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1.1 MANUAL CONTENTS

Section 1: Introduction

Includes a general description of each
of the 800 Series including principles
of operation, block diagram descrip-
tion, and performance characteristics.

A brief description of the performance
checks, software update installation
procedure and preventative maintenance
recommendations are also given.

Section 2: Self-Tests

Description of automatic and keyboard
self-tests. In addition, a step-by-step
illustration of self-tests performed with
the Logic Analyzer Test Card is
provided.

Section 3: Chassis, Mother-

board, Power Supply, Disk

Drive

Mainframe, motherboard layout, power
supply, PCB arrangement and inform-
ation on disk drive service and
replacement.

Section 4: Keyboard
Description of keyboard, operation and
circuitry,

Section 5: Display Module
Maintenance details of the Display
module contained in the 800 series.

Microprocessor, memory, video
display circuitry, and IEEE-488 inter-
face details including a block diagram.

Section 7: 800 A, B & C State
Control Board (1520 MHz)

Block diagram, schematic and theory
of operation for the 800 A, B, C State
Analyzer Control board.

Section 8: 800 A, B & C State
Memory Boards (1520 MHz)
Block diagram, schematic and theory
of operation for the 800 A, B, C State
Memory Boards.

Section 9: 800 D State Control
Board (25 MHz)

Block diagram, schematic and theory
of operation for the 800 D State
Analyzer Control Board.

Section 10: 800 D State

Memory Boards (25 MHz)

Block diagram, schematic and theory
of operation for the 800 D State
Memory Board.

Section 11: 800 A & B Timing
Control Board (100 MHz)

Block diagram, schematic and theory
of operation for the 800 A, B Timing
Control Board.

Section 12: 800 A, B Timing
Memory Boards (100 MHz)

Block diagram, schematic and theory
of operation for the 800 A, B Timing
Memory Board.

Section 13: 800 C, D & E
Timing Control Board

(200 MHz)

Block diagram, schematic and theory
of operation for the 800 C,D & E
Timing Control Board.

Section 14: 800 C, D & E
Timing Memory Boards

(200 MHz)

Block diagram, schematic and theory
of operation for the 800 C,D & E
Timing Memory Board.

Section 15: CT/SA (Counter
Timer/Signature Analyzer)

Board

Description of the optional Counter-
Timer and Signature Analyzer Plug-in
Board.

Section 16: Waveform Board
Schematic and theory of operation for
the optional Waveform Recorder Plug-
in Board.

Section 17: Disk Controller,
Computer Dynamic RAM
Description, operation and circuitry
of the Disk Drive Controller and
Dynamic RAM.

Section 18: Input Probes

Describes the three probes used with
the 800 Series. The Model 80 or §1A
Probe is used to apply input signals to
the timing analyzer. The Model 51A
Probe is used to apply signals to the
state section. The Model 90 probe is
used for CT/SA readings of external
signals and to apply input signals to
the CT/SA Board or Waveform Board.

Section 19: Motherboard
Connections

Contains complete wiring and pin
assignments for the 800 series in
tabular form.

Section 20: Glossary
A glossary of terms used in this
manual and logic analysis in general.

Section 21: Alignment
Alignment procedure for the Model
800 Logic Analyzer,

Section 22: Parts List
Parts list for the 800 Series Logic
Analyzer.

Section 23: Circuit Boards
Component placement diagrams of the
800 Series Logic Analyzer printed
circuit boards.

Section 24: Diagrams

Schematic diagrams of the 800 Series
Logic Analyzer.
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1.2 800 SERIES OPERATION

Instrument operation is covered in detail in the 800
Series Operator's Manual shipped with each unit.
Additional copies are available from Nicolet. -

The Operator's Manual contains several sections
that may be useful from a maintenance point of
view. These sections should be reviewed for a
greater understanding of the product operation.

The sections concerning keyboard, menus and
displays, and reference should be particularly
helpful. The reference section contains solutions to
many common operating problems.
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1.3 BLOCK DIAGRAM DESCRIPTION

Refer to Figure 1-1. The 800 Series is inter-
connected by a custom 60-wire system bus (called
the S2 bus) that forms an I/O path for all the
functional modules.

The CPU incorporates an Intel 8085 micro-
processor that utilizes up to 48K bytes of ROM,
and 48K bytes of RAM. The processor controls
system operation, including data collection,
keyboard scanning, display and interfacing.

The State Input circuitry consists of Model S1A
probes connected to State Memories A, B and C.
(The 800A uses no B Memory Board). Data is
latched into these memories at rates up to 25 MHz.
The data is continuously examined by the state
control tri;
selected trigger conditions, it causes a Main

detectors. When the data meets user-

Timing input data from two Model 80 or §1A
probes (depending on the model) is fed to data
comparators on Timing Memory boards A and B.
The data is sent from the probes in 16-bit parallel
data streams. Data is continuously examined by
these comparators. The data is sent from the
comparators to the Main Memory, at user-selected
clock rates up to 200 MHz. The comparators
continuously compare the incoming data with arm
and trigger words entered from the keyboard at
setup time.

When arm and trigger conditions are met, a
snapshot of 1000 words of current data is locked
Subsequently may be Jsplayed and xamined

su ently may isplay examined. The
1000-word snapshot also can be divided between
pre-trigger and post-trigger words as selected from

Memory data collection. the keyboard at setup time.
FULL ASCHI &
GRAPHICS
CHARACTER SETS
9INCH 23 M) LISTENER 1000 WORDS
30 CHARACTERS TALKER 16 TRIGGER 200 MHZ MAX
X 25 LINES CONTROLLER LEVELS 2000 WORDS
[EEE4SS @-CHANNEL 16CHANNEL
CRT STATE TIMING
ANALYZER

T G

SHOWN ARE STANDARD.

RS-232 /\
1/0
- INTEGRAL ANALOG COUNTER-TIMER cPM
TOLDING ASCII 640 KBYTE WAVEFORM SIGNATURE OPERATING
I/‘;m“ FLOPPY DISC ANALYZER *. ANALYZER ¢ SYSTEM
6 SOFTWARE- EXPANDABLE TO S0 MHZ MAX 100 MHZ COUNTER BASIC
LABELED KEYS 12 MBYTE 1000 WORDS SIGNATURE 208S
ANALYZER ASSEMBLER
SOPTIONAL.  ALL OTHER FUNCTIONS TEXT EDITOR

Figure 1-1 - 800 Series Simplified Block Diagram
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The Main Memory retains the last data entered until
a new set of data is loaded. The new set of data is
loaded using the COLLECT (soft) key. Also, the
contents of the Main Memory can be transferred to
the Auxiliary Memory where it may be retained for
comparison with subsequent Main Memory data
collection. The contents of either the Main or
Auxiliary Memory can be displayed under
keyboard control.

The CRT Display is a raster scan unit with a 9-inch
(23 cm) diagonal screen. The driving circuitry
resides on the CPU board. A composite video
output on the rear panel of the 800 Series allows
use the of a large-screen monitor if desired.

The keyboard provides user access to the 800
Series parameter/measurement set (on the menus),
display formats, trigger modes and interfaces. The
keys are used for direct entry, menu selection and
software-defined "soft" keys.

An RS-232 Interface is provided on models
equipped with disk drives. This interface permits
output of display-formatted data to a printer or
other peripheral. The 800 Series also is provided
as standard with an instrument-bus IEEE-488
Interface, allowing the 800 Series to be talker,
listener (or controller if so equipped).

Optional measurement features are added to the 800
Series by adding the CT/SA (Counter-
Timer/Signature Analyzer) PCB to the unit.

The Waveform Analsyzzr board can optionally be
included in the 800 Series to obtain added analog
measurement capabilities.

Mnemonic Disassembly accessories are available
for a variety of microprocessors. Disassembly
operates by loading programs from disk and
collecting data using dedicated probes.
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1.4 BASIC OPERATION

The 800 Series analyzer collects data under
specified conditions and stores the data in memory
for detailed examination. :

To start data collection, the user presses COLLECT
(soft key) on the keyboard. When the trigger
conditions are met, data collection is automatically
stopped by the analyzer. Alternately, selection may
be made for data collection to continue after the
trigger event. The user must specify the amount of
post-trigger data to be collected. Once data
collection has stopped, the data can be displayed in
various formats for convenient analysis.

1.5 SOFTWARE UPDATE
INSTALLATION

The parts, procedure and tools required to update
the revision level of the operational software
(resident in firmware) in the 800 Series Logic
Analysis Systems to the most current one is given
below. These parts are to be installed on the first
PC board in the card cage closest to the CRT

module assembly,

CIRCUIT BOARD SLOTS
Front
A Processor (CPU card) <<---
B RAM Disk
C State Control
D State Memory - C (LSB)
E State Memory - A (MSB)
F State Memory - B
G Timing Control
H Timing Memory - A
1 Timing Memory - B
J Waveform
K Counter-Timer/SA
Tools Required

1. Flat blade 1/4" screwdriver

2. 5/16" open end or box wrench

3 Small Phillips screwdriver

4. 1.C. removal tool

5. Factory supplied replacement firmware
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1.5.1 Procedure

Warning: Remove all power from the
instrument before continuing.

Remove the line cord and probe cables, moving
the unit to a suitable working environment.

To gain access to the CPU card, the top cover of
the unit must first be removed using the flat blade
screwdriver to loosen the "quarter turn” fasteners at
the rear. Turn them counterclockwise to loosen.

Use the 5/16" wrench to remove the two hex nuts
at the rear of the hold down bar, being careful not
to drop them onto the motherboard surface.

Use the Phillips head screwdriver to remove the
two screws retaining the hold down bar at the front
of the card cage assembly. Remove the hold down
bar for access to the front PCB, the CPU card.

Prior to liftin%ethe CPU card, the floppy disk drive
cable should be released from its hold down claﬁ
on the rear of the CRT module enclosure. The card-
edge connector should be pulled gently upward and
set aside. If a Waveform Recorder card is installed
in Slot J then remove the flat ribbon cable
connected on the CPU card in Slot A. Release of
the DIP Plug Assembly from the socket on the
CPU board can be accomplished by carefully
prying with the flat blade screwdriver under the
edge of th:ﬂl(l,lg. The CPU board's video
connector should be removed. Remove the
800 Series CPU card by prying on the LEFT
HAND card edge removal hole and pulling straight
upwards.

Examine the Replacement Firmware, factory

supplied as a set of EPROMSs. The label on the

top of each EPROM contains the following
ormation:

EPROM part number: Part number.

Revision/Version: Firmware revision or
version.
Socket location: IC socket location on the
CPU card where the
EPROM is to be installed.
Model number: Logic Analyzer system.
EPROM Check Sum: Check sum of EPROM
using either Data I/O
programmer or format.
The label format is:
Version/Revision
EPROM PN | 61XX-X XX UX/| Socket Location
Model # MB00X XXXX | EPROM Check Sum
The EPROMs are installed as follows:

With the video connector over the edge, place the
CPU board with its component side up on a soft
magazine cover. Be careful not to flex the card.
Using the label format described previously to
select the a iate EPROM, remove and replace
only one IC at a time to avoid confusion. Replace
all of the EPROMs residing in IC locations f?l

U2, U3, U4, U15,U16 and U17.

Reinstalling the CPU card and top cover is the
reverse of the removal procedure.

Data/test "save" files are tible from revision
to revision. Remember to return all old EPROMs
to the factory for full credit.
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1.6 PREVENTATIVE MAINTENANCE

As in all electronic equipment, excessive dirt and
heat build-up can lead to premature failure. The
800 Series Logic Analysis System operates
normally over a range of temperatures. If,
however, the fan filter on the rear panel becomes
clogged or is obstructed, then the cooling ability is
markedly diminished.

It is recommended that the fan filter be cleaned at
regular intervals. A three to four inch clearance
should be left behind the unit for free air flow at all
times during operation. More frequent cleaning or
physical repositioning may become necessary if
excessive dirt buildup is detected or the unit feels
abnormally warm during operation.

The floppy disk drive has been designed to be free
from periodic maintenance (such as replacement of
parts, grease-up, etc.) when it is operated under
normal duty. The drives rarely need attention if the
following precautions are followed:

* Avoid smoke filled environments

* Do not employ the "flippy” floppy diskettes
where the rotational direction is reversed by
inverting the diskette. The drives employ two-
sided read/write mechanisms, inverting the
diskettes can loosen trapped particles from the
liners inside of the sheath.

* Do not operate the drive in a high humidity or
excessively cold environment. If the analyzer is
stored in a cold environment, allow adequate
time for the chassis to reach normal room
operating temperature before mounting and
running a floppy diskette.

* Always follow all floppy disk handling
precautions regarding creasing, heat, dirt,
magnetic contamination, etc.

If disk subsystem problems (such as suspected
media quality) are encountered that cannot be
rectified by switching to another brand, then
cleaning the heads is recommended as discussed in
Section 3, Chassis, Motherboard, Power Supply
and Disk Drive. If problems have been narrowed
to the drive itself, then refer to Section 3 for the
removal procedure. The drive contains no user
serviceable components; repair dictates an
exchange.
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2.1 INTRODUCTION

2.2 AUTOMATIC SELF TEST

The 800 Series provides three types of self-tests
that can be useful in assessing the condition of the
instrument.

#1. An automatic self-test is performed every time
power is turned on.

#2. Self-tests that can be performed with the Logic
Analyzer Test Card, part number 615-004602.

#3. Self-tests that can be performed using a system
disk.

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
performance checks of the 800 Series memories
and other subsystems. The test reads the setting of
the power-line frequency selector switch, S1-1, on
the Processor board. The CRT vertical SYNC
frequency is set to a matching 50 Hz or 60 Hz.
Although this self-test does not provide a 100%
check, it offers 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,
there will be no beep. This may indicate a
switching power supply problem. Check the
illumination of the green POWER LED on the
keyboard. If the LED is not lighted, simply reset
gxach POWER switch to off for a few seconds, then
on.
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2.2.1 Processor Test

The 800 Series system software contains a test that
automatically checks the processor board.

@P@OOOOOO i: :i OQO‘?@ @

Figure 2-1: Connector Jumper

To run this test:

a. Turn the 800 OFF.

b. If a test of the RS-232 interface is desired, short
pins 2 and 3 of the RS-232 connector, located
on the rear panel of the unit. (See Figure 2-1).

¢. Tum the 800 ON.

d. Press the BREAK key.

e. Verify that the display appears as shown in

Figure 2-2. To abort the test, hold down the
RESET key for three seconds.
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WRSRMULYASAATAVRIATEIY 136580 Ons, -, /1245€0890; () MABCDEF SHLHLING
PURSTUMCTZE . ‘abede fohi j Tmoparstuvnyz (14

W{E}{er "i"mh’ﬂ“’m‘uﬂrﬁ.

NRAL HELFLIGH BLINK wETE N

Pe#l TEST: PAS3 |

CHEKSIM VER 2 8259 F6B4 %836 GEC TI79 CEHi (RS

ROM CHEOXSIN TEST: 8219 F6B4 9838 UEXC 7179 CE1l  CBOS

§16E TIVER TEST: PRSS

RS-232 TEST! PASS SHORT PIN 2 T0 3 ON RS-232 CONNECTOR
PAES SHOFT PIN 4 T0 § (N RS-232 COMECTOR
PASS SHOFT PIN S, & 4D 28 ON RS-2:2 COMNECTIR

VERTICA. S TEST: PRI

I MDEL 45 PROCESSIR ROAFD FUNCTIOMAL TEST
R e Tl

Figure 2-2: Self Test Screen
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2.2.2 System Disk Self-Tests

Each CP/M equipped system contains two tests on downwards,’ power the system on, and close the

the system diskette: the RAM test and the drive door. Then press the ESCape
Keyboard test. To run these tests, insert a system display will then look like Figure 2-3.

disk into drive A with the write protect notch facing

key. The CRT

LIST DISKETTE DIRECTORY
LOGIC ANALYZER "RECALL"
LOGIC ANALYZER "SAVE"
COPY | FILE

COPY FULL DISKETTE
DELETE ! FILE
FORMAT FULL DISKETTE
DISASSEMBLER [(FEE
SECONDARY CONFIG.

YONGN WD
| J R T TR Y T N T |

MENU (CM2)

~P - PRINT SCREEN ON EPSON PRINTER
Fi F2 F3 F4
ENTER DISK CONF1G SEL DOWN

NON-UGLATILE MEMORY CONFIGURATION MENU (VER 1.A)

FS
SEL UP

Fé

Figure 2-3: Screen
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To run the RAM test, type RAMTEST <return>.
This test writes a walking 1's pattern into the
dynamic RAM, reads the data back and indicates
any errors. The test runs continuously, taking
about 20 minutes for each pass. The total number
of errors and the number of test runs is indicated
on the screen (Figure 2-4). To abort the test, press
the RESET key.

g 48K DYNAMIC RAM TEST PROGRAM
WALKING I'S TEST: 1'S ADDR: 8896

TESTING ADDRESS: —

LAST FAILED ADDRESS: — EXPECTED: — READ: -
TOTAL FAILURES:

PASSES COMPLETED:

Figure 2-4: RAMTEST Screen

To run the keyboard test, type KYBDTEST
<return>. Observe the keyboard display on the
CRT. To test the keyboard, unlock the CAPS
LOCK key. Strike each key displayed on the
screen only once. As each key is struck, it will
disappear from the screen. See Figure 2-5.
Follow the remaining prompts carefully to
complete the test.

F1 F2 F3 F4 F5 F6 LABELS

ESC1234567890-=~BSBK
TABqwertyuiop|[|LFDEL
asdfghjkl;'{ RETURN

S1 zxcvbnm, ./ S2
SPACE
UNLOCK CAPS LOCK KEY
PRESS EACH KEY ON KEYBOARD.

ALL KEY LABELS SHOULD DISAPPEAR.

" Figure 2-5: Keyboard Test Screen

To abort the test without finishing the sequence,
press the RESET key for 2 seconds.

2.3 BASIC TESTS WITH THE LOGIC
ANALYZER TEST CARD

The Logic Analyzer Test Card, part number
615-004602, provides a comprehensive functional
test of the 800 Series Logic Analysis system
hardware. A suitable procedure follows for the
appropriate model. All steps necessary for a
comprehensive evaluation are presented, thereby
affording the user fault isolation. This procedure
assumes the user has some familiarity with the
operation of the 800 Series. If necessary, refer to
the Operator's Manual.

2.3.1 Preliminary Tests

Perform the following tests to confirm operation at
the most primitive level.

a. Disconnect the power cord from the analyzer.
The power fuse and voltage cord must be
visually inspected to verify correct installation
for the current application. Refer to the
discussion of the Mains Module in the Chassis
section for more information. Reconnect the
power cord.

b. Check the setting of SW1-1 on the Processor
Board. The video vertical sync frequency is set
to match the power mains frequency. ON = 60
Hz, OFF = 50 Hz.
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2.3.2 Test Card Description

The Logic Analyzer Test Card consists of two 8-bit
CMOS counters (A and B), a clock, and simple
decoding logic. Refer to Figure 2-6 and schematic
166-004601 at the end of this manual. Each
CMOS counter normally counts from (00) HEX to
(FF) HEX. When the A counter reaches (40)

HEX, the decode logic resets the B counter to (00)
HEX.

Figure 2-6: Logic Analyzer Test Card

The A channel connector is wired with the eight
least significant bits corre%:gnding directly to the
output of the A counter. eight most significant
bits are tied to ground. Thus, the A channel
provides a 16-bit word to the analyzer that
sequences from (0000) HEX to (00OFF) HEX.

The B channel connector is wired so that the 16
output bits toggle nonsequentially. A typical
binary count sequence at the B channel connector is
illustrated in Figure 2-7.

Count Binary Pattern* Hex Pattern
0 00000000 00000000 0000
1 10000000 00000001 8001
2 01000000 00000010 4002
3 11000000 00000011 C003
15 11110000 00001111 FO OF

Figure 2-7

Note the difference in pin-outs between the 16-
channel state probes and the 8-channel timing
probes. Due to the difference, this exact pattern
will be displayed on the 800 Series only when
using the state probe. Use of an external clock for
the iming analyzer and display of data in the state
format can also yield similar results.

Power to the test card is supplied by the +5 V
output at either probe connector.

The A counter is generally used as a signal source
for the A state or timing probe. The B counter
output feeds the B state or timing probe. The third
16-channel state probe (C) is not normally
connected to the test card.
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233 Setup
Before using the test card, proceed as follows: b. Connect the A probe to the left-hand connector
of the test card and the B probe to the right-hand
a. Connect the A and B Model 51A State Probe connector. Set both probes for TRUE and TTL
cables to the 800 Series mainframe. LEAVE operation.
THE C PROBE UNCONNECTED. In the case ]
of the Model-800 A system use the A and C ¢. Tum the 800 Series power switch ON and wait
connectors only. for the self-test beep and Configuration Menu.
Refer to Figure 2-8.
NTE  NICOLET 888C CONFIGURATION VER 3 REV D
BB - 48 CHNL STATE
2 - 16 CHNL TIMING
3 - 48 CHNL STATE/16 CHNL TIMING
4 - 3 CHNL TIMING GLITCH
5 - 48 CHNL STATE/8 CHNL GLITCH
6 - WAVEFORM RECORDER
7 - 48 CHNL STATE/WAVEFORM
8 - COUNTER/TIMER
$ - SIGNATURE ANALYZER
18 - PI 78 SERIAL PROBE TRANSMIT
ESC - INITIALIZE DISK SYSTEM
BREAK - PROCESSOR SELF-TEST
1 - 1,0 CONFIGURATION MENU
'RETURN?® - RETURN TO DISK SYSTEM
F1 F2 F3 Fé FS F&
STATE SEL DOWN SEL UP COLLECT

Figure 2-8: Configuration Menu
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2.3.4 Basic State Tests

The six soft function keys are labeled F1 to F6
from left to right. They are identified by labels on
the bottom line of the CRT. These labels differ
from menu to menu, as selected with the SEL
DOWN or SEL UP keys.

Examples using these keys follow.

a. To select the 48-CHANNEL STATE menu,

press the STATE (F1) key to call the state menu
(Figure 2-9A for Models 800 A, B, and C;
Figure 2-9B for Model 800 D).

. The Model 800 A, B, or C 32/48-channel state

menu should be setup with default values in

all fields except the trigger word field. Advance
the blinking cursor to the trigger stack field,
level 0, with the NEXT (F2) key. Position
overshoot can be ignored since the menus wrap-
around in all fields. Press the H key to format
this field for a hexadecimal trigger word. Now
enter the following trigger word: 0040.

Observe the field at the lower right of the CRT.
Other formats can be selected from this field
using the indicated keys.




Self Tests | 2-9

43 CHANNEL STATE MENU

FORMAT : W HHHHHRS

A

CLK sEL: A PrRB: i B PRB: @ C PrRB: 8 GQUALIFIERS FORMAT: -AABBCC EL
CLK QuAL: [
or  [d3

PRE-TRIG MEMORY (8-999): WORDS
RESTART:

TRIGGER!
2 XOOCOOGOOOMK X0 XX

S1 - DATA DISPLAY RETURN-DISK SYS

F1 F2 F3 F4 FS Fa
PREVIOUS NEXT CONF1G COLLECT
Figure 2-9A: Model 800 A, B, C State Menu
48 CHANNEL STATE SET-UP

FORMAT: o
CLOCKS:

B R=(CrJeor B> s=(cshras>r T=¢cctFreotlh>

MEMORY 1: B MEMORY 2: [§ MEMORY 3: B MASTER: [

EVENTS! Qualifiers: -XYZ EL

El R = o000 -XXX XX
E2 I - 0000000 = XXX XX
ES3 I - <o000co00ae -XXX XX
E4 I - C000C000COK =XXX XX
B - 00000

=2 { OOCOCKK

TAB - NEXT SENTENCE P - PROGRAM MENU
S1 - DATA DISPLAY RETURN-DISK S¥S
F1 F2 F3 F4 FS Féa
PREVIOUS NEXT CONFIG COLLECT

Figure 2-9B: Model 800 D State Menu




2-10 | Self Tests

NOTE: Steps c and d are skipped when using the
Model 800 A, B, or C systems.

c. The Model 800 D Setup Menu should be left
with all default values except for EVENT El. In
the field provided for symbolic labels, enter
FORTY. Place the cursor on that field using
the PREVIOUS (F1) key. Enter the word and
press NEXT (F2). Enter the bit pattern 0040 in
hexadecimal.

d. On the Model 800 D, press P to enter the
PROGRAM menu; setup conditions on STEP 1
such that the analyzer will STORE NONE. IF
0001 of E1 then GO TO (Step) 2 NO Link.
STEP 2 should read STORE ALL. IF 1000 of
ANY then DONE NO LINK. Leave the
remaining fields at the default setting. See
Figure 2-10.

e. Press COLLECT (F6) to take a data collection

beginning at 0040. The Model 800 D will begin
at 0041. Then press the LABELS key.
Reformat the display in octal, decimal, binary
and ASCII by pressing the O, Z, N, and Y keys
in turn. Press the H key for the hexadecimal
format. See Figure 2-11.

. Scroll the display up and down by holding

down the SCRL UP (F2) key SCRL DOWN
(F1) key. Locate the end of the data collection
(word +999) by pressing the LOCATE (F3) key
followed by the E key. Next, locate word +101
by pressing LOCATE (F3) followed by +101.
Omit the plus + sign on the Model 800 D.
Finish with the trigger word at the top of the
CRT by pressing the LOCATE (F3) and T keys.
On the Model 800 D press the LOCATE (F3)
and B keys.
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438 CHANNEL STATE PROGRAM

EVENTS: E1 FORTY E2 E3 E4 _ ES
STOPPING CONDITION: WHEN EENEHIEEEN

STEP

1 STORE B THEN coTo B I LINK. IF THEN GoTo B

2 STORE . IF THEN B vin. 1F BB  THEN GOTO B

TAB - NEXT SENTENCE DELETE -~ BLANK LINES Q - SETUP MENU
St - DATA DISPLAY RETURN-DISK SYS
Fi F2 F3 F4 FS Fé
PREVIOQUS NEXT INCR DECR CONF IG COLLECT

Figure 2-10: Model 800 D Program Menu

MAIN TRIG QO0400000FFFF
+001 Q0418001FFFF

LOC: TRIG +002 QO0424002FFFF
+003 0Q043CO03FFFF

SIG: CLlE7 +004 00442004FFFF
19E7 +005 OO045A00SFFFF

D8D3 +00&6 QO466006FFFF

+007 O047EQ007FFFF

+008. Q0481008FFFF

+009  Q0499009FFFF

+010 QO04ASO0AFFFF

+011  004BDOOBFFFF

+012 0Q04C300CFFFF

+013  OQ4DBOODFFFF

+014 0QOQ4E7QOEFFFF

+013 OQ4FFOOFFFFF

+016 00S00810FFFF

+017 OQO0S18811FFFF

+018 O00S24812FFFF

+019 O00S3ICB13FFFF

Figure 2-11: Hexadecimal Screen
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2.3.4.1 Saving Data/Comparisons

To test the SAVE mode, press the LABELS (F6)
key in the top row. Perform the SAVE function by
pressing the S key. This action causes the entire
data collection, the test codes (SIG), and the menu
parameters to be stored in the 800 Series auxiliary
RAM memory. Press the MEMSEL(M) key to
display the auxiliary memory. Press M again to
redisplay the main memory.

2.3.4.2 HOLD IF Mode

The HOLD IF mode is used to detect and isolate
intermittent faults. The Model 800 A, B and C will
halt the comparison process if the MAIN and the
AUXILIARY memories are NOT EQUAL.

The halt conditions for the Model-800 D are when
the MAIN and the AUXILIARY memories are
EQUAL or are UNEQUAL,; the choices are set as
TRUE and FALSE on the SEARCH/COMPARE
menu. Press SRCH/CMP (F4) while viewing the
data to access the SEARCH/COMPARE menu.
The default conditions allow all of the 48 incoming
channels in the entire 1000 words of memory to be

compared. See Figure 2-12.

On any of the 800 Series State Analyzers, activate
this acquisition mode by simply pressing the # key
(SHIFT and 3 together). Note that the flashing
status messages indicate the analyzer is
automatically collecting and comparing main and
auxiliary data.

Hold the short ding wire on pad 5 on the
right-hand side (B side) of the test card to create a
fault. Note that the flashing status message now
reads HOLDING, and data is displayed. Remove
the wire from pad 5.

Press the M key to compare the main and auxiliary
data compression test codes. Notice that one of the
three main m test codes differs from the

ing auxiliary memory test code. They
are listed in order for the A, B and C Probes. This
indicates that somewhere in the new data
collection, one or more bits differ between the main
and auxiliary memories. Now return to the main

memory.
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SEARCH/COMPARE MENU

ForveT: NS NNNSYSNY SR mEEER S S
+R

SEARCH FOR: [HER
WORD = XO00GOCOOMKK

COMPARE SET UP
COMPARE MODE: STOP IF CONDITION
CONDITION: AUX MEMORY BLOCK STARTING ENDING
IS FOUND IN MAIN MEMORY BETWEEN EEE D EEE

MASK ¢ SS555SSS SSSSSSSS SSSSSSSS 55555555 $SSSSSSS SS5SSSSS
S1 - DATA DISPLAY RETURN-DISK SYS
F1 F2 F3 F4 FS
PREVIOUS NEXT INCR DECR CONFIG

Fé
COLLECT

Figure 2-12: Model 800 D Search/Compare Menu
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2.3.4.3 Difference Mode

The DIFFERENCE mode is used for rapid
identification of differences between any
previously-saved auxiliary memory data and main
memory.

Press the / key to activate the DIFFERENCE
mode. This key toggles the DIFFERENCE mode
so that repeated keystrokes turn it on and off. In
this mode, only clocked states (data words) that
differ between the main and auxiliary memories are

displayed at full-intensity. Data words that match
are displayed at half-intensity. Press the SCRL UP
(F2) key to find the first difference word. Refer to
Figure 2-13. :

Press the N key to view the difference in binary.

Then press and hold the M key to locate the

:gcﬂ}l,cm bits responsible for the differences. Note
t the shorted bit appears on two input channels.
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MAIN
LOC: TRIG
SIG: COZF

C43F
D8D3

DIFFERENCE

TRIG
+001
+002
+003
+204
+Q05
+004
+007
+Q08
+009
+010
+011
+012
+013
+0Q14
+0QO15
+0Q16
+017
+018
+019

*0007E3C7FFFF
*000813CBFFFF
#000993CIFFFF
*000ASICAFFFF
*0OOOBDSCEFFFF
*0OOCIICCFFFF
*OOODB3ICDFFFF
*O00E73CEFFFF
*QOOFF3CFFFFF
*0Q0100BDOFFFF
*00118BD1FFFF
*00124BD2FFFF
*0013CBD3FFFF
*00142BDAFFFF
*0015ABDSFFFF
#00166BDSFFFF
*#0017EBD7FFFF
*00181BDSFFFF
*00199BD9FFFF
*001ASBDAFFFF

Figure 2-13: Difference Menu Screen
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Return to the main memory and press the H key.
Press LOCATE (F3) followed by D to place the
first difference word at the top of the screen. This
is an alternative and faster way of locating the first
difference word. Now press. LOCATE followed
by S to find the next group of half-intensified
words that are the same. Press the SCRL DWN
key once to verify this. Refer to Figure 2-14.

Press LOCATE followed by T to place the trigger
word at the top of the CRT. Then press the / key to
disable the DIFFERENCE mode.

2.3.4.4 Search Word Mode

The SEARCH WORD mode allows you to locate
any particular bit pattern within a data collection.
You ify the word to search for and then the
direction of search.

On the Model-800 A, B or C press the SRCH
WRD (F4) key to obtain the menu shown in Figure
2-15. The Model-800 D menu is called the Search
/ Compare Menu. See Figure 2-12.

In the example, 009E is used as the word to be
found in the data collection. (NOTE: This word
occurs only once in the data memory). Key in 0-0-
9-E (the rest of the field are X's - DON'T CARE).
Press S2 to display the data again, then press K to
search the data for 009E. Refer to Figure 2-16.

MAIN +980
+981
+982
+983
+984
+985
+986
+987
+988
+989
+990
+991
+992
+993.
+994
+995
+994
+997
+998
+999

LOC: +980
COF7
C3IF7
pans

SIG:

DIFFERENCE

00
€0
Q0
00
00
00
00
00
00
00
00
00
00
00
00
00
Q0
00
00
00

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

7D
FD
03
83
43
c3
23
A3
63
E3
13
3
93
D3
33
B3
73
F3
0B
8B

BE
BF
co
C1
c2
c3
()
cS
Cé
c7
c8
ce
CA
CB
cc
CD
CE
CF
DO
D1

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FE
FF
00
01
02
03
04
05
06
07
08
09
0A
OB
oc
oD
OE
OF
10
11

Figure 2-14: First Difference Screen
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FORMAT: W
A

SEARCH WORD!

BB IE XXX

HEX
OCTAL
DEC
BINRARY
ASCl1
S1 - DATA DISPLAY USER
Ft : F2 F3 F4 FS Fb
STATE SELECT DEFAULT CONFIG COLLECT

C<ZNOT

Figure 2-15: Model 800 A, B, and C Search Word Menu

MAIN +079 OQFE7ASEFFFF
+080 OQOFFFASFFFFF

LAC: +079 +081 0OO0AOOLAOFFFF
+082 O00A18661FFFF

SIG: C27F +083 OOA24662FFFF
C97F +0B4 OOA3ICLLIFFFF

D8D3 +085 OOA426464FFFF

+086 OOASALLSFFFF

+087 O00ALLLLEFFFF

+088 OOA7EL67FFFF

+089 O0O0AB1&6468FFFF

+090 OOAFEEIFFFF

+091  OOAASLAAFFFF

+092 OOABD&LBFFFF

+093  OOAC3ISLLCFFFF

+094 OOADB&LLEDFFFF

+093 OQAE74&EFFFF

+096 OOAFF&&FFFFF

+097 OOBOOE7OFFFF

+098 OOB18E71FFFF

Figure 2-16: Result of Search on top Line of Display
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2.3.5 Basic Timing Tests

Before starting this test, disconnect the M51A state
probes from the test card.

Connect the two Model 80 Timing Probes to the
800 A, B Series mainframe. Use the Model 81A
probes in the case of the Model 800 C, D, & E
machines. Then connect these probes to the test
card A and B outputs, respectively. The state
probes may be left connected to the 800 Series
mainframe.

Proceed as follows:

a. IIigess the F5 key to return to the Configuration
ist.

b. To select the 16c:CHANNEL TIMING mode,
press the SEL DOWN (F4) key. Call the menu
with the TIMING (F1) key.

¢. Select an external clock with a rising edge by
pressing P. Use the NEXT (F2) key to step to
the TRIGGER field. Specify a trigger word of
0-0-0-0-0-0-0-0 1-0-0-1-1-0-0-0.

Use the NEXT key to step down to the PRE-
TRIGGER field. Set this field to 00% using the
appropriate keys. Leave all other menu entries
set at the default value as shown in Figure

2-17. Models 800A and 800B menus differ
slightly from this illustration.
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16 CHNL TIMING/STATE MENU
§ cLock  clk quAaL: K
TRIGGER WHEN3 .
OCCURS CLOCKS AFTER

CHNL NO. A76543218 B76543218 EDGEQ FILTER L
ARM (B, 1,X): , A | R
TRIG (B,1.,X): SSOINSIINS  FESTRUReIsI 5
PRE~TRIGGER: IR

DISPLAY ORDER (B-7,X):
DISPLRAY POLARITY (+,-)¢

A PROBE B PROBE

THRESHOLD: CH 8-3 CH 4-7 CLK, Q CH 8-3 CH 4-7
(-6.4V TO +6.358V") e : Sl FlL e
INPUT MODE (S,L)3

S1 - STATE DISPLAY

S2 - TIMING DISPLAY RETURN-DISK SYS
Fi1 F2 F3 Fé F5 Fé
PREVIOUS NEXT CONF1G COLLECT

Figure 2-17: Model 800 C, D, & E Timing Menu
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d. Press COLLECT (F6) key. When a data
capture is complete, the screen fills with the
timing diagram display. Refer to Figure 2-18.

e. The inverse video graticule represents the entire
1000 samples in the memory. Observe the
small "00" indicator at the left end of the
graticule is intensified. This indicates the 00%
pre-trigger value set in previously. With 00%
pre-trigger, the first word in the data collection
(word 000) is the trigger word. The cursor
reads the binary and hexadecimal values of each
location in the data memory where the cursor is
placed. Thus, the trigger word at cursor
location 000 should be (0098) HEX . In Figure
2-18. this trigger word appears at the upper
right-hand corner of the CRT.

f.

g

Figure 2-18 also shows the 16 timing channels
and the corresponding binary values at cursor
location 000. The four most significant A
channels (A7-A4) are at ground as described
previously. The cross-hatched areas on certain
channels indicate that data in the memory are
occurring too close together. The current X1
magnification factor is unable to resolve this
visually.

Sweep the expansion symbol, E, towards the
middle of the CRT by pressing and holding F2.
Stop the symbol at location 100 as indicated by
the EXPAND FROM: readout in the lower right-
hand portion of the CRT.
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ExT B CLOCK  CLK QUAL! X MAGH 1X SCRN INTVs 1@8ecs
@0 98

999

1
e
a
1
g3 —L Ir— L —t* It 1 i —L_ 11t 1
-]
2
e

RETURN-DISK SYS
CURS: 288 ORG: @8 CURS-ORG: +8Cs EXPAND FROM: 088
Fi F2 F3 Fa FS
<- EXP EXP -> <~WINDOW WINDOW-> CONF16G

MAIN MEMORY

Fé
COLLECT

Figure 2-18: Timing Diagram Display
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h. Next press the LABELS key. Try magnification
factors between 2X to 20X using the 2to 5
numeric keys as indicated in the LABEL
MENU. After higher magnification keys are
pressed, the inverse video indicator at the
bottom of the screen reduces proportionately in
size. This indicator shows the location and
amount of timing data currently being displayed
relative to the entire 1000-word data collection.
At 20X magnification, note that the inverse
video indicator is only 5% of the original (1X)
size. The screen now displays timing data
between memory locations 100 and 150. Refer
to Figure 2-19. Finish by setting the
magnification at 10X.

i. View other segments of the memory by pressing
the <-WINDOW (F3) or the WINDOW -> (F4)
keys and the REPEAT key simultaneously.

j. To quickly move the cursor from 000 to the left

side of the screen interval at any magnification,
press the L (LOCATE CURSOR) key. This is
indicated in the LABELS menu. Bring the
cursor to the center of the CRT by pressing the
SPACE BAR. Overshoot can be remedied by
pressing the BACKSPACE key.

k. This step is used to measure the relative time

between the edges in two channels. Visually
select an edge (rising or falling) in channel A2
and another edge (later in time) in channel B6.
Step the cursor so that it aligns with the selected
edge in Channel A2. Note the value of the
cursor position indicator at the lower left of the
screen. Now press the letter O to reset the
origin from 000 to the current cursor location.
The CURS-ORG indicator should now read
+0CS, where CS stands for clock samples.
(When an internal clock is being used, the
indicator reads in units of time.) Next, step the
cursor to the selected edge on channel B6. The
CURS-ORG indicator will now directly read the
gianc(inclocksamples)betweenthesetwo

ges.
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ExT § cLock CLK QuAL: X MAGE: 28X SCRN INTU: S@cs MAIN MEMORY
28 S8 C - CLOCK
a7 "] A - ARM
R6 8 T - TRIG
as 8 P - PRETRG
A4 e N - NAMES
A3 -] D -DISPLAY
a2 J 1 S 8
Ay L 1 J- g ! f 1 I 1 f 1 -] 1-1X, 2-2X
A0 JUU VU UV U U U U UUUUU U U UuUwU e 3-5X, 4-18X
) ; S - 28ex
Boe ' e el 949 A - AUTO
B? L L L L L L L L L et L - LOCATE
B o < +______  i__9 0 - ORIGIN
BS J 2 M - MEMSEL
84 1 F - FORCE
83 1 K - CORREL
B2 ) ! J 2 X - ALT M
Bl __J 1 g 1 J L J —J 1 I 1 [~ S - SAVE
e U U U U U UUUUUUUUUUL e R - RECALL
RETURN-DISK SYS S1 - STATE
CURS: ©88 ORG: 882 CURS-ORG: +8CS EXPAND FROM: 008 S2 - TIME
F1 F2 F3 F4 FS Fé
{- EXP EXP -> <-WINDOW WINDOW- > CONF1G COLLECT

Figure 2-19: Timing Diagram with 20X Expansion
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2.3.5.1 Saving Data/Correlation

To make a quantitative comparison of the 1000 bits
sampled on each of the 16 channels between two
separately made collections, NICOLET has built-in
a correlation factor calculation.

a. Press the COLLECT key to take a new data
collection. Then press the SAVE(S) key and
observe the flashing SAVED message. To
compare main and auxiliary data press
K(CORREL) key. Note that a correlation factor
of 1.000 is displayed at the right of each
channel. This factor indicates that the 1000 bits
in each main memory channel compares 100%
with the 1000 bits in the corresponding auxiliary
memory channel. Comparisons are done on a bit-
for-bit basis. Refer to Figure 2-20. Thus, ifa
correlation factor of .995 were displayed, it
would indicate that 5 bits out of 1000 were
different, or 99.5% correlation.

b. Now short out the pad labeled 5 on the B side of
the test card. While holding the short in place,
press COLLECT. Now remove the short.

To see which channel was affected by the short,
?tss K again. Note that the correlation factor

or channel BS is significantly lower than
1.000. The other channels still have correlation
factors of 1.000. This results from the use in
this example of an external, synchronous clock
from the test card. If the internal, asynchronous
clock were used, the correlation factors of the
other channels would probably never be exactly
1.000. This is due to normal sampling
uncertainties.

¢. In order to view the actual effect of the short on
channel BS, press the M(ALT MEMORY) key.
As shown in Figure 2-20, channel B5 should
cycle between a 1 and a 0. Return to the main
me by pressing M. Also return to a 1X
magnification by pressing the 1 key.

To view the timing data in a state format, press S1.
The state data can be displayed in HEX, AL,
DECIMAL, BINARY or A%CIL Refer to Figure
2-21. Press the LABELS key to display the menu
of formats available in this mode. Return to the

timing diagram display by pressing S1 again.
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EXT ! CLOCK CLK QuaL: X MAG: 18X SCRN INTVY: 188CS MAIN MEMORY
CORRL C - CLOCK
a7 9 1.900 A - ARM
13 9 1.008 T - TRIG
AS 8 1.8928 P - PRETRG
A4 2 1.0098 N - NAMES
A3 J 2 1.000 D -DISPLAY
a2 — _ . . l_ @ t.ope
ar L L L L L L L L LI L LI T e 1.980 1-1X, 2-2X
A9 AU iU uguiuuY. 8 1. eae 3-5X, 4-16X
)1 S - 28X
aal g 5 b edadad .: 2 : 2 A : ek 'i i : :. L A: i .47 lea
] 200 oo =] ;o 1008 AC - AUTO
7 VU U LU UUUU U U U U UUUUUILLNLLNr 1 1.ee0 L - LOCATE
Be _J 1 J I ) 1 J 1 J 1 ) | e 1.808 Q0 - ORIGIN
BS L f o 1.060 M - MEMSEL
B4 L 1 1.0008 F - FORCE
B3 ! 1 1.0088 K - CORREL
g2 . . — T 1__98 1.996 X - ALT M
Bt S LML /M1 1Lyl Jg L1l JLrrL L e 1.980 S - SAVE
Be uyunnannuurnnaninnuniiruiiivviyuriuingmgL. e 1. 888 R - RECALL
RETURN-DISK SYS S1 - STATE
CURS: 288 ORG: 8889 CURS-0ORG: +eCS EXPAND FROM? 01 S2 - TIME
Fi F2 F3 F4 FS Fé&
{~ EXP EXP => {-WINDOW WINDOW-> CONFIG COLLECT

Figure 2-20: Correlation Display

MAIN TRIG 00O 98
+001 01 99
LaC: TRIG +002 02 1A
+003 03 1B
SIG: ADLI3 +004 02 9A
AFAT  +005 03 9B
+006 QO S8
+007 Q1 SS9

+008 00 DS ~C - AUTO
+009 01 D9

+010 02 SA C - CLOCK
+011 O3 SB P - PRETRG
+012 02 DA T - TRIG
+013 03 DB

+014 04 1iC M - MEMSEL
+015 05 1D S - SAVE
+01&6 04 9C R - RECALL
+Q017 05 9D

+018 06 1E H - HEX
+019 07 1F 0 - OCTAL

Figure 2-21: State Equivalent Display of Timing Samples
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3.1 INTRODUCTION

Refer to the schematic diagrams, board layouts,
interconnection diagram, and parts lists located at
the end of this manual. Tables of connector pins
versus signal names for all motherboard connectors
are provided in the Motherboard Connection
section. An alphabetical list of all interboard
signals is included. The Glossary offers
explanations for terms that may be unfamiliar.

3.2 CHASSIS DESCRIPTION

The chassis provides the supporting structure for
the Front Bezel, Display Module, Card Cage
Assembly, Rear Panel, and Power Supply. The
top cover, a part of the chassis, provides protection
to the internal components and adds structural
strength to the complete assembly.

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

The Chassis consists of an aluminum bottom pan
used to mount the front casting, rear panel, and
extrusion rails. The front casting is joined to the
rear panel by the longitudinal extrusion rails. The
rails accept the side edges of the cover and bottom

pan.

The shielded Display Module is mounted to the
bottom pan by three threaded studs set into the
bottom pan. The Card Cage Assembly is mounted
to the bottom pan by three screws passing through
the bottom pan. The cooling fan fastens to the rear
panel by three screws through the rear panel. The
auxiliary power transformer fastens to the rear
panel by nuts on two threaded studs set into the
rear panel. The Mains Module mounts into a
rectangular hole in the rear panel with snap-in
fasteners. The BNC connectors, Serial and GPIB
connectors, mount onto the card cage and project

through openings in the rear panel.

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 that can be lethal. Extreme
caution must be used whenever power is
applied to the Model 800 with the cover
removed.
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The cover folds around the top and halfway down
the sides of the instrument. It fits into grooves in
the extrusion rails. Clips that fit under the front
casting secure the front of the cover. The cover is
held in place at the rear by two quarter-turn
fasteners that mate into fittings in a flange on the
rear panel.

The carrying handle attaches to the extrusion rails.
When the analyzer is in use, the handle can be
folded underneath to prop the keyboard at a
convenient working height.

The Mains Module is mounted in a rectangular
cutout in the rear panel. Itis held in place by snap-
in fasteners attached to the sides of the module.
Refer to the chassis wiring diagram,

A Voltage PCB in the Mains Module allows
selection of the power mains voltage for the
instrument. The sliding cover for this Voltage
PCB can be opened only when the power cord is
unplugged from the module. Voltage designators
are etched in copper near the edges of the Voltage
PCB. The voltage designator programmed by the
PCB is visible on the upper rear edge when the
board is in place. Refer to Figure 3-1.

Voltage Reference

Select as Appropriate: 100 V Nominal
PPIOPTIEE: 115 V Nominal
230 V Nominal

NOTE: The card must be oriented so that the selected voltage can be read with the card installed.

Figure 3-1: Rear Panel & Voltage Select Card
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CAUTION: Before applying power to
the Model 800, make certain that the
programmed Mains Voltage corresponds
to the voltage being used, or serious
damage to the internal power supply
may result.

To change the voltage programmed - remove the
PCB, change the orientation, and reinsert it. See
Table 3-1 for the voltages available.

The power-mains fuse is located on the Mains
Module just above the Voltage PCB. The rating of
the fuse depends on the voltage programmed. See
Table 3-1 for the required fuse ratings.

Selector | Operable Fuse Required
Card Range

100V | 90-110V | 5A, 250V Slow Blow
115V | 105-125V | SA, 250V Slow Blow
230V | 210-250V | 2.5A, 250V Slow Blow

Table 3-1: Power Source Requirements

The auxiliary transformer is mounted on two
threaded studs set into the rear panel just above the
Mains Module. The primary of this transformer
acts as an autotransformer; supplying a nominal
115 VAC to the fan motor regardless of the
programmed mains voltage. The secondary
supplies 17 VAC to the Power Supply for an
auxiliary supply circuit which is also independent
of the mains voltage.

The cooling fan is mounted in a 4-inch round, air-
intake hole in the rear panel. This hole is covered
by a replaceable air filter. The fan motor is
supplied with 115 VAC power from the auxiliary
transformer. The fan draws air in through the rear
panel air filter and exhausts it from the cover vents.
This air flow lowers operating te tures within
the cabinet to safe levels. The air filter can be
removed by loosening the thumbwheel screw. The
filter should be cleaned by washing it in soapy
water.

CAUTION: If the fan is not function-
ing, or if the air filter is dirty or other-
wise obstructed, do not operate the
Model 800. Doing so may result in
serious damage to components through
the instrument.

The interconnecting wiring is shown in the wiring
diagram at the end of this section. All
interconnections to the Display Module, Card Cage
assembly, Front Panel, and Power Supply are
made through connectors. Any of these units can
be removed without unsoldering wires.
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3.3 MOTHERBOARD DESCRIPTION

A Motherboard contains sockets, card guides and
supporting structure for up to 11 individual PC
boards.

Refer to Motherboard schematic #166-0123-01
and board layout drawing #615-0123-01. The
PCB slot assignments are fixed and the boards are
keyed to fit into the correct slots. The location and
part numbers of the boards are listed in Figure 3-2.

boards are inserted into the slots. The Model-800
E has empty slots C-F, and Model-800 A has an
empty slot F. All models not equipped with
options may have empty slots J-K .

CAUTION: Do not attempt to force a
PCB into an incorrect slot or damage to
the connector or PCB may result.

The Model will determine which
] rr t? 5o e —
o o I
B
© o
|| o
O
PYCERPIRTIR
_]
Figure 3-2: Circuit board locations
SLOT CIRCUIT BOARD PART NUMBER / MODEL | PART NUMBER / MODEL
A Processor 615-013001 AB 143-0130-001 CD,E
B RAM DISK 615011201 AB* 143-0112-001 CD,E *
C State Control 615-036901 AB,C 143-0361-001 D
D State Memory-C (LSB) 615-036801 AB,C 143-0360-001 D
E State Memory-A (MSB) 615-036801 A,B,C 143-0360-001 D
F State Memory-B 615-036801 B,C 143-0360-001 D
G Timing Control 615-007101 AB 143-0313-001 CD,E
H Timing Memory-A 615-006503 AB 143-0312-001 CD,E
I Timing Memory-B 615006504 AB 143-0312-001 C,D,E
J Waveform 615-007201 * 143-0072-001 *
K Counter-Timer/SA 615-009901 * 143-0099-001 *

* - Optional, may be equipped.
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NOTE: Any of the three State Memory boards are
identical and may be interchanged. The two 100
MHz Timing Memory boards contain different
decoder PROMs U52. The 200 MHz Timing
Memory Boards have different PROMs in U46.
(See appropriate section of this manual).

The PROM marked 4035-14 is required for
the 100 MHz Timing Memory Beard A in slot H.

The PROM marked 4035-15 is required for
the 100 MHz Timing Memory Board B in slot L

The PROM marked 4069-1C is required for
the 200 MHz Timing Memory Board A in slot H.

The PROM marked 4069-2C is required for
the 200 MHz Timing Memory Board B in slot I.

The Clock Qualifier Gate (U6) and the Clock
Multiplexer (U2), both part of State Control, are
contained on the Motherboard. These circuits are
described in the State Control Board section.

Additional circuitry (U1, U3, US) interfaces the
link control signals and provides additional clock
selection control. Components U4, U7, and U11
are shown on the board layout drawing and on the
Motherboard schematic. The signals that must be
sent to the Keyboard are fed to connector J1. This
connector mates with a flat ribbon cable connected
to the Keyboard.

The PC Board sockets are interconnected as
described in the Motherboard Connections section.
Some inversion of address lines to S1 is done so
that electrically identical boards (State Memory) can
occupy unique address spaces.
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3.4 POWER SUPPLY DESCRIPTION

The Power Supply, mounted to the bottom pan of
the instrument, is enclosed in a protective housing.
The Power Supply is a pulse-width modulated,
half-bridge, 25 KHz switching circuit operating
directly off the AC power line. It supplies £5 V
and 15 V to the Keyboard and Cage, +12V
to the Display Module, and +5 V or +12 V to the
disk drive. It also provides very effective
overvoltage and overcurrent protection for both the

Power Supply itself and the circuits that it supplies.

Refer to schematic #127-0122-001. The major
functional 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. Refer to assembly drawing
#143-0122-001 for major component location,
disassembly and assembly information. Assembly
drawing #126-0122-201 depicts the PC Board
component locations.

34.1 Test Setup

The AC input power is fed directly from the mains
to rectifier circuit DB1 without an intervening
isolation transformer. Therefore, it is essential that
an isolation transformer be incorporated in the test
setup as shown in Figure 3-3.

WARNING: Measurements or tests
undertaken without the use of an
isolation transformer may result in
serious injury or death.

WARNING: This power supply circuit
is connected directly to the AC mains
with no intervening isolation trans-
former. When power is applied, lethal
voltages are present. Only qualified
service personnel familiar with line
operated switching power supplies
should undertake service of this supply,
and then only with the following
isolating test setup description Failure
to observe these precautions may result

in serious injury or death.
+3V
’ 3 Amp -
AC | VARIAC Isolation Suppl Load
Mains | 0-140 Volis ransformer Under | <15V | Registons
— Test +12V
GND

Figure 3-3: Power Supply Test Setup
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To access the Power Supply:

NOTE: Read the entire procedure once before
starting.

a. Disconnect the power cord and wait three
minutes after the power is turned off to allow
the capacitors to fully discharge.

b. Remove the top cover by loosening the two

quarter-turn fasteners at the rear of the cover and

sliding cover back.

¢. Remove the two nuts holding the power supply
cover. These are located between the power

supply cover and disk drive bracket. Be careful

not to damage the ground straps connected to
the grounding stud.

d. Turn the unit over to expose the bottom cover
and remove the two screws near the rear that
hold down the power supply cover. The cover
may now be removed, exposing the supply.

To remove the supply:

a. Unplug the power cords connecting the power
supply to the Disk Drive, CRT and main
Motherboard.

b. Remove the six screws mounting the power
supply heatsink to the bottom pan. These may
be accessed from the bottom.

c. The supply is now free and may be lifted up.
Complete the removal by unplugging the six-
conductor AC plug.

CAUTION: Do not risk damage to
valuable circuit boards by using the
analyzer as a test load for the sake of
convenience. Use resistors as described
n the following paragraph. Note that no
load is needed on the +12V supplies
unless they are specifically under
investigation.

To load the power supply outputs:

a. Obtain a mating connector for P12 (see parts
list). Make an adapter to connect the load
resistors between the outputs and ground
{;tlurns. Load resistance values are shown

ow:

MINIMUM LOADING
OUTPUT | CURRENT | RESISTANCE | RATING
+5V 5A 1 ohm 25W
SV 5A 1 ohm 25W
+12V -—- (no load required)
+15V | 200mA 75 ohms 5W
-15V 200 mA 75 ohms 5W
b. Bring power to the Power Supply by connecting

the Mains Module through an isolation
transformer to the power mains.
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3.4.2 High Voltage Section

The High Voltage Section consists of the
following: DB1, a VH 648 bridge rectifier; Q1 and
Q2, Motorola MJE13007 power switchin
transistors; CR1,2, IN3600 diodes; CR3,4,

1N4637 diodes; transformers T1 and T2;
thermistor R1; and various resistors and capacitors.

This circuitry converts a nominal 100, 110 or 220
VAC, 50-60 Hz mains voltage to a center-ta
nominal 162 DC voltage. This DC voltage is
converted to a fixed-frequency, pulse-width
modulated, AC voltage across T1. The conversion
is performed by the action of Q1, Q2, T2 and the
control section. The output voltages of T1 are
nominally 5 and 15 VAC RMS at a nominal
frequency of 25 KHz.

Input from the power mains is sent directly to the
rectifier DB1 with no intervening isolation
transformer. Consequently, all components within
the High Voltage Section are at mains potential!
Please see preceding Warnings and

Cautions! A Mains Module contains a Voltage
PCB that is used to select the AC mains voltage
that will be used to power the analyzer. This was
described previously under Chassis. The three
selection options are 100, 110 and 230 VAC.

If a mains voltage of 230 VAC is selected, it is
applied across input pins P1-2 and P1-6. DB1 acts
as a full-wave bridge rectifier and uces a
nominal 325 V. This DC voltage is filtered by
filter capacitors C3 and C4 connected in series.
The junction of C3 and C4 is a center tap of the
325 V. This provides £162 V for the switching
circuit and transformer T1. R3 and R4 stabilize the
center tap and act as bleeders. C5 and C6 are for
EMI reduction. Fuse F1, a 3 amp Fast-Blow
provides circuit board ion in case Q1 or Q2
shorts out. Any failure of Q1 or Q2 will happen
faster than the fuse can blow.

If a mains voltage of 100 or 110 VAC is selected, it
is applied across input pins P1-2 and P1-3. With
this connection, DB1 acts as a full-wave doubler
rectifier. DB1 produces a nominal 325 V across
series-connected C3 and C4.

By means of transformer T2, the Control Section
turns transistor Q1 ON and OFF in alternation with
Q2. The cycle time is a nominal 40 microseconds.
Note that Q1 and Q2 are never ON at the same
time. This alternately applies +162 and -162 V
across the primary of transformer T1. The
resulting AC voltages across the secondaries of T1
are rectified and averaged in the Output Section.
The longer Q1 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. This is used by the
Control Section for voltage regulation.

Capacitor C8 blocks any DC bias that might
otherwise result from a mismatch between Q1 and
Q2. Components R8 and C9 reduce C’nﬂging and
transient spikes. CR1, R4, C10 and , R6,
C11 speed up the turn off times for Q1 and Q2.
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3.4.3 Control Section

The Control Section consists of U1, a National
DS3632 dual peripheral driver; U2, a Silicon
General SG3524 regulating pulse-width modulator;
Q4, a 2N3904 transistor; Q3, a 2N3905 transistor;
Q5, a Motorola MCR101 SCR; CR5-7,9,10,17, all
1N3600 diodes; CR8, a 1IN588 Zener diode; and
DB2, an MDA100 bridge rectifier.

This circuit provides drive pulses through
transformer T2 that switch Q1 and Q2 ON and
OFF. It controls 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. It also detects
any overcurrent condition, and reacts by shutting
down the Power Supply.

The nucleus of the Control Section is the circuit
U2. Itis powered by a nominal +20 V from the
bridge rectifier DB2. DB2 is fed, via P1-1 and P1-
4, with a nominal 17 VAC at 50-60 Hz from a
small transformer, T3. T3 is mounted on the rear
panel, refer to Chassis Wiring diagram. Circuit U2
produces drive pulses at outputs CA and CB (pins
12 and 13). These 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. The frequency is set by the values
of R18 and C16 at pins 6 and 7 to a nominal 50
KHz. 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 25 KHz.

The drive pulses from U2 act as follows. When
CA is low and CB is high, U1 output 5 is turned
OFF and output 3 is turned ON. The +20 V
applied through R9 drives a current through
winding 2-3 of T2. The current is driven in the
direction making the dot end of the winding
positive. This current in 2-3 induces voltages in
windings 7-4 and 6-1, making their respective dot
ends positive. The connections to these windings
are such that Q2 is turned ON and QI remains
OFF. The base of Q1 is driven even further
negative.

The -162 V applied to Q2 drives current through
T17-5 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
actsasa cx(llrient transformer. Thus, the base drive
current to Q2 is proportional to the T1 primary
current through T2 g?;u The current ratio is such
that Q2 is assured of being fully ON and out of the
linear region.

Q2 is urned OFF again by the bianking puise
within U2 that brings CA high with CB. This
turns U1 outputs 3, S ON, short circuiting T2 2-3
and turning OFF Q2 drive current at T2 6-1. This
short circuit condition lasts for the duration of the
blanking pulse, a nominal three microseconds.
During this time Q2 and Q1 are both forced to
remain OFF. This ensures that Q1 cannot be
turned ON until Q2 is OFF. The turn-on time of
these transistors is shorter than the turn-off time.
Without a long enough 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 and cause
component damage.

The next half of the 20 KHz switching cycle starts
with the leading edge of the blanking pulse. 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. That
circuitry determines when to start the Q1 drive
pulse, and CB is brought low. This turns Ul
output 3 OFF and drives current through 2-3 of
T2. The current is driven 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.
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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. The
reference voltage is obtained, via R15, R17 and
potentiometer R16, from regulated +5 V of U2, pin
16. 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, R27 and R25. This is derived
from the regulated +5 V output of the power
supply. R28, R29 and C19 irowde gain control
and phase lag to the feedback amplifier. Lead
compensation for the +5 V feedback signal is
provided by C28. If the feedback voltage at V-
exceeds the reference voltage at V+, U2 acts to
reduce the drive pulse width. This reduces the
output volta%es of the power supply. If the

- feedback voltage at V- falls below the reference at
V+, the action is the opposite. This regulating
action does not appreciably affect the 25 KHz
g\éitching frequency, only the ON times of Q1 and

The variable resistor R16 is adjusted so that the

Power Supply output voltage at the +5 V test point

is +5.1 V£ 0.05 V. This adjustment should be

made with both Power Supply output plugs

connected to the analyzer, all circuit boards in

glace, and after the analyzer has had power applied
or a period of 10 minutes.

As mentioned previously, the U2 clock frequency
is set to a nominal 50 KHz by R18 and C16. The
clock signal is a short—duty-%tl::e pulse that is also
used as the blanking pulse. pulse width is
approximately 0.5 microseconds, which is not
enough for the blanking pulse in this application.
The output of the clock oscillator circuit is made
available at pin 3. The Q3-Q4 circuit connected to
this pin is used to stretch the clock/blanking pulse
to 2 nominal three microseconds. This provides
blanking protection for Q1 and Q2.

The SCR QS5, Zener diode CRS, and diodes CR6
and CR7 constitute an overcurrent shutdown circuit
that functions as follows. A component of the
voltage across winding 2-3 of T2 is proportional to
the current in winding 8-5. Normally the voltage
across winding 2-3 results in less than 7.5 V at the
cathode of CR8 via CR6 or CR7. If the rated
current in winding 8-5 is exceeded, the voltage at
CRngcathodewillexoeedlSVandCRSwill
conduct.

When CR8 conducts, SCR Q5 is triggered and
shorts both sides of winding 2-3 to ground through
CR6 and CR7. This holds both Q1 and Q2 OFF,
shutting down the power supply indefinitely until
the power is turned OFF. When power is turned
ON, the supply will function normally if the cause
of the shutdown has been removed.

Diodes CR17 and CRS serve to clip any ringing
voltages that appear at winding 2-3 of T2.
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3.4.4 Output Section

The Output Section consists of VR1, an
LM340T-12 +12 V series regulator; VR2, an
LM350K +12 V regulator; DB3, a Varo VJ248X
bridge rectifier, CR13 through CR16, all Schottky
rectifiers; CR12, a IN957B 6.8V Zener diode; and
CR11, a IN721A 20 V Zener diode.

This section contains rectifier and filter circuits for
the four major output voltages of +5, -5, +15 and
-15 volts. These circuits are fed with 25 KHz
pulse-width modulated power from secondary
windings on switching transformer T1. This
section also contains a low-power series regulator,
VR1, that provides +12 V for the Display Module.
A second regulator, VR2, provides +12 V for the
disk drive circuitry. Both low-power regulators
are fed from the +15 V supply. The current ratings
for these supply voltages are as follows:

VOLTAGE | MAXIMUM CURRENT
+5V 200 A
-5V 120A
+15V 10A
-15v 1.0A
+12V CRT 1.5A
+12V DISK 30A
+5V DISK 10A

DB3 acts as a full-wave bridge rectifier for both the
+15and-15V su;:f]ies. It is fed from secondary
windings, 11-1 and 10-2, on the switching
transformer T1. L1-C23 and L2-C24 act as pulse-
averaging and ripple filters for the +15 Vand -15V
supplies, respectively. R31 is a bleeder for the -15
V supply. R30 and C20 suppress transient ringing
in the secondary.

Series regulator VR1 drops part of the +15 V
output to +12 V for the Display Module. C22
provides additional filtering and decoupling for the

+12'V.

The two diodes CR13 and CR14 are rectifiers for
the +5 V supply. They are each fed from the center
tapped secondary windings of switching
transformer T1. The cathodes of the diodes are
connected to the L3-C25-C26 pulse-averaging and
ripple filter. R33 and C29 suppress transient
ringing in the 5 V secondaries.

The -5 V output circuit is the same as the +5 V,
except for the differences to accommodate opposite

polarity.

Zener diodes CR12 and CR11 form a shutdown
circuit for over-voltage protection. If the +5 V
output voltage rises above +6.8 V, Zener diode
CR12 conducts. This causes SCR Q5 to trigger
and shutting down the supply. CR11 provides
similar overvoltage protection for the +15 V
output. The minus voltages are not protected
explicitly, but have protection due to the cross
regulation with the positive voltages.

The feedback voltage for the Control Section is
applied from the +5 V output through R32. The
+5 V output is therefore tightly regulated. The
other output voltages are regulated, but to a lesser
degree than the +5 V output. The +12 V outputs
benefit from the additional regulation afforded by
the series regulators VR1, VR2.

L5 and C27 provide a second L-C filtering stage
for the +5 V supply to the Disk Drive. This
reduces noise to the drive via power supply
coupling,
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3.5 DISK DRIVE SERVICE

When the drives are used repeatedly in an
excessively dirty environment, it is recommended

that cleaning of the magnetic head surface be done
periodically with a commercially available cleaning

disk. Under normal circumstances this is not
necessary. Since it is difficult to properly clean
double-sided drives by a direct cleaning method
(isopropyl alcohol and cotton gauze) without

damaging the internal gimballed mechanism, use a

high quality Double-Sided Cleaning Disk. Use
of a single-sided disk can damage a head.

3.5.1 Cleaning the Heads

1. Start the spindle motor by applying power to the

unit and gressing the ESCape key. Install the
Double-Sided cleaning disk so that side O (the

bottom side) and side 1 (the upper side) are both
cleaned simultaneously. The head is loaded and

cleaned when the drive door is closed. Engage
for 10 to 30 seconds.

2. Open the drive door and remove the cleaning
disk. The most appropriate cleaning time is
different for each type of cleaning disk used.

3.5.2 Removing the Disk Drives

The disk drives are removed by disconnecting the
plug-in cables and ground strap, then removing the
four mounting screws. Replacement is made in the
reverse order from removal. The step-by-step

removal procedure is as follows:

1. Remove the power cord and top cover as
previously described.

2. Disconnect the two plug-in cables at the rear of
the drive. Note the orientation of the cable
connectors.

3. Disconnect the ground strap.

4. Tilt the 800 Series on its rear panel feet. The
disk drive is held in place with four screws, two
on top and two on the bottom. The bottom
screws are reached through access holes in the
bottom cover. Remove the two bottom screws.

3. Tilt the 800 Series back into its normal bench
position. Remove the two top screws.
Carefully remove the drive from the chassis.

Follow the manufacturers recommendations.

3. To avoid concentration on a specific track (the
system track read at cold boot), it is now
recommended that the RESET button be

de?ressed and held for three seconds. This

eftectively performs a" power-on reset".

4. Insert a normal operational disc and boot the
DOS by pressing the ESCape key. Select a file
(utility or data/test save file) and access those
tracks by calling it up. Open the drive door in
the midst of the read operation, remove the disk
and reinsert the cleaning disc. This is to ease
repeated wear-and-tear of a single "track” on the
cleaning disc.

5. Eject and remove the cleaning disk and store
carefully. Never use a damaged cleaning disk.
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4.1 KEYBOARD
Refer to schematic drawing 166-012101.
Keystrokes from the matrix keyboard are

encoded by the MSM3914 (U7). The encoder
clock is generated by a timer IC (U8) configured
for a 30 KHz frequency. The X(0-X3 signals
output from encoder U7 are applied to two
decoders (U5,U6). These decoders produce the
scan signals in a 16x8 matrix. Lines YO-Y7 are
the matrix common input signals to the encoder.
Each line is pulled up by a 4.7K ohm SIP (RP2).
When a key is pressed, the input line common to
that key in the matrix is encoded by U7. Signal
SAMPLE is generated and stays true until the key
is released.

A Schmitt-triggered NAND gate (U10) generates a
10 Hz clock rate. When a key is pressed, one-shot
U9 fires for approximately one second. This
prevents the 10 Hz clock from passing through

~ U10. The signal is then ANDed at U10 with
SAMPLE-, indicating the key is still

The signal is inverted by U3 and then clocks U2.
The Q- is output low and then inverted by U3
before going to the Motherboard. The coded data
at PROM U4 is strobed off the board to the 8155
on the processor PCB. If a key is depressed
longer than one second, U2 is clocked again
causing a repeated strobe. When the 8155 receives
the strobe and data, signal DATA ACCEPTED
is sent back to the keyboard. This clears U2,
setting Q high and SAMPLE ACC true. This
sequence of operations confirms the reading of the
pressed key. Output data lines and strobe are
pulled up by a 1K x 9 SIP (RP1). Under normal
key operations, pin 1 of U3 is held high, thereby
doubling the repeat key function.

The repeat function uses the REPEAT key, that
grounds U3 (pin 3), thus causing a clock to Ul.

As long as the REPEAT key is depressed, one-shot
Ul will fire a 12 ms pulse. The 12 ms pulse is
decoded by US and U6. The MSM3914 will cause
the reading to be repeated while the key is
depressed.

The SHIFT, CTRL and CAPS LOCK keys are
read by PROM U4. A processor reset also is
configured on the keyboard. Pressing the RESET
key (RED) causes one-shot U1 to output a one
second pulse. The key must be depressed for two
seconds, holding off CLEAR until the one-shot
fires. This sets Q of U2 high and pin 10 of U3
low, thus resetting the processor. When the key is
released, CLEAR at U2 goes low, clearing U2,
resetting Q low and pin 10 of U3 high.
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4.2 REMOVAL AND DISASSEMBLY

The keyboard may be removed from the main
chassis by the following steps: _

a. Remove the retaining clips of the two hinges.
b. Unplug the 20 conductor connector.

¢. Slide the keyboard off the hinge pins.

The keyboard may be extended by a remote ten

foot cable (consult factory) for remote operation.

To disassemble the keyboard, remove the screws
mounting the hinges and the rubber mounting feet.
Remove the clasp retainers on the front lip of the
keyboard housing. This will permit the entire
keyboard assembly, including the top keyboard
bezel, to be removed from the backing.

To remove the bezel, it is necessary to remove the
screws that secure the extrusions to the PCB.
Reassembly is accomplished in the reverse manner.
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5.1 INTRODUCTION

The display module is a nine-inch CRT monitor.
It accepts a composite video signal sent from the
Video Display board and produces a raster-scan
video display. The BRIGHTNESS and
CONTRAST controls are located on the front
panel, and internal controls are provided for
maintenance adjustments. The input power
required by the module is provided by the 800
Series power supply.

WARNING: High voltage is used in
the display module. Observe extreme
caution when power is applied and the
cover is removed.

5.2 AC LINE FREQUENCY

The Display Module does not use any line power
directly. Primary line power is brought into the
800 Series to operate the power supply. As a
consequence, there are line-frequency fields within
the instrument that may produce minor interaction
with the CRT display. To minimize interaction, the
frequency of the vertical sync signal is adjusted as
closely as possible to the line frequency. The
vertical sync signal is produced on the Video
Display board. It is contained in the composite
video signal sent to the Display Module from the
Video Display board.

The 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.
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5.3 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
that can be lethal. The following
procedures should be undertaken only
by experienced technical personnel
familiar with television or CRT
monitor adjustment procedures.

WARNING: Remove all power from
the instrument before continuing,

a. Unplug the power cord.

b. Loosen both quarter-turn screws at the rear of
the top cover.

¢. Remove the cover by sliding it to the rear of the
instrument and upwards.

d. Remove the display module securing screws and
cover to gain access to the adjustments. Refer
to Figure 5-1.

Note: Early production units necessitate removing
the module from the chassis. Refer to step e for
these units.

e. Early production units require that the display
module be removed from the chassis. This
allows access to the screws holding the module
cover. To remove the display module, use a
long 8" socket extension to reach the three nuts
as shown in Figure 5-1. Carefully remove the
display module from the chassis sufficiently to
loosen the module cover screws and cover. If
necessary, temporarily disconnect the wires to
obtain slack required for removal.
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i Screws for removing cover
nnnqnnnnnnn Y on later units.
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Third nut on early units. —/

Figure 5-1: CRT Module Cover Removal
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WARNING: Make all adjustments with
plastic adjusting wands designed for
this purpose. Do not use metal screw-
drivers or any metal tool. Lethal ‘
voltages are present which can cause
injury or death.

Replacement monitors are supplied by Nicolet with
adjustments already made. Only minor touch-up of
horizontal and vertical hold may be necessary after

installation.

Before installing a replacement monitor, ALWAYS
check for 12 volts at the heavy red and black leads
on monitor PCB. Voltages lower than 11.5 V or
more than 12.5 V will distort the display.

Touch-up adjustments are made as follows
(Refer to Figure 5-2):

a. Verify that the three disconnects are properly
connected. (Power, external video and
processor.)

b. Turn power on, wait a few seconds for the
beep, then depress the BREAK key for
the processor test.

¢. Turn the EXTERNAL BRIGHTNESS (on
bracket) control fully on (clockwise). Then
turn the EXTERNAL CONTRAST adjust to
about one-half rotation or midpoint. At this
point a display of some sort will appear on the
screen.

d. Coarse adjustment of the HORIZONTAL HOLD
must be made with a plastic screwdriver.
Turn the HORIZONTAL HOLD adjust in either
direction. The display screen will display
diagonal lines. Turn the control in the opposite
direction, diagonal lines will appear in the other
direction. The coarse adjustment is between
these two points. The display will appear to be
running straight up and down.

e. The display may be stable, or appear to be
rolling vertically. Using the plastic screw-
driver, adjust the VERTICAL HOLD control
until the display is rolling slowly downward.
Turn the VERTICAL HOLD slightly counter-
clockwise until the display appears to snap into
a locked position. The display should be locked
%nd stable at this time, showing "Processor

est".

f. Note REVERSE on the display, located about
one third down the screen. Adjust the front
panel CONTRAST control until this block is
brightest, just before edges of block start to
distort. Any distortion of this block means the
contrast is set too high. The brightness now
may be reduced slightly for HALF LIGHT
adjustment.

g. Note the alphabet in the upper right corner of
display. VERY SLIGHTLY, move the
HORIZONTAL HOLD control back and forth,
until the "0" appears distorted. This is a
sensitive adjustment, excessive movement will
cause the display to drop out diagonally.

h. Tumn power off, wait five seconds, turn power
on. The display should show a locked,
completely stable display of the Configuration
Menu. Try this test several imes. Any
tendency to pull sideways or roll should be
cured by very small adjustments of the
HORIZONTAL or VERTICAL controls.

i. Press the Processor Test key. The display
should be completely stable.

This completes the adjustment procedure.
Turn the power off, disconnect the power cord,

and reassemble in the reverse order from
disassembly.
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NOTE: The BRIGHTNESS and CONTRAST controls are on the front panel external bracket.

Figure 5-2: CRT Adjustments
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6.1 INTRODUCTION

The Processor Board contains the microcomputer
system. The system controls all analyzer hardware
functions and performs other operations, including
keyboard interface and video display.

The major components on the board include the
8085 microprocessor, 64K of EPROM, 4K of
RAM, video generator, a RAM/IO/Timer IC, an
IEEE-488 interface and related circuitry. All the
schematics, board layout, and parts list, are
included at the end of this manual.
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6.2 FUNCTIONAL DESCRIPTION

Refer to schematic drawing 166-013001. The
functions described include microprocessor, video
generator, and parallel interface. Each processor
function will be discussed separately in the
following paragraphs.

6.2.1 Microprocessor

Refer to sheet 1. The program execution is
performed by U36, the 8085 microprocessor. The
system clock (CPUCLK) is derived by U42 from
the DOT Clock generator output at U6-8 on sheet
4. The 8085 is interfaced to the bus by U35, U48,
U49 and US50. These circuits also perform the

- necessary demultiplexing functions for the 8085
data bus. Ul4 ang U47 are buffers for CPU
signals leaving the board.

On-board device address decoding is performed
by U37, U38 and US1. Addresses are decoded by
PROM US51, which, in turn, controls U37 and

U38 to provide the appropriate device select signal.
U51 also provides the ap iate signals for pins
18 and 21 of the EPROMSs. The functions of these
pins may vary according to the type of EPROM
used.

US1 also controls data bus buffer U52. Note that

if the TEST signal is high; U51 is disabled,
selecting U38 (Pin 7); and the processor reads
from switch S1. The outputs received from U38
i\re deglitched by enabling them only when ALE is
ow.

Refer to sheet 2. The program is stored in 2764
EPROMs U1-U4, U15-1b, and 2532 EPROM
U17. The EPROM type and number installed will
vary according to requirements (i.e.,
some sockets miglgt not be used). The 4K RAM is
provided by U18-U21 and U27-U30.

Each RAM (a 2141 device) is 4K x 1 bit.. The
RAM data outputs are buffered by U52 (sheet 1),
the inputs are buffered by U39.

U40 is an 8155 that contains 256 bytes of RAM,
three I/O ports, and a timer. It provides many
Processor Board 1/O and control functions and is
connected to the data bus via U35 and U14 on page
1, and U39. Signal CCLK1 is the clock used for
the timer function. CCLK(1 is derived by U43, pin
2, from the DOT Clock oscillator output at U6, pin
8 (sheet 4). Port A provides a number of control
functions, primarily for the video display.

Refer to sheet 3. Switches SW1-1 through SW1-8
are read by the processor via U5. When an SW1
switch is ON, the inﬂ“ to US is low (logic 0).
Conversely, OFF is high (logic 1). These switches
allow the user to specify certain parameters to the
Control Program. SW1-1 selects the line
%ue ‘fvo;' tsheh\afnldeo Generator. OSfWI- 2 2

u -8 change parameters of the RS-232C
and I&E-488 interfaces. The parameters specified
by the switches are different for the two interfaces.
Details are provided in this section for the IEEE-
488 interface. The detailed information on the RS-
232C interface is contained in Section 17, DISK
CONTROLLER, COMPUTER, DYNAMIC RAM.
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6.22 IEEE-488 Parallel Interface The IEEE-488 connector on the rear panel is wired
. to J3, a 26-pin connector on the motherboard. The
The 800 Series analyzers are equipped with an motherboard connects these lines to the Processor

IEEE-488-1978 parallel interface. The IEEE-488 Board socket S2A.
interface is implemented primarily by U58, a TMS

9914 GPIB Interface Controller (see schematic SW1-2 through SW1-8. The meaning and values

sheet 3). The US58 data lines are buffered by U57, of these switches for the IEEE-488 interface are

a 75160 transceiver. The US58 control lines are shown in Table 6-1 (page 6-4). The location and

buffered by U59, a 75161 tranceiver. orientation are shown in Figure 6-1. Note that
these DIP switches also affect the RS-232C

Bus driver U57 can be configured in either the interface parameters described in Section 17.

open collector or three-state mode. This is
determined by the logic level at pin 11. A low level
produces open collector operation and a high level
produces three-state operation. The Processor
Board is supplied with a jumper that produces open
collector operation. This jumper can be removed if
three-state operation is desired (see sheet 3 and

board layout drawing).
L
| ens— | ———
c—— —
— | merre— |

nmnnnwnnﬁq

SW1i-1
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Figure 6-1: DIP Switch Location
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SWITCH DESCRIPTION CONTROL
SW1-2 Keyboard State DISABLED = ON
SWi-3 Interface State DISABLED = ON

(IEEE-488 I/F) ACTIVE = OFF
SW1-4 Termination CR->LF=0ON
Character Type CR = OFF
SW1-5 Address BIT 1 LOW =0ON
HIGH = OFF
SW1-6 Address BIT 2 LOW =0ON
HIGH = OFF
SWi-7 Address BIT 3 LOW =ON
HIGH = OFF
SW1-8 Address BIT 4 LOW =0ON
HIGH = OFF

Table 6-1 DIP Switch 1 Selections

NOTE: Address bit 0, handled entirely by the Control Program, is 0 (low) for the Model 800 as
LISTENERS, or 1 (high) for the 800 Series as TALKERS.
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6.2.3 Video Generator

Refer to sheet 4. The Video Generator circuitry
utilizes the Intel 8275 CRT controller, U33. U31
provides 2K bytes of video RAM accessed by both
the CRT controller and the processor.

US53 and U7 buffer the Video Data Bus connection
with the system data bus. U22, U23 and U24
select either the processor address bus or the output
of the display character counter, U8. The selection
is determined by the device that is currently
accessing the video RAMs. U10, U1l and U4l
generate DACK- that determines which device is
accessing the RAM by controlling MUXs U22,
U23, U24.

U6, Y1, U42 and U43 pin 2 generate the timing
signals CCLK, CPUCLK, and DOTCLK.
These signals are used to produce the video signal.
In addition, U43 synchronizes the CURCT and
EXTVID signals. The count output from U42
represents the horizontal dot position within a
character. The CURCT signal is high when the
count from U42 matches the position from the
8155 (U40) outputs, compared by U54, and
latched by U43.

Video data is produced by U33, U25, U26, U34,
U45, U12, U43, U44 and U13. U33 outputs a
character code and line count to character ROM
U25. The ROM produces the 8-bit pattern for that
line of that character. This is loaded into U26, a
shift reg.isterdis%ilmultaneo.buusly‘,gli? l(atches thc'deo
appropriate ay attribute signals (reverse video,
half light, etc.). These signals are sent to the DOT
Logic PROM, U45 with the serial bit pattern from
U26. Thus, si DOT and HALFLIGHT
(VIDEO- + F) are produced. These are
resynchronized by U43 at pins 10, 12, buffered by
U13, and sent to the base of Q1. Emitter follower
Q1, produces a composite video output. Three pin
connector J2 goes to the display module via a
coaxial cable.

The LS165 shift registers U12 and U44 produce
horizontal and vertical sync pulses with the
horizontal and vertical retrace periods (HRTC,
VRTC). These are buffered by U13, and mixed
with the video signals in Q1. The VRTC signal is
buffered by U9 and sent as a processor interrupt,
BY, for software synchronization.

The value of the vertical retrace period is set at
power-on initialization. At this time, the Control
Program reads the setting of switch SW-1. The
Control Program then loads a vertical retrace
period, based on the switch setting, into the 8275
CRT Controller. Switch SW1-1 should be set by
}::'h?l user to match the power mains frequency as
ollows:

SW1-1 Mains Frequency
ON 60 Hz
OFF 50 Hz
Table 6-2

A slight adjustment of the CRT monitor may be
required when switching from the 50 Hz to 60 Hz
refresh rate.

Signals HRTC, VRTC and DOTCLK are fed to
the optional Waveform Board via U9, a 16-pin
DIP socket. The ready-for-display waveform
signal is sent from the Waveform Board via J1-4
as EXTVID-. Signal EXTVID- is
resynchronized by U43 and sent to the DOT Logic
PROM U45.
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7.1 INTRODUCTION

The State Control board directs the acceptance of
data for storage by the Sate Memory boards for
later analysis and display. The 800 Series each
contain one State Control board except for the
Model 800E which contains none.

Hardware registers, counters and RAMs on the
State Control board are loaded by the Control
Program. The loading information is entered from
the keyboard under the guidance of the STATE
menu. Using the parameters and modes specified,
the State Control board implements the various
State analysis operations.

As new technology becomes available, NICOLET
reserves the right to enhance the performance
specifications of its products. The 166-012801
State Control board allowed the State Memory
boards to collect at a maximum data rate of 15
MHz. However, adding 20 MHz capability
dictated a new design and board layout. Though
the higher speed 166-036901 circuits contain
numerous different parts, the block diagram and
circuit description still apply. The two schematics,
board layouts and associated parts lists are
provided in the rear of this manual.
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7.2 DESCRIPTION

A block diagram of the State Control board is
shown in Figure 7-1, page 7-3. Also refer to the
schematic diagram, board layout and parts list
included at the end of this manual. Tables of
connector pins versus signal names for all
motherboard connectors are provided in
MOTHERBOARD CONNECTIONS. An
alphabetical list of all interboard signals is
included. The GLOSSARY section offers
explanations for terms that may be unfamiliar.

The functional units of the State Control board are
the Processor Interface, Stack Management, Clock
Control, Collection Address Counter, Post-trigger
Counter, Restart Generator, and Trigger Delay
Control. These units are discussed in the
following subsections.

7.2.1 Processor Interface

Refer to schematic 166-012801. The Processor
Interface (sheet 1) is comprised of the Address
Decoder, Status Ports, Interface Output Ports, and
Interface Shift Register. This circuit allows the
processor, under the direction of the Control
Program, to load user-supplied information from
the keyboard with the aid of menus. To prepare
the analyzer for the intended application, the
information is entered into registers, RAMs, and
counters. The interface allows the processor to
interrogate status and signal lines and to send
various control signals when appropriate.

The Address Decoder consists of the following:
U33, a 74LS10 triple 3-input NAND gate; U1,
sections of a 74L.S00 quad NAND gate; and U44
and U435, 74L.S138 3-to-8 decoders. This circuit
allows the processor to read and write to the
Interface Satus and Output Ports, respectively. I/O
read and write commands are used to perform these
functions. Also, one output signal,
RDALMEM- (U44-14), is sent to the Collection
Address Counter.

The Interface Output Ports, U46 and U47, are both
74LS374 octal-D flip-flops. Both flip-flops store
software-generated control signals. U46 stores
signals for the State Control board, U47 for the

A, B probes and the A, B State Memory boards.

The Status Ports, U48 and U49, are both 7418244
octal line receivers. The processor reads status
signals from the State Control board. These are
read via U49, U48-11 and U48-17. Data
collection addresses are read by the processor from
the State Control board through U49 and U48.

The Interface Shift Register has a part shown on

each sheet of the schematic. The register consists

of the following components:

a. U38, a 7415164 8-bit shift register, sheet 1.

b. U32B, one-half of a CMOS 4015 dual 4-bit
shift register, sheet 2.

c. Ul2, U25, 4015s, sheet 3.

d. U27, U28 and U32A, all 4015s, sheet 4.

These six 4015 devices have parallel readout, and
allow the processor to store five sets of eight
control bits. Only one daisy-chained data line is
received instead of running the 8-bit Processor Data
Bus to each of the five devices. The data line
SRDATA is sent from the Interface Output Port
U46-19. This 48-bit shift register stores control
bits (U38, U32A) and preset counts (U32B, U12,
U27, U28). The last bit in the last shift register,
U235-2, is sent back to the Status Port at U48-6.
This allows the Control Program to monitor the
Shift Register load status.
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<ROCESSOR CONTROL BUS> <ROCESSOR DATA BUS PROCESSOR ADDRESS BUS >

/\ PROCESSOR /\

@———— CLOCKCONTROL | — % INTERFACE [®] COLLECTION
U31,U37,U39, [|@— 3218[3322%25 Uz:;,’s. ADDRESS COUNTER  jeg¢———
1 U41,U42,U52 ,U32,U33,U38,

& e i U44-U49 pep.  U2,U40,U50,U51
< e 3
= 3
= COLLECTION-RAM ADDRESS BUS Z
S
g S
o 3
= =
= @]
s | | vy v =
S RESTART |g———— | STACK L., TRIGGER POSTTRIGGER =
-4 —_
T GENERATOR MANAGEMENT DELAY COUNTER :
s> U29,U30,U40, [®—] CONTROL viuis [ B
= U36,U37 | U43,U53,U54 > U4-10,U14-21 U24,U34 2
]y A

ONBOARD STACK ADDRESS BUS >

Figure 7-1: State Control Board Block Diagram
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7.2.2. Stack Management

Stack Management (sheet 2) is comprised of the
Stack Address Counter, Stack Address Latches,
and Stack Control circuits. This circuit maintains
the stack pointer by means of the Stack Address
Counter. It also evaluates a number of input
signals to determine when to POP (advance) or
reset the stack pointer.

The Stack Address Counter, U43, a 745169
synchronous 4-bit binary counter, generates
signals NSAO (Next Stack Address). This signal
is sent to the address inputs of the Delay Count
RAM (sheet 4). It is also sent, via stack address
latches U53 and U54 (US55 on 20 MHz boards), to
- the Trigger Stack RAM on each State Memory
board. The trigger stack address on the circuit
board is the equivalent of the trigger level on the
menu.

The stack RAMs have terminal addresses of OF hex
(15 dec). The Stack Address Counter is t by
the Control Program (through U32B) and always
operates in the POP direction (always counts up).
For example, if the menu specified trigger levels 0
through 8, the Stack Address Counter would be
preset with OF - 8 =07. This RAM location,
address 07, would contain the word for the first
trigger level on the menu, level 0. The endin
counter address, OF, would contain the word for
the last trigger level entered on the menu, level 8.
At count OF, the ripple-carry counter output at
U43, pin 15 produces the stack-empty signal,
STKE-. This is used by the Stack Control
circuitry.

The Stack Address Latches, U53 and U54, are

both 74574 dual D flip-flops. They latch the

address produced by the Stack Address Counter.

This allows it to be stabilized for the Trigger-word

gd Qualifier-Word RAMs on the State Memory
ards.

The Stack Control circuits consist of the following
logic:

a. US2A, B, D, sections of a 74586 quad
exclusive-OR gate.

b. U37C, D, Sections of a 74F02 quad NOR gate
used as inverters.

¢. U31, a 74502 quad NOR gate. Sections A and
B are used as negative-input AND gates.

d. U40B, one-half of a 74F74 dual flip-flop.

e. Multiplexer U29, a 74S64 4-2-3-2 AND-NOR
gate.

f. U32, a 74S74 dual D flip-flop.
g. U23B, a section of a 74532 quad OR gate.

This circuit produces signals used by Stack
Management and a number of signals used
elsewhere on the board. The signals include the
following:

a. POPEN- (POP Enable-). Advances the level in
the trigger-word and qualifier-word stacks on
the State Memory boards.

b. POPSTK+ (POP Stack+, a clock derived from
POPEN-). Advances the level in the
delay-mode stack.

c. PTENB+ (Post-tri Enable+). Derived
from the Stack A« Counter ripple-carry
signal, STKE-. PTENB-+ is sent to the Post-
triﬁgcr Counter, causing the count to start for
collection of the specified number post-trigger
data words.
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7.2.3 Clock Control

Clock Control is comprised of the Clock
Multiplexer (sheet 2) and the Clock Qualifier Gate
(sheet 3). This circuit implements the keyboard
entered selection of clock source and provides the
final logic in the process of clock qualification.

The Clock Multiplexer consists of U39, a 74564
4-2-3-2 AND-NOR gate; U41A, one-halfof a
74551 dual AND-NOR gate; and U42, one-fourth
of a 10125 quad ECL-to-TTL translator. Signals
CLKSELO allows the Clock Multiplexer to.
implement menu selection of clocks for probe data
latches on the Memory boards. CKLSEL is
received from the Interface Shift Register. The
A-board clock, ALATCHCLK, may be menu
selected from either the positive-going or negative-
going edge of APROBCLK (the A-probe
incoming clock). The B-board clock,
BLATCHCLK, may be menu-selected from
APROBCLK or the +/- going edge of
BPROBCLK. BPROBCLK is the B-probe
incoming clock. The CLATCHLK selections are
performed on the 800 Series Motherboard.

The Clock Qualifer Gate, U41 (sheet 3), is not
used. The signal CLKQUALI- is generated on
the Motherboard by U6, and is true (low) in the ‘
following cases.

a.If the incoming clock qualifier signals ACQ1,
BCQ1 and CCQ1 are active, or

b.If ACQ2 and BCQ2 and CCQ2 are active.

The signals ACQ1,2, BCQ1,2 and CCQ1,2 are
received from pre-collection comparator RAMs on
the State Memory Boards. ACQL is active (high)
if the following statement is true regarding the first
clock-qualifier word quciﬁed in the menu: The

two A-probe qualifier bits a i
received from the A-probe lines.

In a similar manner, BCQ1 is high if the first
clock-qualifier word specified in the menu meets
the folliwing statement: The second two gualifier

i match its receivi m the B-
probe lines. CCQ1 operates similarly.

If all six qualifier bits are matched, ACQ1,
BCQ1, and CCQ1 are high and
CCLKQUALIN- goes active low. Similarly,
ACQ2, BCQ2 and CCQ2 represent the second
clock-qualifier word on the menu.

Note the distinction between qualifier words, used
with the menu, and qualifier bits, used with the
probe leads. The A, B and C probes each have
two qualifier leads, separate from the data input
channels.

Either or both of the two bits on each of the probes
can be used for trigger or clock qualification. The
selection is made on the STTE menu. On the
STTE menu, the qualifier bits appear in the clock-
qualifier word or trigger word as -XXXXXX. The
Xs mark the positions, left to right, of ACQ, AQ2,
BQl, BQ2, CQ1, and CQ2. If a value is given to
the first X in the clock-qualifier word, such as -
0XXXXX, then AQ] is used as a clock qualifier.
If the first X is also given a value in a trigger word,
then AQ1 is also used as a trigger qualifier.

Clock qualifications by a data word appearing on
the input channels is accomplished on the State”
Memory boards in a similar fashion, and is
discussed in Section 8 (subsection 8.2.6) of this
manual.
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7.2.4 Collection Address Counter

The Collection Address Counter (sheet 3) consists
of U50, U51 and U2 (U54 on 20 MHz board),
74F191 synchronous 4-bit binary counters; and
U40A, one-half of a 74F74 dual D flip-flop. This
circuit supplies 1024 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
RAM:s when reading the collected data.

The three 4-bit counters are connected in cascade to
form a 12-bit counter. This provides a capacity of
4096 counts, but is limited to 1024. Outputs RAQ
through RA9 are sent as address bits to the Data
Collection RAMs on the State Memory boards. In
the load mode, the counters send the input levels
through without change. This allows the processor
to directly address the RAMs. The load mode is
initiated by RDALMEM- (Read All Memory -), a
Control Program Signal received from the
Processor Interface. Before the Control Program
releases RDALMEM., it places zeroes on the
counter input lines. Thus, when RDALMEM- is
released, the counter is preset to 000.

With the RDALMEM- load signal inactive (high),
the counters are ready to generate sequential
addresses for the Data Collection RAMs. The
count is advanced with each BWE2+ clock pulse.
BWE2+ (B Write Enable +) is the qualified data
collection clock. It is received from the State
Memory board and is selected by the processor.

As the counters sequence 000 through 400 hex, the
QC at U2-6 (occurring at count 400) is sent to flip-
flop U40. This circuitry generates signal
ROLLOVER1+ the first time address 400 is
reached. This signal is sent to Interface Status Port
U48 for use by the Control Program.

The counter sequences through the RAM address
range until the trigger conditions are met. The
BWE-+ clock is subsequently stopped by signal
BCKLINH+ and is discussed in 7.2.5. In some
instances, this clock interruption may occur before
the first rollover. In other instances, the
interruption may not occur until manual
intervention, such as a FORCE DISPLAY or a
menu call.

7.2.5 Post-Trigger Counter

The Post-trigger Counter (sheet 3) is comprised of
the Counter and the Clock Inhibit circuits. This
circuitry causes data collection to continue for the
menu-specified number of data words after the
trigger. The menu expresses this parameter as pre-
trigger count, but the Control Program converts the
number to post-trigger count. This allows more
efficient circuit implementation.

The menu allows a pretrigger count range of 0 to
999 words.

The Post-trigger Counter consists of U11, U13
and U24, 7415161 synchronous 4-bit binary
counters. They are combined to form a 12-bit
counter with a maximum count of 400h. This
counyer serves to count the post-trigger count.
The program limits the counter load so that the
maximum count is 999.

At setup time, the Control Program presets the
counter to the calculated value via serial data
to U12 and U25A. The value loaded is 400-c,
where c is the post-trigger count. The actual

loaded value may vary by one or two counts from
400-c This allows for compensation of pipeline
delays in associated circuitry.

When the trigger conditions have been met, signal
PTENB+ (Post-Trigger Enable) goes high. This
disables the load inputs and enables the count
function. The counter advances at each pulse of
BWE2+, the qualified data-collection clock. The
count completion is signaled by the ripple-carry
output at U24-15. '

The Clock Inhibit circuit consists of U35B,C,D,
each one-fourth of a 74S00 quad NAND gate (B
and C are used as negative-input OR gates); U23C,
one-fourth of a 74532 quad OR gate; and U34, a
74574 dual D flip-flop. When the post-trigger
count has been reached, this circuitry generates
<7:197ck-inhibit signals which are described on page
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When the Counter reaches terminal count, the
ripple-carry output at U24-15 goes high, producing
signal ACTDN+ (A Countdown +). This signal

is sent, via U23, to set both halves of flip-flop
U34. The Q- output of U34B is sent to U35 to
produce ACLKINH+ (A Clock Inhibit +). This
signal is sent to all Memory Boards and inhibits
further clocking of collected data. The Q output of
U34B is returned via U23. This latches the set
condition of U34 past the duration of the rippie-
carry pulse.

The Q- output of flip-flop U34A produces the
signal PTCTDN+ (Post-trigger Countdown +).
This signal is sent to Interface Status Port U48 to
inform the Control Program that the post-trigger
countdown is complete.

If the post-trigger count is 0, signals PSTTGO0+
(Post-trigger 0+) and PTENB+ are high at NAND
gate U35D inputs. The resulting low output from
U35D then presets flip-flops U34A and U34B.
This produces the signals BCLKINH+ and
PTCTDN+ without any counting having
occurred.

The Control Program can also produce signals
BCLKINH+. This is done by sending signal
SWCLKINH- (Software Clock Inhibit) to the
inputs of negative OR gates U35B and U35C.

7.2.6 Restart Generator

The Restart Generator (sheet 3) consists of
U37A,B, two sections of a 74F02 quad NOR gate
(used as negative input AND gates); and U36, a
74564 4-2-3-2 AND-NOR gate. This circuit
generates the RST- (Restart) signal. This is used
by Stack Management to reload the trigger Stack
Address Counter with the address for level 0. This
address is still Iatched in the Interface Shift
Register section U32B. The system is then
restarted, testing for a match of trigger conditions.
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
Bf?FORE—NNNNth—CLOCK delay mode is in
effect.

¢. The menu-specified RESTART word is
recognized.

d. The Control Program outputs the signal
LDSTKAD+ (Load Stack Address) from
Interface Output Port U46-2.
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7.2.7 Trigger Delay Control

Trigger Delay Control (sheet 4) is comprised of the
Delay Count RAM, Delay Counter, Delay-Mode
RAM, and Delay-Mode Control. These circuits
implement the menu-selectable trigger-delay
functions. The circuits produce signals that allow
the search for trigger words to proceed to the next
level. The specified delay conditions are met on a
level-by-level basis. Note that the trigger word at
level O has no delay function.

The Delay Count RAM consists of U16, U17, U18
and U19, all 745189 16-word x 4-bit static RAMs.
They are connected in cascade to form a 16-word x
four 4-bit digit RAM. This RAM is loaded by the
processor at set-up time with the menu-selected
delay count (the count range is 0-9999d). This is
done for each of the 15 delayable trigger-word
levels. The stored delay counts are used to preset
the Delay Counter as each trigger-word level is
reached during processing.

The four address lines of each RAM are applied in
parallel with signals NSA0-3 (Next Stack
Address). Signal NSA is generated by the Stack
Address Counter. The four address bits decode
into 16 stack addresses that correspond to the 16
trigger-word levels on the menu. When loading
the RAM at set-up time, the Control Program
addresses it through the transparent Stack Address
Counter (U43, sheet 2). Delay-count data for the
RAM is loaded using U27 and U28, shift registers.
After loading is completed, the Control Program
presets the Stack Address Counter with the address
count. This number nds to the number of
trigger levels specified on the menu.

After RESET, the addresses are sent 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 simplicity of logic. Note that
trigger-word level 0 does not correspond to stack
address 0 unless all trigger-word levels are
specified. As each trigger stack level is entered,
the stored 4-digit delay count for that level is
determined. This data is sent from the Delay Count
RAM to the Delay Counter as four 4-bit sections in
parallel.

The Delay Counter consists of U3B,C,D sections
of a 74S08 quad AND gate; U20, a 74F08; U5
through U8, all 745162 synchronous 4-bit decade
counters; and U26A, one-fourth of a 74S00 quad
NAND gate. At the start of ssing 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 c is the menu-specified count.
This conversion is done so the ripple-carry out of
U8-135 can be used to indicate terminal count. The
actual loaded value may vary a few counts from
9999d-c. This allows for compensation of
propagation delays in the associated circuitry.
When POPEN- returns high, the counter begins
to count.




Model 800 A, B & C State Control Board (15/20 MHz) | 7-9

The count is advanced by DBCLK+ (Delayed B
Clock +, derived from BWE+, the qualified data
collection clock). This occurs when the
count-enable inputs P (pin 7 on US5 through U8)
are high. U3B,C,D and U20A,B provide carry
look-ahead to speed up the counter. The P inputs
receive TRIGCTEN+ (Trigger Count Enable +)
from Delay Mode Control. This signal is sent via
U3B-5, U3C-10 and U20B-5. If the menu-entered
delay mode specifies counting clocks, delay Mode
Control holds the P inputs continually high. If the
delay mode specifies count trigger-word
recognitions, then each recognition is counted.
This is accomplished by Delay Mode Control
holding the P inputs high so that one clock pulse is
counted.

When the terminal count is reached, the resulting
ripple-cary out of U8-15 is sent to U20D,C and
U26A. This produces signals DLYCTDN+ and
DLYCTDN- (Delay Countdown + and -).

The Delay-Mode RAM, U21, 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 set-up time using sections U32A
and U32B of the Interface Shift Register. The
RAM is loaded with the menu-selected delay mode
for each of the 15 delayable trigger-word levels.
The four data bits output to the Delay Mode
Control flip-flops U9, U10 encode the mode
information as follows:
a. D2, D3 and D4 constitute a 3-bit code for the
five available delay modes.
b. D1 is high if triggering is to occur on or after the
trigger word.
c. D1 is Jow if no trigger is to occur on or after 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 stored
codes are shown below:

MENU DELAY MODE | D4 | D3 | D2

After NNNNth Clock 0 0 0
Before NNNNth Clock 1 0 0
On NNNNth Clock 0 1 0
Not On NNNNth Clock 1 1 0
Occurs NNN times 0 0 1

Delay-Mode Control consists of U9 and U10, two
74574 dual D flip-flops; U4, a 74S64 4-2-3-2

AND-NOR gate; U15A, one-half of a 74S74; and
U14A, one-half of a 74551 dual AND-NOR gate.

Flip-flops U9 and U10 latch the delay-mode code
bits, read out of the Delay-Mode RAM at NSA
time. This data is for use during the processing of
the current stack level. The U15A flip-flops
generate a one-clock interval pulse on the NNNNth
clock for use by the U4 multiplexer.

Signal TRIGCTSEL+ (Trigger Count Select +),
is the latched D2 mode-code bit at U9, pin 9.
AND-NOR gate U14 uses TRIGCTSEL+ to
determine the nature of output signal
TRIGCTEN+ (Trigger Count Enable +) at pin 6.
Signal TRIGCTEN+ is sent to the P enable inputs
of the Delay Counter. If TRIGCTSEL+ is high,
then TRIGCTEN+ usually is held low. The
exception to this is when TRIG- (Trigger-word
recognized -) pulses it high at each trigger-word
recognition. It is held high long enough for the
Delay Counter to count one clock. In this mode
(D2=1), the Delay Counter counts trigger-word
occurrences. In the mode (D2=0), the Delay
Count counts clock pulses.
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The U4 multiplexer combines the Delay Counter
terminal-count signals, DLYCTDN-and -
DLYCTDN?+, with the current delay mode
information. This produces signal DLYTC+
(Delay Terminal Count +). This signal is sent to
Stack Control multiplexer U29 (sheet 2). This
enables the next trigger-word recognition (signal
TRIG+) to generate POPEN-. If other
conditions are favorable, POPEN- advances the
stack level. In some delay modes, DLYCTDN+
or DLYCTN- will cause the Restart Generator to
produce signal RST-. This signal overrides
DLYTC+ and starts the trigger-word search
process over again.
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8.1 INTRODUCTION

The State Memory board accepts data from 16
incoming data lines of the Model 51A Probes. If
directed by State Control, the data is stored for later
analysis and display. The Model 800 B and C each
contain three State Memory boards while the Model
800 A contains only two. Each board receives 16
data lines from the interchangable Probe Pod A, B,
or C. The boards are designated State Memory
board A, B and C, respectively. The three boards
are identical and interchangeable. However,
certain connections to the Function Motherboard
sockets plugged into each allocated socket operate
differently. The following discussion will apply to
all the State Memory Boards, except as noted.

As new technology becomes available NICOLET
reserves the right to enhance the performance
specifications of its products. The 166-012701
State Memory Board maximum data rate was
increased from 12.5 MHz to 15 MHz simply by
substituting new integrated circuits. However, the
step to 20 MHz capability dictated a new board
layout be done. Although the higher speed
166-036801 circuits contain numerous different
parts, the block diagram and circuit description are
very similar. The circuit description for the faster
board is found beginning on page 8-13. The two
schematics, board layouts and associated parts lists
are provided in the rear of this manual.
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8.2 FUNCTIONAL DESCRIPTION

A block diagram of the State Memory Board is
shown in Figure 8-1. When approprniate, also

refer to the schematic diagram, board layout and
parts list at the end of this manual. Tables of
connector pins versus signal names for the
motherboard connectors are provided in MOTHER-
BOARD CONNECTIONS. An alphabetical list of
all signals is included. The GLOSSARY section
offers explanations for terms that may be un-
familiar.

Major units of the State Memory Board circuitry
include the following: Qualifier-Word RAM,
Trigger-Word RAM, Data-Collection RAM, AUX
RAM, Address Decoder, Clock Generator, and /O
buffers. '

The qualifier-word memory and trigger-word
memory can be considered as comparison devices.
The data-collection and auxiliary RAM memory are
typical storage devices. An operational description
of these memories follows.

The Control Program stores the two menu-
specified clock-qualifier words in the 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 18 parallel bits. These are comprised of
16 data bits and two qualifier bits. From the
buffer, the data is sent to the Qualifier-Word RAM
and the Trigger-Word RAM. The data is sent later
to the Data Collection RAM.

The Qualifier-Word RAM compares the data word
received with the two clock-qualifier words. The
Trigger-Word RAM compares the incoming data
word with the trigger word at the current trigger
stack level. If the data word matches either of the
clock-qualifier words, the current clock period is
considered qualified for data. The data in the
Probe Input Buffer is then stored in the Data
Collection RAM.

If the qualifier-word comparison does not qualify
the current clock period, the data word is not stored
in the Data Collection RAM. Note that the menu
may be specified with all bits as "don't care” X's.
In that case, all clock periods will qualify.

This operation is described further in the following
subsections.
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8.2.1 Input/Output Buffers

Refer to schematic #166-012701.

The Input/Output Buffers are comprised of the
following buffers: Probe Input Buffer, Probe
Output Buffer, Setup Data Buffer, Read-TSA
(Trigger Stack Address) Buffer, Collection
Address Buffer, Collection Input Buffer, and
Collection Output Buffer.

The Probe Input Buffer consists of U20 and
U23, both 745374 octal D flip-flops; and U36A,
one-half of a 74S374. The 16-bits of data at the
probe pod are applied to U20 and U23 via S2.

the Collection Input Buffer, and the address inputs
on both the Qualifier-Word RAM and the Trigger-
Word RAM. The reason for sending this data to
the address lines of the two RAMs will be
discussed later.

Two qualifier bits, Q1 and Q2, are sent from the
probe via S2 to two of the four inputs of U36A.
The trigger output, FT, of the timing analyzer
section is applied via S2 to the third input of
U36A. The external input EXT, at the BNC
connector on the rear panel, provides the fourth
input via S2. The four outputs of U36A are sent to
address inputs on both the Qualifier-Word RAM

The 16 data outputs are sent to three locations; and the Trigger-Word RAM.
16-BIT PROCESSOR ADDRESS BUS s
/\ SDBUFEN- DATEN-,W6-W7- U - /\
§ ) | RW,WR-
2 QUALPER-WORDRAM | _ wo. TERGWA. | ADERESS [ —]
% e )8 gz uem ‘ ws.| unuzsun [ oraer
l DI Do
- 4 @ |
% 2 J——— [
e f % 6BITS ARMCQL,CQ2,RESTART cq1,cqa>
S E: RDSTKADO.
E 8 BIT PROCESSOR DATA BUS A g
N ers U2A
N Tieeml fl — 0T Y- 1
~ T TRIGGER WORD RAM K 4 PTS E TSAO-TSA3 3
g 1880 - 20 B8 28 WORDx1 BIT N |
e zonrrs>s UMUISUI-UN g e
é 6 8IS
3
s
‘\/ U12,U16
AUX RAM
a8 ULS ! .

Figure 8-1: State Memory Board Block Diagram
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U20, U23 and U36A are clocked by the menu-
selected primary external clock, LATCHCLK.
The signal LATCHCLK is received from the
State Control board via S2. The outputs of all
three devices are enabled at pin 1 by signal
DATEN- (Data Enable Minus). This signal is
received from U9 (pin 10), and is the inverse of
STBUFEN- (Setup Data Buffer Enable-).

The Probe Cutput Buffer consists of U21 and
U22, both 745374 octal D flip-flops. This buffer
is used to send data from the processor to either
optional or custom probes designed to
accomodate data output.

The eight inputs of U21 (DB0-DB7) are connected
in parallel with those of U22 on the Processor Data
Bus. The outputs of U21 and U22 are sent in
cascade via S2 to the 16 probe data lines. The 8-bit
input is demultiplexed to the 16-bit output using
two strobe signals, PROBEDREN 0-7 and
PROBEDREN 8-15. The three-state outputs are
enabled by PROBEDREN (Probe Data Remote
Enaal;(lf) that is generated at the State Control

Bo

The Setup Data Buffer consists of U19 and
U24, both 74LS244 octal buffers and U28B, one-
half of a 74LS244. This buffer is used to load set-
up data into the Qualifier-Word and Trigger-Word
RAMSs shown on sheet 2. This is described later
in the Qualifier-Word RAM and Trigger Word
RAM descriptions.

The 20 buffer outputs are sent in cascade via the
On-board Data-In Bus to the Qualifier-Word and
Trigger-Word RAMs. The four Qualifier-Word
RAM input lines are demultiplexed to 20 output
lines using the five write signals, W0- through
W4-. In the case of the Trigger-Word RAM,
demultiplexing is accomplished with the aid of the
RAM. The Buffer three-state outputs are enabled
by STBUFEN- (Setup Data Buffer Enable -).
This signal is sent from the Address Decoder.

The Read-TSA Buffer consists of U28A, one-
half of a 7415244 octal buffer. It is used by the
processor to read the trigger stack address supplied
to the Trigger-Word RAM by State Control. The
four input signals (TSA0-TSA3) are received
from the State Control Board via S2. The four
output lines of U28A are loaded onto the
Processor Data Bus. The outputs are enabled by
signal RDSTK- (Read Stack -) received from the
Address Decoder.

The Collection Address Buffer consists of

U3 and U8, both 74L.S373 octal D latches. The
10 input signals (RA0-RA9) are received by U3
and U8 via S2 from the State Control board. They
are sent to the 10 address inputs of the Data
Collection RAM U4-U7. If the current clock
periad is qualified for data collection, the RA
signal is latched into the buffer. The latching is
caused by the negative-going WE- (WriteEnable-)
pulse received from the Clock Generator (Q- output
at flip-flop U10). This data collection address is
held by the Collection Address Buffer for the
duration of the WE- pulse. Signal WE- is also the
write pulse for the Data Collection RAM.

The Collection Input Buffer consists of U12

and U16, both 745374 octal D flip-flops. The 16
outputs of the Probe Input Buffer are applied to the
16 inputs of the Collection Input Buffer, then
loaded by a delayed LATCHCLK. The 16 outputs
of the Collection Input Buffer are applied in
cascade to the Data Collection RAM and
Collection Output Buffer. If the current clock
period is qualified for data collection, signal

ACL + from the State Control Board is

low. This allows the contents of the Collection
mBuﬁ‘er to be written into the Data Collection
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The two holding buffers (Collection Address &
Input Buffers) are provided to compensate for
propagation delays. The propagation delay is_
caused by the Clock Generator and qualification
comparison. At high clock rates these delays may
result in the next address and data word arriving
before the current write has been completed. In
this way the holding buffers allow sufficient time
to complete the write to the Data Collection RAM.

The Collection Output Buffer consists of U13, a
741.S244 octal buffer; and U14, an 8304
bidirectional buffer. The processor uses the
Collection Output Buffer to read collected data
from the Data Collection RAM and AUX RAM.
This is done for purposes of data analysis and
display. The eight outputs of each RAM provide
the 16 data inputs. The eight output lines are
loaded onto the 8-bit Processor Data Bus. Signals
(3-7EN and 8-15EN and TRAN/REC received
from the Address Decoder enable the buffer
outputs to the bus.

8.2.2 Clock Generator

Refer to the schematic, sheet 1. The Clock
Generator consists of the following components:
Ul and U2, both 50 ns delay lines with selectable
delay outputs; U9 and U40, 74504 hex inverters;
Ull, a 74502 quad NOR gate (section B is used as
a negative input AND gate); and U10A, one-half of
a 74574 dual D flip-flop. A low CLKQUALIN-
signal signifies that the current input data word is
approved for data collection. When a low
CLKQUALIN signal is received at U11 pin 6,

the delayed data collection clock WE- (Write
Enable -) is generated at U10A pin 6. The Clock
Generator also provides WE+ (an inverted WE-)
and DLYWE- (DeL.aYed WE- clock). These
signals are present at U11, pin 10 and U9, pin 2,
respectively, for use by the State Control board.

The menu-selected primary external clock,
LATCHCLK is received from the State Control
board to clock the Probe Input Buffer.
LATCHCLK also is sent via U9F to the delay
line Ul. After a nominal delay of 40 ns, Ul sends
the clock pulse to the clock input of flip-flop U10A
via U9D. If the output of U11B, pin 4, is high (by
alow CLKQUALIN at the input), the flip-flop is
set by the delayed clock. After a nominal 40 ns
delay, the clock is reset by the feedback chain via
delay line U2. The resulting 40 ns pulses are sent
from the Q and Q- outputs of the flip-flop to
inverters U11C and U11D. They also are sent as
clock signals WE+ and (WE+RDALLMEM)-.
The Q output is delayed further by U2 and
g‘ovided via inverter U9A as clock signal
LYWE- (Delayed Write Enable-).

Generation of all three clock outputs is terminated
when CLKINH+ goes high. The CLKINH+
signal is sent to the input of U11A; holding flip-
flop U10A reset. This condition occurs when data
collection has been completed, or the FORCE
DISPLAY keyboard key is depressed.

15 MHz
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8.2.3 Address Decoder

The Address Decoder (sheet 1) consists of the
following components: U235, a 74LS138 3-to-8
decoder; U32A, one-half of a 74LS138 3-to-8
decoder; U17, a 6308-1 256-word x 8-bit PROM;
and U9E, one section of a 74504 hex inverter.
The processor has access to the State Memory
board via the common Address and Data bus.
U32A decodes the upper three bits of the address,
enabling the PROM to generate eight control
signals. The specific functions of the signals
depend on the eight input controls. These controls
and their functions are as follows:

a. A12 and A1l determine which of the three
memory boards (A, B, or C) is being accessed
by the processor.

b. A10 determines whether the upper byte (8-15)
or lower byte (0-7) is being accessed by the
Processor.

c. CSEL and BSEL identify, by ground or
voltage, in which of the three slots (A, B or C)
the memory board is inserted. If the A memory
is accessed by the processor, no control signals
will be generated in the B and C memory slots.
The A memory BSEL, CSEL levels combined
with the A Memory Address on A1S5, A14,
Al13, A12 and A11, control these signals.

d. S1 distinguishes between processor read and
write commands.

e. I/O/Mem distinguishes between I/O and
Memory addresses.

f. Main/Aux determines whether the collection
(main) memory or the Aux memory is being
accessed. They both have identical addresses.
The Main/Aux signal is received from a State
Control Board I/O bit.

The control signals that are generated by the
Address Decoder are as follows:

a. 8-15EN (8-15 Enable) enables the upper data
byte (main memory only) onto the Processor
Data Bus via buffer U13.

b. 0-7EN (0-7 Enable) enables the lower main
memory byte or the Aux Memory byte onto
the Processor Data Bus via bi-directional buffer
U14. The lower byte can be a read or write.

c. AUX OE enables the Aux Memory for a read
operation.

d. RDALLMEM- (Read All Memory) enables all
main memories on all Memory Boards for a
read. The proper Memory is selected by the
8-15 and 0-7 enables.

e. AUX CS- selects the Aux Memory for read or
write operation.

f. AUX WE/T/R- selects the Aux Memory for a
write operation. Also places the U14 processor
interface buffer in the write (receive) direction.

g. STBUFEN- (Setup Data Buffer Enable)
enables decoder U25 to write the Qualifier-
Word RAM, the Trigger-Word RAM, or probe
outputs U21 and U22.

h. RD STK- (Read Stack Address) enables the
Trigger Stack Address (trigger level) onto the
Processor Data Bus.
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8.2.4 Data Collection RAM

The Data Collection RAM (sheet 1) consists of U6,
U7, U4 and U35, all 2149H 1K-word x 4-bit static
RAMs.

The 10 outputs of the Collection Address Buffer
are applied to the 10 address lines of the four 1Kx4
RAMs. The 16 output lines of the Collection Input
Buffer are cascaded to the four sets of four data-in
lines of the RAMs. US is at the high order end.

In the collection or write mode, pin 10 (write
enable) of the RAMs is held low. The
WE+RDALLMEM signal sent from the Clock
Generator is applied in parallel to the chip select
inputs of the RAMs. Therefore, in the write mode,
the RAMs act as a single 1024-word x 16-bit
RAM. 16-bit data words, sent from the Collection
Input Buffer, are written to RAM by the write
pulses from the Clock Generator. The Collection
Address Counter on the State Control Board
provides sequential addresses via the Collection
Address Buffer. ACLKINH+ places the RAMs
in the write mode.

In the read mode, ACLKINH is high (no write
enable). The RDALLMEM signal received from
address decoder U17 is applied to chip select.
Then data is transferred to the Processor bus via
buffer U13 or U14, depending on the address
selection.

8.2.5 Auxiliary RAM

The Auxiliary RAM consists of U15, an HM6116
2048 x 8-bit RAM. The AUX RAM is used to
save a data collection from the Main Memory (1024
x 16-bit RAM). The data is saved by reading it out
of the main memory and storing each byte in the
AUX memory. The address for a given byte is
identical for main memory or Aux memory. The
processor makes the Main/Aux selection by setting
an I/O bit on the State Control Board. The save
routine might consist of the following partial
sequence: Output Main memory select

Read D2CF

Output Aux memory select

Write D2CF

Output Main memory select

Read D2D0

etc.

The data is read from the AUX RAM in the
following manner: The 11 address lines
(A0-A10) of RAM U135 are received from the
Processor Address Bus. Buffer U14 is enabled in
the transmit direction when a byte is read out.

Address Decoder outputs AUXWE, AUXCS-
and AUXOE- are used as the write-enable, chip-
select, and output-enable inputs of RAM U15.

15 MHz
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8.2.6 Qualifier Word RAM

The Qualifier-Word RAM (sheet 2) consists of
U26, U27, U30, U31 and U29, all 745289 16-
word x 4-bit static RAMs. The RAMs are
connected as follows: The 16 data lines from the
output of the Probe Input Buffer are divided into
four sets of four lines. Four address inputs are
sent to each of the four RAMs, U26, U27, U30
and U31i. The four most significant bits are
applied to the four address inputs of U26. Four
qualifier signals Q1, Q2, FT, and EXT are sent
from the Probe Input Buffer to the address lines of
RAM U29.

Each RAM has 16 possible combinations of four
bits on the address lines. These bits address the 16
word locations in the RAM. Thus, any given
combination of values of the four probe input bits
will be unique. This combination will address a
unique word location in the specified RAM. Each
word location contains four storage bits. These
four bits are assigned as follows: Bit 0 to the
ARM word; bit 1 to the CQ1 clock-qualifier word;
bit 2 to the CQ2 clock-qualifier word; bit 3 to the
RESTART word.

NOTE: The ARM word is used only in the
Counter Timer/Signature Board. It is the first of
the two trigger words shown on the respective
menus. The Arm Comparator output is buffered
and sent to a rear panel BNC.

As an example, assume that a menu has specified,
in bglary format, the following first clock-qualifier
word:

0110 001X XXXX XXXX .ccocveonne -IXXXXX XX

The Control Pro places the four most
significant bits, 0110, on the address inputs of
RAM U26. This is accomplished via the Setup
Data Buffer. A 1 is written into the CQ1-word bit
position (the second bit position). This is done via
the DI input of the RAM using write enable W3-
sent from the Address Decoder. The Control
Program also writes into the other three bit
posigisons for the ARM, CQ2, and RESTART
words.

The 1 that is written into the 0110, bit-1 location
means match. The Control Program writes a 0 (no
match) into bit 1 of the other 15 words in RAM
U26. Thus, when the four MSBs of the incoming
data are 0110, RAM U26 will output a 1 from
DO1. For all other bit combinations, a 0 will be
output from DO1.

The next set of four bits, 001X, are used to
address RAM U27. The Control Program writes a
1 into bit 1 of the words at addresses 0010 and
0011. This is done because the LSB of this set is a
"don't care" X. A 0 is written into bit 1 of the
remaining 14 words. For RAMs U30 and U31,
the Control Program writes a 1 into bit 1 of all 16
words. This is done because all four address bits
are Xs. RAM U209 is addressed by the qualifier-bit
group, 1XXX. A 0 is written into bit 1 of the eight
word locations addressed by 0000 through 0111.

A 1 is written into bit 1 of the eight word locations
addressed by 1000 through 1111.

Assume that at run-time, the data word shown
below is clocked into the Probe Input Buffer. The
data is clocked by LATCHCLK and placed on the
address inputs of the five RAMs in the Qualifier-
Word RAM. Refer to Figure 8-1.

U26 U27 U30 U31 U29

Data Word
Qual. Word

0110 0011 1010 0001 0000
0110 00Ix XXXX XXXX XXXX

The Control Program loads a 1 in bit 1 at address
0110, for RAM U26. This provides a match,
making D01 a 1. Similarly, output DO1is a 1 for
U27, U30, U31, and U29. The 745289 RAMs
have open collector outputs. All four DO1 outputs
are tied together and applied to S2-3 as CQ1. This
provides a wired AND for the four D01 outputs.
For the input data word in the example, signal

CQ1 is high (logic 1).
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RAM outputs CQ1, CQ2 of U26, U27, U30, U3l
(data clock qualifiers) differ from CQ1 and CQ2 of
U29 (probe clock qualifiers). A data clock
qualifier will inhibit collection of an unqualified
data word. It will not inhibit the generation of a
data trigger signal. A probe clock qualifier will
inhibit both data collection and trigger generation.

Now assume that the following data word is
received.

U26 U27 U30 U31 U29

Data Word
Qual. Word

0111 0010 0001 1110 0000
0110 001x xxXXX XXXX XXXX

This word produces a 0 at the DO1 output U26,
and signal CQ1 goes low.

The Qualifier-Word RAM Brovides six output
signals, ARM, data CQl1, CQ2, RESTART.

and probe CQ1, CQ2. They are sent to connector
pins S2-20, 3, 33, 17,19, and 18, re ively.
Signals data CQ1 and CQ2 are by the Clock
Control on the State Control Board. This is shown
on sheet 3 of that schematic DQ2 at U23.. Signal
RESTART is used by the RESTART Generator
on the State Control board. The ARM signal is a
linkage from the timing analyzer. Probe CQ1 and
CQ2 from U29 go to the Motherboard's U6 to
generate CCLKQUALIN-.

8.2.7 Trigger Word RAM

The Tri§ er-Word RAM (sheet 2) consists of U34,
U35, U38, U39 and U37. These are all Signetics
825117 256-word x 1-bit static RAMs. The 256
1-bit word locations in each RAM are addressed by
eight address inputs, A7-A0.

The Trigger-Word RAM inputs are configured in a
similar manner as the Qualifier-Word RAM inputs.
The 16 data lines output from the Probe Input
Buffer are divided into four sets of four lines.

One set is sent to address inputs A3-A0 of each of
the four RAMs, U34, U35, U38 and U39. The
four qualifier lines ougut from the Probe Input
Buffer (Q1, Q2, FT, EXT) are sent to address
inputs A3-AQ of U37. Trigger Stack Address lines
TSA3-TSAQO are received from the State Control
Board. These signals are applied as address inputs
A7-A4 of the five RAMs. These four address bits
(TSA3-TSAO) are decoded into 16 blocks of 16
locations each. 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. The bit organization differs between
the two. For example, start at level O of the trigger
stack. As before, the incoming 20-bit data word is
divided into five 4-bit groups. Each group feeds
four address inputs of one of the five RAMs.
These four bits address 16 locations. As in the

Qualifier-Word RAM, each location represents one
tcgf 16bpossible combinations of 1s and Os for the
our bits.

15 MHz
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As with the Qualifier-Word RAM, each location is
loaded at set-up time with a 1 or a 0. This provides
a "match” or "no match" according to the bit
configuration of the trigger word at stack level 0.
As before, the five RAM outputs are connected in a
wired AND configuration. Thus, there must be a
match for all five 4-bit groups of the incoming data
word. This will produce a TRUE output from the
Trigger-Word RAM.

The four search words in the Qualifier-Word RAM
are the ARM, CQ1, CQ2 and RESTART words
selected from the menu . All must be compared
with the incoming data word simultaneously. Each
search word is assigned a bit in the RAM output
word. In the Trigger-Word RAM, the 16 trigger
words are not compared simultaneously. Only the
trigger word at the current trigger stack level is
compared. Each of the 16 search words is
assigned a block of 1-bit RAM words. The proper
block is selected by the 4-bit Trigger Stack Address
received by the A7-A4 inputs of each RAM.

A comparison is made as the Trigger Stack
Address at the A7-A4 inputs of each RAM
advances to the next higher stack level. At each
advance, the four bits at the A3-AQ inputs are
shifted to the next block of 16 stored bits. One bit
isrequired for each of the 16 possible
combinations of the four input data bits. Atany
given stack level, the five RAMs appear as a
Qualifier-Word RAM having only one qualifier
word.

The 825117 RAMs have open collector outputs.
All five single-bit outputs are wire ANDed to
produce the output signal TRIG+ (Trigger +) at
connector pin S2- 16. The TRIG+ signal is used
by Stack Management on the State Control board.
The pull-up resistor for the wired AND is on the
State Control board. The RAM output is sent to
U33B, translated to ECL level, inverted, and
applied to S2-10 as signal ST- (State Trigger -).

8.3 BOARDS A, B,and C

The function differences between boards plugged
into the A slot, B slot and C slot are discussed in
the following paragraphs.

8.3.1 Qualifier BITS

There are two qualifier lines received from each of
the three probe pods. Those coming from Pod A
connect to Board A, Pod B to Board B, and Pod C
to Board C. The EXT qualifier and LINK from the
timing analyzer are applied to Boards A, B and C.
These four signals are sent to each board at the
inputs to U36A in the Probe Input Buffer. The
tbgrm names of these signals are Q1, Q2, EXT and

On the menu, the probe qualifier bits are displayed
as follows:

-XXXXXX XX

The formatting is shown on the menu Clock Select
line as follows:

QUALIFIERS: -AABBCCEL

With additional identification of signal names, the
menu format is as follows:

QUALIFIERS: -AQ1,AQ2,BQ1,BQ2,CQ1,CQ2,
| EXT,LINK

»

The signals at the Probe Input Buffer, Qualifier-
Word RAMs and Trigger-Word RAMs are as
shown below:

EXT,LINK,AQ1,AQ2 (for Board A)
EXT,LINK,BQ1,BQ2 (for Board B)
EXT,LINK,CQ1,CQ2 (for Board C)

The input qualifier lines, Q1 and Q2, are distinct
from the outputs of the Qualifier-Word RAM,
-CQ1 and -CQ2. For either the A or B Board, the
-CQ1 output represents the result of the
comparison of the following two words: An entire
input data word and 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 the following two
words: An entire input data word and the entire
menu-selected second clock-qualifier word,
including both the Q1 and Q2 bits.
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8.3.2 Signal CLKQUALIN

CLKQUALIN- (Clock Qualifier In -) is the
signal that enables the Clock Generator. This is
done by enabling U10 to produce Write Enable
signal WE- at pin 6 (State Memory board), and
WE+ and DLYWE- clock pulses (State Control
board). Signal WE- is the pulse that causes the
current 16-bit data word to be stored in the Data
Collection RAM. The CLKQUALIN- signal to
State Memory Boards A and B are wired to a
constant low (true) level. Refer to the Clk Qual
Gate at the top of sheet 3, State Control Board
schematic. Thus the State Memory Boards at the A
or B sockets will collect a 16-bit data word at every
occurrence of LATCHCLK. This is true

. regardless of the outcome of the clock-qualifier
comparison. Board C provides a qualified master
clock function. The clock signals (C)WE+ (82,
pin 5), and (C)DLYWE- (S2, pin 6) from board C
drive the State Control Board address counter,
where they are called BWE+ (§2-35) and
BTAPCLK (S2-37), respectively.

The data words collected by Boards A and B are
written one on top of the other into the same
address. This continues until the clock »
qualification requirements set up in the Qualifier-
Word RAM on Boards A, B and C are met. Then
the C data word is collected as well as the A and B
data words. Signals (C)WE+ and (C)DLYWE-
are also generated so that the data collection
address is advanced. The next A data word
(qualified or not) is sent to the new address. This
preserves the qualified A data word in the previous
address.

8.3.3 Signal CLKINH

The Clock Generator on the State Memory Board
can be inhibited from producing the WE family of
clocks. This is done using signal CLKINH+
(Clock Inhibit +) received from State Control.

State Control generates three such signals
described as follows:

Signals ACLKINH+ for Board A, BCLKINH+
for Board B, and CCLKINH+ for Board C.

Boards A, B and C finish the collection at the same
time. The collection is stopped by concurrent
signals ACLKINH+, BCLKINH+ and
CCLKINH + received from State Control. When
processing the collected data, the Control Program
reads 16-bit words from equivalent addresses in
Blgzérdstg\,B;ged% S'Il'g: ntrol Program then
places them side-by-side in main memory as one
48-bit word.

83.4 Signal BSELECT-

The Control Program can read from only one
State Memory board at a time. It must write setup
data into the Qualifier-Word RAM and Trigger-
Word RAM one board at a time. This ability is
provided by signal BSELECT-. This is sent via
connector pin S2-15 to Address Decoder pin
U17-5 with a pull-up resistor. Connector pin S2-
15 is hard-wired low at the A and B sockets, but
left open at the C socket. This causes BSELECT-
to be high at the C Board. The A and B boards are
differentiated by inverting the address line A11 that
is sent to the A board. The Address Decoder
responds to Board A and B addresses when the
signal is low, and to Board C addresses when the
signal is high.

15 MHz
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8.4 FUNCTIONAL DESCRIPTION

A block diagram of the State Memory Board is
shown in Figure 8-2. When appropriate, also

refer to the schematic dia board layout and
parts list at the end of this manual. Tables of
connector pins versus signal names for the
motherboard connectors are provided in MOTHER-
BOARD CONNECTIONS. An alphabetical list of
all signals is included. The GLOSSARY section
offers explanations for terms that may be un-
familiar.

Major units of the State Memory Board circuitry
include the following: Qualifier-Word RAM,
Trigger-Word RAM, Data-Collection RAM, AUX
RAM, Address Decoder, Clock Generator, and I/O
buffers.
The qualifier-word memory and trigger-word
memory can be considered as comparison devices.
The data-collection and auxiliary RAM memory are
ical storage devices. An operational description
of these memories follows.

The Control Program stores the two menu-
specified clock-qualifier words in the 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 18 parallel bits. These are comprised of
16 data bits and two qualifier bits. From the
buffer, the data is sent to the Qualifier-Word RAM
and the Trigger-Word RAM. The data is sent later
to the Data Collection RAM.

The Qualifier-Word RAM compares the data word
received with the two clock-qualifier words. The
Trigger-Word RAM compares the incoming data
word with the trigger word at the current trigger
stack level. If the data word matches either of the
clock-qualifier words, the current clock period is
considered qualified for data. The data in the
Probe Input Bufferis then stored in the Data
Collection RAM.

If the qualifier-word comparison does not qualify
the current clock period, the data word is not stored
in the Data Collection RAM. Note that the menu
may be specified with all bits as "don't care" X's.
In that case, all clock periods will qualify.

This operation is described further in the following
subsections.

20 MHz
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8.4.1 Input/Output Buffers

the Collection Input Buffer, and the address inputs
on both the Qualifier-Word RAM and the Trigger-

Refer to schematic #166-036801. Word RAM. The reason for sending this data to
The Input/Output Buffers are comprised of the the address lines of the two RAMs will be
following buffers: Probe Input Buffer, Probe discussed later.

Output Buffer, Setup Data Buffer, Read-TSA

(Trigger Stack Address) Buffer, Collection
Address Buffer, Collection Input Buffer, and

Two qualifier bits, Q1 and Q2, are sent from the
probe via S2 to two of the four inputs of U26. The

Collection Output Buffer. triglgfel;1 outptslg Frt,hof &h;d timing analyzer section is
applied via S2 to the third input of U26. The
The Probe Input Buffer consists of U27 and external input EXT, at the BIEIC connector on the
U30, both 74F374 octal D flip-flops; and U26, rear panel, provides the fourth input via S2. The
onet-)tcxalf ogf a 74F31;Ie4ci “62176;?1%8 l%‘o data astzthc {)%uﬂl; c&tlxtputs of U26 are sent to address inputs on
probe pod are applied to via S2. e Qualifier-Word RAM and the Trigger-
The 16 data outputs are sent to three locations; Word RAM. £
16-BIT PROCESSOR ADDRESS BUS E >
A\ P—————— J\a; A\
g e L o |
g A6 WORD x 4 BITS WO THRUW | oeconem | BSALECT
E‘ mm’_r>sm vew ws-| UGUBUXS [~ e per.
& | = — I
m | conns— N
] E g § prgeres) 2 s 6EITS  ARM.OQLOCQZRESTART ch.ooc>
£ v RDSTKADO- o
2 BITS & 8 BIT PROCESSOR DATA BUS RRAD A
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I T

3-BIT PROCESSOR DATA BUS >

Figure 8-2: State Memory Board Block Diagram
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U26, U27 and U30 are clocked by the menu-
selected primary external clock, LATCHCLK.
The signal LATCHCLK is received from the
State Control board via S2. The outputs of all
three devices are enabled at pin 1 when signal
STBUFEN is low. This signal is received from
U35 (pin 13), and is the inverse of STBUFEN-
(Setup Data Buffer Enable-).

The Probe Output Buffer consists of U28 and
U29, both 74F374 octal D flip-flops. This buffer
is used to send data from the processor to either
optional or custom probes designed to
accomodate data output.

The eight inputs of U28 (DB0-DB7) are connected
in parallel with those of U29 on the Processor Data
Bus. The outputs of U28 and U29 are sent in
cascade via S2 to the 16 probe data lines. The 8-bit
input is demultiplexed to the 16-bit output using
two strobe signals, PROBEDREN 0-7 and
PROBEDREN 8-15. The three-state outputs are
enabled by PROBEDREN (Probe Data Remote
Enable) that is generated at the State Control
Board.

The Setup Data Buffer consists of U37 and
U40, both 74F244 octal buffers and U36B, one-
half of a 74F244. This buffer is used to load set-
up data into the Qualifier-Word and Trigger-Word
RAMs shown on sheet 3. This is described later
in the Qualifier-Word RAM and Trigger Word
RAM descriptions. ‘

The 20 buffer outputs are sent in cascade via the
On-board Data-In Bus to the Qualifier-Word and
Trigger-Word RAMs on sheet 3, discussed later.
The Buffer three-state outputs are enabled by
STBUFEN- (Setup Data Buffer Enable -). This
signal is sent from the Address Decoder.

The Read-TSA Buffer consists of U36A, one-
half of a 74F244 octal buffer. Itis used by the
processor to read the trigger stack address supplied
to the Trigger-Word RAM by State Control. The
four input signals (TSAQ-TSA3) are received
from the State Control Board via S2. The four
output lines of U36A are loaded onto the
Processor Data Bus. The outputs are enabled by
signal RDSTK- (Read Stack -) received from the
Address Decoder.

The Collection Address Buffer consists of
U38 and U39, both 74F373 octal D latches. The
10 input signals (RA0-RA9) are received by U38
and U39 via S2 from the State Control board.
They are sent to the 10 address inputs of the Data
Collection RAM U7-U10. If the current clock
period is qualified for data collection, the RA
signal is latched into the buffer. The latching is
caused by the RAMADEN (RAM Address
Enable) pulse received from the Clock Generator
(Q- output at flip-flop U24). This data collection
address is held by the Collection Address Buffer
for the duration of the RAMADEN pulse.

The Collection Input Buffer consists of U17

and U20, both 74F374 octal D flip-flops. The 16
outputs of the Probe Input Buffer are applied to the
16 inputs of the Collection Input Buffer, then
loaded by a delayed LATCHCLK. The 16 outputs
of the Collection Input Buffer are applied in
cascade to the Data Collection RAM and
Collection Output Buffer. If the current clock
period is qualified for data collection, signal

WE + RD ALL MEM (Write Enable or Read All
Memory) from the State Control Board is low.
This allows the contents of the Collection Input
Buffer to be written into the Data Collection RAM.
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The two holding buffers (Collection Address &
Input Buffers) are provided to compensate for
propagation delays. The propagation delay is
caused by the Clock Generator and qualification
comparison. At high clock rates these delays may
result in the next address and data word arriving
before the current write has been completed. In

this way the holding buffers allow sufficient time

to complete the write to the Data Collection RAM.

The Collection Output Buffer consists of U1, a
74F244 octal buffer; and U18, a 74F245
bidirectional buffer. The processor uses the
Collection Output Buffer to read collected data
from the Data Collection RAM and AUX RAM.
This is done for purposes of data analysis and
display. The eight outputs of each RAM provide
the 16 data inputs. The eight output lines are
loaded onto the 8-bit Processor Data Bus. Signals
@-7EN and 8-15EN and AUXWE,T/R-
received from the Address Decoder enable the
buffer outputs to the bus.

8.4.2 Clock Generator

Refer to the schematic, sheet 2. The Clock
Generator consists of the following components:
U21 and U31, both 50 ns delay lines with
selectable delay outputs; U22 and U32, 74F04 hex
inverters; U23, a 74F02 quad NOR gate (section B
is used as a negative input AND gate); and U24A,
one-half of a 74F74 dual D flip-flop. A low
CLKQUALIN- signal signifies that the current
input data word is approved for data collection.
When a low CLKQUALIN signal is received at
U23 pin 6, the delayed data collection clock WE+
(Write Enable -) is generated at U24A pin 6. The
Clock Generator also provides WE+ (an inverted
WE-) and C TAB CLOCK, which becomes
DLYWE- on the State Control Board. These
signals are present at U23, pin 10 and U32, pin 2,
respectively, for use by the State Control board.

The menu-selected primary external clock,
LATCHCLK is received from the State Control
board to clock the Probe Input Buffer.
LATCHCLK also is sent via U22D to the delay
line U31. After a nominal delay of 40 ns, U31
sends the clock pulse to the clock ingut of flip-flop
U24A via U22F. If the output of U23B, pin 4, is
high (by a low CLKQUALIN at the input), the
flip-flop is set by the delayed clock. Atger a
nominal 40 ns delay, the clock is reset by the
feedback chain via delay line U21. The resulting
40 ns pulses are sent from the Q and Q- outputs of
the flip-flop to inverters U23C and U23D. They
also are sent as clock si WE+ and
(WE+RDALLMEM)-. The Q output is delayed
further by U21 andAgmvidedviainverter U22A as
clock signal C TAB CLK.

Generation of all three clock outputs is terminated
when CLKINH+ goes high. The CLKINH+
signal is sent to the input of U23A, hr.»ldinlg.l flip-
flop U24A reset. This condition occurs when data
collection has been completed, or the FORCE
DISPLAY keyboard key is depressed.

20 MHz
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8.4.3 Address Decoder

The Address Decoder (sheet 2) consists of the
following components: U25, a 74F138 3-to-8
decoder; U33A, one-half of a 74F138 3-to-8
decoder; U35, a 6308-1 256-word x 8-bit PROM;
and U22C, one section of a 74F04 hex inverter.
The processor has access to the State Memory
board via the common Address and Data bus.
U33A decodes the upper three bits of the address,
enabling the PROM to generate eight control
signals. The specific functions of the signals
depend on the eight input controls. These controls
and their functions are as follows:

a. A12 and A11 determine which of the three
memory boards (A, B, or C) is being accessed
by the processor.

b. A10 determines whether the upper byte (8-15)
or lower byte (0-7) is being accessed by the
Processor.

c. CSEL and BSEL identify, by ground or
voltage, in which of the three slots (A, B or C)
the memory board is inserted. If the A memory
is accessed by the processor, no control signals
will be generated in the B and C memory slots.
The A memory BSEL, CSEL levels combined
with the A Memory Address on A15, Al4,
A13, Al12 and A1l, control these signals.

d. S1 distinguishes between processor read and
write commands.

e. I0/Mem distinguishes between I/O and
Memory addresses.

f. Main/Aux determines whether the collection
(main) memory or the Aux memory is being
accessed. They both have identical addresses.
The Main/Aux signal is received from a State
Control Board 1/O bit.

The control signals that are generated by the
Address Decoder are as follows:

a. 8-15EN (8-15 Enable) enables the upper data
byte (main memory only) onto the Processor
Data Bus via buffer U19.

b. 0-7EN, AUXEN (0-7 Enable Aux. Enable)
enables the lower main memory byte or the Aux
Memory byte onto the Processor Data Bus via bi-
directional buffer U18. The lower byte can be a
read or write.

c. AUX OE enables the Aux Memory for a read
operation.

d. RDALLMEM- (Read All Memory) enables all
main memories on all Memory Boards for a
read. The proper Memory is selected by the
8-15 and 0-7 enables.

e. AUX CS- selects the Aux Memory for read or
write operation.

f. AUX WE/T/R- selects the Aux Memory for a
write operation. Also places the U18 processor
interface buffer in the write (receive) direction.

g. STBUFEN- (Setup Data Buffer Enable)
enables decoder U6 to write the Qualifier- Word
RAM, the Trigger-Word RAM, or probe
outputs U28 and U29.

h. RD STK- (Read Stack Address) enables the
Trigger Stack Address (trigger level) onto the
Processor Data Bus.
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8.4.4 Data Collection RAM

The Data Collection RAM (sheet 3) consists of
U7, U8, U9, and U10, all 2149D-2 1K-word x 4-
bit static RAMs.

The 10 outputs of the Collection Address Buffer
are applied to the 10 address lines of the four 1Kx4
RAMs. The 16 output lines of the Collection Input
Buffer are cascaded to the four sets of four data-in
lines of the RAMs. U10 is at the high order end.

In the collection or write mode, pin 10 (write
enable) of the RAMs is held low. The
WE+RDALLMEM signal sent from the Clock
Generator is applied in parallel to the chip select
inputs of the RAMSs. Therefore, in the write mode,
the RAMs act as a single 1024-word x 16-bit
RAM. 16-bit data words, sent from the Collection
Input Buffer, are written to RAM by the write
pulses from the Clock Generator. The Collection
Address Counter on the State Control Board
provides six}\fxenﬁal addresses via the Collection
Address Buffer. ACLKINH+ places the RAMs
in the write mode.

In the read mode, ACLKINH is high (no write
enable). The RDALLMEM signal received from
address decoder U35 is applied to chip select.
Then data is transferred to the Processor bus via
buffer U18 or U19, depending on the address
selection.

84.5 Auxiliary RAM

The Auxiliary RAM consists of U34, an HM6116
2048 x 8-bit RAM. The AUX RAM is used to
save a data collection from the Main Memory (1024
x 16-bit RAM). The data is saved by reading it out
of the main memory and storing each byte in the
AUX memory. The address for a given byte is
identical for main memory or Aux memory. The
processor makes the Main/Aux selection by setting
an I/O bit on the State Control Board. The save
routine might consist of the following partial
sequence: Output Main memory select

Read D2CF

Output Aux memory select

Write D2CF

Output Main memory select

Read D2D0

etc.

The data is read from the AUX RAM in the
following manner: The 11 address lines
(A0-A10) of RAM U34 are received from the
Processor Address Bus. Buffer U18 is enabled in
the transmit direction when a byte is read out.

Address Decoder outputs AUXWE, AUXCS-
and AUXOE- are used as the write-enable, chip-
select, and output-enable inputs of RAM U34.

20 Mz
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8.4.6 Qualifier Word RAM

The Qualifier-Word RAM (sheet 3) consists of
U1-U3, all 745189 16-word x 4-bit static RAMs.
The RAMs are connected as follows: The 16 data
lines from the output of the Probe Input Buffer are
divided into four sets of four lines. Four address
inputs are sent to each of the four RAMs, U1-U4.
The four most significant bits are applied to the
four address inputs of U26. Four qualifier signals
Q1, Q2, FT, and EXT are sent from the Probe
Input Buffer to the address lines of RAM US.

Each RAM has 16 possible combinations of four
bits on the address lines. These bits address the 16
word locations in the RAM. Thus, any given
combination of values of the four probe input bits
will be unique. This combination will address a
unique word location in the specified RAM. Each
word location contains four storage bits. These
four bits are assigned as follows: Bit 0 to the
ARM word; bit 1 to the CQI clock-qualifier word;
bit 2 to the CQ2 clock-qualifier word; bit 3 to the
RESTART word.

NOTE: The ARM word is used only in the
Counter Timer/Signature Board. Itis the first of
the two trigger words shown on the respective
menus. The Arm Comparator output is buffered
and sent to a rear panel BNC.

As an example, assume that a menu has specified,
in biéxary format, the following first clock-qualifier
word:

0110 001X XXXX XXXX ....cconeee -1IXXXXX XX

The Control Program places the four most
significant bits, 0110, on the address inputs of
RAM Ul. This is accomplished via the Setup Data
Buffer. A 1 is written into the CQ1-word bit
position (the second bit position). This is done via
the DI1 input of the RAM using write enable W3-
sent from the Address Decoder. The Control
Program also writes into the other three bit
positions for the ARM, CQ2, and RESTART
words.

The 1 that is written into the 0110, bit-1 location
means match. The Control Program writes a 0 (no
match) into bit 1 of the other 15 words in RAM
Ul. Thus, when the four MSBs of the incoming
data are 0110, RAM U1 will output a 1 from DO1.
For all other bit combinations, a 0 will be output
from DO1.

The next set of four bits, 001X, are used to
address RAM U2. The Control Program writes a 1
into bit 1 of the words at addresses 0010 and 0011.
This is done because the LSB of this set is a "don't
care" X. A O is written into bit 1 of the remaining
14 words. For RAMSs U3 and U4, the Control
Program writes a 1 into bit 1 of all 16 words. This
is done because all four address bits are Xs. RAM
U5 is addressed by the qualifier-bit group,

1XXX. A 0Qis written into bit 1 of the eight word
locations addressed by 0000 through 0111. A 1is
written into bit 1 of the eight word locations
addressed by 1000 through 1111.

Assume that at run-time, the data word shown
below is clocked into the Probe Input Buffer. The
data is clocked by LATCHCLK and placed on the
address inputs of the five RAMs in the Qualifier-
Word RAM. Refer to Figure 8-1.

Ul U2 U3 U4 Us

Data Word 0110 0011 1010 0001 0000

Qual. Word 0110 001X XXXX XXXX XXXX
The Control Program loads a 1 in bit 1 at address

0110, for RAM U1. This provides a match,
making D01 a 1. Similarly, output DOl is a 1 for
U2-US. The 745189 RAMs have open collector
outputs. All four DO1 outputs are tied together and
applied to S2-3 as CQ1. This provides a wired
AND for the four DO1 outputs. For the input data
word in the example, signal CQ1 is high (logic 1).

20 MHz
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RAM outputs CQ1, CQ2 of U1-U4 (data clock
qualifiers) differ from CQ1 and CQ2 of U5 (probe
clock qualifiers). A data clock qualifier will inhibit
collection of an unqualified data word. It will not
inhibit the generation of a data trigger signal. A
probe clock qualifier will inhibit both data
collection and trigger generation.

Now assume that the following data word is
received.

Ul U2 U3 W Us

Data Word 0111 0010 0001 1110 0000
Qual. Word 0110 00Ix XxXXX XXXX XXXX
This word uces a 0 at the DO1 output U1, and

signal CQ1 goes low.

The Qualifier-Word RAM grovides six output
signals, ARM, data CQ1, CQ2, RESTART.
and probe CQ1, CQ2. They are sent to connector
ins $2-20, 3, 33, 17, 19, and 18, respectively.
ignals data CQ1 and CQ2 are used by the Clock
Control on the State Control Board. This is shown
on sheet 2 of that schematic (DQ1, DQ2 at U23).
Signal RESTART is used by the RESTART
Generator on the State Control board. The ARM
signal is a linkage from the timing analyzer. Probe
CQ1 and CQ2 from U5 go to the Motherboard's
U6 to generate CCLKQUALIN-,

8.4.7 Trigger Word RAM

The Trigger-Word RAM (sheet 3) consists of
Ul11-U15. These are all 271501 256-word x 1-bit
static RAMs. The 256 1-bit word locations in
each RAM are addressed by eight address inputs,
AD7-ADO.

The Trigger-Word RAM inputs are configured in a
similar manner as the Qualifier-Word RAM inputs.
The 16 data lines output from the Probe Input
Buffer are divided into four sets of four lines.

One set is sent to address inputs AD3-ADO of each
of the four RAMs. The four qualifier lines output
from the Probe Input Buffer (Q1, Q2, FT,
EXT) are sent to address inputs A3-AQ of U15.
Trigger Stack Address lines TSA3-TSAQ are
received from the State Control Board. These
signals are applied as address inputs A7-A4 of the
five RAMs. These four address bits (TSA3-
TSAOQ) are decoded into 16 blocks of 16 locations
each. 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. The bit organization differs between
the two. For example, start at level 0 of the trigger
stack. As before, the incoming 20-bit data word is
divided into five 4-bit groups. Each group feeds
four address inputs of one of the five RAMs.
These four bits address 16 locations. As in the

Qualifier-Word RAM, each location represents one
of 16 possible combinations of 1s and Os for the
four bits.

20 MHz
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As with the Qualifier-Word RAM, each location is
loaded at set-up time with a 1 ora 0. This provides
a "match” or "no match" according to the bit
configuration of the trigger word at stack level 0.
As before, the five RAM outputs are connected in a
wired AND configuration. Thus, there must be a
match for all five 4-bit groups of the incoming data
word. This will produce a TRUE output from the
Trigger-Word RAM.

The four search words in the Qualifier-Word RAM
are the ARM, CQ1, CQ2 and RESTART words
selected from the menu . All must be compared
with the incoming data word simultaneously. Each
search word is assigned a bit in the RAM output
word. In the Trigger-Word RAM, the 16 trigger
words are not compared simultaneously. Only the
trigger word at the current trigger stack level is
compared. Each of the 16 search words is
assigned a block of 1-bit RAM words. The proper
block is selected by the 4-bit Trigger Stack Address
received by the A7-A4 inputs of each RAM.

A comparison is made as the Trigger Stack
Address at the A7-A4 inputs of each RAM
advances to the next higher stack level. Ateach
advance, the four bits at the A3-AQ inputs are
shifted to the next block of 16 stored bits. One bit
is required for each of the 16 possible _
combinations of the four input data bits. Atany
given stack level, the five RAMs appear as a
Qualifier-Word RAM having only one qualifier
word.

The 27L.S01 RAMs have open collector outputs.
All five single-bit outputs are wire ANDed to
produce the output signal TRIG+ (Trigger +) at
connector pin S2- 16. The TRIG+ signal is used
by Stack Management on the State Control board.
The pull-up resistor for the wired AND is on the
State Control board. The RAM output is sent to
U25B, translated to ECL level, inverted, and
applied to S2-10 as signal ST- (State Trigger -).

8.5 BOARDS A, B, and C

The function differences between boards plugged
into the A slot, B slot and C slot are discussed in
the following paragraphs.

8.5.1 Qualifier BITS

There are two qualifier lines received from each of
the three probe pods. Those coming from Pod A
connect to Board A, Pod B to Board B, and Pod C
to Board C. The EXT qualifier and LINK from the
timing analyzer are applied to Boards A, B and C.
These four signals are sent to each board at the
inputs to U26A in the Probe Input Buffer. The
i%m names of these signals are Q1, Q2, EXT and

On the menu, the probe qualifier bits are displayed
as follows:

-XXXXXX XX

The formatting is shown on the menu Clock Select
line as follows:

QUALIFIERS: -AABBCCEL

With additional identification of signal names, the
menu format is as follows:

QUALIFIERS: -AQ1,AQ2,BQ1,BQ2,CQ1,CQ2,
. EXT,LINK

The signals at the Probe Input Buffer, Qualifier-
Word RAMs and Trigger-Word RAMs are as
shown below:

EXT,LINK,AQ1,AQ2 (for Board A)
EXT,LINK,BQ1,BQ2 (for Board B)
EXT,LINK,CQ1,CQ2 (for Board C)

The input qualifier lines, Q1 and Q2, are distinct
from the outputs of the Qualifier-Word RAM,
-CQ1 and -CQ2. For either the A or B Board, the
-CQ1 output represents the result of the
comparison of the following two words: An entire
input data word and 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 the following two
words: An entire input data word and the entire
menu-selected second clock-qualifier word,
including both the Q1 and Q2 bits.
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8.5.2 Signal CLKQUALIN

CLKQUALIN- (Clock Qualifier In -) is the
signal that enables the Clock Generator. This is
done by enabling U24 to produce Write Enable
signal WE- at pin 6 (State Memory board), and
WE+ and C TAB CLK clock pulses (State
Control board). Signal WE+RDALLMEM is the
pulse that causes the current 16-bit data word to be
stored in the Data Collection RAM. The
CLKQUALIN- signal to State Memory Boards A
and B are wired to a constant low (true) level.
Refer to the Clk Qual Gate at the top of sheet 3,
State Control Board schematic. Thus the State
Memory Boards at the A or B sockets will collect a
16-bit data word at every occurrence of

- LATCHCLK. This is true regardless of the
outcome of the clock-qualifier comparison. Board
C provides a qualified master clock function. The
clock signals (C)WE+ (S2, pin 5), and
(C)CTABCLK (82, pin 6) from board C drive
the State Control Board address counter, where
they are called BWE+ (S§2-35) and BTAPCLK
(52-37), respectively.

The data words collected by Boards A and B are
written one on top of the other into the same
address. This continues until the clock
qualification requirements set up in the Qualifier-
Word RAM on Boards A, B and C are met. Then
the C data word is collected as well as the A and B
data words. Signals (C)WE+ and
(C)CTABCLK are also generated so that the data
collection address is advanced. The next A data
word (qualified or not) is sent to the new address.
This preserves the qualified A data word in the
previous address.

8.5.3 Signal CLKINH

The Clock Generator on the State Memory Board
can be inhibited from producing the WE family of
clocks. This is done i.iSlélc% signal CLKINH+
(Clock Inhibit +) received from State Control.

State Control generates three such signals
described as follows:

Signals ACLKINH+ for Board A, BCLKINH+
for Board B, and CCLKINH+ for Board C.

Boards A, B and C finish the collection at the same
time. The collection is stopped by concurrent
signals ACLKINH+, BCLKINH+ and
CCLKINH+ received from State Control. When
processing the collected data, the Control Program
reads 16-bit words from equivalent addresses in
Boards A, B and C. The Control Program then
places them side-by-side in main memory as one
48-bit word.

85.4 Signal BSELECT-

The Control Program can read from only one
State board at a time. It must write setup
data into the Qualifier-Word RAM and Tri gger-
Word RAM one board at a time. This ability is
provided by signal BSELECT-. This is sent via
connector pin 52-15 to Address Decoder U35, pin
5 with a pull-up resistor. Connector pin S2-15 is
hard-wired low at the A and B sockets, but left
open at the C socket. This causes BSELECT- to
be high at the C Board. The A and B boards are
differentiated by inverting the address line A11 that
is sent to the A board. The Address Decoder
responds to Board A and B addresses when the
signal is low, and to Board C addresses when the

signal is high.

20 MHz
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9.1 INTRODUCTION

The Model 800 D contains one State Control
board. Itdirects the acceptance of data for storage
by the State Memory boards for later analysis and
display. Hardware registers, counters and RAMs
on the State Control board are loaded by the
Firmware Resident Control Program. The loading

information is entered from the keyboard under the
guidance of the SETUP and PROGRAM menus.
Using the parameters and modes specified, the
State Control board implements the various state
analysis operations.
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9.2 DESCRIPTION

A block diagram of the 25 MHz State Analyzer is
shown in Figure 9-1. Also refer to the schematic
#166-036101, board layout and parts list

included at the end of this manual. Tables of
connector pins versus signal names for all
motherboard connectors are provided in
MOTHERBOARD CONNECTIONS. An
alphabetical list of all interboard signals is
included. The GLOSSARY section offers

explanations for terms that may be unfamiliar.

The functional units of the State Control board are
the Processor Interface, Sequencer, Clock Control,
Collection Address Counter and Delay Counter.
These units are discussed in the following
subsections starting on page 9-3.

DMCLK
ICLK l l
c L c CN c TC
< MCLK DC
PC—m ¢ > ER —»iSEQ| __ -
> LCLK E AC
C
PQ
e | v 3
(o] Cc C C
POl B8 |» L |—fR1 p A2 L R3 | M -~
Figure 9-1: 25 MHz State Analyzer Block Diagram
Legend
a address input C  clock select ICLK internal clock
c clock input L  local latch LCLK  local clock
d data input M  collection memory MCLK  master clock
E event output R1  1st stage register DMCLK delayed master
RA memory address R2 2nd stage register clock PC probe clock
TC terminal count R3  3rd stage register PQ clock qualifier
gR,CN cbogfnt enable ER event recognizer PD Probe data
uffer
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9.2.1 Processor Interface

Refer to sheet 4. The Processor Interface is
comprised of the Address Decoder, Status Ports,
Interface Output Ports, and Interface Shift
Register. This circuitry allows the processor,
under the direction of the Control Program, to load
user-supplied information. This information is
entered from the keyboard with the aid of menus.
To prepare the analyzer for the intended
application, the information is entered into
registers, RAMs, and counters. The interface
allows the processor to interrogate status and signal
lines, and send various control signals when

appropriate.

The 74L.S138 address decoder (U35) decodes
information to generate the following outputs: the
clock signal for the sequencer, the enable signal for
the status reads, and the enable signal for the
memory address readouts. The clock inhibit circuit
(sheet 2 Section C2) takes SEL and ROLLOVER
as inputs, and uses one of them as the clock inhibit
signal -HALT. This signal is used to stop the
delayed master clock and also sent to the processor
status port. The signal SEL from the shift register
is used to select MEMORY FULL or the
SEQaIiIENCE DONE condition as the clock inhibit
signal.

Every time the processor accesses the state analyzer
hardware for loading test parameters, collection
display, or saves into the auxiliary memory, it
activates the LOAD ADDRESS (LDA-) signal
(sheet 4). Generated via decoder US51, the signal is
applied to the counters U62, U63, U64 which then
function as latches. The addresses on the S1 bus
from the processor will address the memories
directly.

During the collection, the processor reads via U61
(the 74S157), U48 (the 74L.8244) and U13 (the
74L.874) in Section B5, the addresses of the
memories in order to determine how many clocks
have been received from the probes, and when the
collection finished. The processor reads these
gggrncters (U62-U64) to find the last memory

SS.

US52 is a 741.8374 latch, loaded by the processor to
control memory selection, clock selection, and
probe control lines.

On sheet 2, US0 is another 741.S374 control latch,
and U49 is a 7415244 buffer for reading the State
Control status. SRDATA- from U50 (pin 5) is
used as a serial data line to load several 4015 shift
registers with control signals (U29, U32 on sheet
3,U2, U41, U42 on sheet 5.) SRCLK from U350
(pin 2) clocks the serial loading of the shift
registers.
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9.2.2 Sequencer Operation

Refer to sheet 2. The sequencer, a state machine,
is comprised of 2149-21 RAMs (U30 and U31)
and a latch (74F374) U46. It has 16 states, two
for every program line on the menu. Each
program line consists of three sentences: the
STORE condition, the first IF condition
(containing the counter and link outputs), and the
ELSE condition (the second IF condition). The
first sequencer state is used to load the delay
counters and the second state is used for the
counting. Both sequencer states control all the
subsequent functions such as TRACE, LINK, etc.
The states used for loading the counters are the
even numbered states. The sequencer remains at
that state only for one clock. The initial state the
sequencer starts from after loading is state 0 and
the last state is state 15. Depending on how the
user has setup the PROGRAM MENU, the
sequencer can jump from any state to another.

The signal that inhibits the clocks at termination of
the collection is called HALT- . It is decoded
from the sequencer by U7 and U60. This signal
also informs the processor that the state analyzer is
done collecting. Among other status signals,
S0-S4 are used to report the status of the
sequencer to the CPU via U49 (normally displayed
in the lower left corner of the display screen).
This readout is translated to the step number on the
PROGRAM MENU. Two other signals go to
U49: AQ and BQ which are the qualifier bits from
the probes. These signals, in addition to being
used as qualifier bits, are also used as control
lines in "handshaking" for dedicated probes.

The word recognizer outputs (WR1-WRS) from
the State Memory board arrive at the State Control
board via the custom 60 wire S2 bus. There they
are latched in by U44 (74F374) with the master
clock and address the sequencer RAM to determine
the next state.

These RAM's are loaded according to the events
(the user’s defined bit pattern) from the STATE
PROGRAM menu. This is done by the processor
after the COLLECT function has been entered.
During the loading of the RAM's, addresses from
the CPU for the SO-S3 inputs (via U45) are latched
in U46. For the lines WR1-WR4, RG and TC-,
inputs are latched in U47. The data to the RAM's
are latched in U45. While loading the RAM's, the
outputs of the latch for the word recognizers, U44,
are put in tri-state mode.

When the analyzer sequencer has been loaded and
it's ready for collection, the output of U45 and U47
will go to tri-state mode and U44 will be active.
U46 is used in either the loading or the collecting
mode; in the collecting mode it latches the
%o}(tlhuencer output. It 1d also be noted that the

word recognizer (which can also be used as a
32 bit wide range recognizer) WRS/RNG output
from the State M board goes through more
logic (U8, U10, U23) located on the State Control
board before being latched.
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9.2.3 Clock Control

Clock control is comprised of the Clock
Multiplexer and the Clock Qualifier Gate (sheet 5).
This circuitry implements the keyboard entered
selection of clock source and provides the final
logic in the process of clock qualification.

Unlike the Model 800 A, B, or C system, all the
clocks from the probes come in to the State Control
board. In order to have a flexible clock selection
from the menu, the clocks go through a multiplexer
circuit. The clocks are implemented in ECL logic
to reduce the accumulated clock delay with respect
to the data. The clocks and the qualifiers are
translated to ECL levels in U69 and U71 (10124)
in Section B/C7. The 4015B CMOS shift registers
(U12, U41, U42) in Section D4-7 get loaded by
the processor to control which clock (or
combination of clocks) is selected from which
Probe pod, and for which memory board. Also
selected is the Master Clock source(s) Since the
clock circuit functions on all ECL levels, U41 and
U42 are translated to OV for high level and to -5V
for low level by two 2N3905 transistors (Q1 and
Q2) in Section D6. Gates U56 and U70C,D enable
the clock qualifiers, if selected. Qualifier latches
US57A and US55 are wire-OR'ed with the probe
clocks to product qualified clocks.

There are three such circuits: one for the inter-
mediate clocks (Cr, Cs, Ct) from each of the three
probes. After propagating through these circuits,
the three intermediate clocks drive four MUX
circuits in U24, U39, U40, U70. Here they are
ORed with each other per the menu specification.
For example, the user may need either a read or
write signal to clock the analyzer and therefore
specify the Boolean combination Cr+Cs from the A
and B Probes. The output of the clock circuits has
been translated to TTL level by the 10125, U68 in
Section C2.

The master clock circuit functions differently than
the intermediate latch clock circuit since it uses a
delay pipeline U54 (10197). This pipeline circuit is
adjusted at final test with jumpers E19-E23
connected to E24. See Section B2. This is done
so that when the master clock and the intermediate
latch clocks have the same source (i.e., they
happen at the same time) the master clock is
delayed several nanoseconds. This allows for the
propagation of the first set of latches on the State
Memory board. These latches (U14 and U27) on
the State Memory board (sheet 1) are clocked by
the latch clocksm&,CLK) before latching the data
3508 )the first memory pipeline registers (U13,

If the internal clock is used to asynchronously
clock the data from the Model 51A State Probes,
then that signal comes into the clock circuitry on
sheet 5 (Section C1) via the S2 bus, Pin 36. This
signal's source is the Timing Analyzer 200 MHz
Oscillator and Divider Chain. The highest Timing
Analyzer clock sample frequency useable on this
board is 50 nanoseconds; all such inputs are
enabled only when the CMOS shift register (U12)
in Section D7 and the level translator U69 drive a
low level to U53 Pins 7 and 10.

Also provided is an initialization circuit (U20, U21,
U66, U67) on sheet 5 so that the very first clock
will not be a glitch. This is possible since the
processor which enables the clock circuit for
collection and the incoming clocks are
asynchronous.
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9.2.4 Collection Address Counters

The State Memory board high RAM
addresses come from the State Control board.
These collection memory addresses RA0-9 are
generated by 74F191 counters U62, U63, U64
(sheet 4) which are decade counters in an increment
mode. U64 is the LSB stage. Prior to collection,
these counters get preset to 23. After 1000 counts
(the memory capacity) the rollover bit will be set
(U65, Section A3) if the collection hasn't already
halted due to a Program Menu condition.

This address is applied to the memory board's
address port and the 741.S244 buff