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1.0 INTRODUCTION

The Paratronics PI 540 Logic Analysis System combines, in a single
package, facilities for logic analysis of state, timing, and waveform infor-
mation. Inputs are provided for 32 state channels, 8 timing (or additional
state) channels, and 1 waveform channel. The state, timing, and waveform
sections can be used independently as separate analyzers, or linked one to the
other for interdependent triggering.

1.1 PRINCIPLES OF OPERATION

A11 three types of analyzers represented in the PI 540 are basically
devices for collecting data under specified conditions and storing the data in
memory for detailed examination. Data is stored in memory starting at the
lowest address. If the memory is filled before data collection is terminated,
storage starts at the beginning of memory again, writing over the data already
there. Thus the memory always contains, at any given moment, the most recent
memoryful of data. When data collection stops, in this overflow case the last
address filled is treated as the "end" of memory, and the next address is
treated as the "beginning" of memory for purposes of analysis.

To start data collection, the RESET key on the keyboard is pressed. When
and if certain preestablished conditions (the trigger conditions) are met, the
data collection is automatically halted by the analyzer. Or, it may be stip-
ulated that the data collection continue for a brief period after the trigger
event until a specified amount of posttrigger data has been collected. Once
data collection has stopped, the data can be displayed in various ways for
convenient analysis.

In the PI 540, each input channel (incoming data line) is, in effect,
assigned its own strip of memory that is one bit wide and as long as the
memory is deep (250 bits for the state memory and 1000 bits for the timing and
waveform memory). There are 32 input channels in the state section, 8 more
in the timing section, and 1 in the waveform section.

The varying data on the input channels is fed to IC latches where it is
latched by clock pulses. At each clock pulse, a sample of the stabilized data
is read from the latch into memory. The state and timing analyzers assume
that data on the input channels is logic data; that is, that it is either TRUE
or FALSE. If the input level is above a preselected threshold, the data is
stored in memory as TRUE (logic 1); if below that threshold, it is stored as
FALSE (logic 0).

For the State Analyzer, the TRUE or FALSE state of the data from bit to
bit is the subject under investigation. Therefore, the clock pulses are taken
from the system under test (the target system), are chosen so that the data
of interest is stable at clock time, and are usually closely related to the
master clock for that system. The source of clock pulses is external to the
analyzer; and because the clock that is being fed to the analyzer's latches
bears a fixed time relationship to the data being coiiected, the ciocking is

said to be synchronous.

-
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For the Timing Analyzer, the subject under investigation is usually the
time relationships of the transitions of logic data present on various data
lines. The precision with which such data transitions (from TRUE to FALSE, or
vice versa) can be Tocated in relative time is a function of how often the
data is sampled. Thus, the higher the frequency of the sampling clock, the
higher the resolution of the timing information contained in the collected
samples. The synchronous external clock used in the state mode is usually
unsuitable for the timing mode because the transitions under examination are
very often occuring at target-system clock intervals. Therefore, small time
differences between transitions on the various incoming channels could be
completely obscured if the target-system clock were used to sample the data.

Because of these considerations, an internal clock is provided from
within the timing analyzer. This clock is asynchronous with respect to the
incoming data. A maximum internal clock frequency of 50 MHz is available in
the PI 540. However, slower internal clock rates may be selected in order
to capture data over as long an interval of time as is consistent with the
resolution required. (The Tower the clock frequency, the longer the time
interval represented by a 1000-bit memoryful of data samples.)

An external clock input is also provided on the timing analyzer, and
external clocking may be selected if a suitable external clock is available
and preferable for some reason. ‘Furthermore, an alternate state-equivalent
display is provided for the timing data. This alternate display, in conjunc-
tion with the external clock, allows the timing analyzer to be used as an
8-channel state analyzer with a 1000-word data collection memory.

For the Waveform Analyzer, the incoming data is no longer assumed to be
logic data. The objective now is to capture and store a single-occurrance
analog waveform so that it can later be continuously displayed for detailed
analysis. As with the timing analyzer, high resolution is important, and the
50 MHz internal clock is used for data sampling. (Again, lower clock rates
may be selected when some degree of resolution can be given up in exchange for
a longer captured time interval.)

The voltage level on the waveform input channel is sampled at the selec-
ted clock rate, and the value of each sample is converted to digital form
with 6-bit precision. The digital value of the sample is then stored in the
1000-word timing memory previously described. As with the state and timing
analyzers, the occurrance of a designated trigger event stops the data collec-
tion after a preselected number of posttrigger samples. The captured waveform
can then be displayed in selected ways under software control and with the aid
of a special auxiliary video memory.

Aside from the state, timing, and waveform modes, the PI 540 has two
broad operational modes; collection and display. While the analyzer is dis-
playing data or a menu, it cannot collect data; and while it is collecting
data it cannot display data or a menu. The analyzer enters the collection
mode when the RESET key is pressed. At that time, any menu or data that was
on the screen is replaced by the appropriate data format, but without data.
While data is being collected, the only screen updating that occurs is the
posting of short announcements of progress through the arm and trigger levels.
When triggering occurs and any specified collection of posttrigger data is
completed, or when the FORCE DISPLAY key is pressed, the analyzer stops data
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collection and enters the display mode. It remains in the display mode,
displaying either data or menus, until RESET is again pressed.

It should be mentioned that in the data display mode, only valid data is
displayed. Valid data is data collected after the RESET key is pressed. This
may or may not be a complete memoryful, depending on how soon triggering
occurred and how much posttrigger data, if any, was specified.

1.2 OPERATIONAL FEATURES

A full-feature PI 540 may be configured from the keyboard to any of the
following ten analyzer modes:

a. 8 STATE channels with 1000-word data capture

b. 16 STATE channels with 500-word data capture

c. 32 STATE channeis with 250-word data capture

d. 40 STATE channels with 250-word data capture

e. 8 TIMING channels with 1000-sample data capture

f. 1 WAVEFORM channel with 1000-sample data capture

g. 16 500-word STATE channels + 8 1000-sample TIMING channels
h, 32 250-word STATE channels + 8 1000-sample TIMING channels
i. 16 500-word STATE channels + 1 1000-sample WAVEFORM channel
j. 32 250-word STATE channels + 1 1000-sample WAVEFORM channel

The 8-channel state mode is essentially the same as the 8-channel timing
mode with the exception of the clock selection. In both modes (which are
shown on the configuration menu as a single 8-channel tming/state dual mode)
the data being displayed can be switched back and forth at will between the
state and tming formats.

For 8-channel timing analysis, the clock will probably be selected as
internal, and the Timing probe's clock and clock-qualifier inputs will not be
connected to the system under test. (Clock qualification is not available
when an internal clock is being used.)

When the 8-channel Timing Analyzer section is used as a state analyzer,
the mode may be either an 8-channel mode, in which the Timing section is used
by itself as a state analyzer, or it may be a 40-channel mode, in which the
8-channel Timing section is used in cascade with the 32-channel State section
in a 40-channel state analyzer.

For 8-channel state analysis, the clock will probably be selected as
external, and the Timing probe's clock input will be connected to the system
under test in order to provide the external clock. The clock-qualifier input
may also be connected if qualification of the clock signal is desired. But
the qualifier signal cannot be applied to the arm or trigger words (as the
State probe's qualifier signals can with the State section).

In the 40-channel state analysis mode, the 40-channel state analyzer is
restricted to the mere limited state analysis capabilities of the Timing
Analyzer section. The clock will probably be selected as external, and the
Timing probe's clock input will be connected to the system under test and will
provide the external clock for both sections of the combined anaiyzer. (The
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State section automatically receives the same clock selected for the Timing
section.) The clock inputs of the two State probes cannot be used in the
40-channel mode and will not be connected. The two qualifier inputs on each
of the two State probes can be used to qualify trigger words but cannot be
used as clock qualifiers, and data-word clock qualification is not available.
The clock-qualifier input of the Timing probe is the only clock qualifier that
can be used. Keyboard control of the Timing probe's input threshold levels
and hysteresis selection is still in effect.

In this 40-channel mode, only two levels of nested trigger words are
available (called the arm word and trigger word in timing analysis) instead of
the 16 Tevels that are ordinarily used in the State section. However, these
two words are the full 40 bits long and can be qualified by the four State-
probe qualifier bits and by the External and Waveform links. Also, the Timing
section's delay functions can be applied. The memory depth is limited to the
250 words of the 32-channel State Analyzer.

Although these restrictions should be kept in mind for proper applica-
tion, a 40-channel x 250-word state analyzer with a clock-qualifier bit and
two levels of nested 40-bit trigger words with four qualifiers, two linkages,
and a flexible delay function is nevertheless a very powerful instrument. It
only seems limited in comparison with the unusually extensive features of the
State Analyzer section.

Standard operational features, common to all modes unless otherwise
noted, include:

a. Full keyboard control of system modes, display formats, and all
variable parameters

b. Trigger and clock-qualifier linkage between state, timing, and
waveform sections

c. Sixteen levels of nested triggering in state modes (except in
the 40-channel mode, which has two levels)

d. Two levels of nested triggering in timing modes {called arm and
trigger)

e. Extensive and varied trigger delay capabilities

f. Full data-width trigger words plus additional qualifiers

g. Extensive clock qualification in state modes (except 40-channel
mode, which has one clock qualifier)

h. External input to trigger and clock-qualifier words

i. Glitch capturing in the timing mode

j. Comparison memories for various comparison functions

k. PI's brand of signature analysis

m. Fully controllable timing display (including channel order,
movable expansion window, and equivalent-state format)

n. Controllable waveform display (including movable expansion window)

0. Selectable probe hysteresis and variable probe thresholds

p. State display formats interchangeable at will between hexadecimal,
octal, binary, decimal, or ASCII
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1.3 GENERAL DESCRIPTION

The physical configuration of the PI 540 is.shown in figure 1-1. The
four basic physical elements, as pointed out in the figure, are:

a. The Folding Keyboard

b. The Display Module

c. The Microcomputer Section
d. The Applications Section

The functional configuration of the PI 540 is shown in the block diagram
of figure 1-2. Please refer to these two figures when appropriate during the
following discussion. They are positioned at the end of the section for easy
reference.

The FOLDING KEYBOARD, when not in use, folds up against the front of the
case so that the face of the CRT and the keyboard working surface are both
protected during transit or storage of the analyzer. (This arrangement also
allows both the CRT and the keyboard itself to be larger than they could be if
they shared the same front panel.) When the analyzer is placed horizontally
on a bench or table, the carrying handle may be folded back underneath the
unit to act as a stand. The keyboard is then unlatched from its protective
position and folded down to rest on the table surface at a comfortable angle.
In some $ituations, it may be more convenient to place the analyzer upright
on the floor; there are four rubber feet on the back of the unit for this
purpose, and the folded-under handle acts as a rest for the opened keyboard.
(Caution: Take care that the cooling fan in the rear is not obstructed.)

The keys themselves are completely covered by a plastic overlay sheet
which protects them from dust and other contamination and carries the key
legends as well as other keyboard labels. The keys are of the thin, snap-
action contact type, and at each key location there is a slight dome beneath
the plastic overlay. This dome gives way when pressed, thus providing tactile
feedback of the key actuation. An audio feedback tone is also provided (at
the operator's option). If an illegal key entry is made during any operation,
a dual-tone error signal is sounded.

The keys are connected as input devices to the microprocessor, and the
function of each key is determined entirely by software. Many keys have two
functions, one for each of two different analyzer operating modes in which the
key may be called into play. Such keys have two legends on the keytop, one
legend in green and one in red. Above the group of keys involved, a green or
red 1ight indicates which legend applies in the current operating mode.

Within the keyboard housing, but underneath the keyboard itself, is the
Keyboard Interface Board. This circuit board contains: scanning circuitry
that allows the microcomputer to periodically scan the keyboard for switch
closures; latches that allow the microprocessor to control the LED indicator
lights on the keyboard; and the audio tone generator and its drive and control
circuits.

The DISPLAY MODULE contains a 9-inch CRT and the circuitry necessary
to produce a raster scan. A composite video input signal is supplied from
the Video Display Board in the Microcomputer Section. The only input power

[y
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required by the module is +12v, which is provided by the analyzer's power
supply. High-voltage for the CRT is generated within the module by a circuit
that operates from the +12 volts.

The MICROCOMPUTER SECTION is built up on the Microcomputer Motherboard.
Mounted on the rear of this motherboard is a high-efficiency switching power
supply that provides power for the entire PI 540. The remainder of the
motherboard is equipped with card guides, sockets, and interconnections (the
PI Standard Bus) for 8 circuit boards. Board locations are interchangeable on
this motherboard, but typically, the circuit board complement is arranged as
follows (top to bottom): '

Circuit Board

Video Display Board
Processor Board

Extended Memory Board #1
Extended Memory Board #2
Available for options

(3] (V2]
| PO -

(o]
© (a2

The Video Display Board contains an LSI CRT controller (the Intel 8275),
1K bytes of screen-refresh RAM, a character-generator ROM, and various other
related circuits. This board generates a composite video signal which, when
sent to the Display Module, produces a memory mapped video display containing
16 rows of 64 alphanumeric characters, with each character occupying an 8 x 15
dot-matrix cell. [In the timing display, line drawing is used in conjunction
with the alphanumeric characters. (The waveform display, which also uses line
drawin?, is generated on another board, the Waveform Board, to be discussed
later.

The Processor Board contains an 8085 microprocessor, 4K bytes of program
storage ROM, 256 bytes of system RAM, and various buffering circuits. This
board, by means of the system Control Program, exercises control over all
analyzer functions. These functions include keyboard input, CRT display for-
matting and updating, storage of collected data in memory, and implementation
of all operational features.

Extended Memory Boards #1 and #2 provide additional program storage ROM
and working RAM for the Processor Board. They are identical in their poten-
tial memory capacity of 24K bytes of ROM and 4K bytes of RAM per board. In
the PI 540, #1 contains 12K bytes of ROM and 4K bytes of RAM, and #2 contains
somewhat less, depending on the configuration of the particular instrument.

The remaining four board positions in the Microcomputer Section are
available for optional circuit boards such as the Serial Interface and GPIB
Interface boards.

The APPLICATIONS SECTION is built up on the Function Motherboard, which
has card guides, sockets, and interconnections for 7 circuit boards. In
effect, these circuit boards, in conjunction with the Control Program, define
the functions of the analyzer. They are devoted primarily to signal condi-
tioning circuits, functional control circuits, and data collection memory.
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The Applications Section in a full-feature PI 540 contains the following
circuit boards (listed from front to rear):

Slot Circuit Board

G (Front) Spare, for expansion

State Memory Board, B Group
State Control Board

State Memory Board, A Group
Timing Control Board

Timing Memory Board
Waveform Board

>POOOMM

Circuit board locations on the Function Motherboard are not interchange-
able. Therefore, the boards and sockets are keyed so that a board can only be
inserted in its designated socket. (A partial exception is that State Memory
Boards A and B are identical, and either board can be installed in either
memory board slot, but not in any of the other slots.)

The two State Memory Boards, which are identical as just noted, each
contain enough RAM to collect 250 bits of data from each of 16 state input
channels. They also contain input data latches, RAM for trigger and qualifier
word comparison (software implemented), and circuits for generating various
control signals.

The State Control Board contains circuitry that controls the collection
of the state data that ic stored on the State Memory Boards. This board also
implements (for the state analysis mode) clock qua]1f1cat1on, the 16 levels of
trigger words, and all delay functions.

The Timing Control Board contains circuitry that controls the collection
of the timing data that is stored on the Timing Memory Board. This board also
generates the internal clock used for collecting timing and waveform data.
And, for the timing analysis mode, this board controls clock selection, and
the trigger delay functions.

\ The Timing Memory Board contains a 1K-word x 8-bit RAM for storage of
collected timing or waveform data. It also contains circuits that perform the
glitch-capturing function, compare the incoming data with the arm and trigger
words, and establish the voltage thresholds for the incoming timing channels.

The Waveform Board contains circuitry that samples data on the incomming
waveform channel (using a clock signal obtained from the Timing Control Board)
and converts the data samples to digital form. The digital data is stored in
the memory on the Timing Memory Board. The Waveform Board also contains a 256
x 8-bit auxiliary video screen RAM. Once triggering has occurred, captured
data is copied from the Timing Memory Board into this RAM in the course of the
display manipulation that is under software and keyboard control. Circuitry
on this board then converts the information in the auxiliary screen RAM into
line-drawing video signals that are fed to the Video Display Board.
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1.4 SELF-TESTS

The PI 540 provides several self-tests that can be useful in assessing
the condition of the instrument. First, there is the automatic self-test that
is performed every time power is turned on. Second, there is the series of
self-tests that are evoked by holding down certain keyboard keys at the same
time power is turned on. Third, there are the self-test probe ports on the
back panel that are accessed through the Model 51A and Model 80 Probes by
means of the Model 53 Self-Test Adaptors. Finally, there are the self-tests
that can be performed with the Logic Analyzer Demo Card, Paratronics Inc. part
number 143-0046-002.

1.4.1 Automatic Self-Test

The automatic self-test is performed during the first two seconds each
time power is applied to the analyzer. This test goes through a set of per-
formance checks of the PI 540 memories and other subsystems. All keyboard
lights are lighted throughout the test to confirm their operation. The test
also reads the power line frequency and sets the CRT vertical sync frequency
to a matching 50 or 60 Hz. Although this automatic self-test does not provide
an exhaustive check, it does offer a high confidence level that the analyzer
is operating properly.

Successful completion of the test is announced by a short beep followed
by a display of the Configuration Menu. If the test is not successful, the
kayboard lights will remain on, there will be no beep, and there will be no
display on the CRT. If the CRT vertical sync frequency cannot be set to
approximate the power line frequency, a continuous beep will be emitted.

1.4.2 Keyboard Self-Tests

Each test in this series is initiated by holding down the specified key
while turning the main power switch from OFF to ON, and keeping the key held
down until the beep at the end of the automatic self-test is heard (about two
seconds). At that point, the selected test begins. The available tests are
as follows. (Unless otherwise noted, exit from the tests is made by pressing
the CONFIG key.)

For the CRT Alignment Check, hold down the "0" key. This test is a fixed
display of horizontal and vertical lines that are useful for evaluating and
adjusting CRT alignment. (For details on using this test, refer to Display
Module subsection 4.2.2.) :

For the Keyboard Check, hold down the "1" key. This test can be used to
check the performance of each key on the keyboard. To exit, turn off the
power. (For details on using this test, refer to Keyboard subsection 3.2.)

For the Video-RAM and Character-Set Check, hold down the "2" key. This
test verifies the integrity of the video refresh RAM and then uses the RAM to
sequentially display a screenful of each character in the character set. To
exit, turn off the power. (For details on this test, refer to Video Display
Board subsection 5.4.)

1-8
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For the Program ROM Signature Check, hold down the "X" key. This test
performs a signature calcuTation on each program ROM. The CRT displays a
tabulation of the ROM number, the starting address of the ROM, the correct
signature, and the actual signature (which should, of course, match the cor-
rect one). If any signature is incorrect, it is displayed in reverse video.

Although, strictly speaking, the following items are not self-tests,
they are given here because they are part of the series of key-hold-down-at-
power-ON functions.

For the CRT V-Sync Frequency Override, hold down the "5" key or the
"6" key. If the "5" key is held down, the CRT vertical sync frequency is set
to 50 Hz. If the "6" key is held down, the setting is to 60 Hz. This setting
. is made after the Controi Program's automatic setting and therefore remains in
effect until power is turned OFF. (This function can be used to determine
which of the two frequencies most closely matches the power mains frequency.
For details, please refer to the Display Module subsection 4.2.1.)

For Key-press Tone Delete, hold down the "T" key. This turns OFF the
beep tone that normally sounds when a key is pressed. The ERROR tone is not
turned OFF. (If it is absolutely necessary for some reason, the ERROR tone
can be turned OFF by setting the tone drive level to zero using variable
resistor Rl on the Keyboard Interface Board. This requires disassembly of the
keyboard. For details, please refer to the Keyboard section, 3.0.)

1.4.3 Self-Test Ports

There are two self-test ports located on the rear panel of the PI 540.
One is labeled Data/Status, and the other is labeled Address. They consist of
connectors which mate with the Model 53 Self-Test Adapters that attach to the
Model 51A and Model 80 Probes. These ports provide access to the Processor
Data Bus, certain status signals from the 8085 microprocessor, and the Proc-
essor Address Bus.

Either probe model can be connected (through a Model 53 Adapter) to
either self-test port. The following tabulation 1ists, by channel number, the
signals available to each of the probes from each of the self-test ports.

These signals can be used to investigate a certain aspect of the analyzer
performance that is in question. Or they can be used to verify the overall
performance of the analyzer by following the instructions given in section 6
of the Operator's Manual.

[u—y
1
W



PI 540 Maintenance Manual Introduction

MODEL 51A  MODEL 80 SELF-TEST PORTS
CHANNEL CHANNEL DATA/STATUS  ADDRESS
0 0 A0 DBO
1 Al DB1
2 1 A2 DB2
3 A3 DB3
4 2 A4 DB4
5 A5 DBS
6 3 A6 DB6
7 A7 DB7
8 4 A8 SO
9 A9 Sl
10 5 A10 10+/M-
11 A1l INTA-
12 6 A12 SID
13 A13 SOD
14 7 Al4 GND
15 A15 GND
QTRIG (Q2) QCLK RD- 10+/M-
QCLK (Q1) 10+/M- RD-
CLK CLK RW RW

1.4.4 The Logic Analyzer Demo Card

The Paratronics Logic Analyzer Demo Card, Part Number 143-0046-002, can

be used to perform a comprehensive performance test of the PI 540 Logic
Analysis System. A suitable procedure is given in the following paragraphs.
A11 steps necessary for a comprehensive evaluation are presented, 1nc1ud1ng
some that do not require the Demo Card.

(This procedure assumes some familiarity with the operation of the PI 540

Analyzer. If necessary, please refer to the Operator's Manual, particularly
to section 6.)

1-10

a. Disconnect the power cord from the analyzer and visually inspect
the power fuse and voltage card to determine that they are correctly
installed for the current application. (For further details, please
refer to the discussion of the Mains Module in the Chasis section,
2.1.) Reconnect the power cord.

b. To check the automatic CRT vertical sync setting, use the "5"-key
and "6"-key power-ON-hold-down functions to determine that the auto-
matic setting is the one that produces the least mains-frequency
interference with the CRT display. (For details, please refer to the
Display Module subsection 4.2.1.)

c. To evaluate the Display Module, turn the power ON while holding
down the "0" key. Appraise the resulting CRT test pattern using the
criteria presented in Display Module subsection 4.2.3, steps 5 through
10. If adjustments are needed, make them in accordance with the
WARNING and instructions in the same subsection.
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d. To verify the contents of the program ROMs, turn the power ON
while holding down the "X" key. (%or details, please refer to preced-
ing subsection 1.4.2.) :

To evaluate the State Analyzer section, connect two Model 51A Probes to
the analyzer. Connect the A and B probe pods to edge connectors A and B,
respectively, on the Logic Analyzer Demo Card. Set the probe Data Select
switches to TRUE and the probe Threshold Select switches to TTL. Turn the
analyzer power ON and proceed as follows:

e. Select the 32-CHANNEL STATE configuration and set up the menu as
shown below.

32 CHANNEL STATE MENU

DISPLAY FORMAT: AAAAAAAA AAAAAAAA BBBBBBBB BBBBBBBB
A HEX B HEX

CLOCK SELECT: A CHNL: 1 B CHNL: A QUALIFIERS: -AABB ET
CLOCK QUAL: 0040 0000 -OXXxX X

PRE-TRIG MEMORY (0-249): 000 WORDS
RESTART: OFF
TRIGGER:

0 0040 0000 -XXXX XX

END

f. Test the Signature function by pressing RESET. When the STATE
display appears, the signature should be 0010 0A90.

g. Test the Format function by pressing, in turn, the ASC, BIN, OCT,
DEC, and HEX keys. Choose one of the data lines and confirm that the
displays on that line are correct. (Start with the ASC display and

scroll to a line that has all standard ASCII characters. Then switch
to BIN, write down the bits, and work from there. Realize that DEC

does not assume B(CD, but uses straight binary conversion of the eight
bits in the block. Also, OCT assumes a ninth MSB of O in each block.)

h. Test the Location function as follows: Press the LOC key and then
the £ (End) key. The memory location of the display window should
change from 000 at the top of the screen to +243 at the top of the
screen, and the reverse-video LOC field should contain +243. Press
LOC again, then B (Bottom). The memory location should return to 000
(which is Bottom in this setup because PRE-TRIG is 000).

i. Test the Scrolling function as follows: Press and release the
key marked with the green up-arrow. The display should step up one
memory location. Hold down the up-arrow key for two seconds, then
release. The data should scroll up continuously. Stop the scrolling
by pressing either the up- or down-arrow key. Repeat these steps
using the down-arrow key. The action should be similar, but down.

1-11
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To

j. Test the Repeat function by holding down the RESET key for two
seconds. The data collection should reset repeatedly at a rate of
about once per second. The signature should remain constant at the
value 0D10 OA90. Exit from Repeat by pressing the STATE key. Press
RESET once and check the signature again.

test the Hold-if-Not-Equal function, perform the following steps k

through s.

To

k. Press SAVE, then press ALT. The words MAIN and AUX should appear
alternately about once per second at the upper left of the screen.

The data should remain constant. (The data saved in AUX memory is the
same as the data in MAIN memory.)

m. Press MAIN to stop the alternating, then press HOLD #. The data
should disappear from the screen and the flashing word SAMPLING should
appear. (The analyzer does not trigger because the data being sampled
is equal to the data that was saved.)

n. On the Logic Analyzer Demo Card, install a short to ground on
the A-channel bit 0. (Leave this short installed until otherwise
instructed.) At the instant the short is made, the analyzer should
trigger, and data and the flashing word HOLDING should appear on the
screen.

0. Press the DIFF key. Data words in the display that are the same
as the saved data should drop back to half intensity; data words that
are different should remain at full brightness.

p. Press LOC, then D (Difference). Each time LOC and D are pressed,
the data should scroll up so that the next different (full-brightness)
word is at the top of the screen.

g. On the Logic Analyzer Demo Card, remove the short to ground from
A-channel bit 0 and install it on B-channel bit 7. (Leave this short
installed until otherwise instructed.)

r. Press HOLD #. The analyzer should retrigger and flash the word
HOLDING. (Saved data is still in the AUX memory from step k.)

S. Move the data so that there are both half- and full-intensity data
words on the screen. Press ALT. The full-intensity (different) words
should alternate back and forth between their MAIN and AUX values; the
half-intensity words should not change.

test the Restart and Restart- functions, perform the following steps t

through y.

1-12

t. Connect a Model 80 Probe to the Timing input of the analyzer, and
connect the Timing pod to the B connector of the Demo Card in place of
the B State pod. (Leave the B State probe connected to the analyzer
but disconnected from the Demo Card.)
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u. Select the 32 CHNL STATE/8 CHNL TIMING configuration and set up
the STATE menu as follows: )

32 CHANNEL STATE MENU

DISPLAY FORMAT: AAAAAAAA AAAAAAAA BBBCCDDD DEEEEEEE
A HEX B OCT C DEC D BIN E ASC

CLOCK SELECT: A CHNL: B CHNL: A  QUALIFIERS: -AABB ET
CLOCK QUAL: OFF

OR OFF

PRE-TRIG MEMORY (0-249): 010 WORDS
RESTART: OFF

TRIGGER:

0 0040 X X XXXX XX -XXXX XX

1 THEN 0041 X X XXXX XX -XXXX XX ON 0257 CLOCKS

2 THEN 0042 X X XXXX XX -XXXX XX BEFORE 0002 CLOCKS

3 THEN 0043 X X XXXX XX -XXXX XX AFTER 1000 CLOCKS

4 THEN 0044 X X XXXX XX -XXXX XX OCCURS 0020 TIMES
"5 THEN 0045 X X XXXX XX -XXXX XX NOT ON 0002 CLOCKS

END

v. Press the RESET key. The signature of the collected data should
be 083D 0A07. _

w. Return to the STATE menu and set up the RESTART word as follows:
RESTART: XXXX 0 X XXXX  -XXXX XX

X. Press the RESET key. The analyzer should not trigger, and the
stack level should remain at 0 (announced on the display).

Y. Return to the STATE menu and select RESTART- (the .NOT. function
of RESTART). Press RESET. The analyzer should now trigger and the
data signature should be 083D OAO7 (the same as in step v).

To evaluate the Timing Analyzer section, select the TIMING menu (still in
the 32 CHNL STATE/8 CHNL TIMING configuration) and set up the parameters as
shown in the following display. Then perform the remaining steps.

——
]
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8 CHNL TIMING/STATE MENU

EXT CLOCK CLK QUAL: 0

TRIGGER WHEN
TRIG OCCURS _ 0100 CLOCKS AFTER FIRST ARM

CHNL NO. 76543210 FILTER LINKAGE

ARM (0,1,X): 10000000 OFF S
TRIG (0,1,X): 11011000 OFF NONE
INPUT MODE (S,L): SSSSSSSS

PRE-TRIGGER (0-9): 10%

DISPLAY ORDER (0-7,X): 76543210
DISPLAY POLARITY (+,=):  ++++++++

THRESHOLD: CH 0-3,Q,CK CH 4-7 HYSTERESIS
(-6.4\’ - +6035V) +1060 +1.60 gbl

Z. Press RESET to obtain a data display. Then, by pressing the
appropriate keys, test the left/right motions and position read-outs
of: the cursor, the expansion indicator, and the display window.

aa. To test the Expansion function, press in turn X2, X5, X10, and
X20. The data in tﬁe display window (that is, the data on the screen)
should expand accordingly. The location in memory of the expanded
data should be marked by a reverse-video block on the display's time
scale. (NOTE: The selected magnification will always be used for the
entire display window. The left boundry of the expanded window will
fall at the expansion indicator provided the right boundry would not

thereby extend past location 1000. Otherwise, the right boundry of

the expanded window will fall at location 1000 and the window will
extend to the left as necessary.)

ab. Test the Arm, Trigger, and Delay functions as follows: Position
the cursor at Tocation 000 (clocks, words). The data read-out (just
to the right of the data lines) for location 000 should be the arm
word, or 80. (This is because the arm word is 100 clocks before the
trigger word, and with pretrigger at 10% x 1000 words, the trigger
word is at 100.) Move the cursor to location 100. The data read-out
should be the trigger word, or D8.

ac. Test the Correlation function as follows: Press the SAVE key,
then the COR key. The correlation figure displayed at the right of
each channel should be 1.000 for all eight channels.

On the Demo Card, remove the short to ground from B-channel bit 7 and
install it on B-channel bit 5.

Press RESET, then COR. The correlation figures on three of the chan-
nels should change as follows:
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Channel 3, 0.504
Channel 4, 0.760
Channel 5, 0.504

ad. Test the Alternate function by pressing the ALT key. The data in
channels 3, 4, and 5 should change as the display alternates back and
forth between MAIN and AUX.

ae. To test the Arm, Trigger, and Delay functions with internal
clock, return to the Timing menu and change CLOCK and PRE-TRIGGER to

1mS CLOCK

Vi VN

PRE-TRIGGER: 20%

Press RESET. Under these menu conditions, the data read-out at cursor
position 100 should be the arm word, 80; and the data read-out at
cursor position 200 should be the trigger word, D8.

af. To test the Timing Linkage function, return to the Timing menu
and change the delay and the ARM LINKAGE to

TRIG OCCURS > 2500 CLOCKS AFTER FIRST ARM
L . . L] . L I NKAGE
ARM L] L ] L] L] L] L] . L L] . NONE

Return to the State menu. As shown below, add a Timing link to the
trigger word in the 5th trigger level.

TRIGGER:

e e o o o o
e o e o o o

5 THEN + v v v v . -XXXX XL e

Press RESET. Because of the time delay set into the Timing menu and
the Timing linkage set into the State trigger-level 5, the progress
announcements at the bottom of the State display should make evident a
2.5-second delay at STATE: STACK LEVEL 5. (There should also be a
l-second delay at level 3 as specified in the State menu.)

1-15
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2.1.0 CHASSIS
2.1.1 INTRODUCTION

The chassis provides a strong supporting structure for attachment of
the Folding Keyboard, the Display Module, the Microcomputer subassembly, and
the Applications subassembly. The cover, which is considered a part of the
chassis, encloses the top and two sides, giving complete protection to the
inner components and adding to the structural strength of the completed
assembly.
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When appropriate during the following discussion, please refer to the
drawings, interconnection diagram, and parts list that are included at the end
of this section. Also, tables of connector pins versus signal names for all
motherboard connectors are provided in section 15 along with an alphabetical
list of all interboard signals. And, should the need arise, a Glossary in
section 16 offers explanations for acronyms or terms that may be unfamiliar.

The units that will be discussed as part of the chassis group are the
chassis itself, the cover, the carrying handle, the Mains Module, the cocling
fan, the auxiliary power transformer, and the interconnecting wiring.

The Chassis consists of a heavy guage aluminum bottom plate bent up at a
right angle at the rear to form an integral back plate. The front of the
bottom plate is attached to a heavy cast-aluminum front plate. The upper
corners of the front plate are joined to those of the back plate by longitudi-
nal tie rods of 3/8 diameter aluminum. There is a large rectangular hole in
the front plate through which the CRT screen is viewed. A plastic face plate
is inset into the front plate and covers the entire front surface. This
face plate protects the CRT and is lightly tinted to enhance the contrast of
the CRT display. The main power switch is attached to the rear of the front
plate, and its handle extends through a hole in the front plate and face
plate.

The Folding Keyboard attaches by hinges to the bottom edge of the front
plate. The Keyboard folds up against the front plate and is secured by two
latches that are attached to the top edge of the front plate.

The Display Module is mounted to the bottom plate by four threaded studs
set into the bottom plate. The Microcomputer subassembly is mounted to the
bottom plate by five flathead screws through the bottom plate. The Applica-
tions subassembly is mounted to the bottom plate by four screws into short
threaded spacers set into the bottom plate.

The cooling fan fastens to the back plate by four screws through the back
plate. The auxiliary power transformer fastens to the back plate by two
threaded studs set into the back plate. The Mains Module mounts into a rec-
tangular hole in the back plate with snap-in fasteners. The BNC connector for
external video output mounts in a hole in the back piate. When present,
connectors for the optional serial and GPIB interfaces mount into rectangular
holes in the back plate with screws through the back plate. There are seven
round clearance holes in the back plate through which BNC connectors, mounted

2.1‘1
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on the Applications subassembly, extend. There is also a rectangular clear-
ance hole in the back plate through which a 50-pin ribbon connector extends
when present. This connector is for interface expansion and mounts on the
Applications subassembly.

WARNING: DISCONNECT THE AC POWER CORD AT THE BACK OF THE CHASSIS BEFORE
REMOVING THE COVER. THE DISPLAY MODULE CONTAINS A VERY HIGH VOLTAGE OF 9 kV
WHICH CAN BE LETHAL. EXTREME CAUTION MUST BE USED WHENEVER POWER IS APPLIED
TO THE PI 540 WITH THE COVER REMOVED.

The cover folds around the top and two sides of the instrument. It
overhangs the back plate 1/4 inch and fits into a 3/8-inch recess in the front
plate. The bottom edges bend around underneath the bottom plate on each side
and overlap it by 3/4 inch. The cover is held in place by six screws, three
on each side, that pass through holes in these overlapping flanges and the
bottom plate and thread into captive nuts on the inside surface of the bottom
plate. There are vent slots in strategic places in the sides of the cover for
fan air intake. There is a larger slot in the side of the cover that provides
access to the Probe connectors on the Applications subassembly.

The carrying handle attaches by pivot pins to the side edges of the front
plate. Wnen the analyzer is in use, the handle can be folded back underneath
the bottom plate to act as a stand. This props up the front of the instrument
so the keyboard rests at a convenient working angle.

The Mains Module (please refer to figure 2.1-1 and to the chassis wiring
diagram) 1s mounted into a rectangular cutout in the back plate and held in
place by snap-in fasteners attached to the sides of the Module.

A voltage card in the Mains Module is used to select the power mains
voltage with which the instrument is to be supplied. (The sliding cover for
this voltage card can only be opened when the power cord is unplugged from the
Module.) Voltage designations are etched in copper near the edges of the
voltage card. The voltage designation that is visible on the upper rear edge
of the card when it is in place is the voltage for which the instrument is
programmed.

WARNING: BEFORE APPLYING POWER TO THE PI 540, MAKE CERTAIN THAT THE PRO-
GRAMMED MAINS VOLTAGE CORRESPONDS TO' THE VOLTAGE BEING USED. OTHERWISE
SERIOUS DAMAGE TO THE INTERNAL POWER SUPPLY MAY RESULT.

To change the voltage programmed, remove the card, change its orienta-
tion, and reinsert it. The voltages available for selection are:

2»1-2
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Voltage Nominal Nominal
Programmed Mains Voltage Mains Frequency
100 V ac 95—-110 V ac 50 or 60 Hz
115 V ac 110-120 V ac 50 or 60 Hz
230 V ac 220—-240 V ac 50 or 60 Hz

The power-mains fuse is located in the Mains Module just above the volt-
age card. The rating of the fuse depends on the voltage programmed. The
required fuse ratings are as follows:

Programmed
Mains Voltage Fuse Rating
100 or 115 V 3 A, 250 V
230 V 1.5A, 250 Vv

The auxiliary transformer is mounted by threaded studs set into the back
plate just above the Mains Module. The primary of this transformer acts as an
autotransformer to supply a nominal 115 V ac to the fan motor regardless of
the programmed mains voitage. The secondary supplies a nominal 17 V ac (also

supply circuit.

The cooling fan is mounted in a 3-inch square hole in the back plate and
is supplied with 115 V ac power from the auxiliary transformer. There are air
vent slots in the cover; one group beside the front of the Microcomputer sub-
assembly and one group beside the Applications subassembly. The fan draws air
in through these vent slots and exhausts it from the fan mounting hole. This
air flow lowers operating temperatures within the cabinet to safe levels.

WARNING: IF THE FAN IS NOT FUNCTIONING, DO NOT OPERATE THE PI 540 WITH THE
COVER ON. DOING SO MAY RESULT IN SERIOUS DAMAGE TO COMPONENTS THROUGHOUT THE
INSTRUMENT. HOWEVER, EXTREME CAUTION MUST BE USED WHEN OPERATING THE PI 540
WITHOUT THE COVER BECAUSE OF LETHAL HIGH VOLTAGE USED IN THE DISPLAY MODULE.
SUCH OPERATION SHOULD ONLY BE UNDERTAKEN BY EXPERIENCED MAINTENANCE PERSONNEL
FOR MAINTENANCE PURPOSES.

The interconnecting wiring is shown in the wiring diagram at the end of
this section. All interconnections to the Display Module, Microcomputer
subassembly, and Application subassembly are made through connectors, so any
of these units can be removed without unsoldering wires.

2.1.3 DRAWINGS, DIAGRAMS, & PARTS LIST

Drawings, diagrams, and parts list for the Chassis are contained on the
following pages.
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2.2.0 MOTHERBOARDS

2.2.1 INTRODUCTION

There are two motherboards in the PI 540; the Microcomputer Motherboard
and the Function Motherboard. These motherboards are relatively large printed
circuit boards which contain sockets, card guides, and supporting structure
for the numerous individual PC boards that constitute the analyzer.

2.2.2 FUNCTIONAL DESCRIPTION

. When appropriate during the following discussion, please refer to the
schematic diagrams, board layouts, and parts lists which are included at the
end of this section. Also, tables of connector pins versus signal names for
all motherboard connectors are provided in section 15 along with an alphabet-
ical list of interboard signals. And, should the need arise, a Glossary in
section 16 offers explanations for acronyms or terms that may be unfamiliar.

The two motherboards will be discussed separately in the following sub-
sections. Alsc, the Power Supply, whose PC board is an integral part of the
Microcomputer Motherboard but whose function is entirely separate, will be
discussed separately in section 2.3.

2.2.2.1 Microcomputer Motherboard

The Microcomputer Motherboard contains sockets, card guides, and inter-
connections for eight circuit boards. Four of these board positions are
available for optional PC boards such as the Serial Interface Board and the
GPIB Interface Board. The remaining four positions are occupied by four PC
boards that constitute the Microcomputer Section of the analyzer.

The slot assignments for individual PC boards are interchangeable on this
motherboard. But typically, the board complement is arranged as follows (with
slot 1 at the top of the motherboard):

Slot Circuit Board

Video Display Board
Processor Board

Extended Memory Board #1
Extended Memory Board #2
5—8 (available for options)

20N =

The PC board sockets and card guides are located on the forward 2/3 of
the motherboard. The rear 1/3 is occupied by the Power Supply, which is
discussed in section 2.3. Some forward motherboard area not occupied by
sockets and wiring is allocated to the Power Supply overvoltage protection
circuits. The components (Q6, Q7, and the other items grouped around them)
are shown on the board layout drawing. The circuits are shown on the Power
Supply schematic and discussed in the Power Supply section, 2.3. Also, Power
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Supply test points TP6, 7, and 8 are placed at the top edge of the forward
part of the board.

Some additional area in the forward part of the board is allocated to
driver circuits for the keyboard connecting cable. The components are U3, U4,
U5, and C36, shown on the board layout drawing. This circuitry is shown on
the motherboard schematic but is discussed in the Keyboard section, 3. The
signals that must be sent to the Keyboard are fed to a connector near the
front edge of the board. This connector mates with another on a flat ribbon
cable that comes from the Keyboard.

The PC board sockets are interconnected in an arrangement called the PI
Standard Bus (shown in the schematic and used in other PI instruments as well
as the PI 540). Signals that must be sent to the Function Motherboard are fed
to a connector near the top edge of the Microcomputer Motherboard. This
connector mates with another on a flat ribbon cable that interconnects the two
motherboards.

The motherboard is supported by a sheet metai shell which includes a
vented case that completely encloses the component side of the Power Supply
portion of the board. The noncomponent side of the Power Supply portion of
the board is protected by a sheet of plascic mounted on short plastic spacers.
The sheet metal shell fastens to the chassis bottom plate with five flathead
screws through the bottom plate. (Instructions for dismounting this mother-
board subassembly from the chassis bottom plate are given in the Power Supply
section, 2.3.)

2.2.2.2 Function Motherboard

The Function Motherboard contains sockets (two per circuit board), card
guides, and interconnections for seven circuit boards. One of these board
positions is available for future expansion. The remaining six positions are
occupied by six PC boards that constitute the analyzer's Applications Section.
These six circuit boards, in conjunction with the Control Program, define the
functions of the analyzer.

The slot assignments for individual PC boards are not interchangeable on
this motherboard. One socket in each socket pair is keyed so that only the
correct circuit board can be inserted. The Applications Section of a full-
feature PI 540 contains the following circuit boards (listed front to rear):

Slot Circuit Board

(Front) G (for expansion)
F State Memory Board B
E State Control Board
D State Memory Board A
C Timing Control Board
B Timing Memory Board
A Waveform Board

2.2‘2
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Two sheet metal end plates, as wide as the motherboard and extending
upward to the height of the inserted circuit boards, are fastened to the
motherboard at front and rear. Two cross pieces on each side, running fore
and aft, are attached to the end plates and support the card guides. The
result is a rigid card-cage assembly.

Seven BNC female connectors are mounted on the rear end plate and extend
through clearance holes in the chassis back plate. One of these connectors is
a spare, and the remaining six are for the following signals:

Timing Comparator Out
State Comparator OQut
Timing Trigger Out
State Trigger Out
External Trigger In

Waveform Probe In

Driver circuits for the two Comparator outputs and a pullup resistor for
the External Trigger input are located near the rear edge of the motherboard.
These components are shown on the board layout drawing and on the schematic.
If the analyzer is equipped with an expansion interface, the 50-pin ribbon
connector for that interface is also mounted on the rear end piate and extends
through-a clearance hole in the chassis back plate.

There are several round clearance holes in the front end plate that, when
the Applications circuit boards are removed, provide access to maintenance
adjustments on the Display Module.

The Function Motherboard subassembly fastens to the chassis bottom plate
with four screws into short threaded spacers set into the bottom plate.

2.2.3 SCHEMATICS, BOARD LAYQUTS, & PARTS LISTS

The schematic diagrams, board layouts, and parts lists for the mother-
boards are contained on the following pages.

2.2-3



PI 540 Maintenance Manual Power Supply

2.3.0 POWER SUPPLY

2.3.1 INTRODUCTION

The Power Supply is an integral part of the Power Supply Motherboard and
occupies the rear 1/3 of the board area, directly behind the Microcomputer
Se¢tion. The Power Supply is a pulse-width modulated, half-bridge, 20 kHz
switching circuit operating directly off the ac power line. It supplies 5 V
and +15 V to the Keyboard, Applications, and Microcomputer Sections, and it
supplies +12 V to the Display Module. Also, it provides very effective over-
voltage and overcurrent protection for both the Power Supply itself and the
circuits that it supplies.

2.3.2 FUNCTIONAL DESCRIPTION

When appropriate during the following discussion, please refer to the
schematic diagram, board layout, and parts list which are included at the end
of this section. Also, tables of connector pins versus signal names for all
motherboard connectors are provided in section 15 along with an alphabetical
list of all interboard signals. And, should the need arise, a Glossary in
section 16 offers explanations for acronyms or terms that may be unfamiliar.

As shown on the schematic diagram, the major functiohal units of the
Power Supply circuit are the High Voltage Section, Control Section, and Output
Section. These units are discussed further in-the following subsections.

WARNING: THIS POWER SUPPLY CIRCUIT IS CONNECTED DIRECTLY TO THE AC MAINS
WITH NO INTERVENING ISOLATION TRANSFORMER. IT CONTAINS LETHAL VOLTAGES
AND ENERGY STORAGE UNITS. ONLY QUALIFIED SERVICE PERSONNEL FAMILIAR WITH
LINE-OPERATED SWITCHING POWER SUPPLIES SHOULD UNDERTAKE SERVICE OF THIS
SUPPLY, AND THEN ONLY WITH THE ISOLATING TEST SETUP DESCRIBED IN THE FOL-
LOWING SUBSECTION, 2.3.2.1. FAILURE TO OBSERVE THESE PRECAUTIONS MAY
RESULT IN SERIOUS INJURY OR DEATH.

2.3.2.1 Test Setup

The 110 or 220 Vac input power is fed directly from the mains to the CR19
rectifier circuit without an intervening isolation transformer. Therefore,
before any test equipment is connected to the High Voltage Section, it is
essential that an isolation transformer be incorporated in the test setup as
shown in figure 2.3-1 which is in subsection 2.3.3.

WARNING: MEASUREMENTS OR TESTS UNDERTAKEN WITHOUT THE USE OF AN ISOLATION
TRANSFORMER AS SHOWN IN FIGURE 2.3-1 MAY RESULT IN EXTENSIVE DAMAGE TO EQUIP-
MENT OR SERIOUS INJURY OR DEATH TO PERSONNEL.

2.3-1



PI 54

0 Maintenance Manual Power Supply

To gain access to the Power Supply and prepare it for service, proceed as

follows (please read the entire procedure once before taking action):

a. Disconnect the power cord.

b. Close and latch the keyboard. Stand the analyzer on the keyboard
end and remove the cover. Return the analyzer to the horizontal
position.

c. At the Video Display Board, disconnect the video cable to the
Display Module, and, if installed, disconnect the flat cable to the
Waveform Board. Remove the holddown bar and all the circuit boards
from the Microcomputer Section

d. Disconnect the 50-conductor flat cable from the top of the Micro-
computer Motherboard. Disconnect plug P12 in the 2-conductor cable
running from the rear of the Power Supply to the Display Module.

e. Remove the three rear circuit boards from the Applications Section
for later access to the P9 power supply plug connected to the rear of
the Function Motherboard.

f. Stand the analyzer on its rear feet and remove the five flathead
screws that hold the Microcomputer Motherboard subassembly to the
~analyzer bottom plate. While giving support to the loosened sub-
assembly, return the analyzer to the horizontal position.

g. Being careful of the keyboard cable still connected to the front
of the motherboard, swing the subassembly slightly outward at the rear
to gain access to P9 on the Function Motherboard and P13 in the small
cable to the Mains Module. Disconnect these two plugs.

h. Swing the subassembly out a little more and slightly to the rear,
and disconnect the keyboard flat cable. Move the subassembly clear of
the analyzer and place it bottom-up on the work bench.

i. Remove the white plastic cover from the Power Supply end of the
motherboard, being careful to save the four screws and plastic spacers
that held the cover away from the board.

j. The entire sheet metal structure is spotwelded together and comes
off as one piece. Remove the remaining four screws holding the
motherboard to the sheet metal. Lift the motherboard free and care-
fully place it bottom-down on a soft, insulating pad on the bench.

CAUTION: Abnormal voltages will be produced unless some current is drawn
from the Power Supply. But do not risk damage to valuable circuit boards
by using the analyzer as a test load for the sake of convenience. Use

resistors as suggested in the following paragraph. (Note that no load is
needed on the +12 V supply unless it is specifically under investigation)
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k. To load the Power Supply outputs, obtain a mating connector for
P9 (see parts list) and make an adapter with which to connect the load

resistors between the various outputs and ground returns. For your
convenience, suitable load resistance values are given in the follow-

ing tabulation:

Qutput Current Resistance Rating

+5 V 1A 5 ohms 5HW
-5V 1A - - (R38, built in)
+12 V --- --- - (no load needed)
+15 V 100 mA 150 ohms 2 W
-5V 100 mA 150 ohms 2 W

m. To bring primary and auxiliary power to the Power Supply, obtain a
matching plug and socket set for P13 and make a jumper cable. Use
this cable to bring power to P13 from the Mains Module and auxiliary
transformer via S13. Connect the Mains Module through an ISOLATION
TRANSFORMER to the power mains. PLEASE SEE PRECEDING WARNING

NOTICES!

2.3.2.2 High Voltage Section

The High Voltage Section consists of: CR19, a GE PD-80 bridge rectifier;
Ql and Q2, both Motorola MJE13005 power switching transistors; CR1,2, both
1N3600 diodes; CR3,4, both 1N4008 diodes; transformers T1 and T2; thermis-
tors R1 and R2; and various resistors and capacitors.

This circuitry converts a nominal 100, 110, or 220 Vac, 50 or 60 Hz mains
voltage to a center-tapped nominal +162 Vdc. This dc voltage is converted
(by the action of Ql, Q2, T2, and the Control Section) to a constant-frequency,
pulse-width modulated, ac voltage across Tl. The output voltages at the secon-
daries of T1 are a nominal 5 and 15 Vac rms at a nominal frequency of 20 kHz.

Input from the power mains is fed directly to the CR19 rectifier with no
intervening isolation transformer. Consequently, all components within the
High Voltage Section are at mains potential! PLEASE SEE PRECEDING WARNING
NOTICES! A Mains Module, shown on the Chassis schematic diagram in section
2.1, contains a voltage card that is used to select the ac mains voltage that
will be used to power the analyzer. The three selection options are 100, 110,
and 230 Vac. (Please refer back to figure 2.1-1 in Chassis section 2.1.)

If a mains voltage of 230 Vac is selected, it is applied across input
terminals E25 and E26 via connector pins P13-2 and P13-6. With this connec-
tion, CR19 acts as a full-wave bridge rectifier and produces a nominal 325 Vdc
across filter capacitors C3 and C4 connected in series. The junction of C3
and C4 is a centertap of the 325 Vdc, providing +162 Vdc for the switching
circuit and transformer Tl. R3 and R4 stabilize the centertap and act as
bleeders. C5 and C6 are for EMI reduction. Fuse F1, a 2 A fast-blow type,
provides circuit board protection in case Q1 or Q2 shorts out (any failure of
Q1 or Q2 will happen faster than the fuse can blow).
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If a mains voltage of 100 or 110 Vac is selected, it is applied across
input terminals E25 and E27 via connector pins P13-2 and P13-3. With this
connection, CR19 acts as a full-wave doubler rectifier and produces a nominal
325 Vdc across series-connected C3 and C4 as before.

By means of transformer T2, the Control Section turns transistor Q1 ON
and OFF in alternation with Q2. The cycle time is a nominal 50 us. (Take
note that Q1 and Q2 are never both ON at the same time.) This alternately
applies +162 Vdc and -162 Vdc across the primary of transformer Tl. (Typical
waveforms at various points in the circuit are shown on the schematic diagram)
The resulting ac voltages across the secondaries of Tl are rectified and
averaged in the Qutput Section. Therefore, the longer Ql and Q2 are ON during
each cycle, the higher the dc output voltages from the Output Section. The
width of the ON-pulse thus provides a means of voltage control which is used
by the Control Section for very close voltage regulation.

Capacitor C10 blocks any dc bias that might otherwise result from a mis-

match between Q1 and Q2. Components R37 and C35 reduce ringing and transient
spikes. CR2-R6-C19 and CR1-R5-C18 speed up the turnoff times for Ql and Q2.

2.3.2.3 Control Section

Thé Control Section consists of: Ul, a National DS3632 dual peripheral
driver; U2, a Silicon General SG3524 regulating pulse-width modulator; Q3, a
2N3904 transistor; Q4, a 2N3905 transistor; Q5, a Motorola MCR101 SCR; CR5
and 6, 1N3600 diodes: CR 7 and 8, 1N4009 diodes; CR9,18,24, all 1N3600
diodes; CR10, a 1N588 zener diode; and CR20, a GE PD-10 bridge rectifier.

This circuit provides drive pulses through transformer T2 that switch Q1
and Q2 ON and OFF. And by controlling the width of these drive pulses in
response to voltage feedback from the Output Section, the circuit provides
good voltage regulation of the output voltages. Also, it detects any over-
current condition and reacts by shutting down the Power Supply.

The nucleus of the Control Section is the LSI circuit U2. It is powered
by a nominal +20 V from the bridge rectifier CR20; and CR20 is fed, via P13-3
and 4, with a nominal 17 Vac at 50-60 Hz from a small transformer, T3, mounted
on the chassis (ref. Chassis schematic diagram in section 2.1). Circuit U2
produces drive pulses at outputs CA and CB (pins 12 and 13) that are used,
via Ul and transformer T2, to turn Q1 and Q2 ON and OFF. The repetition rate
of the pulses is established by an oscillator in U2 whose frequency is set by
the values of R34 and C13 at pins 6 and 7 to a nominal 40 kHz.  And, because
there are two U2 drive pulses for one cycle of the Q1-Q2 switching circuit,
this sets the switching frequency of the power supply to a nominal 20 kHz.
(However, as a glance at the waveform across Tl will indicate, the rise times
and attendant potential for EMI are more nearly those of a 40 kHz signal than
a 20 kHz signal.)

The drive pulses from U2 act as follows. When CA is low and CB is high,
Ul output 5 is turned OFF and Ul output 3 is turned ON. The +20 V applied
through R8 drives a current through winding 2-3 of T2 in the direction making
the dot end of the winding positive. This current in 2-3 induces voltages in
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windings 7-4 and 6-1, making their respective dot ends positive. The connec-
tions to these windings are such that Q2 is turned ON and Q1 remains OFF (the
base of Q1 is driven even further negative).

The -162 Vdc applied to the emitter of Q2 drives a current through the
transformer windings T1 3-9 and T2 8-5 in the direction making the dot end
of 8-5 positive. This regenerative action reinforces the base drive to Q2.
Transformer T2 acts as a current transformer, so the base drive current to Q2
is proportional to the Tl primary current through T2 8-5. The current ratio
is such that Q2 is assured of being fully ON and well out of the linear re-
gion. Due to energy storage in inductive elements of the circuit, the Tl
primary current that goes through T2 8-5 increases throughout the ON time of
Q2. This sustains the high Tevel of QZ base drive suppiied from T2 6-1.

Q2 is turned OFF again by the action of the blanking pulse within U2
which brings CA high along with CB. This turns Ul output 5 ON along with
output 3, thus short circuiting winding T2 2-3 and cutting off the Q2 base
drive current in T2 6-1. This short circuit condition lasts for at least the
duration of the blanking pulse (a nominal 4 us), and during this time Q2 and
Q1 are both forced to remain OFF. This insures that Q1 cannot be turned ON
until Q2 is well OFF. The turn-on time of this type of transistor is shorter
than the turn-off time. So without an adequately Tong blanking pulse, it
would be possible for Q1 to turn ON while Q2 was still ON (for example, under
conditions of low mains voltage and a compensating maximum pulse width for the
switching circuit). This would put a short circuit across the +162 V supply
with undesirable results.

The next half of the 20 kHz switching cycle starts with the leading edge
of the blanking pulse, but any drive pulse that would turn Q1 ON is inhibited
within U2 for the duration of the blanking pulse. At the end of the blanking
pulse, the voltage regulation circuitry in U2 is again in control, and as soon
as that circuitry determines that it is time to start the Ql drive pulse, CB
is brought low. This turns Ul output 3 OFF and starts a current through
winding 2-3 of T2 in the direction to turn Q1 ON and hold Q2 OFF. The rest of
the action is analogous to that of the first half cycle.

Inputs to the U2 voltage regulation circuit are V+, pin 2, and V-, pin 1.
The V+ input is supplied with a nominal +2.5 V reference voltage obtained,
via R9 and variable resistor R17, from a well reqgulated +5 V output of U2 at
pin 16. (This pin-16 output is also used as a source of +5 V power for other
parts of the circuit.) The V- input is supplied with a nominal +2.5 V of
negative feedback, via R32 and R25, from the regulated +5 V output of the
power supply. (For phase correction purposes, R20 is used to adjust the ac
impedance from U2-1 to ground to a value different from the dc resistance.)
If the feedback voltage to V- rises above the reference at V+, the circuitry
in U2 acts to reduce the drive pulse width, thereby reducing the output
voltages of the power supply. If the feedback voltage at V- falls below the
reference at V+, the action is just the opposite. This regulating action does
not appreciably affect the 20 kHz switching frequency, only the ON times of Ql
and Q2.

The variable resistor R17 is adjusted so that the Power Supply output
voltage measured at TP/ is +5.0 V +.05 V. (Test jacks TP6, TP7, and TP8 are
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conveniently placed together at the top edge of the motherboard in the Micro-
computer Section.) This adjustment is made with both Power Supply output
plugs connected to the analyzer, all circuit boards in place, and after the
analyzer has had power applied for a warm-up period of 30 minutes.

As mentioned previously, the U2 clock frequency is set to a nominal
40 kHz by R34 and C13. The clock signal is a short-duty-cycle pulse which is
also used as the blanking pulse. The pulse length is only about 0.5 us, which
is not long enough for the blanking pulse in our application. The output node
of the clock oscillator circuit is made available at pin 3, and the Q3-Q4
circuit connected to this pin is used to stretch the clock/blanking pulse to a
nominal 4 us which provides adequate blanking protection for Ql and Q2.

The SCR Q5, zener diode CR10, and diodes CR5 and CR6 constitute an over-
current shutdown circuit which functions as follows. There is a component of
the voltage across winding 2-3 of T2 that is proportional to the current in
winding 8-5. In normal operation, the total voltage across winding 2-3 is
such that voltage fed to the cathode of zener diode CR10 via diode CR5 or CR6
is always less than 7.5 V. However, if the current in winding 8-5 (which is
also the current in the T1 primary) exceeds rated value by as little as 20%,
the voltage at the CR10 cathode will exceed 7.5 V and CR10 will fire through
either CR5 or CR6 (CRS5 if Q1 is ON or CR6 if Q2 is ON). When CR10 fires, SCR
Q5 is triggered and shorts both sides of winding 2-3 to ground through CR5
and CR6. This holds both Q1 and Q2 OFF, thus shutting down the power supply
indefinitely until the power is turned OFF. When the power is turned back ON,
the power supply will function normally again if the cause of the shutdown
has been removed.

- The gain of the error amplifier in U2 is set by R24 connected to pin 9.
R23 and C33 provide phase compensation.

Diode CR18 connected to input terminal E24 feeds a mains-frequency signal
to the SID (Serial Input Data) input of the 8085 processor. This signal is
used by the Control Program to set the video vertical sync frequency to match
the mains frequency (as discussed in Display Module subsection 4.2.1).

Diodes CR7 and CR8 serve to clip any ringing voltages that appear at
winding 2-3 of T2.

2.3.2.4 Qutput Section

The Output Section consists of: VR1 and VR2, both LM340T-12 positive-
voltage 12 V series regulators; CR21, a Varo VH248 bridge rectifier; CR11
and CR12, both 1N4008 diodes; CR13, a 1N5538 18 V zener diode; CR14,15,16,
and 17, all 1N3889 rectifiers; CR22 and CR23, both IN753A 6.2 V zener diodes;
and Q6 and Q7, both TI TIC116F SCRs.

This section contains rectifier-and-filter systems for the four major
output voltages of +6 V, -5V, +15 V, and -15 V. These systems are fed with
20 kHz pulse-width modulated power from secondary windings on the switching
transformer Tl. This section also contains a low-power series regulator that
is fed from the regulated +15 V and that provides +12 V to the Display Module.
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There is also an optional low-power series regulator for a +30 V supply. The
current ratings for these supply voltages are as follows:

Voltage Max Current

CR21 acts as a full-wave bridge rectifier for both the +15 V and the
-15 V supplies. It is fed from a pair of secondary windings, 8-5 and 2-11, on
the switching transformer T1. L1-C18 and L2-C20 act as pulse-averaging and
rippie filters for the +i15 V and -15 V supplies, respectively. R21 is a
bleeder resistor for the -15 V supply; VR1 serves incidentally as a bleeder
for the +15 V supply. '

Series regulator VR1 drops part of the +15 V output to +12 V for the Dis-
play Module. C19 provides additional filtering and decoupling for the +12 V.

If the optional +30 V supply is installed, C23, CR11l, CR12, and C21 are
fed from 15 V winding 2-11 of T1 and act as a voltage doubler to drive the
12 V series regulator VR2. Zener diode CR13 raises the ground terminal of
regulator VR2 18 V above circuit ground, thus producing a regulated output of
+30 V. (22 provides decoupling and filtering for the output. R26 limits the
charging current of C23 and C21.

The two diodes CR14 and CR15 are rectifiers for the +5 V supply. They
are each fed independently from separate 5 V secondary windings, 7-6 and 12-1,
on the switching transformer Tl. The outputs of the two diodes are connected
in parallel to the L3-C28-C29 pulse-averaging and ripple filter. R28-C24 and
R29-C25 act to limit slew rates and clip transient spikes for the two diodes.

Zener diode CR23 and SCR Q7 form a crowbar shutdown circuit for over-
voltage protection. If the +5 V output voltage rises above the +6.2 V firing
voltage of the zener diode CR23, SCR Q7 is triggered and puts a dead short
across the +5 V output. The resulting rise in the primary current in trans-
former T1 activates the overcurrent shutdown circuit in the Control Section.
Thus the entire Power Supply is shut down in just a few microseconds, and the
current in the crowbar short across the +5 V supply does not have time to
reach damaging proportions.

The -5 V output circuit is the same as for +5 V except for the circuit
differences necessary to accomodate the opposite polarity. R38 provides a
1 A minimum load on the -5 V supply in order to maintain regulation in those
configurations of the analyzer that do not have a Timing Analyzer section
(which is the primary load on the -5 V supply).

Resistor R38 and the two crowbar shutdown circuits are mounted at the

front of the motherboard under the circuit boards in the Microcomputer
Section.
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The feedback voltage for the Control Section is taken from the +5 V
output through the phase compensation network R32-C32. The +5 V output is
therefore tightly regulated. The other output voltages are still very well
requlated, but to a lesser degree than the +5 V output. The +12 V and +30 V
outputs benefit, of course, from the additional regulation afforded by the
series regulators VRl and VR2.

2.3.3 SCHEMATIC, BOARD LAYOQUT, & PARTS LIST

The schematic diagram, board Tayout, and parts 1ist for the Power Supply
are contained on the following pages.
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BM301A

R3¢

ca2%

€13

R23

R36

R

R12

Ri4

R29
Ra

R6

R2

C35

PART NUMBER

111-0207-0103-00
110-0005-~0107-00
110-0005-0063-00

110-0005-0070-00
112-0251-0001-00
111-0006-0072-01
€26 c27
112-02:0-0001-00
111-0313-0072-00
. £33 :
110-0024-0008-00
110:-0005-0095-00
110-0005-0086-00
110-0005-0091-00

110-0005-0085-00
111-0012-0050-00
110-0015-0033-00
110-0015-0043~-00
117-0117-0001-00
115-0001-0001-00
110-0005-0037-00

111-0417-0089-00
110-0005-0039-00
110--0005~0047-00

110-0005-0072-00
110-0005-0079-00
k33
110-0005-0087-00
Rle
110-0005-0111-00
110-0007-0007--00
R30 R31
110-0007-Q0119-00

110-0009-0055-00
110-0103-0001-00

110-0200-0001-00
111-0004-00466-~00

111-0011-0066-00

KEY

C3e

RS

O Ug © o g g¥ ¥ Up pty o oo OUp® Do oo oo

PARATRONICS

INC.

8I.NGLE LEVEL EXPLOSION

09/04/80

PAR143-0055-0090-00
PART DESCRIPTION

22 UF 16V CaAP. ELECTRO.,RAD.
48K OHM 1/4 W CF RES
1K OHM 1/4W SX CF RES

2 K OhM 1740 B2 CF RES
TRANSIGTOR, 2N5060,MCR10L
-1UF S0V CAP. UKS0-104

1INPS8B 7.5V ZENER DIODE
CAP. CW20C1L04K, CENTRALAB

5 OHM,SW, WW RES. DALE CP-5
22K OHM 1/4 W CF RES

9.1K 1/44,5% RES. €

15K OHM 1/4 W CF RES

8.2 K OHM 1/4 U CF RES
«001UF 1KV, CD. CAP

U6 OHM 2U 5X CF RES

150 OHM 24,52 RES. CF,MF
FUSE CLIP, 102048, L'FUSE
S80CKET,8 PIN

62 OHM 1/4 W SX CF RES

CAP 5 UF 200V MYLAR SPRG 277P
100- OHM 1/4U 52X CF RES
220 OHM 1/4U 5Z CF RES

2.4 K OHM 1/4 U CF RES
4.7 K OHM 1/4 W CF RES

10X OHM_1/4 W CF RES
100K QHM 1/4 W CF RES

4.7 OHM 1/2 W CF RES

Z20KOHN 1/2 U CF RES

470 OHM,1 W SZ RES. CF
“THERMISTOR,MIDWEST COMP. 20754

POT, CRC # TSCi1BB251C
«O1. AF- 2SV--CAR- CD-

.01 UF 500V CAP.CD

DESCRIPTION,

aTty. -

PER

i s py = 4a

Wi

W B P gFENM e g

N »u N N p o™

8 F.8. MOTHER PCE-OUTSIDE ASSY

UM CON. EFFECTIVITY
co START . STOP
1 0  08/2;/80  OFEN
i 0  03/04/80 OFEN
1 0  02/16/80  OFEN
1 0  02/16/80  OFEN
L 0 02/16/80 OFEn
1 0 02/16/80  OFEN
1 0 OFEN OFEN
1 0  01/15/80 OFEN
1 0 OPEN 0FEN
1 0 OFEN OFEN
) o OFEN 0FEN
1 0  03/06/80 OFEN
1 0 OFEN OFEN
1 0 OPEN OFEN
1 0 OFEN OPEN
1 o OPEN OFEN
1 o OPEN OFEN
1 o OPEN OPEN
1 o OPEN OPEN
1 ) OPEN OPEN
1 o OPEN OPEN
1 o OPEN OFEN
1 0 OPEN OPEN
1 0 OPEN 0=EN
1 0 OPEN 0PEN
L ) OPEN OPEN
1 o OPEN OPEN
1 0 OPEN OFEN
1 © . OPEN OPEN
1 o OPEN OPEN
1 0 OPEN OPEN
1 0  "OPEN OPEN
1 0 OPEN OPEN

© ©0 © © o0 0© © coc ©O0¢c oCOOCOOC ©cCoC ©0 ©0o ©OoOO
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PART NUMBER

c2
, 111-00. :~C068-00
cé
111-00:2-0033--00
111-0012-0062-00
co 111-0050-0096~00

111-00%0-0107-00
111-0413-0066-00
Ci7 €32
112-0100-0001-00
112-0101-0001-00
112-0200-0002-00
112-0200-0003-00
112-0201-0001-00
CR23 '
’ 112-0204-0001~-00
CR18 - CR2 CR24
112-0208-0001-00

112-0370-0001-00
114-0002~-0002-00
114-0005-0001-00
114-0026-0001-00
115-0003-0001~-00
115--0005-0001-00
u3
115-0009-0001-00
117-00068-0003-00
117-0008-0001-00
117-0008-0002-00
117--0875-0001-00
117-0903-000:-00
117-:202-0021-00
121-0009-0001-00
121--00:0-0001-00
126-00%5-0001~-00

LEGEND UM 3
LEGEND KEY:s

O1=EACH

KEY

02=INCH

A=lU/PARTS LIST

UpopUy oo gugaau'uge Tobo® Yo oo o

PARATRONTICS

INC .

BINGLE LEVEL EXPLOSION
09/04/80

PART DESBCRIPTION

.02 UF SO0V CAP.CD

180 PF 1KV CAF. Clt
.0047 UF 1KV CAP. CD
10 UF 6V TANT. DROP CAP.

33 UF 4V TANT. DROP CAP.
02 UF S0V CAP. MYLAR

TRANSISTOR, 2N3904
TRANSISTOR, 2N390S
DIODE BRIDGE, MDA208 MOT
MDA 1004 RECTIFIER
DIODE, 1N7S53A

DIODE ,1N3600 - :
CRé CR7 CRe CR9
DIODE ,1N400é6

CARD GUIDE END 67762-2 ANP
PC HEADER, 3492-2003

CONN.
PC HEADER, 3496-1003, 3M
S8OCKET, 14PIN

SDCKET 16PIN

SOCKET,20PIN

TEBT JACK, HHE 402-10% BLUE
TEST JACK, HHS 402-102 RED
TEST JACK, HHE 402-103 MK
NYLON WASHER, 2670, HHS

6=-32 (i/4) ﬁ-. HEX NUT,8TiL/CAD
6-32X 3/4PHNS,STL/CAD PHILLIPS

MAIN TRA&BFDRHERR

DRIVE TRANSFORMER
POWER SUPPLY MOTHER PCB FAD

O3=FEET OA=BULK
D=y/0 PARTS LISY

30?IN,DUAL.H421621-30 11

ary

PER

0S=AS REQUIRED
R=REFERENCE DOCUMENT

CON.
cp START

- uM

N
-
[~

OPEN

OFEN
OPEN
OPEN

[E i =

OFEN
02/16/80

Wi P

i s
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OPEN
OFEN
OPEN
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Q2/16/80

e e e

[
P P BME N O N e
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OPEN
OPEN
OFEN
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OFEN
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OPEN
OPEN
OPEN
OPEN
OFEN
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e
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© 06=0THER
8=8PECIFICATION
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OFPEN
OFEN
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OPEN
0=EN

OFEN
OFEN
OPEN
OPEN
OFEN

ubFEn
DTN

16w
Ori N
OFeN
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OFEN
OFEN
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OPEN
OFEN
oF~Fy
OFEn
0% EN

OFEN
OFEN
OFEN
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BM301A PARATRONICS INC. R AGE
SINGLE LEVEL EXPLOSION

09/04/80
PAR143-0055-0001-00" DESCRIPTION ¢ POWER SUPPLY MOTHER PCB ASSY ECO#: 150 REV.CU.: F
PART NUMBER KEY PART DESCRIPTION aTY. UM CON. EFFECTIVITY CCO
PER cD. START sToP
117-0906-0001-00 D 10-32 HEX NUT, STL/CAD A 1 ) OPEN OPEN °
$10-0005-0039-00 D 100 OHM-1/4U-5% CF RES 2 1 o OPEN OPEN 0
117-0012-0001-00 D NYLON BUSHING, 3103 KEYSTONE 3 1 0  06/08/80 OPEN 0
117-0013-0001-00 D BELVIEV UASHER 5808-4-15 SEA. 3 1 0  05/21/80 OPEN o
122-00464-0001~00 D FIBRE UABHER- 2 1 0  05/22/80 OPEN o
117-1202-0005-00 B 4-40X3/8 PHMS,PHILLIPS,STL/CAD 5 3 0 OPEN - OPEN 0
117-1602-0004-00 D  10-32X 5/16 PHMS,PHILLIPS 4 1 0  01/29/80 OPEN o
117-1354-0020-00- B -6~32-PHNG,BLOTTED,STAINLLESS. 2 1 o OPEN OPEN °
117-0903-0004~00 D  6-32 HEX NUT, STANLESS STL. 2 1 ° OPEN OPEN o
117-0903-0001-00 D 6-32 (1/4) AF, HEX NUT,STL/CAD 1 1 o OPEN OPEN o
110-0005-0063-00 - -B- - 1K -OMM-1/44-8X CF RES 1 1 o OPEN OPEN o k22
111--0004-0066-00 D .01 UF 25V CAP. CD 11 0 OPEN OPEN ° c17
111-0204-0155-00 D 1000 UF 10V, ELECT. RADIAL Y o OPEN OPEN 0 c28
ca9. c30. c3a1
117-0902-0001-00 D 4-40 HEX NUT, STL/CAD 5 1 o OPEN OPEN °
117-1302-0007-00 D 6-32X 1/2PHMB,STL/CAD PHILLIPS 1 1 o OPEN OPEN °
-111-0209-0143-00. D A20. UF 25V, .ELECT. -RADIAL 3 1 0 OPEN OPEN 0 c11
cie c20
112-0364-0002-00 D  FUSE,2A,250V, 2AGC 1 1 ° OPEN OPEN °
- 112-0212-0001=00 D N3889 DIODE A 1 0 OPEN OPEN P CR14
CR1S  CR16  CR1i? ,
121-0012-0001-00 D .9 MH INDUCTOR 2 1 o OPEN OPEN ° Ly
ey _
121-00:1-0¢01-00 D 41 MH INDUCTOR 2 1 o OPEN OPEN o L3
L4
. 117-0150-0001-00 B TIE WRAR, PLT-3.5M-CR s 1 0 OPEN  OPEN o
113-0027-0002-00 D  LM340T-12 1 1 0  02/16/80 OPEN ° Ui
112-0252-0001-00 D  VJ148X RECTIFIER, VAROD 11 0 . OPEN OPEN ° e
. 14R-0250-0001-00 B BCR TIC 116F 2 1 o OPEN OPEN ° 06
a? :
112-0110-0001-00 D TRANSISTOR, NJE13005,MJE13007 2 1 0 OPEN OPEN ° ~
m .
117-0865-0001-00 D #10 FLAT UASER, BTL/CAD A 1 o OPEN OPEN °
124-0032-0001-00 A 540 PB/MB 12 V POMER PLUG ASBY 11 o OPEN OPEN 0
124-0033-0001-00- A 540 DC POWER PLUG ASSY 1 1 o OPEN OPEN °
124-0031-0001-00 A 540 AC POWER PLUG ASSY 1 1 o OPEN OPEN o
112-0343-0002-00 D  SIL PAD 400, 3223-07FR-S54 3 1 0  OPEN OPEN o
£47-0112-0001-006- D 6It—PAD, 7403.09FR.2Q.DERGUIBT- a 1 0 OPEN OPEN P
117-0032-0001~-00 D BUSHING, BS1547F012, MOT 1 1 0 OPEN OPEN 0
122-0045-0001-00 D 540 PS/MB HEAT SINK 1 1 ° OPEN OPEN P
o, HH1-0210-0130-00- P = GAP-ELECT-380 UF 250V 2 1 o OPEN OPEN Py c3
113-0003-0004-00 D I.C., 74L804 11 o OPEN OPEN ° us
-443-0003-0138-00 B IsCu,-74L8136- 11 0 OPEN OPEN o U3
113-0014-0001-00 D I1.C., DPB30AN, NSC, AND, 1 1 ° OPEN OPEN ° UA
313-0049-0001~00 D  1C,803524, TI, 88 11 0 OPEN OPEN ° u2



£M3I0LA
PART NUMBEKR KEY
113-0050-0001-00 n
143-0055-0090-00 o
LEGEND UM 3 01=EACH 02=INCH

- LEGEND KEY» - A=W/PARTS LIST

03=FEET
D=W/0 PARTS LIST

PARATRONICS

INC.

SINGLE LEVEL EXPLOSTION

09/04/80

FART DESCRIFTION aTty.
- PER

IC,DS3632, NSC
P.S. MOTHER PCB-OUTSIDE ASSY

04=ERULK 05=AS REQUIRED

I

R=REFERENCE DOCUMENT

UM CON. EFFECTIVITY ECC#
Cp START STOP
3 0 OFEN OPEN 0
1) 0 OFEN OFEN 150
06=0THER
§=GPECIFICATION

T W e e W Je Ve e T 26 36 B W6 I ] I I 2 HIE K W

PAGE
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EM301A

c8

23:}
R2
R7

C10

Ja

Gik

LEGEND
LEGEND

PART NUMBER

111-0207-0103-00

110~-0005-0051-00
113-0001-0006-00
114-0054-0002-00
110-0005-0049-00

110-0005~0063-00
R3 R4
110-0005-0045-00

111-0006-0072-00
ciz ci3

113-0200-0125-00

114-0002-0001-00

114--0004-0001-00

114-0005-0001~-00
SicC 81D
114-0028-0001-00
114-0029-0001-00
126-0054-0001-00

UM s
KEY 2

01=EACH

KEY

o o oo oo

o
S1iE

=

02=INCH

A=W/PARTS LIST

PAR143-0054-0001-00
FART DESCRIPTION

22 UF 16V CAF. ELECTRO.,RAD.

330 OHM 1/4W 52
I.C., 7406

WAFERCON,09.18.5121 ,MOLEX

270 OHM 1/4W 53
1K OHM 1744 52X
180 OHM 1744 SX
<1 UF S50V CAF.
cs Ca
I.C., MC10125

CONN., 20 PIN, 5492-1003, oM
CONN.26PIN,609-2617 ANSLEY
CONN.30FIN, DUAL,

81F 616

3494-1003,34 PIN CONN., 3M
3496-2003,50 FPIN CONN., 3M
FUNCTION MTHR BCKPLN PC FAR

FARATRONICS INC.
SINGLE LEVEL EXFLOSTIORN
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3.0 KEYBOARD
3.1 INTRODUCTION

During the following discussion, please refer to either the keyboard
itself or the picture of the keyboard in figure 3-1.

" They keys on the keyboard are completely covered by a plastic overlay
sheet which proteacts them from dust and other contamination. This sheet is
dark gray in color and has keytop-sized rectangular patches of white or light
gray where keys are located. These patches carry the keytop legends. There
are other labelings on the dark background, and there is also a row of small,
round, clear ports through which LED indicator 1ights show when lighted.

At each key location there is a slight dome underneath the plastic over-
lay. This dome gives way with a snap when pressed, thus providing tactile
feedback of the key closure. An audio feedback tone is also provided. (The
operator can disable this audio tone by holding the "T" key depressed for
2 seconds while the main power is turned ON.) If an illegal key entry is made
during any operation, a dual-tone error signal is sounded and the ERROR light
comes on. (The error tone is not disabled by the "T"-key procedure.)

The keys are connected as input devices to the microprocessor, and the
function of each key is determined entirely by software. Many keys have two
functions, one for each of two different analyzer operating modes in which the
key may be called into play. Such keys have two legends on the keytop, one
legend in green and one in red. Above the group of keys involved, a green or
red light turns on to indicate which legend applies in the current operating
mode.

3.2 PHYSICAL DESCRIPTION

The keys are of the snap-action, contact type. Each key consists of a
thin, dome-shaped piece of spring metal attached to a printed circuit board.
Directly under each dome is another piece of metal, the base tab, which is
electrically isolated from the dome. When the dome collapses with a snap
under finger pressure, it makes electrical contact with this base tab. The
keys are laid out on a rectangular grid of 6 rows running across and 14 col-
umns running up and down. All the key domes in a given row are connected
together electrically, providing 6 row-input Tines. All the base tabs in a
given column are connected together electrically, providing 14 column-input
Tines. (The use of these input lines is discussed in the Functional Descrip-
tion section.)

The keyboard PC board is bonded to a heavy-guage (approximately 0.1")
panel of aluminum, with the key domes on the side away from the aluminum. The
plastic, keytop overlay sheet is bonded to the key-dome side of the PC board.
This bonded sandwich construction produces a particularly invulnerable key-
board. However, it also means that individual keys are not replaceable; if a
key becomes inoperative for any reason, the entire keyboard panel must be

replaced.
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The keyboard PC board contains holes for insertion of the LED indicator
lights, as well as solder points for their connection. It also contains two
input lines running to solder points for connection of the audio tone genera-
tor, which is mounted on the back side of the aluminum panel. The aluminum
panel has clearance holes for the LED's and their leads, and for the tone
generator leads. It also has 1/8" test-probe holes under all key positions.
On axis with these holes are holes in the PC board which are plated-through
and connected to the base tabs. Test-contact with the base tabs can thus be
made by probing the pads of the plated-through holes. And test-contact with
the key domes, which are directly above, can be made by inserting an insulated
needle probe through the plated-through holes.

The Keyboard Interface Board (approximately 4" square) is mounted on the
right side of the bottom surface of the aluminum panel. There are clearance
holes in this board for two LED's mounted on the keyboard PC board in that
area. There is a socket at the right edge of the Keyboard Interface Board
that mates with a plug bringing the row and column Tines from the keyboard PC
board. There is a header soldered to the Keyboard Interface Board that termi-
nates a 20-conductor flat cable. This cable carries 1/0 and control signals
to and from the computer, and it plugs into a socket on the Microcomputer
Motherboard.

The whole keyboard assembly is mounted to the analyzer cabinet by two
hinges that are fastened to the keyboard's aluminum backing panel. Four
threaded spacers are fastened to the aluminum panel, and to these spacers is
mounted the keyboard case, which is molded of tough, fibre-filled plastic. It
folds up around the edges of the keyboard panel assembly and extends about
1/8" out from the keyboard working surface. The keyboard case carries mating
parts of the two keyboard-closing latches; and the four screws that mount the
case to the aluminum panel also mount four rubber feet on the outside surface.

3.3 SELF-TEST

A processor-controlled keyboard self-test is provided with which you can
test the operation of each key from the keyboard itself and without any dis-
mantling. To initiate this self-test, hold the "1" key down while turning the
main power switch from OFF to ON, and keep the "1" key held down until you
hear the beep (about 2 seconds). After the computer has finished its own
power-ON self-test (which takes the 2 seconds) and has so indicated with a
beep, it finds the "1" key down and jumps to the keyboard self-test program.
(Actually, you can turn the power ON first and then, within 2 seconds, hold
down the "1" key. Just so the "1" key is already down at the instant when the
processor finishes its own self-test.)

Test results are displayed as messages on the CRT:

With no key depressed, the message is, "KEY DEPRESSED: NONE".
With a key held depressed, the message is, "KEY DEPRESSED: x «x",

where the x's represent the depressed key's location expressed as row and
column numbers. As mentioned earlier, the keys are laid out on a rectangular
grid of 6 rows and 14 columns. Row 1 is at the top, and column 1 is at the
left. (The gap running across, underneath row 2, is not given a row number.)
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Thus, if you depress the key in the lower right corner, the display will read,
"KEY DEPRESSED: 6 14".

This test allows you to varify, for any given key, that the key closes
and that the closure is being detected by the computer. Also, all the LED
indicator lights, except the ERROR 1ight, remain Tighted during the test,
which allows you to varify that the LED's are functioning. (The ERROR light
comes on, along with the other lights, while the computer is performing its
2-second power-ON self-test. You can varify the ERROR light at that time.)

To exit from the keyboard self-test, turn the main power switch OFF.

(This is the only way; all the keys are committed to simply telling you where
they are.)

3.4 DISASSEMBLY

To disassemble the keyboard, it will be necessary to lay the instrument
down on its side. The handle pivot-knobs do not provide a stable base, and
some sort of support must be placed under the front of the instrument to raise
the pivot-knob up off the bench top. It is strongly urged that you obtain a
2" x 2" piece of wood about 10" long for this purpose. Such an item is handy
tc have around the lab, anyway. After obtaining the 2" x 2", proceed as
follows:

a. Particular pains must be taken to support the front of the ana-
lyzer if the cover is off. For this reason, the cover should be left
on (or put back on) unless you are reasonably sure that you will need
access inside the cover after you have disassembled the keyboard. If
in doubt, start with the cover on; you can take it off later if you
have to.

b. Latch the keyboard closed and swing the handle straight out.
Place the analyzer on its side on the bench, with the bottom facing
you, the keyboard to the right, and the front end resting temporarily
on the handle pivot-knob (if you are left handed, read "right" as
“left" here and in the rest of the instructions).

c. If the cover is off at this point, skip to step f.

d. Raise the front end off the bench and slide the 2" x 2" underneath
so that it is extending across the instrument. It should be behind
the handle pivot-knob, but with its midsection up against the pivot-
knob. This arrangement provides a stable base for the analyzer, and
you can now proceed with the keyboard disassembly without fear of
damage to the keyboard or the rest of the analyzer. Also, the ana-
lyzer can now be moved around on the bench when desired by placing one
hand on each end of the 2" x 2" and using it as a stearing bar.

e. Skip over the cover-off instructions to step k.

f. I the cover is off, adjust the position of the analyzer so that
the Tong axis is at about a 45-degree angle with the front edge of the

bench, the keyboard is still to your right, and the pivot-knob is
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3-4

resting about 1" in from the edge of the bench. The handle should
still be straight out.

g. With the "2 x 2" handy, squat down so that your head is about on a
level with the bench top and you can see under the analyzer. Place
your left hand under the lower end of the handle and 1ift up the front
of the analyzer just enough to slide the 2" x 2" under with the other
hand -- but don't lower the analyzer yet.

h. Keeping your head where you can watch the right front corner,
angle the 2" x 2" so that the far end is under the edge of the bottom
plate, the mid section is against the pivot-knob, and the near end is
under the silver front casting -- not the long top-edge tie rod, which
might bend or break off at the mounting stud. Now ease the analyzer
front end down onto the 2" x 2".

i. Make sure that the 2" x 2" is angled enough so that it is clear of
the tie rod, but keep its mid section against the pivot-knob. The
analyzer is now in a stable position that will allow you to proceed
with the keyboard disassembly without fear of damage to the keyboard
or the rest of the analyzer.

j. If you should have occasion to move the analyzer around on the
bench, grasp the 2" x 2" with one hand at each end, place the left
thumb against the rubber foot on the bottom plate and the right thumb
against the corner of the closed keyboard, and snug the 2" x 2" up
against the pivot-knob. Then slide the 2" x 2" around on the bench to
the desired position, with the thumb pressure ensuring that the ana-
lyzer goes with it.

k. Swing the handle to the right until it bumps the 2" x 2". Leave
the keyboard Tatched closed, and remove the four rubber feet from the
keyboard case. Obtain four machine screws of the same thread size as
those just removed and about 1" long, and screw them about 1/4" into
the four holes just vacated.

1. Unlatch the keyboard and swing it open about 90 degrees. Remember
that the key panel is fastened to the hinges and that the black key-
board case is going to come away from the panel. Place a thumb on
each of the two top screws you just inserted, and place the finger
tips of each hand on the edges of the open face of the black keyboard
case, trying not to overlap onto the key panel.

m. Gently pull the case edges with your fingers against the pressure
of your thumbs on the two screws until you feel the case begin to come
away slightly from the key panel. Now alternate this procedure be-
tween the upper and lower pair of screws until the case comes free.

n. Swing the keyboard closed again, back out the four pushing screws,
and set the case aside. Remove the four outer spacers that are on the
threaded case-mounting spacers (note that the shorter ones come from
the hinge side) and place them in the upturned case for safe keeping.
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0. As you examine the exposed parts, identify the items mentioned in
the discussion at the beginning of the Keyboard section.

p. To dismount the Keyboard Interface Board, remove the four mounting
screws and the cable hold-down strip. The board is now held by the
plug-and-socket interconnection to the keyboard PC board.

q. Using a small shirt-pocket or jewler's screwdriver, very gently
pry between the board edge and the plug leads at one end of the con-
nector until you have opened up a small gap at that end between the
black plastic of the plug and the black socket body. Stop when the
gap is just large enough to admit the screwdriver blade.

r. Now pry between the plastic of the plug and the plastic of the
socket, working your way along the length of the plug to keep the gap
even. Pry by rotating the blade rather than by levering it. Switch
to a larger blade as soon as the gap is wide enough. As the board
begins to impinge on the two LED's in their clearance holes, you will
have to tilt the board very slightly to clear them. But hold off on
the tilting as long as possible because it tightens up the plug con-
tacts. Keep working back and forth along the gap, keeping it even,
until the board comes free.

s. The board can now be mounted in a circuit-board holder placed
close to the keyboard. Try to avoid disconnecting the far end of

the flat cable because this involves dismounting the Microcomputer
Motherboard. If this should become necessary, take the cover off as
described below, and then refer to Power Supply subsection 2.3.2.1 for
instructions on dismounting the Microcomputer Motherboard.

t. If you find that you need to take the cover off the analyzer at
this point, proceed as follows. Otherwise skip to step w.

u. Fasten the keyboard panel closed with a cord or wire wrapped
around one of the case lTatches and one of the case mounting spacers.
If the Keyboard Interface Board has been removed, temprorarily remount
it with a screw put through the hole in the corner by the row/column
socket, but screwed into the spacer that normally goes under the
corner by the three resistors and a diode.

v. While the analyzer is still on its side, remove the six screws
that fasten the cover to the bottom plate. Lift up the analyzer,
place it on its four bottom-plate feet, and slide the cover off to the
rear. Now go back to step b for instructions on how to place the
coverless analyzer on its side without damaging the top-edge tie rod.

Ww. Reassembly has no particular problems. Just check to make sure’
that the LED's are all straight in their holes and that their leads
are not touching the aluminum panel, paying particular attention to
the two under the Keyboard Interface Board. Also, when remounting the
keyboard case, make sure that the shorter outer spacers are at the
hinges.
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3.5 FUNCTIONAL DESCRIPTION

When appropriate during the following discussion, please refer to the
schematic diagrams, board layout, and parts list which are included at the end
of this section. (Note that an extra copy of the schematic for the Micro-
computer Motherboard is included here because some parts for the keyboard
circuitry are shown on it.) Also, tables of connector pins versus signal
names for all motherboard connectors are provided in section 15 along with an
alphabetical list of all interboard signals. And, should the need arise, a
Glossary in section 16 offers explanations for acronyms or terms that may be
unfamiliar.

From a functional standpoint, the keyboard must be considered a combina-
tion of hardware and software. Each individual key is, in effect, connected
as an input device to the microprocessor (an Intel 8085 on the Processor Board
in the Microcomputing Section), and the function of each key is determined
entirely by software. The hardware portion of this arrangement is implemented
as follows.

As discussed in the Physical Description section, the keys are of the
snap-action contact type, consisting of a dome contact (which snaps) and a
base tab contact (which doesn't). The keys are arranged as a matrix of 8 rows
and 14 columns, but only 6 of the rows contain keys in this implementation of
the keyboard. In each row, all the domes in the row are electrically connec-
ted together, producing 8 row-input lines (two of which are inactive). In
each column, all of the base tabs in the column are electrically connected
together, producing 14 column-input lines.

These 22 matrix input Tines are connected from the keyboard panel, via
J2, to the Keyboard Interface Board. On the Interface Board, each row line
has a 10K pullup resistor, in SIP RN1, and is connected to an input pin of U4,
a 74LS244 octal buffer. Each column line is connected to an output pin of Ul
or U2, 74LS138 3-to-8 decoders. The column lines have now become output lines
from the standpoint of the processor.

A 20-conductor flat cable is soldered to the Keyboard Interface Board and
plugs into connector J1 on the Microprocessor Motherboard. The outputs of the
row-1ine octal buffer, U4, connect through J1 to the processor's 8 buffered
data-bus lines BDBO—BDB7. The U4 buffer has 3-state outputs controlled by
1/4 of U5, a 74LS32 quad 2-input OR gate, with this section being used as a
negative-logic AND gate. The control inputs to Ul, U2, and U5 come from the
Microprocessor Motherboard through Jl1.

There are some circuits on the Microprocessor Motherboard that are so
closely associated with the Keyboard Interface Board that they will be dis-
cussed in this section. Their IC U-numbers will be preceded by Mp/Mb. One of
these circuits is Mp/Mb U5, a 74LS04 hex invertor, which supplies inverted
low-nyble address bits BAO- through BA3- to Ul and U2. It also supplies non-
inverted address bit BAO to U2, and inverted status signal S1- to U5. There
is also Mp/Mb U3, a DP8304 transceiver, which buffers the data-bus Tines in
either direction and connects them to J1 as BDBO—BDB7.

A complex decoder for a family of I/0 ports is formed by Ul, U2, and
Mp/Mb U4, all 74/.S138 3-to-8 deccders. The I/0 port address for the family is
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Eh, where h represents any hex number. Fourteen addresses in the Eh set are
assigned to the 14 columns of the keyboard matrix. These addresses are used
in the operation of the keyboard as follows.

At frequent intervals (several hundred times per second) the Control
Program tests all the keyboard keys to see if any are depressed. Tracing one
query in the sequence will illustrate this scanning process. To determine,
for example, if there is a key closure in column 5, the Control Program issues
an input instruction to I/0 port E6. (The Control Program knows from the
assignment table that to query column 5 it must send input-port address E6.)
The high-order nyble, E, of the I/0 port address is decoded by Mp/Mb U4 to
produce the front-panel-enable signal, FPENB-, at J1-4. This signal also
enables the Mp/Mb U3 transceiver, which is for the exclusive use of the Eh I/0
port family. At the same time the port address is sent, the Processor Board
automatically issues an I/0-enable signal, IOEN-, on J1-3.

The signals FPENB- and IQEN- partially enable Ul and U2. In the low-
order nyble of the I/0 port address (0110 inverted to 1001), BAO- is high,
selecting Ul at Ul-6; and BAO is low, deselecting U2. The remaining three
inverted address bits BAl-, BA2-, and BA3-, are fed to Ul inputs A, B, and C
as low, low, high. The 74LS138 truth table shows that this input brings
output Y4 Tow at Ul-11. This in turn brings all keyboard base tabs in column
5 from high to 1ow.

Now suppose, for example, that the row-2 key in column 5 is depressed.
The dome on this key is contacting the base tab, which is Tow. The row-2
input at pin 6 of row-line buffer U4 is therefore low (it had been held high
by pullup RN1-8). FPENB- and S1- at the inputs to AND gate U5 have enabled
the outputs of U-4. The row-2 signal is therefore applied to buffered data-
bus 1ine BDBZ2 and fed to transceiver Mp/Mb U3. The transceiver has been
enabled in the read direction by signals S1 and FPENB-, and the keyboard
signal is fed on to the processor as FB (binary 1111 1011). The Control
Program sees something other than FF come back, so it goes to a lookup table.
There it finds that "Query E6; get back FB," means "PREV", so it jumps to the
PREV routine.

If more than one key in column 5 had been depressed, the Tookup table
would have sent the Control Program to an ERROR routine. If no key had been
depressed, U4 would have sent back FF. If a key in some column other than 5
had been depressed, U4 would still have sent back FF because the base tab
under this depressed key would have been high, resulting in no change at the
input to U4.

Whenever a query is answered by FF, the Control Program goes on (in due
course) to query the next column. This all happens very rapidly. Even though
the Control Program does many other things between queries, it still scans the
full 14 columns often enough to sense a key closure within a few milliseconds
of first contact.

The L1 LED for POWER ON is driven by the +5v supply, with the current
limited by R4. The other keyboard LED's are driven by U3, a 74LS374 edge-
clocked latch, through current limiting resistors R5-R10. The inputs to U3
are connected to the buffered data bus in parallel with U4. With all-0's
latched into U3 (the startup condition), all LED's are ON. To turn OFF, for
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example, the L5 ERROR LED, the Control Program sends output port address El
and puts a 1 on data bus line DB3, at the same time holding all other data bus
bits unchanged. The E1 address is decoded by the Ul, U2, Mp/Mb U4 decoder to
produce a Tow output at U2-7. The high-to-low transition of this signal,
applied to U3-11, clocks the data on the U3 inputs into the latches. U3-9
goes high, and the ERROR light goes out. (Transceiver Mp/Mb U3 has been
enabled in the write direction by FPENB- and S1 which is Tow for a write
operation. Because S1- is high, U4 outputs are not enabled this time and
therefore do not interfere with the LED-drive data on the bus.)

The keyboard audio tone generator, SPKR, is turned off and on (in the
same way as the LED's) by a signal on BDB7. The Control Program produces a
tone from the tone generator by repeatedly turning the dc drive level off and
on at an audio rate. The ERROR tone can therefore easily be different from
the "key-pressed" tone. Ql, a 2N3905, acts as an amplifier/driver for the
tone generator.

The variable resistor R1 adjusts the audio output level of the tone
generator from OFF to full. The level is set so that the tone is easily heard
by the analyzer operator but is not annoying to other persons in the area.
(The R1 adjustment is also a means of turning the ERROR tone off if it is
wanted off along with the key-press feedback tone.)

3.6 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagrams, board layout, and parts list for the Keyboard are
contained on the following pages.

3-8



s nﬂ—r.-—'m"
\ A PER ECO D078 W92 Sru L
B | PER Eco © 84 (I NP5 Y ed
C | Eco 190 Boer  |3-31-80¢Ful
Q
*2 ) D g u —
n e - " "
a1 (4]
R4 "} v2
—a L
see perae N
Q ponaag
sssszg
RN
4"‘ C n|
7 "_—‘:J—
e
[ $)]
us
3
s c4
o) *O
s p'PAmlmomcs e
S:E.G:‘KED 8y [DATE L
[ [oAre LEGEND MASTER .
COMPONENT 5108 i fone ] 540 KEYBOARD INTERFACE
gy ‘ ; ARGUNAR £ 03T SAMMINS. 126-0062~201 é
° BREAK ALL SHARP EDGER & |
}?073472"0 (N4 90 5[ALE = oo SR o BCALE 171 Ianv ) OF i REV,




+5v

-isv

BOBO
B0B1

BDB2
50B3
BDB4
BoBY
BD36
BDB7

GND

BAD—
BAZ -
IOEN -

FPEND —

R JoEsORETION Jn-r: APPROVED.
Rit Jz o
'3: ;Jn. I -/
2w 21,32 ER BLO Osd §.5 P Iz
10) ' AN = > B i PER BLO O5< 9.5 kinh
Iﬁ _L:;-,F lcqz 3 s |
I T Je& vk R4 " TIL220
| = = = « 1800 s ST
20> T [am q ;ﬂ 1 POWER
=02 cp r sSY | GNT
: .E[ZZ.:&TANT = | Pj DES - IC - *2.,c‘v \:ND
e : L5837 =
! = n 2 10 | L2 2 F4_L 744
— " & A sz 20| 10
12— —:> 1% 7 %—f Y uz -zl _
S il P sk s - ‘jA/ ‘;Aeq—uz U3 U4 TALS 2B |16 | 8
14 g )2 LSOV —> —— L us Ls3z 4 i 7
2 8|, 745374 fo 220, %7 19 { }—JA LE |
> 12 i 2207, Ro 26 < ) Lo
‘-0/ 5D A5G = 7/ ; 4 7
- d P oal® zzo.n,&x SRR, —
‘B/ 17 _;Dl an 16 NG Z22086 +3y ! ‘5
19— :,, 8D s} Rz |
} S ! NOTES UNLESS OTHERWISE SPECIFIED:
[\,
I 1 i L. ALL RESISTORS-' W.5%
! =12 - 2. ALL CAPS CERAMIC Di3C-20%
|
| 1 SPKR
1
2y—t 8,
| oive
| :‘L e R £ >
4LS2, ”
| 2 fva S 2 ol > >
3. . af0 3N
| o AR 183 ;(
| —j2ve 1nape w e
i 2 sz a1 —>
J
| 2 }iva 2ngf e
\ 1= 15 N Y
[ 4% 2m= —>—
I T—-C ) 2A44— 77
‘ !
1
N g— N | |
s 5 e 14 N\ szdhazdissdacdhasihschas 7
5 >— s K 27 ST T I S R A
[ W e 2 SRR s
\ 2 il e —27 EHINEIRISZUN SZ Y= RISETRINE UL W
! B B A RN [ P L 7 o F@ I
i | TALS1R v ” S SSA SS DS SN S S Y T
8> ¢ w_ epe- By rariardias i sahesdbasdhasd o C
i v3[o 2 RS2y cg BIZRSZUHIZI H
' i -B 4 WV?:‘FFa"FiF?'????!Fz
44 Bl b : i : XY
f-l‘/ o v I ppSpiapignzpip s A
5 I 4 T MY P T R PR R |
2> e fc4:) Y50 \}L A TR R R O T éj R
“B2" 1 Sasiliaxdbasdbasiiasihasdliasdhs -
4‘\ “deon o —22 —7 USSR S ] x
1 7 BO" EXN el b by
' 81 v 2, DI\ RISUDIZSE U NP S
' ————— 15 e RN e b e by |
| L T3vr ¥ ¢ O T B S T
! o], Yz 14 -8D" LI osibiasiBisniliaaiiiss (e ilis 7
| Aaicran " =4 IPSEAIISZISEUDIZURSZI RN
’ 3 e R 7 hznliaxeiiaBax(irasias(haxdl 3
| - v2jo ? PSS =N SERISSUNIZUN S IZOR)S
! e 2 -eo: s VRS T PN Y v v o
] o ' o 7. e A AT DR P Al e
9> a1 n e 3} Y ) HZW.‘?I,FE
' Sdcee W= 20 R TR S K S S
— 2 TR LA SR SR TR A
4 10 RS 5y Y] _
: daza Y50 | SN M S A A
! |
-~ i o H
t KEYBOARD INTERFACE PCB 'EL KEYBOARD
l 142-0062-0014 1 142-0061-001
KT 9z
UNLESS OTHERWISE or M Sov Y 1275 2
SPECIFIED, DIMENSIONS 5";-"3 . ﬂ PARAmB”’cs ,Nc'

ARE IN INCHES

MAT'L

FINISH

BREAK ALL SNARP EDGES
DECMAL ANGULAAR
XA 1 :
X -z

0O 40T $74LE DAAWWG

SCHEMATIC DIAGRAM

540 KEYBOARD INTERFACE
AND KEYBOARD

NB 127-0062-007_ [~ B

[scvr NONE [»r 1ot




BM301A PARATRONTICS INC. FAGE

SINGLE LEVEL EXPFPLOSION

09/04/80
PAR143-0062-0090-00 DESCRIFPTION = 540 KEYBOARD INTER, OUTSIDE £CO%: 100 ®IV.CU.: D
FART NUMBER KEY PART DESCRIPTION QTY. UM CON. EFFECTIVITY ECO%
PER CDh START SToP

111-0207-0103-00 I 22 UF 16V CAF. ELECTRO.,RAD. 2 1 ] 08/21/80 OFEN 0 ca
CS

126--0062-0001-00 D KEYBOARD INTERFACE PC FAR 1 01 0 OFEN OFEN 0

114-0021-0001-00 D 36 CONDUCTOR FEMALE CONN 1 01 0 OQFEN OFEN 0 J2

110--0007-0007-00 <] 4.7 OHM 1/2 W CF RES 1 1 0 OPEN OFPEN 0 K11

110-0300-0001-00 (] RES. NETWORK,STRKPOLE §10-9-4% i1 L 0 OFPEN OHEN 0 "N L

110--000'5-0047-00 I 220 OHM 174y 52 CF RES 7 1 ] OFEN OFEN V] R10O
R4 KRS R6 R7 RO R

110-0005~0063-00 D 1K OHM 1/4UW 52 CF RES 1 1 0 OPEN OFEN 0 R3

110-000%5-005%-00 D 470 OHM 1/4d SX CF RES 1 1 0 OFEN OFEN 0 "2

110-0201~0001~-00 B FOT, BOUKRNS 33846F-1-102 1 1 0 OPEN OFEN 0 K1

111-0004-0072-00 D .1 UF 2% CAFP. CD 3 i 0 OFEN OFEN 0 C1
c2 c2

112-0101-0001-00 B TRANGISTOR, 2N3905 1 1 0 OFEN OFEN 0 QL

LEGEND UM 3 01=EACH 02=1INCH 03=FEET 04=BULK 05=A8 REQUIRED 06=0THER
LEGEND KEY2 A=W/PARTS LIST b=W/0 PARTS LI&T ReREFERENCE DOCUMENT G§=GPECIFICATION
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EM3014A . PARATRONICS INC. FPAGE

SINGLE LEVEL EXPLOSION

09/04/80
FAR143-0062-0001-00 DESCRIPTION : 540 KEYBOARD INTERFACE ECO%#: 100 REV.CU.:
FART NUMBER KEY PART DESCRIPTION aTy. UM CON. EFFECTIVITY ECO#
PER cD START sToP
143-0062-0090-00 I 540 KEYBOARD INTER, OUTSIDE 101 0 OFEN OPEN 100
127-0062-0001-00 D SCHEMATIC t o1 0 OPEN OFEN 0
124--0024-0001-00 D INTERFACE CABLE ASSY 1 01 0 OPEN OPEN ) Ji
113-0003-0032-00 ] 1.C., 74L532 TR 0 OPEN OPEN o us
113-0003-0244-00 D I.C., 74L5244 1t o OPEN OFEN 0 ua
113-0003-0374-00 D 1.C., 74L5374 TR 0 OPEN OFEN 0 u3
113-0003-0138-00 D 1.C., 74L5138 2 1 ) OFEN OPEN 0 U1

uz

LEGEND UM 3 01=EACH 02=1INCH 03=FEET 04=BULK 05=AS REQUIRED 06=0THER
LEGEND KEY3 A=W/PARTS LIST D=UW/0 PARTS LIST R=REFERENCE DOCUMENT S=SPECIFICATION
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PI 540 Maintenance Manual Display Module

4.0 DISPLAY MODULE

4.1 INTRODUCTION

The Display Module is a Motorola Model M2000-155 CRT Monitor with a 9"
CRT. It accepts a composite video signal from the Video Display Board and
produces a raster-scan video display. No operator controls are required, but
internal controls for maintenance adjustments are provided. The only input
power required by the Module is +12 V at 900 mA from the PI 540 Power Supply.

CAUTION: A VERY HIGH VOLTAGE OF 9 kV IS USED IN THE DISPLAY
MODULE. EXTREME CAUTION MUST BE USED WHENEVER POWER IS APPLIED
TO THE PI 540 WITH THE COVER REMOVED.

4.2 FUNCTIONAL DESCRIPTION

Full details of the Display Module are contained in Motorola's Service
Manual for the M2000 series, a copy of which is included at the end of this
section. A block diagram may be found on page 6 of that document, component
layouts on pages 12 and 13, and a schematic diagram on page 14. A detailed
description of CRT replacement and adjustment is given on page 4. However,
please read the following Self-Test and CRT Adjustment sectionss before making
any adjustments.

4.2.1 AC Mains Frequency

While the Display Module itself does not use any mains power, primary
mains power is brought into the PI 540 to operate the Power Supply. As a
consequence, there are mains-frequency fields within the instrument which may
produce minor interaction with the CRT display. To minimize this interaction,
the frequency of the vertical sync signal produced on the Video Display Board
is adjusted as closely as possible to the mains frequency. (The vertical
sync signal is contained in the composite video signal fed to the Display
Module from the Video Display Board.)

This adjustment of the vertical sync frequency is automatically made by
the Control Program at power-ON time (for details, refer to the Sync Generator
discussion in the Video Display section). However, the automatic adjustment
can be overridden by power-ON hold-down of the "5" key to set 50 cycles or the
"6" key to set 60 cycles. (Please see the following subsection for details.)

(The sync frequency override can be done experimentally to observe the
effects of the wrong frequency. Hold down the "0" key simultaneously with the
"5" or "6" key at power-ON. There should be a barely discernible flicker of
the display when the wrong frequency is used. This flicker is more apparent
when viewed with peripheral vision, as when the eye is fixed on the "Timing"
key in the top row on the keyboard. However, if there are strong mains-
frequency fields being produced nearby, the effects of the improper sync
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frequency may be more drastic. Sometimes there will be a noticeable swimming
of the image in addition to the flicker.)

4.2.2 Self Test

A special self-test function for the Display Module can be initiated from
the keyboard by holding down the "0" key as the power switch is turned from
OFF to ON. Keep the key depressed (for about 2 seconds after the power is ON)
until a beep is heard. The CRT screen will be filled with a uniform pattern
of horizontal and vertical lines. Use this pattern to appraise the quality of
the displtay. If necessary, make adjustments as described in the following
subsection.

4.2.3 CRT Adjustment Procedure

The Display Module, and in particular the CRT, is subject to component
aging and may require occasional adjustment. Any adjustments that are found
necessary should be made in accordance with the following instructions.

WARNING: THE DISPLAY MODULE CONTAINS A VERY HIGH VOLTAGE OF

9 kV WHICH CAN BE LETHAL. THE FOLLOWING PROCEDURES SHOULD
ONLY BE UNDERTAKEN BY EXPERIENCED TECHNICAL PERSONNEL FAMILIAR
WITH TELEVISION OR CRT MONITOR ADJUSTMENT PROCEDURES.

1. With the power switch OFF, unplug the power cord. Close and Tatch
the keyboard and stand the analyzer on the keyboard end. Remove the 6 cover
screws located on the bottom of the instrument. Remove the cover by sliding
it to the rear of the instrument (upwards).

2. Return the instrument to normal operating position but leave the cord
unplugged. In preparation for removing the Application subassembly, take a
pair of slip-joint pliers and carefully unplug the power supply connector, P9,
from the Function Motherboard. Also, taking note of the orientation for later
reinsertion, carefully remove the wide ribbon cable that interconnects the two
motherboards. Remove the four screws that fasten the Function Motherboard to
the chassis and carefully 1ift out the Application subassembly. This opens up
a space that permits adjustment of the various controls in the Display Module.

3. Make all adjustments with PLASTIC adjusting wands designed for the
purpose. DO NOT USE METAL SCREWDRIVERS OR ANY METAL TOOL. If you do not have
suitable instruments, postpone the adjustments until you can get them.

4. Unlatch the keyboard and place it in operating position. Make sure
that the power switch is OFF and then plug in the power cord. Bring the
self-test pattern to the CRT screen by holding down the "0" key at power-ON
as described in the foregoing Self-Test section.

5. If the grid pattern on the CRT shows skewing of the horizontal lines
at the top of the screen, adjust R35, the HORIZONTAL HOLD control, to remove
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the skewing. (Please refer to the Component Layouts on pages 12 and 13 of the
Motorola Service Manual for the location of this and other controls.) Turn
the power OFF for a few seconds and then back ON again with the "0" key down.
If the horizontal sync does not lock in quickly and reliably, readjust the R35
control for reliable sync without skewing.

6. There should be approximately 1/4" margin to the grid pattern at the
top and bottom of the screen when viewed from the normal angle (probably about
15 degrees downward). If the margins are improper, adjust R52, the VERTICAL
SIZE control. (Do not be concerned with exact centering at this point.)

7. If the spacing between horizontal lines is not approximately equal
from the top of the screen to the bottom, adjust R57, the VERTICAL LINEARITY
control for best linearity. (There is some interaction between R57 and R52,
above. Readjust each in turn until proper settings are obtained.)

8. There should be approximately 1/4" margin to the grid pattern at the
left and right sides of the screen. [f the margins are improper, adjust the
L1 tuning slug, the HORIZONTAL WIDTH control. (Do not be concerned with exact
centering at this point.)

9. If the grid pattern is not approximately centered on the screen
when viewed from the normal angle, adjust the two tabbed, flat metal rings,
called RASTER CENTERING MAGNETS, that encircle the CRT neck directly behind
the deflection yoke (see figure 1 on page 5 of the Motorola Manual). Before
starting this adjustment, TURN THE POWER OFF and mark the present setting of
the rings (for orientation and for possible return), then turn the power back
ON with the "0" key down. KEEP YOUR HANDS WELL CLEAR OF THE 9 kV TRANSFORMER
AND LEAD and be sure to use a PLASTIC tool. This adjustment will affect
pincushion distortion, and the two rings must be adjusted alternately to
obtain reasonable centering with a minimum of distortion.

10. Press the CONFIG key and select the 8 CHNL TIMING/STATE menu to
produce a display that is well populated with characters, reverse video, etc.
If necessary, adjust controls R63 (BRIGHTNESS), R5 (CONTRAST), and R61 (FOCUS)
as discussed below. There is interaction between these controls, and some
iteration may be necessary.

Adjust FOCUS for the best compromise between maximum sharpness at the
center and maximum sharpness at the edges.

Adjust CONTRAST and BRIGHTNESS with the following points in mind.

a. The background should be dark enough that the raster scan lines
are not visable in normal room light.

b. Too much brightness will cause the reverse-video fields to bloom
and partially obscure the dark characters.

c. Too-bright characters will not focus well.
Change to the 32 CHNL STATE menu and press RESET. With the State circuit

boards removed, a false triggering will occur and the display will have all Fs
for data. Make sure that the CONTRAST and BRIGHTNESS adjustments are such
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that there is a marked difference between the half-brightness of the memory
addresses and the full-brightness of the data.

Change back to the 8 CHNL TIMING/STATE menu and check for a good overall
display.

11. TURN THE POWER OFF AND UNPLUG THE POWER CORD. Replace the ribbon
cable that interconnects the two motherboards. Taking careful note of the
keying so that you do not try to force the wrong card into a slot, replace the
Applications circuit boards. Replace the cover, and plug in the power cord.

4.3 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, component layouts, and parts list for the Display
Module are contained in the Motorola Service Manual which is immediately
following. The schematic diagram is on page 14; the component layouts are on
pages 12 and 13; and the parts Tist is on pages 17 and 18.
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MOTOROLA INC.

MODEL M2000 (9"— CRT)

FAEPC-00139

TABLE 1
MODEL SIGNAL INPUT [*CRT SIZE & PHOSPHOR
M1000—-100 TTL 5" P4
M1000—-155 COMPOSITE 5 P4
M1000—190 | DIRECT DRIVE 5" P4
M2000—-100 TTL 9” P4
M2000—-155 COMPOSITE 9" P4
M2000—-355 COMPOSITE 9" P31
*All CRT's are without anti-reflective faceplates.

GENERAL INFORMATION

The models described herein are fully transistorized (except
CRT) and applicable for displaying alphanumeric charac-
ters. All models will accept TTL or composite video inputs
depending on jumper positioning. The exception is Model
M1000-190 which is designed for direct drive applications
only.

NOTE: The Model M2000-100 (TTL) is supplied factory
wired as a model M2000-155 (composite video) version.
See schematic diagram for jumper locations.

The CRT'S employed are of the magnetic deflection type
with integral implosion protection. An operating voltage of
12 volts DC @ 650 mA (typical) is required from an ex-
ternal power supply for the M1000 models. The M2000
models require an external 12 volts DC @ 900 mA {typi-

cal).

Service Manual

M1000 and M2000
SERIES

(See Table 1)

N

i\

!‘M s

MODEL M1000 (5" — CRT)

CAUTION

NO WORK SHOULD BE ATTEMPTED ON
ANY EXPOSED MONITOR CHASSIS BY
ANYONE NOT FAMILIAR WITH SERVIC-
ING PROCEDURES AND PRECAUTIONS.

Input and output connections for these models are made
through a 10—pin edge connector on the signal circuit card.
Output connections are provided for an optional remote
brightness contro!, except on the Model M1000—190.

Two plug—in etched circuit cards are utilized, a signal cir-
cuit card and a deflection circuit card. Components are
mounted on the top of the circuit cards and copper foil on
the bottom. Schematic reference numbers are printed on
the top and bottem of each circuit card to aid in the loca-
tion and identification of components for servicing. All
standard operating/adjustment controls are mounted in

convenient manner on both circuit cards.

MOTOROLA INC.

Jomamlmss Oiindm ~
Display Systems

1155 Harvester Rd.. West Chicaqo. IL. 60185 (312) 231- 4400

VP16 PART NO. 68P25253A23-3
279 PRINTED IN US.A.
C MOTOROLA, INC. 1979

FAEPC-00140



SAFETY WARNING

CAUTION: NO WORK SHOULD BE ATTEMPTED ON AN EXPOSED MONITOR CHASSIS BY ANYONE NOT
FAMILIAR WITH SERVICING PROCEDURES AND PRECAUTIONS.

1. SAFETY PROCEDURES should be developed by
habit so that when the technician ts rushed with re-
pair work, he automatically takes precautions.

2. A GOOD PRACTICE, when working on any unit,
is to first ground the chassis and to use only one
hand when testing circuitry. This will avoid the pos-
sibility of carelessly putting one hand on chassis or
ground and the other on an electrical connection
which could cause a severe electrical shock.

3. Extreme care should be used in HANDLING THE
PICTURE TUBE as rough handling may cause it to
implode due to atmospheric pressure {14.7 Ibs. per
sq. in.). Do not nick or scratch glass or subiect it to
any undue pressure in removal or installation. When
handling, safety goggles and heavy gloves should be
worn for protection. Discharge picture tube by
shorting the anode connection to chassis ground (not
cabinet or other mounting parts). When discharging,
go from grohnd to anode or use a well insulated piece
of wire. When servicing or repairing the monitor, if
the cathode ray tube is replaced by a type of tube
other than that specified under the Motorola Part
Number as original equipment in this Service Manual,
then avoid prolonged exposure at close range to un-
shielded areas of the cathode ray tube. Possible dan-
ger of personal injury from unnecessary exposure to
X-ray radiation may result,

4. An ISOLATION TRANSFORMER should always
be used during the servicing of a unit whose chassis is
connected to one side of the power line. Use a trans-
former of adequate power rating as this protects the
serviceman from accidents resulting in personal injury
from electrical shocks. It will also protect the chassis
and its components from being damaged by acci-
dental shorts of the circuitry that may be inadver-
tently introduced during the service operation.

5. Always REPLACE PROTECTIVE DEVICES, such
as fishpaper, isolation resistors and capacitors and
shields after working on the unit.

6. If the HIGH VOLTAGE is adjustable, it should al-
ways be ADJUSTED to the level recommended by
the manufacturer. If the voltage is increased above
the normal setting, exposure to unnecessary X-ray
radiation could result.” High voltage can accurately be
medsured with a high voltage meter connected from
the anode lead to chassis.

7. BEFORE RETURNING A SERVICED UNIT, the
service technician must thoroughly test the unit to be
certain that it is completely safe to operate without
danger of electrical shock. DO NOT USE A LINE
ISOLATION TRANSFORMER WHEN MAKING
THIS TEST.

In addition to practicing the basic and fundamental
electrical safety rules, the following test, which is re-
lated to the minimum safety requirements of the
Underwriters Laboratories should be performed by
the service technician before any unit which has been
serviced is returned.

TN ap—— 1000 OHM VOLT (OR HIGHE R AC VOL TME TER

NOYES 1 REPEAT EACH CHLCK WITH THE LINE CORD
REVERSED IN THE POWER QUTLET
. . i 2 METER READING MUST NOT EXCEED
: 7 VOLTSAC
~ i

EXPOSED PART OF CABINET

AS WELL AS THE CABINET

GROUND LEAD OF METER TO ANY EARTH
GROUND SUCH AS A COLD WATER PIPE \

Voltmeter Hook-up for Safety Check

A 1000 ohm per volt AC voltmeter is prepared by
shunting it with a 1500 ohm, 10 watt resistor. The
safety test is made by contacting one meter probe to
any portion of the unit exposed to the operator such
as the cabinet trim, hardware, controls, knobs, etc.,
while the other probe is held in contact with a good
“earth’’ ground such as a cold water pipe.

The AC voltage indicated by the meter may not ex-
ceed 7% volts. A reading exceeding 7% volts indicates
that a potentially dangerous leakage path exists be-
tween the exposed portion of the unit and “‘earth”
ground. Such a unit represents a potentially serious
shock hazard to the operator.

The above test should be repeated with the power
plug reversed, when applicable.

NEVER RETURN A MONITOR which does not pass
the safety test untii the fault has been located and
corrected.

- R "HOT LEADOF METER TO LACH




ELECTRICAL SPECIFICATIONS *

MODEL M1000 MODEL M2000

PICTURE TUBE (CRT):

5” measured diagonally (127 mm); 9" measured diagonally (228 mm);
13 sq. in. viewing area (84 sq. cm); 44 sq. in viewing area (284 sqg.cm);
559 deflection angle; P4 phosphor 900 deflection angle; integral implosion
standard protection; P4 phosphor standard ex-
cept P31 phosphor in Model M2000-355.

POWER INPUT:

12V DC at 650 mA 12V DC at 900 mA

INPUT SIGNALS:

COMPOSITE VIDEO INPUT: 0.5V to 2.5V composite P/P, sync negative (input
impedance: 74 ohms terminated, 12k ohms unter-
minated), or

TTL INPUT: 2.5V to 5.0V P/P, video drive, sync positive at in-
put (input impedance: 75 ohms video termination, |

> 2k ohms vertical and horizontal)

DIRECT DRIVE INPUT: 2.5V to 5.0V P/P, video drive, negative vertical sync
(190 uSec min., 1.4 uSec max.), positive horizontal
drive (25 uSec min. to 30 uSec max.). (Input impe-
dance: 75 ohms video termination,»330 chms hori-

zontal drive,)»2k ohms vertical sync.)

RESOLUTION: 650 lines center, 500 lines corners

VIDEO RESPONSE: Within —3dB,10 Hz to 12 MHz

LINEARITY: Within 2% as measured with standard EIA béll chart and dot pattern
HIGH VOLTAGE: 9.0 kV at 50 uA beam current, nominal

HORIZONTAL 11.0 uSec maximum

RETRACE TIME:

SCANNING FREQUENCY:

Horizontal: 15,750 Hz +500 Hz; Vertical: 50/60 Hz

ENVIRONMENT:

Operating temperature: 0° C to 50° C

Storage temperature: —40°C to +65°C

Operating altitude: 10,000 feet maximum (3048 meters)
Designed to comply with applicable DHEW rules on X-Radiation
Designed to enable listing under UL Specification 478

TYPICAL DIMENSIONS:

4.60” H, 5.12"” W, 8.68” D (without 7.25" H, 950" W, 9.48” D (184 x
power supply) (117 x 130 x 220 mm) 241 x 241 mm)

* Specifications subject to change without notice.
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SERVICE NOTES

CIRCUIT TRACING

Component reference numbers are printed on the top and
bottom of the plug-in circuit cards to facilitate circuit
tracing. In addition, control names and circuit card ter-
minal numbers are also shown and referenced on the
schematic diagrams in this manual.

Transistor elements are identified as follows:

E — emitter, B — base, and C — collector.

COMPONENT REMOVAL

Removing components from an etched circuit card is facili-
tated by the fact that the circuitry (copper foil) appears on
one side of the circuit card only and the component leads
are inserted straight through the holes and are not bent or
crimped.

It is recommended that a solder extracting gun be used to
aid in component removal. An iron with a temperature
controlled heating element would be desirable since it
would reduce the possibility of damaging the circuit card
foil due to overheating.

The nozzle of the solder extracting gun is inserted directly
over the component lead and when sufficiently heated, the
solder is drawn away leaving the lead free from the copper
foil. This method is particularly suitable in removing multi-
terminal components.

POWER TRANSISTOR REPLACEMENT

When replacing the ““plug-in” transistor, please observe the
following precautions:

1. The transistor heat sink is not ““captive’’, which means
that the transistor mounting screws also secure the heat
sink. When installing the transistor, the heat sink must be
held in its proper location.

2. When replacing the plug-in transistor, silicone grease
{Motorola Part No. 11M490487) should be applied evenly
to the top of the heat sink and bottom of the transistor.

3. The transistor mounting nuts must be tight before
applying power to the monitor. This insures proper cooling
and electrical connections. NON—-COMPLIANCE WITH
THESE INSTRUCTIONS CAN RESULT IN FAILURE OF
THE TRANSISTOR AND/OR ITS RELATED COMPO-
NENTS.

— NOTE -

Use caution when tightening transistor mounting
nuts. If the screw threads are stripped by excessive
pressdre, a poor electrical and mechanical connec-
tion will be made.

CRT REPLACEMENT

Use extreme care in handling the CRT as rough handling
may cause it to implode due to high vacuum. Do not nick
or scratch glass or subject it to any undue pressure in re-
moval or installation. Use goggles and heavy gloves for

protection. In addition, be sure to disconnect the monitor
from all external voltage sources.

1. Discharge CRT by shorting 2nd anode to ground;
then remove the CRT socket, deflection yoke and 2nd
anode lead.

2. Remove CRT from chassis by loosening the one screw
that secures the CRT mounting strap or retaining ring.

3. Install new CRT and proceed to horizontal linearity,
centering and beam alignment procedures.

HORIZONTAL OSCILLATOR ADJUSTMENT

— NOTE —
Not applicable to Model M1000—190.

Step 1. Turn on monitor and set up for normal operation.

Step 2. Locate the HORIZ. HOLD control, R35, on the
Signal circuit card.

Step 3. Begin rotating R35 CCW until the video display is
out of horizontal sync. At this point rotate R35 back CW
until the video display just locks in horizontally; then stop.
Using tape, mark the left—hand edge of the video display
(not the raster edge) of the CRT faceplate.

Step 4. Continue rotating R35 CW until the video display
is out of horizontal sync again in the opposite direction. At
this point rotate R35 back CCW until the video just locks
in horizontally; then stop. Mark the left—hand edge of the
video display on the CRT faceplate again.

Step 5. Observe the distance between the two marks on
the CRT faceplate. The object is to rotate the HORIZ.
HOLD control, R35, until the left—hand edge of the video
display is centered between the two marks on the CRT
faceplate.

VIDEO BIAS ADJUSTMENT
— NOTE —
Not applicable to Model M1000—190.
Step 1. With the monitor operating, rotate the CON-

TRAST CONTROL, R6,for minimum contrast; then discon-
nect the input signal(s).

Step 2. Connect a voltmeter across R18 (negative probe
toward the collector of Q4).

Step 3. Adjust the VIDEO BIAS control, R14, for a
+2.0 £.05 volt indication.

Step 4. Disconnect the voltmeter.
Step 5. Reconnect the input signal(s) and adjust the
CONTRAST control, R6, for desired contrast.
HORIZONTAL LINEARITY ADJUSTMENT
— NOTE-

This adjustment procedure is required only when

a CRT and/or deflection yoke have been replaced.
PROCEDURE

Step 1. Disconnect monitor from power supply.
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Figure 1. Partial View of CRT Neck/Deflection Yoke
for Horiz. Linearity Adjustment

Step 2. (M2000 ONLY) Locate the S—SHAPING trans-
former, T3, on the deflection circuit card; then rotate its
slug down to the bottom. (This action temporarily mini-
mizes the effect of T3 being in the circuit.)

Step 3. (Refer to Figure 1.) Loosen the deflection yoke
clamp screw just enough to permit sliding the copper sleeve
on the CRT neck back and forth.

Step 4. (Refer to Figure 1.) Position the copper sleeve so
that only 1/8" (.125") extends out past the rear lip of the
deflection yoke. In addition, be sure that the overlap edge
of the copper sleeve is aligned properly and not twisted.

CRT
EEN
(LEFT SR (RIGHT)
EDGE) (CENTER) EDGE)
[ RASTER —— ™

As

HEe AT
F 3 F

Figure 2. Partial CRT Raster Display of Characters
for Adjustment

Step 5. Tighten the clamp screw carefully so as not to
disturb the yoke position.

Step 6. Connect the monitor to its power supply and set
up for normal operation.

Step 7. (Refer to Figure 2.) Observe the extreme left-
hand edge characters {designated “A’ in Figure 2). Its
width should be equal to the width of the right—hand edge
characters (designated “’B” in Figure 2). If character “A”
is wider than character “B”, the copper sleeve is extending
out too far. If YA’ is narrower than **B”, the copper sleeve
should be pulled out further. In any event, the copper
sleeve may have to be repositioned by trial and error if the
0.125—inch dimension does not provide desired linearity.
Continue until the width of character “A” is equal to the

width of character ““B"’.
o= NOTE =

Steps 8—11 are applicable only for the M2000
monitor.

Step 8. With the M2000 monitor turned on and oper-
ating normaily, observe the width of the center character
(designated ““C”” in Figure 2}. It should be narrower than
characters A" and “B"".

Step 9. Connect an oscilloscope (AC coupled) between
the biue wire pin (on deflection circuit card) and chassis
ground. A parabolic waveform should appear.

Step 10. Begin rotating the slug of T3 upward (away
from circuit card) until the amplitude of the waveform is
125 voits P—P. This setting wiil equalize the width of char-
acter “C’’ to that of characters A’ and “B”.

Step 11.  Disconnect oscilloscope.

RASTER CENTERING (Figure 1)

— NOTE -
For Model M1000—190 refer to video cen-
tering. For models without beam alignment
magnets, proceed to Step 2. Raster center-
ing is factory set and should not normally
require further adjustment.

Step 1. Position the tabs of the beam alignment magnets
such that they are horizontally opposing.

Step 2. Adjust vert. size (R52) and horiz. width (L1) such
that all edges of the raster are visible.

Step 3. Position raster centering magnets for best center-
ing of raster.

Step 4. Readjust size to specified dimensions or approxi-
mately 3 3/4” wide x 2 5/8" high for M1000 series and
6%" wide x 4" high for M2000 series monitors.

VIDEO CENTERING (For M1000—190 only) (Figure 1)
— NOTE -

For models without beam alignment rings,
proceed to Step 2. Video centering is factory
set and should not normally require further
adjustment.

Step 1. Position the tabs of the beam alignment magnets
such that they are horizontally opposing.

Step 2. Adjust vert. size (R52) and horiz. width (L1) such
that all edges of the video are visible.
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Step 3. Position raster centering magnets for best center-
ing of video.

Step 4. Readjust size to specified dimensions or approxi-
mately 3 3/4” wide x 2 5/8" high for M1000 series and
6 %" wide x 4" high for M2000 series monitors.

CRT BEAM ALIGNMENT (Figure 1)

For optimum character quality in the corners of the video
display, a beam alignment magnet may be used on the mon-
itor CRT. If not used disregard the following procedure.

— NOTE -
Adjustment of the raster centering rings
must precede the adjustment of the beam
alignment magnet.

PROCEDURE

The beam alignment magnet should be positioned on the
neck of the CRT between the deflection yoke and the tube
base. The correct location of the rings is approximately
over the second grid of the electron gun (Figure 1).

Step 1.

Step 2. Adjust the focus voltage for optimum overall
focus.

Adjust the display brightness for optimum viewing.

Step 3. Loosen the beam alignment magnet clamping
screw just enough to allow the assembly free movement
on the CRT neck.

Step 4. While observing the tails on the dots in the corners
of the display, rotate the focus rings to minimize the tails.

Step 5. Tighten the ciamping screw.

THEORY OF OPERATION

GENERAL

The following circuit description is applicable to monitors
using a composite video input signal. For monitors using
TTL inputs, the description is basically the same. However,
the horizontal and vertical sync pulses are coupled from an
external source through separate inputs. In addition, jum-
pers JU 1 and JU2 will be relocated to the TTL position.

The direct drive model M1000—190 utilizes only output
circuitry. The development and processing of the driving
signals is performed externally from the monitor and applied
to separate inputs similar to the TTL models. Therefore,
the following circuit descriptions are also applicable to the
direct drive version. (See block diagrams.)

VIDEO AMPLIFIER CIRCUIT (Figure 3.)

The video amplifier consists of four stages that include Q1,
@2, O3 and Q4. The first stage, Q1, functions as an emitter
follower. The low output impedance of this first stage per-
mits use of a low resistance CONTRAST control, R6, which
furnishes flat video response over its entire range without
the need for compensation. The collector output of Q1 is
used to drive the sync separator, Q5. Capacitor C2 provides
high frequency roll—off to limit the collector output to the
bandwidth required to pass synchronization signals.

Transistors Q2 and Q3 form a direct coupled amplifier with
frequency compensation provided by C40 and C41. The
output from Q3 is capacitively coupled {C5) to the base of
Q4, video output stage. The video bias control, R14, is
used to set the quiescent collector current of Q4. Fre-
guency compensation is provided by R17 and C6. The
combined action of clamping diode D1 and capacitor C5
provide DC restoration for the video signal.
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Figure 3. Video Amplifier Circuit



Components C7, D2 and R19 provide CRT beam current
limiting. Diode D2 is normally forward—biased; therefore,
as 04 conducts, its collector voltage drops. This causes a
larger beam current to flow through R19, which in turn
causes its voltage drop to rise. If excessive beam current
flows, the voltage developed across R19 becomes greater
than the collector voltage of Q4. This action reverse-
biases D2, which prevents a further increase in beam current.
Capacitor C7 helps couple video to the CRT cathode, pin 2,
through R20. Resistor R20 is used to isolate Q4 from
transients that may occur as a result of CRT arcing.

SYNC SEPARATOR/AMPLIFIER CIRCUIT
(Reference Figure 4.)

The sync separator employs two stages. Transistor Q5 is
the sync separator and Q6 is the sync amplifier. The video
input to the sync separator is black positive. Capacitor C3
is charged by the peak base current that flows when the
positive peak of the input takes Q5 to saturation. This
charge depends on the peak to peak input to Q5 and thus
makes the bias for Q5 track the amplitude of the input sig-
nal. As aresult, Q5 amplifies only the positive peaks of the
input signal. The initial bias current through R23 sets the
clipping level.
FROM +12v
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—NW

R23 4.5V
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d
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Figure 4. Sync Separator/Amplifier Circuit

PHASE DETECTOR (AFC)
(Reference Figure 5.)

The phase detector control consists of two diodes (D3 &
D13) in a keyed clamp circuit. Two inputs are required to
generate the required output, one from the sync amplifier,
Q6, and one from the horizontal output circuit, Q8. The
required output must be of the proper polarity and ampli-
tude to correct phase differences between the input hori-
zontal sync pulses and the horizontal time base. The
horizontal output (Q8) collector pulse is integrated into a
sawtooth by R28, C13 and R29. During horizontal sync
time, both diodes conduct, which shorts C13 to ground.
This effectively clamps the sawtooth on C13 to ground at
sync time. If the horizontal time base is in phase with
the sync (waveform A), the sync pulse will occur when the
sawtooth is passing through its AC axis and the net charge

on C13 will be zero (waveform B). If the horizontal time
base is lagging the sync, the sawtooth on C13 will be
clamped to ground at a point negative from the AC axis.
This will result in a positive DC charge on C13 (waveform
C). This is the correct polarity to cause the horizontal
oscillator to speed up to correct the phase lag. Likewise, if
the horizontal time base is leading the sync, the sawtooth
on C13 will be clamped at a point positive from its AC axis.
This results in a net negative charge on C13, which is the
required polarity to slow the horizontal oscillator (wave-
form D).

Passive components R30, R31 and C16 comprise the phase
detector filter. The bandpass of this filter is chosen to pro-
vide correction of horizontal oscillator phase without ring-
ing or hunting. Optional capacitor C14 (when present)
times the phase detector for correct centering of the picture
on the raster.

REFERENCE
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0SC ON FREQ
g 0 NO CORRECTION
VOLTAGE DEVELOPED
C 1N —%\— 0SC SLOwW,POS
0 N CORRECTION VOLTAGE
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b A7 - CORRECTION vOLTAGE
c14
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R28 22K OF Q8
jisk . R30 10 HoRizZ.
V220 l 33K 0SC. IC1
c12 + D3 Re73 c13

470 AN 400K < 0027 R34
3.3K

X U3 Re6 g R29 + c16
A1 400K :-L 100 I 1MF

Figure 5. Phase Detector (AFC) Circuit

HORIZONTAL OSCILLATOR AND DRIVER
(Reference Figure 6.)

The horizontal oscillator consists of integrated circuit 1C1,
which is essentially a voltage controlled oscillator with var-
iable mark—space ratio (duty cycle) and internal voltage
reference. The reference voltage is present at pin 6, while
resistors R37 and R38 determine the mark—space ratio.
The main oscillator timing capacitor is C17, with its charg-
ing current derived from three sources: {a) a fixed current
from R33, (b) a variable current from R34 and HORIZ.
HOLD control 835, (c) and a correcting current from the
phase detector (AFC) network through R32. The combina-
tion of these three charging currents and C17 determine
the horizontal frequency.
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The output from IC1 {pin 1) is a square wave of proper fre-
quency and duration, which is applied to the base of hori-
zontal driver Q7. The output from Q7 is coupled via the
horizontai driver transformer T1 (current step—up) to the
base of horizontal output device 8. Components R41 and
C19 provide current limiting, white components R40 and
C18 provide transformer damping to suppress ringing in the
primary of T2 when Q7 goes into cutoff.

HORIZONTAL OUTPUT
(Reference Figure 6.)

The secondary of T1 provides the required low drive im-
pedance for Q8. Once during each horizontal period, Q8
operates as a switch that connects the supply voltage
across the parallel combination of the horizontal deflection
yoke (L3—A) and the primary of the high voltage trans-
former, T2. The required sawtooth deflection current
(through the horizontal yoke) is formed by the L—R time
constant of the yoke and primary winding of transformer
T2. The horizontal retrace pulse charges C33 through D7
to provide +87V.

Momentary transients at the collector of Q8, should they
occur, are limited to the voltage on C33 since D7 will con-
duct if the collector voltage exceeds this value.

The damper diode, D10, conducts during the period be-
tween retrace and turn on of Q8. Capacitor C20 is the
retrace tuning capacitor. Coil L1 is a series HORIZ.
WIDTH control. Components C32 and D8 generate a nega-
tive voltage necessary to properly bias the CRT. A copper
sleeve on the neck of the CRT shapes the horizontal mag-
netic field for proper linearity.

Pin 4 of the high voltage transformer, T2, is a boost
winding, wh'ich together with components D11 and C34,
develops a +400 volts for G2 of the CRT. This same +400
volts is also always present on the high side of FOCUS
control RG1.

+12v D7
>} 0 +87V
A0S,
@ (205} +
. r-—=- Y=w1 e
TORSS o T .047 T, ! I
R YOKE
CONTROL ve | HORIZ. & =
[ R sy
BLK
ifo L1 wiDTH
+12v

In the M2000 monitor (only), an S—shaping
transformer, T3, and capacitor C44 provide
additional shaping of the horizontal deflection
yoke current for proper linearity.

DYNAMIC FOCUS (M2000 ONLY)
{Reference Figure 6.)

Due to the geometry of a CRT, the electron beam travels a
greater distance when deflected to a corner as compared to
the distance traveled at the center of the.CRT screen. As a
result of these various distances traveled, optimum focus
can be obtained at only one point. An adequate adjust-
ment can be realized by setting the focus while viewing
some point midway between the center of the CRT screen
and a corner, thus optimizing the overall screen focus. One
of the simplest methods for improvement is to modulate
the focus voltage at a horizontal sweep rate. Now optimum
focus voltage is made variable on the horizontal axis of the
CRT, which compensates for the beam travel along this
axis.

In the M2000, the secondary of T3 generates a parabolic
voltage, which together with a fixed voltage from the
FOCUS control R61, is applied to the focus grid of V1.
This system dynamically changes the value of focus voltage
from the CRT screen center to screen edge, which will
always provide an optimum amount of voltage for best
overall focus.

VERTICAL OSCILLATOR, DRIVER AND OUTPUT
(Reference Figure 7.)

Composite sync pulses from the collector of Q6, Sync
Ampl., are applied to the double integrating network of
R45, C23, R46 and C24. The horizontali component of the
sync signal is removed, leaving only the vertical sync pulses.
The vertical sync pulses are coupled to the free running ver-



+12v

2 50K
VERTT £ rss o CaT
SIZE < 100 (PIN6)
TTL VeRT. g‘uc Ta.om
NPUT ki c26 4 022 RS54 ‘2 -
1 v'.'v . \EP3
¥ re=2 .37
4159 O:Eé«: 1 s3
o33 1
att c30 !vert.
VeRT s o T |
DRIVER 44 Q12 II oron
B2Y
VERT L_S3p s g
R56 QUTPUT P3
330 v
R59
5.0 : 68
5%
;L R54 R57 1/2W
560 1.5K
rag ¥ VERT LIN
100K 1800
AMP VERT HOLD . . . .
weur Figure 7. Vertical Circuit
A PARABOLA AT JUNCTION FROM
! . OF C27 ANDC28 COLLECTOR FROM
! OF Q12 COLLECTOR
(VERT.) OF Q8
8 VERTICAL DRIVE WITHOUT (HORIZ.)
' VERT PARABOLA ADDED c21

SAWTOOTH ADDED TOGETHER,
VERT DRIVING SIGNAL.

tical oscillator stage, Q10, by C25 and R47. Transistors
Q10 and Q12 are connected as a multivibrator. Transistor
Q11 is used as an emitter follower that provides a low im-
pedance drive for the vertical output stage, Q12. The series
combination of capacitors C27 and C28 are initially
charged to the supply voltage through R53 and the VERT.
SIZE control, R52, which generates an exponential ramp of
voltage. :

When a positive vertical sync pulse is applied to the base of
Q10, it begins conducting, which immediately discharges
C27 and C28. This action turns off Q11 and causes a
sudden decrease in the collector current of Q12, which also
decreases the vertical deflection current through deflection
yoke (L3—B) and vertical choke (L2). The resultant rapid-
ly collapsing field in L2 generates a large voltage spike that
is used for vertical retrace. Components R58, C29, R51
and C26 shape this spike to ensure that Q10 remains con-
ducting until retrace is carried out to completion. Diode
D4 couples the shaped spike to the base of Q10. At this
point, Q10 reverts to its non—conducting state and the
cycle repeats. The VERT HOLD control, R49, and R48,
provide a feedback signal to Q10 to maintain oscillation in
the event vertical sycn pulses are not present. Diodes D5
and D6 provide the proper voltage drops to operate Q12
class A.

Vertical linearity is maintained by applying the ramp volt-
age generated across R59, through R57 (VERT LIN con-
trol) and R54, to the junction of C27 and C28. Since this
path is resistive, the waveform will be integrated into a
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PARABOLA PULSE AND VERTICAL
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BLANKING
TO G1

OF CRT
(PIN 1)

Figure 8. Blanking Amplifier

parabola by C27 (Waveform A). This results in a predistor-
tion of the ramp waveform (waveform C). (Waveform B
illustrates the drive sawtooth without parabola shaping.)
Parabolic shaping is necessary to compensate for the non-
linear charging of C27 and C28, and the impedance change
occuring in L2 with current. Capacitor C31 serves to re-
move the DC component of the vertical deflection yoke
current. Diode D9 clamps the collector voltage of Q12 to a
safe level.

RETRACE BLANKING {(NOT ON M1000—190)
(Reference Figure 8.)

Retrace blanking is provided by negative—going horizontal
and vertical rate pulses applied to G1 of the CRT. The col-
lector pulse from the horizontal output stage, Q8, is
developed across R43 through R42 and C22. The collector
pulse from the vertical output stage, Q12, is differentiated
by C21 to remove the sawtooth portion of the waveform,
The remaining pulse appears across R43. The mixed verti-
cal and horizontal pulses on R43 are amplified and inverted
by the blanking amplifier, Q8, and applied to G1 of the
CRT.
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REPLACEMENT PARTS LIST

Ila\lEoF.' NTJANI?;ER DESCRIPTION ':.%F N':,?,',‘;ER DESCRIPTION
CIRCUIT CARD ASSEMBLIES: wgg&;g;gm;—;’l ALL C45 8510212D52 0.1, 100V; Cer. Disc
_ C46 23S10229A32 1.0, 18V; lytic
84V25013A05  Deflection Circuit Card (Cpt.)
(M1000—100, 155) DIODES:
84V25551A68 D(::\Ine‘lc(;&;\——(;lgrgl;lt Card (Cpt.) D1 48R02054A00 Diod‘e,‘ Lo“f I?ower; 2054
84V25014A90  Deflection Circuit Card (Cpt.) D2 485191A05 Rectifier, Silicon; 91A05
(M2000—155, 355) D3-D6 48R02054A00 Duod.e,‘ Lom{ l_’ower; 2054
84V25013A70  Signal Circuit Card (Cpt.) D7-D9 485191A05 Rfecnfler, Silicon; 91AQ05
(Al models except M1000-10) | 10 2?32:3:?\%15 recifon, Sillcon; 81A0S
84V25551A67 s'?mo(;'gi‘_’;;gf rd (Cpt] D12 485137608 Diode, DOH (M1000 only)
D12 485137622 Diode, DN (M2000 only)
CAPACITORS: D13 48R02054A00 Diode, Low Power; 2054
(All values are in microfarads unless otherwise D14 485137495. Diode, 1N139
{M1000—190 only)
noted.)
Ci1 23S187A26 22, 40V; lytic INTEGRATED CIRCUITS:
c2 215180C64 33 pF 10%. N750, 100V; i1 51S10778AC%1  MC1391P: T3L
Cer. Disc.
c3 8510191B98 .01 10%, 250V; Polyester COILS/CHOKES:
gg' ° g?g:gggﬁg ‘213,040':\/ pvtie L1 24D25603A03  Coil, Horiz. Width (M1000 only)
pF 10%, X5F; Cer.Disc . . .
c7 8510212A91  0.22 10%, 250V; Mtiz Poly t; g;gzgggfﬁg; g;’";( H°\;'z';twc')dtth (M2000 only)
. . oke, Vert. Ou
s 219180052 18 pF 5%, NPO; Cer. Disc L3A/R  24D25200A02  Yoke, Deflection (M1000 only)
cs 23510255A06 100, 18V iytic ’ ’ i 4
c10 . 215131625 330 pF 10%, X5F: Cer.Disc L3 A/B 24D68531A03  Yoke, Deflection (M2000 only)
Cc11 215180B87 220 pF 10%, X5F; Cer.Disc
c12 215180853 470 pF 10%, X5F; Cer. Disc TRANSISTORS:
Cc13 21S180C41 .0027 10%, Z5F; Cer.Disc [o}] 485134997 1st Video Ampl.; A3K
C15 8510191B91 .047 10%, 250V; Polyester Q2 485137127 2nd Video Ampl.; P2S
Cc16 23510229A32 1.0, 16V; Tant. lytic Q3 485137172 3rd Video Ampl.; A6J
c17 8510299824 .0022 10%, 400V ; Poly Carb Q4 485137093 Videc Output; AGF
c18 8S10191B88 .027 10%, 400V ; Polyester Q4 485134919 Video Output; ATM
Ci9 8510191C02 0.1 10%, 250V ; Polyester (M1000—190 only)
Cc20 8S10072A44 .047 10%, 200V ; Polyester Q5 485137171 Sync Sep.; A6H
Cc21 8S10191C02 0.1 10%, 250V ; Polyester Q6 485137127 Sync. Ampl.; P2S
Cc22 215180D93 6.8 pF o5 NPOQ; Cer.Disc Q7 485137169 Horiz. Driver; A6G
Cc23 8510191897 .0068 10%, 400V ; Polyester Q8 488137462 Horiz. Output; A9Z
Cc24 21S180C41 .0027 10%, Z5F; Cer. Disc Q9 485137172 Blanking Ampl.; A6J
C25 8510191898 .01 10%, 250V; Polyester Q9 488137172 Vert. Sync; A6J
C25 8S10191B91 .047 10%, 250V ; Polyester {M1000—1390 only)
{M1000—190 only) Q10 485137172 Vert. Osc.; ABJ
C26 8510191889 .022 10%, 250V ; Polyester Q1 485134997 Vert. Driver; A3K
C27, 28 23510218A31 5.0, 15V; Tant. lytic Q12 485137598 Vert. Output; B2Y
Cc29 8S510191B98 .01 10%, -250V; Polyester .
C30 8S10191A16 .01 10%, 400V; Polyester RESISTORS/CONTROLS:
31 23510255A29 470, 16V lytic ) Note: Only power or special resistors are listed. Use the
C32 8S10191B07 .047 10%, 400V ; Polyester description when ordering standard values- of fixed
C33 23S10255A74 22, 160V; lytic b it 2 wat
Cc34 851019107  .047 10%, 400V; Polyester carbon resistors up to < watts.
c35 8510212820 0.47 10%, 400V; Mtiz. Poly. R6 18D25245A02  Control, Contrast 1k
C36 215180C41 .0027 10%, Z5F, 500V ; Cer.Disc R14 ' 18D25245A02  Control, Video Bias 1k
C37 8S10191A563 0.22 10%, 160V; Polyester R18 17S10731A03 1.5k 5%, 5W; Wire Wound
c38 23510255883 1800, 16V lytic R35 18C25267B01 Control, Horiz. Hold 22k
c40 21S180C07 15 pF 10%, N150; Cer.Disc R49 18D25245A15  Control, Vert. Hold 100k
C40 21S180C82 33 pF 10%, N150; Cer.Disc R52 18D25245A20  Control, Vert. Size 50k
{M1000—190 only) R57 18D25245A10  Control, Vert. Lin. 1.5k
c41 21S180B89 180 pF 10%, Z5F 100V; R61 18D25245A12  Control, Focus 2 Meg.
Cer. Disc R63 18D25245A07 Control, Brightness 500k
c42 21S5180C82 33 pF 10%, N150; Cer. Disc
ca4 8510169871  .033 10%, 400V; Mylar TRANSFORMERS:
{M2000 only) T1 25D25221A04  Transformer, Horiz. Driver
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REPLACEMENT PARTS LIST (Continued)

R;(;_ e DESCRIPTION e e DESCRIPTION
T2 24D25291E02  Transformer, High Voltage 26C25198A03 Heat Sink (for Q8)
(M 1000 only) 26S10251A08  Heat Sink (for Q12)
T2 24D25291D03  Transformer, High Voltage s3 15510183A87  Housing, Recept.; 3-contacts
(M2000 only) - - (less contacts)
T3 24C25602B01 Transformer, S-Shaping 39510184A72 Contact, Recept. (3 req’d.for S3)
(M2000 only) 14A25340A01 Insulator, Hi-Voltage Standoff
{M2000 only)
MISC. ELECTRICAL PARTS: 59C254656A02  Magnet, Focus (M2000 only)
V1 96510768A01  5"- CRT, Type No.140ANB4 2510054A36  Nut, Clip-on No.8-18
{M1000 only} (M1000 only)
V1 96R2500A14 9".CRT, Type M24-304W/10TS5497A 42C25258A01  Retainer, CRT (M1000 only)
{M2000—155 only) 35138210 Screw, No. 8-18 x 1-%4"
V1 965252A01 9".CRT, Type No. VADP31 (M1000 only)
{M2000--355 only) 26C25323A01 Shield, Linearity (CRT)
9D25241A04 Socket, CRT (Incl. leads & resis-
MECHANICAL PARTS: tors R20, R65, R66 & R67)
41B25268A03 Spring, CRT Aquadag (M1000 only)
14B25751A01  Collar, “C” (CRT Neck) 41DB5987A01  Spring, Special; CRT Aquadag gnd.
42D25298A03  Connector, Anode (M1000 only) (M2000 only)
42D25298A08  Connector, Anode (M2000 only) 42D67027A14  Strap, CRT Mtg.(M2000 only)
S1 9S10768A01 Connector, Receptacle; Header 7510747A02 Support Guide, Circuit Card
P3 28510586A14 Conn., Circuit Card; 3-contacts ce
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5.0 VIDEO DISPLAY BOARD

5.1 INTRODUCTION

The Video Display Board produces a composite video signal for a raster
scan, memory mapped, CRT display of 16 rows of characters with 64 characters
per row. This signal is sent to the Display Module.

For those unfamiliar with the way a raster scan display is generated (a
television picture is a raster scan display), the following explanation is
offered. The CRT electron beam begins at the upper left corner of the raster
(the rectangular image area on the face of the CRT) and sweeps across to the
right at a Tinear rate. When the beam reaches the right side of the raster,
it has produced one scan line. At the same time it is moving across, the beam
moves down by a slight amount so that by the end of the scan line it has moved
down one line height.

From the right side, the beam quickly flys back to the left side. During
this fly back time, the beam is turned off, or blanked, so that the retrace is
not visable. The beam now produces another scan line one line height below
the previous scan line. This process continues until the entire raster is
filled with approximately-horizontal scan lines. Then the beam quickly flies
back in a vertical retrace to the upper left corner.

A full raster is called a frame, and the frame is reconstructed, or
refreshed, at a rate of approximately 50 or 60 Hz. (The frame rate is chosen
to approximately match the power mains frequency in order to minimize the
effect of unwanted mains-frequency magnetic fields.) The horizontal and
vertical sweep voltages that move the beam are generated by circuitry in the
Display Module. However, these sweep voltages are synchronized to the display
information by timing control signals from the Video Display Board.

During its traverse across a scan line, the beam is changed in intensity
so that the finished raster will convey information of some kind. In the
television application, the beam is modulated over the range from black to
white so as to produce a picture. However, in our production of alphanumeric
characters and graph Tines it is merely necessary to turn the beam off and on
(with the occasional use of half-on). In the world of nanoseconds, it takes a
finite time to get the beam turned on to the point of Tighting up the screen
phosphor, and it takes a finite time to get it turned back off again. So for
any given piece of equipment, a specific time interval is established for
creating a dot in the mosaic of the finished raster. The inverse of this dot
interval is the dot rate, the basic building block for the various timing
control signals.

As we have seen, the image produced on the screen is made up of dots
strung out across the screen as scan lines. In the case of the menu displays,
this image appears as alphanumeric characters formatted as 16 rows of 64
characters each. Each row of characters contains 15 scan lines, including some
blank Tines for space above and below the characters themselves. This means
that there are 15 x 16 = 240 scan lines making up the full raster. Our dot
rate will fit 512 dots on a raster-width scan line. Since each scan line
contains 64 characters, this gives us 512 / 64 = 8 dots per character. We
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therefore have a matrix that is 8 dots wide by 15 scan lines high in which to
construct a character and the space around it.

A row of characters is built up scan line by scan line. The top scan
line contains the top 8-dot line from the matrix of each successive character
in the character row, all strung together as a single line of 512 dots. The
second scan line strings together the second 8-dot line from each character
matrix. And so on, for 15 scan 1ines; then a new character row is started.

The menu and state displays are implemented with alphanumeric characters.
The timing display is implemented with special graphics characters and a few
alphanumeric characters. The waveform display, however, because of the higher
resolution required, is produced as a composite. The standard character-
display method is used for the annotation and axes, and the resulting dot
stream is OR'd with a special dot stream fed in from the Waveform Board. This
waveform-display dot stream produces lines on a dot-by-dot basis rather than
by piecing together graphics characters to form the desired pattern of lines
as in the timing display.

5.2 FUNCTIONAL DESCRIPTION

A block diagram of the Video Display Board is shown in figure 5-1. When
appropriate during the following discussion, please refer to this figure and
to the schematic diagram, board layout, and parts list which are included at
the end of this section. Also, tables of connector pins versus signal names
for all motherboard connectors are provided in section 15 along with an alpha-
betical 1ist of interboard signals. And, should the need arise, a Glossary in
section 16 offers explanations of acronyms or terms that may be unfamiliar.

As shown in the block diagram, the major functional units of the Video
Display Board circuitry are the CRT Controller, the Timing Generator, the Data
Transceiver, the Address Counter, the Screen-Refresh RAM, the Character-Set
ROM, Video Control, Cursor Control, Sync Generator, Address Decoder, and DMA
Controller. These units are discussed further in the following subsections.

5.2.1 CRT Controller

The CRT Controller, an Intel 8275 LSI circuit, supplies a substantial
portion of the board's overall function. The rest of the circuitry on the
board is, essentially, in support of this controller. Some functions of the
CRT Controller (CRTC) are programmable, and these functions are set up by the
processor in the initialization phase. (Please refer to Intel's data sheets
on the 8275 for complete details.)

5.2.2 Timing Generator

The Timing Generator consists of the Dot Clock Oscillator (crystal Y1,
UsD,E,F, and U3D), the Dot Counter U13, NAND gate U9C, and latches U24C,D. U5
and U3 are 74LS04 hex inverters, Ul13 is a 74LS161 synchronous, 4-bit counter,
U9 is a 74LS10, and U24 is a 74LS174.

The oscillator operates at a frequency of 10.368 MHz and provides two
identical output signals, DOTCLK and DCLK2, which are 10.368-MHz square waves.

5-2
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DOTCLK is used onboard, and DCLK2 is supplied to external users (such as the
Waveform Board) at J1-2. The Dot Counter divides DOTCLK by 2, 4, and 8. The
8-count is output as the character clock, CCLK. (Each character on the screen
is 8 dots wide.) A1l three counts are fed to Cursor Control and to the decoder
U9C. U9C produces the character-rate load signal, LD-, which goes low for one
dot count at the beginning of each character.

5.2;3 Data Transceiver

The Data Transceiver, U20, a National DP8304 8-bit transceiver with Tri-
state outputs, provides an 8-bit interface between the bidirectional Onboard
Data Bus and the bidirectional Processor Data Bus. The direction of the
transceiver (transmit or receive) is controlled by the processor through the
signal S1. Also, the transceiver outputs are enabled indirectly by the proc-
essor in that whenever the processor addresses a device on the Video Display
Board, AND the CRTC is not using the Onboard Data Bus (signal WAITEN from the
DMA Controliler is inactive), the Address Decoder produces signai DBE- which
enables the transceiver outputs. This arrangement allows the processor to
read from or write to the Screen-Refresh RAM and the CRTC, and to write to the
latch U26.

5.2.4 Address Counter

The Address Counter consists of U6, Ul4, and U19, all 74LS193 4-bit
binary counters. These counters are are connected in cascade to form a 12-bit
binary counter that supplies 10 address bits to the Screen-Refresh RAM. The
counter is advanced each time signal DACK- goes high, thereby stepping the
count through the 1024 addresses of the RAM as the CRTC requires refresh
characters.

The counters are placed in the parallel-load mode by signal LDCTR-. In
this mode, the counters act as transparent latches, passing addresses from the
Processor Address Bus to the Screen-Refresh RAM. This allows the Control
Program to load the RAM with display information. Both loading and counting
take place under control of the DMA Controller.

5.2.5 Screen-Refresh RAM

The Screen-Refresh RAM is made up of two 2114 1K-word x 4-bit static
RAM's, U7 and U15, connected as 1K x 8 bits. This RAM holds the 8-bit codes
of 1024 characters that are in a 1:1 position relationship with the characters
on the CRT screen (whose 16 rows x 64 columns = 1024 characters). When the
Control Program is ready to produce or update a CRT display, it loads the
Screen-Refresh RAM with 8-bit character codes in the same relative positions
in the RAM that they will occupy on the CRT screen as visable characters. In
this processor-load phase, the DMA Controller holds the Address Counter in
the load mode with signal LDCTR-. Thus, the addresses are passed from the
Processor Address Bus to the RAMs. (As we will see later, the DMA Controller
a]]ow§ this processor-to-RAM loading to occur only during CRT vertical retrace

time.

The CRTC has two internal buffers that each hold a screen-width row of
character codes. The CRTC steps through the Refresh RAM (with the aid of the
DMA Controller and the Address Counter), reading characters from the RAM into

ik
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the first buffer. When the buffer is full, the CRTC begins to feed character
codes from the buffer to the Character-Set ROM in synchronism with the raster-
scan control signals being generating for the CRT. At the same time, the CRTC
begins to load character codes from the Refresh RAM into the second internal
buffer. By the time the first buffer is empty, the second buffer is full, and
the two buffers exchange places to continue the process until the entire
screen has been filled. Vertical retrace then occurs, and the CRTC starts
over again with the next frame. During the vertical retrace, the processor
may or may not update the information in the Screen-Refresh RAM.

5.2.6 Character-Set ROM

The Character-Set ROM, U10, stores a dot patern for each character con-
figuration (A, B, C, etc.) in the library of characters that may be used to
make up the CRT display. The ROM is a Synertec 51212, which is organized as
4K words x 8 bits. This means that each of the 4K address positions will
output 8 bits of data. The 4K address positons are arranged in a matrix of 16
rows x 256 columns (the third dimension of the matrix is the 8 data-bits per
address position), with the least significant 4 address bits decoding to the
rows and the remaining 8 address bits decoding to the columns.

Each character cell on the CRT screen is 8 dots across and 15 scan lines
down. In the ROM storage arrangement, the 8-dots-across are obtained from the
8 data bits at each address. The 15-scan-lines-down are matched to the 16
addressable rows (with one row unused). This leaves the 256 addressable
columns to be matched to the characters. The 128 addresses for the ASCII
character set can be encoded with only 7 bits. Therefore, by using the 8th
column-address bit (All) as a set selector, we have storage space for two
128-character sets, one full ASCII set and one special set for graphics. (Not
all 128 special characters have been defined, but those that have, and the
full ASCII set, are displayed in the screen-RAM test evoked by holding down
the "2" key at power ON.)

To extract a desired dot pattern from the Character-Set ROM, the CRTC
sends the character code (which was read from the Screen-Refresh RAM) from its
outputs CCO—CC6 to the ROM address lines A4—A10. The CRTC then sends the
current scan-line count in the current screen character row from its outputs
LCO—LC3 to the ROM address lines A0—A3. Thus addressed, the ROM sends the
8 dots for the scan line to the shift register, Ull. (When appropriate, the
processor selects the ASCII character set by embedding a command character in
the character string sent to the Screen-Refresh RAM. This command character
causes the CRTC to send CHARSET, from its GPAO attribute output, to the ROM
address input All, pin 18. This line is normally low, the condition that
selects the special character set.)

5.2.7 Video Control

Video Control consists of: character shift register Ull, a 74166; attri-
bute latch U23, a 74LS174; dot logic PROM Ul7, an MMI 6301-1 256-word x 4-bit
PROM; latchs U24A,B,E,F, which are sections of a 74LS174 hex D flip-flop; NAND
gate gzi, 1/3 of a 74LS10; quad OC NAND gate U4, a 74LSOl; and transistor Ql,
a TIS64A. :

5-4
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A selected 8-dot Tine from a selected character dot pattern stored in
Character-Set ROM U10 is fed in parallel to shift register Ull. The parallel
8-dot input is loaded into Ull on the DOTCLK occuring while LD- is low, and
subsequent DOTCLKs shift the dots out as a serial stream, named DOT, to the
Dot Logic PROM Ul7.

Any field attributes (blinking, reverse video, half intensity, and under-
line, all implemented by the CRTC) that apply to the current character have
been previously latched into U23 at the time the command character that speci-
fied them was encountered in the character string. A cursor-enable signal,
CURSEN-, is generated by U9B from the three MSBs of the character code (all
cursor-producing graphics characters have their three MSBs high). This signal
is also Tatched into U23. A cursor count {(which is the dot position in the
8-dot horizontal 1ine of a graphics character at which a vertical timing-
display cursor is to appear if CURSEN- is active) is fed from Cursor Control
and latched into U24B as signal CURCT. All these latched signals (some may be
active, others not) are fed to the Dot Logic PROM along with DOT and EXTVID-
(a dot stream from the Waveform Control Board that is active in the analyzer's
Waveform mode).

The Dot Logic PROM combines these signals in accordance with the Boolean
formula

VIDEO-=((DOT.OR.EXTVID-.0R.(CURTC.AND.CURSEN-).OR.LTEN).XOR.RVV).AND.VSP-

and outputs the result as video signal VIDEO-. Signals VIDEO- and HALF (the
half-intensity attribute signal that is fed straight thru the PROM from U23)
are resynchronized in latches U24E,F by DOTCLK. The two signals are then fed
to U4A,B whose outputs are combined with the horizontal and vertical sync
signals, HSYNC and VSYNC, at the base of transistor Ql. The output of Q1 is
the composite video signal, which is sent to the Display Module from J2-2.

5.2.8 Cursor Control

Cursor Control consists of: U26, a 74LS173 4-bit D register; and U25, a
National DM8160 6-bit magnitude comparator. The primary function of this
circuitry is to control the horizontal position of the movable vertical cursor
in the timing display. (This cursor is created by turning on all the dots in
a certain dot column in all the characters in a certain character column in
the screen display.) Just before the start of each frame of a timing display,
the processor writes into register U26 the dot position, in the 8-dot horizon-
tal rows of the character cell, for the current cursor position in the screen
column containing the cursor graphics characters (graphics characters with the
three MSBs high; that is, characters with a code in the 7x family.)

This count is fed from the register to three of the A inputs to the U25
comparator. The horizontal dot count for each character is fed from the U13
dot counter to the corresponding B inputs of the comparator. CHARSET is fed
to an A input whose corresponding B input is grounded. This means that a
compare can only be equal for a graphics character (CHARSET is low for graph-
jcs characters). At the correct dot count in every dot row of every graphics
character on the screen, the comparator outputs the signal CURCT. However, as
previously described, Ul7 Dot Logic PROM only turns on the cursor dot when
both CURCT and CURSEN- are active. CURSEN- is only active for character codes

5-5
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in the 7x family, and the processor has only placed 7x graphics characters in
the character column that should contain the cursor. Thus the cursor appears
in the position intended.

An auxiliary function of Cursor Control is the generation of signal
DMARST-, which turns off the DMA Controller and allows the processor unre-
stricted access to the Onboard Data Bus. (The display screen will be blank as
long as the DMA Controller is off.) To implement this function, processor
address bit A8 is fed to one input of the U26 register. The corresponding
output produces signal DMARST-. The register is enabled by CUR-, which is
produced when the processor writes to either port 7E or 7F. A write to 7E
activates DMARST-, which holds the DMA Controller in the cleared condition.
(This is also the condition at power-on when signal RST clears the U26 regis-
ter.) A write to 7F turns on the DMA Controller (or leaves it on). This 7F
port write is therefore used by the processor to turn on the initial display
activity and subsequently to load the cursor count into the U26 register.

5.2.9 Sync Generator

The Sync Generator consists of Ul2 and U18, both 74LS165 shift registers.
Ul2, the HSYNC Generator, is clocked at character rate by LD-. Shifting is
started at the positive-going edge of the CRTC-supplied horizontal retrace
signal, HRTC, which is high throughout the horizontal retrace period. The
parallel load inputs of Ul2 are hard wired to produce a positive pulse that is
6 character-times wide and starts one character-time after HRTC goes high.
This output pulse, HSYNC, is fed through buffer U4D to the base of composite-
video transistor Ql.

Ul8, the VSNYC Generator, is clocked at horizontal line rate by HRTC.
Shifting is started at the positive going edge of the CRTC-supplied vertical
retrace signal, VRTC, which is high throughout the vertical retrace period.
The parallel load inputs of Ul8 are hard wired to produce a positive pulse
that is 3 horizontal sweep-times wide and starts 3 horizontal sweep-times
after VRTC goes high. This output pulse, VSYNC, is fed through buffer U4C to
the base of Q1.

The repetition rate of signal VRTC from the CRTC is programmed into the
CRTC by the Control Program at initialization. At power-on time, the Control
Program reads the power line frequency from a signal fed to the processor's
SID input. The Control Program then commands the CRTC to use a VRTC rate that
is the closest dotclock subharmonic of either 50 or 60 Hz, depending on the
power line frequency.

5.2.10 Address Decoder

The Address Decoder consists of: U21, an MMI 6301-1 256-word x 4-bit
PROM; U8A,B,D, 3/4 74LS00 quad NAND gate; U168, 1/4 74LS01 quad NAND gate;
and U9A, 1/3 74LS10 triple NAND gate. Certain I/0 port addresses from the
processor (see table on schematic) produce signal CRTC- (CRTC I/0 enable) and
signal CUR- (Cursor Control input enable). Also, either WAITEN- from the DMAC
or I0-/M+ high from the processor produces the signal RAM-. Further, any
processor address to an onboard device (I1/0 port, CRTC, or Screen-Refresh RAM)
produces the PROCACC signal. PROCACC .AND. WAITEN+ .AND. ALE (Address Latch
Enable from the 2085 processor) produce DBE- {Data Bus Enable). PROCACC .AND.
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WAITEN- bring RDY low. Finally, WR- from the processor is inverted to WR; and
WR .AND. WAITEN+ procude WRI-. (WR is for a processor write to the CRTC, and
WRI- is for a processor write to the Screen-Refresh RAM.)

5.2.11 DMA Controller

The DMA Controller (DMAC) consists of: Ul, an MMI 6331-1 32-word x 8-bit
PROM; U2, a 74LS273 octal D-latch; U8C, 1/4 of a 74LS00 quad NAND gate;
U3A,C, sections of a 74LS04 hex inverter; and Ul6A,D, sections of a 74LS01 OC
NAND gate. The DMAC acts to resolve conflicts between the processor and the
CRTC in demands for access to the Onboard Data Bus. It operates as follows.

At power on, the U2 Tatch is cieared by DMARST- from Cursor Controil.
This inactivates all DMAC output signals except LDCTR-, which puts the Address
Counter in the load mode so that processor-generated addresses are fed through
to the Screen-Refresh RAM. The CRTC has not yet received a start command from
the processor and therefore remains idle. As soon as the processor has ini-
tialized the CRTC (by writing various commands to its input ports) and has
loaded the Screen-Refresh RAM, it sends a start command to the CRTC and a
write to port 7F which inactivates DMARST- and starts the DMAC. The CRTC
sends a data request, DRQ, to the DMAC. The DMAC responds as follows:

a. WAITEN- is activated, which causes the Address Decoder to enabie
the Screen-Refresh RAM with RAM-, and which will cause the processor
to be held at WAIT if it should try to access the Video Display.

b. The Address Counters are cleared to zero with CLRCTR.

c. The data acknowledge signal, DACK~, is sent to the CRTC which
lowers DRQ. :

d. The write signal, WR-, is sent to the CRTC which loads the RAM
data at the counter address into the CRTC internal buffer.

e. The WR- signal is returned to high.

f. The DACK- signal is returned to high, which advances the Address
Counter.

g. When the CRTC is ready, it raises DRQ again.

h. Steps ¢ through g are repeated until the address count reaches the
end of screen and signal EOS is sent to the DMAC.

i. The load-counter signal, LDCTR-, is lowered, which turns the
Address Counter into a buffer for the processor addresses.

J. WAITEN is inactivated, which allows the processor access to the
board again.

The CRTC takes about 15 ms to refresh the screen, during which time the
processor is denied access to the Video Display. During the nominal 2 ms of
vertical retrace time between frames, the processor has full access to the
board. If the processor can do all the updating necessary (by loading new
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characters into the Screen-Refresh RAM) in the 2 ms, the updating will appear
to be instantaneous. However, if a great many characters need to be changed,
or if for some other reason the processor takes .longer than one vertical
retrace time to update the RAM, the updating will appear as a wave moving down
the screen.

[f the processor is accessing the board when the CRTC sends DRQ, the DRQ
is held off from the Ul PROM by DBE- at gate U8C. In no more than a very few
microseconds, the processor will drop the board-accessing address to go for
another instruction fetch. When this happens, DBE- will go high and the DRQ
will take effect at the foregoing step a, with WAITEN holding the processor
off from any further access until the next vertical retrace.

5.3 VIDEQ SELF TEST

The self-test of the Screen-Refresh RAM and the Character-Set ROM is
initiated by holding down the "2" key while turning the main power switch from
OFF to ON, and keeping the key held down for about two seconds until a beep is
heard. First, the Control Program writes 00 into all Screen-Refresh RAM
addresses and then reads them back for varification. Next, the Program writes
FF into all addresses and reads them back. The time interval required for
this test is so short that it is not discernible. (If a failure occurs during
this RAM varification phase, a continuous tone is sounded.)

After successful completion of the RAM verification test, the Program
fills the RAM with a single character from the Character-Set ROM, displays the
screenful of that character for about 2.5 seconds, then goes on to the next
character in the set. This continues until all characters in the ROM have
been displayed, special characters first, then ASCII characters. Then the
character display sequence starts over again. Visual inspection of the dis-
played characters confirms the validity of the ROM set. Exit from the test is
by turning OFF the power.

5.4 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagrams, board layout, and parts Tist for the Video
Display Board are contained on the following pages.

5-8



PROCESSOR CONTROL BUS

g PROCESSOR ADDRESS BUS ™, <PROCESSOR DATA B@
% ,
> =
g © A JA
ADDRESS SCREEN-REFRESH ADDRESS DATA
DECODER RAM  COUNTER/BUFFER DBE-.| TRANSCEIVER | _S!
U21,UBABD, RAM- u7.U5 U6,UI4,UI9 u20
Ui6B,C WRI-
* EE 7S
vl Ry
: ° =i BV,
[T
- 0 o)
= S 8
< . ONBOARD DATA BUS 5 |-
2' =
AN » ' :
= I 7 R ! \}0’5 v & |
) DACK-, WR- ' A8 Y
DMA > ————  (URSOR
CONTROLLER < DRQ CRT CONTROLLER ~ | CHARSET CONTROL
a U25,U26
ULU2,U3ACUIBAD — (ALK ] u22 1z
o ] [
~ A oMaRsT- Jz L¢ : 23 T o
< 3R _ @ Qo DOTCLK /2,/4./8 ps
(&) - A< —
Y ¥
TIMING SYNC CHARACTER- VIDEO EXTVID
GENERATOR GENERATOR SET ROM I> CONTROL [
U3D.USDEF, LD- ui2,ui8 UIo wuos Uiy |COMPOSITE VIDEO
UI3,U9C,u24CD > U23,U24BEEQI

HSYNC,VSYNC T

DRAWN BY  |OATE
" )]

g PARATRONICS INC.

cuu;i;_l:o BY |0
ML
ENG [

%
€
',Uisg_ DESCAIPTION

DOTCLK, LD-

- VIDEO DISPLAY BD.
BLOCK DIAGRAM

APPR REL | DATE

— JS—
DECIMAL XXX = 8003
xx

- 102
FRACTIONAL & 1/84
ANGULAR 1 0°30'

BREAK ALL BHARP EDGEA
DO NOT SCALE DRAWING

C[{™" 145-00

42-001

[ [eeaie I T

REV




REY DESCRPTIon DATE

APPROVES,

A jPER ECO &78

il-iz?
| B |PER ECO 118

U16
a7z

R

u21
: 8

- ot g, AR B T

o A

1 1 12 Gt:lgD
O@ . Da RéDb T—T 3
R4 -
S T ] g C3® U4© ca Q ©
: R7 T 5 v
l
o <2 \ P u12© cio
) -t
<\__’/ c14 vio RN -{:_ 5 s 1se
| o
TS S
, ,

u24

R10

u23

u26 >

UNLESS OTHERWISE

ARE IN INCHES

)
2
"

SPECIFIED;DIMENSIONS | o«

5 PARATRONICS INC.

MAT'L

FINISH

T LEGENDMASTER
e T RASTER VIDEO

XK g

DI NOT SCaLE DRAMNG

= 125-0032-3C [« 5

D Yooue 4/,

[or o




W CESCRPtion DaTE AR |
B I RENPER €C0 077 [vwm s,
. AB C | REY PER BECO 093 &5. L1 GFH
i Tooney | D_|REV PER ECO 14 i | 2L5
1= i — .
4’U3 wen 3 5 ”\’.;ZD!BD EM = RST E REV PZR ECO ”8_'27 }Z'i/;p WS
T —1—= — —
2 : WAITEN R —9 e L2373 MpS I EV PR o 15 P
i 2
LS°4 ._COEGZQQ a a ™" v
V26 il a 3] A —> Ji-\a
DMARST | o — iy
oy ——————— CHARSET — N2
Ry —> 31 .
1o N v [xls Q7 47\<-§ —> -0
A [nFP Y 7|22 At Be Al +5Y —> Jt-o
o 5B OMBID =
\-g 8, 82 33 BaBeBd UZS
Vol :
w3 a 24| C] O] [z “R‘ s \%
U3 oot Ay 0@ .Q — CURCT
CTR QB w24 1
e - 06 a LK
A N LSO " LSi74 0 .
ADDRESS COUNTERS “ c2 2 DMACLK E\—jc ¢ p2 p®@a LD
10.050 MHa \5r\" 1 10 ql—“ ue 3 2 —_— <8V
! ’—{' ;\‘; DCT (LK r—-—-D@G EXT VID
vs o P8
ceLk Lo +gv a1k
.Sr—o JIC o SJ/~_7V QT ———— '
o wold 21,7 ool 2[R a2 EXT WD —> Ji-a
3 7], 10 3
DI LC A 11 -4 DK 2 —————— =2
2 Lczf® Elaz ot =1 oL w S 1o
o3 Lea il Sias p3pESipg, T G s T
[e2 GIN Dalla iof o 14
fd Y 3|02 5 g 'ee VRTC ——’-—)3“ -3
DS cCh AS DS F Uil LS04 us
D6 cc2}2S ine Dol 1214 i
: oy 1 14 HRT ¢ Aoy gy
Dl ccspe — Liar prfd H LS0a CUs
cca 27 23§ 1N AW
cosi2® 22|50 zs-gzs 20 \u 13
ccelB ol Blap il |
M D_% v poT
3RS CHARSET [ 5V
vz2 B8 |ud ui7, 6301~
827S G\,‘)LS\O S e DOT LoGIC
—_——
B vib —2{ AL )
o3 f2—N.C
| uzs S COR a—3az
° Q —— A 10 L 1
n = LS4 1z Ten R s s0 r2
LTEN YO a a4 \ _li4v2q 54 4 R
DMA_CONTROLIER-ARBITER ssv | myv 1Z@ 310 @ ol2 RVV Hap D == ®@a 20
35 4 < SP S VIDED | ¢ La -
VEP D @ als ¥ 21 A7 2 a8 Rb6 et
CLR CTR ) RI0 et 132 \aly allS__ RALF z Do pRa )
LSOl ATk ; ® AS WALF K .
DMACLK 1 s 1 aq 2 . J2-2
HRIC o Q Qp—— WRIC s A B
5 o wsTB = WD N_TiR ¢ DSY 2 La 12-3
Lsoo = 17 =i Ve L10]— 2 7! cx
2 ) \5 12, 3 1’{‘"{ e i Ll 12
DB —© e 10 Ot > & wR N ‘ > D |
a A0 o7 3 iD o a \Z 0% i\ e \
Vs lemrsia 3 3 - 8 va
03 D 22X | Vs VR —— YRTIC 8
gos —Un el 1) PP prTm | Lsoe - c P2
'2ipz rsie Alp afs GPAOFR2— CRARSET U4
. ADDRESS DECODING By Dbl 2p a f, —_—
wle ol 18 qnaf! WAITEN
iy r wo uzor | WAITEN
= I iy 5
‘:Ag ] TR DMARST | ) 4% TV
A
10 2 e Rt
a ® o h8 5| one ®
2] Al 1]
£ O JIAL TACK LPEN |
=1, YREF ! TYPE |+5 |aND| B &Y
A4 > _ ! 2 oA 5=
Siao pol DRE 2 8275 {40 {20 |40 \ | pack DACK
ALE v21 W0 2332 |24z |24t | — W04 YUz 5 | SYNC GENERAICRS
IS >————ALE (2011 7.5 [2h4 |8 |a B2 | (RIC ————=qcs w2
5 _ 15§14 20 |pPR%04]25]10 |20] | ®-25 el u_SYNC
3> RD 2 [L8273{20[10 {20 } WRTE 5 SiIL TaLs s s Z-5-8
| L3571 |1 B lo) ! Receovgeg ] 2. %- DENSTES APEM COLLECTOR.
n 2t 1530F1 116 | B |te] \ whzjizjia] 3[afs ! 1. ALL RESISTORS VAW ,5%.
7 (L301-111b; 8 Hik] ) WOTES | DNLESS STAERWISE SPECIFIED.
@ e 1238 i g lwl s ey \V
2324 L2774 e 8 l16] 2 e I -
2 (1573 1w |8 o] Q &-9-71 PARATRONICS INC.
a v SNC e e e
TYPE | ADDR DEVICE, 28 Tsiesle 3612 zl ~ a e e m!’
/o |7C.TD 1 CRY CONIROLLER 3 ILsiel Wy 8 jib] VRTC " ii‘l_ TaLS1eS cthis 2-3-25 1EEL T SCHEMATIC DIAGRAM
1/0 TE CURIOR ¢ START DiPLAY a6 |80 lw& |7 alz rA'._ CDEF G e e
MEM {3000 3BFF|(ACTuAL) SCREEM (IDEOYRAM o 1LSi0 [va] 7 jalt Juner [ TYPE [+g oD | VWIZ IS mi 3jafsier - » [ e 1 RASTER VIDEO
3000-3F5F | ALLOCATED 5 (Lfoaa | 111al2z | 8 [LE&co AT jall SRR TR 37, 00az-00)
1/0 7c STOP DSPLAY v JLSiliel 8 [te] 1 | 26 IbMBcile 18 Tia] t / N oy - -1
= = = sV * | 00 wOT scaik DRawwa si“_-, e — _!_’_"',__*,_E'..\ —1
Bt e = s




C3

Cc11

Uié

Uit
uz

R4

R3

LEGEND
LEGEND

FART NUMEER

111-0207-0103-00

112-0310~-0001-00
117-0030-0001-00
111-0004-0072~00
ci2 C13
112-010%5-0001--00
111-0012-0013-00
126-0042-0001-00
110-0007-0036-00
115-0003-0001~00

U3 u4
115-0005-0001-00
Uiz ui3

11%~0008-0001-00
115-0009-0001-00

115-00221-0001-00
115-0013-0001-00
111-0006-0050-00
110-0005-005%-00
110-0005-0065~00
R6
110-000%-0051-00

110-0005-0079-00
R8

UM =
REY:

O1=EACH

o
It
n

c14
n
D

D
It

(]
ui4
o
I
n
1
ju
I

j

02=INCH

A=W/FARTS LIST

GSINGLE L E

PAR143~-0042-0090-00

PART DESCRIPTION QTy. UM CON. EFFECTIVITY
PER cp START §70P
22 UF 16V CAP. ELECTRO.,RAD. pe. 1 0 08/21/30 OFEN
10.368 MHX CRYSTAL b3 1 ] 05/28/80 OPEN
TERMINAL, 120-1032-04, CAMBION 1 1 0 OFEN OPEN
.1 UF 20V CaF. CB 15 1 [¢] OFEN OFEN
C135 C16 Ci7 cis Ca €3 Cé c7 ce
TRANSISTOR, TIS 64A,TI 1 1 0 OPEN OFEN
15 PFF LKV CAP. CD i 1 0 OFEN OPEN
FCE VIDEQ DISFLAY FAR 1 1 0o OFEN OFEN
75 OHM 1/2W SX RES 1 1 0 OPEN OPEN
SOCKET, 14FIN 7 1 0 OPEN OFEN
us ue
SOCKET, 16FIN 14 1 0 OFEN OFEN
uiz uig uie u21 uz3 uz24 uz2s u2é ué
SOCKET,18PIN 2 1 0 OPEN OPEN
SOCKET,20FPIN 2 1 4] OPEN OPEN
SOCKET, 24P IN 1 1 0 OFEN OFEN
SOCKET, 40FIN 1 1 0 OFEN OFEN
+001UF S0V CAF. CD 3 1 0 (OPEN OPEN
470 0HM 1744 S CF RES L 1 0 OPEN OFEN
K OHM 1744 X CF RES 3 1 ] OFEN OFEN
330 ORM 1/4W SX CF RES 2 1 0 OFEN OFEN
4.7 K OHM 1/4 W CF RES 3 1 0 OPEN OFEN
03=FEET 04=RULK 05=A8 REQUIRED 06=0THER
D=W/0 PARTS LIST R=REFERENCE DOCUMENT S=SPECIFICATION

FARATR

ONTICS INC

T

VEL E
09/04,80
DESCRIFTION =

P Fe e B FE e H I 6 IE I 6 FE W36 I A N 3 WA

XPLOS

I 0

N

RASTER YIDE0Q BD., QUTSIDE

ECQx%a

PAGE

118 REV.CU.:

ECO#

o
0

>

o © o000 © o © ©OCcOdLo ©OCo ©

Ci9

Yi
TP1
cio

Q1
c2

R?7
J1

Ul
uis
u2

u1o
uaz
Ci
RS
R1i1

R1

R10

E

1



EM301A PARATRONICS INC. . _' PAGE 1
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6.0 PROCESSOR BOARD

6.1 INTRODUCTION

The Processor Board controls all analyzer functions including keyboard
control, display formating, and interface functions. The Processor Board
consists of the 8085 microprocessor, 4K bytes of PROM program memory, 256
bytes of RAM memory, and buffering logic. The Processor Board can be inserted
in any slot on the Microcomputer Motherboard and interfaces to all subsystems
via the bus. Interrupt capability is included but is not used in the basic
analyzer Control Program.

6.2 FUNCTIONAL DESCRIPTION

When appropriate during the following discussion, please refer to the
schematic diagram, board layout, and parts list which are included at the end
of this section. Also, tables of connector pins versus signal names for all
motherboard connectors are provided in section 15 along with an alphabetical
1ist of all interboard signals. And, should the need arise, a Glossary in
section 16 offers explanations for acronyms or terms that may be unfamiliar.

The program execution function is suppiied by Ull, the Intel 8085 micro-
processor. A 6.144 MHz crystal, Y1, generates the basic clock frequency of
3.072 MHz for all 8085 timing.

R9, C5, and CR1 form the POWER-ON RESET circuitry which, along with Ul5
and the 8085, generates a positive-going TTL reset pulse to pin 55 of the bus
each time power is cycled to the analyzer.

Address latching and buffering is provided by U9 which demultiplexes the
8085 address/data signals and presents a stable 16-bit address to the bus.
Upper address buffering is provided by Ul4 and control signal buffering by
Ul5. Bidirectional data buffering is provided by octal transceiver Ul0. For
- future applications, 8085 signal HLDA (Hold Acknowledge) places the address,
data, and control signal buffers in the high Z state to permit other active
bus sources to control the bus.

The 4K-byte program memory is contained in PROMS U2 and U8 which occupy
address spaces 0000—07FF and 0800—FFF, respectively. RAMs Ul and U7 form
a 256-byte scratch pad area for temporary flag storage as well as the stack
area used in subroutine linkage. The scratch pad area occupies the first 256
bytes of address segment 1000—17FF. ROM and RAM address decoding is per-
formed by Ul12 and Ul13. Buffering of ROM and RAM data is performed by U3.
U4 pulls up the data bus, which assures stable logic levels under no-source
(i.e., high Z) conditions. U5 and U6 provide control signal generation and
buffering.

The processor uses only +5 V power, and no connection is made to the
other voltages. The 8085 SID (Serial Input Data) signal is used to sense the
the mains frequency when requested by the Control Program. Trap, interrupt,
hold, and serial output signals from the 8085 are brought to the bus for
future expansion.
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6.3 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board layout, and parts list for the Processor
Board are contained on the following pages.
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BM3I0LA FARATRONTCS TN C . i3t

SINGLE LEVEL EXFLO0STO0ON
09704/ €0
FAR143~-0008-0090~00 DESCRIFTION : PROCESSOR PCR AGSY OQUTSIDE ECOR: 149 REV.CUL.: B
FART NUMERER KEY FART DESCRIFTION QTY. UM CON. EFFECTIVITY ECO#
PER con START STOF

111-0004-0072~00 It .1 UF 28V CaF. CD B 1 0 OFEN OFEN 0 cL
cz C3 . Ca Cé

126-0008-0001-00 o PROCESOR PCR FAR 1 1 O OFEN OFEN 0

115-0013-0001-00 o SOCRET,40FIN 1 1 V] OFEN OFEN V] Uil

115-0011-0001--00 ¢ SOCKET, 24FIN 2 1 ] OPEN OPEN 0 e
ug

115-0020-0001-00 n SOCKET ,Z2FPIN 2 1 0 OFEN OFEN O Ul
uz

11$-0009-0001-00 D SOCKET, 20FIN < 1 0 OPEN QFEN 0 U0
U114 uLs u3 uez

11S--0005-000:-00 I GOCKET, 1oPIN o b3 0 OFEN OFEN 0 w2
ULl (1

115--0005-0001-00 ¢ SOCKET, 14PIN . 0 OFEN OFEN 0 e
ué

112-0501-0001~00 I CRYSTAL, 6.1440 MHZ, NE-:18Fa 1 1 0 OFEN OFEN 0 Yi

112-0204-0001-00 L DIODE ., 1N3600 . 1 i 0 OFEN OFEN O CRL

111-00%0-0207-00 I 33 UF oV TANT. DROP CAF. 2 1 0 OFEN OFEN 0 [
C7

110-000%-0107-00 g 68K  0OHM 1/4 U CF RES L 1 0 OPEN OFEN 0 R

110-0005-0088-00 L LiK L/4 W 5% CF RES 7 i 0 OFEN OFEN 0 Ri
R2 R3 R4 RS Ré R7 )

110-0605-0079-00 It 4.7 K OHM 1/4 W CF RES 1 1 0 OFEN OFEN 0 R8

LEGEND UM = 01=EACH 02=INCH 03=FEET 04=BULK 05=A8 REQUIRED 06=0THER
LEGEND KEY: A=W/PARTS LIST D=W/0 PARTS LIST R=REFERENCE DOCUMENT S=SPECIFICATION

P I A P B e W I I A I Bk A I A A I A W



. PARATRONTICS INC. FAGE 1

SINGLE LEVEL EXPLOSION

09/04/80
PAR143-0008-0002-00 DESCRIFPTION : M540 PROCESSOR PC ASSY. ECO%: 149 REV.CU.: B
PAR1T NUMBER KEY PART DESCRIPTION aTY. (V)] CON. EFFECTIVITY ECO#*
PER Cco START sSTOP
110-0315-0001~00 D 2.2K0HM RES NET CTS761-1-R2.2K 1 1 ] OPEN OFEN 0
113=0003-0000-00 D I.C.,.74LS00 1 1 0 OFEN OFEN 0
113-0003-0008-00 D I.C., 74L508 1 1 0 OPEN OFPEN 0
'113-0003-0138-00 D I.C., 74L5138 1 1 0 OPEN OFEN 0
113=0003=0132-00 o 1eCwy -74LE139 1 1 0 OPEN OFEN 0
113-0003-0244-00 D I.C., 74LS244 3 1 o OFEN OFEN 0
113~0003-0373-00 D I.C., 74LS373 1 1 0 OPEN OPEN 0
113-0005~0001-00 b I.C., P2101tA-2 2 1 o OPEN OPEN ]
113-0007-0001-00 D I.C., 2716 2 1 0 OPEN OFPEN o
113-0012-0001~00 D I.C., PB0BS, INT., NEC. 1 1 0 OFEN OFEN 0
-113~0014-0001-00- s TuGry—DPRB30AN, NSE,- AMD, 1 1 0 OPEN OFEN 0
143-0008-0090-00 D PROCESSOR PCB ASSY OUTSIDE 1 1 o] OPEN OFEN 149

=EGEND UM 3 OI=EACH . 02=a]INCH O3=FRET O4=BULN 05=A8 REQUIRED 06=0THER
LEGEND KEY: A=W/PARTS LIST D=W/0 PARTS LIST R=REFERENCE D[OCUMENT S=SPECIFICATION

S0k O3 6 36 36 36 3 I 36 36 3 W 636 6 I 36 T I 2 W
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7.0 EXTENDED MEMORY BOARD

7.1 INTRODUCTION

A11 configurations of the PI 540 Analyzer require more memory than is
provided by the Processor Board. The necessary additional memory is supplied
by two Extended Memory Boards. The two boards are identical except for the
population of memory devices. The maximum memory capacity of the board is 24K
bytes of PROM or ROM (assuming 32K-bit devices) and 4K bytes of RAM. In the
PI 540, Board #1 contains 12K bytes of PROM/ROM and 4K bytes of RAM, and Board
#2 contains somewhat less, depending on the configuration of the particular
instrument. These boards may be installed in any of the board positions on
the Microcomputer Motherboard.

7.2 FUNCTIONAL DESCRIPTION

A block diagram of the Extended Memory Board is shown in figure 7-1. When
appropriate during the following discussion, please refer to this figure and
to the schematic diagram, board layout, and parts list which are included at
the end of this section. Also, tables of connector pins versus signal names
for all motherboard connectors are provided in section 15 along with an al-
phabetical 1ist of all interboard signals. And, should the need arise, a
Glossary in section 16 offers explanations for acronyms or terms that may be
unfamiliar.

As shown in the block diagram, the major functional units of the Extended
Memory Board circuitry are the Address Decoder, the Data Buffer, the Read-Only
Memory, and the Read/Write Memory. These units are discussed further in the
following subsections.

7.2.1 Data Buffer

The Data Buffer consists solely of Ul2, a National DP8304B 8-bit bidirec-
tional transceiver with Tri-State outputs. This buffer provides selectable
bidirectional interconnection between the Processor Data Bus and the Onboard
Data Bus.

The buffer's T+/R- (Transmit + / Receive -) input, U12-11, is fed with
signal S1 (data bus Status bit 1) from the Processor Control Bus. S1 is high
for a processor read and Tow for a processor write. Therefore, the Ul2 out-
puts are connected so that its T+ mode transmits data to the Processor Data
Bus and its R- mode receives data from the Processor Data Bus. The output
enable, Ul2-9, is fed with signal MEMEN- (Memory Enable -) from the Address
Decoder. When any memory on the board is addressed by the processor, the
Address Decoder brings MENEN- low, thereby enabling the buffer output in the
direction that has been selected by S1.

7.2.2 Read-0Only Memory

The Read-Only Memory consists of six PROM or ROM devices which may con-
tain either 2K or 4K bytes, depending on the type of device used. A typical
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device is the 2716, a 2048-word x 8-bit EPROM (UV-Erasable Read-Only Memory)
with 3-state outputs.

The address inputs Al0 through A0 of all six PROM/ROMs are connected in
parallel to the corresponding address bits on the Processor Address Bus. Pin
21 of the PROM/ROMs is left unconnected or is jumpered to either +5 v or ad-
dress bit All, depending on the type of PROM/ROM device. (Refer to the table
titled "U13 PROM Output Codes" on the schematic diagram.) Pin 18 of all PROM/
ROMs is connected to the D4 output of Ul3 in the Address Decoder. The D4 out-
put, signal ROMP18, is driven high or Tow or is supplied with address bit All,
depending on the type of PROM/ROMs installed. The OE- (Output Enable -) line,
pin 20, of each PROM/ROM is connected to the appropriate output of the Ul4
second-stage decoder (ROMO-, ROM1-, ROM2-, ROM3-, ROM4-, or ROM5-).

When the 1K address block residing in one of the PROM/ROMs is addressed
by the processor, the OE- line of that device is brought Tow by Ul4, and Sl
directs the Data Buffer to transmit data to the processor. Address bit AlQ
(and All if the PROM/ROM is a 4K device) selects the 1K block within the
device, and address bits A9 through A0 select the desired byte.

7.2.3 Read/Write Memory

The Read/Write Memory consists of eight 2114 1024-word x 4-bit static
RAMs with 3-state bidirectional input/output. The eight RAMs are arranged as
four pairs, with each pair connected to form a 1024-word x 8-bit block of
read/write memory.

The address inputs of all eight RAMs are connected in parallel to address
bits A9 through A0 of the Processor Address Bus. The WE- (Write Enable -)
lines of all eight RAMs are connected in parallel to the WR- (Write -) line of
the Processor Control Bus. The I/0 data lines of the two RAMs in each pair
are connected in cascade to the Onboard Data Bus. The CS- (Chip Select -)
Tines of the two RAMs in each pair are connected in parallel to the appropri-
ate output of the Ul4 second-stage decoder (RAM6-, RAM7-, RAM8-, or RAM9-).

When the 1K address block occupied by one of the RAM pairs is addressed
by the processor, the CS- line of that pair is brought Tow by Ul4. Address
inputs A9 through A0 contain the address of the desired byte within the 1K
block. If the operation is a read, S1 directs the Data Buffer to transmit
data to the processor and the WR- Tine is high. If the operation is a write,
S1 directs the Data Buffer to receive data from the processor and the WR- line
is pulsed low.

7.2.4 Address Decoder

The Address Decoder consists of: U13, an MMI 6309-1 256-word x 8-bit
static PROM; and Ul4, a 74LS42 4-1ine-BCD to 10-1ine decoder. This circuitry
allows the processor to address any of the memory devices on the board in ac-
cordance with an established address allocation programmed into the U13 PROM.
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The U13 PROM is fed by signals 10+/M- (Input/Output + / Memory -) and Sl
from the Processor Control Bus and by signals Al5 through Al10 from the Proc-
essor Address Bus. I0+/M- is low for all processor memory cperations, and Sl
is high for read operations and low for write operations. Address bits Al5
through A10 decode down to the level of 1K-word blocks. The U13 decoder PROMs
on the two boards are programmed to recognize the following hex address
blocks:

Board #1 RAM C800—D7FF (4K) PROM/ROM  9000—BFFF (12K)
Board #2 RAM C000—C7FF (2K) PROM/ROM 5000—7FFF (12K)

As correlative information, the memory address blocks on other boards are:

Proc. Bd. RAM 1000—1FFF (4K)  PROM/ROM 0000—OFFF (4K)
Video Bd. RAM 3000—3FFF (4K)
Waveform Bd. RAM 2EQ00—2FFF (1/2K)

(On Extended Memory Board #2, none of the allocated RAM is currently used,
and only 5000—6FFF (8K) of the allocated 12K block of PROM/ROM is currently
used. On the Processor Board, only 1000—10FF (1/4K) of the allocated 4K
block of RAM is currently used. On the Video Board, only 3000—33FF (1K) of
the allocated 4K block of RAM is currently used.)

PROM U13 output D7 (signal MEMEN-) enables the Data Buffer for all memory
operations on the board. Outputs D6 and D5 are not connected. Output D4 is
fed to pin 18 of all PROM/ROM devices and acts either as a device select or as
address bit All, depending on the type of device installed on the board. (Be-
cause the U13 PROM is programmed differently for different PROM/ROM devices,
once Ul3 is programmed, only the PROM/ROM types compatible with this program-
ming can be installed on the board.)

Outputs D3 through DO of PROM Ul3 encode the board position number of the
device(s) containing the addressed 1K block of memory. These four output
lines feed the second stage decoder, Ul4, which supplies ten enable signals to
the memory devices as follows. The six PROM/ ROMs are assigned board position
numbers 0 through 5 and are enabled by signals ROMO- through ROM5-. (Since
the PROM/ROMs each contain more than one 1K memory block, the U13 PROM is
programmed to activate the same enable line for all 1K blocks within a given
PROM/ROM. The 1K blocks are separated within the PROM/ROMs by address bit Al0
for 2K devices, or address bits Al0 and All for 4K devices.) The four RAM
pairs are assigned board position numbers 6 through 9 and are enabled by
signals RAM6- through RAM9-. The schematic diagram contains a table, titled
"U13 PROM OQutput Codes", that summarizes the U13 PROM outputs in relation to
the type of PROM or ROM device used.

7.3 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board layout, and parts 1list for the Extended
Memory Board are contained on the following pages.



PROCESSOR CONTROL. BUS

< PROCESSOR DATA BUS __ >

Sl

DATA BUFFER

MEMEN- Uiz

ONBOARD DATA BUS

WR-

10/M-, Si
READ-ONLY ADDRESS |2l REqA%\@TE -~
MEMORY ROM@- — ROMS- DECODER RAM6- — RAM9- ULEZ U3.U4,
U7,U8.U9.UI5.UI6,UI7 [*—R5rPTG UI3,Ul4 > Us.U6.UI0,Uli
PROCESSOR ADDRESS BUS > |
[P [¥se | gi paraTRONICS INC.

Y DA}! ,‘
|_KER E:'}- 39 I TEacmerion

EXTENDED MEMORY B8D.

BLOCK DIAGRAM

el _q:w‘"" IHS—(IJ‘O'70-°(.)OI




lmr

L3 DESCRIFTION

Ullu | Uzr\-’—l u3 U4 V) US'\I’“ Ué V]
] ¥
l | <3 [.]‘
vio un U2V uisfVvl v [~
< c10 (41

fantl >« (o)
(174 us ue
1 i 1
oo~ on o0 “"oi oo "o |
uis ule : ['1}4

(.

" _
COoO O C Das

ST .
0 ©(COas OC DI

orapm ey [OATE _ 1 =
e e dl S E!PARATRDN!CS ING.

= LEGENDMASTER
e EXTENDED MEMORY

EEE I Taaeao 01 A,
st e || L D/ i W




LEAD WRITE MEMORY

wa 4¢€ )
c l
3% C2-Cié JJuf 25v w WE
20
Ut
g3 _L 4 DY
- - o3
w1 T TTT, 117 2 e
13 .
i‘: 4 D& ;";;
s
ADDRESS DECLODER =
Ye
uia 74L8 42 1, AT
oyt w4 ; 0 =
- X A
S ———m o sb Rar.a
— gz 7 :Z o7 4 gp_L'i <AM 9
24 S1aa popefld Sp——
o §’3 Uz @2 12 2| ; a
7 5 23—
— 51t 52 o2 |2 k3 by 23
L_f‘q/o 7 Al I b 143 |:)_2ﬁ
S AY __ oo}l £ g 2 3 Lo
> 73 ?C_E e
——a s e U5
Z5 3
C D 3 v D3 ez
—Y 'z 52
— V = o 8 Foz |
¥ MEMEN Y 1 o
— l DATA she
— Sy BUFFER
=1Lz el <¢ s 07
o 22 vy 7 Dy,
= 2B5 [z} ve 1o 05 Y E
C——-LL—'JDM is| DPB30c4 o oe i )
:1}5: i §® Al 52 ¥
— 2 2 D23 Fom o
GLE,‘ [ 2 Di —— —
e 1 2 =
T/’ -
g
W — DATA o
| s PIN DEVKE TfPE
- : o REF DES +5V¥ | GND
uia 28 | 18 |Mm1 63¢8-1 FROM
OR EQUIV
Azo [FIV 1w | & |7aLs42
R A . — &
X 2 :': 2z 1 = a5 72 N z‘? °e s m%u,w.n 125 1? 2?143¢:AM
= < ' M7 [ . n . demrmy N
res BY AE 23 - W R 26 23 AB =232 s oS U7-8 1547 24 112 LKDP\’)A:*:\"X?_ P’O’:M{vsuM
AT 1 .27 \ - YR i 8§ A7 \ A7 } ! o a1 %71:;,‘_‘.,4‘. .;‘.\:105;.-_3 2
-\ A N z . O3 w 2 A z] VIS = 81G 2616, 3G 2632
.8 E AS 3 3 A5 3 8 AS 2 as 3 o2
- 4 B _Ad - M A4 4 A4 4 Aq a Y
AX g A% s R Az 3 X < BA3 S Y]
X3 [ aZ [ R A2 o A2 o AZ w
Al ] Al 3 ¥ A\ b R A 72 . 7
g B a8 AZ 8 A28 YA Ul-3 PROM OUTRUT CODES.
+ -~ - -
SELECT DEVICE|DT qus‘m. D2D2:DY D@Pn2l NOTES
L % L '8 L '8 NONE R A
INTEL 2732/23%21 D |1 |1 |@ /5[5 |5|S Al
AomM 18 z) 2 n 2 o 21 2TH6/23E B 11 [ 1 Bis1s|sis| +5
. SIGNETIC 2432 | @1 |1 |a{S1S |8 8| w/fe |eiNzg:T3,
$°"’*5V So—wisv G o—smssv © O a5V o sy o= +sY SIGNETIC 2616 § 2 11 |V (@ {sia|sis| Afe
. J1 J2 J3 A J5 J4 28-CS,
AL : . RAM ¢§«s1 tisisisis| w8
P L
All= ADDRESS BiTAb/1.
o ) 5555 = BLD SOCKE T SELECT CODE (& -5 » oM/ FEOM,
LEAD -ONLY MEMORY 6-5 = Ral)
UNLESS OTHERWISE -
= P
CTH=Pr1 SPECIFIED; DIMENSIONS ﬂ PARATRON:CS INC.

R NSSN pry Pevil (74

e o)

t,._,_

L JSOpN -

ARE IN INCHES

MAT'L
EXTENDED MEMCRY BOARD
s coror sontonme (2 127-0070-001 [ = &
D [scur  NONE s 1o

SCHEMATIC

DIAGRAM




BM301A PARATRONTICS INC. PAGE

SINGLE LEVEL EXPLOSION

09/04/80
PAR143-0070-0090-00 DESCRIFTION : EXTENDED MEMORY BD, OUTSIDE  ECO#: 0 REV.CU.: A
FART NUMBER KEY PART DESCRIPTION aTy. UM CON. EFFECTIVITY ECO#
PER cp START sTOP

111-0207-0103~00 D 22 UF 14V CAP. ELECTRO.,RAD. 11 0  08/21/80 OPEN 0 c1

126-0070-0001-00 D EXT MEMORY P.C.B. 1t o OPEN OPEN o

11%-0011-0001-00 D SOCKET,24PIN 6 .1 o OPEN OPEN o u1s
uLs ui7? u7 ue ue

115-0009-0001-00 D SOCKET,20PIN 2 1 o OPEN OPEN o u12
T

11%5-0008-0001-00 D SOCKET,1BPIN 8 1 o OPEN OPEN o U1
u10 Uil uz2 u3 U4 us ué

11%5-0005-0001-00 I SOCKET,14PIN . 1 o OPEN OPEN o ul4

111-0004-0072-00 D .1 UF 25V CAP. CD 13 1 0 OPEN OPEN o C10
ci1 c12 c13 C14 c2 c3 ca cs cé c7 cs c9

LEGEND UM = 01=EACH 02=INCH  O3=FEET 04=BULK  05=AS REQUIRED 06=0THER
LEGEND KEYs A=\/PARTS LIST D=W/0 PARTS LIST R=REFERENCE DOCUMENT §=8PECIFICATION

ek 2 96 6 6 6 20 3 6 96 06 06 36 36 I 96 6 36 36 3696 36 36 96



BM301A PARATRONICS INC. PAGE

SINGLE LEVEL EXPLOSION

09/704/80
PAR143-0070-0001-00 DESCRIFTION = EXTENDED MEMORY ED ECO=: 0 REY.CU.: A
FART NUMBER KEY PART DESCRIPTION QTY. UM CON. EFFECTIVITY ECO#
PER coD START STOP

143-0070-0090-00 I EXTENDEDI' MEMORY BD, OUTSIDE 1 01 0 OPEN OFEN 0

113-0007-0001-00 S I.C.,. 2716 é 1 0 OPEN OPEN 0 uis
uié uiz uz us ue

113-0006-0001-00 D I.C., C2114 8 1 0 OPEN OPEN 0 u1i
u10 uil Lou2 u3 ua us ué

113-0014~-0001-00 D I.C., DP8304N, NSC, AMD, 1 1 ] OPEN OPEN 0 uiz2

113-0003-0042-00 D 741842 1 1 o OPEN OPEN 0 ui4

113-0051-0001-00 D MMI 6309-1 PROM 1 1 4] OPEN OPEN 0o ui3

LEGEND UM = 01=EACH 02=INCH 03=FEET 04=BULK 05=AS REGUIRED 06=0THER
LEGEND KEYs A=W/PARTS LIST D=W/0 PARTS LIST R=REFERENCE DOCUMENT S=8FECLFICATION

eI Fe T 36 6 b 20 I6 Bk I I 362 I 2 08 3k 3 3 3 33 3
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8.0 STATE CONTROL BOARD

8.1 INTRODUCTION

Hardware registers, counters, and RAMs on the State Control Board are
loaded by the Control Program in accordance with information entered from the
keyboard under the guidance of the State menu. Using the parameters and modes
thus specified, the State Control Board directs associated circuitry in the
implementation of the various State analysis features.

8.2 FUNCTIONAL DESCRIPTION

A block diagram of the State Control Board is shown in figure 8-1. When
appropriate during the following discussion, please refer to this figure and
to the schematic diagram, board layout, and parts 1ist which are included at
the end of this section. Also, tables of connector pins versus signal names
for all motherboard connectors are provided in section 15 along with an al-
phabetical Tlist of all interboard signals. And, should the need arise, a
Glossary in section 16 offers explanations for acronyms or terms that may be
unfamiliar.

As shown in the block diagram, the major functional units of the State
Control Board circuitry are the Processor Interface, Stack Management, Clock
Control, the Collection Address Counter, the Posttrigger Counter, the Restart
Generator, and Trigger Delay Control. These units are discussed further in
the following subsections.

8.2.1 Processor Interface

The Processor Interface (see schematic sheet 1) comprises the Address
Decoder, the Status Ports, the Interface Qutput Ports, and the Interface Shift
Register. This circuitry allows the processor, under the direction of the
Control Program, to load user-supplied information (entered from the key-
board with the aid of the menu) into registers, RAMs, and counters in order
to prepare the analyzer for the intended application. Also, it allows the
processor to interrogate various status and signal lines and to send various
control signals when appropriate.

The Address Decoder consists of: U31l, a 74LS10 triple 3-input NAND gate;
UlA,C, sections of a 74LS00 quad NAND gate; and U42 and U43, 74LS138 3-to-8
decoders. This circuitry allows the processor to write to the Interface
Qutput Ports and read from the Interface Status Ports by using I/0 write and
read commands. Also, one port output signal, RDABMEM (U42-15), is used in the
Collection Address Counter to be discussed later.

The Interface Output Ports, U44 and U45, are both 74LS374 octal D flip-
flops. Both store software-generated control signals; U44 for the State
Control Board, and U45 for the A and B Probes and the A and B State Memory
Boards.

The Status Ports, U46 and U47, are both 74LS5244 octal line receivers.
The processor reads status signals from the State Control Board through most
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of U46, and from the A and B Probes through U46-11,17. The processor reads
data-collection addresses from the State Control Board through U47.

The Interface Shift Register has a part shown on each sheet of the
schematic. It consists of: U36, a 74LS164 8-bit shift register (on sheet 1);
U30B, 1/2 of a CMOS 4015 dual 4-bit shift register (on sheet 2); Ull, a 4015
(on sheet 3); and U25, U26, and U30A, all 4015s (on sheet 4). These 5 devices
have parallel readout and allow the processor to store 5 sets of 8 control
bits using only one daisy-chained data 1ine (Interface Output Port U44-19)
instead of running the 8-bit Processor Data Bus to each of the 5 devices.

This 40-bit shift register stores control bits (U36, U30A) and preset counts
(u30B, U1l, U25, U26) for use by various circuits on the State Control Board.
The last bit in the last shift register, U36-13, is fed back into the Status
Port at U46-6 so the Control Program can monitor the Shift Register load
status.

8.2.2 Stack Management

Stack Management (schematic sheet 2) comprises the Stack Address Counter,
Stack Address Latches, and Stack Control circuits. This circuitry maintains
the stack pointer (by means of the Stack Address Counter) and evaluates a
number of input signals to determine when it is appropriate to POP (advance)
or reset the stack pointer.

The Stack Address Counter, U4l, a 745169 synchronous four-bit binary
counter, generates signal NSA (Next Stack Address). This signal is fed to the
address inputs of the Delay Count RAM on this board and of the Trigger Stack
RAM on each of the two State Memory Boards. The trigger stack address on the
circuit board is the equivalent of the trigger level on the menu.

The stack RAMs are treated (non-conventionally) as first-in-first-out,
push-down stacks whose terminal addresses are OF hex (15 dec). The Stack
Address Counter is preset by the Control Program (through the U30B section of
the Interface Shift Register) with the correct address for the already-PUSHed
stack; and the counter always operates in the POP direction; that is, it
always counts up. For example, if the menu specified trigger levels 0 thru 8,
the Stack Address Counter would be preset with OF - 8 = 07. This RAM loca-
tion, address 07, would contain the word for the first trigger level entered
on the menu, level 0. The Tast address reached by the counter, OF, would
contain the word for the last trigger level entered on the menu, level 8. At
count OF, the counter's ripple-carry out of pin U41-15 produces the stack-
empty signal, STKE-, which is used by the Stack Control circuitry.

The Stack Address Latches, U51 and U52, are both 74S74 dual D flip-flops.
They Tatch the address produced by the Stack Address Counter so it is properly
stabilized for the Trigger- and Qualifier-Word RAMs on the State Memory
Boards.

The Stack Control circuits consist of: U50A,B,D, sections of a 74S86
quad exclusive-OR gate; U35C,D, sections of a 74502 quad NOR gate (here used
as inverters); U29, a 74502 quad NOR gate (sections A and B are here used as
negative-input AND gates); U38B, 1/2 of a 74S74 dual D flip-flop; U27, a
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74564 4-2-3-2 AND-NOR gate; U28, a 74S74 dual D flip-flop; and U21B, a
section of a 74LS32 quad OR gate.

This circuitry produces a number of signals used by Stack Management and
a number of signals used elsewhere on the board. In particular, it produces:
POPEN- (POP Enable -), which advances the level in the trigger-delay stack on
this board and in the trigger- and qualifier-word stacks on the two State
Memory Boards; POPSTK+ (POP Stack +, a clock derived from POPEN-), which
advances the Tevel in the delay-mode stack; and PTENB+ (Posttrigger Enable +,
derived from the Stack Address Counter's ripple-carry signal, STKE-), which is
fed to the Posttriger Counter where it starts the count for collecting the
specified number of posttrigger data words.

8.2.3 Clock Control

Clock Control comprises the Clock Multiplexer {see schematic sheet 2) and
the Clock Qualifier Gate (see schematic sheet 3). This circuitry implements
the keyboard-entered selection of clock source and provides the final logic in
the process of clock qualification.

The Clock Multiplexer consists of: U37, a 74564 4-2-3-Z AND-NOR gate;
U39A, 1/2 of a 74S51 dual AND-NOR gate; and U40, 1/4 of a 10125 quad ECL-
to-TTL translator. With the aid of software-generated CLKSEL signals from
Interface Shift Register U36, the Clock Multiplexer implements menu selection
of clocks for probe-data latches on the A and B Memory Boards. The A-Board
clock, ALATCHCLK, may be menu-selected from either the positive- or negative-
going edge of APROBCLK (the A-Probe incoming clock). The B-Board clock,
BLATCHCLK, may be menu-selected from either APROBCLK or the positive- or
negative-going edge of BPROBCLK (the B-Probe incoming clock). In the 40-bit
State mode, the Control Program forces both the A- and B-Board clocks to CT,
the Timing clock (which may be either the internal clock or the positive- or
negative-going edge of the Timing Probe incoming clock).

The Clock Qualifier Gate, U39B (top of schematic sheet 3), 1/2 of a 74551
dual AND-NOR gate, produces signals ACLKQUALIN- and BCLKQUALIN-, which go to
State Memory Boards A and B, respectively, where they enable clocking of data
collection. BCLKQUALIN- (B Clock Qualifier In) is generated if the incoming
clock qualifier signals ACQl .AND. BCQl are active, .OR. if ACQ2 .AND. BCQ2
are active. ACLKQUALIN- is hard-wired active Tow by the ground connection to
pin S2-8. (The implications of this connection are discussed in the descrip-
tion of the State Memory Boards in section 9.)

The signals ACQl,2 and BCQl,2 come from pre-collection comparator RAMs on
the State Memory Boards A and B. In the 32-bit mode, ACQl is active high if,
in the first clock-qualifier word specified in the menu, the first 16 data
bits, first 2 qualifier bits, and 1 link bit are matched by the bits coming in
on the A-Probe lines. BCQl is high if, in the first clock-qualifier word
specified in the menu, the second 16 data bits and second 2 qualifier bits are
matched by the bits coming in on the B-Probe lines. If the entire first
clock-qualifier word is matched, ACQl and BCQl are both high and BCLKQUALIN
goes active low. In the 16-bit mode, the A- and B-Probe lines are connected
in parallel, and ACQl and BCQl act as if tied together. In the 40-bit mode,
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the clock-qualifier words are not allowed and BCLKQUALIN- is always low (the
Control Program treats the clock-qualifier words as all Xs).

Similarly, ACQ2 and BCQ2 represent the second clock-qualifier word on the
menu.

It is important to note the distinction between qualifier words, associ-
ated with the menu, and qualifier bits, associated with the probe Teads. The
A and B probes each have two qualifier leads. Each of the two leads on each
of the probes can be used for either trigger qualification or clock qualifica-
tion or both. The selection is made on the State menu. On the 32-channel
State menu, the qualifier bits appear in the clock-qualifier word or trigger
word as -XXXX. The X's mark the positions, left to right, of AQl, AQ2, BQl,
BQ2. 1If, in the clock-qualifier word, a value is given to the first X, such
as -0XXX, then AQl is thereby assigned as a clock qualifier. (If the first X
is also given a value in a trigger word, then AQl is thereby also assigned as

a trigger qualifier.)

The two OR-Togic clock-qualifier words on the State menu consist of all
the data bits as well as the qualifier bits and the Timing Tink bit. As
previously stated, the ACQl family of signals is associated with the entire
clock-qualifier word, not just the qualifier bits.

8.2.4 Collection Address Counter

The Collection Address Counter (see schematic sheet 3) consists of: U48
and U49, 7415191 synchronous 4-bit binary counters; U24C, 1/4 of a 74S00 quad
NAND gate (here used as a negative-input OR gate); and U14B and U38A, each
1/2 of a 74S74 dual D flip-flop. During the collection process, this cir-
cuitry supplies 256 sequential storage addresses for the Data Collection RAMs
on the State Memory Boards. During display and analysis, the same circuitry
allows the processor to address those RAMs when reading the collected data.

The two 4-bit counters are connected in cascade to form an 8-bit counter
with a capacity of 256 counts. The counter's parallel outputs, RAO through
RA7, are fed as address bits to the Data Collection RAMs on the two State
Memory Boards. In the load mode, the counters pass the input levels straight
through to the outputs, thus allowing the processor to directly address the
RAMS. This Toad mode is initiated by RDABMEM- (Read A or B Memory -), a Con-
trol Program signal from the Processor Interface. Just before the Control
Program releases RDABMEM-, it places all-zeros on the counter input lines.
Thus, when RDABMEM- 1is released to high, the counter is preset to 00.

With the RDABMEM- Tload signal inactive (high) the counters are ready to
generate sequential addresses for the Data Collection RAMs. The count is
advanced with each BWE+ clock pulse. BWE+ (B Write Enable +) is the qualified
data collection clock. It comes from State Memory Board B where it is enabled
by BCLKQUALIN-, which in turn was sent to the Memory Board from this board's
Clock Qualifier Gate (described in the foregoing subsection).

As the counters count from 00 through FF, the ripple-carry out of U49-13

(occuring at count FF) is fed to the two flip-flops, U38A and U14B. This
circuitry generates signal ROLLOVER1+ the first time address FF is reached and
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signal ROLLOVER2+ the second time. These two signals are fed to Interface
Status Port U46 for use by the Control Program.

The counter continues to sequence through the RAM address range, rolling
over again and again, until the trigger conditions are met and the BWE+ clock
is subsequently stopped by signal BCLKINH+ (to be discussed in the following
subsection). Of course, in some instances this clock interruption may occur
before even the first rollover. In other instances, the interruption may not
occur until manual intervention, such as a FORCE DISPLAY or a menu call.

8.2.5 Posttrigger Counter

The Posttrigger Counter (see schematic sheet 3) comprises the Variable
Counter, the Fixed Counter, and the Clock Inhibit circuits. This circuitry
causes data collection to continue for the menu-specified number of data words
after the trigger conditions have been met. Actually, the menu expresses this
parameter as pretrigger count, but the Control Program converts the number to
posttrigger count for more efficient circuit implementation.

The menu allows a pretrigger count range of 0 to 250 words. In the
32-bit x 250-word State mode, this translates into a posttrigger count range
of 250 to 0 words. And in the 16-bit x 500-word State mode, it transiates
into a posttrigger count range of 500 to 250 words. Note that while there can
be 0 posttrigger words in the 32-bit mode, but there will always be at least
250 posttrigger words in the 16-bit mode.

The Variable Counter consists of Ul0 and Ul2, 74LS161 synchronous 4-bit
binary counters. They are combined to form an 8-bit counter with a maximum
count of FFh (255d). This counter serves to count the variable portion of the
posttrigger count in the 16-bit mode and all of the posttrigger count in the
32-bit mode.

At setup time, the Control Program presets the counter to the proper
calculated value. The value loaded is FF - c, where ¢ is the posttrigger
count. This transformation is done so the ripple-carry ouput can be used as
an indication that the count has been completed. (The actual loaded value may
vary by one or two counts from FF - ¢ to compensate for propagation delays in
associated circuitry.)

When the trigger conditions have been met, signal PTENB+ (PostTrigger
Enable) goes high, disabling the load inputs and enabling the count function.
The counter advances at each pulse of BWE+, the qualified data-collection
clock. Count completion is announced, as just mentioned, by the ripple-carry
output at Ul2-15.

The Fixed Counter consists of U22 and U23, also 74LS161s connected as an
8-bit counter with a maximum count of FF. The parallel inputs to this counter
are hard-wired to load the count of 6, thus leaving 249d as the upward count
to produce the ripple-carry (the missing count is a propagation time correc-
tion). If the 16-bit x 500-word mode has been selected, this counter serves
as the posttrigger counter for the B Memory Board. (Recall that in the 16-bit
mode, the 250 words of the B Memory must always be allocated to posttrigger

data.)
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The Clock Inhibit circuit consists of: U33B,C,D, each 1/4 of a 74500
quad NAND gate (B and C are here used as negative-input OR gates); U21C, 1/4
of a 74LS32 quad OR gate; U32, a 74574 dual D flip-flop; and U13B, 1/2 of a
74551 dual AND-NOR gate. When the posttrigger count has been reached, this
circuitry generates clock-inhibit signals as follows.

When the Variable Counter reaches its terminal count, the ripple-carry
output at U12-15 goes high, producing signal ACTDN+ (A Countdown +). This
signal goes through U21C to set flip-flop U32B, whose Q- output in turn goes
through U33C to produce signal ACLKINH+ (A Clock Inhibit +). This signal goes
to the A Memory Board and inhibits any further clocking of collected data into
the A Memory. (The Q output of U32B is fed back through U21C to latch the set
condition of U32B past the duration of the ripple-carry pulse.)

If the 32-bit mode is in effect, signal SEL32+ is high and lets signal
ACTDN+ through muTtipTexer U13B to reset flip-flop U32A. The Q output of U32A
in turn goes through U33B to produce signal BCLKINH+ (B Clock Inhibit +) which
is sent to the B Memory Board. There, BCLKINH+ stops the generation of the
BWE+ clock pulse fed to this board, and this stops all posttrigger counting.

The Q- output of flip-flop U32A produces the signal PTCTDN+ (Posttrigger
Countdown +) which is fed to Interface Status Port U46 to let the Control
Program know that the posttrigger countdown has been completed.

If the 16-bit mode is in effect, ACTDN+ does not get through U13B to
reset U32A, and BCLKINH+ is not then produced. However, output Q of flip-flop
U32B (which has been latched in the set condition) is fed to the load inputs
of the Fixed Counter. This signal disables the load mode and allows the
counter to begin counting BWE+ clock pulses. Recall that this counter has
been preset to 6 and must count 249d more clocks to terminal count. When
terminal count is reached, the ripple-carry output, BCTDN+ (B Countdown +),
goes through U13B to reset flip-flop U32A and produce signals BCLKINH+ and
PTCTDN+ as previously described.

If the posttrigger count is 0, the signals PSTTGO+ (Posttrigger 0) and
PTENB+ are high at the inputs of NAND gate U33D. The resulting low output
from U33D then presets flip-flop U32A and clears flip-flop U32B, thereby
producing ACLKINH+, BCLKINH+, and PTCTDN+ without any counting having occured.

The Control Program can also produce signals ACLKINH+ and BCLKINH+ by

sending signal SWCLKINH- (Software Clock Inhibit -) to the inputs of negative
OR gates U33B and U33C.

8.2.6 Restart Generator

The Restart Generator (see schematic sheet 3) consists of: U35A,B, two
sections of a 74502 quad NOR gate (here used as negative input AND gates); and
U34, a 74S64 4-2-3-2 AND-NOR gate. This circuit generates the RST- (Restart)
signal, which is used by Stack Management to reload the trigger Stack Address
Counter with the address for level 0 (this address is still latched in Inter-
face Shift Register section U30B) and start over again in the testing for a
match of trigger conditions.
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Signal RST- is produced under any of the following conditions:

a. the NNNNth clock is reached when the ON-NNNNth-CLOCK delay mode
is in effect

b. the NNNNth clock is reached when the BEFORE-NNNNth-CLOCK delay
mode is in effect

c. the menu-specified RESTART word is recognized
d. the Control Program outputs the signal LDSTKAD+ (Load Stack
Address) from Interface Output Port U44-2

8.2.7 Trigger Delay Control

Trigger Delay Control (see schematic sheet 4) comprises the Delay Count
RAM, the Delay Counter, the Delay-Mode RAM, and Delay-Mode Control. These
circuits implement the various menu-selectable trigger-delay functions. When
the specified delay conditions have been met, on a level-by-level bassis, the
circuits produce signals that allow the search for trigger words to proceed to
the next level. (NOTE: The trigger word at Tevel 0 does not have a delay
function.)

The Delay Count RAM consists of Ul5, Ul6, Ul7, and U18, all 74S189
16-word x 4-bit static RAMs. They are connected in cascade as a 16-word x
4 4-bit digit RAM. This RAM is loaded by the processor at setup time with the
menu-selected delay count (with a count range of 0—9999d) for each of the 15
delayable trigger-word levels. The stored delay counts are then used to
preset the Delay Counter as each trigger-word level is reached during the
processing of incoming data.

The 4 address lines of each RAM are fed in parallel with signal NSA (Next
Stack Address) which comes from the Stack Address Counter. (The 4 address
bits decode into 16 stack addresses which correspond to the 16 trigger-word
levels on the menu.) When loading the RAM at setup time, the Control Program
addresses it through the transparent Stack Address Counter using section U30B
of the Interface Shift Register. Delay-count data for the RAM is loaded using
sections U25 and U26 of the Shift Register. After loading is completed, the
Control Program presets the Stack Address Counter with the address count cor-
responding to the number of trigger levels specified on the menu.

After RESET, the RAM's addresses come from the counting Stack Address
Counter and start with trigger-word level 0. (Although there can be no delay
specified for trigger-word level 0, the level is stepped through for simplic-
ity of logic. Also, note that trigger-word level 0 does not correspond to
stack address 0 unless all 16 trigger-word levels are specified on the menu).
As each trigger stack level is entered, the stored 4-digit delay count for
that level is fed from the Delay Count RAM to the Delay Counter as four 4-bit
sections in parallel.

The Delay Counter consists of: U2B,C,D, sections of a 74508 quad AND
gate; U19, also a 74S508; U4, U5, U6, and U7, all 74S162 synchronous 4-bit
decade counters; and U24A, 1/4 of a 74S00 quad NAND gate. At the start of
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processing for each stack level, signal POPEN- (from Stack Control) is brought
low. This loads the Delay Counter with the count stored in the Delay Count
RAM for that stack level. The count value stored and loaded is 9999d - c,
where ¢ is the menu-specified count. This conversion is done so the ripple-
carry out of U7-15 can be used to indicate terminal count. (The actual Toaded
value may vary by one or two counts from 9999d - c¢ to compensate for
propagation delays in associated circuitry.) When POPEN- returns high, the
counter begins to count.

The count is advanced by DBCLK+ (Delayed B Clock +, derived from BWE+,
the qualified data collection clock) when the count-enable inputs at P (pin 7
on U4,5,6,7) are high. (U2B,C,D and U19A,B provide carry look-ahead to speed
up the counter.) The P inputs are fed with signal TRIGCTEN+ (Trigger Count
Enable +) from Delay Mode Control. If the menu-specified delay mode calls for
counting clocks, Delay Mode Control holds the P inputs continually high. If
the delay mode calls for counting trigger-word recognitions, at each such
recognition, Delay Mode Control pulses the P inputs high Tong enough for the
counter to count one clock.

When the terminal count is reached, the resulting ripple-carry out of
U7-15 goes through U19C,D and U24A to produce signals DLYCTDN+ and DLYCTDN-
(Delay Countdown + and -).

The Delay-Mode RAM, U20, is a 745189 16-word x 4-bit static RAM. As with
the Delay Count RAM, the 16 word-addresses represent the 16 levels of the
trigger stack. This RAM is loaded by the processor at setup time (using sec-
tions U30A and U30B of the Interface Shift Register) with the menu-selected
delay mode for each of the 15 delayable trigger-word levels. The 4 data bits
encode the mode information as follows. D2, D3, and D4 constitute a 3-bit
code for the 5 available delay modes. D1 is high if triggering is to occur
on, or be delayed from, the trigger word itself. DIl is low if triggering is
to occur on, or be delayed from, all but the trigger word. (The mode encoded
by D1 is not, strictly speaking, a delay mode; it applies to both delayed and
undelayed trigger recognition.)

For reference, the available trigger-word delay modes and their stored
codes are:

Menu Delay Mode D4 D3 D2

The trigger word occurs AFTER NNNNth CLOCK O
occurs BEFORE NNNNth CLOCK 1

occurs ON NNNNth CLOCK 0

occurs NOT ON NNNNth CLOCK 1

OCCURS NNNN  TIMES O

OO O
OO0 O

Delay-Mode Control consists of: U8 and U9, two 74S74 dual D flip-flops;
U3, a 74S64 4-2-3-2 AND-NOR gate; Ul4A, 1/2 of a 74S74; and U13A, 1/2 of a
74551 dual AND-NOR gate.

The U8 and U9 flip-flops latch the delay-mode code bits, read out of the
Delay-Mode RAM at NSA time, for use during the processing of the current stack
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level. The U14A flip-flop generates a one-clock-interval pulse on the NNNNth
clock for use by the U3 multiplexer.

The U13A AND-NOR gate uses TRIGCTSEL+ (Trigger Count Select +), the
latched D2 mode-code bit, to determine the nature of output signal TRIGCTEN+
(Trigger Count Enable+) which is fed to the P enable inputs of the Delay
Counter. If TRIGCTSEL+ is high, TRIGCTEN+ is held low except when TRIG-
(Trigger-word recognized -) pulses it high at each trigger-word recognition
long enough for the Delay Counter to count one clock. In this mode (D2 = 1),
the Delay Counter counts trigger-word occurrances. If TRIGCTSEL+ is Tow,
TRIGCTEN+ is held continuously high. In this mode (D2 = 0), the Delay Counter
counts clocks.

The U3 multiplexer combines the Delay Counter's terminal-count signals,
DLYCTDN- and DLYCTDN+, with the current delay mode information and produces
signal DLYTC+ (Delay Terminal Count +). This signal is fed to Stack Control
multiplexer U27 (schematic sheet 2) where it enables the next trigger-word
recognition (signal TRIG+) to generate POPEN-. If other affecting conditions
are favorable, POPEN- advances the stack level. In some delay modes, DLYCTDN+
or DLYCTDN- will cause the Restart Generator to produce the RST- signal which
overrides DLYTC+ and starts the whole trigger-word search process over again.

8.3 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board Tayout, and parts 1list for the State Con-
trol Board are contained on the following pages.



@OCESéOR CONTROL BU> QFLeOCESSOR DATA BU> <

A\

CLOCK CONTROL

'

PROCESSOR ADDRESS BUS

~

.}

PROCESSOR INTERFACE

UIA,C,UllLU24B,U25,U26,U30,U3I,
U42,u43,U44,U45, Ulbb,U47

/[

COLLECTION
ADDRESS COUNTER

ul4B,u24(,
U38A,U48,U49

AN

ONBOARD COLLECTION —RAM ADDRESS LUS >

TO/FROM OTHER CIRCUIT BOARDS

U37,U39A8,U40
. J
N
RESTART STACK
GENERATOR Dl MANAGEMENT
o
U34,U35A8 u21,U27,U28,U29 |

y D)

<

\/

TRIGGER DELAY POSTTRIGGER
CONTROL COUNTER
U2BCD,U3,Ut,USU6,U7, |
UBU9,UIBUAUISUIG, uio,uI2,u13B, g
UI7,UI8,U19,U20,U24A U21C,U32,U338LCD
/\
ORAWN BY D%'.‘Lh "Q

SQYV08 LINDYID Y¥3HLO WOM4/0L

~

ONBOARD STACK ADDRESS BUS

\Y4

Sl
CHECKED BY
e

ﬂ PARATRONICS INC.

DATE
e 8o
DATE

[

S—
APPR REL | DATE

OFCIMAL XXX = 1008
XX =208

SAGAK ALL SHARP DOES
DO NOT SCALE DRAWNG

STATE CONTROL BD.
BLOCK DIAGRAM

mEm _C]“‘“”““ I45-0069-001

ALE IW




1} uz
Ca
uti uig uls
u21 u22
'—v—’ ) 3\2}“
u u3a
u32 33
U u45
44
U43 x| | |
e .3

2 U3l
‘u42
U4z

3
+

u3

ce

5

u24

u3s

U46
—_r

U4 us Ue uv
[4:)
O
uis Uie ui7 Uis
) ) ) o
uz2s u26 uz27 u28
T ] —) )
-
use . us? U8 a3
U47 C?7
uag U49 50

Cil

us

us

e 4
o Ci2
uis u20 R4
u2e _R3. u3o
r— N\
¢
u40 V4 13
Dm
14
cia
2U5| us2
~o
[+ 4.4

UNLESS OTHERWISE

SPECIFIEC. DIMENSIONS

ARE IN INCHES

B PARATROKICS INC.

LEGENDMASTER

MAT'L

FINISH

DECIRAL ANGULAR
Xe et 1
X e

STATE CONTROL

oo e 126 =O06F-201 = A
D | scAtE —~—— st} oF )




r H_|kev i e 152 R R S S (A i
51 PRILESSOR INTERSACE ) 7 v s co” s lalrec| 0] REV SRR o Nz T s
B> °°4 = | RrBV PER U129 YA L
YY) X : ol
S>3 INTERFACE = | Rev oEr £ 174 Be rhiure
L{!_;:’/ Ca3 D3 QUTAUT ALRTS 2 VgEv PER CCO /47 ftur
}7 ol S |\4 .l \ DO Py 5 . Lo — s T T o e
r-\Ll_g/' — = — \ 21 13 —$114 .(_7-_. NE —_— s's;z'“ NT
EC\ C&s DS/ \ I o > é3 A INTL
== Tas ce /) \C 2 3| LS 2 - ; - >E4 ) B S cL<sEL
7_/ Co7 D‘?/ \ D3 2 9 2% ) A R CuKSEL
g o4 R o —3(54 "B CL& SEL
os 2 3 . - ZE) A cur SEL
\ D& . 2] 9 > E4 0 B PRraana
s/ LDORESS DECODER | I m 0TS A s
IoEN B> 4 Jaid %)t ! onb
Ay IR & g2 |4 WR sTATE [<Aa 1
& 3 =
~5v @ 2 : { RDABMEM > RDABMEAM = (3)
IhZ \ po 4 S
i uay | NS PR AT RS T >y (2 )
AR S? > A 4 i s D> A m 22
1 > 2 \ D2 : 2 S e n N
> g 3 S \L___._ E) LD TRAD+ { 1 )
’ ,,; ; - > WNRCT KRN0 4 )
~, {’ ~ s
_ | NS L T S Teer wo-tas
A9 35> — .. LS50 +5V 2 = P TEST MD-(4 )
A0 [>> 31y o2 1 ues | ——35RDATA (4 )
] 3 LB R9 o7 . : * >TRELK (2,3,4)
AL > o 2 Sesoa 'h e b RIS Az <2
z |Vl l l 47K 4.71K <D g om0
R i 3 cr -
o Le[fels |1 g 7 A N SEEne )
2‘_\_ e . 4 Je2a . { =le - +5 —€(38 0 g 32w
u3i ) ' 5 L cis \02 5 15 €728 ae 2k
3 &B 7 1 7244 v ~ .= AL -
L2 | -00luf \o ] £ € RCLL T TR G 4(3)
Lgio N S,
S/ i S'z [ A e 3] 17 P PSTTGP ()
o3 Y Z)e U4z N\ o2 9 I —< PN+ (2)
RWN 3 3jc 04 7 13 —<€pPTcTonNt ()
ars (25>~ oS 14 @ SROATAIN € Ra (33
/"f“k?\% \ D& 1’1 Uq6 |2 P crLib+ (3 Y
wf@ 15>> o7 I > <L 32+ {2 )
‘ ') > ENgTACK - (2 )
RD gTATUS- I T > ReT POL- ! 2 )
25 &5 kd 8 ( > cKsEL1t(3)
N ;
- o | U \50 s[is2aq |15 mao Y > cLrseLt-(3)
_ 5] = ;
Lsoe Nor 2 & RAI —/ Pk sEL 7 f(/S}
AN D> L 1 RAZ —/ >C-K e - ‘\3)
COMY b o (N7 /]
Y 7 3 RAd A A Rer.oesiq.| 1€ 1+5 lewp|-s
1] 47 -
< \ D5 14 6 RAS ﬂ‘ J4z .04 |74c138 | 16 Ia
R \_pa 5] 2  RAb U3 Ehas A B
A1 TS > \ =7 o] ey [A_RA7 / [U44,035 1741374 , 20 1:C
AL |‘,G—; : \ \ 9 Sd¢ fun,:'J‘lcs,UlQ 4018 i% ) ;
As  [25>> \ ADRAMADD — INTERFOACE 4 ¢ ut9 uls | 74<cz | e 19 |
A4 [23>> SWIFT KEGISTER U224 — P Py
T N (FART 40F 4 ) 5 vl mezc e
a3 o2 \ LS aH]- k
Az 1::5 :\ \ 154 f;"w 2 7
Al {24 >>- \‘ 3 - 3
a0 B> SROK —-——=p  GF )
== N U36 g '@ a1
GND = |6 Uy ,ue g “ |
1,30,31860 - o +5 . {25 GO St L ) S
i \ 5 - I 5 el Ueg e [hri< a6 18 1
- ATDR BUS(3) ) 304 -1%9 Ua ele wac oizg q liz {a
AY, Ic'a 2 ). 25 TSR The (S
+ > C4 THRU 10 ﬁ“JTw’-—"cv F—— - S P
s » ‘:ri . = = Ticia |7 T e i e 1
5©.3383 T e T RACLEAET: SN L L2 S
5.2 L_r—\/} i -5.2 5ADI(3) Rcr.f/u jLzl."c. 5 1GNDY -5 Iy B SR BT REN —]
2,2.32.33 21 30 Ysts 1304 | 14| 7 —_— e Ml e LS W
+ aN [ i Bt R B UNLESS OTHERWISE ™ A", [1Z2-1 % -y
-]—- _f/.i..__,__ﬁ_{':_"t._{' 7 _74‘_._ SPECIFIZD;DIMENSIONS | v 4 |-r 51 I3 PARATRONICS INC.
1 1, 1147 jaLrcl44| 20 10 ARE IN INCHES o R s e
L |t 08T [ ALndd — - 1 SCHE MATIC
. MAT’ ALK AL SNARP DM iy v A\ g
— 1 —i T MOBEL €40 STATE
- - B Bt s A S R ' CONTRC L BOARD
A — Finig ~ —_
' I " R Y S A L N ST A
CORRECTION'S "m0 0 ' = - D — Tw 1 g




————————————— STOACH MANAGEMENT —~— — = = = e m e e e e e — -
! / NS A (4)
| _RoTL+
I
1 WRST —
! 514 . SWRS
& T~ _z "2 7 4
V smoranoness 5 —qr | . 2t L'oq L
| COUNTER l‘ DUZ5A l = ’J?_lb\,(p 12ty re8
INTERFOCE | +5 —d< A . 45 34 V5 R > PTEND +3)
SLIFT REG/ISTER | 3 A
(3 )SRD2 (PARTZ OF &) l crem - l” sZFS
vETS slml A STACH ADDRESS
, .
5 - e | & H.: T / Nea 3 LATCUES o5 3 9 - N
(Ysreuw + > p a3 3 | Bl P I NoSE 2 [ [Tz >0 TIA3
N 3 adl S I el 5] Use
r——b R & 3 2 1aUtga Pono +5 ls; 5
A bes _dem =02 T cnsmacw () o274 o *q° @ >CBDTAT  cesa
(4)YSRDI + >— = o ] AN PRSI N —qfF < =0 RAM
; A 12 s ‘de 5TACK
7| l 2 i3] USI 4 ACCR3¢S
_ _ 1 DR LK+ 9 ¢ 574 [3,11
[ 1) SWCLEINR - - - - _:_' . <o qy—%—dp Q-g—1 >18 ) TSAN
i - 57 TSRO
(4) oLy Tet > H4) CONTROL e > TS l
(1) ENSTACK  >———ENSTACK, ’1 2 564 A[ N DBAUK Y ———————>- pBCLY 4 {4)
RTLY 9 8 POPEN — -
—_—
o] 2 4z sp4 BWE¥ BWE + (3)
) < LK+
= T\ 4 STRCLK
o ) swRsT- PR AR RSTL= —————> RsTL-(3)
K q4 ")
> POPEN -
TRIG + PTENE PTEN® - PE. (2
2 o 7% 2 s@p2
(N5wRsT- > 45 a2 RSTL=- I PR popsIX® 5
(3) R§T-> 2o U38 g menir —_—id T > POPSTR+ (4)
+5—2dc & S
> TRIG = (4)
+5: "
BWE+ sg2 RS CBRCLK + > TRIG + (3)
. k3 330e > RESTARTH (3)
BWE. > l 13 ’ - >
K320 ,.@o—)g BCLR — — — — CLOCHCONTROL — — — —= o e o e e - — -
g O ae | PORT 10F 2
N
(V) PSoLk + 2 sz 'CCPF < 330.- sgz - T cLock MUY 51
a _ﬂsfbﬁ 9 10 L " 3 | 4 2 S 52
—d Te) 8 Do__‘_ ; 3
, (5] usse vex "y U350~ DaCekh(3 |
ararcuk-CRT> 429 Y (3) ' loizs 5 CAD AATCH UK
+5 | 4
APROBC LK
g $ R3 |
R § 330 - | LK SEL B- 3
52 330 = LY
rAs DBCLA+ I 2
ATRIq( A5 )>»—e—4 %:3?. R4 z 564
‘ | Yo . — CLK SBL \- & A
aTtrig (26 2 58 - 3% I CL<SELB ¥ - A 8
/) - = | S— o—>3E3D
(#)TRGPOL + > 1) US04 3| TRe - | UKCEL IF Py X} 4 BLATCHCLR
(4) TRIGPOL - 47 | EPRoBCU—— ]
-+ L——*—% ) 3
5 L s H—4 i | 10
.2 § rRe /. TRIA 4 I .
x5 ey T2 12 \TN\ 1 | =
— | ugo
gRrer (48 |
(VestPol- >V J
T
ArroBLLk (23
(tlaxksece - > | unLEss oTHERWISE  |°
LiIYCiksell— SPECIFIED; DIMENSIONS | ox /2405 |20y /%% ﬁP‘RATRﬂNIcs ING.
(1) CLRSELDT > ARE IN INCHES — :
(' \,CQK*‘;E:—-""‘ ,} MAT'L BREAK ALL SHARP EDAES
BFRUBLLR (BT > - ——
. EiNISH bk _ — -
20 MOT st pRama WO M0 T & - Q-oQif{= _&




LLOLK CONTALL

A
@y (Z10>—

CLOCK GUALIEIER GATE

C5i Yy B FART 2 0F2 S — ) ..
ECQ! i > 1 5 'LS‘ ¢
acez (22> : , = - > 35 ) peksunLi-
cqz C5z > . STE D) ALK GUBLING-
E.\'C_Q_Z _____________________________________ 3] -_s_fi . - A — e S R
- —\ - — oo
= 1
————— LOULECTION LDDRESS LLUNTER i /) T 1
/ . >CID || gamacen
= A -
ADDR COUNTERS on = {22 cnoen
e Ble iy
{ ') ADCR BUS ’ /;;.\ =
) — L 3 RULLOVER LOTLLIES / aAd a =
A7 9 R 7 PA7 - ] f A y
(| O [ 1~ S 1 - R
Y 1o e Gin > RAG e - P\A(l)
‘\AS ) 2 RASG +5 > ROLLOVER 2+ (1)
A Qs
va: P 5% = e e e e e
A4 '.5 AgSl:':‘A 2 RAG 10 . ! 2(1[,_“’3; ) I/g P s Ir— — | > ROLLOVER I+ ()
| i j2a | Ji FIXEO 7
e aw e S b S e 3 1@ ,33? =L ! .
olu — T s SN ; BCTDN + : —_———— e — T - ———
I3
rae L 3 : [z |
i - ! +5 e o [L3 ! 5wns'r‘- qaca
/2
ll" : z < i ; LLOLN INLIIBIT
N 43 90 o L7 RA3, BwWE+ i Ho uez 4]
\AZ 1C | ac L@ rAZ/ | A L b U322 P - sBP
\A I || au48., 12 RA}/ ————— — — — POSTTRIGGER COUNTER——— — 18l ) —’ma N S:L .
\~3 5 . Rad I s 3 ;q.q_un/ > 38 BCLKINH+
m Au)\qkf | PTZLLTDN- 'dewn wop—ue
1Y ROARMEM- > . : o T
( \ = ) : 4 >\.D X S | 2110 ‘
{2Y BAae+ > Gdu—““—]‘ | ACTDN 4+ PTCTDNA+ (1)
raa P — | ! [Ye) Lg 32
— - &
e e e e | 590 QJEUM)—*
(NPSTTGP + >— N
PTEND & 13 U??JDD )
(1) SWRST- > - SWRST— 274514 |
(1)sRo3 > VARIOBLE COLINTER 5 o S5
< 1
(11sRELR > _[__'47a aalt el ™ 51> gl 138
L.l oh 2|2 = e HE ;
o QA
22\ '3 3 f: U2 421 A Ug;
1
401 0| Lgie 10
5 L 3¢ L den 9
o .5 Q Ll') . §e] - N 3D po—-
N\
= 2
INTERFOCE Uil 7]i0] 2 =
SUIFT REGISTER +5 BN 28
(RART 3064) ¢l ‘5 9 S 52
! RC S
1 Q4 2 <.; > e° by SELIG + \oi L@s ST Actkinms
— QB Vi C ,\: ._—|
1 4G 32+
az H2 s BEs
9 Q-3 A UiO SW CLRINH=—~
b +5 L5iGl —— e e e m e = — — RESTARTOENERATOR — = — — e
L 562
(& LY zToON 2
D © B AW '3
. - _' 9 q Lp T LA 3 o U354 - ON NTH CLOCK
(2) s”RD2 > J R IEIE : l <
(2) PTRNB+> +5 r g BEFORE NTH CLOCK
¢ D 2
M= J I 3 ’ Or > RST" (z)
> ~
i E 564
) S= >
. 502 ~3 <
() SEL3Z 4 @ )
(i) SWELKRINH = > L 3355——4 ‘ o/
: o 1 T e i /
( 4 ) pLyeTON=- > — :

(2) TRIGg+ >

(4) M- >
(4) Mm@ +> DlveTh N+
74 YDLYCTBN+>

RECTART +

A~

(2)RESTART+ 2

WDST AT A

() ILDSTKAD + >—

ROTL~-

RETL=(2) >

UNLESS OTHERWISE

ARE IN INCHES

on

SPECIFIED,DIMENSIONS

§2 PARATRONICS INC.

2 S,

MAT'L

FiRiSH

BREAN ALL SHARP EDOES
OECIuaL ANGULAR
-y T
0X - g

DO NCY SCALE DRawING owa o ’_a_ '006 -QC! i 6
D | SCALE e I sHT 1 oF 4




TRIGGER DELAY MOOEEEWN
- \ GER DELAY CONTROL. Ao S TRA
) TEGT MB— +c s >mMi-(3)
— e ———— e ———— e — — — 4 1o P“’\ Y '——>M¢+(3)
T 2g .
INTERFACE §HIET RZGISTER ! Lo~ $DI+ —————> 2RD1+ (2)
FORT i oF & —= l DELAY- MACOE RAM Zoe g : Mi- = 9
> =
. —t— D1 + L 44 —15 | MeS+ e et
|4 — z L i 12 . " 2 r2 3 4 =
R4 : = {ota voap-z | | T - Z S = > puvTc + (2)
gz 171—‘ ] 33 eavbd | 2 'f-?-A BEFORE NTH CLOCK
= ! ; 2 72 pozp I m
| UEoA 7[ wsAs 3 N p——————— +5 > e on T ot
o ELH 2 a0 20 10
Y2 4015 {Ufﬂf T1525 989 2 F 23 3
- | Vwsez . =08 . 1
. AbRg P
5 ' - TToue €5 /2 5T%
I? =¥ 5 4
| i 2 P4 D4 17
—t— 2
o% , —{o yid A
, | R g ;
72) PopgTK+ > | Bz.aY COUNT RAMS @ dm |_'Cc' a e
T in 0
DELAY (DUNTE
. AY COUNTERY %1 2
4 R 2| l I s coar‘“
Q3 % ic |33 corp? ¢ >
a2 ] %1 'F;ﬁ_, T g > TRiIE POWH2)
4 ST I 4ls > TRIG PO
- : FARN —3gw ! s¢8 14
I 0 PRI . |wa )3 4 5% 7 | TAsIee ##
acis | o sl 2 et | A A/ o lua)l I A & : ?
e e ) Juzs
‘ % x L 1aDR T 24 _ 2 spe 14 > DLYCTON- ()
Ve _T_z_ i SR 1"
1o a = R I ks ses
Q4 12 — ~
6 a3 (= J 2] e mcg ” Ig Y )3
R Q2 €312 RIp :
‘l_ Qi i Elie perp T r < > DLYCTON + ( 3)
P S oL e} ~ 4 13
= | 4s5h3 Zwr TE = o
— : 28 5 RC
7 e e 3 X 9 emcc
& T 5 {ace 529 iz luze~ ¢ =+
| I L apa YT q 5p8 A
9 % 3 a 7
I 2 E—l u2¢ P
| - 756152
. l = PR A =
T [<83
Ll POy iz fou w4 L 10 '
&1 i 18 o= po3 L9 iz H
ot t2 i % |- K +5 ‘\"5
! Qi 13 T 2T poe c
- Tt POVP
= | i 2 15% )
2 | wsas b e WR o {.5 DELAY MODE CONTROL
} o7 - Ap0 B RC FART 20F 2
40i5 |z /54, 12 {apc 5187 e - |
5 | ' 15 [acs J1G s 3
] / W5AZ | jAta 2 3 1% ;
25 |V 3 4, 5%8 § et
10 | = G A 3
a = 2
o B2 1 Sl ;'Z‘;'Dq /929
22 = & =Tz o—~ T c
-y i £15 bl BNk
| —3dwm b2 ’O+ ¢ ’is TRG ST e
W
= e 5 e
r~ Dy, vy —
(V) sRcLk —> 3 e : o 5 :D: uig o LS
L4 [ 3
- re
(1)SROATA —> 17 . mﬁzz tg ap i
)W - > : : 2 Qe B
(1) WRSTK RAM | 4L 3 s
e — ] = Y
e e 3
. - T = - ! p
(2) ;:) NsA == -/ o | I4702
() oo eone o El S 7
- i< IED; DIM o .
, . 2 101‘; —,’y\u ARE IN mcms;ous wos  Viehehy 47 PARATRONICS INC.
. 2 1 APPR.
i) 2') TRIA — > =+5 L +5 MAT'L BAEAK ALL SHARP EDGES
DECMAL ANGULAN
FINISH :u-’. '
DO HOT SCALE DRAWING e MO 127- 0GeI~00! | = §
D I’C‘“‘ J s & of &




HMEZO0L R

C3

R4
Cia
R2
Ci0

U113
u3z

v11
U143

U4as

LEGEND
LEGEND

PART NUMBEKR

111-0207-0103-00

111-0012-0039-00

110-0005-0051-00
RS Ré

111-0012-0030-00

110-0005-0079-00
K9
111-0004-0072-00

. 13 c2
115-0003-0001-00
ula Uiy
use u3e
115-0005-0001--00
ui2 Uis
U8 ua9
115-0009-0001-00
Uaé6 uaz

126-6069-0001-00

UM

H 01=EACH
KEY:

2

A=W/PARTS

KEY

R7

ca

uz2
uso

uis
us

1
s

-
i

N
T

=

I T - B - B T

I

CH

TG O 3696 36 26 I6 26 30 IE 3696 8 36 36 06 3 96 36 036 3¢ 30 3¢

ECO#

FARATRONICS NC .
SINGLE LEVEL EXFLOSION
09/04/80
FAK143-0049-0090-00 DESCRIPTION : STATE CONTROL PCE ASSY-OUTSIDEECO=:
PART DESCRIPTION ary. UM CON. EFFECTIVITY
PER co START STOF .
22 UF 16V CAF. ELECTRO.,RAD. 2 1 0 08/21/80 OPEN
230 PF 1KV CAP. CD 11 0 07/11/80  OPEN
330 OHM 1/4W 5X CF RES 6 1 0 OPEN OPEN
K8
100 PF 1KV CAF. CD 2 1 0 OPEN OFEN
4.7 K OHM 1/4 W CF RES 2 1 o OPEN OFEN
.1 UF 25V CAF. CD 10 0. OPEN OPEN
cs cé c7 c8 )
SOCKET, 14PIN 25 1 0 OFEN OPEN
u21 u24 u27 u2s u29 u3 U3 u32 u33 usa
usi us2 us ue :
SOCKET,16PIN 23 1 o OPEN OPEN
uig uLe u20 u22 u23 u2s u26 u30 17 uao
ué uz
SOCKZT,20PTN 4 1 0 OFEN DPEN
STATE CONTROL PC FAB r 1 0 OPEN OFEN
03=FEET 04=BULK 05=AS REQUIRED  06=0THER
D=W/0 PARTS LIST R=REFERENCE DOCUMENT = S=8FPECIFICATION

<

Co

© © © ©

u3s

uaL

PAGE

168 RCV.CuU.:

Cii

CiS

ui

u3é
uio
U42

ua4



EBM3014A FARATRONICS D TR M

i

S I NGLE L VEL £ XF _0STON

09/04,/80
PARL43-0067-0001-00 DESCRIFTION : STATc CONTROL FC AYSY ZCO%: 1468 RIV.CU.: F
FART NUMBER KEY FART DESCRIFTION QTvy. UM CON. EFFECTIVITY ECO%
PER co START STOF
113-0002-0086-00 b 1.C., 74886 1 1 0 OFEN OFEN 0 uso
113-0003-0000-00 D I.C., 74LS00 1 1 0 OFEN OFEN 0 Ui
113-0003-0032-00 | I.C., 74L832 1 1 0 OFEN OFEN 0 uz21
113-0002-0169-00 D 745169 IC. T.1I. 1 1 0 OPEN OFEN 0 u4i
113--0002-0008-00 o 74508 I.C. 2 1 ] OPEN OFEN 0 u1e
uz2
113-0003-0164-00 It I.C., 74LS164 M o: 0 OFEN DFEN G Usé
113-0002-0000-00 D T.C., N74S00N 2 L ] OFEN Q7N (] 24
U3s
113-0002-0002-00 D I.C., 74802 2 ! 0 OFEnN 0#ZN 0 uze
u3s
113-0002-005:1-00 D Z.C., 74851 2 L 0 oFEn 0 0 1113
u3e
113-0002-0064-00 D . 1.C., 74564 4 L 0 0Fin 0FEN 0 uz2z
ul3 uz4 usz
113-0002-0074-00 D L.C., 74574 8 i 0 OFEN OFEN 0 uis
uz28 uz2 use Uzl us2 us ue
113-0002-0162-00 D I.C., 7451642 4 L 0 OFZN OFZN 0 U4
us ué u7z
113-0002-0189-00 D I1.C., 745189 S 3 0 OFEN OFEN - 0 uis
uis Uiz u1s u20
113-0003-0010-00 D I.C., 74LS10 1 1 0 OPEN OPEN 0 u3:
113--0003-0138-00 D I1.C.; 74L8138 2 1 0 OFEN OFEN (o uaz
u43
113-0003-0161-900 D I.C., 74LS161 4 1 0 OFEN OFEN 0 u1o
ui12 u22 uz23
113-0003-0191-00 1] 1.C., 74L5191 2 1 0o OFEN OFEN 0 u48
uae :
113-0003-0244-00 D I.C., 74L8244 2 1 4] OPEN OPEN O uas
uaz
113~0003-0374--00 D I.C., 74L5374 2 1 0 OFEN OFEN 0 uas
uas
113-0042-0001-00 D SCLA015BE 4 1 0 OFEN OFPEN 0 uil
uz2s uzé u3o
: 113-0200-0125-00 D 1.C., MC10125 1 1 0 OPEN OFEN 0 u40
143-0069-0090-00 D STATE CONTROL PCB ASSY-OUTSIDE 1 1 ] OFEN OFEN 1468
LEGEND UM : 01=EACH 02=INCH S=FEET 04=BULK 05=AS REQUIRED 06=0THER
LEGEND KEY: A=W/PARTS L IST D=W/0 FARTS LIST R=REFTREZNCE DOCUMINT S=GFZCITICATION

B0k 36 I3 36 36 36 2 B 0 36 0 D 6 2 Db 32 A



9.0 STATE MEMORY BOARD



PI 540 Maintenance Manual State Memory

9.0 STATE MEMORY BOARD

9.1 INTRODUCTION

The State Memory Board accepts data from 16 incoming data lines and, if
so directed by State Control, stores it for later analysis and display. The
PI 540 has two State Memory Boards; one for the 16 data lines from Probe Pod
A, and one for the 16 data lines from Probe Pod B. They are called State
Memory Board A and State Memory Board B, respectively. The two boards are
identical and interchangeable. However, certain connections to the Function
Motherboard sockets cause the board plugged into the socket allocated to Board
A to operate somewhat differently than the one plugged into the socket allo-
cated to Board B. The following discussion will present the State Memory
Board without regard to whether it is an A board or a B board except in the
few places where it is appropriate to make a distinction.

9.2 FUNCTIONAL DESCRIPTION

A block diagram of the State Memory Board is shown in figure 9-1. When
appropriate during the following discussion, please refer to this figure and
to the schematic diagram, board layout, and parts 1list which are included at
the end of this section. Also, tables of connector pins versus signal names
for all motherboard connectors are provided in section 15 along with an al-
phabetical list of all interboard signals. And, should the need arise, a
Glossary in section 16 offers explanations for acronyms or terms that may be
unfamiliar.

As shown in the block diagram, the major functional units of the State
Memory Board circuitry are the Qualifier-Word RAM, the Trigger-Word RAM, the
Data Collection RAM, the Address Decoder, the Clock Generator, and a number of
I/0 buffers.

When considering the three memory systems of the State Memory Board, the
qualifier-word memory and trigger-word memory can be thought of as comparison
devices, whereas the data-collection memory is the more usual storage device.
Broadly speaking, these memories operate as follows.

At setup time, the Control Program stores the two menu-specified clock-
qualifier words in the Qualifier-Word RAM. It also stores all the specified
trigger words, level by level, in the Trigger-Word RAM. At run time, an
incoming data word is clocked into the Probe Input Buffer by the primary
external clock. (A data word consists of the 18 parallel bits existing at
clock time on the 16 incoming data lines and 2 incoming qualifier lines.)
From the buffer, the data is fed to the Qualifier-Word RAM and the Trigger-
Word RAM, but not yet to the Data Collection RAM.

The Qualifier-Word RAM compares the incoming data word with the two
clock-qualifier words; and the Trigger-Word RAM compares the incoming data
word with the trigger word at the current trigger stack level. If the data
word is found to match either of the two menu-specified clock-qualifier words,
the current clock period is considered qualified for data collection. As a
result, the data in the Probe Input Buffer is stored in the Data Collection
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RAM and the outcome of the trigger-word comparison (which has taken place
concurrently with the qualifier-word comparison) is processed.

However, if the qualifier-word comparison does not qualify the current
clock period, the data word is not stored in the Data Collection RAM and the
outcome of the trigger-word comparison is ignored. (Of course, the menu may
have specified all bits in the clock-qualifier words as "dont care" Xs, in
which case all clock periods qualify.)

This operation is described in more detail in the following subsections.

9.2.1 Input/Output Buffers

The Input/Output Buffers comprise the Probe Input Buffer, the Probe
Output Buffer, the Setup Data Buffer, the Read-TSA (Trigger Stack Address)
Buffer, the Collection Address Buffer, the Collection Input Buffer, and the
Collection Output Buffer.

The Probe Input Buffer consists of: Ul5 and Ul6, both 74S374 octal D
flip-flops; and U26A, 1/2 of a 74S374. The 16 data inputs of Ul5 and Ul6 are
connected through P2 to the 16 incomming data lines from the probe pod. The
16 data outputs are fed to the Collection Input Buffer and to address inputs
on both the Qualifier-Word RAM and the Trigger-Word RAM. (The reason for
connecting these data lines to the address lines of the two RAMs will be
discussed later.)

Two of the four inputs of U26A are connected through P2 to the two quali-
fier lines, Q1 and Q2, from the probe pod. One of the remaining two inputs of
U26A is connected through P2 to the trigger output, FT, of the timing analyzer
section. The other is connected through P2 to the external input, EXT, from
the BNC connector on the rear panel. The four outputs of U26A are connected
to address inputs on both the Qualifier-Word RAM and the Trigger-Word RAM.

Ul5, Ul6, and U26A are all clocked by the menu-selected primary external
clock, LATCHCLK, which is fed from the State Control Board through P2. The
outputs of all three devices are enabled by signal DATEN- (Data Enable -) from
the Address Decoder.

The Probe Output Buffer consists of Ul7 and U24, both 74S374 octal D
flip-flops. This buffer is used to send data from the processor to optional
or custom probes designed to accommodate data output.

The 8 inputs of Ul7 are connected in parallel with those of U24 to the
8-bit Processor Data Bus. The outputs of Ul7 and U24 are connected in cascade
through P2 to the 16 probe data lines. Demultiplexing of the 8-bit input to
the 16-bit output is accomplished by the Control Program with the aid of the
buffer's two input strobe signals, W6- and W7- (Write 6 -, and Write 7 -).

The 3-state outputs are enabled by PROBDREN- (Probe Data Remote Enable -) from
State Control.

The Setup Data Buffer consists of: UL0 and Ull, both 74LS244 octal
buffers; and U288, 1/2 of a 74LS244. This buffer is used by the processor for
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loading setup information (obtained from the menu) into the Qualifier-Word and
Trigger-Word RAMs in a manner that will be described in later paragraphs.

The 20 output lines are connected in cascade through the Onboard Data-In
Bus to 20 address inputs of the RAMs just mentioned. The 20 inputs are con-
nected in 5 paralleled sets of 4 lines to 4 lines of the Processor Address
Bus. In the case of the Qualifier-Word RAM, demultiplexing of the 4 input
lines to the 20 output lines is accomplished by the Control Program with the
aid of the 5 write signals, W0- through W4-. In the case of the Trigger-Word
RAM, the demultiplexing is accomplished by the Control Program with the aid of
the RAM organization. The buffer's 3-state outputs are enabled by signal
SDBUFEN- (Setup Data Buffer Enable -) from the Address Decoder.

The Read-TSA Buffer (TSA = Trigger Stack Address) consists of U28A, 1/2
of a 74L5S244 octal buffer. It is used by the processor to read the trigger
stack address supplied to the Trigger-Word RAM by State Control. The 4 input
lines are fed from the State Control Board through P2, and the 4 output lines
are connected to the Processor Data Bus. The outputs are enabled by signal
RDSTKADD (Read Stack Address) from the Address Decoder.

The Collection Address Buffer consists of U36, a 74LS373 octal D latch.
Its 8 input lines are connected through P2 to the RA (RAM Address) signal from
State Control, and its 8 output Tines are connected to the 8 address inputs
of the Data Collecation RAM. If the current clock period is qualified for
data collection, the RA signal from State Control is latched into the buffer
by the negative-going WE- (Write Enable -) pulse from the Clock Generator.
This data collection address is held stable at the outputs of the Collection
Address Buffer for the duration of the WE- pulse, which is also the write
pulse for the Data Collection RAM.

The Collection Input Buffer consists of U6 and Ul4, both 74S373 octal D
latches. The buffer's 16 inputs are fed from the 16 outputs of the Probe
Input Buffer. The buffer's 16 outputs are connected to the 16 data inputs of
the Data Collection RAM. If the current clock period is qualified for data
collection, the incoming data from the Probe Input Buffer is latched into
the Collection Input Buffer by the negative-going WE- pulse from the Clock
Generator. The data is held stable at the outputs of the Collection Input
Buffer for the duration of the WE- pulse.

(The two stabilizing buffers just discussed are necessary because of
propagation delays and delays introduced by the Clock Generator to allow time
for the qualification comparison. At high clock rates these delays may result
in the next RAM address and the next probe data word arriving at the Memory
Board before the current write to the Data Collection RAM has been completed.)

The Collection Qutput Buffer consists of U27, a 74LS244 octal buffer. It
is used by the processor to read collected data from the Data Collection RAM
for purposes of data analysis and display. The buffer's 8 input lines are
connected in parallel to two sets of 8 output lines on the RAM. The buffer's
8 output lines are connected to the 8-bit Processor Data Bus. Multiplexing of
the RAM's 16 output lines to the buffer's 8 input lines is accomplished by the
Control Program with the aid of two RAM output enable signals, RAMHI- and
RAMLO-, from the Address Decoder. The buffer's outputs to the bus are enabled
by signal RBUFEN- (Read Buffer Enable -) from the Address Decoder.
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9.2.2 Qualifier-Word RAM

The Qualifier-Word RAM consists of U4, U5, Ul2, U13, and U23, all 745289
16-word x 4-bit static RAMs. These RAMs are connected as follows. The 16
data lines from the output of the Probe Input Buffer are divided into 4 sets
of 4 Tines. A set of 4 lines is fed to the 4 address inputs of each of the 4
RAMs, Ul12, U13, U5, and U4, starting with the 4 most significant bits fed to
the 4 address inputs of Ul12. The 4 qualifier lines from the output of the
Probe Input Buffer are fed to the 4 address lines of RAM U23.

For each of the 5 RAMs, the 16 possible combinations of the 4 bits on the
address lines address the 16 word locations in the RAM. This means that any
given combination of values of the 4 probe input bits in a set will address a
unique word Tocation in that set's RAM. Each word location contains 4 storage
bits. Of these 4 bits, bit 0 is assigned to the ARM word, bit 1 is assigned
to the CQl clock-qualifier word, bit 2 is assigned to the CQ2 clock-qualifier
word, and bit 3 is assigned to the RESTART word.

NOTE: The ARM word is only used in the 40-Channel State mode,
in which it is the first of the two trigger words shown on the
8-Channel Timing/State menu. For further details, please
refer to the discussion of the 40-Channel State mode in sub-
section 1.2 of the Introduction.)

An example will serve to demonstrate how this arrangement allows the
Qualifier-Word RAM to perform a comparison function. Assume that a menu for
the 16-channel mode has specified, in binary format, the following first
clock-qualifier word:

0110 001X XXXX XXXX -1XXX XX

At setup time, the Control Program places this menu word's 4 most significant
bits, 0110, on the address inputs of RAM Ul2 through the Setup Data Buffer.
Into the second bit position (the CQl-word bit position) of the 4-bit word
thus addressed, the Control Program then writes a 1 (through the DIl input of
the RAM and using write enable W3- from the Address Decoder). (It also writes
into the other three bit positions for the ARM, CQ2, and RESTART words, but we
are not concerned with those words at the moment.)

The 1 that is written into this 0110, bit-1 Tocation means match. The
Control Program writes a 0, for no match, into bit 1 of the other 15 words in
RAM U12 because these other locations will be addressed by "no-match" bit
combinations of the input data. Now, whenever the 4 MSBs of the incoming data
are 0110, RAM U12 will output a 1 from DOl; for all other bit combinations, it
will output a 0 from DO1.

For RAM Ul13, addressed by the next set of 4 bits, 001X, the Control
Program writes a 1 into bit 1 of the words at addresses 0010 and 0011 (the LSB
of this set is a "don't care" X) and a 0 into bit 1 of the remaining 14 words.
For RAMs U5 and U4, the Control Program writes a 1 into bit 1 of all 16 words,
since all 4 address bits are Xs. For RAM U23, addressed by the qualifier-bit
group, 1XXX, the Control Program writes a 0 into bit'1 of the 8 word locations
addressed by 0000 through 0111. And it writes a 1 into bit 1 of the 8 word
Tocations addressed by 1000 through 1111.

9-4



PI 540 Maintenance Manual State Memory

Assume that at run time the following data word is clocked into the Probe
Input Buffer by LATCHCLK and is placed, in 4-bit groups, on the address inputs
of the 5 RAMs in the Qualifier-Word RAM.

Uz U3 U5 ua U23

data word 0110 0011 1010 0001 oO0OO
menu word 0110 001X XXXX XXXX 1XXX

For RAM U12, output DOl (from bit 1) of the word thus addressed is a 1
(match) because the Control Program loaded a 1 in bit 1 at address 0110.
Similarly, output DOl is a 1 for U13, U5, and U4, but a 0 (no match) for U23.

The 745289 RAMs have open collector outputs; and all five DOl outputs are
tied together, have a pullup resistor in U3, and are fed to P2-19 as signal
CQl. This amounts to a wired AND for the 5 DOl outputs. The D00, D02, and
D03 outputs are connected in a 1ike manner. For the input data word in our
example, signal CQl is low (logic 0) because the U23 DOl output pulls the line
low.

Now assume that a little later on, the following data word comes along:
Uz ul3 U5 w4 23

data word 0110 0010 0000 1111 1100
menu word 0110 001X XXXX XXXX 1XXX

This word produces a 1 at the DOl outputs of all 5 RAMs, and signal CQl
goes high.

The Qualifier-Word RAM's four output signals, ARM, CQl, CQ2, and RESTART,
are fed to connector pins S2-20, 19, 18, and 17, respectively. Signals CQl
and CQ2 are used by Clock Control on the State Control Board (ref. schematic
sheet 3), and signal RESTART is used by the Restart Generator on the State
Control board (ref. schematic sheet 3). The ARM signal at pin S2-20 is not
used. However, ARM is also fed to U22A where it is translated to ECL level,
inverted, and fed to pin S2-9 as signal SA- (State ARM -). This signal is
used by the Arm Linker on the Timing Control Board when the analyzer is in the
40-Channel State mode. In fact, in the 40-Channel State mode, SA- is the only
one of the Qualifier-Word RAM signals that is used because data-word clock
qualification (CQl and CQ2) is not available in this mode and neither is
RESTART. Furthermore, in the 40-Channel mode the EXT link is implemented in
Timing Control and the FT 1ink is not available (the Timing analyzer is acting
as one of the State sections). Therefore, in the Qualifier-Word RAM's ARM
word, the Control Program automatically treats both of these link bits as Xs.

9.2.3 Trigger-Word RAM

The Trigger-Word RAM consists of U19, U20, U21, U25, and U30, all of
which are Signetics 82S117 256-word x 1-bit static RAMs. The 256 1-bit word
Tocations in each RAM are addressed by 8 address inputs, A7—AQ.
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As with the Qualifier-Word RAM, the 16 data lines from the output of the
Probe Input Buffer are divided into four sets of 4 lines. One set is fed to
address inputs A3—A0 of each of the four RAMs, U21, U20, U30, and U19. The
4 qualifier lines from the output of the Probe Input Buffer are fed to address
inputs A3—AQ of U25.

Address inputs A7—A4 of the five RAMs are connected to Trigger Stack
Address lines TSA3—TSAO from the State Control Board. These 4 address bits
to each RAM decode into 16 blocks of 16 locations each, and each block
represents one of the 16 trigger stack levels on the menu.

The Trigger-Word RAM performs the comparison function in much the same
way as the Qualifier-Word RAM, but with a difference in the bit organization.
First, assume we are at level 0 of the trigger stack. As before, the incoming
20-bit data word is divided into five 4-bit groups, and each group feeds 4
address inputs of one of the five RAMs. These 4 address bits address 16
locations, and, just as in the Qualifier-Word RAM, each location represents
one of the 16 possible combinations of 1s and 0s for the 4 input data bits.

Just as with the Qualifier-Word RAM, each location is loaded at setup
time with a1l or a 0, for "match" or "no match", according to the bit config-
uration of the menu-specified trigger word at stack-level 0. And as before,
the five RAM outputs are connected in a wired AND so there must be a "match"
for all five 4-bit groups of the incoming data word to produce a TRUE output
from the Trigger-Word RAM,

In the Qualifier-Word RAM, the four search words (ARM, CQl, CQ2, and
RESTART) all have to be compared with the incoming data word simultaneously.
Each search word is therefore assigned a bit in the RAM output word. But in
the Trigger-Word RAM, the sixteen search words (the menu-specified trigger
words at stack levels 0—15) do not have to be compared simultaneously. In
fact, only the trigger word at the current trigger stack lTevel has to be
compared. Each of the 16 search words is therefore assigned a block of 1-bit
RAM words, and the proper block is selected by the 4-bit Trigger Stack Address
fed to the A7—A4 inputs of each RAM.

As the Trigger Stack Address at each RAM's A7—A4 inputs advances to the
next higher stack level, the comparison activity of the 4 input data bits at
the RAM's A3—AQ0 inputs is shifted to the next higher block of 16 stored bits
(one bit for each of the 16 possible combinations of the 4 input data bits).
At any given stack level, the five RAMs look exactly like a Qualifier-Word RAM
having only one qualifier word, say CQl.

The 825117 RAMs have open collector outputs, and all five single-bit
outputs are connected together in a wired AND to produce the output signal
TRIG+ (Trigger +) at connector pin S2-16. This TRIG+ signal is used by Stack
Management on the State Control Board. (The pullup resistor for the wired
AND is on the State Control Board). The RAM output is also fed to U22B where
is 1s translated to ECL level, inverted, and fed to pin S2-10 as signal ST-
(State Trigger -). This ST- signal is used by the Trigger Linker on the
Timing Control Board when the analyzer is in the 40-Channel State mode. Also,
in the 40-Channel mode the EXT link is implemented in Timing Control and the
FT link is not available (the Timing analyzer is acting as one of the State
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sections). Therefore, for the trigger word at each level in the Trigger-Word
RAM, the Control Program automatically treats both of these Tink bits as Xs.

9.2.4 C(Clock Generator

The Clock Generator consists of: U31 and U35, both 50ns delay 1ines with
selectable delay outputs; U32A,B,C,D,E, sections of a 74S04 hex inverter; U33,
a 74502 quad NOR gate (section B is here used as a negative input AND gate);
and U34A, 1/2 of a 74574 dual D flip-flop. Upon receipt of a low CLKQUALIN-
signal from State Control (which signifies that the current input data word
is approved for data collection), this circuitry produces the delayed data
collection clock WE- (Write Enable -). It also produces WE+ (an inverted WE-)
and DLYWE- (a WE- clock with additional delay), both used by State Control.

The menu-selected primary external clock, LATCHCLK, which is fed from
State Control to clock the Probe Input Buffer, is also fed through U32E to the
delay line U3l. After a delay of about 40 ns, the clock is fed from the delay
Tine through U32D to the clock input of flip-flop U34A. If the output of U33B
has been brought high by a Tow CLKQUALIN- at the input, the flip-flop is set
by the delayed clock. The flip-flop is reset, after about 40ns delay, by the
feedback chain through delay line U35. The resulting 40ns pulses from the Q
and Q- outputs of the flip-flop are fed to inverters U33C and D and supplied
as clock signals WE- and WE+. The flip-flop's Q output is further delayed in
U35 and supplied through inverter U32A as clock signal DLYWE- (Delayed Write

Enable -).

Generation of all three clock outputs is stopped when flip-flop U34A is
held reset by a high CLKINH+ signal at the input of U33A. This condition
obtains when data collection has been completed or when the FORCE DISPLAY
keyboard key is depressed.

9.2.5 Address Decoder

The Address Decoder consists of: Ul and U29, 74LS138 3-to-8 decoders;
U2, a Monolithic Memories 6330-1 32-word x 8-bit PROM; and U32F, one section
of a 74S04 hex inverter. This circuitry provides the processor with I/0 port
addressing of certain I/0 buffers, with read addressing of the Data Collection
RAM, and with write addressing of the Qualifier-Word RAM and Trigger-Word RAM.

The Ul decoder and the U2 PROM use Processor Address Bus bits A7—Al5
and processor control signal RW (Read/Write) to generate the following enable
signals:

RAMHI- (RAM High -, decoded from RW .AND. address HHHh), which enables
the outputs of data collection RAMs U7 and U8 for a processor read of
collected data

RAMLO- (RAM Low -, decoded from RW .AND. address HHHh), which enables
the outputs of data collection RAMs U9 and U18 for a processor read of
collected data .
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RBUFEN- (Read-Buffer Enable -, decoded from RW .AND. address HHHh),
which enables the outputs of the Collection Output Buffer for a
processor read of collected data from the Data Collection RAM

RDSTKADD- (Read Stack Address -, decoded from RW .AND. address HHHh),
which enables the outputs of the Read TSA Buffer for a processor read
of the trigger stack address signals from State Control

DATEN- (Data Enable -, decoded from RW .AND. address HHHh), which
enables the outputs of the Probe Input Buffer for a transfer of probe
input data to the Qualifier-Word RAM, Trigger-Word RAM, and Collection
Input Buffer

SDBUFEN- (Setup Data Buffer Enable -, decoded from RW .AND. address
HAAR), which enables the outputs of the Setup Data Buffer for proc-
essor addressing of the Qualifier-Word RAM and Trigger-Word RAM

The U29 decoder is enabled by signal SDBUFEN- from the U2 PROM. When
thus enabled, it uses processor control signal WR- and bits A4—A6 from
the Processor Address Bus to generate the following signals:

WO-—W4- (Write 0—4, decoded from WR- .AND. addresses HHHh—HHHh),
which enable processor writes to the 5 RAMs in the Qualifier-Word RAM

W5- (Write 5 -, decoded from WR- .AND. address HHHh), which enables
processor writes to all sections of the Trigger-Word RAM

W6- and W7- (Write 6 -, 7 -, decoded from WR- .AND. address HHHh),
which enable the outputs of the two sections of the Probe Output
Buffer for processor writes to the probe pod

9.2.6 Data Collection RAM

The Data Collection RAM consists of U7, U8, U9, and U18, all Fairchild
93422 (or equivalent) 256-word x 4-bit static RAMs. The 8 address lines of
the 4 RAMs are connected in parallel to the outputs of the 8-bit Collection
Address Buffer. The 4 data-in lines of the 4 RAMs are connected in cascade
(with U8 at the high order end) to the 16 output lines of the Collection Input
Buffer.

The write-enable inputs of the 4 RAMs are connected in parallel to signal
WE- from the Clock Generator. Therefore, in the write (or data collection)
mode, the 4 RAMs act as a single 256-word x 16-bit RAM. Incoming 16-bit data
words from the Collection Input Buffer are written into the Data Collection
RAM by WE- write pulses from the Clock Generator. Sequential addresses are
supplied through the Collection Address Buffer from the Collection Address
Counter on the State Control Board.

However, the arrangement is different for the read mode. The output-
enable inputs of U8 and U7 are tied together and connected to signal RAMHI-
from the Address Decoder, and the output-enable inputs of U18 and U9 are tied
together and connected to signal RAMLO- from the Address Decoder. The 4 data-
out Tines of U8 and of U7 are connected in cascade to the 8 inputs of the
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Collection Output Buffer. The 4 data-out lines of Ul8 and of U9 are similarly
cascaded and connected in parallel with the U8-U7 set.

In the post-collection read mode, the Control Program multiplexes the
16-bit data word into the 8-bit Collection Qutput Buffer by placing the word
address on the RAM address inputs twice; once with the RAMHI- output-enable
signal active, and once with the RAMLO- output-enable signal active. In both
instances buffer-enable signal RBUFEN- is active. As they arrive in main
memory, the two 8-bit sections of the data word are combined by the Control
Program into the 16-bit data word.

9.3 BOARD A VERSUS BOARD B

Now that we have examined the operation of an individual State Memory
Board, we are in a position to take up the differences in function between a
board plugged into the A siot and a board piugged into the B slot.

9.3.1 Qualifier Bits

First, there is the matter of the two qualifier Tines coming from each of
the two probe pods. Those coming from Pod A connect to Board A, and those
coming from Pod B connect to Board B. The EXT qualifier and the Timing 1ink
connect to both Board A and Board B. These 4 qualifier lines connect to each
board at the inputs to U26A in the Probe Input Buffer, and they carry signal
identifications Q1, Q2, EXT, and FT.

On the menu, the qualifier bits show at the end of a clock-qualifier word
1ine or a trigger word line as:

-XXXX XX

The formatting is shown on the menu Clock Select line as:
QUALIFIERS: -AABB ET
With the additional identification of our signal names, the menu formatting
would be:
QUALIFIERS: -AQ1,AQ2,BQ1,BQ2 EXT,FT
At the inputs to the Probe Input Buffer, and therefore also at the
address inputs to the Qualifier-Word and Trigger-Word RAMs, the signals are:
AQ2,AQ1,FT,EXT (for Board A)
BQ2,BQLl,FT,EXT (for Board B)

The input qualifier lines, Q1 and Q2, must not be confused with the
outputs of the Qualifier-Word RAM, CQl and CQ2! For either the A or B Board,
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the CQl output represents the result of the comparison of an entire input data
word with the entire menu-specified first clock-qualifier word, including both
the Q1 and Q2 bits. Similarly, the CQ2 output represents the result of the
comparison of an entire input data word with the entire menu-specified second
clock-qualifier word, including both the Q1 and Q2 bits.

9.3.2 Signal CLKQUALIN

CLKQUALIN- (Clock Qualifier In -) is the signal that enables the Clock
Generator and thereby turns on the WE- (Write Enable -) pulse for the State
Memory Board and the WE+ and DLYWE- clock pulses for the State Control Board.
Signal WE- is, of course, the pulse that causes the current 16-bit input data
word to be stored in the Data Collection RAM,

Recall that ACLKQUALIN (the CLKQUALIN- signal to State Memory Board A)
is hard-wired to a constant low (true) level (refer to the Clk Qual Gate at
the top of sheet 3 on the State Control Board schematic). This means that
the State Memory Board plugged into the A socket will collect a 16-bit data
word at every LATCHCLK, no matter what the outcome of the clock-qualifier
comparison. However, the BWE+ and BDLYWE- clocks that drive State Control (in
particular, the Collection Address Counter, which feeds both Memory Boards)
come from Board B. And these clocks are not generated unless BCLKQUALIN- is
low. Further, from the logic of the Clk Qual Gate, BCLKQUALIN- is not low
unless ACQl .AND. BCQl are high (true) .OR. ACQ2 .AND. BCQ2 are high. (ACQl
is CQl, the first clock-qualifier word signal, from Board A, etc.)

This means that the data words collected by Board A are written one on
top of the other into the same address in the Data Collection RAM until the
clock qualification requirements set up in the Qualifier-Word RAM on both
Board A and Board B are met. At that point, BCLKQUALIN- causes BWE- to be
generated so that the B data word is collected as well as the A data word.
BWE+ and BDLYWE- are also generated so that the data collection address is
advanced. The next A data word (qualified or not) goes into the new address,
thus preserving the qualified A data word in the previous address.

9.3.3 Signal CLKINH

The Clock Generator on the State Memory Board can be inhibited from
producing the WE family of clocks by signal CLKINH+ (Clock Inhibit +) from
State Control. State Control generates two such signals; ACLKINH+ for Board
A, and BCLKINH+ for Board B.

When the analyzer is in the 32-channel x 250-word mode, Board A and Board
B finish collecting at the same time, stopped by concurrent signals ACLKINH+
and BCLKINH+ from State Control. When processing the collected data, the
Control Program reads 16-bit words from equivalent addresses in Board A and
Board B and lays them side by side in main memory as one 32-bit word.

When the analyzer is in the 16-channel x 500-word mode, the inputs to
Board A and Board B are connected in paralilel. The two boards are collecting
identical data up until the time that data collection on Board A is stopped by
ACLKINH+ at the menu-specified posttrigger count less 250. Board B continues
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to collect for 250 more words and then is stopped by BCLKINH+. (Recall that
the user is constrained to allocate at least 250 words, the full Board B
memory capacity, to posttrigger data.)

9.3.4 Signal BSELECT-

The Control Program must be able to read from one State Memory Board at a
time. It must also be able to write setup data into the Qualifier-Word RAM
and Trigger-Word RAM one board at a time. This facility is provided by signal
BSELECT-, which is fed from connector pin S2-15 to Address Decoder pin U2-14,
with a pullup resistor at U3-11. Connector pin S2-15 is hard-wired low at the
B socket but left open (to be pulled high) at the A socket. The Address
Decoder responds to Board B addresses when the signal is low, and to Board A
addresses when the signal is high.

9.4 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board layout, and parts list for the State Memory
Board are contained on the following pages.
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10.0 TIMING CONTROL BOARD

10.1 INTRODUCTION

Hardware registers, counters, and RAMs on the Timing Control Board are
loaded by the Control Program in accordance with information entered from the
keyboad under the guidance of the timing menu. Using the parameters and modes
thus specified, the Timing Control Board directs the collection of timing data
in the Timing Memory.

10.2 FUNCTIONAL DESCRIPTION

A block diagram of the Timing Control Board is shown in figure 10-1. When
appropriate during the following discussion, please refer to this figure and
to the schematic diagram, board layout, and parts list which are included at
the end of this section. Alsc, tables of connector pins versus signal names
for all motherboard connectors are provided in section 15 along with an al-
phabetical list of all interboard signals. And, should the need arise, a
Glossary in section 16 offers explanations of acronyms or terms that may be
unfamiliar.

As shown in the block diagram, the major functional units of the Timing
Control Board circuitry are the Processor Interface, the Clock Generator,
Clock Control, Trigger Control, Arm Control, Sequencer, and the Posttrigger
and Delay Counters. These units are discussed in detail in the following
subsections.

10.2.1 Processor Interface

The Processor Interface (see schematic sheet 4) comprises the Address
Decoder, the Master Control Register, the Control Shift Register, and the
Status Port. This circuitry allows the processor to load registers, counters,
and RAMs on the Timing Control Board with user-supplied information in order
to prepare the Timing Analyzer for the intended application. Also, this
circuitry allows the processor to interrogate various status and signal lines
and to send various control signals when appropriate.

The Address Decoder consists of U50, a 74LS138 3-to-8 decoder. This
circuit allows the processor to clock the Master Control Register (with signal
MCRCLK), to address the Status Port (with signal RDSTAT-), to send write
enable signal WRRAM- to the Sequencer RAM, and to send reset signal RESET- to
the Sequencer Latch.

The Master Control Register consists of U49, a 74LS374 octal D flip-flop,
and Q1 and Q2, both 2N3905 transistors. U49 latches control signals from the
Processor Data Bus when clocked by MCRCLK from the Address Decoder. These
signals include: SRCLK, the clock for the Control Shift Register; SRDATA,
serial data for the Control Shift Register; and SWCLKINH, a software-generated
clock-inhibit signal that allows the Control Program to stop all clocks from
Clock Control when appropriate. The remaining signals from the Master Control
Register are high-speed control signals to the Clock Generator that cannot be
handled by the slower Control Shift Register. (Also, when the Control Shift
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Register is not being loaded, the shift register data 1ine, U49-5, doubles as
a clock-select signal line to the Clock Generator.) The two transistors, Ql
and Q2, shift the signal levels from TTL to CMOS on the two lines that feed
the Control Shift Register (which is made up of CMOS devices).

The Control Shift Register consists of 8 CMOS 4015 dual 4-bit static
shift registers, U26 through U33. These registers supply 63 software gener-
ated control signals to other circuits on the Timing Control Board. The
registers are loaded in series through the SRDATA line from the Master Control
Register, and their 63 parallel outputs are supplied at ECL-compatible levels.
(This scheme saves the circuit board space that would have been required for
62 parallel input lines and 62 level-shifting transistor circuits.)

The Status Port consists of U48, a 74LS373 octal D latch, and U53A,D,
sections of a quad ECL-to-TTL translator. The U48 latch acts as an input port
that allows the processor to read the status of certain critical signals when
appropriate. US53A and D translate the levels of two ECL signal lines feeding
the TTL latch.

10.2.2 Clock Generator

The Clock Generator (schematic sheet 6) comprises the Clock Oscillator,
the First Stage Divider, the First Stage Selector, the Second Stage Divider,
and the Second Stage Selector. This circuitry generates internal clock pulses
in the full complement of available discrete clock periods, from 20 ns through
10 ms. It also provides the means for the Control Program to select the
keyboard-specified clock period from this complement.

The Clock Oscillator consists of: UlOD, a section of a 10102 quad NOR
gate; discrete components Y1, L1, C1, R1l, and R2; U9, a 10138 biquinary
counter; and U53C, a section of a 10125 ECL-to-TTL translator. UlOD and its
associated discrete components form an oscillator with a 100-MHz output. This
100-MHz signal is fed to both clock inputs of counter U9 which produces a
50-MHz signal at pin 15 and a 20-MHz signal at pin 4. The 50-MHz (20-ns)
signal, the fastest clock in the complement, is fed directly to Clock Control
(on schematic sheet 8) as signal INT50 (Internal 50 MHz). The 20-MHz (50-ns)
signal is translated to TTL level by U53C and fed to the First Stage Divider
for further processing. It is also fed directly to the Second Stage Selector
for possible selection by the Control Program.

The tuning slug in inductor L1 is adjusted for a signal frequency, as
measured at pin U9-15, of 50 MHz * 0.005%.

The First Stage Divider consists of: Ul, a 74LS74 dual D flip-flop; and
U8, a 74LS90 biquinary counter. By successively dividing the 50-ns input
signal, this circuitry produces signals with periods of 100 ns (at Ul-5),
200 ns (at U1-9), 500 ns (at U8-8), and 1000 ns (at U8-12). These signals are
fed to the First Stage Selector.

The First Stage Selector consists of U2, a 74LS151 1-of-8 data selector.
This circuit uses 2 software-generated clock-select signals (CLKSELD and
CLKSELE from the Procesor Interface) to select the pin 6 output from one of
the 4 inputs coming from the First Stage Divider. The selected output is fed
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to the Second Stage Divider for further processing. It is also fed directly
to the Second Stage Selector for possible selection by the Control Program.

U6, and U7. Each of these counters is connected to divide by 10. The four-
divider chain provides four output clock signals with periods equal to the
input period multiplied by 10 (at U4-12), 100 (at U5-12), 1000 (at U6-12), and
10,000 (at U7-12). (For example, with 100 ns selected as the input, the
output signals would have periods of 1 us, 10 us, 100 us, and 1 ms.) The four
output lines are fed to the Second Stage Selector.

The Second Stage Divider consists of 4 74LS90 biquinary counters, U4, U5,

The Second Stage Selector consists of U3, a 74LS151 1-of-8 data selector,
and U558, a section of a 10124 quad TTL-to-ECL translator. The U3 selector
has a software-generated pseudo clock (PSEUDOCLK) on input pin 12; the 50-ns
clock on input pin 14; the output of the First Stage Selector on input pin
15; and the outputs of the Second Stage Divider on input pins 1, 2, 3, and 4.
The Processor Interface feeds the U3 select inputs (pins 9, 10, and 11) with

the software-generated clock-select signals CLKSELA, CLKSELB, and CLKSELC.

By manipulating these three select signals and the two select signals
CLKSELD and CLKSELE to the First Stage Selector, the Control Program can
select either the pseudo clock or any one of 17 internal clocks whose periods
range from 50 ns through 10 ms in cascading 1-2-5 ratios. (The 20-ns highest-
speed clock is selectable in Clock Control.) The selected clock output from
pin 6 is fed through the U55B translator to Clock Control as ECL-level signal
INT<50 (Internal Less Than 50 MHz).

10.2.3 Clock Control

Clock Control (see schematic sheet 8) is made up of Qualifier Control,
the Final Clock Selector, and Clock Delay. This circuitry implements (under
the direction of the Control Program) the following keyboard-entered clock
choices:

a. The choice of internal or external clock

b. If internal, the choice of a 50-MHz or less-than-50-MHz clock (the
particular specified value of the Tess-than-50-MHz clock having been
preselected in the Clock Generator)

c. If external, the choice of the positive- or negative-going edge

d. If external, the choice of 0, 1, or X for clock-qualifier polarity

Internal to the Timing Analyzer, data is always clocked with a positive-
going clock edge. Therefore, if the keyboard-entered choice is for an exter-
nal negative-going clock edge, that negative-going edge must be converted to a
positive-going edge for the working clock used within the analyzer. This
conversion, if required, is performed by Clock Control. Also, using clock
inhibit signals from the Posttrigger Counter, Clock Control shuts off all
Timing Analyzer working clocks at posttrigger terminal count.
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Qualifier Control consists of: U10A,B,C, sections of a 10102 quad NOR
gate (however, section C has an OR output, and sections A and B are used here
as negative-input AND gates); and U47, a 10130 dual latch. The clock quali-
fier signal, QCLK+ from the Model 80 Probe, is connected to one input of gate
UIOA; and the inverted clock qualifier signal, QCLK- from the Model 80 Probe,
is connected to one input of gate UlOB. Gates Ul10A and Ul0B are enabled by
the software-generated control signals SWQCLKO- (Software Clock Qualifier 0 -)
and SWQCLK1-, respectively.

The use of these two signals is based on the keyboard-entered choice of
0, 1, or X for clock qualifier polarity.

a. If the choice was 0, the Control Program brings SWQCLKO- low, and
a low level of QCLK+ will produce a high (TRUE) qualifier signal,
QUAL, at Ul0C-14

b. If the choice was 1, the Control Program brings SWQCLK1- low, and

a Tow level of QCLK- (which corresponds to a high level of QCLK+)
will produce a high QUAL signal at U10C-14

c. If the choice was X, the Control Program brings both SWQCLKO- and
SWQCLK1- LOW, and either Tevel of QCLK+ will produce a high QUAL

This QUAL signal is fed to the D inputs of latches U47A and U47B. The
Tatch's common clock input (pin 9) is left unconnected so that it is pulled
Tow internally. This allows the latches to be clocked separately at the
clock-enable inputs, pins 6 and 11. The two polarities of the external clock
signal, CLK+ and CLK- from the Model 80 Probe, are fed to these two pins, with
CLK+ going to pin 6 and CLK- going to pin 11. The latches are transparent
while these clock inputs are low, but latch on the positive-going clock
transition. The Q- output of U47A, which is clocked by the leading edge of
CLK+, 1is used to enable gate U35A, which is the control gate for the working
clock that represents an external positive-going clock edge. The Q- output
of U47B, which is clocked by the trailing edge of CLK-, is used to enable gate
U35B, which is the control gate for the working clock that represents an
external negative-going clock edge.

If signal QUAL is high at the time of the positive-going clock edge at
the CE- input of either or both latches, a clock-enabling Tow level is fed
(for the duration of the clock period) from the Q- output of the set latch(s)
to the corresponding U35 gate. These enabling levels from the two latches
establish that the corresponding clock edge meets the qualifier conditions and
may be further selected by the Final Clock Selector.

- The Final Clock Selector consists of U34 and U35, both 10211 dual
3-input, 3-output NOR gates (used here as negative-input AND gates). By means
of enabling signals, the Control Program uses these gates to select the data
clock for the Timing Analyzer in accordance with keyboard-entered choices.

The following choices are implemented:

a. The chcice of external or internal clock—the external clock is
handled by gates U35A (for CLK-) and U35B (for CLK+); the internal
clock is handled by gates U34A (for INT50) and U34B (for INT<50)
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b. The choice of the positive- or negative-going edge if the clock is
external—this choice is implemented by software-generated signals
SWPE- (Software Positive Edge -) and SWNE- at gates U35A and U358,
respectively

NOTE: As mentioned earlier, the Timing Analyzer always
uses the positive-going edge of the working clock. There-
fore, a keyboard-selected negative-going edge must be
converted to an equivalent positive-going edge. This
conversion is made in gate U35B. Because these 10211 AND
gates have negative inputs, the U35B gate is enabled by
SWNE- and fed by CLK+ whose trailing edge is negative
going, thereby producing a working clock with the desired
positive-going trailing edge. Similarly, the U35A gate is
enabled by SWPE- and fed by CLK- whose leading edge is
negative going, thereby producing a working clock with the
desired positive-going leading edge.

c. The choice of a 50-MHz or less-than-50-MHz clock frequency if the
clock is internal (the particular specified value of the less-than-
50-MHz clock having been preselected in the Clock Generator)—this
choice is implemented by software-generated signals SW50- (Software
50 MHz -) and SW<50- at gates U34A and U34B, respectively

By means of clock-inhibit signals CLKINHA+, CLKINHB+, and CLKINHC+ from
the Posttrigger Counter, the U34 and U35 gates also implement clock shutoff at
the end of posttrigger data collection. CLKINHA+ to U35A and CLKINHB+ to U35B
are wire OR'd with the respective clock qualifier signals from the Qualifier
Control Tatches, and CLKINHC+ is fed to both U34A and U34B. At posttrigger
terminal count, all three clock inhibit signals go high simultaneously, thus
the working clock is shut off no matter which of the four gates is active.

A wired OR consisting of one output from each of the four gates in the
Final Clock Selector produces the final working clock, which is fed to the
Clock Delay circuit. (Within the logic of the Control Program, the four
selecting signals are mutually exclusive. Therefore, only one of the four
gates is enabled at any given time. If either SW50- or SW<50- is low, both
SWPE- and SWNE- are held high. Or, if either SWPE- or SWNE- is low, both
SW50- and SW<50- are held high.)

An identical clock from a separate wired-OR set of the gate outputs is
fed to connector pin S2-6 as signal CT (Clock, Timing). This signal is one of
the two clocks sent to the Timing Memory Board (CLKTTL, to be discussed in a
momet, is the other). CT is also the clock for the Waveform Control Board.
(CT is fed to the Clock Conditioning circuit shown on sheet 5 of the Waveform
Control Board schematic.) Also, when the PI 540 is in the 40-bit State mode,
the CT clock is used as the selected clock by the State Control Board. (CT is
fed to the Clock Control circuit shown on State Control schematic sheet 2.)

The Clock Delay circuit consists of: U23, a delay line; U53B, a section
of a 10125 quad ECL-to-TTL translator; and U56D, a section of a 10101 quad
OR/NOR gate (used here as a buffer/driver). This circuitry produces the
following two working ciocks:
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a. CLKECL, an ECL-level clock that is identical to the CT clock
except for being delayed from it by about 2.5 ns

b. CLKTTL, a TTL-level clock that is identical to the CT clock except
for being delayed from it by about 15 ns

CLKECL is used throughout the Timing Control Board. CLKTTL is used by
the Timing Memory Board. (CLKTTL is fed to the Clock Generator shown on sheet
1 of the Timing Memory Board schematic.)

10.2.4 Trigger Control

Trigger Control (see schematic sheet 3) comprises the Trigger Linker and
the Trigger Filter. This circuitry allows the Control Program to set up any
keyboard-specified trigger linkages with State, Waveform, or External trigger
signals. It also implements the keyboard-selected degree of trigger filter-
ing. (Trigger filtering is the requirement that the trigger signal be TRUE
longer than a specified number of clock periods in order to be considered
valid). In addition, when the 40-bit State mode has been selected, this
circuitry allows the Control Program to combine the State and Timing trigger
comparator memories so that they test for 40-bit trigger words.

The Trigger Linker consists of: US56A,B,C, sections of a 10101 quad
OR/NOR gate (used here as buffer/inverters); U55C,D, sections of a 10124 quad
TTL-to-ECL translator; and U42B, U45, and U46, all 10117 dual 2-wide OR-NAND
gates.

NOTE: The upper OR gates in U45A,B and U46A are not used in
this configuration of the PI 540. The software-generated
enabling levels to these OR gates (signals SWTTO-, SWSTAO-, and
SWSTBO- from the Processor Interface) are held always high so
the outputs of the three NAND gates are controlled by their
lower OR gates.

U56A, B, and C are used to provide both TRUE and inverted signals to
the OR-NAND gates U45A, U45B, and U46A. However, as noted above, only the
inverted outputs are used. U55C and D convert TTL level signals to ECL Tevel
for gates U46B and U42B and for their counterpart gates in the Arm Linker.

The outputs of the five 2-wide OR-NAND gates are connected in a wired AND
(a1l outputs must be Tow to produce the active-low trigger signal) and fed to
the Trigger Filter. In this configuration of the PI 540, the enabling signal
SWTT1- is held always low by the Control Program so that the Timing trigger
signal TT- controls the output of U45A.

The OR-NAND gates U45B and U46A are only active when the 40-bit State
mode is in effect, at which time they, along with U45A, act to AND the TT-
trigger signal from the Trigger-Word RAM on the Timing Memory Board with the
STA- and STB- trigger signals from the Trigger-Word RAMs on State Memory
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Boards A and B. (In effect, the trigger comparator memories on the three
boards perform as one long comparator memory for a 40-bit trigger word.)

When the 40-bit State mode has been selected from the keyboard, this
trigger AND function is enabled by the software-generated signals SWTT1-,
SWSTA1-, and SWSTB1- from the Processor Interface. When the 40-bit State mode
is not in effect, the Control Program holds SWSTAl- and SWSTB1- high so that
the outputs of U45B and U46A are held low and do not interfere with the wired
AND of the remaining three OR-NAND gates.

Gates U46B and U42B implement the trigger linkage function for the Timing
Analyzer and for the 40-Channel State Analyzer. If keyboard input has called
for a trigger iink to the Externai signal, EXTECL+, the Control Program brings
SWEXT- low so that EXTECL+ affects the output of U46B. Otherwise, SWEXT- is
held high and EXTECL+ has no effect. Similarly, if a trigger link to the
State trigger has been specified, SWFS- is brought low so that input signal
FSECL+ (Function of State) affects the output of U46B. And if a link to the
Waveform trigger has been specified, SWWT- is brought low so that input signal
WTRIG+ controls the output of U42B.

Because of the wired AND connection of the OR-NAND gate outputs, all
enabled linkages must be TRUE simultaneously with the Timing trigger TT- (or
the 40-bit trigger output if the 40-bit State mode is in effect) in order to
produce a low (TRUE) trigger output, TRIG-, to the Trigger Filter. Of course,
the State link signal, FSECL+, will not be enabled in the 40-bit State mode.

The Trigger Filter consists of: U41A,B,C, sections of a 10102 quad NOR
gate (section A is used here as a negative-input AND gate, and sections B and
C are used here as inverters); and U52, a 10137 decade counter.

U41B inverts TRIG- and feeds it to the U52 decade counter at pin 9. At
setup time, the S1 and S2 inputs to the decade counter are both low, putting
the counter in the load mode. The Control Program, using the signals TFO
(Trigger Filter 0) through TF3 from the Processor Interface, presets the
counter to the keyboard-specified filter value. This value may range from the
default value of 0 to a maximum of 9.

When the trigger signal goes TRUE, S1 goes high, putting the counter in
the count down mode. Clocked by CLKECL from Clock Control, the counter counts
down from the preset filter value. The counter outputs are connected in wired
AND, so when the count reaches 0, the pin-5 input to AND gate U41A 1is brought
low. (The O-count low level is inverted by U41C and fed back to the counter's
Carry-In input, U52-10, to stop the count.) If the trigger signal on U41A-4
is still TRUE (low) at O count, the trigger signal TRIG+ goes TRUE at the
output of U41A. TRIG+ is fed to the Sequencer Latch (schematic sheet 5).

10.2.5 Arm Control

Arm Control (see schematic sheet 2) comprises the Arm Linker and the Arm
Filter. This circuitry allows the Control Program to set up any keyboard-
specified linkages with External, State, or Waveform arm signals; and it
implements the keyboard-selected degree of arm filtering. (Arm filtering is
the requirement that the arm signal be TRUE for a specified number of clock
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periods in order to be considered valid). Also, when the 40-bit State mode
has been selected, this circuitry allows the Control Program to combine the
State and Timing arm comparator memories so that they test for 40-bit arm
words.

The Arm Linker consists of: U54B,C,D, sections of a 10101 quad OR/NOR
gate (here used as buffer/inverters); and U42A, U43, and U44, all 10117 dual
2-wide OR-NAND gates. The operation of this circuitry is analogous in every
respect to the operation of the Trigger Linker. Note that ECL-level EXT and
FS signals are taken from the US55 translators in the Trigger Linker.

The Arm Filter consists of: U40A,B,C, sections of a 10102 quad NOR gate
(section A 1s used here as a negative-input AND gate, and sections B and C are
used here as inverters); and U51, a 10137 decade counter. The operation of
this circuitry is analogous in every respect to the operation of the Trigger
Filter.

10.2.6 Sequencer

The Sequencer (schematic sheet 5) comprises Load Control, the Sequencer
Latch, the Sequencer RAM, and Sequencer Qutput. This circuitry allows the
Control Program to set up (in accordance with the keyboard-entered instruc-
tions) the proper sequence of operation for the Delay Counter and Posttrigger
Counter in relation to the occurance of arm and trigger events. (Although the
circuit details differ, the Sequencer's counterpart on the State Control Board
. is the combined Delay Count RAM, Delay Mode RAM, and Delay Mode Control cir-
cuits. But in the Timing Analyzer, there is only one level of trigger word to
which delay may be applied, compared with 15 in the State Analyzer. Thus the
somewhat simpler circuit in the Timing Analyzer.) _

Load Control consists of: U39A,B, sections of a quad TTL-to-ECL trans-
lator; and U20C,D, and U38, quad AND gates. Circuits U39A and B provide level
translation for the RESET- signal to the Sequencer Latch and for the WRRAM-
(Write RAM) write-enable signal to the Sequencer RAM. Both of these signals
come from the Address Decoder in the Processor Interface. Gates U20C and D
and U38 are enabled by the LDSEQ+ (Load Sequencer +) signal from the Control
Shift Register in the Processor Interface. When enabled, these gates feed
setup address signals, PTCTRO3 (Posttrigger Counter 03) through PTCTR08, to
the Sequencer RAM.

The Sequencer Latch consists of Ul2, a 10186 hex D flip-flop. Inputs to
the latch are the ARM+ and TRIG+ signals from Arm Control and Trigger Control;
the DLYTC- (Delay Terminal Count -) signal from the Delay Counter; and the
three data output lines from the Sequencer RAM. The six outputs of the latch
are fed to the six address inputs of the Sequencer RAM. OQutput Q0 also feeds
the ARML+ (Arm Latch +) signal to the Count Mode Selector (schematic sheet 7);
and outputs Q3, 4, and 5 also feed signals SO (Sequence 0), S1, and S2 to
Sequencer Qutput.

Sequencer Qutput consists of: U36, a 10125 quad ECL-to-TTL translator;
and U24, a 10162 1-of-8 decoder. Translators U36B, C, and D translate the
Sequencer Latch outputs SO, S1, and S2 to TTL level and feed them to the
Status Port in the Processor Interface. Sequencer Latch outputs SO, S1, and
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S2 also go to the three decoder inputs. The two decoder output signals,
DLYCNT+/LD- (Delay Count + / Load -) and PTCNT+/LD- (Posttrigger Count + /
Load -), are fed to the Delay Counter and Posttrigger Counter, respectively.
PTCNT+/LD- is also fed through translator U36A as the signal FT (Function of
Timing). This signal goes to the Status Port in the Processor Interface and
also, through connector pin S2-11, to the State Memory Boards for possible
linking. (PTCNT+/LD- and FT go high when Timing arm and trigger conditions
have been met.)

The Sequencer RAM consists of Ul3, U25, and U37, all 10148 64-word x
1-bit static RAMs. The RAM data inputs are fed from the Processor Interface
with signals PTCTROO (Posttrigger Counter 00), PTCTRO1l, and PTCTRO2. The RAM
address inputs are fed by a wired OR connection from both the Sequencer Latch
and the Load Control gates.

At setup time, the processor brings the RAM WE- inputs low with signal
WRRAM- and resets the Sequencer Latch so that all latch outputs are low. The
RAM address inputs are therefore under processor control through the Load
Control gates. This allows the Control Program to 1oad the RAMS with sequenc-
ing data in accordance with the keyboard-entered delay mode information.
Further, because Sequencer Latch output signals SO, S1, and S2 to the decoder
inputs are all low, both decoder output signals, DLYCNT+/LD- and PTCNT+/LD-,
are in the load state (low). This allows the Control Program to preset the
Delay Counter and Posttrigger Counter to appropriate values.

At run time, the Control Program brings the Load Control gate outputs Tow
with a Tow LDSEQ+. This leaves the RAM address inputs under control of the
Sequencer Latch. The Sequencer Latch is clocked by CLKECL and, starting with
address 00, steps through the control sequence stored in the RAM. The high-
order 3 bits of each successive RAM address are determined by the three RAM
outputs from the previous address. The low-order three address bits only
change when an arm- or trigger-word match occurs or when delay terminal count
is reached. At the proper point in the delay control sequence, SO, S1, and S2
decode to bring DLYCNT+/LD- high, thus starting the delay count. Similarly,
at the proper time, PTCNT+/LD- is brought high, thus starting the posttrigger
count.

10.2.7 Posttrigger and Delay Counters

The Posttrigger and Delay Counters comprise the Count Mode Selector, the
Delay Counter, and the Posttrigger Counter. These circuits allow the Control
Program to implement the keyboard-selected delay function and the specified
pretrigger-posttrigger division of collected data.

The Count Mode Selector consists of U20A,B, sections of a 10104 quad AND
gate, and U4ID, a section of a 10102 quad NOR gate (used here as an inverter).
The wired OR outputs of U20A and B produce signal DLYCLK (Delay Clock) which
occurs either at every ARML+ occurance or at every CLKECL clock, depending on
the polarity of software-generated signal DLYARM+/CLK- (which in turn is
dependent on a keyboard entry). DLYCLK is used to clock the Delay Counter.

The Delay Counter consists of: Ul7, U18, U19, and U21, all 10137 decade
counters; and U22A, B, and D, sections of a 10103 quad OR gate (used here as
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negative-logic AND gates). The counters are operated in the countdown mode
and, using the U22 AND gates, are connected in cascade in such a way that a
terminal count of 0000 produces a low signal, DLYTC- (Delay Terminal Count -),
at the wired AND junction of the U21 and U22D outputs. The maximum preset
count value is 9999.

At setup time, the counters are placed in the load mode by a Tow level on
the DLYCNT+/LD- signal line from the Sequencer to the S1 mode-select inputs of
the counters. This allows the Control Program to load the keyboard-specified
delay count in the counters using signals DLYCTROO (Delay Counter 00) through
DLYCTR15 from the Control Shift Register in the Processor Interface.

At run time, if and when the conditions specified in the selected delay
mode are met, the Sequencer brings DLYCNT+/LD- high. This puts the Delay
Counter in the countdown mode and allows the preset count to be decremented
by each pulse on the DLYCLK line from the Count Mode Selector. This line may
carry either CLKECL clocks or ARML+ pulses, depending on whether the selected
delay mode specifies the delay in terms of clocks or in terms of arm-word
occurances. If and when the countdown reaches 0000, signal DLYTC- goes low.
DLYTC- is fed to one input of the Sequencer Latch.

The Posttrigger Counter consists of: Ul4, Ul15, and Ul6, all 10137 decade
counters; U22C, a section of a 10103 quad OR gate (used here as a negative-
Togic AND gate); Ull, a 10211 dual 3-input, 3-output NOR gate; and U39C, a
section of a 10124 quad TTL-to-ECL translator. The counters are operated in
the countdown mode and, using the U22C AND gate, are connected in cascade in
such a way that a terminal count of 000 produces low levels at input pins 5
and 7 of AND gate Ul1A. The maximum preset count value is 999.

At setup time, the counters are placed in the load mode by a low level on
the PTCNT+/LD- signal line from the Sequencer to the counters' S1 mode-select
inputs. This allows the Control Program to load the counters with the post-
trigger count using signals PTCTROO (Posttrigger Counter 00) through PTCTR11
from the Control Shift Register in the Processor Interface. (The Control
Program derives the posttrigger count from 1000 minus the keyboard-specified
pretrigger count.)

At run time, if and when the specified arm, delay, and trigger conditions
are met, the Sequencer brings PTCNT+/LD- high. This puts the Posttrigger
Counter in the countdown mode and allows the preset count to be decremented
by CLKECL from Clock Control. A terminal count of 000 produces high outputs
from AND gate Ul11A if the software-generated enable signal, ENCLKINH- (Enable
Clock Inhibits -), is Tow. (ENCLKINH- comes from Control Shift Register in
the Processor Interface and is normally brought low by the Control Program at
run time.) :

The three outputs of Ul1A are connected in wired OR with those of U11B
and produce three identical signals, CLKINHA+ (Clock Inhibit A+), CLKINHB+,
and CLKINHC+. These signals are produced either by the posttrigger terminal
count through UL1A or by SWCLKINH- (Software Clock Inhibit -) through U11B.
(SWCLKINH- comes from the Master Control Register in the Processor Interface
and is used by the Control Program during setup.) The three clock inhibit
signals are fed to Clock Control and shut off all working clocks (CT, CLKECL,
and CLKTTL) when the posttrigger terminal count has been reached. (Three
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identical clock inhibit signals are needed because two must be separately wire
OR'd with the two Qualifier Control latch outputs shown on schematic sheet 8.)

10.3 SCHEMATIC, BOARD LAYQOUT, & PARTS LIST

The schematic diagram, board layout, and parts list for the Timing Con-
trol Board are contained on the following pages.
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EBM301A PARATRONTICS INC. FAGE

SINGLE LEVEL EXPLOSTION
09/04/80
FAR143-0071-0090~00 DESCRIPTION < TIMING CONTROL FC ASSY~OUTSIDZZCOw: 133 RIVLCU.: D
FART NUMBER KEY FART DESCRIPTION QTY. UM CON. EFFECTIVITY ECO#
PER cn START STOF

111-0207-0103-00 D 22 UF 16V CAP. ELECTRO.,RAD. 2 1 0 08/21/80 OFEN 0 c2
€3 :

111-0012-0003-00 2.2 PF 1KV CAFP. CD 1 1 0 OFEN OFEN 0 Ci

113-00446-0003~00 ‘D DELAY LINE,LCO202100B,PE21182 1 1 0 05/70%5/80 OFEN 0 uz3

110-000%5-0070-00 n 2 K OHM 1/4W S CF RES 1 1 0 03/06/80 OPEN 0 R2

110-0005-0047-00 D 220 OHM 1/4W SX CF RES 2 1 0 OPEN OFEN 0 R13
R14 '

111-0012-0030-00 D 100 PF 1KV CaF. CD 1 1 0 OFEN OFEN 0 c29

126-0071~-0001-00 D TIMING CONTROL PC FAB 1 1 Y] OPEN OFEN 0

115-0009-0001~-00 i) SOCKET,20PIN 2 0 OPEN OFEN 0 ua8
Uag
. 115-0005-0001~00 1] SOCKET ,16FIN A7 1 0 QPEN OFEN 0 uio
Utr - u12 ui3 Ui4 uis uleé Uiz uie- uie u2 u20 u21 ua22 u24 uzs u2é
uaz uz2e uz29 u3 u3o u3i u32 433 u34 u3s u3é u3z uzs u3e u4o uai
U442 a3 U44 uas Uaé ua7 uso uSi us2 us3 usa uss uSe ue

115-0003-0001-00 D SOCKET, 14PIN é 1 0 OPEN OFEN 0 Ui
U4 us ué u7 us

121-0013-0001-00 1] UNICOIL,T7-116,4 1/2 TURNS 1 01 0 COFEN OPEN 0 Li

110-0308-0001-00 n 4700HM X 7 RESISTOR NETWORK 10 1 0 OFEN OFEN 0 RFP1
kP11 RF12 RF2 RP3 RP4 RFS RP6 RF? RP8

110-0307-0001-00 I 1600HM X 7 RESISTOR NETWORK 1 1 ] OFEN OFEN 0 RF9
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Rit R12 R4 Ré R .
RS 110-0005-0075-00 I 3.3 K OHM 1/4 W CF RES 2 1 ] QFEM OFEN 0 R3

111-0004-0072-00 I .1 UF 25V CaP. CD 25 1 0 OFEN OFEN 0 c10
ci1 ci2 C13 ciLa C1% Cié C17 cig ci¢9 c20 c2L c22 c23 C24 ca% C26
©27 ca8 Ca (98] Cé €7 ce ce
02 112-0101-0001-00 | TRANSISTOR, 2N3900 2 1 0 OFEN O#EN 0 Qi

-LEGEND UM 01=EACH 02=INCH 03=FEET 04=BULK 09=A5 REQUIRED 06=0THER
LEGEND KEY: A=W/FPARTS LIST D=W/0 PARTS LIST R=REFERENCE DOCUMENT §=8PECIFICATION
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11.0 TIMING MEMORY BOARD

11.1 INTRODUCTION

The Timing Memory Board stores high-speed incoming data in a multiplexed
static RAM when so directed by the Timing Control Board. Also, using logic-
gate comparators, it detects matches of incoming data with keyboard-specified
arm and trigger words. Further, when so instructed from the keyboard, it
detects and pulse-stretches data glitches for storage and display.

11.2 FUNCTIONAL DESCRIPTION

A block diagram of the Timing Memory Board is shown in figure 11-1. When
appropriate during the following discussion, please refer to this figure and
to the schematic diagram, board layout, and parts list which are included at
the end of this section. Also, tables of connector pins versus signal names
for all motherboard connectors are provided in section 15 along with an al-
phabetical 1ist of all interboard signals. And, should the need arise, a
Glossary in section 16 offers explanations for acronyms or terms that may be
unfamiliar.

As shown in the block diagram, the major functional units of the Timing
Memory Board circuitry are the Processor Interface, the Clock Generator, the
Timing RAM, and the Data Comparators. These units are discussed in detail in
the following subsections.

11.2.1 Processor Interface

The Processor Interface comprises the Address Decoder, Probe Threshold
Control, the Control Port, the Status Port, the Last-Word Address Port, and
the Control Shift Register. (Except for the Last-Word Address Port and the
Control Shift Register, the Processor Interface is shown on schematic sheet 1.
The Last-Word Address Port is shown on sheet 2; and the Control Shift Register
is shown partly on sheet 3 and partly on sheet 4.) This circuitry allows the
Control Program to set up certain Probe parameters according to keyboard-
entered instructions, to send certain control signals when appropriate, and to
interrogate various status and signal lines as the need arises.

The Address Decoder consists of: U52, an MMI 6301-1 256-word x 4-bit
PROM; U43B, a section of a 74S10 triple 3-input NAND gate (used here as an
inverter); and U51, a 74LS138 3-to0-8 decoder. When the U52 PROM is enabled
by processor control signal RW (Read OR Write), it accepts Processor Address
Bus signals Al0 through Al5 and processor control signals S1 (Read) and 10+/M-
(I/0 + Memory -) and decodes them to produce the following control signals:

a. RDLAST- (Read Last -), which enables the Last-Word Address Port,
U5 on sheet 2

b. RDRAM- (Read RAM-), which places the RAM Address Counter (U54 and

U55 on sheet 2) in the load mode so that the' processor can preset the
counter or address the RAM
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c. EN51- (Enable U51 -), which enables the second stage address
decoder, U51

When the U51 decoder is enabled by EN51-, it accepts Processor Address
Bus signals A0 and Al and processor control signals I0+/M- and RW and decodes
them to produce the following control signals:

d. EORAMO (Enable Output, RAM 0), EORAM1, EORAM2, and EORAM3, which
enabTe the outputs of RAM sections 0, 1, 2, and 3, respectively

e. LDTHRESHA- (Load Threshold A -) and LDTHRESHB-, which enable the
CS- inputs of the U56 and U57 D/A converters in Threshold Control

f. ENSTAT- (Enable Status -), which enables the Status Port, U50
g. ENCTRL- (Enable Control -), which enables the Control Port, U42

The Probe Threshold Control consists of: U56 and U57, AM 6080 8-bit D/A
converters; and U58, an LM747 dual operational amplifier. When enabled by
LDTHRESHA- from the Address Decoder and WR- from the processor, D/A converter
U57 converts a digital value (fed to it from the Processor Data Bus by the
Control Program in accordance with keyboard-entered instructions) to an analog
voltage. This voltage is fed through operational amplifier U58A to the Model
80 Probe as THRESHA, a threshold reference voltage for the external clock, the
qualifier, and data channels 0, 1, 2, and 3. Similarly, U56 and U58B supply
THRESHB to the Model 80 Probe for data channels 4, 5, 6, and 7.

Potentiometer R19 is used to set the reference voltage fed to pin 14 of
D/A converters U56 and U57. This voltage, as measured at test point TPl,
should be 10.0 V, + 0.05 V.

The Control Port consists of: U42, a 74LS174 hex D flip-flop; Q3, a
2N3905 transistor; and Q7, a 2N3904 transistor. When U42 is enabled by signal
ENCTRL-, the following signals are clocked into the flip-flops from the Proc-
essor Data Bus:

a. PRSCLKG- (Preset Clock Generator), which preséts the four flip-
flops in the Clock Generator

b. CLRCLKG- (Clear Clock Generator), which clears the four flip-flops
in the Clock Generator

c. SRDATA (Shift Register Data), serial data to be loaded into the
Control Shift Register

d. CLKSR (Clock, Shift Register), the clock that loads the Control
Shift Register

e. HYSTCTRL (Hysteresis Control), which, when high, adds hysteresis
to the comparators in the Model 80 Probe (the transistors Q3 and Q7
supply signal HYST as a nominal level, measured with Probe connected,
of +1.7 V when hysteresis is ON or -5.1 V when hysteresis is OFF)
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f. DSELT+/W- (Data Select Timing + / Waveform -), fed to the Data
Comparator circuits where it is used to select either Timing data from
the Model 80 Probe or Waveform data from the Waveform Control Board

The Status Port consists of: U50, a 74LS367 hex bus driver with 3-state
outputs; —and Q4, a 2N3904 transistor. When the U50 outputs are enabied by
ENSTAT-, this circuitry allows the processor to read the following signals:

a. CLKPHO-—CLKPH3- (Clock, Phase 0—3), which, when read at clock
shutoff time, permit the Control Program to determine which of the
four RAM sections contains the last data word collected

b. ROLLOVER, which indicates that the memory has been filled (at
least once) and has started overwriting prior collected data with new

c. ENDSRD (End Shift Register Data), which is the content of the

last bit in the Control Shift Register chain, permitting the Control
Program to determine the status of serial data SRDATA as it is shifted
through the registers (Q4 translates the level from CMOS to TTL)

The Last-Word Address Port (see schematic sheet 2) consists of U5, a
7415244 octal buffer with 3-state outputs. The inputs of this buffer are
connected to the Address Counter, and the outputs are connected to the Proc-
essor Data Bus. The outputs are enabled by RDLAST-, which is sent from the
Address Decoder after clock shutoff. When thus enabled, this port allows the
Control Program to read the contents of the Address Counter, which still con-
tains the last memory address into which collected data was stored. This
address, in conjunction with the status of the 4-phase clock, provides the
orientation point for the Control Program's processing of the collected data.
(For example, counting back from this point by the posttrigger count estab-
lishes the location of the stored trigger word.)

The Control Shift Register consists of: U7, U8, and U23 (on schematic
sheet 4), and U10 and U12 (on sheet 3), all CMOS 4015 dual 4-bit static shift
registers; and Q1 and Q2 (on sheet 3), both 2N3905 transistors. Q1 and Q2
translate Control Port signals CLKSR and SRDATA from TTL level to CMOS level.
Shift Register sections U7, U8, Ul0, and Ul2 transmit software-generated
control signals to the Arm- and Trigger-Bit Comparators, which detect data
match with keyboard-specified arm and trigger words. Shift Register section
U23 transmits software-generated control signals to the Data Selectors, which
select either Timing data or Waveform data for storage in the Timing RAM.

11.2.2 Clock Generator

The Clock Generator (see schematic sheet 1) consists of: U59 and U60,
both 74574 dual D flip-flops; and U43C, a section of a 74S10 triple 3-input
NAND gate. This circuitry provides a 4-phase clock to the Timing RAM.

The four flip-flops are connected in cascade, with all preset inputs fed

in parallel by PRSCLKG- and all clear inputs fed in parallel by CLRCLKG- (the
preset and clear signals both come from the Control Port). The flip-flops are
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all clocked by CLKTTL from the Timing Control Board. The 4-phase clock out-
puts are taken from the Q- side of the flip-flops.

The Clock Generator is started in the preset condition, with the D input
of the first flip-flop held low by the output of gate U43C. Feedback around
the first flip-flop, U59A, would normally produce a divide-by-two. But the
feedback is held off by the 3-input NAND gate, U43C, for three CLKTTL clock
periods until the Q-low pulse has rippled down to the third flip-flop, U60A.
(Please refer to figure 11-2.) The result is an asymetrical divide-by-four
operation for each flip-flop, producing the set of output clock signals shown
in the figure. The clock pulse from the Q- output of each succesive flip-flop
is delayed from that of the preceding flip-flop by one CLKTTL period.

This 4-phase clock is fed to the Timing RAM sections as CLKPHO-, CLKPH1-,
CLKPH2-, and CLKPH3-, with one clock phase going to each of the four sections.
An additional clock, CLKPHO+, is taken from the Q output of U59A and fed to
the Address Counter. (The application of these clocks will be discussed in
the next subsection.)

11.2.3 Timing RAM

The Timing RAM (see schematic sheet 2) comprises the Address Counter,
the Rollover Detector, and Timing RAM Sections 0, 1, 2, and 3. Each of the
four RAM sections can store 256 8-bit words, thus the total storage capacity
is 1024 8-bit words. (The memory is arranged in sections in a strategy that
allows 45-ns RAMs to store data that is being clocked into the analyzer at
intervals as short as 20 ns.)

Under the direction of the Control Program, the Timing RAM is used to
store 1000 8-bit words of data sent from the Data Comparators. (Although the
full memory capacity is 1024 words, the posttrigger count is adjusted so that
only 1000 words are collected.) The data from the Comparators may have come
from either the Model 80 Probe (as Timing data) or the Wavefrom Control Board
(as Waveform data). After collection, data stored in the Timing RAM may be
read by the Control Program for analysis and display.

The Address Counter consists of: U54 and US55, both 74LS191 4-bit binary
counters; and U43A, a section of a 74510 triple 3-input NAND gate (used here
as an inverter). The two counters are wired to count up and are connected in
cascade (through U43A) so as to produce an 8-bit output. This output is fed
to the input of the U4 Address Latch of Timing RAM Section 0 and to the Last-
Word Address Port.

The counter's Toad-control inputs are fed by RDRAM- from the Address
Decoder. When RDRAM- is low, the counter outputs follow the inputs. This
mode is used by the Control Program to preset the counter to 000 before data
collection starts and to address the Timing RAM when reading data after col-
lection stops. The counter's clock inputs are fed by CLKPHO+ from the Clock
Generator, and clocking occurs on the positive-going edge of this signal.
When data collection begins, the Address Counter starts counting from 000 and
advances the address one count with each CLKPHO+ clock. The maximum count is
256 (including 000 as a count), the memory capacity of one section of the
Timing RAM. If clocking continues beyond this point, the counter overflows
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and starts over again from 000. Counting stops when the CLKTTL input clock to
the Clock Generator is stopped by the Timing Control Board.

The Rollover Detector consists of U53B, 1/2 of a 74LS73 dual J-K flip-
flop. This circuit detects the first occurrence of overflow of the Address
Counter.

The J input of the flip-flop is wired high, and the K input is wired low.
Therefore, once set, the flip-flop will not change state again until reset by
a low signal to the clear input, pin 6. The flip-flop is clocked by the MSB,
RA7, of the Address Counter, and clocking occurs on the negative-going edge of
this signal. As maximum address count is approached, the MSB of the counter
goes high. At counter overfiow, the MSB goes iow again, and this transition
clocks the flip-flop. The signal used to clear the flip-flop is PRSCLKG- from
the Control Port, the same signal that is used to preset the Clock Generator.
Thus, before the start of data collection, the Rollover Detector is automati-
caily cleared at the same time the Clock Generator is initialized.

The output of the flip-flop, signal ROLLOVER, is fed to the Status Port
where it can be accessed by the Control Program. The state of the Rollover
Detector after data collection has stopped is used by the Control Program in
determining the exact location of the trigger word in the Timing RAM.

Timing RAM Section 0 consists of: Ul6 and U29, both Fairchild 93422
256-word x 4-bit static RAMs with 3-state outputs; Address Latch U4, a 74S373
octal D Tatch; and Data Flip-Flop U41l, a 74S374 octal D flip-flop. This
circuitry stores 256 8-bit words of collected data.

The address inputs of the two RAMs are connected in parallel to the out-
puts of the U4 Address Latch. The inputs of the Address Latch are connected
to the outputs of the Address Counter, signals RAQ (RAM Address bit 0) through
RA7. The 4-bit data inputs of the two RAMs are connected in cascade to the
8-bit output of the U41 Data Flip-Flop. The inputs of the Data Flip-Flop are
connected to the onboard Timing Data Bus, signals TDBO (Timing Data Bus bit 0)
through TDB7. The 4-bit data outputs of the two RAMs are connected in cascade
to the 8-bit Processor Data Bus, signals DBO (Data Bus bit 0) through DB7.

The output-enable inputs of the two RAMs are fed in paralilel by signal EORAMO-
from the Address Decoder. The phase-0 clock signal, CLKPHO- from the Clock
Generator, is fed to the following points: The two RAM write-enable inputs,
U16-20 and U29-20; the Address Latch enable, U4-11; and the Data Flip-Flop
clock input, U41-11.

Timing RAM Section 1 consists of RAMs Ul5 and U28, Address Latch U3, and
Data Flip-Flop U40. (Integrated circuit types are the same for all four RAM
sections.) The address inputs of the two RAMs are connected in parallel to
the outputs of the U3 Address Latch. The inputs of the Address Latch are
connected, not to the outputs of the Address Counter, but to the outputs of
the U4 Address Latch in Section 0. The other connections of this section are
similar to those of Section 0, except that the enable signal from the Address
Decoder is EORAM1- and the clock signal from the Clock Generator is CLKPH1-.

Timing RAM Section 2 consists of RAMs Ul4 and U27, Address Latch U2, and
Data Flip-Flop U39. The connections of this section are similar to those of

Section 1, except that the inputs of the U2 Address Latch are connected to the
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outputs of the U3 Address Latch in Section 1, the enable signal is EORAMZ-,
and the clock signal is CLKPHZ2-.

Timing RAM Section 3 consists of RAMs U13 and U26, Address Latch Ul, and
Data Flip-Flop U38. The connections of this section are similar to those of
Section 2, except that the inputs of the Ul Address Latch are connected to the
outputs of the U2 Address Latch in Section 2, the enable signal is EORAM3-,
and the clock signal is CLKPH3-.

As just described, the address inputs to the RAM sections are connected
in an unclosed loop: from the Address Counter to the Section-0 Address Latch;
from the Section-0 Address Latch to the Section-1 Address Latch; from the
Section-1 Address Latch to the Section-2 Address Latch; and from the Section-2
Address Latch to the Section-3 Address Latch. The reason for making the con-
nections in this way will become apparent as we proceed.

A typical data collection cycle occurs as follows (please refer to figure
11-2, the Clock Generator Timing Diagram). Data word AA on the Timing Data
Bus (clock time marked at top of diagram) is clocked into the U4l Section-0
Data Flip-Flop by the positive-going edge of CLKPHO- (point A on the diagram).
(This data is held in U41 until the next positive-going clock edge at point
L.) Address AAA, the current address count, was set up in the Address Counter
by CLKPHO+ at point J. This address is latched in the U4 Section-0 Address
Latch by the low level occurring at the negative-going transition of CLKPHO-
(point B on the diagram). (The address is held latched for the duration of
the low level.)

The Address Counter is advanced one count by the positive-going edge of
CLKPHO+ (point K on the diagram). Although this point coincides with the
address-Tatch point, B, propagation times are such that the new address, LLL,
does not reach the Section-0 Address Latch until after the current address,
AAA, has been latched. The write enable inputs of the Section-0 RAMs are also
brought Tow at point B. This write enable pulse Tasts till the next positive-
going transition of CLKPHO- at point L, and the data and address inputs are
both held stable for the duration of this pulse.

(In regard to the timing specifications for the 93422 RAMs: The minimum
write-pulse length, specified as 30 ns, is always exceeded. Even with the
minimum CLKTTL period of 20 ns, the write-pulse width is 3 x 20 ns = 60 ns.
Also, the data is clocked into the Data Flip-Flop one CLKTTL period ahead of
the write pulse, so the data set-up time is at least 20 ns, four times the
specified 5 ns minimum. And although the address is latched in the Address
Latch on the same clock transition that starts the write pulse, the address
has been stable as seen through the transparent Tatch for much longer than the
required 10 ns; actually about 50 ns minimum in the Address Counter for the
Section-0 RAMs, and 20 ns minimum in the preceding Address Latch for the RAMs
in the other sections.)

At point C, the positive-going edge of CLKPHl- clocks data word CC into
the Section-1 Data Flip-Flop, U40. (Data has changed since point A because
the data is being fed to the Data Flip-Flops, connected in parallel to the
onboard Timing Data Bus, at CLKTTL rate.) At point D, the AAA address being
held in the Section-0 Address Latch is latched into the Section-1 Address
Latch by the Tow level of CLKPHI-. (Note that although a count increment has
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been started in the Address Counter, address AAA can still be used by Sections
1, 2, and 3 because of the series loop connection of the Address Latches.)

The write enable inputs of the Section-1 RAMs are also brought low at point D,
thus storing word CC.

We now have data word AA written into the Section-0 RAMs at address AAA
and data word CC written into the Section-1 RAMs at address AAA. In the same
way, with data clocked at point E and address latched at point F, data word EE
is written into the Section-2 RAMs at address AAA. Similarly, data word GG is
written into the Section-3 RAMs at address AAA.

At the next clock pulse of CLKPHO-, L-M, the next sequential address LLL
1s stabie at the Address Counter output anc is iatched in Section-0 Address
Latch, U4. The next set of four data words is written into the four RAM
sections at address LLL, starting with data word LL in the Section-0 RAMs.

Each address therefore stores four consecutive data words, one in each
RAM section. And each RAM section stores every fourth data word in consecu-
tive addresses. When the Address Counter has reached maximum count, each RAM
section contains 256 data words, for a total of 1024 data words interlaced in
the four RAM sections. At the next CLKPHO+, the Address Counter overflows and
starts over again at address 000. Of course, data collection may end at any
address count and on any one of the 4-phase clock puises.

At the end of data collection (posttrigger terminal count), CLKTTL stops,
which in turn stops the Clock Generator. This stops the Address Counter and
leaves all Timing RAM Address Latches and Data Flip-Flops in the state they
were in at the last memory write. The Control Program reads the Last-Word
Address Port to find the address of the last word stored. It also reads, from
the Status Port, the state of the four fiip-flops in the Clock Generator to
find which RAM section stored the last word at that last address. It can then
determine the address and RAM section for any desired stored data word.

At any time after the CLKTTL has stopped, the Control Program can read
data words from the Timing RAM by bringing the Address Counter load control
lines Tow with signal RDRAM- from the Address Decoder. In this load mode, the
Address Counter passes incoming addresses from the Processor Address Bus
straight through to the Section-0 Address Latch, U4. The.Control Program also
clears the Clock Generator flip-flops with CLRCLKG- from the Control Port.
This brings all clock outputs to the RAM Address Latches high so that all four
Address Latches are held in the transparent mode.

Therefore, when the Control Program places an address on the Processor
Address Bus, that address goes through the Address Counter to all four Address
Latches in the loop, and all four RAM sections are addressed simultaneously.
Then the Control Program, knowing the RAM section that contains the word it
wants to read, selects that RAM section by activating the proper RAM output-
enable Tine (one of EORAMO- through EORAM3-) via the Address Decoder.

11.2.4 Data Comparators

There are 8 Data Comparators, one for each of 8 parallel incoming data
lines. The incoming data may be from the Waveform Control Board or from the
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Model 80 Probe. If it is from the Waveform Control board, the data only goes
through the Data Selector (which selects Waveform or Timing data) and the ECL-
to-TTL translator. On the other hand, if it is from the Model 80 Probe, the
data is acted upon by two comparator functions. The first of these detects
any glitch in the data; the second detects any match with a corresponding arm-
or trigger-word bit.

NOTE: A glitch is defined, from the viewpoint of the PI 540
Timing Analyzer, as a pulse on the data line that exceeds the
selected voltage threshold but is shorter than the selected
Timing Analyzer clock period. From the viewpoint of the user,
a glitch might be defined as a pulse shorter than the normal
data period or target-system clock period. But with the
Timing Analyzer clock period usually 10 or more times shorter
than the incoming data period, many such user-defined glitches
are simply processed as data and are therefore displayed to
the user without requiring the use of the Timing Analyzer's
glitch-capture mode.

The selection of either the glitch-capture mode or sample mode of data
input is made on a line-by-line basis by menu-prompted keyboard entries. The
Data Comparators make it possible for the Control Program to turn glitch
capturing on or off for each incoming data line in accordance with these
keyboard-entered selections.

Data Comparator 0 (schematic sheet 4) consists of: U48B,C, sections of a
10102 quad NOR gate; U47A, 1/2 of a 10130 dual latch; U36B, 1/2 of a 10131
dual master-slave, positive-edge clocked, type D flip-flop; U19, a 10117 dual
2-3-input OR-AND/OR-NOR gate (used here as a 2-wide OR-NOR gate); U31A, 1/4
of a 10158 quad 2-input multiplexer; and U30A, 1/4 of a 10125 quad ECL-to-TTL
translator. This circuitry performs the data comparator and data selection
functions for data bit 0.

Data Comparators 1 through 7 (schematic sheets 3 and 4) are identical to'
Data Comparator 0 in every respect except for the U-numbers of ICs and the
signal names of incoming and outgoing signals.

The following description of the function of Data Comparator 3 can be
applied to the other seven Comparators as well. (During the discussion,
please refer to figure 11-3, an expanded schematic of Data Comparator 3, and
to figure 11-4, a Data Comparator timing diagram that illustrates the opera-
tion of the sample and glitch-capture modes.)

Timing data from the Model 80 Probe comes in to the Comparator in dif-
ferential form—that is, as two signals of opposite polarity, here labeled
D3+ and D3- (figure 11-3). D3+ is fed to the D input of Data Latch U37B. The
common clock input, C-, for the U37 dual latch is Teft unconnected and is
pulled Tow internally. The two Tatches in U37 are therefore controlled inde-
pendently by their individual CE- inputs. The CE- input of U37B is fed with
signal D3G+/S- (Data Bit 3, Glitch + / Sample -) from the U23 section of the
Control Shift Register (schematic sheet 4).

If the sample mode has been keyboard-selected for Data Bit 3, the
Control Program holds the CE- input of Tatch U37B low with signal D3G+/S-.
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When the CE- input is low, the set and reset inputs of U37B are inhibited and
the Q output follows the D input. In the sample mode, therefore, Data Latch
U37B has essentially no effect and the Timing data is fed straight through to
the D input of Data Flip-Flop U32A. U32A is a master-slave, type D flip-flop
which is clocked by the positive-going edge of the clock signal. The U32A
clock input is fed with signal CT (Clock, Timing), which comes from Clock
Control on the Timing Control Board (via U44A, 1/3 of a 10216 triple line
receiver shown on schematic sheet 4).

The CT clock is keyboard-selected as either external or internal; and,
if the clock is internal, the clock period is also keyboard-selected. For
Timing analysis, the clock is usually selected as internal, and the clock
period is usually selected to be shorter than that of the data by a factor of
at least 10 in order to obtain adequate resolution.

Figure 11-4a shows the Q output of U32A with U37B in the sample mode and
with hypothetical D3+ data and CT clock inputs. Due to space constraints, the
clock period in figure 11-4 is only about 5 times the D3+ data period, which
does not meet the rule-of-thumb that calls for a factor of 10. The offset of
the data transitions in the U32A-Q output relative to those in the D3+ input
illustrates the resolution problem. Also notice that in the sample mode the
two glitches (at points A and B), which are shorter than the clock period and
fall in between positive-going clock transitions, do not appear in the output.

If the glitch-capture mode has been keyboard-selected for Data Bit 3, the
Control Program holds the CE- input to U37B high with signal D3G+/S-. When
the CE- input is high (which is the latched mode), the D input has no effect
and U37B responds only to the set and reset inputs. The outputs of Comparator
Gates U49C and U49D are connected to the U37B set and reset inputs, respec-
tively. D3- and the U32A Q output are connected to the inputs of gate U49C;
while D3+ and the U32A Q- output are connected to the inputs of gate U49D.

With these connections, Comparator Gate U49C detects any positive-going
transitions in D3+ (actually, U49C detects negative-going transitions in D3-)
and Comparator Gate U49D detects any negative-going transitions in D3+. Thus,
any positive-going transition in D3+ (whether by data or glitch) sets latch
U37B; and any negative-going transition in D3+ resets latch U37B. The U37B Q
output is clocked into flip-flop U32A the same as it was in the sample mode.

NOTE: The ECL devices used in the Comparator circuits are fast
enough so that any glitch pulse >5 ns long will be detected.

The hypothetical D3+ and CT inputs in figure 11-4a are used again in
figure 11-4b to illustrate the glitch-capture mode. Notice that the set-reset
action of the Comparator Gates produes a signal at the Q output of U37B that
is almost identical to the D3+ signal except that the trailing edge of any
glitch is stretched to the next positive-going clock edge. This stretching
results in the glitch being clocked into the U32A flip-flop as intended. The
response of U32A to this clocking causes termination of the stretched glitch
pulse in U37B, which in turn causes the reproduced glitch pulse in U32A to be
terminated after one clock period. If the clock period is qualified by Clock
Control for data collection, the glitch will be stored in the Timing RAM as a
signal that is one clock period Tong.
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In the figure, the D3+ signal is redrawn just below the Q output of U32A
for ease of comparison. Again notice how the resolution deficiency causes a
marked offset of the U32A output data signal relative to the D3+ input data
signal. Of course, regardiess of resolution, a captured glitch will always be
offset from the input glitch by the time interval from the leading edge of the
input glitch to the next positive-going clock edge.

‘ Now that we have established a clocked and stable data input signal (rep-
resenting D3+) at the Q and Q- outputs of Data Flip-Flop U32A, we can take up
the operation of the Arm- and Trigger-Bit Comparator Gates. The upper OR gate
of the U9B Arm-Bit Comparator Gate is fed with the Q output of U32A and with
software-generated signal AW3B1- (Arm Word 3-Bit selected as 1 -); and the
lower OR gate of U9B is fed with the Q- output of U32A and with signal AW3BO-.
(These AW3B signals are software generated in accordance with keyboard se-
lection and come from the U8 section of the Control Shift Register in the
Processor Interface.) The output of the NAND gate in U9B is connected in a
wired AND with the outputs of the other seven Arm-Bit Comparator Gates (all
seven1§omparator Gate outputs must be Tow in order to produce a low TA- output
signal).

If arm-word bit 3 was keyboard-specified as a 1 (high), the Control Pro-
gram holds signal AW3B1- low (true) and signal AW3BO- high; but if arm bit 3
was specified as a 0, the Control Program holds AW3B1- high and AW3BO- low.
If arm bit 3 was specified as X (don't care), the Control Program holds both
AW3B1- and AW3BO- high.

Assume that arm bit 3 was specified as a 1. Signal AW3B0- will be high,
and the Tower OR gate of U9B will always have a high output regardless of the
data input. This leaves the upper OR gate in control of the U9B NAND gate
output. Signal AW3Bl- will be Tow, and as long as U32A-Q (which reflects D3+)
is low, the output of the upper OR gate will be Tow and U9B-14 will be high
(false), thereby holding the wired AND for signal TA- high. But if U32A-Q
goes high, thus satisfying the requirement for arm bit 3, the output of the
upper OR gate will go high, causing U9B-14 to contribute a Tow to the wired
AND for TA-. If the outputs of the Arm-Bit Comparator Gates for the other
seven data bits are also low, TA- will be low, indicating that an arm-word
match has occurred.

By the same reasoning, if arm bit 3 was specified as a 0 and U32A-Q- goes
high (indicating that D3+ is low), U9B-14 will contribute a low to the wired
AND for TA-. Finally, if arm bit 3 was specified as an X, the output of both
OR gates will always be high (because both AW3Bl- and AW3B0- are high) and
U9B-14 will constantly contribute a Tow to TA-.

If the glitch-capture mode is in effect, captured glitches will have the
same effect as data on the operation of the Arm-Bit Comparator Gate. For
example, if arm bit 3 was specified as a 1, the glitch at point A in figure
11-4b will cause a low output at U9B-14 for one clock period. Such spurious
bit matches can be prevented by a keyboard-specified arm-word filter setting
of 2 (designating that the arm-word match must be present at least 2 clock
periods in order to be acted upon).

However, filter settings greater than 2 must be used with caution when
the signal period is less than 10 times the clock period. For instance,
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consider the situation shown in the U32A-Q output in figure 11-4b if the arm
bit was specified as 0 and the filter setting was 3. Under these conditions,
the expected match of the bit containing glitch A is masked due to interrup-
tion of the bit's Tow Tevel by the captured glitch. The low portions of the
bit that are on either side of the high glitch are not 3 clock periods and are
therefore filtered out. A filter setting of 2, however, would filter out the
glitch and still let the remainder of the bit through.

NOTE: Keep in mind that the filtering action affects only the
arm- and trigger-word match function, not the storage and dis-
play of collected data. (Refer to the Trigger Filter circuit

shown on Timing Control schematic sheet 3.)

The Trigger-Bit Comparator Gate operates in exactly the same way as the
Arm-Bit Comparator Gate; and the output of U9A is connected in a wired AND
with the outputs of the other seven Trigger-Bit Comparator Gates.

The Data Selector, U31D, is used by the Control Program to select either
Timing data or Waveform data for storage in the Timing RAM. Bit-3 Timing
data is fed from U32A-Q to input B of U31D; and bit-3 Waveform data (signal
WD3) is fed from the Waveform Control Board through connector pin S2-50 to
input A of U31D. Signal DSELT+/W- (Data Select Timing + / Waveform -) is used
by the Control Program to select one input or the other as ocutput tc the level
translator Ul7C. The output of Ul7C feeds the TDB3 (Timing Data Bus bit 3)
Tine of the onboard Timing Data Bus that is connected to the inputs of the

Data Latches in the Timing RAM sections.

11.3 SCHEMATIC, BOARD LAYOUT,.§‘PARTS LIST

The schematic diagram, board layout, and parts list for the Timing Memory
3oard are contained on the following pages.
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12.0 WAVEFORM BOARD

12.1 INTRODUCTION

The Waveform Board provides a high speed analog interface for the PI 540
along with special display hardware used to represent the collected analcg
signal on the CRT.

12.2 FUNCTIONAL DESCRIPTION

When appropriate during the following discussion, please refer to the
schematic diagrams, board layout, and parts list which are included at the end
of this section. Also, tables of connector pins versus signal names for all
motherboard connectors are provided in Section 15 along with an alphabetical
list of all interboard signals. And, should the need arise, a Glossary in
section 16 offers explanations for acronyms or terms that may be unfamiliar.

Beginning with the analog section, the input signal enters the board via
edge connector pin S2-29 which is connected to the back panel BNC connector

mounted on the motherboard rear end plate. Relay K1 selects dc (closed) or ac
input coupling. Relays K2—K5 and their associated components form a precision

attenuator network with division ratios of 1, 10, 100, and 1000. Relay K6
provides a ground reference when closed.

FET Q1 is configured as a zero-offset source follower and is used for
buffering and impedance transformation. This circuit drives a low-pass filter
consisting of C16, Cl17, and L1 to bandwidth-1imit the signal to be presented
to the A/D converter. IC13, an LM733 Op Amp, in conjunction with relays K7
and K8, forms a programable-gain amplifier. IC9, an LH0024 Op Amp, and tran-
sistor Q2 provide high speed, Tow output-impedance buffering to drive the A/D
converters and the triggering circuit. The offset, or "vertical position"
voltage is added in at the input of U9. The offset voltage is generated under
software control by D/A converter Ull and its associated buffer.

The triggering circuit consists of an AM687 high speed comparator, U8,
which compares the input signal to a reference generated by D/A Ul0 under
software control. The true or complement outputs of the AM687 are chosen by
U7 to determine the slope of the triggering fed to the trigger latch U20, an
MC10131 dual D flip-flop. The other half of the MC10131 is used to hold the
trigger latch reset until the clocks start.

U6 is wired as output port "D5" (Hex) to control the circuit via relays
K1-K8 and the trigger polarity select line.

The A/D converter is either one Siemens G508 or two TRW TDC1014Js. (The
TRWs are slightly slower so that 2 are used and their outputs multiplexed. )
The A/D converter output is sent to the Timing Memory Board for storage.

After collection in the Timing Memory, the data is operated on by the
Control Program and sent to a 256-word x 8-bit dispiay memory in the dispiay
section of the Waveform board. The display memory occupies address locations
2EQ0H through 2EFFH.  (No provision is made for reading this memory.) Oper-

ation of the display section is briefly described as follows.

12-1
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The CRT screen is mapped into the display memory as 256 vertical columns
corresponding to 256 X values. Each X value has a memory location assigned to
it. The 8-bit data value in each memory location determines the column "alti-
tude", or Y value, of the video dot for that X value. The resulting string of
256 dots constitutes the waveform and is sent to the Video Display Board for
display on the CRT.

If a dot in the string gaps up or down from the preceding dot by more
than one raster scan line, the circuit has the ability to fill in the gap.
This is done by adding a string of vertical dots in the new dot's column down
or up to the scan line just above or below the preceding dot. The number of
dots added may range from one to many, as required. This preserves the visual
continuity of the display.

However, the line must be allowed to begin and end inside the screen
boundaries so a scale and annotation may be included in the display. To
accomplish this end, the gap-fill feature is inhibited for Y values of OFFH,
and the Control Program places an FF-value dot at the beginning and end of
the data string. No vertical line is drawn to or from the FF-value dot, and
the dot itself is not displayed.

The display may be inhibited by writing a 00 to port OD4H and enabled by

writing a 01 to the same port. The display must be inhibited while the memory
is being-altered.

12.3 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board layout, and parts list for the Waveform
Board are contained on the following pages.
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C1L0a

R33
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R27
R43
R44

R21

PART NUMBER

110-0005-0031~00
110-0005-0049-00

111-0207-0103-00
caoz (We
112-0215-0003-00
110~000E-0058-00
R36 R37
110-0005-0030-00
110-0005~-0035-00
110-0005-0051~00

110-0005-0079~00
110-0005-0087~-00
110-0005-0127~-00
111-0004-0072-00
111~0006-0050-00
C214
111-0012~-0030-00
121-0027--0002-00
112-0120-0001-00
112-0119-0001-00
L10~-0C0%-0059-00

110-0208-0001-00

110-0524-0001--00
112-0214-000i-00
110-000%--0025-00
R214 R32
110-0005-0032~-00
110--0005~-0033--00
110-0007-0057-00

L10-000%-00305-00
R5é RS7
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110-000%5~0063~00
R39 R42
110-0005-0067-00
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4.7 K OHM 1/4 W CF RES 1
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4700HM X. 7 RESISTOR NETWORK =
4.7K X 9, RES NTWORK 4310R~-101 1
LN702 DIODE .
27 0kl 1/4 W GX CF RES o
%1 ORM 1/41 S RES CF L
56 0HM  1/4W 53X RES CF L
82 OkM 1/74 W SY CF RES 2
470 OHM 1/4W S CF RES o
R70
680 OHM 1/44W SX CF RES X
1K OHM 1744 5X CF RES &
1.5K0HM L/74U4 52 CF RES 2
2 K OHM 174U 5¥ CF RES 2
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EBM30LA FARATRONICS INC.

SINGULE LzVEL ZX™o081I0N

09/05/30
FART NUMBER RZY PART D=SCRIFTION aTY. uM CON. EFTEZCETIVITY ZC0=
FER ch START STOF

110-0003~0066-00 1 1.3K 1744 1¥ RES MF 2 i 0 QL/17/8C OFZN 0 R22
25 .

110-0003-0087-00 D 10K 1744 1Z RzS MF & i 0 0i/712/80 07N 0 w29
R30 R34 R3S RS RS2 .

110-0003-0074-00 o 20K 174U 12 RES MF 1 1 0 01/717/80 0~ ZN 0 R4

110-0003-0111~00 n 100K 1/4U 1Y RES MF 2 1 0 0L/17/80 OFEN 0 91
RS3

110-0003~0114-00 D 113K 174U 12 RES MF 1 1 0 01/17/80 OFEN . 0 R3

110-0003-0134-00 D 909K 1/4U 1X RES MF 1 1 0 01/17/80 OFEN 0 R2

110-0003-0135-00 o 1 MEG OHM 1/4U 12X RES. 2 1 0 01/17/80 OFEN 0 Ré&
R9

110-0003-0141-00 n 1.96 MEG OHM 1/4UW 12 RES. 1 1 0 01/17/80 OFEN 0 R4

110-0003-0142-00 <] 2 MEG OHM 1/4U 12 RES. 1 1 0 01/17/80 OFEN 0 s R4

110-0007-0039-00 I 100 OHM 1/2U SX RES. 1 b 0 01/17/80 OFEN 0 RZE8

110-0205-0001-00 ] 3329H4-50, S0 OHM FOT, BOURNS 2 1 0 01/7172/80 OFEN 0 R12
K49

110-0205-0004-00 D 3329H-1-501,500 OHM POT,BOURNS 2 1 0 01/17/80 0FEIN 0 RL7
R19

© 111-0004-0066-00 D 01 UF 29V CAP. CD o7 1 0 01/17/80 OFEN 0 L4

C13 cz02 C2s C2é Cc27 cz8 C2i c3z2 C33 C3a Cas C36 C37 cs8 coe Ca0
Cat c42 Ca3 C44 Ca5 €46 €47 ca8 Ca9 C50 ca. cs2 C33 CS5a £9% Ch56
[ ce8 cS9 €60 Cé1 Cé2 Cé3 CoHa Cot Cé6é Co7 Co8 Co® c7o C7s c72
€73 €74 C75 €76 c?27 c78 c79 c8o .

111-0008~-00464-00 n -00468 MF 100V CAP,CW20A682K ) 1 0 01/17/80 OFEN 0

1i11-0012-0013-00 ] 15 PF 1KY CAF. CD il i 0 01/17/80 O=EN 0

111-00:2-0020-00 o JZFF 1KV CAFP CD X 1 0 0./17/80 OFEN o]
Ci9 c21 CcS
: 111--00:2-0022~00 1} 47 FPF iRV CaP. CD 2 k) 0 0:i/17/80 OFEN 0 Cio

111-0012-0045-00 D 560 PF¥ LKV CAP CD . i 1 0 0i/717/80 OFEN 0 e

111~0417-0048-00 D «22. MF 200V CAF MYLAR i b 0 01/17/80 QFEN 0 c:

111-0800-0001-00 D Pé6Li TRIMMEZR CAP. 3 1 0 0L/717/80 07EN o] [
c3 Co co .

111-0800-0002-00 o] 2613 TRIMMER CAP. 3 1 0 0L/17/80 OFEN 0 (MR
£4 c7

112-0100-0001-00 D TRANSISTOR, 2N3904 1 1 0 01/17/80 OFEN 0 (72

112-0114-0001-00 . XISTOR E420 SILICONIX 1 1 0 0L/17/80 OFEN 0 QL

112-0204-0001-00 D DIODE ,1N3600 11 1 0 01/717/80 OFEN 0 CRLO
CK11 CR12 CR2 CR3 CR4 CRS CRé CR?7 CRrS8 CR®

112-0307-0001-00 D REED RELAY,191TE2A1-5G SIGMA 4 1 0 01/17/80 OFEN 0 K2
K-

112-0308-0001-00 D REED RELAY,191TE1A1-5S SIGMA 4 1 0 01/17/80 OFEN 0 K1
Ké K7 K8

115-0003-0001-00 o] SOCKET, 14PIN 11 1 (o] 01/17/80 OFEN 0 U2
ui3 uis ulie u22 uz23 u2é u3 u3o U4 us

115-0005-0001-00 D SOCKET,16PIN 22 1 0 01/17/80 OFEN 0 JL
1 Uia uis Ulé Uiz u2 uzo uz24 u2s uz2e u3si usz U3s - usa us? u3s



BH301A

Jao
ull
u3é
uz28
TP2

LEGEND
LEGEND

FARATRONZICS INC
SINGLE LEVEL EXFPFLOSIOKN
09/0%/80
FART NUMBER KEY FART DESCRIFPTION QTY. (8] ,] CON. EFFECTE
PER cp START
ual1 U4z
115-0009-0001-00 1] SOCKRET, 20FPIN 4 L 0 01L/17/80
uz21 ué
115-0010-0001-00 D SOCKET,22FIN 2 1 0 01/17/780
115-0011-0001-00 D SOCKET,24PIN.‘ 2 1 0 01/17/80
117;?030—0001—00 D TERMINAL, 120-1032-04, CAMBION 3 L 0 OL/17/80
2
121-0027~-0001-00 D 1 MH INDUCTOR, DALE IMS-5 1 b 0 01/17/80
126-0072-0001-00 D 540 WAVEFORM FC FAR 1 1 0 01L/17/80
V1, 01=EACH 02=INCH 035=FEET 04=RULK =A% REQUIRED 06=0THER
KEYs A=W/PARTS LIST D=W/0 PARTS LIST R=REFERTNCL DOCUMENT S=GFECIFILATION
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BM301A PARATRONTICS INC. . FAGE

SINGLE LEVEL EXFLOSIONRN

09705780
PAR143-0072-0001-00 DESCRIPTION : WAVEFORM PC ASSY. ECO#: 14643 REV.CU.: @
PART NUMBER KEY PART DESCRIPTION aTy. UM CON. EFFECTIVITY ECO%*
FER co START sSTOR
113-0002-0139-00 D 748139 I.C. 1 1 0 01/17/80 OFEN 0 u24
112-0117-0001-00 4] NES92N OP AMP , SIG. 1 1 0 01/17/80 OFEN 0 ui3
112-0118-0001-00 D LHO024CH, OF AMF, NSC 1 1 o] 01/17/80 OPEN o ue
113-000:1-0006-00 D I.C., 7406 1 1 ] 01/17/80 OPEN 0 uie
113-0002-0011-00 D 74811, 1IC 1 1 (] 01/17/80 OPEN 0 uio
113-0002-0064-00 D I.C., 74864 i 1 0 01/17/80 OFEN 0 u3
113-0002-0074-00 ] 1.C., 74874 4 1 0o 01717780 OFPEN 0 uz23
1124 U4 us
113-0003-0030-00 D 74830, IC 1 1 0 01/17/80 OFEN 0 u22
113-000Z-0032-00 n I.C., 74L832 1 1 V] 01/17/80 OFEN 0 uig
113-0003-0085-00 | 74885, IC 4 i 0 01/717/80 PZN 0 Uia
s Uié Uiz
113-0003-0161-00 D I.C., 74LS161 2 i 0 01/17/80 07z=N 0 Uy
uz
113-0003-0193-00 D I.C., 74LS5193 2 3 0 01/17/80 OFEN 0 uz2e
u3z
113-0003-0374-00 D I1.C., 74L8374 2 1 o 01/17/80 OFEN 0 u2:
ué
113-0017-0002-00 ] I.C., 73L422, 93422, 93412 2 ] 01/17/80 OPEN 1] u3s
u3é .
113-0029-0001-00 o I.C., TLOBACN, TI 1 1 0 01/17/80 OFEN 0o U2
113-0025-0004-00 D 6301-1 PROM 1 1 0 01/17/80 OFEN 0 u3s
113-0043-0001~-00 D I.C., AM&0BO 2 1 1] 01/717/80 OFEN [+] uio
Uil
113-0048-0001-00 D AM6B7 I.C. 1 1 0 01/17/80 OFEN V] us
113-0057-0001--00 D A~-D CONVERTER,TDC1014J, TRW 2 1 0 01/17/80 OPEN 0 uz27
uzg
113-0200-0102-00 D I.C.,MC10102 1 1 0 01/17/80 OFEN /] uz
113-0200-0116-00 D Ic,MC10116 11 L] 01/17/80 OFEN 0 u3i
113-0200-0124-00 D I.C., MC10124 4 1 ] 01717780 OFEN 0 u32
u33 u34 u40
113-0200~0125-00 D I.C., MC10125 1 1 0 01/17/80 OFEN 0 uz2s
113-0200-0131-00 D I.C.,MC10131 1 1 0 01/17/80 OFEN 0 uz20
113-0200-0176-00 D MC:0176 IC 1 1 ] 01/17/80 OFEN o va2
143-0072~-0090-00 D WAVZFORM PC ASSY. 1 1 1] 01/17/80 OPEN 163
ILEGEND UM = 01=EACH 02=INCH 0Z=FEET 04=BULK 05=AS REQUIRED 06=0THER
LEGEND KZY: A=Y/PARTS _IST I=4/0 PARTS LIST R=REFZRZNCE DOCUMZNT S=GPZCIFICATION

I3 2 V6 W I 36 36 36 I 36 38 90 30 36 36 36 30 3% 3 2 3¢
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PI 540 Maintenance Manual Model 51A Probe

13.1 MODEL 51A PROBE

13.1.1 INTRODUCTION

The Model 51A Probe interfaces the State Analyzer to the system under
test. The Model 51A Probe incorporates comparators for high input impedance
and variable threshold selection. Each Probe interfaces 16 data bits, 2
qualifiers bits, and a clock input. A switch on the probe is provided to
present a fixed TTL threshold of 1.6 V for convenience. A monitoring point
permits measuring the threshold voltage which can be adjusted over the range
of +6 V. The voltage at this monitoring point with respect to probe ground
is 1/2, or 50%, of the actual threshold voltage. The Model 51A also incorpo-
rates a data compiement (invert) switch for active-iow bus conventions. The
impedance for all inputs is 44K ohms shunted with 15 pF.

13.1.2 FUNCTIONAL DESCRIPTION

For the following discussion, please refer to the schematic diagram,
board Tayout, and parts list at the end of this section.

Resistors RNI—RN4 form voitage dividers which apply 1/2 of the input
voitage to Ul—U5, Motorola MC3430 or Nationai DS3651 high-speed quad compar-
ators. The input capacitance of the comparators is compensated by capacitors
C1—C19. Resistors R4, R5, and R7 provide approximately 200 mV of hysteresis
to the clock input. Comparators Ul—U5 accept a threshold reference from the
voltage divider formed by R10—R12 or R8, R9. These high-speed comparators
convert the variable input voltages to TTL levels. Switch S1 controls whether
buffers U6—U10 operate in a true or complement mode. Ul0 also selects clock
polarity and provides buffering for clock and qualifier signais. The probe
receives +5 V power from the analyzer through the ribbon cable.

The Model 51A Probe receives a functional check when plugged into the
PI 540 self-test port using the Model 53 Adapter, or when used in the analyzer
self-test with the Logic Analyzer Demo Card (For details, please refer to
subsections 1.4.3 and 1.4.4 in the Introduction.)

Although the input resistor divider provides some input protection,

volatges higher than +25 V may damage the dividers or comparators and should
be avoided.

13.1.3 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board layout, and parts list for the Model 51A
Probe are contained on the following pages.

13.1-1



9€D

@)
O

£ed( )

148

}d1 |OMM

C

er

ué

u7z

o W

us

° LA

U

ir

u10

€D

Coed) (Cerd) (o) (o) (92d)

Ted

!

i€d
+
+

0N
¢ ]

LY

0zo

12D

(14

€T

vTd

ENY

PYNY

TNY

R1
R2

CESCRIPTION 7““(
H

I PARATRONICS INC.

UNLESS OTHERWISE |* G.5. [F&®
SPECIFIED; DIMENSIONS | cx Qpay ek,
i > 1
ARE IN INCHES Y U
mT'L BREAX AL SNARS EDIES
ORCHAL. ANBULER
Xxet t
FINISR e
DO NOT SCALE ORAWING

LEGEND MASTER
' MODEL 51 A PROBE

omei v 126-0015-201 [ A

T T 7 v |




-

a.2
J2 <! Y il o ST
| LA - — - - -
| 22K RI-O Ji
T AN 9 ¥ TN e !
AT : ' ‘
C2 B.24f ° S R — <z] 2092
l o 22K — ’
it RN3 !
! 22K i~ ‘—_[: 2 I
’ C3 8.7 pf {9 ; ezl &
g v 22K ; ,
22K 21-2 N3 ' !
i N2 < a = 10 ! :
= = ] - I ,____—L—« | o—
_;_,’ \.A./\/“ s \ —_ 1 3 . 'y\zn BD @2
| ¢4 3_3 p+ 22K / ‘ } » ; !
als RN | i !
| 3 |
7 VA ¥ A
| 7 Z_f ' <i¢] BD®3
22K |
RN R e e
VTHRESH
POWER DISTRIBUTION
UNO. | TYPE | +§ |GND|~-5
CI8 a].lzpe Ui-Us | MC3430] 16 | 8 iz
Jz N Jl
f 1/2 W 22K R2 \ Ub-U9 | 7486 | 14 2 —
\ | A
TRIG QUAL LZ_O/,I .- é\./)a/m{l > <7] QTR uio 74586 |14 | 8 | -
P 22K |
| /8 W 22K R1 1
CLK QUAL [T ~AAN i
| Ci19 a.2pb 3 5] Qelk
— 22K !
' \ RN 4
cL 3_7l->! '/awjf: X 5 k%] @ ¢k SEL
K . A -
| 20K —« 2] CLK OUT
RG 1/\@ cLk JEL
+5 *5 2K |
RS ‘
RI| ne ) S
A &S0 =
*5% ? THRESHOLD [ =5% | — b L 2,23,27,30
RIC * ]_n?.
~ o)
2004 S = o— ,TL Ny _;[C?‘-*
Bz T Lol s [0S S g ParaTRONIGS NG,
+5% t59, 7 2 i S SCHEMATIC DIAGRAM
MAT'L SAEAK AL. SHARP EDGES . )
= —I— c o MODEL 51 A PRCBE
-5. - - FINISH X
. DO NOT SCALE DRAWWG D = Js“m —— ls,,, f “%.J

olp]

: ':\_—:E'ex_»‘?'u ]m’re-“rﬂ'-’m_m"

REV PER =0 (04 T Ere (2

REV. PER £CO /23 e |3-2i-80

€s.

waw 2 1-0015-00G2 [ = € /l



}ft(' !NSC“IP WOt ‘Im“ :”mm
PN Ho | ' +
c5 8.2of '
iy
A,?_ A"K i 7
“C ma c‘.-“AR_N | ) AT 43S 7486 Jr
35 = — N M e 5 [
- ~ 4 _ 2 G2 U7 % 537 _RD2S
| Ce 5-69’? i KN \ < 3 4 ,@ ¢
| ¢ 22 2 2 l
! 22K RN = " = 5 | 3 <3q] 8D?S
DS 3 A 4 9 y T 12 |
‘vl_l‘/ v M ?5 '9 'y 13 ! |<23] 801’0
| 7 8.2 pf % RN 2 ] 5 3
| I¢ 22% - 3 ° s +2 sO 27
, , 224 KRNI 5 —:[.— -~ |
};_2\;,| be AN *Z ol i 4 I lz
- ' L2l =
‘ 8 8.2 RN 7 ==-& = -5
| ————4&———7 22K _J_
o | ZRKRNG = s
| o7 : — - INVERT
> SYWA 3 SHT.1 UIC
AN3
C9 &.2pf o e
, 1 22x rN2 SHTL US
i 7486 I
i fa— z 2 4 |
' 22k RNZ = é; 5 { 3 <T7] BD A9
_ D9 1 .. ID S K2 5
=~ yy =5 10 Ol 3 P! <51 BD i@
| Chl 8.2 % RNYG ’1 Q A %
« Y 22K 10 2 <4l BOI I
! ) | i3
; 5 22K RNZ ot e
—_i oo ° T.g |4 iz
,;!1/} VAVAVAL 3 Ldeg L |
| Cl1Z 8.2¢f RN4 l = -5
‘ 22K RN2 = INVERT
i D1 12 * SHT. 10
| RN4
22K VTHRESH
Cl3 8.2pf = SHTUS
¢
Jz 22k RN 2
i 12 .
%D'Z =AYy 3 MC 2430 . 7486 N1
‘ ~ ' ) 2 !
, ci4 8.zpf Py UE 13 AL <7 8012
1% Z |
i 22Kk RNZ = & 5 ! 3 —~8] BD!3
= B3 YN ¢ — z 2 .
r1¥e @ [e) . E L <d BD 4
| Ci5 8.2pf RN4 5 3 |
¢ 22K 4
sy L 1 13 [e) ) T@ BDI5
| 14 22K RN 2.‘5 = . o
e D VAVAVAS ‘; T | ,{4 |i2-
| Ci 8.2p¢ RAN& ‘LC?-Q? -3
: 1 27K I
| 22K RN2 = L
= D3 ! AAN ' - AV 3
510 Yy 4 INVERT UNLESS OTHIRWISE | ﬁFARATF.’ONICS iNC.
| RN , 2T Ui SPECIFIED; DIMENSIONS |cx . .y -
i 22 ‘ ARE IN INCKES pre /
= WHRESH Hr n%‘kuwﬁ;ﬁ' /
SHT.I U§ FINISH = iR eIk




EBM301A

C10
R21
R37

R4S

R40
RA48

R10
8

LEGEND
LLEGEND

PART NUMRER

117-0024-0001-00

1260015000100
116-0006-0001-00

115-0009--0001--00

U4 U5
115-000%-0001-00
uz us

115-0003-0001-00
111-0012-00392-00

111-0012-0030-00
111-00:2-0003-00
111-0004~-0072-00
C13 Cia
110-0300-0001-00
R22 R23

110-0201-0001-00
110-000%5-0079-00

110-0005-0037-00
110-0005-0063~00
R41 R42
110-000%5~-0047~-00
RA9? RS0
110-0002-0101--00
R11 R12
R
110-0002-0087-00

Uk = Ol=EACH

KEY 2

fH=i) /PARTS

KEY

(]

n

It

ue

02=INCH
1. L8T

FARATRONTICS

SINGLE

INC.

LEVEL EXPLOSION

09/05/80

PAR143-0015-0090-00

FART DESCRIFTION

TERMINAL,
MODEL 51 FROBZ PCB FAB
SWITCH, DFDT, GF-126-0141,CW
SOCKET, 20FIN

SOCKET, 16FPIN

SOCKET, 14FIN
330 ®F 1KV CAP. CD

100 »F LKV CA®. CD

2.2 PF LKV CAP. CI

<1 UF 25V CAF. CD

cz2 Cc3 Ca ce
RES. N! TWORK,STKPOLE $10-9-1
R2% R26 R27 R28

FOT, EURNS 338B6F-1-102
4.7 K OHM 1/4 W CF RES

82 OHM L/4 W 52 CF RES
1K  OHM 1/4W G2 CF RES
RS1

220 OHM 1/4uW SX CF RES

39K 1/8 W S CF RES

R14 R1%5 Rlé R1?7

10K 1/8 W %Y CF RIS

O3=FEET 04=RULK
D=l/0 FARTS LIST

DESCRIPTION =

180-7337-02-05,CAMEI

0%=A8 REQUIRED
R=REFIRINCE

QrTy. UM CON.
PER co
1 1 0
Lot 0
21 0
a2 0
< 3 0
i 1 0
2 1 0
[ Y 0
11 0
11 0
Cé co
2 1 0
R29 R30
11 0
2 0
11 0
6 3 0
4 1 0
19 1 0
K18 R19 R
14 0

06=0THER
DOCUMENT

636 36 3T J 6 3 J I6 I I H I 6 I I A€ 3 W I I

EFFECTIVITY
START STOF
OFEN OFEN
OFEN 0FEN
OFEN OFEN
OFEN OFEN
OPEN OFEN
OFEN OFEN
OPEN OPEN
QFEN 07EN
OPEN OFEN
OFEN OFEN
OFEN OPEN
R32 R33
OFEN OFEN
OPEN OQPEN
OFEN OFPEN
OFPEN OPEN
OFEN OFEN
OFEN OFEN
R3 R4
OPEN OFEN

S=6FzZCIFICATION

M 51 PROBE PC ASY QUTSIDE

ECO#%:

ECO®

R34

0

© Cco0 ©cCc © o o©CC

c o oo SO

PAGF

REV.CU.:

o
ol

[

Ré

81

uio

Ul
c7
Cii
Ci2
Ci

R20
R36

R47
R44

RS2
R39

R4é6

Rl
R?7

R38



BM3IO1A FARATRONTICS INC. “AGE

SINGLE LEVEL EXPLOSION

09/05/80
FAR143-0015-0001~00 DESCRIPTION : MS1 PROBE FCE ASS8Y IN HOUSE ECO#2 0 REV.CU.:
PART NUMEER KEY PART DESCRIPTION arty. UM CON. EFFECTIVITY ZCO%
FER co START STOP

143-0015-0090-00 D M S: PROBE PC ASY QUTSIDL 1 i 0 OPEN =EN 0

124--0001-0001-00 I MODEL T0/51 PROKE CABLE ASGY 1 1 0 OFEN OFEN 0 Ju

120--0004-0001-00 I MODzL S1 PROBE TOF COVER 1 i 0 OFEN OFEN 0

120--00021-0001-00 I MODEL T0/52 BOTTOM COVER ke i 0 OPEN OFEN 0

119-0012-0001-00 D TAIS SiDt UP _ABZL 1 i 0 OFEN FEN 0

119-0002-0001-00 D MODEL S: PROBE LABEL i 1 0 OFEN OFEN 0

117-1250-0005-00 D 4-40X 3/8PHMS,NYLON, SLOTTZD 4 i 0 OFEN O0FEN 0

114-0003-000:-00 I CONN.20PIN,DUAL,6-AA-02-20~-1FX 1 1 0 OFEN OPEN 0 J2

113-0021-0001-00 D I.C., MC3430F, HMOT ] 1 o OFEN 0FzN 0 uiQ
usé uz us ue

113-0003-0244-00 D L.C., 74L8244 2 L 0 OFEN OFzZN 0 u3
us

113-0003-0240-00 D I1.C., 74LS8240 2 i 0 OFEN OFEN 0 uz
U4

113-0002-0086-00 D I.C., 74886 1 1 0 OFEN OFEN 0 U



PI 540 Maintenance Manual Input Probes

13.0 INPUT PROBES

There are three types of input probes used with the PI 540 Analyzer; the
Model 51A Probe (for the State section), the Model 80 Probe (for the Timing
section), and the Model 90 Probe (for the Waveform section). The basic purpose
of these probes is to provide high impedance signal inputs that can be placed
physically close to the source of target signals and to convert the acquired
signals to a form suitable for transmission to the PI 540 for analysis.

The Model 51A Probe, used for input to the State Analyzer section, pro-
vides inputs for 16 data signals, one clock signal, and two qualifier signals.
(Two Model 51A Probes are used if the analyzer is to be operated in the 32-bit
mode.) The qualifier signals may be applied (by keyboard instructions) to the
clock signal and, at the same time, to any or all of the 16 levels of trigger
words. The nominal impedance of all inputs is 44K ohms shunted by 15 pF. The
probe contains a manual adjustment for setting the logic threshold of the
incoming signals, and it contains a switch for presetting this threshold to
TTL level. The probe also contains a switch for inverting all incoming signals
if desired.

The Model 80 Probe, used for input to the Timing Analyzer section, pro-
vides inputs for 8 data signals, a clock signal, and a clock-qualifier signal.
The nominal impedance of all inputs is 100K ohms shunted by 10 pF. The logic
threshold voltage for these inputs is variable and is set by keyboard entry.
Also, the inputs have a hysteresis function that can be turned on or off from

the keyboard.

The Model 90 Probe, used for input to the Waveform Analyzer section, pro-
vides a single input that can be manually switched between two input impedance
levels; 10M ohms shunted by 12 pF and having a 10:1 attenuation ratio, and
1M ohm shunted by 70 pF and having a 1:1 attenuation ratio.

These probes are described in greater detail in the following subsections.
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13.2 MODEL 80 PROBE

13.2.1 INTRODUCTION

The Model 80 Probe is used for input to the Timing Analyzer section. It
provides inputs for 8 data signals, a clock signal, and a clock-qualifier
signal. The nominal impedance of all inputs is 100K ohms shunted by 10 pf.
The logic threshold voltage for these inputs is variable and is set by key-
board entry. Also, the inputs have a hysteresis function that can be turned
on or off from the keyboard.

When appropriate during the following discussion, please refer to the
schematic diagram, board layout, and parts 1list which are included at the end
of this section. Also, tables of connector pins versus signal names for all
motherboard connectors are provided in section 15 along with an alphabetical
1ist of all interboard signals. And, should the need arise, a Glossary in
section 16 offers explanations of acronyms or terms that may be unfamiliar.

For each of its 10 input channels, the Model 80 Probe contains an Input
Buffer and a Comparator. Because the circuits of ali channeis are identicail,
the schematic diagram shows the first two channels in detail and the remaining
channels in an abbreviated form.

13.2.2.1 Input Buffers

There are 10 Input Buffers; one for each of the 8 data inputs, one for
the clock input, and one for the clock-qualifier input. Because all the
Buffers are identical, only one will be described and that description can be
applied to all the others. ‘

The Channel-0 Input Buffer consists of: Ql, a Siliconix E420 dual J-FET
transistor; CR1 and CR2, both 1N3600 diodes; and various capacitors and
resistors. The major functions of the Buffer are to provide signal isolation
and high input impedance.

Because of the high input impedance of QlA, the impedance presented to
the incoming signal is essentially determined by the'3:1 passive divider made
up of R1, R2, Cl, C2, and stray capacity. This input impedance is nominally
100K ohms shunted by 10 pf. CR1 and CR2 are clamping diodes that provide
overvoltage protection for Q1A against input voltage peaks as high as +100 V.
The usable input voltage swing (before clipping by these diodes begins) is
+9 V. Q1A is connected in cascade with QIB in a zero-offset source follower
circuit. The output of this circuit is fed to the Channel-0 Comparator.

Variable resistor R5 is used to compensate for any mismatch that may

exist between Q1A and QIB. R5 is adjusted so that, with the signal input
grounded, the voltage at pin 9 of U1B is 0.0 V + .005 V.

13.2-1
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13.2.2.2 Comparators

As with the Input Buffers, there are 10 identical Comparators and only
one will be described.

The Channel-0 Comparator consists solely of UlB, 1/2 of an AMD AM687
high-speed dual comparator with complementary ECL outputs. The major function
of the Comparator is to convert a variety of logic-signal inputs with a range
of amplitudes and transition times into logic-signal outputs with preestab-
lished ECL logic levels and fast transition times.

The Comparator's plus input, UlB-9, is fed with the low impedance signal
from the Channel-0 Buffer. The minus input, U1B-10, is fed with threshold
voltage THRESHA (Threshold A) against which the incoming signal is compared.
(As the input signal crosses this threshold from below, the output of the
comparator switches from logic low to logic high; and as the input signal
crosses this threshold from above, the output of the comparator switches from
logic high to lTogic low.) THRESHA comes, via connector pin J6-5, from a D/A
convertor on the Timing Memory Board (ref. Timing Memory schematic sheet 1)
and is keyboard-specified over a range of -6.4 V to +6.35 V in .05 V steps.
The default value is +1.60 V, suitable for TTL logic. Threshold voltage
accuracy is +0.05 V.

The comparator's LE (Latch Enable) input, U1B-13, is grounded. Under
this condition, if LE- is held negative (below -100 mV), the comparator oper-
ates in a normal manner. But if LE- is driven high (above +100 mV), the
comparator outputs are latched in their existing logic states. The latched
mode is not used in this application. However, the internal circuitry of the
AM687 is such that in the transition region between latched and unlatched
modes there is a small voltage range for LE- that produces hysteresis at the
comparator inputs, and this feature is used in our circuit.

When the input hysteresis function has been keyboard-specified as ON, a
nominal voltage of +1.7 V is sent to the probe as signal HYST at connector
pin J6-34. This voltage is divided down by R6 and R8 to a nominal +45 mV at
the LE- input, U1B-12, where it produces a hysteresis of 67 mV at the compar-
ator input. This translates into a nominal 200 mV hysteresis at the probe
input (because of the 3:1 input divider, R1-R2). When the input hysteresis
function has been keyboard-specified as OFF, signal HYST becomes -5.1 V, which
divides down to -134 mV at LE- and puts the comparator in the nonhysteresis,
nonlatch mode. The signal HYST comes from the Control Port on the Timing
Memory Board via connector pin S2-15 (ref. Timing Memory schematic sheet 1).

The nature of comparators is such that oscillations will occur if input
signals with slow rise or fall times take longer than the propagation time of
the comparator (8 ns in this case) to traverse the transition region around
the threshold voltage. However, in our circuit such oscillations are preven-
ted if the hysteresis function is in effect. For this reason, it is recom-
mended that hysteresis be used habitually unless some special application
requires an investigation of the transition region. Accordingly, the default
hysteresis condition is ON.

The Comparator provides a differential output at ECL levels. The output
signals, DO+ and DO-, are fed through connector pins J6-33 and J6-32 to the
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Timing Memory Board at pins S2-52 and S2-53 (ref. Timing Memory schematic
sheets 3 and 4). The outputs of U1B are open emitters, and the necessary
pul1-down resistors are provided on the Timing Memory Board. These pull-down
resistors, in parallel with resistors to ground that are also on the Timing
Memory Board, provide a 60-ohm termination for each of the signal lines. Both
polarities of the data signals are needed by the glitch detecting circuitry

on the Timing Memory Board. But the positive signal alone is used when the
sample mode, rather than the glitch-capture mode, has been keyboard selected.

The clock channel output signals, CLK+ and CLK-, are fed through pins
J6-3 and J6-2 to Clock Control on the Timing Control Board at pins S2-56 and
S2-55 for possible keyboard selection as the operating clock (ref. Timing
Control schematic sheet 8). The clock-quaiifier channel output signais, QCLK+
and QCLK-, are fed through pins J6-9 and J6-8 to Clock Control on the Timing
Control Board at pins S2-58 and S2-57 for possible use as a clock qualifier
if the probe clock has been selected as the operating clock. Both polarities
'of the clock and clock-qualifier signals are needed by the logic in the Clock
Control circuits.

13.2.2.3 Application

The following brief comments are intended to help clarify the internai
workings of the Probe-Analyzer system rather than to treat the very extensive
uses of the instrument in analyzing a target system. (Please refer to the
Operator's Manual for more information on the many uses of the PI 540.)

Because the Model 80 Probe is designed for use with the PI 540's Timing
Analyzer section which can be used for both timing and state analysis, the
Model 80 Probe will be appiied in both types of analysis. Essentially, the
only difference between the two applications from the standpoint of the probe
itself is in the use of the clock and clock-qualifier inputs.

In the timing analysis mode, the clock will probably be selected as in-
ternal, and the probe's clock and clock-qualifier inputs will not be connected
to the system under test. (Any signal at the clock-qualifier input has no
effect when an internal clock is being used.)

The state ana]ys1s mode may be either an 8-bit mode, in which the Timing
Analyzer section is used by itself as a state ana]yzer or it may be a 40-bit
mode, in which the 8-bit Timing Analyzer section is used in cascade with the
32-bit State Analyzer section as a 40-bit state analyzer.

In the 8-bit state ana]ys1s mode, the clock will probably be selected as
external, and the probe's clock input will be connected to the system under
test in order to provide the external clock. The clock-qualifier input may
also be connected if qualification of the clock signal is desired. But the
qualifier signal cannot be applied to the arm or trigger words (as the Model
51A Probe's qualifier signals can with the State Analyzer section).

In the 40-bit state analysis mode, the .40-bit analyzer is restricted to
the more limited state analysis capabilities of the Timing Analyzer section.
The clock will probably be selected as external, and the Model 80 Probe's
clock input will be connected to the system under test and will provide the
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external clock for both sections of the combined analyzer. (The State section
automatically receives the same clock selected for the Timing section.) The
clock inputs of the two Model 51A Probes cannot be used in the 40-bit mode and
will not be connected. Also, the two qualifier inputs on each of the Model
51A Probes cannot be used as clock qualifiers, and data-word clock qualifica-
tion is not available. The single clock-qualifier input of the Model 80 Probe
is the only clock qualifier that can be used. The keyboard control of the
Model 80 Probe's input threshold levels and hysteresis selection is still in
effect.

In this 40-bit mode, only two levels of nested trigger words are avail-
able (called the arm word and trigger word in timing analysis) instead of the
16 Tevels that are ordinarily used in the State Analyzer section. However,
these two words are the full 40 bits Tong and can be qualified by the four
Model 51A Probe qualifier bits and by the External and Waveform links. Also,
the Timing Analyzer section's delay functions can be applied. The memory
depth is Timited to the 250 words of the 32-bit State Analyzer.

Although these restrictions should be kept in mind for proper applica-
tion, a 40-bit x 250-word state analyzer with a clock-qualifier bit and two
levels of nested 40-bit trigger words with four qualifiers, two linkages, and
a flexible delay function is nevertheless a very powerful instrument. It only
seems limited in comparison with the unusually extensive features of the State
Analyzer section when used in the 32- or 16-bit modes.

13.2.3 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board layout, and parts list for the Model 80
Probe are contained on the following pages.
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PART NUMEER

111-0207-0103-00
C11
110~-0205-0001-00
RS~10 RS-2 RG-3
11.7--0030~-0001-00
110-0002~0025~-00
110-0005~-0031-00
R11 R12 R9
.110-0002-0063~-00
110-0002-0032-00
R4-10 R4-2 R4~-3
110-0002-0037-00
R3-10 R3-2 R3~-3
110-0001-0099-00
R2-10 R2-2 R2-3
110-0001-0107-00
R1-10 R1-2 K1-3
111-0004-0066-00
£3-10 C3-2 C3-3
4-7 Ca-8 Ca~-9
C7-4 c7-% cg-1
111-0012-0010-00
€1-10 Cci-2 CiL~-3
c2-7 c2~-8 cz2-9
112-0204-0001~00
1-10 Di-2 -3
n2-7 n2-6 D2-9
112-0114-0001~00
21-10 Qi-2 QL3
115-0005-0002-00
uz2 u3 ua
126~0052~-000CG1~-00

LEGEND UM & 01=EACH
LEGEND KEY:

FARATRONICS INC. FAaG

SINGLE LEVEL EXPLOSTION

09705780
FAR143-0052-0090-00 DESCRIFTION = MODEL 80 PROBE, OUTSIDE ECO% 2 0 REV.CU.: A
KEY PART DESCRIPTION . Qty. UM CON. EFFZOTIVITY ~CO%*
FER (93] START S3TOP
D 22 UF 16V CAP. Ei.ECTROW,RAD. 2 i (¢} 08/21/80 OFEN 0 0L
D 332941-50, S50 OHM POT, BOURNS 10 L 0 OPEN OFEN 0 Ro~1
RS-4 RE-5 RS5~6 RS-7 RE-8 R&-9
D TZRMINAL, 120-1032~-04, CAMBION 1 i 0 OFEN 0PN 0 T
< 27 OHM 1/8 W,CF RESISTOR ' it O OPEN OFEN 0 Ré&
D 47 OHM 1/4 W DX CF RES ‘ 4 0 OFEN OFEN 0 K10
D 1K 1/8U 5% 1 1 0 OFEN OFEN 0 -]
b S10HM 1/8U SX o 10 1 0 OFEN OFEN 0 Ra-1
R4-4 R4~-135 R4-6 R4-7 R4-8 ' RA-9
I 820HM 1/8UW SX 10 1 0 OPEN OFEN ¢ R3~1,
R3-4 R3-5 R3-6 R3~7 R3-8 R3-9
D 33.2K 1/8W 2% RES 10 -1 0 OFEN OFEN 0 R2-1
R2-4 R2-5 R2-6 R2-7 R2-8 R2-9
n 66.5K 1/8W 2% RES 10 1 0 OPEN OFEN 0 Ri-1
R1i-4 R1-5 R1-6 R1-7 R1-8 R1-9
n . .01 UF 25V CAF. CD 41 1 0 OFEN OFEN 0 C3-1
C3-4 C3~5 C3-6 c3-7 C3-8 c3-~9 Ca-1 Ca-10 Ca-2 Ca-3 Ca-4 Ca-5 Ca-6
Co-1 cu-2 cS-3 CS-4 CS5-5 Cé-2 C6-2 C6-3 CCé6-a Cé6-5 C7-1 c7-2 c7-3
c8-2 c8-3 Ca-4 C8-5 co
D 8.2FPF CERAMIC CAP 20 1 ] OPEN OFEN 0 Ci-1
Ci-4 Ci-3  Cl-6 C1-7 " ci-8 Ci-9 C2~-1 C2-10 ca2-2 C2-3 C2-4 c2-5 C2-é
D DioDns ,1N3600 ' 20 1 0 OFEN OFEN 0 Di~-1
[i-4 15 ni-4 -7 ni-8 ni-9 n2-1 n2-10 2-2 n2-3 n2-4 n2-g n2-6
I XiSTOR E420 SILICONIX 10 i) 0 OFEN OFEN o] Qi-1
Qi-4 G- QLl-6é QL-? QL-8 QL-9
D S0CKET, 16FIN o 1 0 OFEN OFEN 0 Ul
us :
D MODEL 80 FCB FAB 1 1 0 OPEN OFEN 0

02=INCH Q3=FEET 04=BULK 0%=A8 REQUIRED 056=0THER

A=UW/PARTS LIST D=W/0 FARTS LIST R=REFERENCE DOCUMENT S=GPECIFICATION
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PART NUMBER K=

114-0003-0001-00
143--0052-0090--00
113-0048-0001-00
uz2 u3 u4 us
124-0029-0001-00
117--1250-0005-00
119-0022-0001-00
120--0001-0002-00
120-0002-0002-00

ool g

LEGEND UM

: 01=EACH 02=INCH
LEGEND REY:

A=UW/PARTS LIST

n
<

PARATRONICS

INC.

SINGLE LEVEL EXPFLOSTION

09/0%5/80

FAR143-0052-000:1-00 DESCRIPTION

MODEL 80 FCB ASSY

62 F BT T 3 I T IE I I e e I I W I 2 N 3 M

PART DZSCRIFPTION arvy. UM COn. EFFECTIVITY
PER ch START STOP
CONN.20P LN, DUAL ,6~-AA-02~-20-1FX 1 1 0 OFEN OFEN
MODEL 80 PROBE, OUTSIDE 1 1 0 OFEN OFEN
AM6B7 I.C. S 1 ) OFEN OFEN
MODEL 80 CABLE ASSY 1 1 0 OFEN OFEN
4-40X 3/8FPHMS,NYLON, SLOTTED 4 1 0 OPEN OPEN
MODEL 80 PROBE LABEL 1 1 0 OPEN OFEN
MODEL 80 BOTTOM COVER 1 1 0 OPEN OFEN
MODEL 80 TOP COVER 1 1 0 OPEN OPEN
03=FEET 04=BULK 05=A8 REGUIRED 046=0THER
D=W/0 PARTS LIST R=REFERENCE DOCUMENT S=SPECIFICATION

0 REV.CU.:

Cox

oo ©

CoCoC

Ul

A
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13.3 MODEL 90 PROBE

13.3.1 INTRODUCTION

The Model 90 Probe interfaces the Waveform Analyzer to the system under
test. It is a high-quality oscilloscope probe selected for its suitability to
this application.

13.3.2 FUNCTIONAL DESCRIPTION

The Model 90 Probe is a passive probe with a three position slide switch
in the probe body. The three switch positions are: x 10 (10:1 attenuation);
REF (ground reference); and x1 (1:1 attenuation). The probe specifications at
the three switch positions are as follows:

x10 Position

Bandwidth: dc to 100 MHz
Rise Time: 3.5 ns

Input Resistance: 10M ohm

Input Capacity: 12 pF

Working Voitage: 600 V dc, peak

REF Position

Input Resistance: Probe tip, 9M ohm; analyzer input, grounded

x1 Position

Bandwidth: dc to 10 MHz
Input Resistance: 1M ohm

Input Capacity: 70 pF

Working Voltage: 600 V dc, peak

13.3.3 ACCESSORIES
The following accessories are supplied as standard equipment:

Insulating Tip
Sprung Hook

IC Adapter

BNC Adapter
Trimmer Tool

13.3-1
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14.1 SERIAL INTERFACE BOARD (RS-232-C, 20 mA)

14.1.1 INTRODUCTION

The Serial Interface Board (SIB) interfaces the PI 540 to remote RS-232-C
or 20 mA current-loop peripheral devices. This option permits remote listing
of data collected by the PI 540. The SIB interfaces to the bus and contains
2K bytes of PROM for the resident SIB software. The board can be configured
for standard RS-232-C or 20 mA current-loop signal levels.

14.1.2 FUNCTIONAL DESCRIPTION

When appropriate during the following discussion, please refer to the
schematic diagram, board layout, and parts 1list that are included at the end
of this section.

Crystal Y1, IC U8, and baud rate select switches S1—S4, generate a
clock 16 times the desired baud rate. This clock is applied to the RXC and
TXC inputs of USART U5. U6 and U7 decode I/0 and memory addresses and enable
the interfacing of the 2K-byte SIB PROM U3 or the USART U5 to the PI 540 bus.

Transceiver U4 provides the necessary TTL buffering. USART U5 is ini-
tialized by the PI 540's 8085 microprocessor using the SIB software to provide
full duplex serial data communication between the analyzer and the peripheral
device.

Line receiver Ul converts signals DATA IN, DSR, and CTS from RS-232-C
levels to TTL levels. U2 and Q1—Q3 convert the TTL output from U5 to
RS-232-C levels of +5 volts. Optional resistor R12 and jumpers J7 and J8
permit use of 20 mA current-loop signals instead of RS-232-C levels.

14.1.3 ALTERNATE CONFIGURATIONS

There are several alternate configurations and modifications possible for
the Serial Interface Board:

a. Expanded software—For normal 2K SIB software, U6 pin 5 is
connected via jumper J5 to All. For expanded 4K software, U6 pin 5 is
grounded via jumper J6.

b. Interrupt jumpers—The SIB has provisions for interrupt driven
operations using jumpers J1—J4. Normal SIB software does not use
the interrupt functions so these jumpers are left out.

C. RS-232-C signal level configuration (normally supplied from
factory) —Resistor R12 is not present. Input and outputs are
RS-232-C compatible.

d. 20 mA current-loop configuration—Resistor R12 and jumpers J8 and
J7 are installed. The 20 mA current loop is connected between pins 3
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and 4 of the rear panel connector socket. The terminal keyboard
(normally closed) is connected between pins 2 and 14 on the same
socket. :

e. Non-standard USART initialization—The SIB initialization
software can be customized to provide different serial protocol.

14.1.4 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board layout, and parts list for the Serial
Interface Board are contained on the following pages.

14.1-2
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_I_ RS-232/7TTY SERIAL INTERFACE
T :’/ ‘;{ :/ :/ BAUD RATE
INTERRUPT SELECT
P10 JUMPERS Siys2ys3ys4 : Unon[+5 JaND
TRAP 24 & do-o LI L
RST 5.5 22 & %2 o ——o- T3
pAN J3 45V
RST 6.5 53 €& o-—~0 24 |12
RST 7.5 23 & B oo =
! 6 41312711 a lzolio
! h 7[; 50 SI s2 s3, |3 SR4 RS $R3 s |26 1a
! A X 2 247K 211K 247K >
i 47PF | RIO i S 16} 8
< -
| sloMm L3, as7emHz us 7 e} 8
; i [ 5!, 34702 e _ @ | P al 2 [1e]2
! j * ¢p z . 2N3905 . 2N3905 .
1 47 PF 15 o : 1K i ,
RST 55 &1 = = $+—oieX $R7 TX
1 CLK $ 470 "
) 20j21 1251 9 74L.S00 741500 —— ——< 14 DATA OUT R$232 (3)
| CLK RST XC 13 10 L '
DBO T -(—;—f: B0 AD ; g; oG TXD :j T T T12] U2 S 1 i
DBl 16 (—-r——-7- B Al S 710! RXRDY (—= 1
DB2 46 s 82 A2 12 > b2 TXRDY (= |
DB3 48 {<T——— = B3 U4 A3 3 5103 SD/BD g !
DB4 47 &T——— 2 B4 8304 A4 o =1 pe T<EMPTY 1
0BS5S 45 &y—— = BS A5 = 7105\ 1
DBS 14 <_'—'—|2 B6 A5 3108 g5, 1
DBT 44 & BT ;7 7 D7 — | 22 1
i il 9 DSRIM7 !
st 18 (—,———,/ ol — CTs = |
uii} ; ST 3R RXD 1
RD ST RO cip ©s !
RE 56 & 5 - 2] i =
| 4 u2 1
I 1
I 1
i | ; < Il DATA SET READY RS232 ()
! 3] |
A0 10 &q— 2o oo i3 ::f:! :
A0l 41 &g Al ol 5 i3 Ui T {
A02 T T A2 02 M= 9617 < 12 CLEAR TO SEND RS232 (S)
ool L R T ¢ RS :
AOS 40 (—,———% A5 2716 D5 :: S . ::] T ' ;
AD6 9 &1 46 06 7 - < 15 DATA IN RSz32 (2) :
AO; g(—r——z—s A; o7 i i
A08 I3 &= A
A09 12 & ?2 A9 ts 2 :
AlD 11 & Al0 1
| 18] peu +5Y |
i l—- P/0 Ri 1
| Pl ¢—wv————< 13 RQST T0 SEND RS232 (4)
1 85 470 i
! 4 8 $T i
| v — 6l va LU i . BV 135 E—t R2 "
| 3 62A 2| U2 | 26 &< ' 0 ’ ’ v —< 7 DATA TERM ROY RS232 (20)
! ¢ ! .L cl _L c2 .J_ s e 470 !
: ur : To.uur TD.IUF TO.IUF TD.IUF :
| g | TSI 1 s : : - 1< 16 PROTECTIVE GROUND RS232 (1)
1 ‘———QI G2B GND — 21 6-1_4' 1
1 z1A 30—+ +——1< 10 SIGNAL GROUND RS232 (7)
2 A1 er
1 > 8 __50 é‘l'_‘ Py . i
0.IUF =
1 | 1
] ] 1
; -5y 33 & 8 0— —< 1 -5V Rs232 (4)
Al4 51 € 5161 Yo S !
ST 4 -5Y
AIS 20 &4 3 59 62A
All 38 &g———0—0—0 G628
l - ad us PARATRONICS INC.
! + 74LS138
A2 39 & L, | NOTES: UNLESS OTHERWISE SPECIFIED
A3 21 & 2] g 1/0 ADDRESSES USED - 127-001g-001 SERIAL INTERFACE
o/ S0 &d ER 7L {BOTH READ AND WRITE) 1. * INSTALL FOR 20 MA CURRENT LOOP
N 2. ALL RESISTANCE VALUSS ARE IN OHMS, SIZE INIT. | DATE REV_ND.| DAlc
- T4 AND T5 {HEX) 5%, 174 WATT DRAWN [ gom | o0/ B 12/c]7%
D CHECK | gpns | [/2g/5
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S INGLE LEVEL EXFLOSION

0%9/0%/80
FAR143-0012-0090-00 DESCRIFTION : RS 232 FCB ASSY OQUTSIDE ECO%:2 0 REV.CU.: C
PART NUMBER KEY PART DESCRIPTION ary. um CON. EFFECTIVITY ECO%
FER co START STOP
111-0004-0072-00 D .1 UF 25V CAF. CD 5 1 0 OFEN OFEN 0 C1
c2 c3 ca c7 »
126-0012-0001-00 L RS 232 FCB FAB 11 0 OFEN OFEN 0
116-0001-0001~00 n SWITCH, SPST, 76TCO4,GRAYHILL 11 0 OFEN OFEN 0 81
52 §3 54
115-0022-0001--00 ( SOCKET, 28FIN 1o 0 OFEN OFEN 0 us
115-0011-~0001-00 i SOCKET , 24FIN 11 0 OPEN P 0 us
1.15--0009-0001-00 0 SOCKET, 20FIN i1 0 OFEN OFEN 0 ua
115-0005-0001-00 o SOCKET , 16FIN 4 1 0 OPEN 0FEN 0 Ji
16 uz us
115-0003~0001~00 n GOCKTT, 14FIN 2 0 OFEN OFEN 0 Ui
w2
11.2-0300-0001-00 D CRYSTAL, 2.4576 MHZ, MPRPR i1 0 OPEN OFEN 0 YL
112-0101-0001-00 I TRANSTSTOR, 2N390S5 2 1 0 OFEN OFEN 0 QL
02
112-0100-0001~00 I TRANS STOK, 2NI904 11 0 OFEN OFEN 0 a3
111 -00612-0022-00 L 47 F 1KY CAF. CD 24 0 OFEN OFEN 0 05
Cé
110-0007-0161-00 ) 10M OHM 1/2 W CF RES 14 0 OFEN DFEN 0 K10
110-0005-0088-00 L 11K 1/4 U 5 CF RES 2 1 0 OFEN OFEN 0 R
K6
110--0005-0079-00 10 4.7 K OHM 1/4 U CF RES 31 0 OFEN OFEN 0 K31
R4 K9
110-0005-0075-00 ( 3.3 K OHM 1/4 W CF RES 11 0 OPEN OFEN 0 KL
110-0005-0055-00 o 470 OHM 1/4W 5% CF RES 4 1 0 OFEN OFEN 0 R
Fe2 R7 R8
LEGEND UM =  O1=EACH  O2=INCH  OG=FEET  O4=BULK  O05=A8 REQUIREL  06=0THEK
LEGEND KEY: A=W/FARTS LIST D=4/0 FPARTS LIST R=REFERENCE DOCUMENT 5=SPECIFICATION

DI A T B U e A A I I K IE I R IE WA, K
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SIKNGLE LEVEL EXFLOSIORN

09/05/80
FAR143-0012-0001-00 BESCRIPTIDN/I RS232 PCB ASY.IN HOUSE ECO®: O REV.CU.1
PAKT NUMBER KEY PART DESCRIFPTION ary. uM CON. EFFECTIVITY ECO%
PER cp START STOP
11.3-0037-0001-00 b iC, 1489L 101 [y 04/21/80 OPEN 0 UL
143-0012-0090-00 D RS 232 PCB ASSY OUTSIDE 11 0 OPEN OPEN o
113-0014-0001-00 B .C., DPB304N, NSC, AMD, t 1 0 OPEN OPEN o ua
115-00:3~0001~00 p i.C., PB2S1, INT., NEC. 11 o OPEN OPEN o us
113--0609-0001-00 B i.€., T47028B7C [ 0 aPEN OFEN 0 us
L13-0020-000"-00 o 1.C., EN13025,(2616) SIG 11 o OPEN OPEN o u3
113-0003-0138-00 17} 1.C., 74L6138 2 1 o OPEN OPEN 0 ué
LV7
113-0003-0000-00 B I.C., 74LS00 11 o OPEN OPEN o uz
[.LEGEND UK : O1=EACH O02=INCH O3=FEET 04=BULK 05=AS REQUIRED 0&=0THER
LEGEND KEY: #=W/PARTS LIST B=U/0 PARTS LIST R=REFERENCE DOCUMENT S=SPECIFECATION

FEHE 0236 396 € 36 2 3¢ 36 36 26 36 96 36 36 0 3¢ 3 ¢ I 36
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14.2 GPIB INTERFACE BOARD (IEEE-488-1978)

14.2.1 INTRODUCTION

The GPIB (General Purpose Interface Bus) Interface is contained on a
standard PI 540 Microcomputing Section PC board. It can reside in any card
slot on the Microcomputing Motherboard and connects via a flat ribbon cable to
a GPIB connector on the chassis rear panel. The GPIB Interface Board contains
the hardware interface between the PI 540 bus and the GPIB as well as up to
4K bytes of software which determines bus protocol.

When appropriate during the following discussion, please refer to the
State Diagram, figure 14.2-1, and to the schematic diagram, board layout, and
parts 1ist that are included at the end of this section.

U10 and U13 decode the PROM address and the MC68488 I/0 ports and gener-
ate the appropriate chip selects and bus buffer enable signals. U4 provides
the necessary handshaking for communications on the GPIB, as well as buffering
the actual transferred data. The interface to the bus is accomplished through
U2, U3, U5, and U6 which are bus drivers designed specificaily for the GPIB.
These buffers normally operate in the open-collector mode, which is required
if a parallel-poll operation is to be performed. If 3-state operation is
desired, a jumper may be opened.

Upon a Read-Address-Switch-Register command to the MC68488, one-half of
Ul feeds the Interface Address Select Switches to the data bus. The other
half of Ul is used for inverters. The c¢ircuits consisting of Ull, Ul12, U13,
and U15 form a pair of state machines used to synchronize the operation of
the MC68488 GPIA (General Purpose Interface Adapter) to the PI 540's 8085
processor. Ul4 divides the 8085 clock to a frequency compatible with the
MC68488 and provides clock phase (@0 and @§3) information for the state
machines.

The chip select sync state machine holds off the MC68488 address select
(488SEL-) from the 8085 until the MC68488 clock goes high (§0 time). The
chip select is then held low until 488SEL- goes high.

The MC68488 is too slow to run directly as an 8085 peripheral so it
operates semi-asynchronously to the 8085. A RW sync state machine is required
for 8085 accesses to the MC68488 to be performed properly. This machine pulls
the READY 1ine low one state time after the M(C68488 is accessed, to hold the
processor in its read/write operation. It then waits until just before the
MC68488 clock goes low (read), or just after (write), before letting the READY
1ine go high again. This provides the proper synchronization between the
MC68488 and the 8085.

14.2.3 ALTERNATE CONFIGURATIONS

A jumper is provided to allow either open collector or active (3-state)
interface to the GPIB. For those systems employing parallel polling, open

14.2-1
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collector operation is required. The board is normally shipped from the
factory in the open collector configuration (with jumper installed).

14.2.4 SCHEMATIC, BOARD LAYOUT, & PARTS LIST

The schematic diagram, board Tayout, and parts list for the GPIB
Interface Board are contained on the following pages.

14.2-2
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STATE | Q2 Q1 | RDY
AlO O 1 SOURCE STATE
x11lv1x0 B{O 1 O SET RDY LOW
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09/70%5/80

FAR143-0013-0090-00 DESCRIFTION s IEEE 488 FCE ASY OUTSIDE ECO#1 0 REV.CU.3
FART NUMBER KEY FART DESCRIFTION aTy. UM CON. EFFECTIVITY ECO%
FE R oh START STOR

111-0207-0103-00 0 US 16V CAP. ELECTRO.,RAD. il 0 08/21/680  OFEN 0 ci2

126=-0013-0001-00 I TEEE ABBFCR FAR 1 0 OFEN OFEN 0

117-0030-0001~00 o TERMINAL, 120-1032-04, CAMEION T 0 OPEN OFEN 0

116-0001.-0001-00 I SUITCH, SPST, 76TC04,GRAYHILL 101 0 OFEN OFEN 0 81

L15-00513-0001-00 I SOCKET , 40F TN IR 0 OFEN OFEN 0 U4

115-0011-0001-00 I KET, 24F TN z 1 0 OFEN OFEN 0 J1
uz

115-0009-0001-00 ] SOCKET,20FIN 2 1 0 OPEN OFEN 0 U1
ue ,

115-0005-0001-00 n SOCKET, 16PIN 5 1 0 OFEN OPEN 0 u10
u2 u3 us ué

11%5--0003-0001~00 o SOCKET, 14FIN 5 1 0 OFEN OFEN 0 u11
u12 u13 u14 uLs _

111-0004-0072-00 n .1 UF 25V CAP. CD 111 0 OFEN OFEN o c1
C10 cii c2 ¢3 ca Cs cé c7 cs co

110-0005-0079-00 ] A.7 K DHM 1/4 W CF RES 4 1 0 OPEN OPEN 0 R
K2 R3 R4

LEGEND UM : 01=EACH 02=INCH 03=FEET 04=BULK 05=A8 REQUIRED 06=0THER
LEGEND KEY: A=W/PARTS LIST D=W/0 FARTS LLIST R=REFERENCE DOCUMENT S=8FECIFICATION

63 I N I H I I I 3B AW BN I W KKK



BM301A "ARATRONICS INC. FAGE

SINGLE LEVEL EXFPFLOSTION

09/0%/80
FARL43-0013-0001-00 DESCRIFTION : IEEE PCER ASY.IN HOUSE ECO#*: 0 REV.CU.:
FART NUMBER KEY PART DESCRIFTION aTy. uM - CON. EFFECTIVITY ZCOo*
FER chn START STOF
115-0052-0002-00 o STAND OFF, AMPHENOL 2 i 0 OFEN OFEN 0
124-0010~0001-00 I IEEE~-488 CAEBLE ASSY, MG932 1 1 0 OFEN OPEN 0
143-0013-0090~-00 D IEEE 488 FCEB ASY QUTSIDE 1 1 0 OPEN OFEN 0 .
113~0007-0001~-00 ¢ 1.C., 2716 1 i 0 OFEM OPEN V] : uz
113-0034-0002-00 o 1.C.y 6331-1(34-002).N825123F 1 1 0 OFEN OFEN 0 uio
113-0032-0001-00 I 1.C., MC3448AF, MOT 4 1 0 OFEN OFEN 0 uz
Uz us ué :

113-0031~0001-00 I I1.C., MCé68488F, MOT 1 1 0 - OFEN OFEN 0 ua
113-0014-0001-00 D I.C., DFB8304N, NSC, AMD, 1 1 0 OFEN OFEN 0 ue
113-0003-0240~00 I I.C., 74L8240 ] 1 0 OFEN OPEN 0 Ul
113-0003-0073-00 D I.C., 74L873 1 1 0 OPEN OFEN 0 uis
113-0003~0051-00 I I.C., 74L551 1 1 0 OFEN OFEN 0 uiz
113-0003-0002-00 D I.C.y 741802 1 1 0 OFEN OFEN 0 ui3
113-0002~-0074-00 D I.C., 74874 1 1 0 OPEN OFEN 0 ui4
113-0001-0001--00 n I.C., 7401 1 1 0 OFEN OFEN 0 Uil

L.EGEND UM = 01=EACH 02=INCH 03=FEET 04=BULK 05=A8 REQUIRED 06=0THER
LEGEND KEY: A=W/PARTS LIST Ii=W/0 FARTS LIST R=REFERENCE DOCUMENT S=8FLCIFICATION

K3 e BB B e e I N I I I 2 NI AW W NN
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15.0 SIGNAL AND INTERCONNECTION TABLES

15.1 INTRODUCTION

The following tables are available for reference as needed:

Table 1, Interboard Signals —a list of all signals that go between
circuit Boards. The list is arranged alphabetically by signal acronym. Each
entry comprises the signal acronym, the expanded signal name, and the source
and destination connector pins.

Table 2, Microcomputer S1 Connector —the pin-out for all the S1 con-
nectors ont —he W1crocomputer Motherboard. The table is arranged by pin number

and gives signal acronyms only. For signal name expansion or source and des-
tination information on a particular signal, please refer to table 1.

Table 3, Function S1 Connector —the pin-out for all the S1 connectors
on the Function Motherboard. The table is arranged the by pin number and
gives signal acronyms only.

Table 4; J3 Connector, Function Motherboard; J2 Connector, Microcomputer
Motherboard —the pin-out of the two connectors for the interconnecting
cable between the two motherboards. For cross-reference purposes, the table
aiso lists, for each signai acronym, the corresponding MS1 and FS1 connector
pins (regarding MS1 and FS1, please refer to the symbol explanation given
later in this Introduction).

Table 5; S2 Connectors, Function Motherboard —the pin-out for each S2
connector on the Function Motherboard. The table consists of signal acronyms
arranged in a matrix of pin-number x circuit-board-name (and slot letter).

Table 6; J4 Connector, State Probe, B Channel —the pin-out for
connector J4, State inputs from the Model 51A Probe for the B channel.

Table 7; J5 Connector, State Probe, A Chénne] —the pin-out for
connector J5, State inputs from the Model 51A Probe for the A channel.

Table 8; J6 Connector, Timing Probe —the pin-out for connector J6, the
Timing input from the Model 80 Probe.

Table 9; J7 Connector, Self-Test Data/Status —the pin-out for
connector J7, the Self Test output for Data and Status information.

Table 10; J8 Connector, Self-Test Address —the pin-out for connector
J8, the Self Test output for Address information.

Table 11; J14 Connector, Video Display; J11 Connector, Display Module;
J12 Connector, Display Module —a composite pin-out of connectors J11, J12,
and J14 showing the interconnections between these three connectors. Jll con-
nects to the Display Module and is wired to J12 and P14; J12 mates to P12 in
a two-conductor cable coming from the Power Supply; and J14 is on the Video
Display Board. (Please refer to the Connector/Cables Diagram in section 2.1,
Chassis, for further details.)
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Table 12; J21 Connector, Waveform; J15 Connector, Video Display —the
pin-out for connectors J15 and J21 that terminate an interconnecting cable
carrying video-related signals between the Video Display Board and the
Waveform board.

Table 13; J10 Connector, Keyboard; J1 Connector, Microcomputer Mother-
board —the pin-out for connectors J1 and J10 that terminate an
interconnecting cable carrying keyboard signals between the Microcomputer
Motherboard and the Keyboard Interface Board. (J10 is actually a hole pattern
on the Keyboard Interface Board into which a header on the cable is soldered.)

Table 14; J9 Connector, Function Motherboard Power —the pin-out of the
Function Motherboard connector J9, which terminates a cable bringing power
from the Power Supply.

Table 15; P13 Connector, Power Supply —the pin-out for connector P13,
which terminates a cable hard-wired to the Power Supply. P13 connects to J13,
a connector that terminates a cable bringing input voltages to the Power
Supply from the Chassis.

Following is an explanation of the symbols used in these tables to
designate the connector pins:

MS1-35 —the M indicates the Microcomputer Motherboard; the S1
is the connector designator; and the 35 is the pin
number. (Recall that the S1 connections for all circuit
boards in the Microcomputer Section are the same.)

FS1-35 —the F indicates the Function Motherboard. The function
of the remaining characters is the same as above. (The Sl
connections for all circuit boards in the Applications
Section are the same; but the FS1 connections are different
from the MS1 connections.)

S2B-35 —the B indicates the B slot in the Function Motherboard.
(The S2 connections are different for each board in the
Applications Section. There is no S2 in the Microcomputer
Section.)

J8-35 —the J8 is the connector designator. The leter J is used
for board-mounted connectors that accept mating connectors
that terminate a cable; the letter S is used for board-
mounted connectors that accept the edge-connector of another
PC board. (J is also used for cable-terminating connectors.
but S is not.)
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The slot assignments for the circuit boards in the Applications Section
are repeated here for convenient reference when using table 1:

lot Circuit Board

wm

(Front) Spare, for expansion
State Memory Board, B Group
State Control Board
State Memory Board, A Group
Timing Control Board
Timing Memory Board
Waveform Board

OO0 MmMG

15.2 TABLES

The tables described in the preceding paragraphs are presented on the
following pages.
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(intentionally blank)
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Table 1
TABLE 1
INTERBOARD SIGNALS

Signal Name Expansion

A0 Processor Address Bus, bit 0
Al Processor Address Bus, bit 1
A2 Processor Address Bus, bit 2
A3 Processor Address Bus, bit 3
A3- Processor Address, bit 3-

A4 Processor Address Bus, bit 4
A5 Processor Address Rus, bit 5
A6 Processor Address Bus, bit 6
A7 Processor Address Bus, bit 7
A8 Processor Address Bus, bit 8
A9 Processor Address Bus, bit 9
Al0 Processor Address Bus, bit 10
All Processor Address Bus, bit 11
Al2 Processor Address Bus, bit 12
Al3 Processor Address Bus, bit 13
Al4 Processor Address Bus, bit 14
Al5 Processor Address Bus, bit 15
Al5- Processor Address, bit 15-
ACLKINH+ Clock Inhibit, A channel
ACLKQUALIN- Clock Qualifier In, A channel
ACLKSEL Clock Select, A channel
ACONTROL (for future use)

ACQ1 Clock Qual-word-1 match, A ch
ACQ2 Clock Qual-word-2 match, A ch
ADLYWE- Delayed Write Enable, A chan
ALATCHCLK Latch Clock, A channel

ALE Address Latch Enable (8085)
ANALOGIN Waveform analog signal in
APDO A Probe Data, bit 0, State
APD1 A Probe Data, bit 1, State
APDz A Probe Data, bit 2, State
APD3 A Probe Data, bit 3, State
APD4 A Probe Data, bit 4, State
APD5 A Probe Data, bit 5, State
APD6 A Probe Data, bit 6, State
APD7 A Probe Data, bit 7, State
APD8 A Probe Data, bit 8, State
APD9 A Probe Data, bit 9, State
APD10 A Probe Data, bit 10, State
APD11 A Probe Data, bit 11, State
APD12 A Probe Data, bit 12, State
APD13 A Probe Data, bit 13, State
APD14 A Probe Data, bit 14, State
APD15 A Probe Data, bit 15, State
APROBCLK Probe Clock, A channel
APROBDREN-  Probe Data Remote Enable, A

Destination Source
J8-1, FS1-55 MS1-10
Jg8-2, FS1-24 MS1-41
J8-3, FS1-58 MS1-7
Jg8-4, FS1-28 MS1-37

MS1-59
J8-5, FS1-23 MS1-42
Jg8-6, FS1-2% MS1-40
J8-7, FS1-56 MS1-9
J38-8, FS1-57 MS1-8
J8-9, FS1-52 MS1-13
J8-10, FS1-53 MS1-12
J8-11, FS1-54 MS1-11
J8-12, FS1-27 MS1-38
J8-13, FS1-26 MS1-39
J8-14, FS1-44 MS1-21
J8-15, FS1-14 MS1-51
J8-16, FSi-45 MS1-26
MS1-58
Sep-7 S2E-7
S2D-37 S2E-8
J5-4 S2E-24
J5-9 S2E-27
S2E-21 S2D-19
S2E-22 S2D-18
#S2E-6 S2D-6
S2D-4 S2E-4
FS1-50 MS1-15
S2A-29  *BNC
S2D-56 J5-20
S2D-54 J5-22
S2D-55 J5-21
S2D-29 J5-16
S2D-53 J5-23
S2D-57 J5-19
S2D-52 J5-24
S2D-51 J5-25
S2D-58 J5-18
S2D-59 J5-17
S2D-28 J5-15
S2Db-27 J5-14
S2D-26 J5-13
S2D-23 J5-8
S2D-24 J5-10
S2D-25 J5-11
S?E-23 J5-2
S2D-14 SZ2E-43

15-
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Destination Source
S2D-21, S2E-25 J5-5
S2D-22 J5-7
J5-6 S2E-26
@S2D-20
@S2F-20
S2E-47 S2D-17
S2E-45 S2D-16
#S2E-5 S2D-5
J10-9 J1-9
J10-6 J1-6
J10-5 J1-5
J10-7 J1-7
J10-8 J1-8
S2F-7 S2E-38
S2F-37 S2E-39
J4-4 S2E-56
S2E-53 J4-9
S2E-51 S2F-19
S2E-52 S2F-18
J1-12 J10-12
J1-13 J10-13
J1-14 J10-14
J1-15 J10-15
J1-16 J10-16
J1-17 J10-17
J1-18 J10-18
J1-19 J10-19
S2E-37 S2F-6
S2F-4 S2E-34
S2F-56 Ja-20
S2F-54 J4-22
S2F-55 Ja-21
S2F-29 J4-16
S2F-53 J4-23
S2F-57 J4-19
S2F-52 J4-24
S2F-51 J4-25
S2F-58 J4-18
S2F-59 Jé-17
S2F-28 Ja-15
S2F-27 J4-14
S2F-26 J4-13
S2F-23 J4-8
S2F-24 J4-10
S2F-25 Jd-11
S2E-57 J4-2
S2F-14 S2E-44
S2F-21, S2E-55 J4-5
S2F-22 J4-7
J4-6 S2E-54
S2E-48 S2F-17

15-6

Table 1

Signal Name Expansion

AQl Probe Qualifier bit 1, A chan
AQ2 , Probe Qualifier bit 2, A chan
AQCLKSEL Clock Qualifier Select, A cha
ARMA State Arm-word match (TTL), A
ARMB State Arm-word match (TTL), B
ARST RESTART-word match, A channel
ATRIG+ Trigger-word match, A channel
AWE+ Write Enable, A channel

BAO+ Buffered Address Bus, bit 0+
BAO- Buffered Address Bus, bit 0-
BAl- Buffered Address Bus, bit 1-
BA2- Buffered Address Bus, bit 2-
BA3- Buffered Address Bus, bit 3-
BCLKINH+ Clock Inhibit, B channel
BCLKQUALIN- Clock Qualifier In, B channel
BCLKSEL Clock Select, B channel
BCONTROL (for future use)

BCQl Clock Qual-word-1 match, B ch
BCQ2 Clock Qual-word-2 match, B ch
BDBO Buffered Data Bus, bit 0

BDB1 Buffered Data Bus, bit 1

BDB2 Buffered Data Bus, bit 2

BDB3 Buffered Data Bus, bit 3

BDB4 Buffered Data Bus, bit 4

BDB5 Buffered Data Bus, bit 5

BDB6 Buffered Data Bus, bit 6

BDB7 Buffered Data Bus, bit 7

BDL YWE- Delayed Write Enable, B chan
BLATCHCLK Latch Clock, B channel

BPDO B Probe Data, bit 0, State
BPD1 B Probe Data, bit 1, State
BPD2 B Probe Data, bit 2, State
BPD3 B Probe Data, bit 3, State
BPD4 B Probe Data, bit 4, State
BPD5 B Probe Data, bit 5, State
BPD6 B Probe Data, bit 6, State
BPD7 B Probe Data, bit 7, State
BPD8 B Probe Data, bit 8, State
BPD9 B Probe Data, bit 9, State
BPD10 B Probe Data, bit 10, State
BPD11 B Probe Data, bit 11, State
BPD12 B Probe Data, bit 12, State
BPD13 B Probe Data, bit 13, State
BPD14 B Probe Data, bit 14, State
BPD15 B Probe Data, bit 15, State
BPROBCLK Probe Clock, B channel
BPROBDREN-  Probe Data Remote Enable, B
BQl Probe Qualifier bit 1, B chan
BQ2 Probe Qualifier bit 2, B chan
BQCLKSEL Clock Qualifier Select, B cha
BRST RESTART-word match, B channel
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Destination Source
@S2D-15, S2F-15
S2E-46 S2F-16
S2E-35 S2F-5
J15-5
FS1-11 MS1-54
S2C-56 J6-3
S2C-55 J6-2
S2B-43 S2C-43
S2A-6, S2B-6, S2E-36 S2C-6
S2B-52 J6-33
S2B-53 J6-32
S2R-54 Je-30
S2B-55 J6-29
S2B-56 J6-27
S2B-57 J6-26
S2B-58 J6-24
S2B-59 J6-23
S2B-29 J6-21
S2B-28 J6-20
S2B-27 J6-18
S2B-26 J6-17
$28-25 J6-15
S2B-24 J6-14
S2B-23 J6-12
S2B-22 Jé-11
J7-1, FS1-48 MS1-17
J7-2, FS1-49 MS1-16
J7-3, FS1-19 MS1-46
J7-4, FS1-17 MS1-48
J7-5, FS1-18 MS1-47
J7-6, FS1-20 MS1-45
J7-7, FS1-51 MS1-14
J7-8, FS1-21 MS1-44
Jel-2 J15-2
S2C-12, S2D-12, S2F-12  *BNC
J15-4 J21-4
J10-4, J1-4
*BNC ,  S2C-42 S2E-42
*BNC,  S2D-11, S2F-11 S2C-11
(Many)
FS1-7 MS1-28
MS1-26 FS1-39
J21-1 J15-1
J6-34 S2B-15
J7-12, FS1-37 MS1-29
MS1-52 FS1-13
J1-3, J10-3, FS1-8 MS1-57
J7-17, J8-18, FS1-15 MS1-50
J7-11
S2C-58 J6-9
S2C-57 J6-8

gggpal

Table 1

Name Expansion

BSELECT-
BTRIG+
BWE+
CCLK-
CLK
CLK+
CLK-
CLKTTL
CT

DO+
DO-
D1+
D1-
D2+
D2-
D3+
D3-
D4+
D4 -
D5+
D5-
D6+
D6-
D7+
D7-
DBO
DB1
DB2
DB3
DB4
DB5
DB6
DB7
DCLK?2
EXT
EXTVID-
FPENB-
FS

FT

GND
HLDA
HOLD
HRTC-
HYST
INTA-
INTR
I0EN-
10+/M-

QCLK+
QCLK-

Selects Bd B by GND at S2F-15
Trigger-word match, B channel
Write Enable, B channel
Character Clock- (Video)
Clock (8085)

Clock+, Timing

Clock-, Timing

Delayed CT Clock, TTL level
Selected Clock, Timing
Timing Probe Data, bit 0+
Timing Probe Data, bit O-

Timing Probe Data, bit 1+
Timing Probe Data, bit 1-
Timing Probe Data, bit 2+
Timing Probe Data, bit 2-
Timing Probe Data, bit 3+
Timing Probe Data, bit 3-
Timing Probe Data, bit 4+
Timing Probe Data, bit 4-
Timing Probe Data, bit 5+
Timing Probe Data, bit 5-
Timing Probe Data, bit 6+
Timing Probe Data, bit 6-
Timing Probe Data, bit 7+
Timing Probe Data, bit 7-
Processor Data Bus, bit
Processor Data Bus, bit
Processor Data Bus, bit
Processor Data Bus, bit
Processor Data Bus, bit
Processor Data Bus, bit
Processor Data Bus, bit
Processor Data Bus, bit
Dot Clock 2 (Video)
External trigger signal
External Video- (Waveform)
Front Panel Enable-

State trigger conditions met
Timing trigger conditions met
Signal and Power Ground

Hold Acknowledge (8085)

Hold (8085)

Horizontal Retrace- (Video)
Hysteresis control, Timing
Interrupt Asknowledge (8085)
Interrupt Request (8085)

I/0 Enable

Input/Output+ or Memory-

~NOOT PP,PwWwNEE O

Clock Qualifier +, Timing
Ciock Quaiifier -, Timing
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Destination Source
S2D-46, S2F-46 S2E-16
S2D-45, S2F-45 S2E-15
S2D-44, S2F-44 S2E-14
S2D-43, S2F-43 S2E-13
S2D-42, S2F-42 S2E-12
S2D-41, S2F-41 S2E-11
S2D-40, S2F-40 S2E-10
S2Db-39, S2F-39 S2E-9
J7-18, J8-17, FS1-59 MS1-3
MS1-27 FS1-38
FS1-10 MS1-55
MS1-22 FS1-43
MS1-53 FS1-12
MS1-23 FS1-42
J7-19, J8-19, FS1-9 MS1-56
J8-9, FS1-46 MS1-19
J8-10, J1-11, FS1-47 MS1-18
J10-11
S2C-38 S2D-9
S2C-9 S2F-9
J7-13, MS1-25 FS1-40
J7-14, FS1-16 MS1-49
*J2-11, S2C-39 S2D-10
S2C-10 S2F-10
S2C-7 S2B-7
J6-5 S$2B-14
J6-6 S2B-45
MS1-24 FS1-41
S2D-50, S2F-50 S2E-20
S2D-49, S2F-49 S2E-19
S2D-48, S2F-48 S2E-18
S2D-47, S2F-47 S2E-17
*J2-15, S2C-8 S2B-8
*BNC, J11-8 J14-2
J21-3 J15-3
S2B-21 S2A-21
S2B-51 S2A-51
S2B-20 S2A-20
S2B-50 S2A-50
S2B-19 S2A-19
S2B-49 S2A-49
S2B-18 S2A-18
S2B-48  #S2A-48
FS1-29 MS1-4
S2C-40 S2A-40
MS1-35, MS1-36, J9-1,2 -
MS1-6, MS1-5, FS1-36
FS1-35, FS1-6, FS1-5
J10-10, J6-19, J6-16
Jb-26, J4-26, J1-10

15-8

Signal

Table 1

Name Expansion

RAO

RA1

RA2

RA3

RA4

RAS

RA6

RA7

RD-

RDY

RST
RST 5.5
RST 6.5
RST 7.5
RW

S0

Sl

SAA-
SAB-
SID
SOD
STA-
STB-
TA-
THRESHA
THRESHB
TRAP
TSAO
TSAl
TSA2
TSA3
TT-
VIDtu
VRTC-
WDO
WD1
WD2
WD3
WD4
WD5
WD6
WD7
WR-
WTRIG+

+5 Vv

RAM Address, bit 0, State
RAM Address, bit 1, State
RAM Address, bit 2, State
RAM Address, bit 3, State
RAM Address, bit 4, State
RAM Address, bit 5, State
RAM Address, bit 6, State
RAM Address, bit 7, State
Read (8085)

Ready (8085)

RESET OUT (8085)

Interrupt, RESTART at 002CH
Interrupt, RESTART at 0034H
Interrupt, RESTART at 003CH
Read or Write

Data Bus Status, bit 0 (8085)
Data Bus Status, bit 1 (8085)

State Arm-word match, A chan
State Arm-word match, B chan
Serial Input Data (8085)

~ Serial Output Data (8085)

State Trigger-word match, A
State Trigger-word match, B
Timing Arm-word match
Threshold V, Timing 0-3,Q,CLK
Threshold V, Timing chan 4—7
Interrupt, RESTART at 0024H
Trigger Stack Address, bit O
Trigger Stack Address, bit 1
Trigger Stack Address, bit 2
Trigger Stack Address, bit 3
Timing Trigger-word match
Composite Video

Vertical Retrace- (Video)
Digitized Waveform Data bit
Digitized Waveform Data bit
Digitized Waveform Data bit
Digitized Waveform Data bit
Digitized Waveform Data bit
Digitized Waveform Data bit
Digitized Waveform Data bit
Digitized Waveform Data bit
Write (8085)

Waveform Trigger cond. met

~N oo whheEe O

+5-volt supply from Pwr Sup
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Destination

Source

S2B-2,
S2A,32,

FS1-34,
FS1-4

FS1-33,
FS1-32

vATUL

J6-22,
J4-12

S2B-33,
S2B-3,
S1-20

S2B-32,
S2A-2

MS1-34,

MS1-33,

FS1.2

LIRS SRV Y

J6-25,

J10-20,
S2A-33,

J11-7 Jiz2-1
J6-10

J9-12

J9-11

J9-5,6

FS1-2
J5-12
J6-13

J9-9
S2A-3

élgnal

Table 1

Name Expansion

+12 V
+12 V
+15 V

+30 V

-5.2 V

=12 v
=15V

+12 V, Display Module from PS
+12 V, Probe from Timing Mem

+15-volt supply from Pwr Sup

+30-volt supply (optional)

-5.2-volt supply from Pwr Sup

-12 V, Probe from Timing Mem

-15-volt supply from Pwr Sup

* U2 is an IC (10125 quad ECL-to-TTL translator) on the Function Motherboard.
BNCs are connectors on the chassis back plate (labeled on the back plate).

# No connection to this pin on the circuit board in this slot.

@ No connection to this pin on the motherboard.

15-9



PI 540 Maintenance Manual Table 2

TABLE 2
MICROCOMPUTER S1 CONNECTOR

PIN SIGNAL PIN SIGNAL
1 GND 31 GND

2 SPARE 32 SPARE
3 RD- 33 -5.2 Vv
4 WR- 34 +30 V
5 +5 V 35 +5 V

6 +5 Vv 36 +5 V

7 A2 37 A3

8 A7 38 All

9 A6 39 Al12

10 A0 40 A5

11 A10 41 Al

12 A9 42 A4

13 A8 43 SPARE
14 DB6 44 DB7

15 ALE 45 DB5

16 DB1 46 DB2

17 DBO 47 DB4

18 S1 48 DB3

19 SO 49 SoD

20 Al5 50 [0+/M-
21 Al13 51 Al4

22 RST 5.5 52 INTR
23 RST 7.5 53 RST 6.5
24 TRAP 54 CLK

25 SID 55 RST
26 HOLD 56 RW
27 RDY 57 IOEN-
28 HLDA 58 Al15-
29 INTA- 59 A3-

30 GND 60 GND
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TABLE 3
FUNCTION S1 CONNECTOR

PIN SIGNAL
1 GND
2 -5.2 Vv
3 -5.2 Vv
4 +30 V
5 +5 V
6 +5 V
7 HLDA
8 I10EN-
9 RW
10 RST
11 CLK
12 RST 6.5
13 INTR
14 Al4
15 10+/M-
16 SOoD
17 DB3
18 DB4
19 DB2
20 DB5
21 DB7
22 SPARE
23 A4
24 Al
25 A5
26 Al2
27 All
28 A3
29 WR-
30 GND

PIN SIGNAL
31 GND

32 -5.2 V
33 -5.2 V
34 +30 V
35 +5 V
36 +5 V
37 INTA-
3 RDY

39 HOLD
40 SID

41 TRAP
42 RST 7.5
43 RST 5.5
44 Al3
45 Al15

46 SO

7 S1

48 DBO
49 DB1

50 ALE

51 DB6

52 A8

53 A9

54 Al0

55 A0

56 A6

57 A7

58 A2

59 RD-

60 GND

Table 3
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TABLE 4

J3 CONNECTOR, FUNCTION MOTHERBOARD
J2 CONNECTOR, MICROCOMPUTER MOTHERBOARD

*J2,3 #MS1  #FS1 Jz2,3 MS1 FS1
PIN SIGNAL PIN PIN PIN SIGNAL PIN PIN
1 GND 1 1 26 DB4 47 18
2 GND 30 30 27 S1 18 47
3 RD- 3 59 28 INTR 52 13
4 WR- 4 29 29 S0 19 46
5 A2 7 58 30 Al4 51 14
6 A3 37 28 31 Al5 20 45
7 A7 8 57 32 [0+/M- 50 15
8 All 38 27 33 Al3 21 44
9 A6 9 56 34 SO0D 49 16
10 A12 39 26 35 RST 5.5 22 43
11 A0 10 55 36 DB3 48 17
12 A5 40 25 37 RST 7.5 23 42
13 A10 11 54 38 RST 6.5 53 12
14 Al 41 24 39 TRAP 24 41
15 A9 12 53 40 CLK 54 11
16 A4 42 23 41 SID 25 40
17 A3 13 52 42 RST 55 10
18 SPARE 2 22 43 HOLD 26 39
19 DB6 14 51 44 RW 56 9
20 DB7 44 21 45 RDY 27 38
21 ALE 15 50 46 IOEN- 57 8
22 DB5 45 20 47 INTA- 29 37
23 DB1 16 49 48 HLDA 28 7
24 DB2 46 19 49 GND 31 31
25 DBO 17 48 50 GND 60 60

* J2 and J3 are interconnected on a pin-l1-tu-p..-1 bassis by a flat ribbon
cable. (CAUTION: Because of the geometry of the motherboard placements, a
fold in the cable is necessary. This fold invalidates the pin-1 markers on
the P2 and P3 cable-plug bodies. When inserting the plugs, honor the pin-1
markers on the pull tabs rather than those on the plug bodies. Match
the pull-tab markers to those on the J2 and J3 connector bodies.)

# MS1
FS1

S1 sockets on the Microcomputer Motherboard.
S1 societs on the Function Motherboard.
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TABLE 5

S2 CONNECTORS, FUNCTION MB

Table 5

TIMING TIMING STATE STATE STATE

WAVEFORM ~ MEMORY CONTROL MEMORY A CONTROL ~ MEMORY B
SLOT A SLOT B SLOT C PIN SLOT D SLOT E SLOT F
GND GND GND 1 GND GND GND

+15 +15 -—- 2 (KEY) --- (KEY)
-15 -15 --- 3 .- (KEY) -—-

--- - --- 4 ALATCHCLK  ALATCHCLK  BLATCHCLK
--- --- ——- 5 AWE+ AWE+ BWE+

CT cT CT 6 ADLYWE- ADLYWE- BDLYWE-
--- TA- TA- 7 ACLKINH+  ACLKINH+  BCLKINH+
.- TT- TT- 8 --- ACLKQUALIN- ---

--- ——- SAB- 9 SAA- RA7 SAB-

--- (KEY) STB- 10 STA- RA6 STB-

--- - FT 11 FT RA5 FT

--- .- EXT 12 EXT RA4 EXT

--- --- --- 13 - RA3 —--

- THRESHA ——- 14 APROBDREN- RA2 BPROBDREN-
--- HYST (KEY) 15 Sas RA1 BSELECT-
- - .- 16 ATRIG+ RAO BTRIG+
——- - --- 17 ARST TSA3 BRST

WD6 WD6 -—- 18 ACQ2 TSA2 BCQ2

WD4 WD4 ——- 19 ACQ1 TSA1 BCQ1

WD2 WD2 - 20 ARMA TSAO ARMB

WDO WDO - 21 AQ1 ACQ1 BQ1

--- D7- --- 22 AQ2 ACQ2 BQ2

- D7+ - 23 APD13 APROBCLK ~ BPD13
--- D6- —- 24 APD14 ACLKSEL BPD14
——- D6+ --- 25 APD15 AQl BPD15
--- D5- --- 26 APD12 AQCLKSEL BPD12
(KEY) D5+ --- 27 APD11 ACONTROL  BPD11
GND D4- ——— 28 APD10 —-- BPD10
ANALOGIN D4+ --- 29 APD3 - BPD3
GND GND GND 30 GND GND GND
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TIMING  TIMING STATE STATE STATI
WAVEFORM MEMORY  CONTROL MEMORY A CONTROL MEMORY B C/T/SA
SLOTA SLOTB SLOT C PIN  _SLOTD SLOT E SLOT F SLOT G
GND GND  GND 31 GND GND GND GND
+15 V #15V 415V 32 (KEY) ——- (KEY) +15 V
-15 v -15v  -15V 33 DQ2 DQ2 DQ2 -15 V
--- - ——- 34 GND BLATCHCLK  GND -
GND GND GND 35 GND BWE+ GND BWE+
GND GND GND 36 GND cT GND -
--- --- --- 37 ACLKQUALIN-  BDLYWE-  BCLKQUALIN-  ---
- - SAA- 38 GND BCLKINH+ GND -
- - STA- 39 RA7 BCLKQUALIN-  RA7 -
WTRIG+  (KEY) WTRIG+ 40 RA6 - RA6 —-
--- --- -—- 41 RAS —-- RA5 GND
- ——- FS 42 RA4 FS RA4 PROBE
--- CLKTTL  CLKTTL 43 RA3 APROBDREN-  RA3 -
--- F12 V7 ae- 44 RA2 BPROBDREN-  RA2 ---
—- THRESHB  (KEY) 45 RA1 ATRIG+ RAL ---
- --- - 46 RAO BTRIG+ RAO --
--- - —- 47 TSA3 ARST TSA3 ---
WD7 WD7 - 48 TSA2 BRST TSA2 ---
WD5 WD5 -—- 49 TSAL - TSAL ---
WD3 WD3 - 50 TSAO —-- TSAO ---
WD1 WD1 -—- 51 APD7 BCQL BPD7 -
- DO+ —- 52 APD6 BCQ2 BPD6 ---
--- DO- -—- 53 APD4 BCONTROL BPD4 -
--- D1+ ——- 54 APD1 BQCLKSEL BPD1 -—-
--- D1- CLK- 55 APD2 BQl BPD2 -
--- D2+ CLK+ 56 APDO BCLKSEL BPDO -
(KEY) D2- QCLK- 57 APD5. BPROBCLK BPD5 ---
GND D3+ QCLK+ 58 APDS --- BPDS ---
GND D3- --- 59 APD9 --- BPDY -
GND GND GND 60 GND GND GND GND
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TABLE 6
J4 CONNECTOR, STATE PROBE, B CHANNEL

PIN SIGNAL PIN SIGNAL
1 GND 14 BPD11
2 BPROBCLK ‘ 15 BPD10
3 GND 16 BPD3
4 BCLKSEL 17 BPD9
5 BQl 18 BPD8
6 BQCLKSEL 19 BPDS
7 8Q2 20 BPDQ
8 BPD13 21 BPD2
9 BCONTROL 22 BPD1

10 BPD14 23 BPD4

11 BPD15 24 BPD6

12 -5.2 V 25 BPD7

13 BPD12 26 +5 Vv

TABLE 7

J5 CONNECTOR, STATE PROBE, A CHANNEL

PIN SIGNAL PIN SIGNAL
1 GND 14 APD11
2 APROBCLK 15 APD10
3 GND 16 APD3
4 ACLKSEL 17 APD9
5 AQ1 18 APD8
6 AQCLKSEL 19 APD5
7 AQ2 20 APDO
8 APD13 21 APD2
9 ACONTROL 22 APD1

1 APD14 23 APD4

11 APD15 24 APD6

12 -5.2 ¥ 25 APD7

13 APD12 26 +5 V
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TABLE 8
J6 CONNECTOR, TIMING PROB

PIN SIGNAL , PIN SIGNAL
1 GND 18 D5+

2 CLK- 19 +5 V

3 CLK+ 20 D4-

4 GND 21 D4+

5 THRESHA 22 -5.2 V
6 THRESHB 23 D3-

7 GND 24 D3+

8 QCLK- 25 -5.2 V
9 QCLK+ 26 D2-

10 +12 V 27 D2+

11 D7- 28 GND

12 D7+ 29 D1-

13 -12 v 30 D1+

14 D6- 31 GND

15 D6+ 32 DO-

16 +5 V 33 DO+

17 D5- . 34 HYST
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TABLE 9
J7 CONNECTOR, SELF-TEST DATA/STATUS

Tables 9 and 10

PIN SIGNAL PIN SIGNAL
1 DBO 11 I0+/M-
2 DB1 12 INTA-
3 DB2 13 SID
4 DB3 14 S0D
5 DB4 15 GND
& DBS 16 GND
7 DB6 17 10+/M-
8 DB7 18 RD-

9 S0 19 RW

10 S1 20 GND

TABLE 10
J8 CONNECTOR, SELF-TEST ADDRESS

PIN SIGNAL PIN SIGNAL
1 A0 11 Al10
2 Al 12 All
3 A2 13 Al2
4 A3 14 Al3
5 A4 15 A14
6 A5 , 16 Al15
7 A6 17 RD-

8 A7 18 [0+/M-
9 A8 19 RW
10 A9 20 GND
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TABLE 11

*J14 CONNECTOR, VIDEO DISPLAY
J11 CONNECTOR, DISPLAY MODULE
J12 CONNECTOR, DISPLAY MODULE (IN CABLE FROM POWER SUPPLY)

J11 PIN SIGNAL J12 PIN J14 PIN

1 GND 1
2 _—

3 _—

4 _—

5 —

6 _—

7 +12 V 1

8 VIDEO 2
9 _—

10 GND 2 3

* See the Connector/Cables Diagram in section 2.1, Chassis,
for the relationship of Jl11, J12, and J14.

TABLE 12

J21 CONNECTOR, WAVEFORM
J15 CONNECTOR, VIDEO DISPLAY

PIN SIGNAL PIN SIGNAL
1 HRTC- 8 -

2 DCLK2 9 GND

3 VRTC- 10 GND

4 EXTVID- 11 GND

5 CCLK- 12 GND

b -—- 13 GND

7

-—- 14 GND
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TABLE 13

J10 CONNECTOR, KEYBOARD
J1 CONNECTOR, MICROCOMPUTER MOTHERBOARD

PIN  SIGNAL PIN  SIGNAL
1 GND ’ 11 S1-
2 GND 12 BDBO
3 T0EN- 13 BDB1
4 FPENB- 14 BDB2
5 BA1- 15 RDR3
6 BAO- 16 BDB4
7 BA2- 17 BDB5
8 BA3- 18 BDB6
9 BAO+ 19 BDB7
10 +5 Y 20 215V
TABLE 14

J9 CONNECTOR, FUNCTION MOTHERBOARD POWER

PIN  SIGNAL PIN  SIGNAL
1 45\ 7 SPARE
2 5V 8 SPARE
3 SPARE 9 215 v
4 GND 10 GND
5 -5.2 V 11 +30 V
6 5.2V 12 +15 V

TABLE 15

P13 CONNECTOR, POWER SUPPLY

PIN SIGNAL PIN SIGNAL

1 AUX 110 Vac 4 AUX 110 Vac

2 MAINS Vac (LINE) 5 EARTH GND

3 100—115 Vac (NEUT) 6 220 Vac (NEUT)
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16.0 GLOSSARY

Words in the body of an explanation that are underlined are explained
elsewhere in the Glossary. Please refer to them there if necessary.

A/D
ASCII
BNC
Boolean
CMOS

CRT
CRTC
D/A
DMA

ECL
EPROM

" FET
Glitch

Hex
IC
IEEE-488

K

LED

LSI
Mains
MMI

0C

Op Amp
PC

PI
Pin-out

PROM

RAM
ROM

RS-232-C

SIB
SIP

Analog-to-Digital (converter)

American Standard Code for Information Interchange

A coaxial connector type-designation; offered by most manufacturers

A type of binary algebra used in logic design

Complementary-Metal-Oxide-Silicon; a family of ICs named after
the manufacturing technology

Cathode-Ray Tube

CRT Controller; a special-purpose LSI circuit

Digital-to- Ana]og (converter)

Direct Memory Access; memory access that is not under supervision
of the controlling microprocessor

Emitter-Coupled Logic; a family of high-speed, digital logic ICs

Erasable Programmable Read-Only Memory; can be erased with ultra-
violet light and reprogrammed

Field-Effect Transistor

(Please see definition at the beginning of the Data Comparators
subsection 11.2.4 in the Timing Memory section)

General Purpose Interface Bus; another name for the [EEE-488 bus

Hexadecimal; 1nd1cates, when placed after a number (wﬁ1cﬁ may
include a]pha characters A — F) that the number is in
base-16 notation

see H, above

Integrated Circuit

An Institute of Electrical and Electronics Engineers standard
digital interface for programmable instrumentation (the full
name of the standard is ANSI/IEEE Std 488-1978)

A unit multiplier meaning x 1000

Light Emitting Diode

Large-Scale Integrated circuit

The public utility ac power lines

Monolithic Memories, Inc.; a manufacturer of IC devices

Open Collector, a type of IC circuit design

Operational Amplifier; usually a linear IC.

Printed Circuit

Paratronics, Inc.; manufacturer of the PI 540 Logic Analysis Systen

A Tist of device pins (connector, IC, relay, etc.) versus input
or output signals or voltages.

Programmable Read-Only Memory; manufactured in the unprogrammed
state and can be programmed once, before installation

Random Access Memory; implies both read and write capabilities

Read-Only Memory; memory that can be read from but not written
into; programmed during manufacture

An Electronic Industries Association standard for a data
communication interface

Serial Interface Board; an optional circuit board for the PI 540

S1ng]e In- 11ne Package; the term is related to DIP (Dual In-line

Danlya~n
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T Transistor-Transistor Logic; a family of general purpose, digital
Togic ICs
USART Universal Synchronous/Asynchronous Receiver-Transmitter; an LSI

communications device
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