonica
connector from Front Panel Board.

3. Disconnect two-wire harmonica connector that leads to Front Panel
Board.

4. Remove four screws that secure P6451 Board bracket to front casting.
5. Disconnect multi-pin connector from IC Acquisition Board.

6. Remove board from bottom of instrument.
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Main Interface Board —- Remove the Main Interface Board as follows:

1. Remove all other boards as outlined above.
2, Place instrument right side up while facing right-hand side.
3. Remove seven screws that secure board to nutblocks on upper and

lower right-hand rails.

4, Disconnect four harmonica connectors that lead to Vertical and

Horizontal Interface Boards.

5. Remove board from instrument.

Semiconductors

Semiconductors should not be removed unless defective. If removed
from its socket during maintenance, a semiconductor should be returned to
the same socket. When a semiconductor is replaced, a thorough check of the
affected instrument section should be performed.

To avoid component damage, remove power from
the instrument before removing or replacing

semiconductors.

Replacement devices should be either of the original type or direct
replacements. The lead configuration of semiconductor devices used in the
7D02 are shown in the Diagrams and Circuit Board Illustrations section.
When replacing, check the manufacturer’s basing diagram. Semiconductors
that have heat radiators use silicone grease to increase heat transfer.
Replace the grease when replacing the semiconductors.

Handle silicone grease with care. Avoid getting

grease in eyes. Wash hands thoroughly after use.

An extracting tool should be used to remove the socketed multi-pin

integrated circuit to prevent pin damage. The tool is available from
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Tektronix as Part Number 003-0619-00. If an extracting tool is not available,
exert pressure evenly on both ends of the device. Avoid disengaging pins

on one end before the other as this may damage the device.

Interconnecting Pins

The pin connectors used to connect wires to interconnection pins are
clamped to the ends of the wires. These are replaced by removing the old

connector and clamping a new one in its place.

These pins can be grouped together and mounted in a plastic holder,
thus forming a harmonic connector that is installed and removed as a
multi-pin connector. The first end-lead pin (number 1) is soldered to a
square pad to provide correct orientation of the multi-pin connector. Make
certain that the arrow on the multi-pin connector is aligned with this
square pad when replacing the connector. If individual end-lead connectors
are removed from the plastic holder, note the wire colors for replacement.

Circuit-~Board Pins

A circuit board pin replacement kit, including the necessary tools,
instructions, and replacement pins, is available from Tektronix as Part

Number 040-0542-00.

Only experienced service personnel should attempt
to replace pins on multi-layer boards.

Replace a pin as follows:

1. Disconnect connector from pin.

2. Using soldering techniques outlined earlier in this section,

unsolder pin and remove it from board, leaving ferrule in hole if possible.
(If ferrule is removed with pin, clean hole with solder removal tool and
scribe.)

3. Carefully press new pin into hole in board. (If ferrule remained

in hole in step 2 above, remove new ferrule from new pin before insertion
into hole. If ferrule was removed, press new pin with ferrule into hole.)
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4, Position replacement pin squarely as was removed pin.
5. Solder pin to board as was removed pin.
6. If removed pin was bent to move with connector, carefully bend

replacement pin to same angle.

7. Replace connector.

Performance Check After Repair

After any electrical component has been replaced, the performance of
the affected circuits should be checked. If there are adjustments affected,
those adjustments should be checked. Refer to Section 3, Performance Check

and Adjustment.

INTERNAL DIAGNOSTICS

Introduction

The 7D02 contains three types of diagnostics to make the task of
troubleshooting easier and more efficient. These are: 1) the Power-Up
Verification routine, which runs automatically each time the unit is powered
up; 2) the Diagnostic Monitor--Module Test, which can be run by the user
if an error has been detected during the Power-Up Verification or to
exercise the instrument; and 3) the Signature Exerciser Mode, which generates
test patterns that can be verified with a signature analyzer such as the
Sony Tektronix 308.

Diagnostics Overview

Power—-up verification is the self-test process that the 7D02 goes
through each time power is turned on or the reset switch is pressed. The
idea behind power—up verification is to provide the user with a high
confidence level that the 7D02 is operating correctly. The only tests that
are not performed at power-up are those that require stimulus from the
personality module or require some response from the operator such as
pressing keys or examining displays. If the power-up tests find no failures,
the 7D02 goes directly into normal operation. If a failure is detected,
the test results remain on the screen and the operator is given the option
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of either ignoring the error and going into normal operation, or of entering

the diagnostics monitor and attempting to isolate the cause of the failure.

In choosing to enter the diagnostics monitor, the operator should
refer to the troubleshooting trees at the back of this section. If the
power—up verification does not detect any errors but the user wishes to
run the additional tests not run at power-up, a failure may be induced at
power-up. Hold a key down for about five seconds immediately after turning
on the power, which causes the KEYBOARD test to fail. Then select the,

diagnostic monitor option from the instructions on the screen.

Power-up Test vs Diagnostic Monitor "Test All"

In most respects, power—up verification is the same as the diagnostic
"test all" function. The exceptions to this rule are explained below.

1. Diagnostics ROM. The power-up sequence is the only time that the
diagnostics ROM is treated differently than any other ROM. Since an error
in this ROM could cause the diagnostics to fail, it is essential to verify
its operation as quickly as possible. The tests performed are precisly the
same ones used later to check the firmware ROMs. If the diagnostic ROM
should happen to fail power-up verification, the user is so informed and
is prompted to press a key to begin normal operation, since power-up
verification cannot continue. See the explanation of test strap P1006 for

an exception to this rule.

2. Program RAM. During power-up verification, no RAM is used until it

can be proven good. The only area of RAM that is critical for diagnostics
is that between address C000 and COFF, where stack and variables are stored.
After the Power-up Program RAM check is complete, the diagnostics writes
the test results on the screen, then checks to see if any failure that may
have occurred was in the critical area. If no errors were found in that
first 256 words of RAM, then power—-up continues with the rest of the tests.
If a failure did occur somewhere between addresses C000 and COFF, the user
is warned that power-up verification cannot continue and is prompted to
press a key to begin normal operation. (See the explanation of test strap
P1006 for an exception to this rule.) The fail address is written on the
screen during power—up because, if it is in the critical area, the user
will not be able to get this information by running the individual RAM
test.
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Since no RAM is used prior to the power—-up RAM test, there is no
information in the RAM to be preserved at the time of the test. However,
this is not the case after power—up is complete. The RAM addresses between
0:E300 and O:E3FF are part of the display RAM but are not displayed on the
screen. The area is used as temporary storage for information that must
be preserved during the program RAM test run under diagnostic Monitor
control. Before this is done, the diagnostics must make certain that the
temporary buffer operates properly. At all times except power—up, whenever
the program RAM is tested, four tests are run. The first two check the
temporary buffer to make certain that it operates properly, the last two
actually check the program RAM. If either of the first two tests fail, the
last two will not run. See the program RAM test description for a more

complete explanation.

3. Display. Power-up verification tests only the display RAM, since
that’s all that can be done without operator assistance. The full test in
the diagnostics monitor displays patterns on the screen to allow the
operator to subjectively check the operation of the rest of the display

system.

4, Keyboard. If a key were stuck during power-up, the operator would

not be able to enter the diagnostics monitor to do additional testing, so
the fail address and data bit indicating precisely which key is stuck is
printed on the screen. See the keyboard test description for details on
how to interpret the fail information. The full keyboard test in the
diagnostics monitor includes a subjective test that is not run at power-up

since it requires operator assistance.

5. Per. Mod. System. The power-up verification tests on the Personality
Module system include two (of several) routines that do not require stimulus
from the module itself. Per. Mod. tests run from the diagnostic monitor

require stimulus and are more complete.

6. Timing Option. Power-up verification tests those facets of the
Timing Option that do not require operator intervention. As with several
other tests, more complete analysis results from routines run from the

diagnostic monitor.
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CPU Test Jumpers

The CPU Board (A09) contains three test jumpers that can be used to
assist in troubleshooting. The purpose of each of the jumpers is explained
below.

P1031. In the normal position, it allows the 555 timer to generate
interrupts to the processor. These interrupts are used to service the
keyboard, and are disabled internally by the processor during tests that
should not be interrupted. The TEST position is for use by service personnel
who want to disable interrupts at other times. The keyboard will not

functiion while interrupts are disabled.

P1006. The main purpose of this test jumper is to cause the 7D02 to
automatically begin looping on "TEST ALL" after completing Power-Up
Verification. In addition to the automatic looping function, this jumper
affects what happens if either the Diagnostics ROM or the Program RAM tests
fail during Power-Up Verification. If the jumper is in the TEST position
and the Diagnostics ROM test fails, the user is prompted to press the
START/STOP key to re-test the ROM. The diagnostics program then continuously
reads the last ROM address (1FFF). If a program RAM failure is detected
in the address range of CO00 to COFF, the user is prompted to press the
START/STOP key to re-test the RAM, The diagnostics then continuously reads
and writes the location where the error was detected. The two test loops
described above enable the service technician to observe the processor bus
and address decoder activity with an oscilloscope. While in the loops, the
START/STOP key is checked directly because interrupts are not enabled.

SIP Resistor Pack. This single-in—line resistor pack (a pullup resistor
network), allows the CPU Board and the 7D02 address and data bus to be
tested with signature analysis even if the diagnostics will not run. The
technique used is to isolate the processor from the rest of the instrument
by breaking the data bus at the processor and tying the inputs all high
through resistors, causing the processor to read FF whenever it does an
Instruction Fetch. The instruction FF is "RST 7", which causes the processor
to do two writes to the stack, then fetch another instruction from address
0038. Each time the processor writes to the stack, it decrements the address
and eventually addresses every possible memory location then wraps around
and repeats. Even though these are write operations, the firmware ROM's
are being addressed and are driving the data bus that was disconnected
from the processor. The result of all of this activity is that the address
and data bus are being driven with a constantly repeating pattern, which

is exactly what is needed for signature analysis,
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The O-ohm resistor pack normally installed (R3070) should be removed
to break the data bus. The SIP resistor pack provided in the service kit
should be installed instead in pins one through nine of the same socket
with the marked end in pin one. (Refer to the service kit for more
information.) The SIP resistor pack pulls the data inputs to the processor
high. The signature analyzer should have the clock input connected to pin
31, and the start and stop inputs tied to pin 28 of U3050 on the CPU board.
For more information on setting up the signature exerciser for this test,
see the "Kernel Signature Analysis Tree.' Note that when the O-ohm pack
is reinstalled, it must be centered in the 20-pin socket, leaving two pins

open on each end as shown in Fig. 5-1.

2919-72

Fig. 5-1. SIP Resistor Pack Installation Location.

5-20 @



MAINTENANCE - 7D02 LOGIC ANALYZER

Troubleshooting Trees

The back of this section contains a set of flow charts that can be
used as a guide when troubleshooting. The flow charts begin with the
power—up verification and lead the service technician to, or as near as
possible to the component causing the failure. While using the troubleshooting
trees, the technician has several aids available:

Inspection. Many points in the troubleshooting trees recommend a
component or group of compounents to inspect. The part numbers referenced
are those most likely to have generated the particular failure code that
led the technician to that point in the tree., Further in the tree, there
may be additional components listed that could have caused the same failure
but are not quite as likely candidates. When the troubleshooting trees
recommend inspecting a component, the intention is to make a cursory check
for obvious problems such as damaged parts, overheated components and the
like. If the part in question is socketed, it might be a good idea to try
replacing it before going any further. If the tree leads to signature
analysis, the components that were recommended for inspection are also
prime locations to take signatures.

Test Description. When a particular diagnostic test fails, the service
technician should refer to the test description to get an understanding
of just what was being tested and how. It is often possible to compare the
descriptions of several tests to find common areas to check. At the end
of the test descriptions for each module is a list of the possible failure
codes and the components likely to cause such a failure. By comparing the
lists from several tests that failed, it is sometimes possible to find
components or sections that are common to all failures.

Circuit Description. The circuit descriptions for each board or module
can be used in conjunction with the test descriptions to more fully
understand how the circuit under test operates and what the particular
failure code implies. The circuit description will give details about
circuits such as expected waveforms and voltages that can be used to
supplement the built-in diagnostics.
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Special Test Modes

In addition to the individual module tests, the 7D02 diagnostics
contain several special test modes to extend the range of diagnostic
coverage. These modes are described below along with an explanation of how

each is used.

Kernel Test. In the event that the power—up verification routine does
not run when the instrument is first turned on, it 1s necessary to resort
to some more primitive form of troubleshooting. If the display is inoperative,
it is not easy to tell whether the diagnostics program is running at all.
The first thing that happens when the processor is reset, or when power
is first applied, is that the processor generates 200 pulses on the SOD
pin, (TP41 and TP42 on the CPU board, A09). By connecting a TTL-level pulse
counter to one of these test points, it is simple to verify that the CPU
is running. The kernel troubleshooting tree will lead a technician through
the above procedure. See the explanation of the SIP Resistor Pack (part
of the 7D02 Service Kit) and "Signature Analysis Kernel Mode" for more
information on testing the 7D02 kernel.

Test All. The test all mode provides the service technician with a
quick and simple means of thoroughly exercising the 7D02. When this test
is run, each of the module names is printed on the screen (as it is run)
along with the test results for that module. When the test is complete,
the user can see at a glance if any problems were detected, and if so,
which modules contained problems. In addition to identifying defective
modules, a number to the right of the word FAIL indicates which test in
that particular module failed. Using this information, it is possible for
the technician to proceed straight to the failing test or tests. Because
of space limitations on the screen during test all mode, only the first
test to fail in each module is listed; the rest of that module is not
tested.

Looping. The looping mode allows any test (including "TEST ALL") to
be run continuously. Looping is enabled by pressing the "E" key after
selecting a module test from the menu. The primary use for looping 1is
locating intermittent failures. When looping is enabled, the Diagnostics
Monitor updates the test results on the screen after each iteration of the
test. By observing the PASS/FAIL flag, the service technician can determine
if a test is failing continuously, intermittently, or only occasionally.
In addition, by watching the failure code, the technician can also determine
if the failure is exactly the same each time or if it is changing. When a
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test passes, the word PASS is printed on the screen in place of the word
FAIL, but the failure code is left undisturbed as a record of any previous
failures that may have occurred. The 7D02 diagnostics can easily be caused
to loop on any particular test or on all tests. If even a single failure
occurs while the test is looping, the failure code will remain on the
screen to pinpoint the problem. If multiple failures occur, only the most

recent failure code will remain.

Signature Analysis

If visual inspection of the components recommended by the troubleshooting
trees does not succeed in locating the source of a failure, signature
analysis provides a means of further isolating the problem. During signature
analysis, the circuit under test is stimulated with a constantly repeating
pattern and an external instrument is used to sample points within the
circuit for correct response to the stimulus. The external instrument, a
Signature Analyzer, such as the SONY/TEKTRONIX 308, samples the point under
test once each time it is clocked, after it receives a start signal and
continues until it receives a stop signal. The circuit or instrument under
test must therefore provide four signals to the Signaure Analyzer: start,
stop, clock and data, where "data" is the point being tested. In the 7D02,
these four signals are generated in three different manners to suit different
circuits under test. The details of how to connect the Signature Analyzer
for each circuit under test are listed in a table at the start of the
signature analysis troubleshooting tree for that circuit. The three different
methods of stimulating the circuits are described in general below.

1. Kernel Mode is used when even the most basic part of the diagnostics
ROM refuses to run. The SIP Resistor Pack (part of the 7D02 Service Kit)

is put in place to cause the processor to "free run'" which, in turn,
stimulates the address and data busses. Address line Al5, is used as the
source of both start and stop by setting the Signature Analyzer to recognize
the rising edge for one signal and the falling edge for the other. The
processor write line is used as the clock, and data are sampled at the

points indicated in the signature table.

2. Programmed Mode is used when the processor generates the signature
stimulus under program control. In this mode, the start and stop signal
usually comes from the serial-out data pin on the CPU via TP41 and TP42
(CPU board A09). The clock signal is generated by either a read or a write
from the processor and is found on TP49. In this mode, the operator must
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select a particular signature exerciser routine from the menu as specified

in the signature table.

3. Per. Mod. Stimulus Mode is similar to "programmed mode," in that

the operator must select a signature exerciser routine from the menu. In
this instance, however, the stimulus for the signatures is generated by
the general purpose Personality Module (PM101). The signature exerciser
program configures the instrument to receive the stimulus, then stands
aside and allows the Personality Module to stimulate the test points. This
approach is necessary for those parts of the 7D02 that can only be driven

from a personality module.

Flow charts at the end of this diagnostic section show troubleshooting
trees for the Power-Up Verification routine, Diagnostic Monitor--Module
Test, and the Signature Exerciser Mode. The steps shown in these trees
will direct troubleshooting operations from the initial failure analysis,
which is part of the Power~Up Verification, to the more complete analysis
provided by the Diagnostics Monitor——Module Test and the Signature Exerciser
Mode. If a failure is encountered in the Diagnostic Monitor--Module Test,
the fault should be corrected before proceeding with the diagnostics. Later
tests in the sequence require correct operation of the earlier test in

order to function properly.

Power-Up Verification

General

The Power-Up Verification routine runs automatically each time the
7002 is powered up. As it starts, the display screen is cleared, the
verification routine runs, and a message indicati