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SAFETY PRECAUTIONS 

The notations shown in the box below are used in this manual to 
d r·a w th e a t t e n t i 0 n 0 f th e u s e .r t 0 p a r t i c u 1 a r i t e m s w i th i n th e 
t e·x t . · P e r s o n n e 1 ha z a r d s ( w· A R N IN G ) e x i s t a s no t e d i n th e 
specific operations described in this manual. Equipment 
damage- potent i a 1 (CA UT I o·N) ex i st s i n the fo 11 ow i n g cases: 

• M. e ch a n i c ·a 1 d a m a g e a s no t .e d i_ n s p e c i f i c o p e r a t i o n s de s c r i b e d 
in this manual. Electrical damage when power cord is 
connected and/or power is applied as noted in speciic 
procedures within this manual. 

WARNING I 
A WARNING NOTATION IS USED TO DESCRIBE 
AN OPERATING OR MAINTENANCE PROCE
DURE, PRACTICE, CONDITION OR STATEMENT, 
WHICH, IF NOT STRICTLY OBSERVED, COULD 
RESULT IN INJURY TO, OR DEATH OF 
PERSONNEL. 

A CAUTION NOTATION IS USED TO DESCRIBE AN· 
OPERATING OR MAINTENANCE PROCEDURE, 
PRACTl.CE, CONDITION OR STATEMENT, WHICH, 
IF NOT STRICTLY OBSERVED, COULD RESULT IN 
DAMAGE TO, OR DESTRUCTION OF EQUIPMENT 
OR LOSS OF EQUIPMENT EFFECTIVENESS. 

NOTE 

A NOTE IS USED TO DESCRIBE AN ESSENTIAL 
OPERATING OR MAINTENANCE PROCEDURE. 
CONDITION OR STATEMENT WHICH MUST BE 
HIGHLIGHTED. 
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SECTION I 
INTRODUCTION 

1.1 MANUAL CONTENTS 

This manual contains technical information 
u set u I for the maintenance and repair of the 
Nicolet Paratronics Corporation NPC 764 
Logic Analyzer. Each section of this man
ual contains the pertinent schematics, 
techn ica I description and parts I ist. The 
manual is arranged as fol lows: 

Section I - Introduction 

Includes a general description of the NPC 
764 including principles of operation, block 
diagram description, and perfor~ance char
acteristics. A brief description of the 
performance checks is also given. 

Section 11 - Seit Tests 

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

Section 111 - Chassis 

Mainframe, power supply, PCB arrangement 
and motherboard layout. 

Section IV - Keyboard 

Description of keyboard, operation and 
circuitry. 

Section·V - Display Module 

Maintenance details of the Display module 
contained in the NPC 764. 

Section VI - Processor/Video 

Microprocessor, memory, video display cir
cuitry, and IEEE-488 interface details 
including a block diagram. 

Section VII - State Control Board 

Block diagram, schematic and theory of 
operation for the state analyzer control. 

Section V 111 - State Memory Boards 

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

Section IX - Timing Control Board 

Block diagram, schematics and theory of 
operation for the Timing Control Board. 

Section X - Timing Memory Boards 

Block diagram, schematics and theory of 
operation for the two Timing Memory Boards. 

Section XI - CT/SA Board 

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

Section XI I - Waveform Board 

Schematic and theory of operation for the 
optional Waveform Board. 

Section XIII - Disk Drive, Controller, 
Dynamic RAM 

Description, operation and circuitry of the 
Disk Drive/Controller/Dynamic RAM. 

Section XIV - Input Probes 

Describes the three probes used with the 
NPC 764. The Mode I 80 probe is used to 
apply input signals to the timing analyzer. 
The Mode I 90 probe is used for CT /SA 
readings of external signals and to apply 
input signals to the CT/SA Board or 
Waveform Board. The Model 5 lA probe is 
used to apply signals to the state section. 

Section XV - Signal/Connection Tables 

1-1 



NPC 764 Maintenance Manual 

Contains complete w1r1ng and pin as
signments for the NPC 764 in tabular form. 

Section XVI - Glossary 

A glossary of terms used in this manual and 
logic analysis in general. 

1.2 NPC 764 OPERATION 

Instrument operation is covered in detai I 
in the NPC 764 Operator's Ma nua I shipped 
with each unit. Additional copies are 
available from Nicolet Paratronics. 

The Operator's Manual contains several 
sections that may be useful from a mainten
ance point of view. These sections should 
be reviewed for a greater understanding of 
the product operation. The sections on 
KEYBOARD, MENUS AND DI SPLAYS and REFERENCE 
should be particularly helpful. The section 
on REFERENCE contains solutions to many 
common operating problems. 

In general, the maintenance information in 
this manual can be used without reference 
to the operating information in the Opera
tor's Manual. 

1.3 BLOCK DIAGRAM DESCRIPTION 

Refer to Figure 1-1. The NPC 764 is 
interconnected by a 60-w ire system bus 
that forms an 1/0 path for al I the functional 
modules. 

The CPU incorporates an Intel 8085 micro
processor that uti Ii zes 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 
5 lA probes connected to State Memories A, B 
and C. Data is latched into these memories 
at rates up to 12.5 MHz. The data is 
continuously examined by the state control 
trigger detectors. When the data meets 
user-selected trigger conditions, it cau
ses a Main Memory data collection. 

1 -:? 

Introduction 

Timing Input data from two Model 80 probes 
is fed to data comparators on Timing Memory 
Boards A and B. The data is sent from the 
probes in 16-bit para I tel data streams. 
Data is continuously latched into these 
comparators. The data is sent from the 
comparators to the Main Memory, at user
selected clock rates up to 100 MHz. The 
comparators continuously compare the in
coming data with arm and trigger words 
entered from the keyboard at set-up time. 
When arm and trigger conditions are met, a 
snapshot of 1000 words of current data is 
locked into the Main Memory. This snapshot 
subsequently may be displayed and examin
ed. The 1000-word snapshot a I so can be 
divided between pre-trigger and post
trigger words as selected from the keyboard 
at set-up time. 

The Main Memory retains the last data 
entered unt i I 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. There it may be retained 
for comparison with subsequent Main Memory 
data collection. The contents of either 
the Main or Aux i Ii ary Memory can be 
displayed under keyboard control. 

The CRT Display is a raster scan unit with a 
9-inch (23 cm) diagonal screen. The dri
ving circuitry resides on the CPU board. A 
composite video output on the rear panel of 
the NPC 764 a I lows use of a large-screen 
monitor it desired. 

The Keyboard provides user access to the 
NPC 764 parameter/ measurement set, men
us, display formats, trigger modes and 
interfaces. The keys are a combination of 
direct entry, menu selection and software
def i ned "soft" keys. 

An RS-232 Interface is provided as standard 
on the NPC 764. This interface permits 
output of display-formatted data to a 
printer or other peripheral. The NPC 764 
also is provided as standard with an 
instrument-bus IEEE-488 Interface. That 
a I lows the NPC 7 64 to be ta Iker, Ii stener or 
control I er. 
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Optiona I measurement features are added to 
the NPC 764 by adding the CT/SA CCounter
Timer/Signature Analyzer) PCB to the unit. 

The Waveform Analyzer board can optiona 1 ly 
be included in the NPC 764 to obtain added 
analog measurement capabi I ities. 

Mnemonic Disassembly accessories are av
a i I able for a variety of microprocessors. 
Disassembly operates by loading programs 
from disk and collecting data using dedica
ted probes. 

1.4 DETAILED OPERATION 

FULL ASCII & 
GRAPHICS 
CHARACTER SETS LISTENER 1000 WORDS 
9 INCH (23 CM) TALKER 16 TRIGGER 
80 CHARACTERS CONTROLLER LEVELS 
X 25 LINES 

r ntroduct i 01 

The NPC 764 analyzer collects data under 
specified conditions and stores the data in 
memory for detailed examination. 

To start data co I lection, the user presses 
COLLECT (soft key) on the keyboard. When 
the trigger conditions are met, data 
collection is ~utomatical ly 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 stop
ped, the data can be displayed in various 
formats for convenient analysis. 

~!) 

-1-&0"" MHZ MAX 
2000 WOPOS 

IEEE-488 48-CHANNEL 11-CHANNEL 

RS-232 
1/0 

6 SOFTWARE
LABELED KEYS 

CONTROLLER 

INTEGRAL 
G'io 
--s-&e- KBYTE 

FLOPPY DISC 

EXPANDABLE TO 
ti2MBYTE 

*OPTIONAL. ALL OTHER FUNCTIONS 
SHOWN ARE STANDARD. 

BUS 

STATE 

ANALYZER 

ANALOG 

WAVEFORM 

ANALYZER* 

50 MHZ f.~AX 

1000 ~'OROS 

TIMING 

ANALYZER 

COUNTER-TIMER 

SIGNATURE 

ANALYZER * 

100 MHZ CC'lUNTER 
SIGNATURE 
ANALYZER 

Figure 1-1 NPC-764 Simplified Block Dicgram 

8085 

MPU 

CP/M 

OPERATING 

SYSTEM 

BASIC 
~N 
P"iCH.._ 
8085 
ASSEMBLER 
TEXT EDITOR 
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SECTION II 
SELF TESTS 

2.1 INTRODUCTION 

The NPC 764 provides three types of self
tests that can be useful in assessing the 
condition of the instrument. First, an 
automatic se If-test is performed every 
time power is turned on. Second, there are 
self-tests that can be performed with the 
Logic Analyzer Test Card, NPC part number 
143-0046-002. Third, there are self-tests 
that can be performed using a system disk. 

2.2 AUTOMATIC SELF TEST 

The automatic self-test is performed dur
ing the first two seconds each time power is 
applied to the analyzer. This test goes 
through a set of performance checks of the 
NPC 764 memories and other subsystems. 
The test reads the setting of the power-
1 ine frequency selector switch, Sl-1, on 
the Processor Board. The CRT vertical 
SYNC frequency is set to a matching 50 or 60 
Hz. Although this self-test does not pro
vide a 100% check, it offers a high 
confidence level that the analyzer is 
operating properly. 

Successful completion of the test is an-

nounced by a short beep fol lowed by a 
display of the Configuration Menu. If the 
test is not success tu I, there w i 11 be no 
beep. 

2.2. 1 PROCESSOR TEST 

The 764 system software contains a test 
that automat i ca 11 y checks the processor 
board. To run this test proceed as fol
lows: 

a. Turn the 764 OFF. 

b. Short pins 2 and 3 of the RS-232 
connector, located on the back 
panel of the unit. (See Figure 2-1 ). 

Figure 2-1 Connector Jumper 

c. Turn the 764 on. 

d. Press the BREAK key. 

e. Verify that the di sp I ay appears as 
shown in Figure 2-2. 

i~\~'\U.tt'tfF~\1'i_~\W:~i1ciFfS~~ !"#rA&' f)H.,-.;012:3496789~ j ?=!~Hlt.1iEfGHtJ<l)l·l1 
PIJRSl'.J.~IZI\Y=-. '!~ccHgl! i jk 111tin?t::\f'itt..Vlll)'l~z: {:) °1 
t·OO ~ '.i!J't!i&11!, PJ ~rflI\l~':.11'!'~'".1_,~,.t-. ~~(~o_ 
l~~++ttflUUW-_ lJ.II !fll.M1.llrtIUll. 

no~L ll~LFLIGHT eu~ RE rJ.,iIRUr-1: 

~~ lEST: Pt=le 
CJ4EQ<...~ t1E~ 3. S EC32 883£ 7fAF ~C'.0 E754 E9BB D7i:0 
RCN MO'.S!Jil TEST: EC32 8f!£ ?f AF ~ca £754 Eeee D'lt0 
8L55 TIMCP. lEST~ MSS 
RS-232 TEST: ~S SHQF.T FIN 2 10 3 ~~ ~S-23:! Ctl-t-JELro?. 
VERTICAL ~ TEST: PiSS 

I B timEL '.'88 PRO:ES500 BOMD M=IKTil·R TE3T ~ROGR;M IJl .. 1 8l1f.i!S?. 

Whj •• ±#ffl••. ·-

Figure 2-2 Screen 

2-1 
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To abort the test hold down the RESET key 
for three seconds and press the ESCape key. 

2.2.2 SYSTEM DI SK SELF-TESTS 

Each CP/M system disk contains three tests. 
They are as fol lows: The RAM test, the 
keyboard test and the disk drive test. To 
run any of these tests, insert a system disk 
into drive A and press the ESCape key. The 
CRT di sp I ay w i 11 then look I ike Figure 2-3. 

I NIOliT-FMA~ICS 7llt ~ CRlt 2.2 (f 9-3-81 

A> 
Figure 2-3 Screen 

To run the RAM test type RAMTEST <return>. 
This test writes a walking l's pattern into 
the dynamic RAM, reads the data back and 
indicates any errors. The test runs con
tinuously, and takes about 20 minutes tor 
each pass. The total number of errors and 
the number of test runs is indicated on the 
screen. See Figure 2-4. To abort the 
test, press the RESET key. To reboot, 
press the ESCape key. 

I ···.a D'rWAltrc Rit ~sr·PfmDl &&tt7/8l 
WOO t 'S TEST: l 'S m: 9898 

T'EmNJ liJDRESS: 
LAST F~ILED rilURESS: -... EXPECTED: - U~ -
TUT'~ FA!l.1.fES: 9 
PAS~S roRETED: a 

Figure 2-4 Screen 

Se If Tests 

To run the keyboard test type KYBOTEST 
<return>. Observe the keyboard display on 
the CRT. See Figure 2-5. 

To test the keyboard strike each key 
displayed on the screen once. As each key 
is struck, it wi 11 disappear from the 
screen. 

DISK TEST 

To test a drive, boot up the CP/M system 
disk by pressing ESCape (if not already 
booted up). Enter DSK5TEST <return> on 
the keyboard. Refer to Figure 2-6. You 
will then be asked to select a drive to be 
tested. If you have only one drive, enter 
the I etter "A". The 764 w i 11 respond with 
the question "How many retrys?" Enter a 
number between zero and nine. You w i 11 
then be asked tor a tu 11 track seek. If you 
enter "Y", the read/write head w i 11 res tore 
to track 0 after each track is read. If you 
enter "N", each track w i 11 be read consecu
tively. After selecting "Y" or "N", strike 
RETURN to start the test. The test w i 11 
take between five and ten minutes to 
complete depending on the parameters you 
have se I ected. 

2.3 BASIC TESTS WITH THE LOGIC ANAL YlER 
TEST CARD 

NPC Logic Analyzer Test Card, Part Number 
143-0046-002, provides a comprehensive 
functiona Is test of the NPC 764 Logic 
Analysis system. A suitable procedure is 
given in the fol lowing paragraphs. Al I 

Fl F2 F3 F4 FS F6 lAEE.S 

2-2 

E9: l 2 3 4 5 6 1 8 9 8 - = ~ BS 11< 
TAB q w e r t y u i a p C I LF IEL 

asdfghjkl;' (~ 
51 z x c v b n 1 , • / 92 

SPf£E 
~LOO< C~ lf.Q( KEV 

PRESS EIOt ~EV ~ KEYBOARD. tlL KEY LCIEELS 90.l.D Dl~PEM 

Figure 2-5 Screen 
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I NICllET-PARATR(J{1CS 7002 ~ CPM 2.2 OF 9-3-Bl 

A)D~STEST 

TARBELL DISK DIAelDSTIC 
S\"rtiDARD VERSICN 1. 8 
Tl TRAO< S 16 SECTORS 

SELECT DR!VE. (Fl/B1C/D) A 
~ ~ RETRVS? <B-9) & 
SELECT STEP RATEt (5/fVf) 
FULL TRfO: SEEK? <YA-V N 
TO START TEST WPE RHUB·J. 

0Q03 READ ERRORS DETECTEDt 

REPEAT TEST? CYAtlC=CtNr!NUOUS> C 

Figure 2-6 Screen 
steps necessary for a comprehensive eval
uation are presented. This procedure as
sumes the user has some fami I iarity with 
the operation of the NPC 764. If necessary, 
refer to the Operator's Manua I. 

2.3.1 PRELIMINARY TESTS 

Perform the fo 11 owing tests to cont i rm 
operation at the most primitive level. 

a. Disconnect the power cord from the 
a na I y zer. The power fuse and vo It
age 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 tor more 
information. Reconnect the power 
cord. 

b. Check the setting of SWl-1 on the 
Processor Board. The video verti
ca I sync frequency is set to match 
the power ma ins frequency. ON = 60 
Hz, OFF = 50 Hz. 

2.3.2 TEST CARD DESCRIPTION 

The Logic Analyzer Test Card consists of 
two 8-bi t CMOS counters <A and 8); a clock, 
and simple decoding logic. Refer to Figure 
2-7 and schematic# 127-0046-001 at the end 

TEST CARD 

CHASSIS 
CONNECTORS 
FOR PROBES 

Figure 2-7 Logic Analyzer Test Card and Prd:ie Connectors 

2-3 
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of this section. Each CMOS counter nor
mally counts from (QQ)HEX to CFF)HEX• When 
the A counter reaches (40)HEX' the decode 
logic resets the B counter to (QQ)HEX• 

The A channel connector is wired with the 
eight least significant bits corresponding 
directly to the output of the A counter. 
The eight most significant bits are tied to 
ground. Thus, the A channel provides a 16-
bit word to the analyzer that sequences 
from COOOO)HEX to COOFF)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 as fol lows: 

COUNT BINARY PATTERN* HEX PATTERN 
----- ================= =====-====~== 

0 00000000 00000000 00 00 
1 10000000 00000001 80 01 
2 01000000 00000010 40 02 
3 11000000 00000011 co 03 

15 1 1 I 10000 0000 1 1 1 1 FO OF 

Note the difference in pin-outs between the 
16-channel state probes and the 8-channel 
timing probes. Due to the di tference, this 
exact pattern will be displayed on the NPC 
764 only when using the state probe. 

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 tor the A state or timing probe. 
The 8 counter output feeds the 8 state or 
timing probe. The third 16-channel state 
probe CC) is not nor ma I I y connected to the 
test card. 

2.3.3 SET -UP 

Before using the test card, proceed as 
fol lows: 

a. Connect the A and B state probe 
ca bl es to the NPC 764. LEAVE THE C 
PROBE UNCONNECTED. 

2-4 
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b. Connect the A probe to the left-hand 
connector of the test card and the 8 
probe to the right-hand connector. 
Set both probes for TRUE and TTL 
operation. 

c. Turn the NPC 764 power switch ON and 
wait for the self-test beep and 
Configuration Menu. Refer to Fig
ure 2-8. 

2.3.4 BASIC STATE TESTS 

To test the basic state analysis capabili
ties of the NPC 764 do the following: 

a. Select a menu. 

b. Enter in a trigger word. 

c. Press the COLLECTCF6) key. 

Captured data can be then formatted in a 
variety of ways. 

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

Examp I es using these keys are given below: 

a. To select the 48-CHANNEL STATE 
mode, press the STATE(fl) key to 
call the state menu illustrated in 
Figure 2-9. 

b. The 48-channe I state menu shou Id be 
set up with the def au It va I ues in a I I 
fields except the trigger word 
field. Advance the bl inking cursor 
to the trigger stack field, level 0, 
with the NEXTCF2) key. Press the H 
key to format this field for a 
hexadec i ma I trigger word. Now en
ter the to I I owing trigger word: 
0040. Observe the field at the 
lower right ot the CRT. Other 
formats can be selected from this 
field using the indicated keys. 

c. Press COLLECT( F6) to take a data 
collection beginning at 0040. Then 
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- ~ NictlET PAMTIDJICS 764 CMIUATHJ~ VER 4. g 

5TA1E 

I - 48 cJR srm 
2 - 16 OK. TIMINJ 
a - 48 otl SH\TEl16 Cttl TIMING 
4 - 8 ON. TIMING <llB+IZ 2090 WIJPJJ) 
S - 48 ON.. STATE/8 Cftl TIMIN& 
6 - a c~ TIMING GLITCH 
7 - ~OHL STRTEIB Cltl GLITCtf 
8 - MllJEFOlf REC(FJ)ER 
9 - 48 OH.. STATEMltJEF{BI 

10 - CotNIU/TIMER 
11 - Sl~TURE "4ALVZER 
12 - PI 7S SERifi. PROBE ~91IT 

ESC - Dr9' OPERATING SYSTEM 

B~ - PROCESS{)( SELF-TEST 

I - ItO CIJf'IGURATr~ "ENU 

SEL oo.N SEL UP 
Figure 2-8 Configuration Menu. 

48 ~H~~~EL Si ATE MtM!J 

F~~AT: A~AAAAAA AAAAA~AA fiAAAA~AA ~AAAAAAA A~AA~AA AAAAHAAA 
A HEX 

C'l.K SEU H PRB: J 8 PRB~ ~ C PR8: A QUALIFIERS: -AAB~:c £L 
CLK O:JAi.: CFF 

OR Gf'F 
PRE-TRIGMEMOR11' (0-999): 00aw~DS 

RESTART: G'fF 
TRIGGER~ 
0 00 40 )'J.. XX '1:1. Y.X -'ffY..XX.X XX 
END 

Sl .. r-ATA DlS?LA'T 

PF.EVIQUS t~E;<T CLNFIB 

Figure 2-9 48 Channel State Screen 

Oll.ECT 

H - HEX 
0 .. CCTAL 
Z .. DtC 
N - BfNAiti 
V - ASCII 
U - USE 

COLLECT 

Self Tests 
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press the LABELS key. Reformat the 
display in octal, decimal, binary 
and ASCII by pressing the 0, Z, N, 
and Y keys in turn. Press the H key 
tor the hexadec i ma I format. Refer 
to Figure 2-1 O. 

d. Scroll the display up and down by 
holding the SCRL UP(F2) key, then 
the SCRL DOWNCF1) key. Locate the 
end of the data collection (word 
+999) by pressing the LOCATECF3) key 
then the E key. Then locate word 
+101 by pressing LOCATECF3) tallow
ed by +101. Finish with the trigger 
word at the fop of the CRT by 
pressing the LOCATECF3) and T keys. 

2.3.4.1 Saving Data 

To test the SAVE mode, press the LABELS 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 NPC 764 aux i Ii ary RAM memory. Press 

MAiN TRIG ee 40 0Q 90 FF FF 
0-0 41 88 01 Ff f F 
ee 42 40 02 FF FF 
ee 43 ce 03 FF FF 
0a 44 20 04 FF FF 
ea 45 A0 es f F FF 
Et3 46 60 ~ FF FF 
ea 47 EB ~7 FF FF 
0i3 49 10 08 FF FF 
Ba 49 90 09 f F FF 
ee 4A se 0A f F F~ 
08 4E D0 08 FF FF 
ea 4C 30 ac i: F Fr 
ea 4D 60 0D FF F~ 
09 4E 70 BE FF FF 
08 4F F0 0f rF FF 
e-~ se es 10 FF Fr 
ea 51 es 1: FF FF 
0"'~ 52 48 12 FF FF 
B~ 53 ca 1S FF Ff 

LOC:. 

srn: c1E7 
i 9£7 
D603 

SCRL D~ SCF.L UP LOCATE 

Se If Tests 

the MEMSELCM) key to cause the auxi Ii ary 
memory to be displayed. Press M again to 
return the main memory to the screen. 

2.3.4.2 HOLD# MODE 

The HOLD# mode is used to detect and 
isolate intermittent faults. Press the # 
key <SHIFT and 3) to activate the HOLDF 
mode. Note that the flashing status mes
sages indicate the analyzer is automati
cally collecting and comparing main and 
aux i Ii ary data. 

Hold the shorting wire on pad 5 on the 
right-hand side CB side) of the test card. 
Note that the flashing status message now 
reads HOLD I NG, and data are di sp I ayed. 
Remove the shorting wire from pad 5. 

Press the M key to compare main and 
aux i Ii ary test codes. Notice that one of 
the main memory test codes differs from the 
corresponding aux i Ii ary memory test code. 
This indicates that somewhere in the new 
data collection, one or more bits differ 

CLNFIG 

MENU 
C .. C1.k GL 
P .. PRET~G 
T - TRIG 

M - ~rt3EL 
s .. ~£ 
R .. RECMLL 

H .. lf.X 
0 • O:T~L 
Z - DEC 
N - BrN 
y - ASCII 
U .. USER 

ii .. HOLD ~ 

I .. DIFFER 
K - ~H L.fl 
J - SRH CN 

COLLECT 

Figure 2-10 Hexademical Format Screen 
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MtfIN +G2i 009 B9t 216 027 2SS 255 
+e2a 000 092 es6 e2s 2ss 2~s 

LOC: • +029 000 093 18.i! B29 !SS 2S5 
~e30 000 0'4 120 03e 2ss ·2ss 

sre: ctE7 ;e31 aee 0~s 246 031 2ss 2ss 
m .;.032 eee e96 e eee 255 255 
DaD3 ~033 BBB 897 128 ltl 255 255 

+034 808 898 864 802 255 25~ 
mLD= MOOE +ass eea 899 192 eaa 255 255 
H +~S6 aea tee e32 ~ 255 255 

+~27 eea 1e1 160 ees 2S5 255 
DIFFEROCE ~.3:;8 800 182 B96 886 2SS 255 

"'a~: eee 193 224 887 2S5 255 
+ ·34?. eee i 04 016 eea 2ss zss 
+k 800 185 1« 809 255 25S 
.i.~42 eee 186 eae ere 2ss 255 
~.J43 108 187 298 811 255 255 
-:-.344 eee tea 8-48 e12 2ss s 
•:j45 808 199 176 813 255 2$ 
·~4B eae ua 112 014 iss s 

LABELS 

Figure 2-11 Difference Menu Screen 

MAlN ;e27 90060~0 g 1011011 ll 911090 BeBl 1011 11111111 11111111 
+e2B e000aaia0 01011190 001110ae 00e11100 11111111 11111111 

LO:.:~ +~29 eeee~~0 01e111s1 1g1110BS 00011101 111~1111 11111111 
+B3B 09ee0000 0!011110 0~111e0a 00011110 11111111 1111111~ 

srn: ~:1E7 +g31 e.13008000 01011111 11111000 000:i111 11111rn 11111111 
?9£7 +@.32 89800080 81100888 08000886 0@080i109 11t 1l H 1 t 11U111 
DBD3 +033 08880880 01198e0t 18880009 90080001 111111!1 11111111 

+~34 000008~ 01100810 01880008 88080818 11111111 1!111111 
+ e'3E. eaaaeaee a1100011 1100000e 000eee11 11111111 11111111 
~03E 00090B0fl 01100100 0B!0000Q 90£100188 11111111 11111111 
·037 000~es 0110010110100009 eeeae1a111urn111111111 

DIFFEREtr:E ·036 0ae0000e ei100118 6110£1000 80000110 11111111 11111111 
-03s eeeaeaes s1100111 111~020 ~111 t1111111 11111111 
·040 00a8000Q ~1l01000 00019000 008010£0 11111111 11111111 
-e41 00080B0S 01101001 l0e10000 S0801001 11111111 11111111 
-042 ~ee0000a s110101s e101eee0 aee0101e 11111111 11111111 
-0~3 ~ee00se9 e110101111~10000 00a01011 11111111 111111t1 
·044 e000000a S11B110B Q0110000 00001100 11111111 111111!1 
-0~E 011100808 01181101 10119000 B08011e1 11111111 11111111 
-e4e. 0~00aea a 11011 ia su 10000 0000111 a 11 u 1 u 1 11111111 

Uf.ATE COO IS 

Figure 2-12 Binary Difference Screen 

CCU£CT 

l~ELS 

COLLECT 
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between the main and aux i Ii ary memories. 
Now return to the main memory. 

2.3.4.3 Di tterence Mode 

The DIFFERENCE mode is used tor rapid 
identification of differences between and 
previously-saved auxi I iary memory data and 
main memory. 

Press the I key to activate the DIFFERENCE 
mode. This key toggles the DIFFERENCE 
mode so that repeated keystrokes turn it on 
and oft. In this mode, only data words that 
di tfer between the main and au xi Ii ary 
memories are displayed at tu! I-intensity. 
Data words that match are di sp I ayed at 
halt-intensity. Press the SCRL UPCF2) key 
to tind the first difference word. (Simul
taneously press the REPEAT key it desired). 
Refer to Figure 2-11. 

Press the N key to view the di tference in 
binary. Then press Mand REPEAT to locate 
the specific bits responsible tor the 
di tterences. Refer to Figure 2-12. 

Return to the main memory and press the H 
key. Press LOCATECF3) fol lowed by D to 
place the first difference word at the top 
of the screen. This is an alternative and 
taster way of locating the first difference 
word. Now press LOCATE fol lowed by S to 
find the next group of halt-intensified 
words that are the same. Press the SCRL 
OWN key once to verity this. Refer to 
Figure 2-13. 

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

2.3.4.4 Search Word Mode 

The SEARCH WORD mode at lows you to locate 
any particular bit pattern within a data 
collection. You specify the word to search 
tor and then the direction ot search. 

Press the SRCH WR0Cf4) key to obtain the 
menu shown in Figure 2-14. 
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In the example, 009E is used as the word to 
be found in the data collection. (NOTE: 
This word occurs on I y once in the data 
memory). Key in 0-0-9-E (the rest of the 
field are X's - DON'T C,A.RE). Press 52 to 
display the data again, then press K to 
search the data for 009E. Refer to Figure 
2-15. 

2.3.5 BASIC TIMING TEST 

To test the basic timing analysis capabili
ties of the NPC 764 do the following: 

a. Select the menu. 

b. Choose a samp Ii ng c I ock and a trig
ger point. 

c. Press the COLLECTCF6) key. 

Before starting this test, disconnect the 
M51 A state probes from the test card. 
Connect the two A and 8 Model 80 Timing 
Probes to the NPC 764. Then connect these 
probes to the test card A and B outputs, 
respectively. The state probes may be left 
connected to the NPC 764. Proceed as 
to I lows: 

a. Press the FS key to return to the 
Conti gurat ion Li st. 

b. To select the 16-CHANNEL TIMING 
mode, press the SEL DOWNCF4> key. 
Call the menu with the TIMINGCfl) 
key. 

c. Use the PREV IOUSC F 1) or NEXT< F2) key 
to step to the CLOCK field, it 
necessary. An external clock with 
a rising edge is selected by press
ing P. Use the NEXTCF2) key to step 
to the TRIGGER field. Specify a 
trigger word of o-o-o-o-o-0-0-0 
1-0-0-1-1-0-0-0. Use the NEXT key 
to step down to the PRETRIGGER 
field. Set th is field to 00%. Leave 
all other menu entries set at the 
default value as shown in Figure 2-
16. 
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MAIN +064 ~10 se 02 40 H FF 
+065 £18 Bl S2 41 FF FF 

LOC:ll! +065 0G 82 42 42 FF Ff 
~067 S0 83 C-2 43 FF FF 

srn: CIE? +0&8 00 84 22 44 F~ FF 
79£7 +069 00 85 A2 45 Fr ~F 
DSD3 +e7e ~0 86 62 46 Ff FF 

+071 ~0 87 E2 47 F~ ~F 
+072 00 88 12 48 Ff fF 
+073 00 B9 92 49 Ff ~F 
+074 00 BA 52 4A F~ f F 

DIFFEP.OCE +076 00 BB D2 48 Ff FF 
+076 00 ~: 32 4C FF FF 
+077 ~0 8) 82 4D FF FF 
+078 00 8£ 72 4E Ff FF 
+879 00 BF F2 4F Ff fF 
+880 80 98 0A S0 Ff rF 
+0B1 00 91 BA 51 Ff f F 
+082 00 92 4A 52 FF rF 
+083 00 93 CA 53 Ff FF 

SCRL D1i SCRL UP LOCATt Cflif 16 
Figure 2-13 First Difference Word 

FO~T: MAMAM ~A MMAMA MMAAilA MMMAA MAAAAAA 
~ HEX 

SEAfr.H wmm: 

0ij9£)i:.<;(t»X{ 

PREVIOUS SELECT DEFAULT CcttFIG 

Figure 2-14 Search Word 

U&:LS 

COLLI CT 

H - HEX 
0 - OCTlt. 
Z - DEC 
N - BIN~ 
V - ASCII 
U • USER 

COLLECT 

Self Tests 
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MAIN +09-4 00 SE 7A 5£ FF FF 
+095 00 9F FA SF FF FF 

LOC: Ill ~ 096 ea ~ e'l 40 FF FF 
+097 08 Al 82 41 FF FF 

srn: Ct E7 t098 ee A2 42 42 FF FF 
79E7 +099 ae A3 C2 43 Ff FF 
OOD3 +100 08 r+4 22 44 FF FF 

+101 80 AS A2 4S Ff ff 
+102 09 A6 62 46 FF FF 
+183 08 A7 E2 47 FF FF 
+184 08 A8 12 48 FF FF 

DIFFERtN:E +!BS 0e ~9 92 49 FF FF 
+106 08 M 52 4A FF FF 
+ 187 09 M D2 4B FF FF 
+108 08 OC 32 4C Ff FF 
+I 09 Be AD 82 41) FF FF 
+110 09 AE 72 4E FF FF 
+111 08 AF F2 4F Ff FF 
+ 112 08 88 9A 58 FF FF 
+ 113 08 Bl SA st FF FF 

muP LOC~TE Cflf IG 
Figure 2-15 Difference Menu Screen 

16 OM. TEMI~TATE relt 

00' I CLOCX CU( OOAU X 
TRIGGER WHEN~ 

TRIG OCCURS > 8988 CUXl<S AFTER FIRSf ~ 
Cttl t«J. A76543'10 B76S4Z218 FILTER U~AGE 

ARM (0,I,X): ~ ~ OFF ml 
TRIS (9.11X): ~- 10811808 DFF NH 
I lt'UT MODE (S, U: SSSSSSSS SSSSSSSS 
PRE -TRIGGER (0-9): Br( 

AMMMfl BBB886SB 
DISPLAY CRDER (0-?.XJ: 76543218 76543219 
DISPLAY POLARITY (+,-): •+++++tf +t+~f+t+ 

THRESW: A PROSE B PRtlBE HYSTU£SI S 
(-6.4lJ - +6.35V) +t.68 +1.69 ()I 

Sl • STAT£ DIS~ 
52 .. nMrNG DISPLAY 

?Rt'VIOUS CrtflG 

Figure 2-16 16 Cha~~~I TJming ~enu 

LABELS 

CCl.LECT 

COLLECT 
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d. Press COLLECTCF6) key. When a data 
capture is comp I ete, the screen 
fills with the timing diagram dis
play. Refer to Figure 2-17. 

e. The inverse video graticule repre
sents the entire 1000 samples in the 
memory. See Figure 2-17. Observe 
the 00 indicator at the left end of 
the graticule is intensified. This 
indicates the 00% pre-trigger va I ue 
set in previously. With 00% pre
trigger, the first word in the data 
collect ion (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 
shou Id be C0098)HEX• In Figure 2-

Self Tests 

17, this trigger word appears at the 
upper right-hand corner of the CRT. 

f. Figure 2-17 also shows the 16 timing 
channels and the corresponding bi
nary va I ues at cursor location 000. 
The four most significant A channels 
CA7-A4) are at ground as described 
previously. The cross-hatched ar
eas on certain channels indicate 
that data in the memory are occurr
ing too close together. The cur
rent Xl magnification factor is 
unable to resolve this visually. 

g. Sweep the exp ans ion sym bo I, E, to 
wards the middle of the CRT by 
pressing F2 and REPEAT. Stop the 
symbol at location 500 as indicated 
by the EXPAND FROM: readout in the 

HT J etttt ct.X ooou x it~: ix m mru: t.BSeDS MAIN MEMORY 
98 tJS -

~ I 
~ 8 
AS & 
A4 0 
A3 0 
~2 e 
A1 · e 
~ ~ 

~ 
000 ;=e f &W#iJtLMAWWWAl&W&&ILEE :a;a=- 1800 

B7 
8£ 

~.~: '7~"~~ :~; ~ .~· ~:<~~~~~~,~;j,·~-~·~' .~/~~>-~· ~m \ ~·~.~~~ ~· .. ;-~· ~-.~,~ ~ ~ ~i ~~-~:1\~· :J~ "~ ~-~ ,~;:~ ~~.:: 
~l:~~~~f r~~~~~~ -·:J~ ~$r\~~,·~ ~;,. ~~ \ -~ ,;~~:. ~:::\1 ~ it ~)~~t ·~~ :~ ,: . ~;~ \!{~ ~ ·: ~ .. ,?~ ~,,J;. ~~ ;:~~ ,-:~"";~:~.' . 

1 
& 

BS a 
B4 1 
B3 1 

:============ ! 
CUR'S: 08e ORG: 800 CUHS·ORG: +OCS EXPAND FRt14: 000 

{· EXP EXP -> WI~ll-i- > 

Figure 2-17 Timing Diagram Display 

LASE LS 

COLlECT 
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lower right-hand portion of the 
CRT. Refer to Figure 2-18. 

h. Next press the LABELS key. Try 
magnification factors between 2Xto 
20X using the 2 to 5 numeric keys as 
indicated in the LABEL MENU. After 
higher magnification keys are pres
sed, the in verse video indicator at 
the bottom of the screen reduces 
proportionately in size. This in
dicator 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 ClX) size. The screen 
now di sp I ays timing data between 
memory locations 500 and 550. Re-

Se If Tests 

fer to Figure 2-19. Finish by set
ting the magnification at lOX. 

i. View other segments of the memory 
by pressing the WINOOW{F3) or the 
WINDOW CF4) keys and the REPEAT key 
simultaneously. Return to a data 
window of 500 to 550 as shown in 
Figure 2-19. Also return the ex
pansion symbol to the left-hand 
side of the CRT. 

j. To quickly move the cursor from 000 
to the left side of the screen 
i nterva I, press the L (LOCATE CUR
SOR) key. This is indicated in the 
LABELS menu. Bring the cursor to 
the center of the CRT by pressing 
the SPACE BAR and the REPEAT keys 
simultaneously. Overshoot can be 

EXT 1 cv:a ru OtW.: x MM: ix SCRH INni. t. e&Jns MAIN MEMORY 
ae ~a 

A7 8 
A6 8 
~ e 
A4 Q 
~3 U-0 
~ 0 
~1 9 
AS 8 

000 fi±± 'M a a: am =a :a9t ± ,,... 1000 

~~============ ~ ~ 8 
84 ! 
~ 1 
02 e 
Bl 9 
~ Q 

CURS: 008 ORG: 000 CURS·ORG: +~S EX~D FRClil: sae LASE LS 

{- EXP EXP -> <-WINDOW CONFlG COLLECT 

Figure 2-18 Timing Display at Locatior. 508 
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lower right-hand portion of the 
CRT. Refer to Figure 2-18. 

h. Next press the LABELS key. Try 
magnification factors between 2X to 
20X using the 2 to 5 numeric keys as 
indicated in the LABEL MENU. After 
higher magnification keys are pres
sed, the inverse video indicator at 
the bottom of the screen reduces 
proportionately in size. This in
dicator shows the location and 
amount of timing data currently 
being displayed relative to the 
entire 1000-word data co 11 ect ion. 
At 20X magnification, note that the 
inverse video indicator is on I y 5% of 
the original (lX) size. The screen 
now displays timing data between 
memory locations 500 and 550. Re
fer to Figure 2-19. Finish by set
ting the magnification at lOX. 

i. View other segments of the memory 
by pressing the WINDOWCF3) or the 

Se If Tests 

WINDOW CF4) keys and the REPEAT key 
simultaneously. Return to a data 
window of 500 to 550 as shown in 
Figure 2-19. A I so return the ex
pansion symbol to the left-hand 
side of the CRT. 

j. To quickly move the cursor from 000 
to the I eft side of the screen 
interval, press the L (LOCATE CUR
SOR) key. This is indicated in the 
LABELS menu. Bring the cursor to 
the center of the CRT by pressing 
the SPACE BAR and the REPEAT keys 
simultaneously. Overshoot can be 
remedied by pressing the BACKSPACE 
key. 

k. In this step we wi 11 measure the 
relative time between the edges in 
two channels. Visually select an 
edge (rising or falling) in channel 
A2 and another edge (I ater in ti me) 
in channel 86. Step the cursor so 
that it aligns with the selected 

EXT j a.al 01 Q~L: x H~S: 2SX ~ rmv: socs MAIN MEM~I 
88 98 

M e 
~ e 
~ e 
M 0 
~3 e 
~ e 
M e 
~ LllJlf1.JU1.f1J1JlJUl.11.fUUlfU1JU1JU1Jlf1J1Jlf 0 

~ see I' I. J.4il r I I 1 I I I I I' It I I I I I I ••• I' I, I I I I I I, .. I I I l I I I I I 550 
II 

a1 n .. ..rv1_r1J1 ... s1_r1_r1..rul ... ru1.J 1 
B6_J I 0 
BS 0 
84 1 
63 1 
~ e 
Bl 0 
B0 Ulflfl.fl.flflJ1J1.nJUUUUlJ1Jl.rLf1Jlf1JlJ1.J1flJ e 

CURS: 000 ORS: 000 CURS-~G: +&:S 

<- EXP EXP -) <-+lINOCU CCtfiG 

FTgure 2-19 Timing Display and Menu 

'4 E N U 
C - Q..OCK 
A-~~ 
T .. TRIS 
P - PRETRS 
D -DlSPLA'Y 

1 - 1X 
2 - 2X 
3 !' S< 
4 .. lBX 
5 - 20X 
L .. LOCATE 
0 - ~Rl GIN 
M & MEMstL 
K - CDRRIL 
F - FORC£ 
X .. ALT M 
S .. SAVE 
R .. RECALL 
Sl - STATE 
S2 - iitf 

COLLECT 
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edge in Channel A2. Note the value 
of the cursor position indicator at 
the lower left of the screen. Now 
press the I etter 0 to reset the 
origin from 000 to the current 
cursor location. The CURS-ORG in
dicator should now read +OCS, 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 select
ed edge on channel 86. The CURS
ORG indicator w i 11 now direct I y read 
the time (in clock samples) between 
these two edges. Figure 2-20 dem
onstrates one sample using this 
measurement procedure. 

I. Press the COLLECT key to take a new 
data collection. Then press the 
SAVECS) key and observe the flashing 
SAVED message. To compare main 
and auxiliary data press KCCORREL) 
key. Note that a correlation fac
tor of 1.000 is displayed at the 
right of each channel. This factor 
indicates that the 1000 bits in 
each main memory channel compares 
with the 1000 bits in the corres
ponding auxi I iary memory channel. 
Comparisions are done on a bit-for
bi t basis. Refer to Figure 2-21. 
Thus, if a correlation factor of .995 
were displayed, it would indicate 
that 5 bits out of 1000 were 
di fterent. 
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m. Now short out the pad labeled 5 on 
the 8 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, again press K. Note 
that the correlation factor for 
channel 85 is significantly lower 
than 1.000. The other channels 
sti 11 have correlation factors of 
1.000. This results from the use in 
this examp I e of an extern a I, syn
chronous clock from the test card. 
If the internal, asyncoronous clock 
were used, the correlation factors 
of the other channels would probab
ly never be exact I y 1.000. This is 
due to normal sampling uncertain
ties. 

n. In order to view the actual effect of 
the short on channel 85, press the 
XCAL T MEMORY) key. As shown in 
Figure 2-22, channel 85 should cycle 
between a 1 and a O. Return to the 
main memory by pressing M. Al so 
return to a lX magnification by 
pressing the 1 key. 

To view the timing data in a state format, 
press S 1. The state data can be di sp I ayed 
in HEX, OCTAL, DECIMAL, BINARY or ASCII. 
Refer to Figure 2-23. Press the LABELS 
key to display the menu of formats avai I able 
in this mode. Return to the timing diagram 
display by pressing St again. 
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EXT 1 Cl(D( ru m~u x M~: 1ex MA[N MEMOfT' 

m~---+---~-------------~
A6----+---~----~----------
A5----+-------~------------
A4 
A3=---,~---t---------------;::::===== 

~2 ---,....__...... ..... 
81 
~B lflJlruii nnnrutn nnnnru 

~ I 
580 I , I I I I I ' I I I I I I I I I I I I I I I I I -=··" I I I I I I I I I I I I I I I I l I 600 

DD 

Cl.ES: S18 ORS: sie CURS-ORG: +e.cs EXP~ND FRtlrl: 500 

<- EXP EXP -} <-'-IINOOM WI l'IDtl~-> COOF I G 

Figure 2-20 Clock Timing Samples 
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Figure 2-21 Correlation Display 
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Figure 2-22 Correlation Display 

~IN +094 ea fi 
+095 89 81 

LOC:. +&96 08 88 
+097 09 81 

SIG~ AD13 +098 8A 92 
AF~9 ~699 0B 93 

+180 BA 82 
H01 0B 83 
fo1a2 88 48 
~103 09 41 
+ta4 88 C0 
t10S 09 Cl 
+186 0A ~2 
d97 BB •3 
ttae 8A C2 
"199 09 C3 
~ue oc 84 
d11 8D 85 
+ 112 ~ 84 
• 1~3 9D SS 

OCRl UP LOCATE TIMll"S C(NIG 

Fiqure 2-23 State Menu 
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SECTION Ill 
CHASSIS, MOTHERBOARD, POWER SUPPLY AND DISK DRIVE 

3.1 INTRODUCTION 

Refer to the schernat i c diagrams, board 
layouts, interconnection diagram, and the 
parts Ii sts located at the end of this 
section. Tables of connector pins versus 
s igna Is names tor a 11 motherboard connec
tors are provided in the SIGNAL AND 
INTERCONNECTION TABLES section. An alpha
betical I ist of al I inter board signals is 
inc I uded. The GLOSSARY offers exp I an a
t ions tor acronyms or terms that may be 
unfamiliar. 

3.2 CHASSIS FUNCTIONAL DESCRIPTION 

The chassis provides the supporting struc
ture tor the Front Bezel, the Display 
Module, the Card Cage Assembly, the Rear 
Panel and Power Supply. The top cover, a 
part of the chassis, gives complete protec
tion to the internal conponents and adds 
s tructura I strength to the comp I ete asseM
b I y. 

The uni ts that w i 11 be discussed as part of 
the chassis group are the fol lowing: The 
chassis, the cover, the carrying handle, 
the Mains Module, the auxiliary power 
transformer, the cooling fan, and the 
interconnecting wiring. 

Refer to Figure 3-1. The Chassis consists 
of an a I um i num bottom pan that mounts the 
front casting, rear panel, and extrusion 
rai Is. The front casting is joined to the 
rear panel by the longitudinal extrusion 
rai Is. The rai Is accept the side edges of 
the cover and bottom pan. There is a large 
rectangular hole in the front casting 
through which the CRT screen is viewed. A 
plastic face plate is attached directly to 
the CRT tube. The face p I ate protects the 
CRT and is lightly tinted to enhance the 
contrast of the display. 

The shielded Display Module is mounted to 
the bottom pan by three threaded studs set 

into the bottom pan. The Card Cage Assem
bly is mounted to the bottom pan by three 
screws through the botton pan. The cool
ing tan fastens to the rear panel by three 
screws through the rear panel. The aux
i Ii ary 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. 

lwARNING I 
DISCONNECT THE A-C 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 NPC 764 WITH THE 
COVER REMOVED. 

The cover folds around the top and halt way 
down the sides of the instrument. It fits 
into grooves in the extrusion rai Is. Clips 
that fit under the front casting secure the 
front of the cover. The cover is held in 
pl ac·e at the rear by two quarter-turn 
fasteners that mate into fittings in a 
t I ange on the rear pane I. 

The carrying handle attaches to the extru
sion rai Is. When the analyzer is in use, 
the hand I e can be to I ded underneath to act 
as a stand. This props up the front of the 
instrument so the keyboard is at a con
venient height. 

The Ma ins Modu I e is mounted in a rectangu-
1 ar cutout in the rear panel. It is held 
in place by snap-in fasteners attached to 
the sides of the modu I e. Refer to the 
chassis wiring diagram. 
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A Voltage PCB in the Mains Module allows 
selection of the power mains voltage for 
the instrument. The sliding cover for this 
VoJtage PCB can be opened only when the 
power cord is unplugged from the module. 

Ch ass is Canp onents 

Voltage designators are etched in copper 
near the edges of the Voltage PCB. The 
voltage designator programmed by the PCB 
is visible on the rear edge when the board 
is in place. Refer to Figure 3-2. 

VOLTAGE CARD 

,,._VOLTAGE REFERENCE 

SELECT: 
100 V NOMINAL 
115 V NOMINAL 
230 V NOMINAL 

AS APPROPRIATE 

NOTE: THE CARD MUST BE ORIENTED SO THAT THE SELECTED VOLTAGE CAN 
BE READ WITH THE CARD INSTALLED. 

Figure 3-2 Rear Panel and Voltage Select Card 
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BEFORE APPLY I NG POWER TO THE NPC 764, MAKE 
CERTAIN THAT THE PROGRAMMED MAINS VOLTAGE 
CORRESPONDS TO THE VOLTAGE BEING USED. 
OTHERWISE, SERIOUS DAMAGE TO THE INTERNAL 
POWER SUPPLY MAY RESULT. 

To change the voltage programmed, remove 
the PCB, change the orientation, and re
insert it. The voltages available for 
selection are shown in Table 3-1. 

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. The required fuse 
ratings are included in Table 3-1. 

Table 3-1 Power Source Requirements 

Selector 
Card 
======= 

100 v 
115 v 
230 v 

Operable 
Range, V 

Fuse 
Req 1d 

======== ================ 
90-110 

105-125 
210-250 

3 AW Slow Blow 
3 AMP S I ow B I ow 
1.5 AMP Slow Blow 

The au xi Ii ary 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 autotransfor
mer. It supplies a nominal 115 VAC to the 
tan motor regard I ess of the program med 
mains voltage. The secondary supplies 17 
VAC to the Power Supply for an auxiliary 
supply circuit, also independent of the 
mains voltage. 

The cooling tan is mounted in a 4-inch 
round, air-intake hole in the rear panel. 
This hole is covered by a replaceable air 
filter. The tan motor is supplied with 115 
VAC power from the auxi I iary transformer. 
There are air vent slots in the cover for air 
exhaust. The fan draws air in through the 
rear panel air tilter and exhausts it from 
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these vents. This air t I ow I ow ers operat
i ri~J t'3mperatures within the ca bi net to safe 
levels. The air tilter can be removed by 
loosening the three screws holding the 
tilter retaining clips. The tilter should 
be cleaned by washing in soapy water 
monthly (more often in dirty environments). 

IF THE FAN IS NOT FUNCTIONING, OR IF THE AIR 
FI L TER IS DIRTY OR OTHERW I SE OBSTRUCTED, DO 
NOT OPERATE THE NPC 764. DOING SO MAY 
RESULT IN SERIOUS DAMAGE TO COMPONENTS 
THROUGHOUT THE INSTRUMENT. 

The interconnecting wiring is shown in the 
wiring diagram at the end of this section. 
Al I interconnections to the Display Module, 
Card Cage ass em b I y, Front Pane I, and Power 
Supply are made through connectors. Any 
of these uni ts can be removed without 
unsoldering wires. 

3.3 MOTHERBOARD FUNCTIONAL DESCRIPTION 

A Motherboard in the NPC 764 contains 
sockets, card guides and supporting s truc
ture for the individual PC boards. Refer to 
Motherboard schematic #127-0123-001 and 
the board layout drawing #126-0123-001. 
The Motherboard contains sockets, card 
guides and interconnections for 11 circuit 
boards. The slot assignments for individ
ua I PC boards are fixed and boards are keyed 
to interface only into the correct slots. 
Refer to Figure 3-3. 

DO NOT ATTEMPT TO FORCE A PCB INTO AN 
INCORRECT SLOT OR DAMAGE TO THE CONNECTOR 
OR PCB MAY RESULT. 
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SLOT 

FRONT 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 

Chassis Comp ments 

CIRCUIT BOARD 
--------------------------------------
Processor 
RAM DISK 
State Co ntro 1 
State Memory-C (LSB) 
State Memory-A (MSB) 
State Memory-B 
Timing Control 
Timing Memory-A 
Timing Memory-B 
Waveform 
Counter-Timer/SA 
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The location and part numbers of the boards 
are listed below: 

SLOT CIRCUIT BOARD PART NUMBER 
---- =================== ============ 
FRONT 
A Processor 143-0130-001 
B RAM DISK 143-0112-001 
c State Control 143-0128-001 
0 State Memory-C CLSB) 143-0127-001 
E State Memory-A CMSB) 143-0127-001 
F State Memory-8 143-0127-001 
G Timing Control 143-0071-001 
H Timing Memory-A 143-0065-003 
I Timing Memory-8 143-0065-004 
J Waveform 143-0072-001 
K Counter-Timer/SA 143-0099-001 
REAR 

Note that the three State Memory boards 
a re i dent i ca I and may be interchanged. The 
two timing Memory boards contain different 
decoded PROMs U52. The PROM marked 113-
4035-14 is required for the A Timing Memory 
board in slot H. The PROM marked 113-4035-
1 5 is required for the 8 Timing memory board 
in slot I. 

The Clock Qua I ifier Gate CU6) and the Clock 
Multiplexer CU2), both part of State Con
trol, are contained on the Motherboard. 
These circuits are described in the STATE 
CONTROL BOARD section. Additional cir
cuitry <Ul, U3, U5, U7) interfaces the link 
control signals and provides additional 
clock selection control. Components U4, 
U7, US, U9, 10 and U 11 are shown on the board 
layout drawing. The circuitry is shown on 
the Motherboard schematic. The s igna Is 
that must be sent to the Keyboard are fed to 
connector 52. This connector mates with 
P2 via a flat ribbon cable connected to the 
Keyboard. 

The PC Board sockets are interconnected as 
described in the SIGNAL ANO INTERCONNECTION 
TABLES section. Some inversion of address 
lines to Sl is done so that electrically 
identical boards (Memory) can occupy unique 
address spaces. 

Chassis Canponents 

3.4 POWER SUPPLY FUNCTIONAL DESCRIPTION 

The Power Supply is mounted to the bottom 
pan of the instrument and is enclosed in a 
protective housing. The Power Supply is a 
pulse-width modulated, half-bridge, 25 KHz 
switching circuit operating directly off 
the a-c power I ine. It supplies +/-5 V and 
+/-15 V to the Keyboard and Card Cage, +12 V 
to the Display Module and +5 V or +12 V to 
the disk drive. Also, it provides very 
effective overvoltage and overcurrent pro
tection tor 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, 
Contra I Section and Output Sect ion. These 
units are discussed further in the fol lowing 
subsections. Refer to assembly drawing 
143-0122-001 for major component location, 
disasser.ibly and assembly information. As
sembly drawing 126-0122-201 depicts the PC 
Board component locations. 

WARNING I 
THIS POWER SUPPLY CIRCUIT IS CONNECTED 
DIRECTLY TO THE A-C MAINS WITH NO INTERVEN
ING ISOLATION TRANSFORMER. WHEN POWER IS 
APPLIED, LETHAL VOLTAGES ARE PRESENT. 
ONLY QUALIFIED SERVICE PERSONNEL FAMILIAR 
WITH LINE-OPERATED SWITCHING POWER SUP
PLIES SHOULD UNDERTAKE SERVICE OF THIS 
SUPPLY, AND THEN ONLY WITH THE ISOLATING 
TEST SET-UP DESCRIBED BELOW. FAILURE TO 
OBSERVE THESE PRECAUTIONS MAY RESULT IN 
SERIOUS INJURY OR DEATH. 

3.4. 1 TEST SET -UP 

The a-c input power is fed directly from the 
mains to rectifier circuit DBl without an 
intervening isolation transformer. There
fore, it is essential that an isolation 
transformer be incorporated in the test 
set-up as shown in Figure 3-4. 
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WARNING I 
MEASUREMENTS OR TESTS UNDERTAKEN WITHOUT 
THE USE OF AN ISOLATION TRANSFORMER MAY 
RESULT IN SERIOUS INJURY OR DEATH TO 
PERSONNEL. 

To gain access to the Power Supp I y, proceed 
as fol lows: 

NOTE 

READ THE ENTIRE PROCEDURE ONCE 
BE FORE ST ART I NG. 

a. Disconnect the power cord. Wait 
three minutes after the power is 
turned oft to a I I ow the capacitors 
to tu 11 y discharge. 

b. Remove the top cover by loosening 
the two quarter-turn fasteners at 
the rear of the cover and s Ii de 
cover back. 

ISOLATION VARI AC 
INS 0-140V 

TRANSFORMER 
1 : 1 

AC MA 

Chassis Comp ments 

c. Remove the two nuts ho Id i ng down 
the power supply cover. These are 
located between the power supp I y 
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. Then 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 proceed as fol lows: 

a. Unplug the power cords connecting 
the power supply to the disk drive, 
CRT and main Motherboard. 

b. Remove the six screws muunt i ng the 
power supply heatsink to the bot
tom pan. These may be accessed 
trom the bottom. 

c. The supp I y is now tree and may be 
Ii fted up. Comp I ete remova I is 
accomp Ii shed by unplugging the 
six-conductor a-c plug. 

+SV 

3 AMP -sv 
~ Lo-8 Lo +15V POWER ~ SUPPLY -15V LOAD 

UNDER +12V RESISTORS 
TEST GND 

Figure 3-4 Power Supply Test Set-Up 
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DO NOT RISK DAMAGE TO VALUABLE CIRCUIT 
BOARDS BY US I NG THE ANALYZER AS A TEST LOAD 
FOR THE SAKE OF CONVENIENCE. 

USE RESISTORS AS DESCRIBED IN THE FOLLOWING 
PARAGRAPH. NOTE THAT NO LOAD IS NEEDED ON 
THE +12 V SUPPLIES UNLESS THEY ARE SPECl
F1CALLY UNDER INVESTIGATION. 

To load the power supply outputs, proceed 
as fol lows: 

a. Obtain a mating connector tor P12 
(see parts Ii st). Make an adapter 
to connect the load resistors be
tween the outputs and ground re
turns. Load resistance values are 
shown below: 

MINIMUM LOADING 

OUTPUT CURRENT RESISTANCE RATING 
====== ======== =======:: =.: =~==== 

+5 v 5 A 1 ohm 25 w 
-5 v 5 A 1 ohm 25 w 
+12 v (no load needed) 
+15 v 200 mA 75 Ohr:1S 5 w 
-15 v 200 mA 75 ohms 5 w 

b. Bring power to the Power Supply by 
connecting the Mains Module through 
,an isolation transformer to the 
power mains. 

3.4.2 HIGH VOLTAGE SECTION 

The High Voltage Section consists ot the 
following: DBl, a VH 648 bridge rectifier; 
QI and 02, Motorola MJE13007 power switch
ing transistors; CRl,2, 1N3600 diodes; 
CR3,4, 1N4637 diodes; transformers Tl and 
T2; thermistor Rl; and various resistors 
and capacitors. 

This circuitry converts a nominal 100, 110 
or 220 VAC, 50-60 Hz mains voltage to a 
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center-tapped nominal +/-162 d-c voltage. 
This d-c voltage is converted to a tixed
trequency, pulse-width modulated, a-c vol
tage across T 1. The conversion is per
formed by the action ot 01, 02, T2 and the 
control section. The output voltages of T 1 
are a nominal 5 and 15 VAC RMS at a nominal 
frequency of 25 KHz. 

Input from the power mains is sent directly 
to the rectifier DBl with no intervening 
isolation transformer. Consequently, all 
components within the High Voltage Section 
are at mains potential! PLEASE SEE PRE
CEDING WARNINGS ANO CAlJiiONS! A Mains 
Module contains a Voltage PCB that is used 
to select the a-c 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 Pl-2 and Pl-6. 
DB 1 acts as a tu I I-wave bridge rectifier and 
produces a nominal 325 V. This d-c voltage 
is f,iltered 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 tor the switching circuit 
and transformer Tl. R3 and R4 stabi Ii ze 
the center tap and act as bleeders. C5 and 
C6 are for EMI reduction. Fuse Fl, a 3 A 
Fast-Blow type, provides circuit board 
protection in case 01 or 02 shorts out. 
Any failure of 01or02 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 
Pl-2 and Pl-3. With this connection, OBl 
acts as a full-wave doubler rectifier. OBl 
produces a nominal 325 V across series
connected C3 and C4 as before. 

By means of transformer T2, the Control 
Section turns transistor Ql ON and OFF in 
alternation with Q2. The cycle time is a 
nom i na I 40 microseconds. NOTE that O 1 and 
02 are never both ON at the same ti me. This 
alternately applies +162 and -162 V across 
the primary of transformer Tl. The re
sulting a-c voltages across the secon
daries of Tl are rectified and averaged in 
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the Output Section. The longer 01 and 02 
are ON during each eye le, the higher the d-c 
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 tor voltage regulation. 

Capacitor CB blocks any d-c bias that might 
otherwise result from a mismatch between 
01 and 02. Components R8 and C9 reduce 
ringing and transient spikes. CRl, R4, ClO 
and CR2, R6, Cl 1 speed up the turnoff times 
tor O 1 and 02. 

3.4.3 CONTROL SECT I ON 

The Control Section consists of Ul, a 
National DS3632 dual peripheral driver; U2, 
a Silicon General SG3524 regulating pulse
width modulator; 04, a 2N3904 transistor; 
03, a 2N3905 transistor; 05, ·a Motorola 
MCR101 SCR; CR5-7,9,10,17,all 1N3600 di
odes; CRB, a 1N588 Zener diode; and DR2, an 
M)AlOO bridge rectifier. 

This circuit provides drive pulses through 
transformer T2 that switch O 1 and 02 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. Also, it detects any overcur
rent condition and reacts by shutting down 
the Power Supply. 

The nucleus of the Control Section is the 
circuit U2. It is powered by a nominal +20 
V from the bridge rectifier DB2. DB2 is 
fed, via Pl-1 and Pl-4, with a nominal 17 VAC 
at 50-60 Hz from a sma 11 transformer, T3. 
T3 is mounted on the rear panel, refer to 
Chassis wiring diagram. Circuit U2 pro
duces drive pulses at outputs CA and CB 
(pins 12 and 13). These are used, vi a U 1 and 
transformer T2, to turn 01 and 02 ON and 
OFF. The repetition rate of ·the pulses is 
es tab I ished by an osci I lator 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 pu I ses for one eye le 
of the 01-02 switching circuit. This sets 
the switching frequency of the power supply 
to a nominal 25 KHz. 

Ch ass is Components 

The drive pulses from U2 acts as follows. 
When CA is low and CB is high, Ul 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 02 is turned ON and 01 remains OFF. 
The base of O 1 is driven even further 
negative. 

The -162 V applied to 02 drives current 
through Tl 7-5 and T2 8-5 in the direction 
making the dot end of 8-5 positive. This 
regenerative action reinforces the base 
drive to 02. Transformer T2 ~cts as a 
current transformer. Thus, the base drive 
current to 02 is proportional to the Tl 
primary current through T2 8-5. The cur
rent ratio is such that 02 is assured of 
being tu I ly ON and out of the Ii near reg ion. 

02 is turned OFF again by the blanking pulse 
within U2 that brings CA high with CB. This 
turns Ul outputs 3, 5 ON, short circuiting 
T2 2-3 and turning OFF 02 drive current at 
T2 6-1. This short circuit condition lasts 
for the duration of the b I anki ng pu I se, a 
nom i na I three microseconds. During this 
time 02 and 01 are both forced to remain 
OFF. This ensures that Q 1 cannot be turned 
ON unti I 02 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 01 to turn ON 
while 02 was sti 11 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 2:_ 162 V supp I y 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 01 
ON is inhibited within U2 for the duration of 
the b I anki ng pu I se. At the end of the 
blanking pulse, the voltage regulation 
circuitry in U2 is again in control. That 
circuitry determines when to start the 01 
drive pulse, and CB is brought low. This 
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turns Ul output 3 OFF and drives current 
through 2-3of T2. The current is driven in 
the direction to turn Ql ON and hold 02 OFF. 
The rest of the action is analogous to that 
of the first half cycle. 

Inputs to the U2 voltage regulation circuit 
are V+, pi"n 2, and V-, pin 1. The V+ input is 
supp Ii ed with a nom i na I +2.5 V reference 
voltage. The reference voltage is ob
tained, via R15, R17 and potentiometer R16, 
from regulated +5 V of U2, pin 16. Pin 16 
output is a I so 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 teed back, vi a R32, R27 and R25. 
This is derived from the regu I ated +5 V 
output of the power supply. R28, R29 and 
C19 provide gain control and phase lag to 
the feedback amplifier. Lead compensa
tion tor 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 voltages of the power supply. If 
the feedback voltage at V- fal Is below the 
reference at V+, the action is the opposite. 
This regulating action does not appreciably 
affect the 25 KHz switching frequency, only 
the ON times of Ql and Q2. 

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 shou Id be made with both Power 
Supply output plugs connected to the 
analyzer, all circuit boards in place, and 
after the analyzer has had power applied 
tor 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
cyc I e pu I se that is a I so used as the blanking 
pulse. The 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 03-04 
circuit connected to this pin is used to 
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stretch the clock/blanking pulse to a 
nominal three microseconds. This provides 
blanking protection tor Ql and Q2. 

The SCR Q5, Zener diode CR8, and diodes CR6 
and CR7 constitute an overcurrent shutdown 
circuit that functions as follows. A com
ponent of the vo I tage 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 Vat the cathode 
of CR8 via CR6 or CR7. If the rated current 
in winding 8-5 is exceeded, the voltage at 
CR8 cathode w i 11 exceed 7 .5 V and CR8 w i 11 
conduct. 

When CR8 conducts, SCR 05 is triggered and 
shorts both sides of winding 2-3 to ground 
through CR6 and CR7. This holds both Qt 
and 02 OFF, shutting down the power supp I y 
indefinitely unti I the power is turned OFF. 
When power is turned ON, the supply wi 11 
function normally if the cause of the 
shutdown has been removed. 

Diodes CR17 and CR5 serve to clip any 
ringing vo I tages that appear at winding 2-3 
of T2. 

3.4.4 OUTPUT SECTION 

The Output Section consists of VR 1, an 
LM340T-12 +12 V series regulator; VR2, an 
LM350K +12 V regulator; 083, a Varo VJ248X 
bridge rectifier, CR13 through CR17., all 
1N6096 rectifiers; CRl 2, a 1N9578 6.8V Zener 
diode; and CRl 1, a 1N721A 20 V Zener diode. 

This section contains rectifier and filter 
circuits tor the tour major output voltages 
of +5, -5, +15 and -15 volts. These 
circuits are fed with 25 KHz pulse-width 
modu I ated power from secondary windings on 
switching transformer Tl. 

Also contained in this section is the low
power series regulator, VRl, that provides 
+12 V for the Display Module. A second 
regulator, VR2, provides +12 V for the disk 
drive circuitry. Both low-power regula
tors are fed from the +15 V supply. The 
current ratings for these supply voltages 
are as fol lows: 
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VOLTAGE 
======= 

+5 
-5 

+15 
-15 
+12 CRT 
+12 DISK 

+5 DISK 

MAXIMUM CURRENT 
=============== 

20.0 A 
12.0 A 

1.0 A 
1.0 A 
1. 5 A 
3.0 A 
1.0 A 

DB3 acts as a ful I-wave bridge rectifier for 
both the +15 and -15 V supplies. It is fed 
from secondary windings, 11-10-12, on the 
switching transformer Tl. Ll-C23 and L2-
C24 act as pulse-averaging and ripple 
filters for the +15 V and -15 V 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. C19 
provides additional filtering and decou
pling for the +12 V. 

The two diodes CR13 and CR14 are rectifiers 
for the +5 V supp I y. They are each fed from 
the center tapped secondary windings, on 
switching transformer Tl. 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 accomodate 
opposite polarity. 

Zener diodes CR12 and CRl 1 form a shutdown 
circuit for over-vo I tage protection. If 
the +5 V output voltage rises above +6.8 V, 
Zener diode CR 12 conducts. This causes 

I· 
SCR Q5 to trigger and shuts down the supp I y. 
CRl 1 provides similar overvoltage protec
tion fo 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 Sec
tion is applied from the +5 V output through 
phase compensation network R32-C28. The 

Chassis Components 

+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 addi
tional regulation afforded by the series 
regulators VRl, 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 coup I ing. 

3.5 DISK DRIVE REMOVAL 

The disk drive is removed by disconnecting 
the plug-in cables and ground strap, then 
removing the four mounting screws. Re
p I acement is made in the reverse order from 
remova I. The step-by-step remova I pro
cedure is as fol lows: 

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

b. Disconnect the two plug-in cables at 
the rear of the drive. Note the 
orientation of the cable connec
tors. 

c. Disconnect the ground strap. 

d. Ti It the 764 on the rear pane I 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 bot
tom screws. 

e. Tilt the 764 back down into its 
norma I bench pas it ion. Remove the 
two top screws. Carefu I ly remove 
the drive from the chassis. 

3.6 SCHEMATICS, BOARD LAYOUTS 
AND PARTS LISTS 

The schematic diagrams, board layouts and 
parts lists for the Power Supply, Mother
board and Chassis (as applicable) are 
contained at the end of this section. 
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NPC 764 Maintenance Manual CRT Di sp I ay Module 

SECTION V 
CRT DISPLAY MODULE 

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 di sp I ay. The 
front panel BRIGHTNESS and CONTRAST con
trols are provided, and internal controls 
are provided for maintenance adjustments. 
The input power required by the module is 
provided by the 764 power supply. 

lwARNINGI 

HIGH VOLTAGE IS USED IN THE DISPLAY MODULE. 
OBSERVE EXTREME CAUTION WHEN POWER IS 
APPLIED AND THE COVER REMOVED. 

5.2 A-C LI NE FREQUENCY 

The Di sp I ay Madu I e does not use any Ii ne 
power directly. Primary I ine power is 
brought into the 764 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 fre
quency 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 s igna I 
sent to the Display Module from the Video 
0 i s p I a y Bo a rd. 

This adjustment of the vertical sync 
frequency is au tom at i ca 11 y made by the 
Contra I Program. at power-ON ti me. For 
details, refer to the Sync Generator 
discussion in the Video Display section. 

5.3 CRT ADJUSTMENT PROCEDURE 

The Display Module, and in particular the 

CRT, is subject to component aging and may 
require occasional adjustment. Any ad
justments that are found necessary should 
be made in accordance with the to I lowing 
instruct ions: 

WARNING I 
THE DI SPLAY MODULE CONT A I NS A VERY HIGH 
VOLTAGE OF 9 KV THAT CAN BE LETHAL. THE 
FOLLOW I NG PROCEDURES SHOULD BE UNDERTAKEN 
ONLY BY EXPERIENCED TECHNICAL PERSONNEL 
FAMILIAR WITH TELEVISION OR CRT tv'ONITOR 
ADJUSTMENT PROCEDURES. 

a. With power switch OFF, unplug the 
power cord. Loosen both quarter
turn screws at the rear of the top 
cover. Remove the cover by s Ii ding 
it to the rear of the instrument and 
upwards. 

b. Remove the screws and cover of the 
di sp I ay modu I e so that access to the 
adjustments is obtained. Refer to 
Figure 5-1. Note that ear I y pro
duct ion units necessitate removing 
the module from the chassis. Refer 
to step c. for these units. 

c. Early production units require that 
the di sp I ay modu I e be removed from 
the chassis. This allows access to 
the screws holding the mod~le cov
er. 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 neces
sary, temporarily disconnect con
necting wires to obtain slack ne
cessary for remova I. 
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WARNING I 
MAKE ALL ADJUSTMENTS WITH PLASTIC ADJUSTING 
WANDS DES I GNED FOR TH IS PURPOSE. DO NOT 
USE METAL SCREWDRIVERS OR ANY METAL TOOL. 
LETHAL VOLTAGES ARE PRESENT AND COULD 
CAUSE INJURY OR DEATH. 

Rep I acement monitors are supp Ii ed by NPC 
with adjustments already made. Oniy minor 
touch-up of horizontal and vertical hold 
may be necessary after installation. 

Before i nsta 11 i ng a rep I acement monitor, 
ALWAYS check tor 12 volts at the heavy red 
and black leads to monitor PCB. Voltages 
lower than 11.50 V or more than 12.5 V w i 11 
distort the display. (Refer to Figure 5-2.) 

Touch up adjustments are made as fol lows: 

5-2 

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

b. Turn power on. Wait a few seconds 
tor the beep, then depress 52 key 
tor processor test. 

c. Turn EXTERNAL Con bracket) bright
ness control fully on CCW). Then 
turn EXTERNAL contrast to about one 
halt rotation or mid-point. At this 
point a display of some sort will 
appear on screen. 

d. Coarse adjustment of horizontal 
hold must be made with PLASTIC 
screwdriver. Turn horizontal hold 
either way. Display wi 11 go to 
diagonal lines. Turn control in 
opposite direction and diagonal 
Ii nes w i II appear in other di rec
t ion. The coarse adjustment will 
be between these two points. The 
display will appear to be running 

CPT Di sp I ay M cdu I e 

straight up and down. 

e. The display may be stable or appear 
to be rol 1 ing vertically. Using the 
PLASTIC screwdriver, adjust the 
v er t i ca I ho I d con tr o I u n t i I the 
display is rolling slowly downward. 
Turn the vertical hold slightly 
counterclockwise until the display 
appears to snap into a locked 
position. The display should be 
locked and stable at this time, 
showing "Processor Test". 

t. Note REVERSE on_the disp_lay, located 
about one third down the screen. 
Adjust the external contrast con
trol until this block is brightest, 
just before edges of block start to 
distort. Any distortion ot this 
block means the contrast is set too 
high. The brightness now may be 
reduced slightly tor HALF LIGHT 
adjustment. 

g. Note the a I phabet in the upper right 
corner of display. VERY SLIGHTLY 
move the horizontal hold control 
back and forth, unt i I the 110 11 ap
pears undistorted. This is a sen
sitive adjustment. Moving too tar 
will cause the display to drop out 
di agona 11 y. 

h. Turn 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 times. Any 
tendency to pull sideways or roll 
should be cured by very small 
adjustments of the horizontal or 
vert i ca I contro Is. Now press the 
Processor Test key. The display 
shou Id be comp I ete I y stab I e. 

THIS COMPLETES THE ADJUSTMENT PROCEDURE 

rurn the power oft, disconnect the power 
cord, and reassemble in the reverse order 
frori disassembly. 
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CENTERING 
RINGS 

VERT I CAL 
HOLD 

NOTE: BRIGHTNESS AND CONTRAST CONTROLS ON EXTERNAL BRACKET AT FRONT 
PANEL. 

Figure 5-2 CRT Adjustments 
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SECTION VI 
PROCESSOR/VIDEO 

6.1 INTRODUCTION 

The Processor Board contains the micro
computer system. The system controls all 
analyzer hardware functions and performs 
other operations, including keyboard inter
face and video display. 

The major components on the board include 
the 8085 microprocessor, 64K of EPROM, 4K 
of RAM, video generator, a RAM/IQ/Timer IC, 
an I EEE-488 interface and related cir
cuitry. Al I the schematics, board layout, 
and parts list, are included at the end of 
this section. 

6.2 FUNCTIONAL DESCRIPTION 

Refer to schematic drawing 127-0130-001. 
The functions described include micropro
cessor, video generator, and parallel in
terface. Each processor function w i 11 be 
discussed separately in the following para
graphs. 

6.2.1 MICROPROCESSOR 

Refer to sheet 1. The program execution is 
performed by U36, the 808S microprocessor. 
The system clock (CPUCLK) is derived by U42 
from the DOT Clock generator output at U6-
14 on sheet 4. The 8085 is interfaced to 
the bus by U35 and U46 vi a USO. These 
circuits a I so perform the necessary demu 1-
t i p I ex i ng functions for the 808S data bus. 

On-board device address decoding is per
formed by U3 7, U38 and U51. Addresses are 
decoded by USl, that in turn controls U37 
and U38 to provide the appropriate device 
select signal. U51 also provides the ap
propriate signals for pins 18 and 21 of the 
EPROMs. The functions of these pins may 
vary according to the type of EPROM used. 
In addition, U51 controls data bus buffer 
U52. Note that if the TEST signal is high, 
U51 is disabled, and the processor reads 
from switch S 1. The outputs received from 

U38 are deglitched by enabling them only 
when ALE is low. 

Refer to sheet 2. The program is stored in 
EPROMs (2532 or 2564) Ul-U4, U14-U17. 
EPROM type and number ins ta I led w i 11 vary, 
according to program requirements (ie, 
some sockets might not be used). The 4K 
RAM is provided by U18-U21 and U27-U30. 
Each RAM is 4K x 1 bit organization, a 2141 
device. The RAM data outputs are buffered 
by U52 on sheet 1, the inputs by U39. 

U40 is an 81S5 that contains 2S6 bytes of 
RAM, three 1/0 ports, and a timer. It 
provides many Processor Board I /0 and 
control functions and is connected to the 
data bus via UlO and U39. Signal CCLK is 
the clock used tor the timer function. CCLK 
is derived by U43, pin 2, from the DOT Clock 
osci I lator 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 SWl-1 through 
SWl-8 are read by the processor via US. 
When an SWl switch is ON, the input to US is 
low {logic 0). Conversely, OFF is high 
(logic 1). These switches al low the user to 
specify certain parameters to the Control 
Program. SWl-1 selects the I ine frequency 
for the Video Generator. SWl-2 through 
SW 1-8 change parameters of the RS-232C and 
IEEE-488 interfaces. The parameters spe
cified by the switches are different for the 
two interfaces. Detai Is are provided in 
this section for the I EEE-488 interface. 
The detailed i ntormat ion on the RS-232C 
interface is contained in Section XIII, 
DI SK-RAM board. 

6.2.2 VIDEO GENERATOR 

Refer to sheet 4. The Video Generator 
circuitry uti Ii zes the Intel 8275 CRT 
Controller, U33. U31 provides 2K bytes of 
video RAM that is accessed by both the CRT 
and the processor. US3 and U7 buffer the 
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Video Data Bus connection with the system 
data. U22, U23 and U24 select either the 
processor address bus or the output of the 
display character counter, U8. The selec
tion is determined by the device that is 
currently accessing the video RAMs. UlO, 
U 11 and U4 1 generate DACK that deter
mines which device is accessing the RAM by 
con tro 11 i ng MUXs U22, U23, U24. 

U6, YI, 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 U4 2 represents the horizon ta I dot 
position within a character. The CURCT 
signal is high when the count from U42 
matches the position from the 8155 outputs, 
compared by U54. 

Video data is produced by U33, U25, U26, 
U 10, U34, U45, U 12, U44 and U 13. U33 
outputs a character code and Ii ne count to 
character ROM U25. The ROM produces the 8-
bi t pattern for that I ine of that character. 
This is loaded into U26, a shift register. 
Simultaneously, U34 latches the appro
priate display 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, signals 
DOT and HALFLIGHT (VIDEO + HALF) are 
produced. These are resynchronized' by U43 
at pins 10, 12, buffered by U13, and sent to 
the base of 01. Emitter follower count 
generator, 01, produces a composite video 
output. 

LS165 shift registers U12, 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 Ql. The 
VRTC signal is buffered by U9 and sent as a 
processor interrupt, BV, tor 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 CRf 
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Controller. Switch SWl-1 should be set by 
the user to match the power mains frequen
cy as fol lows: 

SWl-1 

ON 
OFF 

Mains Frequency 
=============== 

60 Hz 
50 Hz 

Some slight adjustment of the CRT monitor 
may be required when switching from 50 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-tor-display waveform 
s i gna I is sent from the Waveform Board vi a 
Jl-10 as EXTVID-. Signal EXTVIO- is resyn
chronized by U43 and sent to DOT Logic PROM 
U45. 

6.2.3 I EEE-488 PARALLEL INTERFACE 

The NPC 764 is equipped with an IEEE-488-
1975 para I lei interface. The IEEE-488 in
terface is implemented primarily by U58, a 
TMS 9914 GPIB Interface Controller Csee 
sch em at i c sheet 3). The U58 data Ii nes are 
buffered by U57, a 75160 transceiver. The 
U58 control Ii nes are buffered by U59, a 
75161 tranceiver. Bus driver U57 can be 
configured in either 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 opera
tion. This jumper can be removed if three
state operation is desired (see sheet 3 and 
board layout drawing). 

The I EEE-488 connector on the rear pane I is 
wired to J3, a 26-p in connector on the 
motherboard. The motherboard connects 
these lines to the Processor Board socket 
S2A. Signal flow is shown in Table 6-1. 

Some parameters required by the Control : 
Program to operate the interface are 
obtained from the setting of SWl-2 through! 
S\v 1-8. The meaning and va I ues of these ! 

switches for the IEEE-488 interface are 
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Table 6-1 IEEE-488 Signal Flow 
=============================================================== 

Signal 
====== 
0108 
0107 
0106 
0105 
0104 
0103 
0102 
0101 

DAV 
EOI 
NDAC 
NRFD 
IFC 
REN 
SRQ 
ATN 

Rear Panel 
U58 Pins IEEE-488 

IN/OUT OUT/IN S2A Pin J2 Pin Connector Pin 
====== ====== ======= ====== ============= 

12 9 38 4 16 
13 8 39 3 15 
14 7 9 2 14 
15 6 40 1 13 
16 5 10 21 4 
17 4 41 22 3 
18 3 11 23 2 
19 2 42 24 1 

U59 Pins 
IN/OUT OUT/IN 
====== ====== 

15 6 28 19 6 
14 7 58 20 5 
17 4 27 17 8 
16 5 57 18 7 
18 3 56 16 9 
19 2 26 5 17 
12 9 59 15 10 
13 8 29 14 11 

Table 6-2 DIP Switch 1 Selections 
==================================== 
SWITCH 

SWl-2 

SWl-3 

SWl-4 

SWl-5 

SWl-6 

SWl-7 

SWl-8 

DESCRIPTION 

KEYBOARD STATE 

INTERFACE STATE 
CIEEE-488 l/F) 
TERMINATOR CHAR
ACTER TYPE 
ADDRESS BIT 

ADDRESS BIT 2 

ADDRESS BIT 3 

ADDRESS BIT 4 

CONTROL 

DISABLED = ON 
ACTIVE = OFF 
DISABLED = ON 
ACTIVE = OFF 
CR -> LF = ON 
CR = OFF 
LOW = ON 
HIGH = OFF 
LOW = ON 
HIGH = OFF 
LOW = ON 
HIGH = OFF 
LOW = ON 
HIGH = OFF 

NOTE: Address bit 0, hand led entirely by the Control Program, is 0 Clow) 
for the NPC 7 64 as LISTENER, or 1 Chi gh) for the NPC 7 64 as TALKER. 
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shown in Table 6-2. The location and 
orientation are shown i:i Figure 6-1. Note 
that these DIP switches a I so affect the RS-
232C interface pararieters described in 
Sect-ion XI 11. 

Processor IV r deo 

6.3 SCHEMATICS, BOARD LAYOUTS AND 
PARTS LI ST 

The schematics, board layout and parts I ist 
are provided at the end ot this section. 

Figure 6-1 Dip Switch Location 
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SECTION VII 
ST A TE CONTROL BOARD 

7.1 INTRODUCTION 

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 ot the STATE menu. Using the 
parameters and modes specified, the State 
Control Board implements the various State 
analysis operations. 

7.2 FUNCTIONAL DESCRIPTION 

A block diagram of the State Control Board 
is shown in Figure 7-1. Also refer to the 
schematic diagram, board layout and parts 
list included at the end of this section. 
Tables of connector pins versus signal 
names for all motherboard connectors are 
provided in SIGNAL AND INTERCONNECTION 
TABLES. An alphabetical I ist of al I in
ter board signals is included. The GLOSSARY 
section offers explanations for acronyms or 
terms that may be unf am i Ii ar. 

The functional units ot the State Control 
Board are the Processor Interface, Stack 
Management, Clock Control, Collection Ad
dress C0unter, Post-trigger Counter, Re
start Generator, and Trigger Delay Control. 
These units are discussed in the following 
subsections. 

interface al lo.ws the processor to interro
gate stat us and s i gna I Ii nes and to send 
various control signals when appropriate. 

The Address Decoder cons is ts of the fol low
ing: U33, a 74LS10 triple 3-input NANO 
gate; Ul, sections ot a 74LSOO quad NANO 
gate; and U44 and U45, 74LS 138 3-to-8 
decoders. This circuitry allows the pro
cessor to read and write to the Interface 
Status and Output Ports, respective I y. 
1/0 read and write commands are used to 
perform these functions. Also, one port 
output signal, RDALMEM- CU44-14), is sent to 
the Co I lection Address Counter. 

The Interface Output Ports, U46 and U47, 
are both 74LS374 octal-D flip-flops. Both 
flip-flops store software-generated con
trol signals. U46 stores signals for the 
State Contro I Board. U4 7 for the A, B 
Probes and the A, B State Memory Boards. 

The Status Ports, U48 and U49, are both 
74LS244 octal I ine receivers. The proces
sor reads status signals from the State 
Control Board. These are read via U49, 
U48-8,15 and from the A and B Probes via 
U48-11,17. 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 

7.2.1 PROCESSOR INTERFACE register consists of the following compon
ents: 

Refer to schematic #127-0128-001. The 
Processor Interface {sheet 1) is comprised 
ot the Address Decoder, Status Ports, 
Interface Output Ports, and Interface 
Shift Register. This circuitry allows the 
processor, under the direction of the 
Con tr~ I Program, to load user-supp Ii ed 
information. Th.is 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 

a. U38, a 74LS164 8-bit shift re
gister, sheet 1. 

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

c. U 11, U25, 4015s, sheet 3. 

d. U27, U28 and U32A, all 4015s, 
sheet 4. 
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These six 4015 devices have parallel read
out and allow the processor to store tive 
sets of eight control bits. Only one daisy
chained data line is required instead of 
running the 8-bit Processor Data Bus to 
each ot the five devices. The data I ine is 
SROATA, that is sent from Interface Output 
Port U46-19. This 48-bit shift register 
stores control bits (U38, U32A) and preset 
counts <U32B, Ul2, U27, U28). The last bit 
in the last shift register, U25-2, is sent 
back to the Status Port at U48-6. This 
allows the Control Program to monitor the 
Shift Register load status. 

7 .2.2 STACK MANAGEMENT 

Stack Management (sheet 2) is comprised of 
the Stack Address Counter, Stack Address 
Latches, and Stack Control circuits. This 
circuitry maintains the stack pointer by 
means ot 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 74Sl69 
synchronous 4-bit binary counter, gener
ates s igna I NSA (Next Stack Address). Th is 
s igna I is sent to the address inputs of the 
Delay Count RAM (sheet 4). It is also sent, 
vi a stack address latches U43, U54, 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 ( l 5 dee). The Stack Address Counter 
is preset by the Control Program (through 
U328) and a I ways operates in 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 O. 
The ending 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 atU43, pin 
l 5 produces the stack-empty signal, STKE-. 
This is used by the Stack Control circuitry. 
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The Stack Address Latches, U53 and U54, are 
both 74S74 dual D flip-flops. They latch 
the address produced by the Stack Address 
Counter. Th is al lows it to be stabi I ized 
tor the Trigger-word and Qualifier-Word 
RAMs on the State Memory Boards. · 

The Stack Control circuits consist of the 
f o I I ow i n g I og i c : 

a. U52A,B,D, sections ot a 74S86 
quad exclusive-OR gate. 

b. U37C,D, sections of a 74S02 quad 
NOR gate used as inverters. 

c. U31, a 74S02 quad NOR gate. Sec
tions A and Bare used as negative
input AND gates. 

d. U38B, one-half of a 74S74 dual D 
ti ip-flop. 

e. Multiplexer U29, a 74564 4-2-3-2 
AND-NOR gate. 

f. U30, a 74574 dual D flip-flop. 

g. U238, a section of a 74LS32 quad 
OR gate. 

This circuitry produces signals used by 
Stack Management and a number of signals 
used elsewhere on the board. These s ig
na ls include the following: 

a. POPEN- <POP Enable-), that advances 
the I eve I in the trigger- and 
qua Ii f ier-word stacks on the State 
Memory Boards. 

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

c. PTENB+ (Post-trigger En ab I e +), der
ived from the Stack Address Counter 
ripple-carry signal, STKE-. PTENB+ 
is sent to the Post-trigger Coun
ter. That causes the count to 
start for co 11 ect ion ot the speci -
tied number of 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 Quali
fier Gate (sheet 3). This circuitry imple
ments the keyboard-entered selection of 
clock source and provides the final logic in 
the process of clock qua I ification. 

The Clock Multiplexer consists of U39, a 
74564 4-2-3-2 AND-NOR gate; U41A, one-half 
of a 74551 dua I AND-NOR gate; and U42, one
fourth of a 10125 quad ECL-to-TTL transla
tor. Signal CLKSEL al lows the Clock Multi
plexer to implement menu selection of 
clocks for probe-data latches on the Memory 
Boards. CKLSEL is received from the Inter
face Shift Register. The A-board clock, 
ALATCHCLK, may be menu-selected from ei
ther the positive or negative-going edge of 
APROBCLK (the A-probe incoming clock). The 
B-board clock, BLATCHCLK, may be menu
se lec+ed from APROBCLK or the +/- going 
edge of BPROBCLK. BPROBCLK is the 8-probe 
incoming clock. The CLATCHCKK selections 
are performed on the 764 motherboard. 

The Clock Qua I ifier Gate, U41 (sheet 3), is 
not used. The s i gna I CLKQUAL IN- is gener
ated on the motherboard in the following 
cases: 

a. If the incoming clock qualifier 
signals ACQl, BCQl and CCQl are 
active. 

b. If ACQ2 and BCQ2 and CCQ2 are 
active. 

The signals ACQ1,2, BCQl,2 and CCQl,2 are 
received from pre-collection comparator 
RAMs on the State Memory Boards. ACQl is 
active high it the following statement is 
true regarding the first clock-qua I if ier 
word specified in the menu: The first 16 
data bits, first two qua I itier bits and one 
I ink bit are matched by the bits received 
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from the A-pro be I i n es. I n a s i m i I a r 
manner, BCQl is high it the first clock
qual ifier word specified in the menu meets 
the to I lowing statement: The second 16 
data bits and second two qualifier bits are 
matched by the bits received from the 8-
probe I ines. CCQl operates similarly. It 
the entire first clock-qua I itier word is 
matched, ACQl, BCQl and CCQl are high and 
BCLKQUAL IN- goes active low. Similar I y, 
ACQ2 and BCQ2 represent the second clock
qual if ier word on the menu. 

Note the distinction between qualifier 
words, used with the menu, and qualifier 
bits, used with the probe leads. The A, 8 
and C probes each have two qua I ifier leads. 
Either or both of the two leads on each of 
the probes can be used for trigger or clock 
qua I ification. The selection is made on 
the STATE menu. On the STATE menu, the 
qua I ifier bits appear in the clock-qua I ifier 
word or trigger word as -XXXXXX. The Xs 
mark the positions, left to right, of AQl, 
AQ2, BQl, 802, CQl, CQ2. If a value is given 
to the first X in the clock-qua I ifier word, 
such as -OXXXXX, then AO 1 is used as a clock 
qua I ifier. If the first X is also given a 
value in a trigger word, then AQl is also 
used as a trigger qua I ifier. 

7.2.4 COLLECT ION ADDRESS COUNTER 

The Co I lection Address Counter (sheet 3) 
cons is ts of U50, U51 and U2, 74LS 191 
synchronous 4-bit binary counters; and 
U40A, one-halt of a 74574 dual D flip-flop. 
This circuitry supplies 1024 sequential 
storage addresses for the Data Collection 
RAMs on the State Memory Boards. During 
display and analysis, the same circuitry 
a I lows the processor to address those RAMs 
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 by software. Outputs RAO 
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 

--, 7 
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is initiated by ROALMEM- <Read Al I Memory -
), a Control Program Signal received from 
the Processor Interface. Before the Con
trol Program releases ROALMEM-, it places 
zeroes on the counter input I ines. 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 Collec
t ion RAMs. The count is advanced with each 
BWE+ clock pulse. BWE+ (8 Write Enable+) is 
the qualified data collection clock. It is 
received from State Memory Board and is 
selected by the processor. 

As the counters sequence 000 through 400, 
the QC at U2-6 (occurring at count 400) is 
sent to flip-flop U40. This circuitry gen
erates signal ROLLOVERl+ 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 unti I the trigger conditions 
are met. The BWE+ clock is subsequently 
stopped by signal BCKLINH+ and is discussed 
below. In some instances, this clock in
terruption may occur before the first 
rollover. In other instances, the inter
ruption may not occur unti I manual inter
vention~ such as a FORCE DISPLAY or a menu 
cal I. 

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
speci f ied number of data words after the 
trigger. The menu expresses this para
meter as pre-trigger count, but the Control 
Program converts the number to post
tr igger count. This allows more efficient 
circuit implementation. 

The menu al lows a pre-trigger count range 
of 0 to 999 words. 

The post-trigger Counter consists of Ull, 
Ul3 and U24, 74LS16l synchronous 4-bit 
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binary counters. They are combined to 
form a 12-bit counter with a maximum count 
of 4 OOh. This counter serves to count the 
postrigger count. The program limits the 
counter load so that the maximum count is 
999. 

At set-up time, the Control Program pre
sets the counter to the proper calculated 
value. The value loaded is 400-c, where c 
is the post-trigger count. The actual 
loaded va I ue may vary by one or two counts 
from 400-c. This allows tor compensation 
of pipeline delays in associated circuitry. 

When the trigger conditions have been met, 
signal PTENB+ CPostTrigger Enable) goes 
high. This disables the load inputs and 
enables the count function. The counter 
advances at each pulse of BWE+, the 
qua I ifier 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 74500 quad 
NANO gate CB and C are used as negative
input OR gates); U23C, one-fourth of a 74532 
quad OR gate; and U34, a 74574 dual 0 flip
flop. When the post-trigger count has been 
reached, this circuitry generates clock
i nh i bit signals as described below. 

When the Counter reaches terminal count, 
the rip p I e-carry output at U24-1 5 goes 
high, producing signal ACTON+ (A Countdown 
+). This signal is sent, via U23, to set 
ti ip-tlop U34. The Q- output of U34 is sent 
to U35 to produce signal BCLKINH+ <B Clock 
I n h i b i t +) • Th i s s i g n a I i s sent to a I I 
Memory Boards and inhibits further clocking 
of col I ected data. The Q output of U34 is 
returned vi a U23. This I ate hes the set 
condition of U34 past the duration of the 
r i pp I e-carry pu I se. 

The Q- output of fl ip-tlop U34A produces the 
signal PTCTON+ <Post-trigger Countdown +). 
This signal is sent to Interface Status Port 
U48 to inform the Control Program that the 
post-trigger countdown is complete. 

It the post-trigger count is 0, signals 
PSTTGO+ (Post-trigger 0) and PTENB+ are 
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high at NANO gate U35D inputs. The resu I
t i ng I ow output from U35D then presets 
flip-flop U34A and clears flip-flop U34B. 
This produces the signals BCLKINH+ and 
PTCTON+ without any counting having oc
curred. 

The Control Program can also produce 
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) cons is ts of 
U37A,B, two sections of a 74502 quad NOR 
gate (used as negative in put AND gates); and 
U36, a 74564 4-2-3-2 AND-NOR gate. This 
circuit generates the RST- (Restart) sig
nal. This is used by Stack Management to 
reload the trigger Stack Address Counter 
with the address for I eve I O. Th is address 
is still latched 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 de lay mode is in 
effect. 

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

c. The menu-specified RESTART word 
is recognized. 

d. The Contra I Program outputs the 
signal LDSTKAD+ (Load Stack Ad
dress) from Interface Output Port 
U46-2. 

7.2. 7 TRIGGER DELAY CONTROL 

Trigger Delay Control (sheet 4) is com
prised of the Delay Count RAM, Delay 
Counter, De lay-Mode RAM, and De lay-Mode 
Control. These circuits implement the 
menu-selectable trigger-delay functions. 
The circuits produce signals that al low the 
search for trigger words to proceed to the 
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next I eve I. The spec if ied de I ay conditions 
are met on a level-by-level basis. Note 
that the trigger word at level 0 has no 
delay function. 

The Delay Count RAM consists of U16, U17, 
U18 and U19, all 74S189 16-word x 4-bit 
static RAMs. They are connected in cas
cade to form a 16-word x four 4-bit digit 
RAM. Th is 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 I eve I is reached during pro
cessing. 

The four address I ines of each RAM are 
applied in parallel with signal NSA (Next 
Stack Address). Signal NSA is generated by 
the Stack Address Counter. The tour ad
dress bits decode into 16 stack addresses 
that correspond to the 16 trigger-word 
I eve Is on the menu. When loading the RAM at 
set-up time, the Control Program addresses 
it through the transparent Stack Address 
Counter CU43, sheet 3). The signal is 
received via section U32B of the Interface 
Shift Register (sheet 2). Delay-count data 
for the RAM, shown on sheet 4, is loaded 
using sections U27 and U28 of the Shift 
Register. After loading is completed, the 
Contra I Program presets the Stack Address 
Counter with the address count. This 
number corresponds to the number of 
trigger levels specified on the menu. 

After RESET, the SAM addresses are sent 
from the counting Stack Address Counter and 
start with trigger-word level O. 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 spec it i ed. As each trigger stack I eve I 
is entered, the stored 4-digit delay count 
for that I eve I is determined. This data is 
sent from the Delay Count RAM to the Delay 
Counter as tour 4-bit sections in parallel. 

The Delay Counter consists of U3B,C,D, 
sect ions of a 74508 quad AND gate; U20, a I so 
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a 74508; U5 through U8, all 745162 synch
ronous 4-bit decade counters; and U26A, 
one-fourth ot a 74SOO quad NANO gate. At 
the start of processing tor 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 
tor 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 r i pp I e-carry out of U8-15 can be 
used to indicate terminal count. The ac
tua I loaded va I ue may vary a few counts from 
9999d-c. This allows tor compensation of 
propagation delays in the associated cir
cuitry. When POPEN- returns high, the 
counter begins to count. 

The count is advanced by DBCLK+ <Delayed 8 
Clock+, derived from BWE+, the qualified 
data collection clock). This occurs when 
the count-enable inputs at P (pin 7 on US 
through U8) are high. U38,C,D and U20A,8 
provide carry load-ahead to speed up the 
counter. The P inputs receive TRIGCTEN+ 
(Trigger Count Enable +) from Delay Mode 
Control. This signal is sent via U38-5, 
U3C-10 and U20B-5. It the menu-entered 
delay mode speci ties counting clocks, Delay 
Mode Control holds the P inputs continually 
high. If the delay mode specifies counting 
trigger-word recognitions, then each re
cognition 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 
resu It i ng r i pp I e-carry 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-
w or d x 4 - b i t stat i c RAM. As w i th the De I a y 
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 load
ed with the menu-selected delay mode tor 
each of the 15 delayable trigger-word 
levels. The tour data bits output to the 
Delay IV1ode Control flip-flops U9, UlO encode 
the mode information as fol lows: 
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a. 02, 03 and D4 constitute a 3-bit code 
for the five avai I able delay modes. 

b. 01 is high if triggering is to occur 
on or after the trigger word. 

c. 01 is low it no triggering is to occur 
on or after the trigger word. 

The mode encoded by 01 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 ~DE D4 D3 02 
================== -- -- --
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 NNNN TIMES 0 0 1 

Delay-Mode Control consists of U9 and Uto, 
two 74574 dual D flip-flops; U4, a 74S64 6-2-
3-2 AND-NOR gate; U 15A, one-ha If of a 7 4S 7 4; 
and U 14A, one-ha It of a 7 4S51 dua I AND-NOR 
gate. 

Flip-flops U9 and UlO 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 I eve I. The 
Ul 5A flip-flops generate a one-clock inter
va I pu I se on the NNNNth clock for use by the 
U4 mu I tip I ex er. 

Signal TRIGCTSEL+ <Trigger Count Select+), 
is the latched D2 mode-code bit. AND-NOR 
gate U14 uses TRIGCTSEL+ to determine the 
nature of output signal TRIGCTEN+ (Trigger 
Count Enable+). 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 -) 
pu I ses it high at each trigger-word recog
nition. It is held high long enough tor the 
Delay Counter to count one clock. In this 
mode <02= 1), the De I ay Counter counts 
trigger-word occurences. In this mode 
CD2=0), the Delay Count counts clock pulses. 



NPC Maintenance Manual 

The U4 mu I tip lexer 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, DL YCTDN+ or DL YCTDN- w i 11 
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cause the Restart Generator to produce 
signal RST-. This signal overrides DLYTC+ 
and starts the trigger-word search process 
over again. 

7.3 SCHEMATIC, BOARD LAYOUT AND PARTS LIST 

The schematic diagram, board layout and 
parts I is ts for the State Control Board are 
contained on the fo I lowing pages. 

7-7 



PA r<.c "'4 T l f•_I#: Ct-.u.lS KU l T~- ~ ~l E ~. {. !~ 1 P T 1 LJ'I 1 II. ST Alt UlNTi<.OL PC A SSY [/$ !J ~ f( r-i ·HY l J T F ,.. rvPr lflw Lf VIL O l 
l 't j -ii l 2 c: - ..J:) 

0

.J l rl·hr D" AW '. (. 'l 4 1't ~ f \I J EFHC 12/0'VU l1N IT ~fl', c; rA PL ANNF R 

H t.F LL (. L'~ I-', ~c iH f. J l S U! l P l l : J'I ':. (:r1Gf'Jf[~HI(, r.iUA'.llITY ITEM OPT F JHS T LT flFFlTIVF Ofl TES 
,~ l,j .. ' r: tJ ( k· I.>~ ·~ l f • ( ...1"1 ~·I· : lT OllA"-l~Jl:, NIJWHR ._,r_ R IJ t-1 TYP \I l. ~ CP SE() AOJ F~ c~ TC 

l'f 11.i-C...ilJL'.-..iU.J..J I • ".:. • rH-.S;;OI'. z.orio r A 4( fl/0 7 I H l 
UL''> UJ'i 

I t l l j - ,) ~ .-:. i - v ') u ~ I .( • 7 &.. ~~ :'"' ~ 2.0"0 CA 4( !-'/07/'il 
UH UH 

I':> l l ~ - J u --~ i - ,_J_' u 2 I • (. • 7 't ~·") 0 2.00IJ FI\ '•( 8/C7 I ;!l 
•Jj IJ?L 

..J j l l ~-..-J:.J(jL-U0J.( I .C. , ... s .i~ \.• uou f" A 4( 1 l I 03 /!Jl 
I .: j 

) ') 111-GJ~J,,:-i..,Q~l l .c. H':J'll 2.0Q') FA 4( P/07/~l 
L.J 14 U't l 

1-. 11 \-1.J·J:J.L- J0tJ4 J • ( • ,,, s ~4 4.coo f-A 4( b/07/Al 
U4 U.i:'~ UJ6 U39 

"':> l l \-~0 JL-uO 74 I .c. h'Jh q. Q:)(j 1: A 4( 11/0j/fll 
Ll9 iJ I J lJ l 5 u.~~ tJJO lJ34 U4tJ U53 
U~4 

I'.) l l ~-L;J1l~-uGe'l J. c. 7., ~.le. l.uoo f .\ 4( ~/07/Al 

U5? 
.J J l l ]-(:·J 0Ji-i... l <.Jl. I .C. 7.:. s l t:..? 4.0'10 [A 4( t!./0-,/'il 

us LI,, U7 lJ 1 
l.) ll3-.:...JCi-ult>9 I .C. ]Lo s lb Q i.ooo c: ~ 4( s1c1n1 

lh' 
Jj 113-(.,lJU.C.:-ul J'/ I .( • 1 1 .~lf1·~ ~M27S03 s.ooo f-A 4( t:1/u7/tH 

u lf, Ul7 u l 'l Ulq l• 21 
.'.'.J l l j-d0C..l-uflJJ J .c. 7 ·• L S

1
..J "' 

l •GOO FA 4( M/J7/Hl 
Ul 

•<t l l -., - ...; l.J [) j - ~I 1) l U I • ( • 1,.·LSl) l.G'JO t A 4( 0/U7/~l 

LI J .l 
''. tJ l l.l-;JJ1iJ-Lll JJ T .C. 7'< LS l \ u 2.000 rA 4( il/07/'H 

'.J 't '· l · -1- ~. 

·)') ll..1-uJdJ-Jlol I .C. hl'>l<'ll 3.000 r-A 4( 5/c7/~l 

U l L II 1 \ 'J24 
J 't 11 J-1.Jlii.JJ-u l C:J't I .( • 711L',l'.14 l • 0,10 rA 4( f< /O 7 I >J l 

IJ j ~ 

I 'J ! l J-1,0JJ- C.: l 'H I .C. 7't L ·~ l '.") l ].00J I'. A 4( b/0 71 ~l l 
u..: u.- ...J U''d 

J ., I l I - •J J J J- ..J :! '-t 't I • C • 1··L~..: 1• '+ 2.cc.1 rA 4( fl/':7/11 
IJ !t l ,,.,-i 

1·, l ! ~-JJIJ j-iJ 3 l't : .c. 7•,L\j7'1 I. C•!!J F ,\ 4( :l/C7/tll 

'•'t:J '' •t 1 
) .• l ! )-uu·1 ..:- ..J Ju 1 1 • ~: • j C L .-, 1j l ~ · · ;_: '). '.}•10 f- A Lt( t' /u 1I 11 1 

u l ' '·'..:' :J .- 7 ,,,. l 111.-



P •\ Kc ~; T 1 f I· l'i 
l43-IJL2U-·J\.J1Jl 

R tF LL ( l.J'~ Pi~ hl1: i~ T r. 
"~ tll< 1.:1,) (KiJ)~, r; ll-. • 

tVi l l J-1}C.:1Ju-Ol£'.> 

li 14 :\-v l z u- ua'I'~ 

f\[~CI-< IPTIO'J H. ')TATE cnNTHOL PC ASSY I/S 
fl'~r.R ()!{..\,..,. ::to 4 34 ~.Ev B 

~)l :\c q n TT I ,q i 
C.u:-1Mf'."JT 

J .c. -~1( L n l? 5 

l•4! 
lK ~Tf.\H crH:T t{f)L PC l\SSY JI S 

~"JGINEERl"'G 
l)RAWl"IG NUM!H~ 

f.-CO 434 R.t:V ".\ 

AATC H ·.JTY l I TFM T YPF I L'J,, LE vF. L f) l 
EFHC 12/011/82 Ur-.: IT ~FAS EA PLA~"4J'.'.P 

OUl\IHITY I TE'.1-1 fl PT FIRST LT ErFfCTIVE DA TFS 
PEP IJ."1 TYP NBR CP SHJ ACJ t-~U'' TC 

l.ooo f A 4( 8/07/FH 

i.oo:J !::A 1 (. 8/07/'H 



PAr.L : ... '!' I I ~ 1 ·1 l k~1 s s I~ tf I T1 M qE~LfJ. lPT 10·1 11\ '.)TATE CONT KOL PC A SS Y O/S '\ 4 TC H JTY 1 ITP' T YPF U 1 n LFVFL "2 
1 ... J-•. l .:?b- _,c• 1Jr r:N~k i)fJ "'w ~ L l) 4 i4 l{F V a l:FF' C I? I CP./ ;J 1 UNIT ~!=AS rA PLA~NfP 

t't.f= LL l ~·1 r>. ,~:: , .. , ~ D l ~ L i< I P T 1 iJ' ' r. El\!Gl~ftH l'"JG (jUA;JTJTY I TE:-'. IJPT f JHST LT E1 HCTIVf OAFS 
'-lbP >J (.HJ~') S F'U • (u···~ .. 1~T .) ... AW I :\11, tmMf\E~ Pflo lJ ~ T yp ~Bl- CP 5f(' ADJ H· C'·' re 

-· I l l·J-:IU·lS-ulJ~l -~ 3•) ' .. ? 11 '' 1 /4 .-i 5\ r: F ~r- s b.000 -: A 4( b/07/C!l 

·~ j i{'t t~ R~ R7 t1d 

·''.J l lJ-J:JO~-u(15S '• 7'J ,11·: l / t. r. ::; ' CF R~ ~ ;3. OJO r" 4( 11/IJ\/Al 
t< L• :q1 1< 12 R 13 P.14 Rl~ Rlh 'U7 

•) 1 l l " - i..· u () 5- u 0 1 ,, 4. 7ri.. ut•,~ l/4·n St CF .. t. 5 3. on.) FA 4C f</l;7/:H 
'.{ l '< L. ~q 

.l ':> l l l -(J,_;;J't-1..1J u. • l UF 2 sv CJ OP 10-00J f ~ 4( B/07/~H 

•.:. l Ci -: ... (. s Co C1 c fl c~ (10 (13 
·_1:;, l l l - J u 1 l.- L' () j 0 11.JC., Pt 11'. v Cl CAP 2.000 IA 4( H/07/91 

(. l~ 0 't 
'.1 'J l tl-11.ll.C.:-l.i(}Jl} 3 )I) r'f= tt''. v (j) CAP 1.000 r .\ 4( ~/·J7/.::.ll 

'= l ~. 
._, 7 l ll-IJL.'Jl-lll;J n. u::- l oV fLi=CTWJ '{A"IAL C~P 2 .000 f'A 4C ~/07/~~l 

(j (11 
j (J l l ~j - I J I.. 0 j - U 0 U l SJC KL-T l rt PIN 26.0')0 i: A 4( 11/0~/Ftl 

Ul U.3 U4 U9 u l :J U20 UL6 U22 
UL.!. Ul'I IJ)O IJH UH U34 U35 
UJ".J U.;>7 U3~ u:H IJ40 U41 US2 
U5 3 u S'• 1Jl4 u 1 Cj 

.j ._, l l ">-i;tJ'JS-v1JJl ~ OC K ~~ T lCJPlN 24.0JO '-A 4( t:l/07/'ll 

Ul u'> Uo U7 U'J Ull Ul2 Ul3 
U ln Ul7 u l '3 Ul9 U.?l U24 U25 U27 
UL:I UJZ IJ't 2 IJ4l U44 U4'> U50 
u~ 1 

J J 1 l ·~ - ,I U . ) 9- '-' (\I.) 1 ·; OCr< .. r I l(! PIN 4.000 ~A 4( £1/07/ql 

U4[1 U't 1 U4"J U<t ~-J 

-, j ll...,- 1 l2b-uOul lK STt..L CONT t<•JL p( r Af" lCO '>'H Rr:: \I e 1 • 000 rA 4( 



Ull ~ ii Uli! Ul3 ci UI~ S? Ul6 Ul7 UIS Ul9 Ui!O c=)Ui!I Q R4 

~,. On D D . 
r---\ Cl c=) . R3 

.. ~rr o u .. u

2

• o o o o D o~o 
~ c=)c1s c=) 

. 0 D . D D D D D D D "" D ~o 0 ... LJo~ ... 

a: 

C3 
C)+ 

lK Control NICOLET PARATRONICS 



"' ""' 1111 

~I !) pt) 
#1--c I 

M t: n"-
~ ,,-

~I=: ~ I 

~ 

fl~ .,;t=; 

; II 
..J ~~F=c ]t.~ ff::::::; 

~ 
u~ .~ UIJ /. ......... 

~lU'f --.___. 

1f©g '- tSIP 

J!_ ., 
"~ ..S!::S 

4sjL ~ 

I 
(// ~''-t. L'Aii 

!!... 
~- ~ ~-l!'- ~ nl=< 

I ,,......,. 
2"- '\., 1-im Al«~ (;) ~I=: 

I=< 
J,lqJI,~ -L 

If b'"""')----r--r-- JSV 
f",,, ~ ~ Cf + Cl,l, 4·/t? 1:; 

~ J I .l(r.9J 

~1Et!llll!'.I! t/~lf; 
~(,ti 'J '.M-/d 

~61 ti/I; 2 al: 
-l A iW'8 J ,, 

J 
.....,__ 

/,,~ 

J 
~61Aif.11$ 

"" /4-rl.t ltJ 

.-----J=1 ~ 
~ 

-

l*F.IES. 1VI£ +sv 6Nf) 

l/H,-K 7«.f!J# '" • 
LIJS 74'.S/D " 7 
l/R;N "Ht..S74 l/J ID 

l//Z :/-';, Z7. "Z•. ~:i ~ "' ' tfll_.J.J1 7#$01. ,, 7 
jt.IJ.3 7H'1 I.I 7 
'?#,zr:l,:S.. '¥1 745"" I# 7 
~.ffe6,IM1iWfiP "HS?f H- 7 

~-~ II II 7 
UIS 7H-l/.'f /(, a 
VU,K 7"S$ I~ 7 
I.JI/., II 7'~/ II 7 
Lil, !iP,~I ?#t.~/'11 '" I 
Liit /Q/t~ 'I "' Utl,l~,U "ltHll-1 '" 1 
V~/., ?,I "NSlt:oZ "' I 
1.)1.,/1, JI, 1'1,'21 "}Hll'I '" 

, 
t/1 'IN~ I.I • 
UJ,i/UJ ?4Sof, ,, ~ 

Uf>• 74<.S//.4 II 7 

"~l 7#<S6" ,,. 7 
L/lleJ,11 74lS?ff fe;> /0 

'-W~~ 
~f== ~m 
~~ p • L-.;;p 

'c-n:- f'\;<-.J ~~ 
-=-

~ t=.<" I/IV 
t.H14 

~.-
t:~H5 &> II 

.fSV 

JZx 
.__ ~ ~ 

- > .. h._, 11-1J!i 

-sv] 

•] 

......______. 1.1~ 4,7.C 
-=- ~ 

-
Te~ ~QAJe #MT""~ 
I ""'111 f\, -- - "' N'. ~:t I/II 

~I.-' t~ i'r 
~~ 
I\ r, ~~ 

L\f3 r-.; .'----' EN iF 

AP.~ L--J 

~t:i 1/llo ()ff 

fll ~ --. t~t# 

~5 
~B EN 

Wl!AMi.»' ~ 

~~ G> Jfl,' tJH'L-. ' r,1a.1~ 

~ iJta :: 
f DeS. i:Asrusb1t.0T U5£Dl '11 ~ 

t! r 1 t!l'I 1 J 
S~PJ (J) -Jr. f~ . [ R ] ~17 l ~ r u 1 U~'1 ] 

NOTE: UNL..E.55 OTHEl<:WISE. Sfl!.CIFIED; 
1.ALL CAPACITOR VALUi=.5 A~ IN .M./. 
2.ALL RESISTOR VALUES ARI! IN OHMS. 
.?>.THIS 5CHEMATIC TO Be USED WITH 

_........, ;. 

"' """I 
..... " "'"II 
;;... A 

'- ~ .... 

!'kt# 
-tlK 
U>'5Tl __;,. WKVK 

__;. -r.WJ!>!H-
__;,. .,.~"'*' ~/:Ml 

St' eJ.r 

" ~-(I) 
R;£Gl l'A'I 

lbt/.NO 

"'"'~ ~8-1-
PT er 

ltk.< 
ll&K 
,.,. fJ) 

,J}(J) 

, RA(K) 

__,. ~rr, 

=:~t~ 
-, &.KSEL 
-.-i!tKS£L g:scL 
"7 ~ 

l 

' 

~!:VISION (5) "e ,, p,c.e. l"A~RICATION. UNLEH OTHERWISE "l'lllRllTRONICS INC. 
IPE~:~E1~;~~~~~~10HI i.;:_~:__J'.!._,'..:lf...J--'~---------t 
1-------+""'----'---I It< STATe CONTli!'OL ~Al<'C 

SCHelvlATIC 

..... ~ 12 .012 -001 •• 8 
..... 1 J' 4 



STACK ADDRE~S 
COUNTeR~ 

~(-

ff'/ 

"p 
r llJIJ 
P71~7# 

ia 
I\ 

J 
:J 

/),. 

UNLEll OTHERWISE I ~4'1.f>~ 
8PECIFIED;DIMEN810NB " ~N-11 

ARE IN INCHES - I 
p NRATllONICS INC. 

It< STAT!! CONTIOl:OL
SCHe:"1ATl C. 

.,~~l\ ~~ §~=============----------------------------------' _______ _, ______ .___ _____ _J ________ _._-____J'i;-.._'?____.7·~~.e .. ~':' ... ;_·~ • 

1 



(I) AD/ltl 111' 

(1)~17tl,, 

flJ~~r
{l)~PJ 

---------------------------------------------------

IL-----------------~ Ft::11:1W-1' fl) 

~z 
~-------------~c:>ll •t!u Miii-i-

MAT'l 

N/A 
FINISH N/A 

1K STATE coN-fio:o1... 
5CHe."'1ATIC 

.... 3 0•."4 



(21S!iPI +-

(t)~ttJ( -7------'-1 

(IJiiililrlJ 

.-~~~~~~~~~~~~----'*:t;f:J ,,,_ _______ ____,.~/)/~~) 
1-'---'::.:.:....:--+-l .... 

JO-"--se;-~-lti-'ii!_IV_Tll_UJJ_a_~IU~t (l) 

NOTIWN"-'~ 

F---H~-------4/lt.VCTlW- ($) 

~---+---------~Pt'/n"l//111.J (1) 

UNLESS OTHERWISE d 
8PE~~;·::;~:·HH.~ONB i-::.-~zc_-llL.UJLl---' .. ~""'-R_A_111_o_N_1c_s_1_111_c_. --1 

MAT'l IK' !5TA~ CONTROL. 

SCHE:ll.1ATIC 



STATE MEMORY BOARD 



NPC 764 Maintenance Manual State Memory Board 

SECTION VIII 
STATE MEMORY BOARD 

8.1 INTRODUCTION 

The State Memory Board accepts data from 
16 incoming data Ii nes. If directed by 
State Control, the data is stored for later 
analysis and display. TheNPC 764 contains 
three State Memory Boards. Each board 
receives 16 data Ii nes from the associated 
Probe Pod A, B, or C. The boards are 
designated State Memory Board A, Band C, 
respectively. The three boards are iden
tica I and interchangeable. However, cer
tain connections to the Function Mother
board sockets p I ugged into each a I located 
socket operate differently. The following 
discussion will apply to all the State 
Memory Boards, except as noted. 

8.2 FUNCTIONAL DESCRIPTION 

A block diagram of the State Control Board 
is shown in Figure 8-1. When appropriate 
also refer to the schematic diagram, board 
layout and parts list at the end of this 
section. Tables of connector pins versus 
s igna I names for motherboard connectors 
are provided in SIGNAL AND INTERCONNECTION 
TABLES. An alphabetical list of all inter
board s igna Is is inc I uded. The GLOSSARY 
sect ion otters exp I anat ions for acronyms or 
terms that may be unfamiliar. 

Major functional units of the State Memory 
Board circuitry include the following: 
Qua Ii f i er-Word RAM, Trigger-Word RAM, Data
Co 11 ect ion RAM, AUX RAM, Address Decoder, 
Clock Generator, and 1/0 buffers. 

The qua I itier-word memory and trigger
word memory can be considered as compar i
son devices. The data-co 11 ect ion and aux
i 1 i ary RAM memory are typical storage 
devices. These memories operate as des
cribed below. 

The Control Program stores the two menu
spec it i ed clock-qualifier words in the 

Qua I ifier-Word RAM. It also stores al I 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 externa I 
clock. A data word consists of 18 parallel 
bits. These are comprised of 16 data bits 
and two qualifier bits. From the butter, 
the data is sent to the Qualifier-Word RAM 
and the Trigger-Word RAM. The data is sent 
later to the Data Co I lection RAM. 

The Qualifier-Word RAM compares the data 
word received with the two clock-qua I ifier 
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
qua I if ier words, the current clock period is 
considered qua I ified tor data collection. 
Then the data in the Probe Input Buffer is 
stared in the Data Co 11 ect ion RAM. In this 
case, the trigger-word comparison that 
took place concurrently with the Qua I ifier
Word comparison is processed. 

If the qua I if ier-word comparison does not 
qua I ify the current clock period, the data 
word is not stored in the Data Collection 
RAM. Note that the menu may be specified 
with a 11 bi ts as "don 1t care" Xs. In that 
case all clock periods wi II qua I ify. 

This operation is described further in the 
fol lowing subsections. 

8.2.1 INPUT/OUTPUT BUFFERS 

Refer to schematic II 127-0127-001, sheet 1. 
The Input/Output Butters are comprised of 
the fol lowing butters: 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. 

8-1 
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The Probe Input Buffer consists of U20 and 
U23, both 745374 octal D flip-flops; and 
U36A, one-halt of a 745274. The 16-bits of 
data at the probe pod are applied to U20 and 
U23 via 52. The 16 data outputs are sent to 
three Io cat ion s as to I Io w s : To the Co I I e c
t ion Input Butter and to address inputs on 
the Qua I ifier-Word RAM and the Trigger-Word 
RAM. The reason tor sending this data to 
the address Ii nes of the two RAMs w i I I be 
discussed later. 

Two qua I ifier bits, Ql and Q2, are sent from 
the probe vi a S2 to two of the tour 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 Qua Ii ti er-Word RAM and the 
Trigger-Word RAM. 

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 OATEN- CData Enable->. This signal 
is received from the Address Decoder U9, 
pin 1 O. 

The Probe Output Butter consists of U21 and 
U22, both 74S374 octal D flip- flops. Th is 
buffer is used to send · data from the 
processor to optiona I or custom probes 
designed to accomodate data output. 

The eight inputs of U21 COB0-087) 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 I ines. 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 PROBDREN <Probe Data Remote 
Enable) that is generated at the State 
Contro I Board. 

The Setup Data Buffer consists of U19 and 
U24, both 74LS244 octal butters and U28B, 
one-hat t of a 74LS244. Th is butter is used 
to load set-up data into the Qua Ii f i er-Word 
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and Trigger-Word RAMs shown on sheet 2. 
This is described later in the Qualifier
Word RAM and Trigger Word RAM descriptions. 

The 20 butter outputs are sent in cascade 
via the On-board Data-In Bus to the 
Qua Ii ti er-Word and Trigger-Word RAMs. The 
tour Qua I ifier-Word RAM input I ines are 
demultiplexed to 20 output lines using the 
five write signals, WO- through W4-. In the 
case of the Trigger-Word RAM, demulti
plexing is accomplished with the aid of the 
RAM organization. The Buffer three-state 
outputs are enabled by STBUFEN- (Setup Data 
Butter Enable->. This signal is sent from 
the Address Decoder. 

The Read-TSA Buffer consists of U28A, one
half of a 74LS244 octal buffer. It is used 
by the processor to read the trigger stack 
address supp Ii ed to the Trigger-Word RAM by 
State Contro I. The four input s igna Is 
CTSAO-TSA3} are received from the State 
Control Board via P2. The four output I ines 
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 Butter cons is ts of U3 
and U8, both 74LS3 73 octa I D I atches. The 
10 input signals CRAO-RA9) are received by 
U3 and U8 via 52 from the State Control 
Board. They are sent to the 10 address 
inputs of the Data Collection RAM U4-U7. If 
the current clock period is qua I ified tor 
data collection, the RA signal is latched 
into the butter. The latching is caused by 
the n~gative-going WE- <Write Enable-) 
pulse received from the Clock Generator CQ
output at flip-flop UlO>. This data collec
tion address is held by the Collection 
Address Buffer tor the duration of the WE
pu lse. Signal WE- is also the write pulse 
tor the Data Collection RAM. 

The Collection Input Butter consists of U12 
and U 1 6, both 7 4 S 3 7 4 o ct a I D f I i p - t I op s. 
The 16 outputs of the Probe Input Buffer are 
applied to the 16 inputs of the Collection 
Input Buffer. The 16outputsot the Collec
tion Input Butter are applied in cascade to 
the Data Collection RAM and Collection 
Output Buffer. It the current clock period 
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is qua I ified for data collection, signal 
ACLKINH+ is sent from the State Control 
Board. Th is strobes the data at the Probe 
Input butter into the Collection Input 
Buffer. The data is held at the outputs of 
the Collection Input Buffer for the duration 
ot this pulse. 

The two holding butters <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 aata word arriving before the 
current write has been completed. In this 
way the holding buffers al low sufficient 
time to complete the write to the Data 
Collection RAM. 

The Collection Output Buffer cons is ts of 
U13, a 74LS244 octal buffer; and U14, an 
8304. 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 0-7EN and 8-
15EN and TRAN/REC received from the Ad
dress Decoder enab I e the buffer outputs to 
the bus. 

8.2.2 CLOCK GENERATOR 

Refer to the schematic, sheet 1. The Clock 
Generator consists of the following com
ponents: Ul and U2, both 50 ns delay I ines 
with selectable delay outputs; U9 and U40, 
74S04 hex inverters; U 11, a 74S02 quad NOR 
gate (section B is used as a negative input 
AND gate); and UlOA, one-halt of a 74574 dual 
D flip-flop. A low CLKQUALIN signal signi
fies that the current input data word is 
approved tor data collection. When a low 
CLKQUALIN signal is received at Ul 1 pin 6, 
the delayed data collection clock WE- (Write 
Enable-) is generated at UlOA pin 6. The 
Clock Generator also provides WE+ {an 
inverted WE-) and DLYWE- CDelaYed WE
c lock). These s igna Is are present at U 11, 
pin 10 and U9, pin 2, respectively, for use 
by the State Control Board. 

State Memory 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 pu I se to the clock input of 
flip-flop UlOA via U9D. If the output of 
Ul 18 is high (by a low 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 O and O- outputs of the 
flip-flop to inverters Ul lC and Ul 10. They 
also are sent as clock signals WE+ and 
CWE+RDALLMEM)-. The Q output is delayed 
further by U2 and provided vi a inverter U9A 
as clock signal DLYWE- <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 UlOA reset. This condi
tion occurs when data collection has been 
completed or when the FORCE DISPLAY key
board key is depressed. 

8.2.3 ADDRESS DECODER 

The Address Decoder (sheet 1) consists of 
the following components: U25, a 74LS138 
3-to-8 decoder; U32A, one-ha If of a 74LS 138 
3-to-8 decoder; Ul 7, 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 spe
cific functions of the signals depend on the 
eight input controls. These controls and 
their fun ct ions are as to I lows: 

a. A12 and Al 1 -- determine which ot 
the three memory boards CA, B, or C) 
is being accessed by the processor. 

b. AlO -- determines whether the upper 
byte (8-15) or lower byte CO- 7) is 
being accessed by the processor. 

c. CSEL and BSEL -- identify by ground 
or voltage, in which of the three 
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slots <A, B or C) the memory board is 
inserted. It the A memory is ac
cessed by the processor, no contra I 
signals 'Nill be generated in the B 
and C memory s I ots. The A memory 
BSEL, CSEL levels combined with the 
A Memory Ad dress on A 1 5 , A 1 4 , A 1 3, 
A12 and Al 1, control these signals. 

d. Sl -- distinguishes between pro
cessor read and write commands. 

e. 1/0/Mem -- distinguishes beh1een 
1/0 and Memory addresses. 

t. Main/Aux -- determines whether the 
collection (main) memory or the Aux 
memory is being accessed. They 
both have i dent ica I addresses. The 
Ma i n I Aux s i g n a I i s rec e i v e d tr om a 
State Control Board 1/0 bit. 

The contr·ot signals that are generated by 
the Address Decoder are as fol lows: 

8-4 

a. 8-15EN (8-15 Enable) -- enables the 
upper data byte (main memory only) 
onto the Processor Data Bus vi a 
butter U 13. 

b. 0-7EN (0-7 Enable) -- enables the 
I ow er main memory byte or the Aux 
Memory byte onto the Processor 
Data Bus via bi-directional butter 
U 14. The lower byte can be a read 
or write. 

c. AUX OE -- enables the Aux Memory 
tor a read operation. 

d. RDALLMEM- <Read A 11 Memory) en-
a b I es al I main memories on al I 
Memory Boards tor a read. The 
proper Memory Board is selected by 
the 8-15 and 0-7 enables. 

e. AUX CS- -- selects the Aux Mem
ory tor read or write operation. 

t. AUX WE/T/R- sGlects the Aux 
Memory tor a write operation. Also 
places the U14 processor interface 
butter in the write (receive) direc
tion. 

State Board 

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

h. RD STK- (Read Srack Address) -- en
ables the Trigger Stack Address 
(trig level) onto the Processor Data 
Bus. 

8.2.4 DATA COLLECTION RAM 

The Data Collection RAM (sheet 1) consists 
of U6, U7, U14 and U15, al I 2149H lk-word x 
4-bit static RAMs. 

The 10 outputs of the Collection Address 
Butter are applied to the 10address lines of 
the four 1 kx4 RAMs. The 16 output Ii nes of 
the Collection Input Butter are cascaded to 
the tour sets of tour data-in Ii nes of the 
RAMs. U6 is at the high order end. 

In the collection or write mode, the WE 
(write enable) sent to the RAMs is held low. 
The WE- signal sent from the Clock Genera
tor is applied in para I lel 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 WE- write pulses from the Clock 
Generator. The Collection Address Counter 
on the State Con tro I Board provides seq uen
t i a I addresses via the Collection Address 
Butter. ACLKINH places the RAMs in the 
write mode. 

In the read mode, ACLKINH is high (no write 
enable). TheRDALLMEM signal received from 
address decoder U 17 is app Ii ed to chip 
select. Then data is transferred to the 
Processor bus via buffer U13 or U14, 
depending on the address selection. 

8.2.5 AUX RAM 

The Aux i I i a r y RAM cons i st s o t U 1 5, an HM6 1 1 6 
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 
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storing each byte in the AUX memory. The 
address tor a given byte is identical tor 
ma in memory or Aux memory. The processor 
makes the Main/Aux selection by setting an 
1/0 bit on the State Control Board. The 
save routine might consist of the fol lowing 
partial sequence: 

Output Main memory select 
Read D2CF 
Output Aux memory ·select 
Write D2CF 
Output Main memory select 
Read D2DO 
etc. 

The data is read from the AUX RAM in the 
fol lowing manner: The 11 address I ines 
CA0-A10) of RAM U15 are received from the 
Processor Address Bus. Buffer U14 is en
abled in the transmit direction when a byte 
is read out. 

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

8.2.6 QUALi Fl ER-WORD RAM 

The Qua I ifier-Word RAM (sheet 2) consists of 
U26, U27, U30, U31 and U29, a 11 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 tour sets of four lines. 
Four address inputs are sent to each of the 
four RAMs, U26, U27, U30 and U31. The tour 
most significant bits are applied to the 
four address inputs of U26. Four qua I if i er 
s igna Is Q 1, Q2, FT, EXT, are sent from the 
Probe Input Buffer to the address I ines of 
RAM U29. 

Each RAM has 16 possible combinations of 
four bits on the address I ines. These bits 
address the 16 word locations in the RAM. 
Thus any given combination of values of the 
four probe input bits w i 11 be unique. Th is 
combination wi 11 address a unique word 
location in the specified RAM. Each word 
location contains four storage bits. These 
tour bits are assigned as fol lows: Bit 0 to 
the ARM word; bit 1 to the CQ 1 clock-

State Memory Board 

qualifier word; bit 2 to the CQ2 clock
qua I iti er word; bit 3 to the RESTART word. 

NOTE: The ARM word is used on I y 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 binary format, the fol low
ing first clock-qua I itier word: 

0110 001X XXXX XXXX XXXX XXXX -lXXXXXX XX 

The Control Program 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 CQl-word bit position (the second bit 
position). This is done via the Oil input 
of the RAM using write enable W3- sent from 
the Address Decoder. The Control Program 
also writes into the other three bit 
posit ions for the ARM, CQ2, and RESTART 
words. 

The l that is written into the 0110, bit-1 
location means match. The Contra I Program 
writes a 0 Cno 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 
wi 11 output a 1 from D01. For al I other bit 
combinations a 0 will be output from 001. 

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 
a 11 16 words. This is done s i nee a 11 four 
address bits are Xs. RAM U29 is addressed 
by the qualifier-bit group, lXXX. 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 1000through1111. 

Assume that at run ti me 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 

8-5 
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RAMs in the Qua Ii f i er-Word RAM. Ref er to 
Figure 8-1. 

U26 U27 U30 U31 U29 
---- ---- ---- ---- ----

Data Word 0110 0011 1010 0001 000000 
Menu Word 0110 0011 xx xx xx xx xxxxxx 

The Control Program loads a 1 in bit 1 at 
address 0110, for RAM U26. This provides a 
match making 001 a 1. Similarly, Output 
001 is a 1 for U27, U30, U31, and U29. 

The 74S289 RAMs have open collector out
puts. A I I four DO 1 outputs are tied toge
ther and app Ii ed to 52-20 as CO 1. Th is 
provides a wired AND for the four DO 1 
outputs. For the input data word in the 
example, signal CQl is high (logic 1). 

RAM outputs CQ1, CQ2 of U26, U27, U30, U31 
(data clock qualifiers) differ from CQl, CQ2 
or U29 (probe clock qua I ifiers). A data 
clock qua I ifier wi 11 inhibit collection of an 
unqualified data word. It wi 11 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 fol lowing data word is 
received. 

U26 U27 U30 U31 U29 

Octa Word 0110 0010 0000 1111 000000 
Menu Word 01100011 XXXX XXXX XXXXXX 

This word produces a 0 at the 001 output 
U26, and signal CQl goes low. 

The Qua Ii f i er-Word RAM provides four output 
signals, ARM, CQl, CQ2 and RESTART. They 
are sent to connector pins S2-20, 19, 18, 
and 17, respectively. Signals CQl and CQ2 
are used by Clock Control on the State 
Control Board. This is shown on sheet 3 
of the schematic. Signal RESTART is used 
by the RESTART Generator on the State 
Control Board. The ARM signal is a linkage 
from the timing analyzer. 

State ~emery 3oard 

8.2.7 TRIGGER-WORD RAM 

The Trigger-Word RAM (sheet 2) consists of 
U34, U35, U38, U39 and U37. These are al I 
Signetics 82S117 256-word x 1-bit static 
RAMs. The 256 1-bit word locations in each 
RAM are addressed by eight address inputs, 
A7-AO. 

The Trigger-Word RAM inputs are configured 
in a similar manner as the Qualifier-Word 
RAM inputs. The 16 data Ii nes output from 
the Probe Input Butter are divided into four 
sets of four I ines. One set is sent to 
address inputs A3-AO <01,02,Ft,EXT) of each 
of the four RAMs, U34, U3 5, U38 and U39. The 
tour qua I ifier I ines output from the Probe 
Input Butter are sent to address inputs A3-
A0 of U3 7. Trigger Stack Address Ii nes 
TSA3-TSAO are received from the State 
Control Board. These signals are applied 
as address inputs A7-A4 of the five RAMs. 
These tour address bits CTSA3-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 compari
son function in much the same way as the 
Qualifier-Word RAM. The bit organization 
di fters between the two. For examp I e, 
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 tour address inputs of one of the five 
RAMs. These tour bits address 16 loca
tions. As in the Qualifier-Word RAM, each 
location represents one of 16 possible 
combinations of ls and Os tor the tour bits. 

As with the Qualifier-Word RAM, each loca
tion is loaded at set-up time with a 1 or a O. 
This provides a "match" or "no match", 
according to the bit configuration of the 
trigger word at stack level O. As before, 
the five RAM outputs are connected in a 
wired AND configuration. Thus there must 
be a match tor al I tive 4-bit groups of the 
incoming data word. This w i I I produce a 
TRUE output from the Trigger-Word RAM. 

The tour search words in the Qua I ifier-Word 
RAM are ARM, CQ 1, CQ2 and RESTART. Al I must 
be compared with the incoming data word 
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simultaneously. Each search word is as
signed a bit inthe RAM output word. In the 
Trigger-Word RAM, the 16 search 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-AO 
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. At any given stack level, 
the five RAMs appear as a Qua Ii f i er-Word RAM 
having only one qualifier word. 

The 82S117 RAMs have open collector out
puts. Al I 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 re
sistor for the wired AND is on the State 
Control Board. The RAM output is sent to 
U33B, trans I ated to ECL I eve I, inverted, and 
applied to S2-10 as signal ST- (State 
Trigger ->. 

8.3 BOARD A, BOARD B AND BOARD C 

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

8.3.1 QUALi Fl ER BITS 

There are two qua I ifier I ines receivP-d from 
each of the three probe pods. Those corning 
from Pod A connect to Board A, Pod B to 
Board B, and Pod C to Board C. The EXT 
qua I ifier and LINK 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 Butter. The· term names of these 
signals are Ql, Q2, EXT and LINK. 

State Memory Board 

On the menu, the qua I ifier bits displayed as 
fol lows: 

-xxxxxx xx 

The formatting is shown on the menu Clock 
Select I ine as fol lows: 

QUALIFIERS: -AABBCCEL 

With additional identification of signal 
names, the menu format is as to 11 ow s: 

QUALIFIERS: -AQ 1,AQ2,BQ 1,BQ2,CQ 1,CQ2 
EXT,LINK 

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

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

The input qua I ifier I ines, Ql and Q2, are 
distinct from the outputs of the Qua I ifier
Word RAM, -CQl and -CQ2. For either the A 
or B Board, the -CO 1 output represents the 
result of the comparison of the following 
two words: An entire input data word and 
the entire menu-specified first clock
qual ifier word, including both the Ql and 02 
bits. Similarly, the -CQ2 output repre
sents the result of the comparison of the 
fol lowing two words. An entire input data 
word and the entire menu-selected second 
clock-qua I ifier word, including both the Ql 
and 02 bits. 

8.3.2 SIGNAL CLKQUAL IN 

CLKQUALIN- (Clock Qua I ifier In -) is the 
signal that enables the Clock Generator. 
This is done by enabling Write Enable signal 
WE- (State Memory Board) and WE+ and DL YWE
clock pulses <State Control Board). Signal 
WE- is the pu I se that causes the current 16-
bi t data word to be stored in the Data 
Collection RAM. The CLKQUALIN- signal to 
State Memory Boards A and B, ACLKQUALIN
and BCLKQUALIN-, are wired to a constant 
low (true) level. Refer to the Clk Qua I Gate 
at the top of sheet 3, State Contro I Board 

8-7 
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schematic. Thus the State Memory Boards 
at the A or B sockets will collect a 16-bit 
data word at every occurrence LATCHCLK. 
This is true regardless of the outcome of 
the clock-qualifier comparison. Note that 
the CWE+ and CDLYWE- clocks that drive 
State Control are received from Board C. 
These clocks are generated only when 
CCLKQUALIN- is low. Signal CCLKQUALIN- is 
low when either of the two fol lowing 
statements is true. Signals ACQl, BCQl, 
drd CCQl are high (true); or ACQ2, BCQ2, and 
CCQ2 ar:-e high. ACQl is the first clock
qual ifier word signal sent from Board A, 
BCQl from Board ~, and so forth. 

The data words collected by Board A are 
written one on top of the other into the 
same address. Th is continues unti I the 
clock qua I ification requirements set up in 
the Qua Ii tier-Word RAM on Boards A, B and C 
are met. At that point, CCLKQUALIN- cau
ses CWE- to be generated. Then the C data 
word is co 11 ected as we I I as the A and B data 
words. Signals CWE+ and CDLYWE- are also 
generated so that the data co I I ect ion 
address is advanced. The next A data word 
(qualified or not) is sent to the new 
address. Th is preserves the qua I ified 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 Contra I. State Contra I gener
ates three such signals described as 

.3-3 

State Memory Board 

fol lows: Signals ACLKINH+ at Board A, 
BCLKINH+ at Board B, and CCLKINH+ at 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 Contra I Program then p I aces them side
by-s i de in main memory as one 48-bit word. 

8.3.4 SIGNAL BSELECT-

The Contra I Program can read from on I y one 
State Memory Board at a time. It must 
write set-up data into the Qualifier-Word 
RAM and Trigger-Word RAM one board at a 
time. Th is abi I ity is provided by signal 
BSELECT-. This is sent vi a connector pin S2-
15 to Address Decoder pin U2-14, with a 
pul I-up resistor at U3-11. Connector pin 
52-15 is hard-wired low at the A and 8 
sockets, but left open at the C socket. 
This causes BSELECT- to be high at the C 
Board. The A and B boards are di fferen
ti ated by inverting address I ine A 11 that is 
sent to the A board. The Address Decoder 
responds to Board A and B addresses when 
the s igna I is low, and to Board C addresses 
when the signal is high. 

8.4 SCHEMATIC, BOARD LAYOUT AND PARTS LIST 

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

9.1 INTRODUCTION 

Hardware registers, counters, and RAMs on 
the Timing Control Board are loaded by the 
Control Program. The loading is done using 
information entered at the keyboard with 
the aid of the TIMING menu. The Timing 
Control Board directs the collection of 
timing data in the Timing Memories. 

9.2 FUNCTIONAL DESCRIPTION 

A block diagram of the Timing Control Board 
is shown in Figure 9-1. Also refer to the 

schematic diagram, board layout and parts 
list that are included at the end of this 
section. Tables of connector pins versus 
signal names tor all motherboard connec
tors are provided in SIGNAL AND INTER
CONNECTION TABLES. An alphabetical I ist of 
al I interboard signals is also provided. 
The GLOSSARY section offers explanations 
tor acronyms or terms that may be un
tam i Ii ar. 

The functional units of the Timing Control 
Board are as fol lows: The Processor In
terface, Clock Generator, Clock Control, 
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Trigger Control, Sequencer, Post-trigger 
Counter and Delay Counters. These units 
are discussed in detail in the following 
subsections. 

9.2.1 PROCESSOR INTERFACE 

Refer to schematic # 127-0071-001, sheet 4. 
The Processor In tertace is comprised of the 
to llow i ng: The Address Decoder, Master 
Control Register, Control Shift Register, 
and Status Port. This circuitry allows the 
processor to load the register, counters 
and RAMs on the Timing Control Board with 
user-supplied information. This prepares 
the analyzer to execute the intended 
application. The processor can interro
gate various status and signal I ines and 
send control signals. 

The Address Decoder consists of U50, a 
74LS138 3-to-8 decoder. This circuit al
lows the processor to perform the fol lowing 
operations: 

a. Clock the Master Control Regis
ter (with signal MCRCLK). 

b. Address the Status Port (with 
signal RDSTAT-> 

c. Send write enable signal WRRAM
to the Sequencer RAM 

d. Send reset signal RESET- to the 
Sequencer Latch. 

The Master Control Register consists of 
U49, a 74LS374 octal D flip-flop, and Ql and 
Q2, both 2N3905 transistors. U49 latches 
control signals sent from the Processor 
Data Bus when clocked by MCRCLK from the 
Address Decoder. These signals include 
the following: 
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a. SRCLK, the clock tor the Control 
Shift Register. 

b. SRDATA, serial data tor the Con
trol Shift Register. 

c. SWCLKINH, a clock-inhibit signal 
that al lows the Control Program to 
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stop al I clocks from Clock Control 
when appropriate. 

The remaining signals sent from the Master 
Control Register are high-speed control 
signals. These high-speed signals are too 
fast tor the Control Shift Register to 
hand le and are sent to the Clock Generator. 
The sh i t t reg i st er data I i n e, U 4 9- 5 , do u b I es 
as a clock-select signal I ine when the 
register is not being loaded. Transistors 
Ql, Q2, shift signal levels from TTL to C~S 
on the two signals that feed the Control 
Shift Register. 

The Control Shift Register consists of eight 
CMOS 4015 dual 4-bit static shift registers, 
U26 through U33. These registers supply 
63 software-generated control signals to 
other circuits on the Timing Control Board. 
The registers are loaded in series through 
the SRDATA I ine from the Master Control 
Register. The 63 para I lei outputs an~ 

supplied at ECL-compatible levels. This 
method saves considerable circuit board 
space. Otherwise space wou Id have been 
required for 62 parallel input signals and 
62 level-shifting transistor circuits. 

The Status Port consists of U48, a 74LS373 
octal 0 latch, and U53A,D, sections of a quad 
ECL-to-TTL translator. Latch U48 acts as 
an input port that al lows the processor to 
read the status of certain s igna Is. U53A 
and 0 translate the levels of two ECL 
signals feeding the TTL latch. 

9.2.2 CLOCK GENERATOR 

The Clock Generator (sheet 6) is comprised 
of the fol lowing: The Clock Osei I lator, 
First Stage Divider, First Stage Selector, 
Second Stage Divider, and Second Stage 
Selector. This circuitry generates inter
nal clock pulses in discrete clock periods 
from 20 ns through 10 ms. The 10 ns clock 
period is obtained by a multiplexing scheme 
to be described later. These clock periods 
also provide the means tor the Control 
Program to select the keyboard-specified 
clock period. 

The Clock Oscillator consists of UlOO, a 
section of a 10102 quad NOR gate; Y1, L1, Cl, 
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R2, RPl-7, RPll-4; U9, an 10138 biquinary 
counter; and U53C, a section of a 10125 ECL
to-TTL translator. UlOD and the associa
ted components form an osci I lator with a 
100 MHz output. This 100 MHz signal is fed 
to both clock inputs of counter U9. U9 
produces a 50 MHz signal at pin 15 and a 20 
MHz s igna I at pin 4. The 50 MHz (20 ns) 
signal is the fastest clock in the comple
ment. Th is 50 MHz signal is applied direct
ly to Clock Control (sheet 8) as signal INT50 
<Internal 50MHz). The20MHz C50ns) signal 
is translated to TTL level by U53C and sent 
to the First Stage Divider. It is also sent 
directly to the Second Stage Selector for 
possible selection by the Control Program. 

pl 

Inductor Ll is adjusted for reliable lock to 
the crysta I frequency of 50 MHz +/- 0.1%, as 
measured at pin U9-15. 

The First Stage Divider consists of Ul, a 
74LS74 dual D flip-flop; and U8, a 74LS90 
biquinary counter. By successively divid
ing the 50 ns input signal, this circuitry 
produces four clock signals. The tour 
signals have periods of 100 ns (at Ul-5), 200 
ns Cat Ul::-9), 500 ns Cat U8-8), and 1000 ns 
Cat U8-12). These signals are sent to the 
First Stage Selector. 

The First Stage Selector consists of U2, a 
74LS151 1-of-8 data selector. This circuit 
uses two software-generated clock-select 
s i gna Is CLKSELD and CLKSELE. These two 
signals are sent from the Processor lnter
f ace. They are used to se I ect the pin 6 
output from one of the four inputs received 
from the First Stage Divider. The selected 
output is sent to the Second Stage Divider 
tor fur.ther processing. It is also sent 
directly to the Second Stage Selector for 
possible selection by the Control Program. 

The Second State Divider consists of four 
74LS90 biquinary counters, U4 through U7. 
Each of these counters is connected to 
divide-by-10 logic. The four-divider chain 
provides four output clock sign·ais. The 
four signals have periods equal to the input 
period multiplied by 10 (at U4-12), 100 (at 
U5-12), 1000 (at U6-12) and 10,000 (at U7-
12>. For example, with 100 ns selected as 
the input, the output signals would have 
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periods of 1 us, 10 us, 100 us and 1 ms. The 
four output signals are sent to the Second 
St age Se I ector. 

The Second Stage Selector cons is ts of U3, a 
74LS151 1-of-8 data selector, and U55B, a 
section of a 10124 quad TTL-to-ECL transla
tor. Selector U3 receives the software
generated pseudo clock <PSEUDOCLK) on input 
pin 12. The 50 ns clock is received on input 
pin 14. The output of the First Stage 
Selector is received on pin 15. The out
puts of the Second Stage Divider are 
received on pins 1,2,3 and 4. The Proces
sor Interface feeds selector U3 inputs (pins 
9, 10 and 11) with the clock-select signals 
CLKSELA, CLKSELB, and CLKSELC. 

The Control Program can select either the 
pseudo clock or any one of 17 internal 
clocks. This is achieved by manipulating 
three select signals and the two signals 
CLKSELD and CLKSELE. The clock periods 
range from 50 ns through 10 ms in cascading 
1-2-5 ratios. The 20 ns clock is selectable 
in Clock Control. The selected clock out
put at pin 6 is sent vi a U558 to Clock 
Control as ECL-level signal INT<50 (Inter
nal Less Than 50 MHz). 

9.2.3 CLOCK CONTROL 

Clock Control (sheet 8) is made up of 
Qualifier Control, the Final Clock Selector, 
and A/B Multiplexer (Motherboard). This 
circuitry and the Control Program imple
ment the clock selection. The fol lowing 
selections may be entered via the keyboard: 

a. The choice of internal or exter
na I clock. 

b. It internal, the choice ot a 50 MHz or 
<50 Mhz. The specified value ot the 
<50 MHz clock having been pre
se I ected in the Clock Generator. 

c. If extern a I, the choice ot the 
positive or negative-going edge. 

d. If external, the choice of 0, 1 
or X for clock-qua I ifier polarity. 

Internal to the analyzer, data is always 
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clocked with a positive-going clock edge. 
Therefore, any keyboard-entered negative
goi ng edge must be converted to a positive
going edge for the working clock used within 
the analyzer. This conversion, if requir
ed, is performed by Clock Control. Also, 
Clock Control shuts off al I analyzer working 
clocks at post-trigger terminal count. 
This is accomplished by using the clock 
i n h i b i t s i g n a I s from the Post-tr i g g er Co u n -
ter. 

Qualifier Control consists of UlOA,B,C, 
sect ion s of a 1 0 1 0 2 q u ad NOR gate and U 4 7 , a 
10130 dual latch. Section C of U10 has an 
OR output, and sections A and Bare used as 
Negative-input gates. The clock qualifier 
s igna I, QCLK+ is received from the A
channel Model 80 Probe. It is connected to 
one input of gate UlOA. The inverted clock 
qualifier signal, QCLK- is received from the 
A-channel Model 80 Probe. It is connected 
to one input of gate UlOB. The clock 
qualifier from the 8-channel Model 80 Probe 
is not used. Gates U 1 OA and U 1 OB are 
enabled by the software-generated control 
signals SWQCLKO- <Software Clock Qualifier 
0 -) and SWQCLKl-, respectively. 

The keyboard-·entered selections of 0, 1 or X 
tor clock qualifier polarity determines how 
these two signals are used. The selections 
are implemented as described below: 

a. If the choice was 0, the Contra I 
Program brings SWQCLKO- low. A low 
level of QCLK+ will produce a high 
(true) qua I ifier signal, QUAL, at 
UlOC-14. 

b. If the choice was 1, the Control 
Program brings SWQCLK 1- I ow. A I ow 
level of QCLK- will produce a high 
QUAL signal at UlOC-14. 

c. If the choice was X, the Contra I 
Program brings both SWQCLKO- and 
SWQCLK 1- LOW. Signa I QCLK+ w i 11 
produce a high QUAL at either high 
or low level. 

Signal QUAL is sent to the D inputs of 
latches U47A and U478. The common clock 
input (pin 9) is left unconnected so that it 
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is pulled low internally. Th is al lows the 
latches to be clocked separately. The two 
polarities of the external clock signal, 
CLK+ and CLK- are sent from the Model 80 
Probe. CLK+ is sent to pin 6 and CLK- to pin 
11. The latches are transparent while 
these clock inputs are low, and I atch on the 
positive-going clock transition. The Q
output of U47A, is clocked by the leading 
edge of CLK+. This O- output is used to 
enable gate U35A. Th is is the control gate 
for the working clock that represents an 
extern a I positive-going clock edge. The O
output of U47B is clocked by the trailing 
edge of CLK-. This O- output is used to 
enable gate U35B. This is the control gate 
tor the working clock that represents the 
external negative-going clock edge. 

It signal QUAL is high during the positive
going clock edge, a low level is sent from 
the O- output of the set latch(s) to the 
corresponding U35 gate. The level is held 
low for the duration of the clock period. 
These enabling levels establish that the 
corresponding clock edge meets the quali
fier conditions and may be further selected 
by the Final Clock Selector. 

The Final Clock Selector consists of U34 and 
U35, both 10211 dual 3-input, 3-output NOR 
gates. They are used as negative-input 
AND gates. By means ot enabling signals, 
the Control Program uses these gates to 
select the data clock for .the analyzer in 
accordance with keyboard entries. The 
fol lowing choices are avai I able: 

a. The choice of external or internal 
clock. The external clock is han
dled by gates U35A (for CLK-) and 
U358 (for CLK+). The internal clock 
is hand I ed by gates U34A (for I NT50) 
and U348 (tor I NT< 50). 

b. The choice of the positive going 
or negative-going edge it the clock 
is external. This choice is imple
mented by signals SWPE- <Software 
Positive Edge-> and SWNE- at gates 
U35A and U358, respectively. 

c. The choice of a 50 MHz or <50 Mhz 
clock frequency if the clock ls 
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internal. The specified value of 
the <50 MHz clock has been pre
se I ected in the Clock Generator. 
This choice is implemented by soft
ware generated s igna Is SW50- <Soft
ware 50 MHz -) and SW<50- at gates 
U34A and U34B, respectively. 

Note that the ana I y zer a I ways uses the 
positive-going edge of the working clock. 
A negative-going edge entered from the 
keyboard must be converted to an equivalent 
positive-going edge. This conversion is 
made in gate U35B. These 10211 AND gates 
require negative inputs. Gate U35B is 
enabled by SWNE- and fed by CLK+, that has a 
negative-going trailing edge. This produ
ces a working clock with a positive-going 
trailing edge. Similarly, the U35A gate is 
enabled by SWPE- and fed. by CLK- that has a 
negative-going leading edge. This pro
duces a working clock with the desired 
positive-going leading edge. 

Gates U34 and U35 implement clock shutoff 
at the end of post-trigger data co 11 ect ion. 
This is done using clock-inhibit signals 
CLKINHA+, CLKINHB+, and CLKINHC+ received 
from the Post-trigger Counter. Signals 
CLKINHA+ at U35A and CLKINHB+ at U35B are 
wired ORed with respective clock qualifier 
signals. These clock qualifier signals are 
received from the Qua I ifier Control latch
es. Signal CLKINHC+ is applied to both U34A 
and U34B. At the time of post-trigger 
terminal count, all three clock inhibit 
signals go high simultaneously. Thus the 
working clock is shut off no matter which of 
the tour gates is active. 

A wired OR consisting of one output from 
each of the tour gates in the Final Clock 
Selector produces the final working clock. 
This signal is fed to the Clock Delay circuit. 
Within the logic of the Control Program, the 
tour selecting signals are mutually exclu
sive. Therefore, only one of the four gates 
is enabled at any given time. It either 
SW50- or SW<50- is low, both SWPE- and SWNE
are held high. Or, it either SWPE- or SWNE
is low, both SW50- and SW<50- are held high. 

An identical clock from a separate wired-OR 
set of the gate outputs is sent to pin S2-6 

Timing Control Board 

as signal CT (Clock, Timing). This signal is 
one of the two clocks sent to the Timing 
Memory Boards. Signal CLKTTL, to be dis
cussed later, is the other. Signal CT is 
also the clock tor the Waveform Control 
Board. CT is sent to the CI ock Conditioning 
circuit shown on sheet 5 of the Waveform 
Contro1 Board schematic. 

The Clock Delay circuit consists of U23, a 
delay line; U53B, a section of a 10125 quad 
ECL-to-TTL translator; and U56D, a section 
of a 10101 quad OR/NOR gate. The 10101 is 
used as a butter/driver. This circuitry 
produces the following two working clocks: 

a. CLKECL, an ECL-level clock that is 
identical to the CT clock except 
that it is delayed by about 2.5 ns. 

b. CLKTTL, a TTL-level clock that is 
identical to the CT clock except 
that it is delayed by about 15 ns. 

CLKECL is used throughout the Timing 
Control Board. CLKTTL is used by the 
Timing Memory Boards. CLKTTL is sent to 
the Clock Generator shown on sheet 1 of the 
Timing Memory Board schematic. 

The A/B Multiplexer circuitry is located on 
the Motherboard, but is described in this 
section. Please refer to the Motherboard 
schematic during the discussion. 

The A/B Multiplexer consists of the fol low
ing: 

a. Ul, U2, U6 and U7, al I 10116 ECL 
triple differential amp I itiers. 

b. Section A of U8, a 10125 ECL-to
TTL translator. 

c. Sections A and B of UlO, a 7406 
hex open-collector inverter. 

d. U4 , a mu I t i -tapped 2 0 n s de I a y 
I ine. 

e. Relays U5 and U9, and various 
resistors and diodes. 

Differential amplifiers Ul, U2 and U6, when 
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active, connect the Probe outputs of A 
Probe in para 11 e I with that of 8 Probe. 
These amp I itiers are made active when their 
Vee Supply voltage is switched on by relay 
U5. This is caused in response to signal 
BPBSNS received from the Processor Board. 
Signal BPBSNS is enabled by the Control 
Program when the 2000-word data collection 
mode is selected from the keyboard. The 
enabling signal is bit 5 of port C in U40, the 
8155. 

In the 2000-word mode, amp I itiers Ul, U2 
and U6 are active. Note that in this mode 
a 11 data is col I ected from the A Probe. The 
B Probe shou Id not be connected to the 
ana I y zer. An error message w i 11 appear on 
the CRT it the B Probe is connected. 

A B-Clock Delay circuit is comprised of 
Amp I ifier U7C, the delay I ine U4, and 
translator U8. This is identical to the 
Clock Delay Circuit on the Timing Control 
Board. Using clock BCT as input, this 8 
Clock Delay circuit generates clock BCLKTTL 
for the 8 Memory Board. CLKTTL from Timing 
Control is sent to the A Memory Board as 
ACLKTTL. Also, clock CT from Timing Con
trol is sent to the A Memory Board as ACT. 

In the 16-bit, 1000-word data collection 
mode, clock CT {the ECL-level clock) is sent 
via the contacts of relay U9 to become BCT. 
A relay is used to avoid the propagation 
de I ay of a solid state device. BCLKTTL is 
essentially identical to ACLKTTL. The A 
Memory and 8 Memory collect data in unison 
as 16-bit words. The A Memory receives 
data from the A Probe and the B Memory from 
the B Probe. 

Signal 2KWRD causes relay U9 to select an 
inverted CT clock tram U7A as clock BCT. 
This occurs in the 8-bit 2000-word data 
collection mode. Clocks BCT and BCLKTTL 
are 180° out ot phase with clocks ACT and 
ACLKTTL. Together the A Memory and B 
Memory receive 200 interlaced 8-bit words 
tram the A Probe. Because of the 2-phase 
clock, the collection interval is half the 
normal clock interval of CT. The 20 ns CT 
clock, tor example, produces a 10 ns 
collection interval. The Control Program 
takes this into account when responding to 
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keyboard entry of the clock i nterva I tor the 
2000-word mode. 

9.2.4 TRIGGER CONTROL 

Trigger Control (sheet 3) is comprised of 
the Trigger Linker and the Trigger Filter. 
This circuitry allows the Control Program 
to set up specified trigger linkages with 
other NPC 764 or 600 Series analyzers, or 
external trigger signals. It also imple
ments the keyboard-selected degree of 
trigger filtering. Trigger filtering pro
vides that the trigger signal be true longer 
than a specified number of clock periods to 
be considered val id. 

The Trigger Linker cons is ts of the fol lowing 
components: U56A,B,C, sections of a 10101 
quad OR/NOR gate, used as buffer-inverters; 
U55C,D, sections of a 10124 quad TTL-to-ECL 
translator; and U42B, U45 and U46, al I 10117 
dual 2-wide OR-NANO gates. 

The upper OR gates in U45A,B and U46A are 
not used. The software-generated enabl
ing levels applied to these OR gates are 
SWTTO-, SWSTAO-, and SWSTBO-. These sig
nals are always held high so the outputs of 
the three NANO gates are control led by the 
lower OR gates. 

U56A,B and C are used to provide both true 
and inverted signals to the OR-NANO gates 
U45A,B and U46A. However, as noted above, 
only the inverted outputs are used. U55C,D 
convert TTL level signals to ECL level. The 
ECL s igna Is are sent to gates U46B and U42B 
and to Sheet 2 for gates in the ARM Linker. 

The outputs of the five 2-wide OR-NANO 
gates are connected in a wired AND. Al I 
outputs must be lo'w to produce the active
low trigger siynal. This signal is sent to 
the Trigger Filter. The enabling signal 
SWTTl- is always held low by the Control 
Program. This insures that the Timing 
trigger TT- wi 11 control the output of the 
U45A. 

Signals STA- and STB- are not used in the 
NPC 764. The Control Program holds signals 
SWSTAt- and SWSTBl- high. Thus the out
puts ot U458 and U46A are held low. These 
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signals then do not interfere with the 
wired AND of the remaining three OR-NANO 
gates. 

Gates U46B and U42B implement the trigger 
Ii nkage fun ct ion. The keyboard input may 
specify a trigger I ink to the External 
s igna I. Th is causes the Contro I Program to 
bring SWEXT- low so that EXT controls the 
output of U46B. Otherwise, SWEXT- is held 
high and EXT has no effect. Similarly, if a 
trigger link to another analyzer has been 
specified, SWFS- is brought low. This 
brings signal FS low effecting the output of 
U46B. Signal FS is produced from LINK by 
circuitry on the Motherboard. If a link to 
the Waveform trigger has been specified, 
SWWT- is brought low. This al lows signal 
TRIG+ to control the output of U42B. 

-Al I enabled I inkages must be true simul
taneously with TT- to produce a true (low) 
trigger output. This is caused because of 
the wired AND connection of the OR-NANO 
gate outputs. The true (low) trigger out
put signal is sent to U41A-4 and U41B-6 as 
TRIG-. 

The Trigger Filter cons is ts of U41A,B,C, 
sections of a 10102 quad NOR gate and U52, a 
1013 7 decade counter. Sect ion A of the 
10102 is used as a negative-input AND gate, 
sections B and C are used as inverters. 

U4 18 inverts TRIG- and feeds it to the U52 
decade counter at pin 9. At set-up time, 
the S 1 and 52 inputs to the decade counter 
are both low. This causes the counter to 
be in the load mode. The Contra I Program 
presets the counter to the keyboard
speci f ied tilter value. Signals TFO-TF3 
<Trigger Fi I ter 0-3) received from the 
Processor Interface, are used for this 
fun ct ion. This va I ue may range from the 
default value of 0 to a maximum of 9. 

When the trigger signal goes true, Sl goes 
high, putting the counter in the count down 
mode. CI ocked by CLKECL from CI ock Con
tra I, the counter counts down from the 
preset tilter value. The counter outputs 
are connected in wired ANO. When the count 
reaches 0, the pin 5 input to AND gate U41A 
is brought low. The 0-count low I eve I is 
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inverted by U4 lC. This s i gna I is sent back 
to the counter Carry-In input, U52-10, to 
stop the count. If TRIG- at U41A-4 is sti 11 
true at 0 count, signal TRIG+ goes true at 
the output of U41A. TRIG+ is sent to the 
Sequencer Latch (sheet 5). 

9.2.5 ARM CONTROL 

Arm Control (sheet 2) is comprised of the 
Arm Linker and the Arm Filter. This cir
cuitry al lows the Control Program to set up 
keyboard-specified linkages with External, 
other NPC 764 analyzers or Waveform arm 
signals. The circuitry also implements the 
key board-se I ected degree of arm f i I ter i ng. 
Arm filtering provides that the arm signal 
be true for a specified number of clock 
periods to be considered valid. 

The Arm Linker cons is ts of the fol lowing 
components: U54B,C,D sections of a 10101 
quad OR/NOR gate, used as buffer-inverters; 
and U42A, U43 and U44, al I 10117 dual 2-wide 
OR-NANO gates. The operation of this cir
cuitry is analogous in every respect to the 
operation of the Trigger Linker. Note that 
ECL-level EXT and FS signals are taken from 
the U55 translators in the Trigger Linker. 

The Arm Filter consists of U40A,B,C, sec
tions of a 10102 quad NOR gate and U51, a 
10137 decade counter. Section A of the 
10102 is used as a negative-input AND gate, 
sections B and C are used as inverters. 
The operation of this circuitry is analogous 
in every respect to the operation of the 
Trigger Filter. 

9.2.6 SEQUENCER 

The Sequencer (sheet 5) is comprised of 
Load Control, the Sequencer Latch, the 
Sequencer RAM, Sequencer Output, and LINK 
Cont r o I. Th is cir cu it ry a I Io w s the Cont ro I 
Program to set up sequences in accordance 
with the keyboard-entered instruct ions. 
The sequence operations pertain to the 
Delay Counter and Post-trigger Counter in 
relation to the arm and trigger events. 

Load Control cons is ts of U39A,B, sections of 
a quad TTL-to-ECL translator; and U20C,D, 

9-7 
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U38, quad AND gates. Circuits U39A and B 
provide level translation tor the RESET
signal. RESET- is sent to the Sequencer 
Latch. Level translation is also provided 
for WRRAM- (Write RAM} write-enable signal 
sent to the Sequencer RAM. Both of these 
signals are received from the Address 
Decoder in the Processor In tertace. Gates 
U20C,D and U38 are enabled by the LDSEQ+ 
(Load Sequencer +) signal. This signal is 
received from the Control Sh itt Register in 
the Processor Interface. When enabled, 
these gates teed setup address s igna Is, 
PTCTR03 <Post-trigger Counter 03) through 
PTCTR08, to the Sequencer RAM. 

The Sequencer Latch consists of. U 12, a 
10186 hex D fl ip-tlop. Inputs to the latch 
are the ARM+ and TRIG+ signals from Arm 
Control and Trigger Control, the DLYTC
<Delay Terminal Count -> signal from the 
Delay Counter, and the three state output 
I ines from the Sequencer RAM. The six 
outputs of the latch are sent to the six 
address inputs of the Sequencer RAM. 
Output 00 a I so feeds the ARML+ (Arm Latch +) 
s igna I to the Count Mode Selector (sheet 7). 
The outputs Q3,4 and 5 also feed signals SO 
(Sequence Q), S 1, and 52 to Sequencer 
Output. 

The Sequencer RAM consists of U13, U25 and 
U37, al I 10148 64-word x 1-bit static RAMs. 
The RAM data inputs are sent from the 
Processor Interface with signals PTCTROO 
<Post-trigger Counter 00>, PTCTRO 1 and 
PTCTR02.. The RAM address inputs are wired 
OR connected. The input signals are sent 
from Sequencer Latch and Load Control 
gates. 

At set-up time, the processor brings the 
RAM WE- inputs low with signal WRRAM-. The 
processor resets the Sequencer Latch so 
that all latch outputs are low. The RAM 
address inputs are therefore under proces
sor control through the Load Control gates. 
Th is al lows the Control Program to load the 
RAMs with sequencing data in accordance 
with the keyboard-entered delay mode in
formation. Sequencer Latch output signals 
SO, S 1 and 52 are al I low. These signals are 
applied to the decoder, producing output 
signals, DLYCNT+/LD- AND PTCNT+/LD- that 
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are in the load state Clow). This allows 
the Control Program to preset the Delay 
Counter and Post-trigger Counter to appro
priate va I ues. 

At run time, the Control Program brings the 
Load Control gate outputs low with a low 
LDSEQ+. Th is leaves the RAM address inputs 
under control of the Sequencer Latch. The 
Sequencer Latch is clocked by CLKECL. 
Starting with address 00, the Sequencer 
Latch steps through the control sequence 
stored in the RAM. The high-order three 
bits of each successive RAM address are 
determined by the three RAM outputs-from 
the previous address. The low-order three 
address bits change when an arm-word or 
trigger-word match occurs. The bits also 
change when the delay terminal count is 
reached. At the proper point in the delay 
control sequence, SO, Sl and S2 decode to 
bring DLYCNT+/LD- high. This starts the 
delay count. Similarly, at the proper 
time, PTCNT+/LD- is brought high, thus 
starting the post-trigger count. 

Sequencer Output consists of U36, a 10125 
quad ECL-to-TTL translator; and U24, a 
10162 1-of-8 decoder. Translators U36B,C 
and D translate the Sequencer Latch out
puts SO, Sl and 52 to TTL level. The TTL 
level signals are sent to the Status Port in 
the Processor Interface. Sequencer Latch 
outputs SO, S 1, and 52 a I so are sent to the 
three decoder inputs. The decoder pro
duces two output signals, DLYCNT+/LD
CDelay Count + I Load -> and PTCNT+/LD
<Post-trigger Count + I Load ->. These 
signals are sent to the Delay Counter and 
Post-trigger Counter, respectively. Sig
nal PTCNT+/LD- is also sent through trans
lator U36A as signal FT (function of Timing>. 
Th is signal is sent to the Status Port in the 
Processor Interface. Signal FT is also 
sent, via connector pin S2E-11, to LINK 
Control on the Motherboard tor possible 
Ii nki ng to another NPC 764. Both s igna Is 
PTCNT+/LD- and FT go high when the NPC 764 
arm and trigger conditions have been met. 

The LINK Control circuitry is located on the 
Motherboard but wi 11 bed iscussed here (see 
Motherboard schematic). The circuit con-
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sists of sections B,C, and E, sections of 
U12, a 7406 hex open-collector inverter. 

When no link is set in the timing menu, the 
NPC 764, as timing analyzer, is specified as 
the master in a I inking. Then the LINK 
Control circuit al lows the Control Program 
to enable signal FT as the outgoing LINK 
signal. 

When the I ink is set in the timing menu, the 
NPC 764, as timing analyzer, is the slave in 
the I inking. Then the LINK Control circuit 
al lows the Control Program to enable an 
incoming LINK signal as signal FS. Signal 
FS is sent to the Arm Linker and Trigger 
Linker circuits on the Timing Control Board. 

9.2.7 POST-TRIGGER AND DELAY COUNTERS 

The Post-trigger and Delay Counters are 
comprised of the Count Mode Selector, the 
Delay Counter, and the Post-trigger Coun
ter. These circuits a I low the Contro I 
Program to implement the selected delay 
function and specified pre-trigger and 
post-trigger division of collected data. 

The Count Mode Selector consists of the 
fol lowing components: U20A,B, sections of 
a 10104 quad AND gate, and U41D, a section 
of a 10102 quad NOR gate <used as an 
inverter). The wired OR outputs of U20A 
and B produce signal DLYCLK <Delay Clock). 
This signal occurs either at every ARML+ 
occurrence or at every CLKECL clock. The 
control I ing signal depends on the polarity 
of software-generated signal DLYARM+/CLK-. 
This signal is dependent on a keyboard 
entry. DLYCLK is used to clock the Delay 
Counter. 

The Delay Counter consists of U17, U18, U19 
and U21, all 10137 decade counter~; ;:ind 
U22A,B,D, sections ot a 10103 quad OR gate. 
The 10103 gates are used as negative-logic 
AND gates. The counters are operated in 
the countdO\'i'r'l mode. Using the U2/ AND 
gates, the four counters are connected in 
cascade. A terninal count of 0000 pro
duces a low signal, DLYTC- (Delay Terminal 
Count -). This signal is wired AND at the 
junction of U21 and U22D outputs. lhe 
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maximum preset count value is 9999. 

The Post-trigger Counter consists of the 
following components: U14, U15 and U16, 
all 10137 decade counters, U22C, a section 
of a 10103 quad OR gate (used as a negative
logic AND gate); Ul 1, a 10211 dual 3-input, 
3-output NOR gate; and U39C, a section of a 
10124 quad TTL-to-ECL translator. The 
counters are operated in the countdown 
mode. Using AND gate U22C, these coun
ters, on a terminal count of 000, will 
produce low levels at pins 5, 7 of AND gate 
UllA. The maximum preset count value is 
999. 

At set-up time, the counters are placed in 
the load mode by a low level on signal 
PTCNT+/LD-. This signal is sent from the 
Sequencer to the counter Sl mode-select 
inputs. Th is a I lows the Contra I Program to 
load the counters with the post-trigger 
count. To accomplish this, signals PTCTROO 
<Post-trigger Counter 00) through PTCTR11 
are used. The Post-trigger counter sig
na Is are received from the Contra I Shi ft 
Register in the Processor Interface. The 
Control Program derives the post-trigger 
count from 1000 minus the specified pre
tr i gger count. 

At run time, it the specified arm, delay and 
trigger conditions are met, the Sequencer 
brings PTCNT+/LD- high. This puts the 
Post-trigger Counter in the countdown 
mode. Then the preset count is decremen
ted by CLKECL, received from Clock Control. 
A terminal count of 000 produces high 
outputs sent from AND gate U11A if signal, 
ENCLKINH- (Enable Clock Inhibit-), is low. 
Signal ENCLKINH- is received from the 
Control Shift Register in the Processor 
Interface. It is norr.'lal ly brought low by 
the Contra I Program at run ti me. The three 
outputs of Ul lA are connected in wired OR 
with 7hose of U 11 B. This produces three 
identical signals, CLKINHA+ (Clock Inhibit 
A+), CLKINHB+, and CLKINHC+. All are pro
duced either by the post-trigger terminal 
count at U11A or by SWCLKINH- (Software 
Clock Inhibit-) at Ul 18. Signal SWCLKINH
i s received from the Master Contra l Regis
ter in the Processor Interface. It is used 
by the Control Program during set-up. 

9-9 
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When the post-trigger terminal count has 
been reached, the working clocks are turned 
off. This is done by the three clock inhibit 
signals that are sent to Clock Control and 
turn off CT, CLKECL, and CLKTTL. Three 
identical clock inhibit signals are needed 
because two are separately wire ORed with 
the two Qua Ii ti er Control latch outputs. 
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These are shown on sheet 8. 

9.3 SCHEMATIC, BOARD LAYOUT AND PARTS LIST 

The schematic diagram, board layout, and 
parts Ii st tor the Timing Contra I Board are 
contained on the following pages. 
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SECTION X 
TIMING MEMORY BOARD 

10.1 INTRODUCTION 

There are two identical Timing Memory 
Boards in the NPC 764. These Boards store 
high-speed incoming data in a multiplexed 
static RAM as directed by the Timing 
Control Board. Also, using logic-gate com
parators, they detect matches of incoming 
data with keyboard-specified arm and trig
ger words. When specified from the key
board, they detect and pulse-stretch data 
g Ii tches for storage and di sp I ay. 

10.2 FUNCTIONAL DESCRIPTION 

A block diagram of the Timing Memory Board 
is shown in Figure 10-1. Also refer to the 
schematic diagram, board layout and parts 
list included at the end of this section. 
Tables of connector pins versus signal 
names for all motherboard connectors are 
provided in SIGNAL AND INTERCONNECTION 
TABLES. An alphabetical I ist of al I inter
board signals is also provided. The GLOS
SARY section offers explanations for aero-
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nyms or terms that may be unfamiliar. 

The functional units of the Timing Memory 
Board are the Processor Interface, Clock 
Generator, Timing RAM, and Data Compara
tors. These units are discussed in detail 
in the following subsection. 

10.2.1 PROCESSOR INTERFACE 

Refer to schematic #127-0065-001. The 
Processor Interface is comprised of the 
to I lowing components: The Address Deco
der, A/8 Decoder Probe Threshold Control, 
Control Port, Status Port, Last-Word Ad
dress Port (sheet 2>, and Control Shift 
Register (partly on sheet 3, partly on sheet 
4). This circuitry allows the Control 
Program to set up certain Probe parameters 
according to keyboard-entered instruc
tions. It also causes certain control 
signals to be sent and to interrogate 
various status lines as needed. 

The Address Decoder consists of U52, an fvt.11 . 
6301-1 256-word x 4-bit PROM; U438, a 
section of a 74510 triple 3-input NANO gate 
(used as an inverter>; and U51, a 74LS138 
3-to-8 decoder. PROM U52 is enabled by 
processor control signal RW- <Read OR 
Write). The PROM accepts Address Bus 
signals A10-A15 and control signals Sl 
<Read) and IQ+/M- (1/0 +Memory->. These 
inputs are decoded to produce the fol lowing 
control signals: 

a. RDLAST- <Read Last ->, enables the 
Last-Word Address Port, U5 on sheet 
2. 

b. RDRAM- (Read RAM->, places the RAM 
Addr-ess Counter CU54 and U55 on 
sheet 2) in the load mode. This 
enab I es the processor to preset the 
counter or address the RAM. 

c. EN51- <Enable U51 ->, enables the 
second state address decoder, U51. 

I 

Decoder U51 is enabled by EN51-. U51 then 
accepts Processor Address Bus signals AO 
and A 1 and processor control signals 10+/M
and RW. It decodes them to produce the 
following control signals: 

10-2 

Tfmf ng Memory Board 

d. EORAMO (Enable Output, RAM O>, 
EORAMl, EORAM2 and EORAM3, enable 
the outputs of RAM sect ions 0, 1, 2 
and 3, respectively. 

e. LDTHRESHA- (Load Threshold A-), and 
LDTHRESHB-, enable the CS- inputs 
of D/A converters U56, U57 in 
Threshold Control. 

f. ENSTAT- (Enable Status ->, ena
bles the Status Port, USO. 

g. ENCTRL- (Enable Control ->, ena
bles the Control Port, U42. 

The A/B Decoder is located on the Mother
board but will be discussed in this section 
(see Motherboard schematic #127-0123-01). 
The circuit consists of sections D,E and F of 
UlO, a 7406 hex open-collector inverter. 

This circuit inverts some of the address 
bits sent to the B Memory Board 52 socket. 
This al lows the Control Program to separ
ately address the Timing Memory Boards. 
They must be p I ugged into the A and B Memory 
Board 52 sockets on the Motherboard. 

The Probe Threshold Control cons is ts of the 
following components: U56 and U57, AM 
6080 8-b it D/ A converters; and U58, an 
LM747 dual operational amplifier. U57 is 
enabled by LDTHRESHA-, received from the 
Address Decoder and WR-, received from the 
processor. DIA converter U57 converts a 
digital value to an analog voltage. The 
keyboard-entered digital value is sent from 
the Processor Data Bus by the Control 
Program. The analog voltage is applied to 
operational amp I ifier U58A that produces 
THRE5HA. This signal is sent to the Model 
80 Probe. THRE5HA is a thresho Id reference 
voltage for the external clock, the quali
fier, and data channels 0, 1, 2 and 3. 
Similarly, U56 and U588 supply THRESHB to 
the Model 80 Probe for data channels 4, 5, 6 
and 7. 

Potentiometer R19 is used to set the 
reference voltage applied to pin 14 of DIA 
converters U56 and U57. This voltage, as 
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measured at test point TPl, should be 10.0V, 
+/- o.osv. 

The Control Port cons is ts of U42, a 74LS 174 
hex D flip-flop; 03, a 2N390S transistor; 
and 07, a 2N3904 transistor. When flip
flop U42 is enabled by signal ENCTRL-, the 
following signals are clocked into the flip
flops from the Processor Data Bus: 

a. PRSCLKG- <Preset Clock Generator), 
presets the four flip-flops in the 
Clock Generator. 

b. CLRCLKG- {Clear Clock Generator), 
clears the four flip-flops in the 
Clock Generator. 

c. SRDATA {Shift Register Data), serial 
data to be loaded into the Control 
Shift Register. 

d. CLKSR <Clock, Shift Register}, the 
clock that loads the Control Shift 
Register. 

e. HYSTCTRL (Hysteresis Contro I), when 
high, adds hysteresis to the com
parators in the Model" 80 Probe. 
Trans is tors 03 and 07 supp I y s igna I 
HYST as a nominal level, measured 
with Probe connected. When hys
teresis is ON it is +1.7V, when 
hysteresis is OFF it is -S. lV. 

f. DSELT+/W- <Data Select Timing + I 
Waveform -) , is sent to the Data 
Comparator circuits. It is used to 
select either Timing data from the 
Model 80 Probe or Waveform data 
from the Waveform Control Board. 

The Status Port consists of USO, a 74LS367 
hex bus driver with 3-state outputs; and 
Q4, a 2N3904 transistor. When the iJ50 
outputs are enabled by ENSTAT-, this 
circuitry allows the processor to read the 
following signals: 

a. CLKPHO- through CLKPH3- <Clock, 
Phase 0-3), when read at clock 
shutoff time, determines which of 
the four RAM sections contains the 
last data word collected. 
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b. ROLLOVER, indicates that the mem
ory has been fi I led Cat least once) 
and has started overwriting prior 
co 11 ected data with new data. 

c. ENDSRD <End Shift Register Data), is 
the last bit in the Control Shift 
Register chain. This permits the 
Control Program to determine the 
status of SRDATA as shifted through 
the registers. Transistor 04 con
verts the level from CMJS to TTL. 

The Last-Word Address Port (sheet 2> 
consists of US, a 74LS244 octal butter with 
3-state outputs. The inputs at US are 
received from the Address Counter. The 
outputs are sent to the Processor Data Bus. 
The outputs are enabled by RDLAST-, re
ceived from the Address Decoder after clock 
shutoff. When thus enabled, this port 
al lows the Control Program to read the 
contents of the Address Counter. This 
counter still contains the last memory 
address that stored collected data. This 
address and the status of the 4-phase 
clock, provides the orientation point for 
processing the co 11 ected data. For ex
amp I e, counting back from this point by the 
post-trigger count establishes the loca
tion of the stored trigger word. 

The Control Shift Register consists of U7, 
U8, and U23 {sheet 4), and UlO and U12 (sheet 
3), all C~S 4015 dual 4-bit static shift 
registers; and 01 and 02 {sheet 3), both 
2N3905 transistors. 01 and 02 translate 
Control Port signals CLKSR and SRDATA from 
TTL level to CMOS level. Shift Register 
sections U7, U8, UlO, and U12 transmit 
software-generated control signals to the 
Arm-8 it and Trigger-Bit Comparators. The 
comparators detect data matches with 
keyboard-specified arm and trigger words. 
Shift Register section U23 transmits the 
software-generated control signals to the 
Data Selectors. These select either Tim
ing data or Waveform data tor storage in the 
Timing RAM. 

10.2.2 CLOCK GENERATOR 

The Clock Generator {sheet 1) consists of 
U59 and U60, both 74574 dual flip- flops; and 
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U43C, a section of a 74510 triple 3-input 
NANO gate. This circuitry provides a 4-
phase clock to the Timing RAM. 

The four f Ii p-t I ops are connected in cas
cade. Al I preset inputs are received in 
para I lel by PRSCLKG-. Al I clear inputs are 
received in parallel by CLRCLKG-. The 
preset and clear signals both are received 
from the Control Port. The ti ip-tlops are 
al I clocked by CLKTTL from the Timing 
Control Board. The 4-phase clock outputs 
are sent from the Q-s ide ot the fl ip-tlops. 

The Clock Generator is started in the 
preset condition. The D input of the first 
flip-flop held low by the output of gate 
U43C. Feedback around the first flip-flop, 
U59A, would normally produce a divide-by
two. In this case, the feed back is he Id off 
three CLKTTL clock periods. The hold off is 
accomp Ii shed by the 3-i nput NANO gate, 
U43C. The delay al lows the Q-low pulse to 
ripple down to the third flip-flop, U60A. 
Refer to Figure 10-2. The resu It is an 
asymmetrical divide-by-four operation tor 
each flip-flop. This produce$ the set of 
output c I ock s i gna Is shown in the figure. 
The clock pulse at the Q- output of each 
successive flip-flop is delayed from the 
preceding flip-flop by one CLKTTL period. 

The 4-phase clock is sent to the Timing RAM 
section as CLKPHO-, CLKPHl-, CLKPH2- and 
CLKPH3-. One clock phase is applied to each 
of the four sections. An additional clock, 
CLKPHO+, is produced at the Q output of U59A 
and sent to the Address Counter. The 
application of these clocks wi 11 be discus
sed in the next subsection. 

10.2.3 TIMING RAM 

The Timing RAM (sheet 2) is comprised of the 
Address Counter, Roi lover Detector, and 
Timing RAM Sections 0, 1, 2 and 3. Each of 
the tour RAM sections stores 256 8-bit 
words, thus the total storage capacity is 
1024 8-bit words. The memory is arranged 
so that the 45 ns RAMs can store data that 
is clocked at intervals as short as 10 ns. 

The two Timing RAMs (one from each board) 
are used to store 2000 8-bit words or 1000 
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16-bit words sent from the Data Compara
tors. Although the ful I memory capacity is 
2048 words, the post-trigger count is 
adjusted so that only 2000 or 1000 words 
are collected. The data received from the 
Comparators may have been generated by 
either the Model 80 Probe Cas timing data) 
or the Waveform Control Board (as Waveform 
data). After collection, data stored in 
the Timing RAMs may be read by the Control 
Program for analysis and display. 

The Address Counter consists of U54 and 
U55, both 74LS191 4-bit binary counters; 
and U44A, a section of a 74510 triple 3-

. input NANO gate {used as an inverter). The 
two counters are wired to count up and are 
connected in cascade {through U43). This 
wi 11 produce an 8-bit output. The 8-bit 
output is sent to the input of Address Latch 
U4 (Timing RAM Section 0) and to the Last
Word Address Port. 

The counter load-control inputs are con
trol led by RDRAM- generated by the Address 
Decoder. When RDRAM- is low, the counter 
outputs follow the inputs. This mode is 
used by the Control Program to preset the 
counter to 000 before data collection 
starts. This mode is also used to address 
the Timing RAM when reading data after 
collection stops. The counter is clocked 
by CLKPHO+ sent from the Clock Generator. 
Clocking occurs on the positive-going edge 
of this signal. 

When data collection begins, the Address 
Counter starts from 000 and advances the 
address one count with each CLKPHO+ clock. 
The maximum count is 256 (000-255), the 
memory capacity of one section of the 
Timing RAM. If clocking continues beyond 
this point, the counter overflows and 
starts over again from 000. Counting 
stops when the CLKTTL input clock to the 
Clock Generator is stopped by the Timing 
Control Board. 

The Roi lover Detector consists of U53B, 
one-halt of a 74LS73 dual J-K flip-flop. 
This circuit detects the first occurrence 
of overt low of the Address Counter. The J 
input of the flip-flop is wired high, and the 
K input is wired low. Once set, the flip-
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t I op w i 11 not change state again unt i I reset 
by a low clear signal at pin 6. The flip
flop is clocked by the MSB, RA7, of the 
Address Counter. Clocking occurs on the 
negative-going edge of this signal. As 
maximum address count is approached, the 
MSB goes low again. This transition clocks 
the flip-flop. The signal used to clear the 
flip-flop, PRSCLKG-, is sent from the 
Control Port. The same signal is used to 
preset the Clock Generator. Thus, before 
the start of data collection, the Roi lover 
Detector is cleared at the same time the 
Clock Generator is initialized. 

The flip-flop outputs ROLLOVER that is sent 
to the Status Port on sheet 1. There it can 
be accessed by the Control Program. After 
data collection has stopped, the Roi lover 
Detector state is used to determine the 
location of the trigger word in the Timing 
RAM. 

Timing RAM Section 0 consists of the 
fol lowing components: U16 and U29, both 
Fairchild 93422 256-word x 4-bit static 
RAMs with 3-state outputs; Address Latch 
U4, a 745373 octal D latch; and Data Flip
Flop U41, a 745374 octal D flip-flop. This 
circuitry stores 256 8-bit words of col lec
ted data. 

The address inputs of the two RAMs are 
received in para I let from Address Latch U4. 
The inputs of the Address Latch are sent 
from the Address Counter, signals RAO <RAM 
Address bit 0) through RA7. The 4-bit data 
inputs of the two RAMs are connected in 
cascade to the 8-bit output of Data Flip
flop U41. The inputs of the Data Flip-Flop 
are received via the on-board Timing Data 
Bus. These input signals are TOBO (Timing 
Data Bus bit 0) through TDB7. The 4-b it 
data outputs are sent in cascade to the 8-
bi t Processor Data Bus. These signals are 
DBO (Data Bus bit 0) through 087. 

The output-enable inputs of the two RAMs 
are control led in ;:;aral lel by sigrial EORAMO
sent from the Address Decoder. The phase-
0 clock signal, CLKPHO-, is received from 
the CI ock Gener a tor, and sent to the 
following points: The two RAM write
enable inputs, U16-20 and U29-20; the 
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Address Latch enable, U4-11; and the Data 
Flip-Flop clock input, U41-11. 

Timing RAM Section 1 consists of RAMs U15 
and U28, Address Latch U3, and Data Flip
flop U40. IC types are the same for a 11 four 
RAM sections. The address inputs of the 
two RAMs are received in para I lei from 
Address Latch U3. The inputs of the 
Address Latch are received from Address 
Latch U4 in Section O. The other opera
tions of this section are similar to those of 
Section O. The exceptions are that enable 
signal EORAMl- is sent from the Address 
Decoder and clock signal CLKPHl- is sent 
from the Clock Generator. 

Timing RAM Section 2 consists of RAMs U14 
and U27, Address Latch U2, and Data Flip
flop U39. The operations of this section 
are similar to those of Section 1. The 
differences are as fol lows: The inputs of 
Address Latch U2 are received from Address 
Latch U3 in Section 1; the enable signal is 
EORAM2-, and the clock signal is CLKPH2-. 

Timing RAM Section 3 consists of RAMs U13 
and U26, Address Latch Ul, and Data Flip
flop U38. The operations of this section 
are similar to those of Section 2. The 
differences are as fol lows: The inputs of 
Address Latch Ul are received from Address 
Latch U2 in Section 2; the enable signal is 
EORAM3-, and the clock signal is CLKPH3-. 

As described, the address inputs to the RAM 
sections are configured in an open loop. 
They are sent as fo I lows: From the Address 
Counter to the Section 0 Address Latch, 
from the Section 0 Address Latch to the 
Section 1 Address Latch, from the Section 1 
Address Latch to the Section 2 Address 
Latch, and from the Section 2 Address Latch 
to the Sect ion 3 Address Latch. The reason 
for using this design w i 11 become apparent. 

A typical data collection cycle is described 
below. Refer to Figure 10-2, the Clock 
Generator Timing Diagram. Data word AA on 
the Timing Data Bus is clocked into U41 
Section 0 Data Flip-Flop by the positive
going edge of CLKPHO-. Refer to point A on 
the timing diagram. This data is held in 
U41 until the next positive-going clock edge 
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at point L. Address AAA, the current 
address count, was set in the Address 
Counter by CLKPHO+ at point J. This ad
dress is latched in the U4 Section 0 Address 
Latch. The address is latched by the low 
level at the negative-going transition of 
CLKPHO-. Refer to point Bon the diagram. 
The address is held latched tor the duration 
of the low level. 

The Address Counter is advanced one count 
by the positive-going edge of CLKPHO+ 
(point K on the diagram). This point 
coincides with the address latch point B. 
However, note that propagation time delays 
the arr i va I of the new address at Sect ion 0, 
until after the current address has been 
latched. The new address at Section 0 is 
LLL, the current address is AAA. The write 
enable inputs of the Section 0 RAMs are also 
brought low at point B. This write enable 
pu I se is held true unt i I the positive-going 
transition of CLKPHO- at point L. The data 
and address inputs are both held stable for 
the duration of this pulse. 

The 93422 RAMs are described in the 
following paragraphs. The minimum write
pulse length, specified as 30 ns, is always 
exceeded. Even using the minimum CLKTTL 
period ot 20 ns, the write-pulse width is 3 x 
20 ns = 60 ns. The data is clocked into the 
Data Flip-Flop one CLKTTL period ahead of 
the write pulse. This provides a data set
up time ot at least 20 ns, tour times the 
specified 5 ns minimum. The address is 
latched in the Address Latch on the same 
clock trans it ion that starts the write 
pulse. However, the address has been 
stable for much longer than the required 10 
ns. The total time is approximately 70 ns 
as follows: The time is 50 ns minimum in 
the Address Counter tor the Section 0 RAMs. 
In addition, it has been stable tor 20 ns 
minimum in the preceding Address Latch tor 
the RAMs in Sections 1, 2, and 3. 

At point C the positive-going edge ot 
CLKPHI- clocks data wore CC into the 
Sect ion 1 Data FI i p-F lop U4 O. Data has 
changed since point A beccuse the data is 
being sent to the Data FI ip-Flops at the 
CLKTTL rate. The i I ip-tlops are connected 
in para I lei to the on-board Timing Data Bus. 

Timing Memory Board 

At point D, the AAA address being held in the 
Section 0 Address Latch is latched into the 
Section 1 Address Latch by the low level of 
CLKPHl-. Note that although a count in
crement has been started in the Address 
Counter, address AAA can still be used by 
Sections 1, 2 and 3. This is because of the 
series loop connection of the Address 
Latches. The write-enable inputs of the 
Section 1 RAMs are also brought low at point 
D, thus storing word CC. 

Data word AA is now written into the 
Section 0 RAMs at address AAA. Data word 
CC is written into the Section 1 RAMs at 
address AAA. Data is clocked at point E and 
addresses I atched at pint F. This operates 
so that data word EE is written into the 
Section 2 RAMs at address AAA. Similarly, 
data word GG· is written into the Section 3 
RAMS at address AAA. 

At the next clock pulse of CLKPHO-, L-M, the 
next sequential address LLL is stable at 
the Address Counter output. Address LLL 
then is latched in the Section 0 Address 
Latch. The next set of tour data words is 
written into the tour RAM sections at 
address LLL. The first word written is 
data word LL in the Section 0 RAMs. 

Each address stores tour consecutive data 
words, one in each RAM section. Each RAM 
section stores every fourth data word in 
consecutive addresses. When the Address 
Counter has reached maximum count, each 
RAM section contains 256 data words. This 
makes a total of 1024 data words inter laced 
in the tour RAM sections. 

At the next CLKPHO+, the Address Counter 
overflows and starts over at address 000. 
Data co 11 ect ion may end at any address 
count and on any one of the 4-phase clock 
pu I ses. 

At the end of data collection (post-trigger 
terminal count), CLKTTL stops. This stops 
the CI ock Generator that in turn stops the 
Address Counter. This I eaves a 11 Timing 
RAM Address Latches and Data Flip-Flops in 
the same state as at the last memory write. 
The Control Program reads the Last-Word 
Address Port to find the address of the last 
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word stored. It also reads, from the 
Status Port, the state of the four flip
flops in the Clock Generator. This defines 
which RAM section stored the last word at 
that last address. The Control Program 
can then locate the address and RAM section 
tor any desired stored data word. 

After the CLKTTL has stopped, the Control 
Program can read data words from the 
Timing RAM. This is done by bringing the 
Address Counter load control I ines low with 
s igna I RDRAM- received from the Address 
Decoder. The Address Counter receives 
addresses from the Processor Address Bus. 
In this load mode, the incoming addresses 
are sent straight through the Section 0 
Address Latch, U4. The Control Program 
also clears the Clock Generator flip-flops 
with CLRCLKG- received from the Control 
Port. This brings all clock outputs to the 
RAM Address Latches high. This holds al I 
four Address Latches in the transparent 
mode. 

The sequence of operations is described as 
fol lows. The Control Program places an 
address on the Processor Address Bus. 
That address is sent by the Address Counter 
to a 11 tour Ad dress Latches in the loop. Note 
that all four RAM sections are addressed 
simultaneously. The Control Program can 
select the RAM section that contains the 
word to be read. That RAM section is 
selected by activating the proper RAM 
output-enable line. This signal is one of 
EORAMO- through EORAM3-, and is sent via 
the Address Decoder. 

1 0.2 .4 DAT A COMP ARA TORS 

There are eight Data Comparators, one tor 
each ot the eight para I lel incoming data 
Ii nes. The incoming data may be sent from 
the Waveform Control Board or from the 
Mode I 80 Probe. It sent from the Waveform 
Control Board, the data is applied only to 
the Data Selector and the ECL-to-TTL 
translator. The Data Selector selects 
either the Waveform or Timing data. It 
sent from the Model 80 Probe, the data is 
acted upon by two comparator functions. 
The ti rs t of these detects any g I itch in the 
data. The second detects any match with a 
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corresponding arm or trigger-word bit. 

The NPC 764 Logic Analyzer operation 
defines a glitch as follows: A pulse on a 
data I ine that exceeds the selected voltage 
threshold and is shorter than the selected 
analyzer clock period. A user definition of 
a glitch may be as fol lows: A pulse shorter 
than the norm a I data period or target
system clock period. Since the analyzer 
clock period is usually shorter than the 
incoming data period, many such user
def i ned g Ii tches are processed as data. 
They are therefore displayed to the user 
without requiring the use of the glitch 
capture mode. 

Selection of glitch-capture or sample mode 
of input data is made on a Ii ne-by-1 i ne basis 
by menu-prompted keyboard entries. The 
Data Comparators a I low the Centro I Program 
to turn g Ii tch capturing on or off tor each 
incoming data line. 

Data Comparator 0, shown on sheet 4, 
consists of the fol lowing components: 

a. U48B,C, sections of a 10102 quad 
NOR gate. 

b. U47A, one-half of a 10130 dual 
latch. 

c. U36B, one-half of a 10131 dual 
master-slave, positive-edge clock
ed, type D fl ip-tlop. 

d. U19, a 10117 dual 2-3-input 
OR-AND/OR-NOR gate used as a 2-w i de 
OR-NOR gate. 

e. U31B, one-fourth of a 10158 quad 
2-i nput multi p I exer. 

f. U30A, one-fourth of a 10125 quad 
ECL-to-TTL translator. 

This circuitry performs the data compara
tor and data selection functions tor data 
bit o. 

Data Comparators 1 through 7 {sheets 3 and 
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4) operate identically to Data Comparator 
O. The IC numbers and signal term names 
differ. 

The fol lowing description of the function of 
Data Comparator 3 can be app I led to the 
other seven Comparators. Refer to Figures 
10-3 and 10-4. 

Timing data sent from the Model 80 Probe is 
applied in to the Comparator in differential 
form. That is, as two signals of opposite 
polarity, here labeled 03+ and 03- (Figure 
10-3). 03+ is sent to the D input of Data 
Latch U37B. The common clock input tor the 
U37 dual latch, C-, is left unconnected and 
is pulled low internally. The two latches 
in U37 are therefore controlled indepen
dently by their individual CE- inputs. The 
CE- input of U37B is received with signal 
D3G+/S- CData Bit 3, Glitch+ I Sample->. 
Signal D3G+/S- is sent from the U23 section 
of the Control Shift Register {sheet 4). 

It the sample mode has been selected for 
Data Bit 3, the CE- input of latch U37B is 
held low with D3G+/S-. 

When the CE- input is low, the set and reset 
inputs of U37B are inhibited. This causes 
the Q output to fol low the D input. Thus in 
the sample mode Data Latch U37B has 
essentially no effect. Timing data is sent 
straight through to the D input of Data 
Flip-Flop U32A. U32A is a master-slave, 
type D f Ii p-f I op that is clocked by the 
positive-going edge of the clock signal. 
The U32A clock input is received with signal 
CT (Clock, Timing). CT is received, via 
U44A, from the Clock Control on the Timing 
Centro I Board. 

The CT clock is keyboard-selected as either 
external or internal. It the clock is 
internal, the clock period is also keyboard
selected. For Timing analysis, the clock is 
usually selected as internal. The clock 
period is usually selected to be shorter 
than the data period by a factor of at I east 
10. This ensures that resolution will be 
adequate. 

When glitch-capture mode has been selected 
for Data Bit 3, the CE- input to U37B is held 
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high with signal D3G+/S-. The latched mode 
is defined as when the CE- input is high. In 
this mode the D input has no effect and U:S 78 
responds only to the set and reset inputs. 
The outputs of Comparator Gates U49C and 
U49D are sent to U37B set and reset inputs, 
respectively. 03- and the U32A Q output 
are app Ii ed to the inputs of gate U49C. The 
03+ and the U32A Q- output are applied to 
the inputs of gate U49D. 

Comparator Gate U49C detects positive
going transitions in 03+ by detecting the 
negative-going transitions in 03-. Com
parator Gate U49D detects any negative
going transitions in 03+. Any positive
going transition in 03+ (whether by data or 
glitch) sets latch U37B. Any. negative
going transition in 03+ resets latch U37B. 
The U37B O output is clocked into ti ip-flop 
U32A as in the sample mode. 

Note that the ECL devices used in the 
Comparator circuits are fast enough so that 
any glitch pulses ~5 ns will be detected. 

Operation of the Arm-Bit and Trigger-Bit 
Comparator Gates is described as fol lows. 
The upper OR gate of Arm-Bit Comparator 
Gate U9B receives the Q output of U32A and 
software-generated signal AW381-. This is 
the Arm Word 3-Bit selected as 1 -. The 
lower OR gate of U9B receives the Q- output 
of U32A and s igna I -AW3BO-. These AW3B 
signals are software-generated in accor
dance with keyboard selection. They are 
generated by U8 of the Control Shift 
Register in the Processor Interface. The 
output of the NANO gate in U9B is ANDed with 
the outputs of the other seven Arm-Bit 
Comparator Gates. Al I seven Comparator 
Gate outputs must be low in order to 
produce a low TA- output signal. 

If Arm-Word Bit 3 was keyboard-specified as 
a 1 (high), then signal AW3B1- is held low 
(true) and signal AW3BO- high. If arm bit 3 
was specified as a 0, the Control Program 
holds AW3B1- high and AW3B0- low. If arm 
bit 3 was specified as X (don't care), the 
Control Program holds both AS3B 1- and 
AW3BO- high. 

Assume that arm bit 3 was specified as a 1. 
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Signal AW3BO- wi 11 be high, and the lower OR 
gate of U9B wi 11 always have a high output. 
This will be true regardless of the data 
in put. This I eaves the upper OR gate in 
control of the U9B NANO gate output. 
S igna I AW3B 1- w i 11 be low, and as long as 
U32A-Q (that reflects 03+) is low. The 
output of the upper OR gate w i 11 be low and 
U9B-14 will contribute a low to the wired 
AND output TA-. It the outputs of the other 
seven Arm-Bit Comparator Gates are also 
I ow , TA- w i I I be Io w. Th i s ind i cat es that 
an arm-word match has occurred. 

It arm bit 3 was specified as a 0, U32A-Q
goes high (indicating that D3+ is low). 
Signal U39B-14 will contribute a low to the 
wired AND output TA-. 

It arm bit 3 was specified as an X, the 
output of both OR gates wi 11 always be high 
(because both AW3B1- and AW3BO- are high). 
Signal U9B-14 will constantly contribute a 
low to TA-. 

In the glitch-capture mode, the captured 
g Ii tches w i 11 have the same effect as data 
on the operation of the Arm-Bit Comparator 
Gate. Spurious bit matches can be preven
ted by a keyboard-speci tied arm-word ti I ter 
setting of 2. This designates that the 
arm-word match must be present at least 
two clock periods in order to be acted upon. 
However, ti I ter settings greater than 2 
must be used with caution when the signal 
period is less than 10 times the clock 
period. 
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Note that the filtering action affects only 
the arm-word and triggering-word match 
function. It does not affect the storage 
and display of collected data. Refer to the 
Trigger Filter circuit shown on Timing 
Control schematic sheet 3. 

The Trigger-Bit Comparator Gate operates 
in exactly the same way as the Arm-Bit 
Comparator Gate. The output of U9A (TT-) 
is connected in a wired AND with the outputs 
of the other seven Trigger-Bit Comparator 
Gates. 

Data Selector U31D is used by the Control 
Program to select either Timing data or 
Waveform data. The selected data w i I I be 
stored in the Timing RAM. Bit 3 Timing data 
is sent from U32A-Q to input B of U31D. Bit 
3 Waveform data (WE3) is sent from the 
Waveform Board via pin 52-50 to input A of 
U31D. Signal DSELT+/w- is the Data Select ' 
Timing+ I Waveform - signal. DSELT+/W- is 
used to select one input or the other as 
output to the level translator U17C. The 
output of U17C, TDB3 <Timing Data Bus bit 3) 
is placed on the on-board Timing Data Bus. 
This signal is applied to the inputs of the 
Data Latches in the Timing RAM sections. 

10.3 SCHEMATIC, BOARD LAYOUT, AND PARTS 
LIST 

The schematic diagram, board layout, and 
parts list tor the Timing Memory Board are 
contained on the following pages. 

, 0-, 1 
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SECTION XI 
COUNTER-TIMER/SIGNATURE ANALYZER 

11.1 INTRODUCTION produce the H-P compatible signature ana
lyzer. 

11.2 MICROPROCESSOR INTERFACE 
The Counter-Timer/Signature Analyzer <C
·1 /SA) Board contains Two independent tun c
t ions, that share input circuitry and 
microprocessor interfacing. The Counter
Timer section is a ful I function frequency 
counter and interval timer based on the 
lntersil ICM72268 LSI device. The Signa
ture Analyzer is based on a 16-stage tapped 
shift register with feedback. This gener
ates a calculated number based on a serial 
bit stream received via the input probe. It 
emulates the Hewlett-Packard algorithm for 
signature analysis. Nicolet Paratronics 
is under license from Hewlett-Packard to 

Refer to the block diagram, Figure 11-1, and 
schematic # 127-0099-001 (sheet 3). The C
T /SA Board occupies 1/0 space from 70HEX to 
73HEX· The six most significant bits are 
decoded by US ( 7 4LS32} and U6 ( 74LS10). 
These output signals are used to gate U16, a 
74LS138. The most significant select bit 
is connected to the Sl {pin 47) signal of 
the processor. This determines if the 
cycle is a read or write. Consequently, 
outputs Y4-Y7 are 1/0 read select I ines, and 

WORD 
RECOGNIZED 

INPUT 

INPUT 
PROB 

SIGNAL 
CONDITIONING 

Ol,U39, 
U28,U29 

WORD 
RECOGNIZED 

INPUT 

START 

STOP 

PRESCALER 
& INPUT MUX 

U8-Ul0,Ul7, 
Ul9,U30 

SIGNATURE 
ANALYZER 
FEEDBACK 

SHIFT REGISTER 

Ull-U14, 
U20-U23,U31 

SIGNATURE 
ANALYZER 

SEQUENCER 

Ul-U3,U15, 
U24,U35 

10 MHZ 
OSCILLATOR 

COUNTER 

U7,U26, 
U36-U38 

MICROPROCESSOR 
INTERFACE 

U5,U6,Ul6,U27, 
U32,U33 

Figure 11-1 CTSA Block Diagram 
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YO-Y2 are write select I in es tor addresses 
70-73, respectively. These signals are 
used for the functions described by their 
names on the schematic. 

1 1.3 INPUT CIRCUITRY 

Refer to sheet 2. The DATA IN signal is 
a pp I i ed to Q 1 A v i a the i n put r -c c i r cu i try. 
The input impedance of this circuit is 
approximately 1 megohm shunted by 30 pF. 
Capacitor C36 provides high frequency 
compensation. Di odes CR 1 and CR2 c Ii p the 
input signal at+/- 2.5V. This protects FET 
Ql and U39, the AM687 high speed compar
ator. Transistor QI is set up as a zero
otfset source fol lower to provide d-c 
coupled current gain. U39 compares the 
input signal with a threshold voltage 
generated by the D/ A converter U28 and 
bu fter U29. 

The ECL level outputs of U39 drive a delay 
I ine. The delay I ine output is used by the 
Signature Analyzer, and a pre-scaled and 
input MUX that is used by the Counter
Ti mer. The delay Ii ne is necessary to 
adjust the timing of the input data with the 
clock. The clock must go through addition
al circuitry within the rest of the Logic 
Analyzer. 

Other inputs to the board are the Arm and 
Trigger signals. These are generated by 
the state analyzer, and become start/stop 
signals. The start/stop signals are used 
by the Signature An a I y zer, and the Counter
Ti mer in interval mode. These are buttered 
by UlO, an MC10116, and synchronized by 
part of U30, an MC10176. 

The clock signals CT and CWE+ are buttered 
by U 10 and U39 respectively. The selection 
between these two s i gna Is is made by ha If of 
U19. This is done by grounding ot one of 
two 52 connector pins (28 or 29). The pin 
grounded indicates the use in a state or 
timing analyzer. 

I 1.4 COUNTER-TIMER FUNCTIONAL 
DESCRIPTION 

Refer to sheet 2. The Counter-Timer de
vice receives the DATA A input via tour-to-

11 -2 
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one multiplexer U9 and ECL-to-TTL conver
ter Ul 7. The MUX enables the processor to 
select either the probe input, the probe 
frequency divided-by-10 via U8, the start 
(ARM> signal, or the system clock. In 
addition, the stop <TRIG) signal is buttered 
by U17 tor use in the interval mode. 

Refer to sheet 3. The range and function 
inputs of the U7 (ICM7226B) are driven by 
U27 and U38, both 8-to-1 multiplexers. 
These select which of the digit strobe 
signals are sent to the range and function 
inputs. The select lines of both multi
plexers are driven by U37. U37 is an octal 
latch that is set up as output port 70HEX· 

The lntersil ICM7226B is an LSI device that 
provides an eight digit output with the 
fol lowing characteristics: Frequency of 
input A to 10 MHz; period of A from 400 
nanoseconds to 10 seconds; frequency ratio 
of A to B inputs; and i nterva I from A input 
to B input. 

The resu I ts ot the measurement are presen
ted at the BCD outputs sequentially. That 
is, one digit at a time, as indicated by the 
digit strobe outputs. These digit strobes 
are sent to a priority encoder, U26, that 
encodes these eight inputs into a 3-bit 
binary word. The four BCD outputs, the 
encoded strobe, and a valid strobe signal 
are buttered onto the processor bus by U36. 
This is initiated by an 1/0 read from 

address 72HEX· 

Half ot U25 is used to detect an overflow 
status. This s igna I, and measurement-in
progress, are buffered by U34. This is the 
status port and responds to an 1/0 read 
from address 73HEX• The Signature Ana I y
zer status is also read from this port. 

11.5 SIGNATURE ANALYZER 
FUNCTIONAL DESCRIPTION 

Refer to sheet t. The Signature Analyzer 
is based on shift registers Ult through U14 
and XOR gate U31. A delay is generated by 
U30 to compensate tor delay in the start and 
stop signal paths. Input signal SIGOATA is 
summed with a feedback signal from the 16-
stage shift register. The feedback signal 
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is generated by summing the 7th, 9th, 12th 
and 16th stage outputs in U31. This yields 
a signature identical to that of Hewlett
Packard·Signature Analyzer when used under 
the same conditions. 

The outputs of the shift registers are 
converted from ECL to TTL levels by U20 
through U23. The TTL level signals are 
then multiplexed onto the Processor Data 
Bus by U32 and U33. The signature is read 
by 1/0 reads from addresses 70HEX and 
71 HEX• 

The operation of the shift register is 
contro 11 ed by the S 1 and 52 in puts. These 

START, 
STOP 

SOFTWARE RESET 

Counter-Timer/Signature Analyzer 

signals are the outputs of ti ip-tlops Ul 5B 
and UlA, respectively. These ti ip-tlops, 
with flip-flop C W15) and U2 and U3, form a 
sequencer that operates as shown in Figure 
11-2. The state of the sequencer is 
converted to TTL by U35 and to tr i-state by 
U34. U34 responds to an I /0 read from 
address 73HEX• The sequencer is reset by 
an 1/0 write to address 73HEX• 

11.6 SCHEMATICS, BOARD LAYOUTS AND 
PARTS LIST 

The schematic diagram, board layout and 
parts list for the C-T/SA Board are 
contained at the end of this section. 

STATES o,6,1 - HOLD OR LOAD (0s) 
STATES 2 & 3 - SHIFT 

@ FLIP FLOP 
C IS LSB, 
A IS MSB STATE 7 - HOLD 

Figure 11-2 Signature Analyzer Sequencer State Diagram 

11-3 
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SECTION XII 
WAVEFORM BOARD 

12.1 INTRODUCTION 

The Waveform Board provides a high speed 
analog interface and special display hard
ware used to display the collected analog 
signal. 

12.2 FUNCTIONAL DESCRIPTION 

Refer to schematic #127-0072-001, the 
board layout and parts list at the end of 
this section. Tables of connector pins 
versus s igna I names for a 11 Motherboard 
connectors are provided in SIGNAL AND 
INTERCONNECTION TABLES. An alphabetical 
I ist of al I interboard signals is provided. 
The GLOSSARY sect ion offers exp I anat ions 

. for acronyms or terms that may be un
f am i I iar. 

The input signal is received via edge 
connector pin S2-29 that is connected to 
the rear panel BNC connector. Relay Kl 
selects d-c Cc losed) or a-c input coup Ii ng. 
Re I ays K2-K5 and the associated components 
form a precision attenuator network with 
division ratios of 1, 10, 100 and 1000. 
Relay K6 provides a ground reference when 
closed. 

FET Ql is configured as a zero-offset source 
fol lower and is used for buffering and 
impedance transformation. This signal is 
applied to a low-pass filter consisting of 
C16, C17 and Ll. This filter limits the 
bandwidth of the signal to be presented to 
the A/D converter. U13, an SG592 video 
amplifier, in conjunction with relays K7 and 
K8, forms a programmable-gain amplifier. 
U9, an LH0024 operational amp I ifier (op
amp), and transistor Q2 provide high speed, 
low output-impedance buffering. This is 
used to drive the A/D converters and the 
triggering circuit. The offset, or verti
cal position voltage is added at the input of 
U9. The offset voltage is generated under 
software by D/A converter Ull and the 
associated buffer. 

The triggering circuit consists of an AM687 
high speed comparator, U8. This circuit 
compares the input signal to a reference 
generated by D/A UtO under software con
tra I. The true or comp I ement outputs of 
the AM687 are selected by U7 to determine 
the slope of the triggering signal. This 
output is sent to trigger I at ch U20, an 
MC10131 dual D ti ip-flop. The other halt of 
the ~10131 is used to hold the trigger 
latch reset until the clock starts. 

U6 is wired as output port 05 (HEX). This 
al lows control of the circuit via relays K 1-
K8 and the trigger polarity select line. 

The A/D converter is two m~ltiplexed TRW 
TDC 1014Js. The A/D converter output is 
sent to the Timing Memory Board for 
storage. 

After collection in the Timing Memory, the 
data is sent to a 256-word x 8-bit display 
memory in the display section of the 
Waveform board. The di sp I ay memory occu
pies address locations 2EOOH through 2EFFH. 
No provision is made tor reading this 
memory. Operation of the display section 
is described below. 

The CRT screen is mapped into the display 
memory as 256 vertical columns correspon
ding to 256 X values. Each X value is 
assigned a memory location. The 8-bit 
data value in each memory location deter
mines the Y va I ue of the video dot tor that X 
va I ue. The resu It i ng string of 2 56 dots 
constitutes the waveform and is sent to the 
Video Display Board tor display on the CRT. 

It is possible that a dot in the string will 
be displaced up or down from the preceding 
dot more than one raster scan Ii ne. It this 
occurs, the circuit wi 11 ti 11 in the gap. 
This is done by adding a string of vertical 
dots to the scan I ine in the new column 
above or below the preceding dot. The 
number of dots added may range from one to 
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many, as required. This preserves the 
visual continuity ot the display. 

Note that the I ine must be al lowed to begin 
and end inside the screen boundaries. 
Thus, a scale and annotation may be 
included in the display. The gap-fill fea
ture is inhibited for Y values ot OFFH. The 
Control Program places an FF-value dot at 
the beginning and end ot the data string. 
No vertical I ine is drawn to or tram the FF
value dot, and the dot itself is not 
displayed. 
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The display may be inhibited by writing a 00 
or enabled by writing a 01 to port 004H. 
The display must be inhibited while the 
memory is being altered. 

12.3 SCHEMATIC, BOARD LAYOUT AND 
PARTS LIST 

The schematic diagram, board layout and 
parts Ii st tor the Waveform Board are 
contained on the tallowing pages. 
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SECTION XIII 
DISK CONTROLLER 

13.1 DISK CONTROLLER CIRCUIT DESCRIPTION 

Refer to schematic #127-0112-001(sheet1). 
The controller uti I izes the Western Digital 
floppy disk controller chip set. These are 
U34, U18, and U19 CWD1793, WD1691, and 
WD2143). Signals received from the drive 
are buffered by U24 and U21 (7414). Signals 
sent to the drive are buffered by U22, U23 
and U38 (7438). This floppy disk control
ler is programmed for operation with any 
industry standard S 1/4" floppy disk drive 
at double density. The 1 MHz clock which 
U34 requires is generated from Y2, a 2 ~Hz 
crystal. The bi-directional data bus of 
U34 is buffered by U46 CDP8304 ). Circuitry 
for an RS-232C interface also is contained 
on th is board. 

Three potentiometers, Rl, R2, R3, are shown 
in Figure 13-1. They are provided for 
aligning floppy disk R/W operations as 
fol lows: 

a. Rl C50K ohm) adjusts the output of 
VCO U17 (74LS629) to free run at 2 
MHz. Resistor network R9, RS, R7 
ensures quiescence at approximate-
1 y 1.5 volts at pins PU, PD of U18. 

b. R2 ClOK ohm) adjusts the amount of 
data write pre-compensation for 
tracks >44. It is nominally set at 
400 ns. The amount of write pre
compensation can be observed at pin 
4 of U18. This is done by putting 
the disk controller into a contin
uous write operation. 

c. R3 ( 1 OK ohm) adjusts the width of RAW 
DATA-, nom i na I ly set at 7SO ns. 

U34 is se I ected by address decoder U56 and 
U35. U44 generates the clock required by 
latch U4S CLS374) and signal +ROBB. This 
signal puts the processor into a wait state 
by pulling RDY low when both INTRO and ORO 
are inactive. 

U36 and U37 comprise a time-out circuit. 
Th is circuit is used to control the motor ON 
signal sent to the drive. The time-out 
circuit causes the motor ON signal to go 
i nact i v·e approximate I y three seconds after 
last access. This is done when there is no 
disk read/write operation, or when U34 has 
not been selected tor more than three 
seconds. This is accomp Ii shed by keeping 
pin 1 of U36 and U37 high so as to al low the 
counter U36 to count. The ripple carry 
output wi 11 then cycle to U37 and U37, pin 6 
wi 11 go low. That wi 11 eventually turn U60, 
pin 6 high. Th is wi 11 ensure that the clear 
inputs to both U36 and U37 go high al lowing 
the counter to increment. 

Refer to sheet 3 of the schematic. The RS-
232 interface circuits are depicted on this 
sheet and are comprised of U47, US7, US8, 
Yl, VRS, and VR6. Level converters US7 and 
U58 (1488, 1489), send and receive data, 
respectively. Crystal Yl provides the re
ference for UART U4 7 C6SS 1>. Voltage regu-
1 ators VRS, VR6 provide +/- 15 volt power 
tor theRS-232 level converters. Addition
ally, there are two power supply voltage 
regulators, tor +5 volt CVR3) and +12 volt 
CVR2> shown on this sheet. 

13.2 RAM DESCRIPTION 

Refer to sheet 2 of the schematic. The 
system contains 48K bytes of memory (24 
chips of 16K x 1 dynamic RAM, U1-U16 and 
U2S-U32>. Si gna Is ROW- and COL- r espec
t ive 1 y strobe in row and column addresses 
into the RAMs during a read/write opera
tion. US4 and USS CLS244) butter the 
address I ines before being strobed into the 
respective RAM addresses. 

Signals RAS, CAS- are generated by the 
fol lowing chips: U39, U49, USO, U40, U41. 
RAS- has two major constituents: RASA+ 
provides read or write access and RASR+ 
increments the refresh address counter 
U33, whose outputs will be strobed. Note 
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the row address inputs when ROW- and COL
have both gone inactive. The refresh coun
ter outputs are buffered by U43 (LS244). 
U52 (LS374) latches the RAM data-out 
contents during a read operation. This 
a 11 ow..s the processor to read the RAM data 
at an appropriate time. U53 is the input 
data butter to the RAMs. 

13.3 RS-232C SERIAL INTERFACE 

An RS-232C Serial Interface is also provi
ded. The interface is bi-directional, and 
the Control Program can be commanded to 
transmit what is being displayed on the CRT. 
A printer with suitable serial input can 
thus produce hard-copy duplicates of the 
·menu set-ups and data displays. 

Timing, control and serialization of data 
for the interface are accomplished by the 
Control Program. Refer to sheet 3 of the 
schematic. The 1/0 circuitry consists of 

'!. t. 
1.'- ' 

.:'.,,,;::;:1@.; 
-i: i .. 

Disk Controller 

USART U47 (6251), line driver U57 (1488) and 
line receiver U56 (1489). 

S igna Is are routed from the RS-232C connec
tor on the rear panel via a 16-pin DIP socket 
CJ2) on the motherboard to the DISK-RAM PCB 
socket 528. Signal flow is shown in Table 
13-1. 

Some parameters required by the Centro I 
Program to operate the interface are 
obtained from the settings of a DIP switch 
located on the Processor PCB. The function 
of these switches tor the RS-232C i ntertace 
are shown in Table 13-2. Figure 13-1 
depicts location. 

13.4 SCHEMATICS, BOARD LAYOUTS AND 
PARTS LIST 

The schematic diagram, board layout and 
parts I ist tor the DISK-RAM Board are 
contained at the end of this section. 

Figure i3-1 Potentianeter and Dip Switch location 
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Table 13-1 RS-232C Signal Flow 
===================================================== 

Signal 
====== 
RXD 
RT 
DTR 

DSR 
CTS 
DCD 
RXD 

U47 
Pin 
---
10 
8 

1 1 

17 
9 

16 
12 

U57 
IN OUT 
======== 
2 3 

13 11 
10 8 

U58 
OUT IN 
--- --

6 4 
3 1 

11 13 
8 10 

528 
Pin 
---

5 
6 

35 

7 
37 
36 
38 

J2 
Pin 
---
14 
13 

11 
12 
9 

7 

Rear Panel 
08-255 

Pin 
========== 

2* 
4 

20 

6 
5 
8 
3* 

*NOTE: The DISK-RAM Board is provided with the transmit 
data signal on interface connector pin 2 and 
receive on pin 3. Jumpers on the board can be 
rewired to exchange the transmit and receive Ii nes 
it desired. The jumpers are shown on schematic 
sheet 3 and on the board layout drawing. 

Table 13-2 RS-232C DIP Switch Settings 

NOTE: DIP Switch is located on Processor Board. 

SWl 
================================= 

8 

POWER J 
7 

I 
6 

I 
LINE NOT USED 
FREQ 

50 Hz = OFF 
60 Hz = ON 

BUSY POLARITY 
============= 

LOW = OFF 
HIGH = ON 

5 4 3 2 

ON ON ON 
ON ON ON 
ON ON OFF 
ON ON OFF 
ON OFF ON 
ON OFF ON 
ON OFF OFF 
ON OFF OFF 

OFF ON ON 
OFF ON ON 
OFF ON OFF 
OFF ON OFF 
OFF OFF ON 
OFF OFF ON 
OFF OFF OFF 
OFF OFF OFF 

ON 

BAUD 
RATE 

OFF 50 
ON 75 
OFF 110 
ON 135 
OFF 150 
ON 300 
OFF 600 
ON 1200 
OFF 1800 
ON 2400 
OFF 3600 
ON 4800 
OFF 7200 
ON 9600 
OFF 19200 
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SECTION XIV 
INPUT PROBES 

14.1 INTRODUCTION 

There are three types of input probes used 
with the NPC 764 Logic Analyzer as follows: 
The Model 51A Probe (for the State section), 
the Model 80 (for the State/Timing section) 
and the Model 90 Probe (for the Counter
Timer/S ignature Analyzer and Waveform sec
tions). These probes provide high impe
dance signal inputs that can be placed close 
to the target s igna Is. The probes then can 
convert the acquired signals to a form 
suitable for transmission to the NPC 764 for 
ana.1 ys is. 

The Model 5 lA Probe is used for input to the 
State analyzer section. The 51A provides 
inputs for 16 data signals, one clock signal, 
and two qua I ifier signals. Three Model 51A 
Probes are normally used when the analyzer 
is operated in the 48-bit mode. The 
qualifier signals may be applied Cby key
board instructions) to the clock signal. 
At the same ti me, they may be app Ii ed to any 
or al I of the 16 levels of trigger words. 
The nominal impedance of al I inputs is 44K 
ohms shunted by 15 pf. The probe contains 

I 

a manual adjustment for setting the logic 
threshold of the incoming signals. It also 
contains a switch tor pre-setting this 
threshold to TTL level. The probe also 
contains a switch for inverting al I incoming 
signals if desired. 

The Model 80 Probe is used for input to the 
Timing analyzer section. It provides in
puts tor eight data signals, a clock signal, 
and a clock-qualifier signal. The nominal 
impedance of al I inputs is 1 Megohm shunted 
by 6 pf. The logic threshold voltage for 
these inputs is variable and is set by 
keyboard entry. Also, the inputs have a 
hysteresis function that can be turned on 
or oft from the keyboard. 

The Model 90 Probe is used for input to the 
Counter-Timer/Signature Analyzer and to 
the Waveform Analyzer sections. It pro-

vides a single input that can be manually 
switched between two input impedance 
levels as fol lows: 10 Megohms shunted by 
12 pf and having a 10:1 attenuation ratio, 
and 1 Megohm shunted by 70 pf and having a 
1:1 attenuation ratio. 

These probes are described in greater 
detail in the following subsections. 

14.2 MODEL 51A PROBE 

The Model 51A Probe interfaces the State 
analyzer to the system under test. Th is 
probe incorporates comparators for high 
input impedance and variable threshold 
selection. Each Probe interfaces 16 data 
bits, 2 qua I if ier bits, and a clock input. A 
switch on the probe is provided to present a 
fixed threshold of 1.6V for convenience. A 
monitoring point permits measuring the 
threshold voltage that can be adjusted over 
the range of +/- 6V. The voltage at this 
monitoring point with respect to probe 
ground is one-half, or 50%, of the actual 
threshold voltage. The Model 51A also 
incorporates a data comp I ement Ci nvert) 
switch for active-low bus conventions. 
The impedance for all inputs is 44K ohms 
shunted by 15 pf. 

Refer to schematic #127-0015-0021, the 
board layout and parts list at the end of 
this sect ion. 

Resistors RN1-RN4 "form voltage dividers 
that app I y one-ha If of the input vo It age to 
Ul-U5. Ul-U5 are high-speed quad compara
tors, either Motorola MC3430 or National 
053651. The input capacitance of the com
parators is compensated by capacitors C1-
C19. Resistors R4, RS and R7 provide 
approximately 200 mV of hysteresis to the 
clock input. Comparators Ul-U5 accept a 
threshold reference from the voltage divi
der formed by R10-R12 or R8,R9. These 
high-speed comparators convert the var
iable input voltages to TTL levels. Switch 
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Sl controls whether buffersU6-U10operate 
in a true or complement mode. UlO ·also 
selects clock polarity and provides buf
fering tor clock and qualifier signals. The 
probe receives +/- 5V power from the 
analyzer through the ribbon cable. 

The Model 51A Probe receives a functional 
check when used in the analyzer self-test 
with the Logic Analyzer test card. 

Although the input resistor divider pro
vides some input protection, voltages 
higher than +/- 25 V may damage the 
circuits and should be avoided. 

14.3 '4)0EL 80 PROBE 

The Model 80 Probe is used tor input to the 
Timing analyzer section. Refer to schema
tic #127-0052-001, board layout and parts 
I ist at the end of this section. For each of 
the 1(}- input channels, the Model 80 Probe 
contains an Input Buffer and a Comparator. 
The circuits of al I channels are identical. 
The schematic diagram shows the first two 
channels in detail and the remaining chan
nels in an abbreviated form. 

14.3.1 INPUT BUFFERS 

There are 10 Input Buffers. One for each of 
the eight data inputs, one tor the clock 
input and one for the clock-qua I itier input. 
Because all the buffers are identical, only 
one will be described. That description 
can be app Ii ed to a 11 the others. 

The channel-0 input buffer consists of 
transistor O 1, a Si I icon ix E420 dua I J-FET; 
CRl and CR2, both 1N3600 diodes; and 
various capacitors and resistors. The 
major functions of the buffer are to provide 
signal isolation and high input impedance. 

The impedance presented to the incoming 
signal is essentially determined by the 3: 1 
passive divider made up of Rl, R2, Cl, C2 and 
stray capacity. The high input impedance 
of QlA has I ittle effect on the. overal I 
circuit impedance. This input impedance is 
nominally 1 Megohm shunted by 6 Pf. CRl 
and CR2 are clamping diodes that provide 
overvoltage protection tor QlA against 
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input voltage peaks as high as +/-tOOV. 
The usable input voltage switch (before 
clipping by these diodes begins) is+/- 9V. 
QlA is connected in cascade with QlB in a 
zero-offset source fol lower circuit. The 
output of this circuit is fed to the Channel-
0 Comparator. 

Variable resistor RS is used to compensate 
for any mismatch that may exist between 
QlA and QlB. R5 is adjusted. so that, with 
the signal input grounded, the voltage at 
pin 9 of comparator UlB is O.OV +/- .005V. 

14.3.2 COMPARATORS 

As with the Input Buffers, there are 10 
identical Comparators and only one wi 11 be 
described. ''r 

The Channel-0 Comparator consists solely 
of U 1 B, one-ha It of an At-{) AM687 high-speed 
dual comparator with complementary EGL 
outputs. The Comparator converts a var
iety of logic-signal inputs into outputs 
with pre-established ECL levels and fast 
transition times. 

The comparator positive input, UlB-9, is 
fed with the low impedance signal from the 
Channel-0 Buffer. The negative input, U 18-
10, is fed with threshold voltage THRESHA 
<Threshold A> that is compared to the 
incoming signal. As the input signal cros
ses this threshold from below, the output 
of the comparator· switches from low to 
high. As the input signal crosses this 
threshold from above, the output of the 
comparator switches from high to logic. 
THRESHA is received, via connector pin J6-5, 
from a DIA converter on the Timing Memory 
Board (sheet 1, TMB schematic>. It is 
keyboard-specified over a range ot -6.4V to 
+6.35V in 0.05V steps. The default value is 
+1.60V, suitable for TTL logic. Threshold 
voltage accuracy is +/- 0.05V. 

The comparator LE (Latch Enab I e) input, 
UlB-13, is grounded. Under this condition, 
it LE- is held negative (below -100 mV), the 
comparator operates in a normal manner. 
If LE- is driven high (above +100 mV), the 
comparator outputs are latched in their 
existing logic states. The latched mode is 



NPC 764 Maintenance Manual 

not used in this application. In the 
transition region between latched and 
unlatched modes, there is a smal I hystere
sis range for LE-. Th is feature is used in 
the circuit. 

When the input hysteresis fun ct ion has been 
keyboard-specified as ON, a nominal voltage 
of +1.7V is sent to the probe. This signal 
CHYST> appears at connector pin J6-34. 
Th is voltage is divided down by R6 and R8 to 
a nominal +45 mV at the LE- input, UlB-12. 
There it produces a hysteresis of 67 mV at 
the probe input (because of t~e 3:1 input 
divider, R1-R2>. When the input hysteresis 
function has been keyboard-specified as 
OFF, signal HY5T becomes -5.lV. This di
vides down to -134 mV at LE- and puts the 
comparator in the non-hysteresis, non
_latch mode. The signal HYST is received 
from the Control Port on the Timing Memory 
Board via connector 52-15 (sheet 1, TMB>. 

Comparators will oscillate if threshold 
input s igna Is have longer rise or fa 11 ti mes 
than the propagation time of the compara
tor (8 ns in this case). However, in this 
circuit such oscillations are prevented if 
the hysteresis function is in effect. It is 
recommended that hysteresis be used nor
ma I ly. The exception wou Id be an appl ica
tion requiring an investigation of the 
transition region. Accordingly, the de
fault hysteresis condition is ON. 

The comparator provides a differential 
output at ECL levels. The output signals, 
DO+ and DO-, are fed through pins J6-33, 32 
to the Jiming Memory Board at pins 52-52, 53 
{sheet 3, TMB). The outputs of UlB are open 
emitters. The necessary pull-down resis
tors on the Timing Memory Board, provide a 
60 ohm termination for each of the signal 
I ines. Both polarities of the data signals 
are needed by the glitch detecting cir
cuitry on the Timing Memory Board. But the 
positive signal alone is used when the 
sample mode, rather than the glitch
capture mode, has been keyboard selected. 

The clock channel output signals, CLK+ and 
CLK-, are fed via J6-3, 2 to Clock Control on 
the Timing Control Board at 52-56, 55. 
They may be possible keyboard selected as 
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the operating clock (refer to TCB schematic 
sheet 8). The clock-qua I ifier channel out
put signals, QCLK+ and QCLK-, are fed via J6-
9, 8 to Clock Control on the Timing Control 
Board at 52-58, 57. These signals may be 
used as a clock qua I ifier if the probe clock 
has been selected as the operating clock. 
Both polarities of the clock and clock
qual ifier signals are needed by the logic in 
the Clock Control circuits. 

14.3.3 APPLICATION 

The fo I lowing comments pertain to the 
internal operation of the Probe-Analyzer 
system. They are not intended as a discus
sion of the extensive uses of the instru
ment in analyzing a target system. Refer 
to the Operator's Manua I for more i nforma
tion on the many uses of the NPC 764). 

The Model 80 Probe is designed tor use with 
both timing and state analysis. The dis
cussion will cover both types of analysis. 
Essentially, the only difference between 
the two applications is in the use of the 
clock and clock-qua I ifier inputs. 

In the timing analysis mode, the clock wi 11 
probably be selected as internal. The 
probe clock and clock-qua I ifier inputs wi 11 
not be connected to the system under test. 
Any signal at the clock-qua I itier input has 
no effect when an internal clock is being 
used. 

In the 16-bit state analysis mode, the clock 
wi 11 probably be selected as external. The 
probe clock input wi 11 be connected to the 
system under test in order to provide the 
external clock. The clock-qua I itier input 
may also be connected it qua I ification of 
the clock signal is desired. But the 
qua I itier signal cannot be applied to the 
arm or trigger words. 

14.4 K>DEL 90 PROBE 

The Model 90 Probe interfaces the Counter
Timer/Signature Analyzer or the Waveform 
Analyzer to the system under test. It is a 
high-qua I ity osci I loscope probe selected 
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for suitabi I ity to this application. 

The Model 90 Probe is a passive probe with a 
three-position slide switch in the probe 
body. The three switch positions are XlO 
( 10: 1 attenuation), REF Cg round reference) 
and X 1 ( 1: 1 attenuation). The probe speci
fications at the three switch positions are 
shown below. 

f nput Prcbes 

The fol lowing accessories are supplied as 
standard equipment: 

Insulating Tip 
Spring Hook 
IC Adapter 
BNC Adapter 
Trimmer Tool 

MODEL 90 PROBE SPECIFICATIONS 

14-4 

BANDWIDTH 
RISE TIME 
INPUT RESISTANCE 

INPUT CAPACITY 
WORKING VOLTAGE 

XlO POSITION REF POSITION 
============== 
d-c to 100 MHz 
3.5 ns 
10 Megohm 

12 pf 
500 Vdc, peak 

===================== 

Probe tip - 90 ohm 
Analyzer input-grounded 

X 1 POSITION 
============ 
d-c to 10 MHz 

1 Megohm 

70 pf 
600 Vdc, peak 
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NPC 764 Maintenance Manual Motherboard Connections 

SECTION XV 
MOTHERBOARD CONNECTIONS 

15.1 INTRODUCTION 

This section contains the motherboard 
connector allocations. The connectors on 
the motherboard are denoted from front to 
rear as A through K. The p I ug-i n PC boards 
associated with these connectors are as 
follows: 

A. Processor 
B. RAM Disk 
c. State Control 
D. State Memory c CLSB) 
E. State Memory A CMSB) 
F. State Memory B 
G. Timing Control 
H. Timing Memory A 
I. Timing Memory B 
J. Waveform 
K. Counter-Timer/SA 

15-1 



Aladdin Motherboard 

-
IJl 
I 

N 

Signal Name 
ALE 
AOO 
AOl 
A02 
A03 
A04 
A05 
A06 
A07 
AOO 
A09 
AlO 
All 
A12 
Al3 
A14 
A15 
Al3-
All
A15-
A14-
A12-

CLK 

OBO 
OBl 
OB2 
OB3 
OB4 
OBS 
086 
OB7 
OBEN+ 

HLOA 
Ai., HOLD 

Siqnal and Interconnection Tables 

Interboard Signals. Sl Connections (Less Power & Ground) 

Board and Pin Connections 
SlA-50, SlB-50, SlC-50, Sl0-50, SlE-50, SlF-50, Sl~-50, SlH-50, SlI-50, SlJ-50, SlK-50 
SlA-55, SlB-55, SlC-55, Sl0-55, SlE-55, SlF-55, Slr,-55, SlH-55, SlI-55, SlJ-55, SlK-55 
SlA-24, SlB-24, SlC-24, Sl0-24, SlE-24, SlF-24, SlG-24, SlH-24, SlI-24, SlJ-24, SIK-24 
SlA-58, SlB-58, SlC-58, Sl0-58, SlE-58, SlF-58, SlG-58, SlH-58, SlI-58, SIJ-58, SlK-58 
SlA-28, SlB-28, SlC-28, Sl0-28, SlE-28, SlF-28, SlG-28, SlH-28, SlI-28, SlJ-28, SlK-28 
SlA-23, SlB-23, SlC-23, Sl0-23, SlE-23, SlF-23, SlG-23, SlH-23, SlI-23, SlJ-23, SlK-23 
SlA-25, SlB-25, SlC-25, Sl0-25, SlE-25, SlF-25, SlG-25, SlH-25, SlI-25, SlJ-25, SlK-25 
SlA-56, SlB-56, SlC-56, Sl0-56, SlE-56, SlF-56, Slr,-56, SlH-56, SlI-56, SlJ-56, SlK-56 
SlA-57, SlB-57, SlC-57, Sl0-57, SlE-57, SlF-57, SlG-57, SlH-57, SlI-57, SlJ-57, SlK-57 
SlA-52, SlB-52, SlC-52, SlD-52, SlE-52, SlF-52, SlG-52, SlH-52, SlI-52, SlJ-52, SlK-52 
SlA-53, SlB-53, SlC-53, SlD-53, SlE-53, SlF-53, SlG-53, SlH-53, SlI-53, SlJ-53, SlK-53 
SlA-54, SlB-54, SlC-54, Sl0-54, SlE-54, SlF-54, Slr,-54, SlH-54, SlI-54, SlJ-54, SlK-54 
SlA-27, SlB-27, SlC-27, Sl0-27, SlE-27, Slr,-27, SlH-27, SlJ-27, SlK-27, U7-9 
SlA-26, SlB-26, SlG-26, SlH-26, SlI-26, SlJ-26, SlK-26 
SlA-44, SlB-44, Slr,-44, SlJ-44, SlK-44, U7-11 
SlA-14, SlB-14, Slr,-14, SlH-14, SlI-14, SlJ-14, SIK-14 
SlA-45, SlB-45, SlG-45, SlK-45, U7-13 

SlC-44, Sl0-44, SlE-44, SlF-44, SlH-44, SlI-44, U7-10, RP3-6 
SlF-27, SlI-27, U7-8, RP3-8 

SlC-45, Sl0-45, SlE-45, SlF-45, SlH-45, SlI-45, SlJ-45, U7-12, RP3-4 
SlC-14, Sl0-14, SlE-14, SlF-14 
Slr.-26, Sl0-26, SlE-26, SlF-26 

SlA-11, SlB-11, SlC-11, Sl0-11, SlE-11, SlF-11, SlG-11, SlH-11, SlI-11, SlJ-11, SlK-11 

SlA-48, SlB-48, SlC-48, Sl0-48, SlE-48, SlF-48, SlG-48, SlH-48, Sll-48, SlJ-48, SlK-48, Ul-3 
SlA-49, SlB-49, S2r.-49, SlD-49, SlE-49, SlF-49, SlG-49, SlH-49, SlI-49, SlJ-49, SlK-49, Ul-18 
SlA-19, SlB-19, SlC-19, Sl0-19, SlE-19, SlF-19, SlG-19, SlH-19, SlI-19, SlJ-19, SlK-19, Ul-14 
SlA-17, SlB-17, SlC-17, SlD-17, SlE-17, SlF-17, Slr,-17, SlH-17, Sll-17, SlJ-17, SlK-17, Ul-13 
SlA-18, SlB-18, SlC-18, Sl0-18, SlE-18, SlF-18, Siri-18, SlH-18, Sll-18, SlJ-18, SlK-18, Ul-8 
SlA-20, SlB-20, SlC-20, Sl0-20, SlE-20, SlF-20, Slh-20, SlH-20, Sll-20, SlJ-20, SlK-20, Ul-7 
SlA-51, SlB-51, SlC-51, SlD-51, SlE-51, SlF-51, s1r,-s1, SlH-51, Sll-51, SlJ-51, SlK-51, Ul-4 
SlA-21, SlB-21, SlC-21, Sl0-21, SlE-21, SlF-21, SlG-21, SlH-21, SlI-21, SlJ-21, SlK-21, Ul-17 
SlA-22, SlB-22, SlC-22, SlD-22, SlE-22, SlF-22, SlG-22, SlH-22, SlI-22, SlJ-22, SlK-22 

~. ' "'"', .::t . 

SlA-7, SlB-7, SlC-7, Sl0-7, SlE-7, SlF-7, SlG-7, SlH-7, Sll-7, SlJ-7, SlK-7 
S 1A-39 , S lB- 39 , S 1 C - 39 , S 10-39 , S 1 E -39 , S 1 F - 39 , S lri-39 , S 1H-39 , S lI - 39 , S 1J-39 , S 1 K-39 ~ · 



Aladdin Motherboard 

Signal Name 
INTA
INTR 
IOEN
IO/M
ROY 
RD-
RST 
RST5.5 
RST6.5 
RST7.5 
RW 

SID 

SOD 
so 
Sl 

TRAP-

'-IR-

SPARE 

Interboard Siqnals. sf Connections (Less Power & G~ound) 

Board and Pin Connect1ons 

Signal and Interconnection Tables 

SlA-37, SlB-37, SlC-37, Sl0-37, SlE-37, SlF-37, SlG-37, SlH-37, Sll-37, SlJ-37, SlK-37 
SlA-13, SlB-13, SlC-13, Sl0-13, SlE-13, SlF-13, SlG-13, SlH-13, SlI-13, SlJ-13, SlK-13 
SlA-8, SlB-8, SlC-8, Sl0-8, SlE-8, SlF-8, SH~-8, SlH-8, Sll-8, SlJ-8, SlK-8 
SlA-15, SlB-15, SlC-15, Sl0-15, SlE-15, SlF-15, SlG-15, SlH-15, Sll-15, SlJ-15, SlK-15 
SlA-38, SlB-38, SlC-38, Sl0-38, SlE-38, SlF-38, SlG-38, SlH-38, Sll-38, SlJ-38, SlK-38 
SlA-59, SlB-59, SlC-59, SlD-59, SlE-59, SlF-59, SlG-59, SlH-59, SlI-59, SlJ-59, SlK-59 
SlA-10, SlB-10, SlC-10, SlD-10, SlE-10, SlF-10, Slr,-10, SlH-10, SlI-10, SlJ-10, SlK-10 
SlA-43, SlB-43, SlC-43, Sl0-43, SlE-43, SlF-43, SlG-43, SlH-43, SlI-43, SlJ-43, SlK-43 
SlA-12, SlB-12, Slr.-12, Sl0-12, SlE-12, SlF-12, SlG-12, SlH-12, SlI-12, SlJ-12, SlK-12 
SlA-42, SlB-42, SlC-42, Sl0-42, SlE-42, SlF-42, Slr,-42, SlH-42, Sll-42, SlJ-42, SlK-42 
SlA-9, SlB-9, Slr:-9, Sl0-9, SlE-9, SlF-9, Sl'1-9, SlH-9, Sll-9, SlJ-9, SlK-9 

SlA-40, SlB~40, SlC-40, SlD-40, SlE-40, SlF-40, Sl~-40, SlH-40, Sll-40, SlJ-40, SlK-40, C6, 
RP3-2, U7-1, J12-49 
SlA-16, SlB-16, SlC-16, SlD-16, SlE-16, SlF-16, Slr,-16, SlH-16, SlI-16, SlJ-16, SlK-16 
SlA-46, SlB-46, SlC-46, Sl0-46, SlE-46, SlF-46, SlG-46, SlH-46, SlI-46, SlJ-46, SlK-46 
SlA-47, SlB-47, SlC-47, Sl0-47, SlE-47, SlF-47, SlG-47, SlH-47, SlI-47, SlJ-47, SlK-47 

SlA-41, SlB-41, SlC-41, SlD-41, SlE-41, SlF-41, SlG-41, SlH-41, SlI-41, SlJ-41, Sl~-41, Jl-3 

S 1A-29 , S 1B-29 , S 1C-29 , S 1D-29 , S 1E-29 , S lF - 29 , S 1 G-29 , S 1 H-29 , S 11 -29 , S 1 J-29 , S 1 K-29 , U4- 5 

SlA-34, SlB-34, SlC-34, Sl0-34, SlE-34, SlF-34, Slri-34, SlH-34, SlI-34, SlJ-34, SlK-34 

SPARE SlA-4, SlB-4, SlC-4, SlD-4, SlE-4, SlF-4, Slr,-4, SlH-4, SlI-4, SlJ-4, SlK-4 

__. 

V1 
I 
VI 



Aladdin Motherboard Signal and Interconnection Tables 

Signal Name 

ARME
ARM+ 
ARMOUT-

CLK INH+ 
CLKSEL2+ 
CLKSEL2-
CLKSEL3-
CLKSEL3+ 

001+ 
002 

EXT 
EXTl+ 
EXTl-

FS 

GND 

15-4 

S2 and Power Connections 

Board and Pin Connections 

S2F-9, S2r,-38, R7, S2K-9, 520-9 
S2D-20, S2E-20, S2F-20, U3-5,6 
U3-4, Jl0-5, RPl-4 

S2C-38, S2D-7, S2E-7, S2F-7 
Ul-2, U4-1, U2-3 
U4-2, U2-ll, U2-4 
U4-4, U2-13 
Ul-19, U4-3, U2-6 

S2C-3, S2D-3, S2E-3, S2F-3, 
S2r.-33, S2D-33, S2E-33, S2F-33, 

520-12, S2E-12, S2F-12, S2r,-12, Jl0-11 
U4-10, U3-9 
S2A-49, U4-ll 

S2C-42, U3-3 

J2 (4,10) 
J3-(23,12,14,18,20,22,24,l6) 
Jl0-(2,4,6,8) Jl-(1,2) 
JlO (10,12,14,16) 
SlA-(1,30,31,60), SlC-(1,30,31,60), SlD-(l,30,31,60), 
SlE-(1,30,31,60), SlF-(1,30,31,60), SlK-(1,30,31,60), 
S2A-(l,19,30,3l,60), 
S2C-(l,30,3l,60), S2D-(l,30,31,34,35,36,38,60) 
S2E-(l,15,30,3l,34,35,36,37,38,60) 
S2F-(l,15,30,31,34,35,36,37,38,60) 
SlB-(1,30,31,60) 
SlG-(1,30,31,60) 
SlH-(1,30,31,60) 
SlI-(1,30,31,60) 
SlJ-(1,30,31,60) 
S2G-{l,30,31,60) 
S2B-(l,30,3l,60) 
S2H-(l,30,31,35,36,60) 
S2I-(l,30,31,35,36,60) 
S2J-(l,28,30,3l,58,59,60) 
S2K-(l,30,3l,36,40,60) 
S2K-29 
SP!< 
Ul-(1,10) 
Ul0-(1,16), Ull-16 



Aladdin Motherboard Signal and Interconnection Tables 

Signal Name 

GND 

LIN!( 

RAO 
RAl 
RA2 
RA3 
RA4 
RAS 
RA6 
RA7 
RAB 
RA9 _ 
MAIN/AUX 
LINK
RDYOUT
RESTART 

SADATAIN 

TRIG+ 
TRIGE
TSAO 

· TSAl 
TSA2 
TSA3 

+15 

TRIGOUT-

Board and Pin Connections 

lJ7-7, U9-(7,14) 
U6-(2,3,7,9,10) 
U2-(7,9,10), U3-7, U4-7, US-7 
R3, RS 
J4-( 1, 7) 
J12-(l,2,36,72,71,35,l07,108) 
C2, C3, r.4, r,s, C6, C7, r,a, ~9 

S2D-ll,SlE-ll,S2F-11 Jl0-3, RPl-2, U3-l, US-(4,11,12,10) 

S2C-16, S2D-46, S2E-46, S2F-46 
S2C-15, S2D-45, S2E-45, S2F-45 
S2C-14, S2D-44, S2E-44, S2F-44 
S2C-13, S2D-43, S2E-43, S2F-43 
S2C-12, 520-42, S2E-42, S2F-42 
S2C-ll, S20-41, S2E-41, S2F-41 
S2C-10, S2D-40, S2E-40, S2F-40 
S2C-9, S20-39, S2E-39, S2F-39 
S2D-13, S2E-13, S2F-13, S2C-28 
S2D-32, S2E-32, S2F-32, S2C-29 
S20-8, S2E-8, S2F-8, S2C-2 
RPl-8, S2G-42, S2A-5, US-13 
S2A-7, US-(5,6} 
S2F-17, S2E-17, S2D-17, S2C-47 

S2K-41, Jl0-7 

S2C-45, S20-16, S2E-16, S2F-16 
S2F-10, S2G-10, S2K-10, RS, S2D-10 
S2C-20, S2D-50, S2E-50, S2F-50 
S2r.-19, S20-49, S2E-49, S2F-49 
S2C-18, S20-48, S2E-48, S2F-48 
S2C-17, S2D-47, S2E-47, S2F-47 

U4-6, U3-8 
U3-10, Ul-11, R~l-5 

S2A-(2,32), S2B-(2,32), S2K-(2,32), J2-4 
S2H-2, S2H-32 
S2I-2, S2I-32, S2J-2, S2J-32 
Rl SlG-2, s2r,-32, (Optional) 

Ull-5, Jl0-1 
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Aladdin Motherboard Signal and Interconnection Tables 

Signal Name 

+5 

15-6 

+12 

-12 

-15 

-5.2 

232TXD 
232DCD 
232DSR 
232DTR 
2320SR 
·232RXD 
232CTS 

Board and Pin Connections 

C2, C3, C4, CS, ~7, C9 
J2-(l,2) 
SlB-(5,6,35,36), SlC-(5,6,35,36), Sln-(5,6,35,36) 
SlE-(5,6,35,36), SlF-(5,6,35,36), SlK-(5,6,35,36) 
RPl-1, RP2-l, RP3-1, 
Ul-20, U2-(l,14), U3-14, U4-14, US-14, U6-(l,14), U7-14 
Ull-8, Jl2-(14l,142) 
SlG-(5,6,35,36) 
SlH-(5,6,35,36) 
SlI-(5,6,35,36) 
SlJ-(5,6,35,36) 
SlA-(5,6,35,36), 
CR1-

S2H-44, S2I-44, Jl2-24, J12-48 

S2I-13, S2H-13, Jl2-26, J12-4 

S2B-(3,33), S2A-3,33, J2-9 
S2H-3, S2H-33, S2I-3, S2I-33 
S2J-3, S2J-33, S2K-3, S2K-33 
{S2G-3, S2G-33 ootional} 

J2-(5,6), C8 
SlA-(2,3,32,33) 
SlB-(2,3,32,33), SlC-(2,3,32,33), Sln-(2,3,32,33), 
SlE-(2,3,32,33), SlF-(2,3,32,33), Sl~-(2,3,32,33) 
SlJ-2, SlJ-3, SlJ-32, SlJ-33 
SlI-2, SlI-3, SlI-32, SlI-33 
SlG-2, SlG-3, SlG-32, s1r,_33 
SlH-2, SlH-3, SlH-32, SlH-33 
Ul0-8, Ull-8, 
R 6 , R 7 , R8 , R 4 
R2 
J12-(143,144) 

S2B-5, J4-3 
J4-8, S2B-36 
S2B-6, J4-4 
J4-20, 528-35 
J4-6, S2B-7 
J4-2, S2B-38 
J4-5, S2B-37 



Aladdin Mot~erboard Signal and Interconnection Tables 

Signal Name 

488ATN 
488DAV 
48801 
48802 
488n3 
48804 
.48805 
48806 
48807 
48808 
488EOI 
488IFC 
488NDAC 
488NRFD 
488REN 
488SRn 

ACLl<SEL 
ACOl 
AC'12 
ACTL 
ADO 
ADl 
AD2 
AD3 
AD4 
ADS 
AD6 
A07 
AD8 
AD9 
ADlO 
ADU 
AD12 
AD13 
AD14 
AD15 
ALATCHCL'< 
APROBCU< 
APROBDREN
A'1CL'<SEL 
AOl ( C) 
An2 (T) 
BPBSNS+ 
BCLKSEL 
scrn 
BCQ2 
BCTL 
BOO 

Board and Pin Connections 

J3-21, S2A-29 
J3-ll, S2A-28 
J3-l, S2A-42 
J3-3, S2A-11 
J3-5, S2A-41 
J3-7, S2A-10 
J3-2, S2A-40 
J3-4, S2A-9 
J3-6, S2A-39 
J3-8, S2A-38 
J3-9, S2A-58 
S2A-(5,6), J3-17 
J3-15, S2A-27 
J3-13, S2A-57 
S2A-26, J3-10 
J3-19, S2A-59 

S2C-24, J12-121 
S2E-19, U6-12, RP2-6 
S2E-18, U6-5, RP2-5 
S2C-27, J12-llq 
S2E-56, J12-89 
S2E-54, J12-9l 
S2E-55, J12-90 
S2E-29, J12-84 
S2E-53, J12-92 
S2E-57, J12-88 
S2E-52, J12-93 
S2E-51, J12-94 
S2E-58, J12-87 
S2E-59, J12-86 
S2E-28, J12-85 
S2E-27, J12-83 
S2E-26, Jl2-82 
S2E-23, J12-79 
S2E-24, J12-80 
S2E-25, J12-81 
S2C-4, S2E-4 
S2C-23, J12-122, U2-12 
S2C-43, S2E-14 
S2C-26, Jl2-120 
S2C-25, S2E-21, J12-77 
S2E-22, J12-78 
J12-127, U7-2 
S2C-56, J12-124 
S2F-19, U6-ll, RP2-8 
S2F-18, U6-6, RP2-7 
S2C-53, J12-126 
S2F-56, J12-69 
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Aladdin Motherboard Siqnal and Interconnection Tables 

Signal Name 

15-8 

BOl 
B02 
803 
804 
BOS 
B06 
BO? 
808 
809 
BOlO 
BOU 
8012 
8013 
8014 
8015 
BLATCHf.LK 
BPR08CU< 
BPROBDREN
BnCLK 5EL 
Bfll (C) 
8()2 ( T) 

CCLKnUALIN
SCLK5EL 
ecol 
ccn2 
CCTL 
r:oo 
CDl 
CD2 
r:o3 
CD4 
cos 
CD6 
CO? 
cos 
CD9 
r:o10 
coll 
CD12 
r,013 
CD14 
CD15 

Boarrl anrl Pin Connections 

S2F-54, Jl2-74 
S2F-55, Jl2-70 
S2F-29, Jl2-62 
52F-53, Jl2-65 
S2F-57, Jl2-68 
S2F-52, J12-64 
S2F-51, J12-63 
52F-58, J12-67 
S2F-59, J12-66 
S2F-28, J12-61 
S2F-27, J12-60 
S2F-26, J12-59 
52F-23, J12-56 
S2F-24, J12-57 
52F-25, J12-58 
52C-34, S2F-4 
52C-57, U2-5, Jl2-123 
S2C-44, S2F-14 
S2r.-54, J12-125 
S2C-55, S2F-21, J12-54 
S2F-22, J12-55 

S20-37, IJ6-8 
Jl2-117, Ul-5 
S20-19, U6-13, RP2-4 
S2D-18, U6-4, RP2-3 
J12-116, Ul-15 
520-56, Jl2-109 
S2rJ-54, J12-111 
S20-55, J12-110 
S20-29, J12-100 
520-53, J12-112 
S2D-57, J12-106 
520-52' J12- l13 
S2D-51, J12-114 
520-58, J12-105 
S2D-59, J12-104 
520-28' Jl2-101 
S2D-27, Jl2-102 
502-26, J12-103 
S20-23, Jl2-97 
520-24, J12-98 
520-25, J12-99 



Aladdin Motherboard Signal anct Interconnection Table·s 

Signal Name 

CLATCHCL'< 
r.PROBCLK 
r.PROBOREN
CrJCLl<SEL 
COl (C) 
r:o1-
co2 (T) 
CTAPt:U<-
CWE+ 
AT-
ACHO+ 
ACHO-
ACHl + 
ACH1-
ACH2+ 
ACH2-
ACH3+ 
ACH3-
ACH4+ 
ACH4-
ACH5+ 
ACH5-
ACH6+ 
Ar.H6-
ACH7 + 
ACH7-
ACL'<+ 
ACL'<-
ACT 
ACL'<ITL 
HY5TERV5IS A 
A THRESHOLD A 
A THRESHOLD B 
HYSTERYSIS B 
B THRESHOLD A 
B THRESHOLD B 
AOCLK+ 
A"lCLK-
BCHO+ 
BCHO-
BCHl + 

Board and Pin Connections 

U2-8, S20-4 
J12-118, U2-2 
S2D-14, Ul-16 
J12-115' IJl-9 
S2D-21, Jl2-95, U3-(ll,12) 
RPl-3, U3-13 (Optional) 
S2D-22, J12-96 
S2D-6, S2C-37 
S2D-5, S2C-35, S2K-35 
S2H-7, s2r,-7, S2I-7, 
S2H-52, J12-44 
52H-53, J12-43 
52H-54, J12-42 
52H-55, J12-41 
52H-56, J12-40 
52H-57, J12-39 
S2H-58, J12-38 
S2H-59, J12-37 
52H-29, J12-34 
S2H-28, J12-33 
52H-27, J12-32 
52H-26, J12-31 
52H-25, J12-30 
S2H-24, J12-29 
S2H-23, J12-28 
S2H-22, J12-27 
S2G-56, J12-51 
S2G-55, J12-50 
S2H-6, S2~-6, S2J-6, S2K-6, 52C-36, U8-1, Ul0-5, R6, RS 
S2H-43, S2G-43 
S2H-15, J12-46 
S2H-14, J12-45 
S2H-45, J12-47 
S2I-15, J12-7 
521-14, J12-5 
S2I-45, J12-6 
S2'i-58, J12-53 
S2'1-57, J12-52 
S2I-52, J12-23 
S2I-53, J12-22 
521-54, J12-21 
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Aladdin Motherboard Signal and Interconnection Tables 

Signal Name Board and Pin Connections 

BCHl- S2I-55, J12-20 
FT+ S2G-ll, US-8 
BCH2+ S2I-56, J12-16 
BCH2- S2I-57, J12-17 
BCH3+ S2I-58, Jl2-18 
BCH3- S2I-59, J12-19 
BCH4+ S2I-29, J12-15 
BCH4- S2I-28, Jl2-14 
BCHS+ S2I-27, J12-13 
BCH5- S2I-26, J12-12 
BCH6+ S2I-25, Jl2-ll 
BCH6- S2I-24, J12-10 
BCH7+ S2I-23, Jl2-9 
BCH7- S2I-22, J12-8 
100 MHz S2A-35, U7-5 
BCL'<TTL S2I-43, Ull-4 
B~T S2I-6, U7-13, UB-14, IJl0-13 
TT- S2H-8, S2f;-8, S2 I-8, Ull-7 
woo S2H-21, S2J-21 
WDl S2H-51, S2J-51 
WD2 S2H-20, S2J-20 
1.403 S2H-50, S2J-50 
WD4 S2H-19, S2J-lq 
WDS S2H-49, S2J-49 
~J06 S2H-18, S2J-18 
WD7 S2H-48, S2J-48 
WFIN S2J-29, Jl0-13 

'HRIG S2{)-40, S2J-40 

-TIS NC On S2J<-28 

1<n6 S2A-17, Jl-6 
'<05 S2A-47, Jl-7 
'<04 S2A-16, Jl-8 
KD3 S2A-46, Jl-9 
KD2 S2A-15, Jl-10 
KDl S2A-45, Jl-11 
'<00 S2A-14, Jl-12 

!JAAP S2A-44, Jl-4 
STRB S2A-48, Jl-13 
BEEP+ S2A-6, U7-3 
REBOOT S2A-51, Jl-3 
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Alarldin Motherboard Signal and Interconnection Tables 

Circuit r.onnections 
1. U2-ll, U2-4 
2. U4-10, U3-9 
3. U4-6, U3-8 
4. U3-10, Ul-11, RPl-5 
5. U9-l, Ul0-15 
6. Ul-2, IJ4-1 
7. IJl-19, U4-3 
8. lJl 1-1, IJl 1-6 
9. lJ9-6, R3, R4 

10. Ul-6, U3-2 
11. Ul-12, U5-9 
12. r:l+, Rl-2 
13. U7-4, Rl-1 
14. lll 1-2, Ull-1 
15. Ul0-2, U8-8 
16. lJl0-12, IJl0-9, Ul0-11, Ul0-4 
17. Ul0-5, R6, RS 

18. lJ7-2, Jl2-127 
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	0001
	0002
	0003
	0004
	0005
	01-00a
	01-00b
	01-01
	01-02
	01-03
	02-00a
	02-00b
	02-01
	02-02
	02-03
	02-04
	02-05
	02-06
	02-07
	02-08
	02-09
	02-10
	02-11
	02-12
	02-13
	02-14
	02-15
	02-16
	02-17
	02-18
	03-00a
	03-00b
	03-01
	03-02
	03-03
	03-04
	03-05
	03-06
	03-07
	03-08
	03-09
	03-10
	03-11
	03-12
	03-13
	03-14
	03-15
	03-16
	03-17
	03-18
	03-19
	03-20
	03-21
	03-22
	03-23
	03-24
	03-25
	03-26
	04-00a
	04-00b
	04-01
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	07-05
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	07-09
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	07-11
	07-12
	07-13
	07-14
	07-15
	08-00a
	08-01
	08-02
	08-03
	08-04
	08-05
	08-06
	08-07
	08-08
	08-09
	08-0b
	08-0c
	08-10
	08-11
	09-00a
	09-00b
	09-01
	09-02
	09-03
	09-04
	09-05
	09-06
	09-07
	09-08
	09-09
	09-10
	09-11
	09-12
	09-13
	09-14
	09-15
	09-16
	09-17
	09-18
	09-19
	09-20
	09-21
	09-22
	09-23
	10-00a
	10-00b
	10-01
	10-02
	10-03
	10-04
	10-05
	10-06
	10-07
	10-08
	10-09
	10-10
	10-11
	10-12
	10-13
	10-14
	10-15
	10-16
	10-17
	10-18
	10-19
	11-00a
	11-00b
	11-01
	11-02
	11-03
	11-04
	11-05
	11-06
	11-07
	11-08
	11-09
	11-10
	11-11
	11-12
	12-00a
	12-00b
	12-01
	12-02
	12-03
	12-04
	12-05
	12-06
	12-07
	12-08
	12-09
	12-10
	12-11
	12-12
	12-13
	13-00a
	13-01
	13-02
	13-03
	13-04
	13-05
	13-06
	13-07
	13-08
	13-09
	13-0b
	13-10
	13-11
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