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ABSTRACT 

This report describes a microprocessor controlled data acqulsl
tion module which is battery powered and communicates with a 
master computer via a fiber optic link. This allows the 
module to be used in hazardous areas with complete electrical 
isolation. The module allows digital inputs, digital outputs, 
and analog to digital conversion with analog input multiplexing. 
A complete description is given along with diagrams, schematics, 
and program listings. 

3 



4 

The Problem 

The Solution 

Performance 

Software 

Command Structur.e 

Program Flow 

Hardware 

Appendix A 

Assembly Listing 

Appendix B 

Schematics 

TABLE OF CONTENTS 

Page 

5 

5 

7 

8 

12 

13 

20 

34 



The Problem 

A facility is being built which generates artificial light

ning for testing purposes. The facility (called "LIX") will 

include several Marx high voltage generators and other types of 

equipment which require monitoring and control for proper opera

tion. Voltages from voltage dividers and current viewing resistors 

will be measured, various switches and safety interlocks will 

be monitored~ and control signals for the Marx hardware will 

be generated. 

All of these things could be done with a standard computer

controlled data acquisition system using conventional analog to 

digital converters and digital input/output hardware. This 

would mean, however, that all points to be monitored would be 

hard wired to the computer system. Because of the potentially 

lethal voltages present, this method is considered unsafe both 

for the operating personnel and the computer hardware. Fiber 

optic isolation seemed ideal. However, it could become both 

expensive and unwieldy if an individual fiber optic cable is 

used for each required input. 

The Solution 

A small microprocessor controlled data acquisition module 

was built that provides the proper isolation. This module 

functions as an interface between the high voltage experiments 

and a minicomputer system which provides data analysis and 

display. The module and minicomputer communicate through a 

full duplex fiber optic link using two fiber optic cables. 
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All input multiplexing i9 done in the module. The minicomputer 

transmits ASCII commands to the module, and the module transmits 

binary data back to the minicomputer. This transmission is 

serial asynchronous, at 9600 baud. 

The module contains: a sealed lead-acid battery to provide 

all power; several DC-DC converters to provide the needed voltages; 

special hardware to allow power-down on command; a microcomputer 

to control all operations; an analog to digital converter and 

multiplexer to allow voltage measurements; digital input ports; 

digital output ports; an internal timer which provides relative 

timing information; and protection circuitry for all inputs 

and outputs. 

Performance 

As configured any of fifteen differential analog inputs can 

be measured over a range of plus and minus 10 volts. A sixteenth 

channel is dedicated to monitoring the battery or to initiate 

Dower-down. Thus, sixteen inputs and fifteen outputs are avail

able for TTL level signals. These TTL lines are available as 

four eight-bit bytes which may be read or written to on co~mand. 

The internal timer is a sixteen bit binary counter which is 

incremented every 10 milliseconds (ms). This gives an overall 

range of a little more than 10 minutes. On command, this timer 

may be read, as two bytes, or cleared to zero • 

Although the A-D conversion is 12 bits wide, a fast mode 

option exists that allows only the 8 most significant bits to 
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be transmitted to the minicomputer. This results in increased 

throughput. Because the A-D converter is relatively fast, 

overall data rates are restricted mainly by the serial 

transmission rate. It takes about 1 ms to transmit a command or 

other argument to the module, about 100 microseconds to interpret 

the command and get the data, and about 1 ms to transmit each 

byte of data back to the minicomputer. Non A-D operations are 

only slightly faster. 

Software 

Command Structure 

Basically the program operates as a simple interpreter. 

Commands are sent to the module and certain responses 

are returned to the minicomputer. The nature of these responses 

is determined by the specific commands sent and the arguments 

(if any) following them. Each command is represented by an ASCII 

letter. The contiguous letters M through Z are used in order to 

simplify command interpretation. To understand how the module 

uses these commands, it is necessary to consider two RAM tables 

whose functions form the nucleus for the module's programs. 

Each of the module's twenty inputs is assigned an ASCII 

identifier according to the following table: 

Input ASCII Identifier 

A-D Channel a 

A-D Channel 1 

A-D Channel 2 

A-D Channel 3 

o 

1 

2 

3 
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In!2ut ASCII Identifier 

A~D Channel 4 4 

A-D Channel 5 5 

A-D Channel 6 6 

A.,D Channel 7 7 

A~D Channel 8 8 

A-D Channel 9 9 

A-D Channel 10 A 

A-D Channel 11 B 

A.,.D Channel 12 C 

A-D Channel 13 D 

A-D Channel 14 E 

A-D Channel 15 F 

Input Port A G 

Input Port C H 

.Timer (LSE) I 

Timer (MSB) J 

A RAM table called IIQLIST II exists where these identifiers 

can be stacked. QLIST can have from 0 to 22 identifiers in it. 

Identifiers may be stacked in any sequence, and the same identifier 

may be stacked more than once. This stacking oDeration will be 

done by commands from the minicomputer. 

QLIST ultimately determines which inputs are to be evaluated. 

For example, if the minicomputer needed to measure A-D channel 0, 

A-D channell, input port C, and the high and low bytes of the 

timer, QLIST would look like this: 
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QLIST 0 

1 

H 

J 

I 

Another RAM table called "QDATA" exists where data will 

be stored, On .command the program will interpret the id~ntifiers 

contained in QLIST one at a time and in order. As each 

identifier is interpreted the corresponding input is evaluated. 

The resu~ts of that evaluation are stored in QDATA. On command 

QDATA will be transmitted to the minicomputer over the fiber 

optic link. QDATA can be from 0 to 44 bytes long. 

Each A~D channel identifier would normally require two 

bytes in QDATA after conversion. The conversion yields a twelve 

bit twos compliment number which is right-hand justified (with 

sign extension) into a sixteen bit result. This is the "normal" 

or slow mode of operation and. is the mode selected by the initializa

tion portion of the program. Another mode called FAST is also 

available which left-hand justifies the result and stores only 

the eight most significant bits of the answer in QDATA. By 

using only one byte the throughput is nearly doubled. The non-AD 

identifiers require only one byte each in QDATA. 

Each of the available commands is described below. The 

first six of these modify or otherwise use the tables QDATA 

and QLIST. 

M The "W' command loads QLIST. An ASCII M is transmitted 

to the module followed by the desired identifiers. 
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These are load~d into QLIST until the list is full or 

until an illegal identifier is received. 

W The "w" command also loads QLIST but not from received 

identifiers. This time QLIST is loaded from a standard 

list of identifiers stored in EPROM. This list is 

comprised of the consecutive identifiers 0 through J. 

R The "R" command will cause the program to interpret 

QLIST once filling QDATA, and then transmit QDATA. 

N The "N" command causes a continual interpretation of 

QLIST and updating of QDATA. This continues until any 

character (oommand or not) is received by the module 

The "N" command does not cause any data to be transmitted. 

S The "S" command simply causes the transmission of QDATA. 

No new data is taken with this command. 

T The "T" command causes the transmission of QLIST not 

QDATA. All of the identifiers in QLIST are transmitted 

baok to the minicomputer as ASCII characters. 

o The "0" command resets both the high and low bytes of 

the clock to zero. 

P The "P" oommand writes to output port "B" and the 

command is followed by an 8 bit binary value which will 

be written to output port "B". 

Q The "Q" command writes to output port "D" and the 

command is followed by an 8 bit binary value which will 

be written to output port "D". 

U The "U" command causes the module's status bytes to be 

transmitted. There are four status bytes: The first 
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byte contains either an ASCII "s" or "F" for slow or 

fast mode. The second byte contains the last command 

received (never "U"). The third byte contains the 

number of bytes in QDATA. The fourth byte contains the 

number of identifiers in QLIST. 

V The "V" command will toggle the module's mode either 

from fast to slow or slow to fast. 

X The "X" command'causes a hardware power-down to occur. 

This is accomplished by clearing bit 7 on output port B. 

The letters "Y" and "z" provide two more contiguous alphabetic 

commands that could be used but they are undefined at this time. 

Considerable flexibility exists with this c~mmand structure. 

For example, in its simplest use a single "\Il" command will set 

up QLIST so that all available inputs will be read and the data 

sent to the minicomputer with each occurrence of subsequent "R" 

commands. In a more complex situation only desired inputs might 

be loaded into QLIST using the "M" command. Then the "N" command 

could be sent initiating a continuous sampling loop. At some 

future point in time an "S"command couI'd be sent to stop the 

sampling and transmit the latest data. Or, any non-command 

character could have been sent to stop the sampling, and the "s" 

command used even later in time to transmit the data back to 

the minicomputer. 

Program Flow 

At power-on, the reset vector points to the initialization 

routine. There the stack is set up, the pr'ograinmahle hardware 

is initialized, and the mode is set to slow. At this point the 



program goes into an "idle" loop waiting for a command to be 

received. If a received character is a valid command, a jump 

address is computed and the proper command routine is entered. 

It is ignored if it is not valid. If the command requires 

another argument, it w.ill be interpreted from inside the command 

routine. After the command is finished the program returns to 

the idel loop. This is shown graphically in Figure 1. 

The heart of the program is a routine called "FILQUE". 

This is the routine that interprets QLIST and fills QDATA. 

A flow chart for this routine is given in Figure 2. An assembly 

listing for the entire program is given in Appendix A. 

Since the entire program is only 500 bytes long, it fits 

easily into one 2708 type EPROM. Although a full 1024 bytes 

of RAM are available, only 81 bytes are used. 

Hardware 

Three bus compatible circuit cards, two DC to DC converters 

and a latching relay make up the data acquisition module. The 

circuit cards used are the Motorola micromodule (M68MMOIA), 

Datel analog to digital peripheral system card (ST-6800), and 

a special hardware card. 

The M68MMOIA is a complete microcomputer on a card. It is 

made up of a Mc6800 microprocessor unit, 1 K of RAM, sockets 

for up to 4 K of EPROMS, two programmable peripheral interface 

adapters (FIAS) for parallel data transfers, and one asynchronous 

communications interface adapter (ACIA) for RS232C serial data 

transfers. The card also incorporates the necessary two phase 
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clock generator and the reset timer for "power on" initializa

tion. The ACIA was jumpered for a 9600 baud rate while soft

ware sets the PIAS for sixteen input and sixteen output lines. 

The ST-6800 is an analog to digital converter card which is 

bus compatible with theM68MMOlA micromodule. The card can be 

strapped for a variety of input voltages and output codes. For 

this application it was strapped for 16 differential inputs, 

a range of plus and minus 10 volts, and a 2's cnmplement output. 

The special card contains a third DC to DC converter, 

fiber optic cirouitry, power control circuit, input and output 

protection circuitry, and an internal timer. 

The DC to DC converter on this card has plus 5 volt and 

minus 9 volt outputs and provides power to the fiber optic 

receiver and power control circuit. With the module's master 

power switch "ON," these circuits are powered and remain so 

regardless of whether the module is powered up or powered down. 

Schematics for the special card are in Appendix B. Also 

included is a master interconnection diagram. These three sheets 

are designated as CK-T70185 and contain the following: 

Sheet I of 3 I/O connectors and protection circuitry 

Sheet 2 or 3 

Sheet 3 of 3 

DC-DC converter #3, power control logic, 

detector preamp, and internal clock 

Main DC-DC converters and master inter

connection 

Also available, but not included, is a layout drawing for 

the special card which is designated T70185. The descriptions 

which follow will reference these drawings. 



The power control circuit, shown on sheet 2 of 3, monitors 

the output of the fiber optic receiver for a power up command. 

The minicomputer must set the fiber optic cable to its marking 

state (light on) before the power control circuit will recognize 

the power up command. This command consists of any ASCII 

character sent down the fiber optic cable to the module. 

Receiving this character causes the power control circuit to 

toggle the latching relay which applies power to the rest of 

the module. This relay connects the twelve volt battery to a 

DC to DC converter with an output of five volts, This 5 volts 

is connected to the module bus and also to another DC to DC 

converter. The output of this second converter is plus and 

minus twelve volts which is also applied to the bus. The power 

applied to the M68MMOIA causes it to enter the initialization 

routine. 

The power control circuit is also used to enter the power 

down state. This can be done either of two ways. One way is 

for the microprocessor to give the circuit a high to low 

transition on one dedicated PIA output line. Another way is 

for the fiber optic cable to be turned off at the minicomputer. 

After about ten milliseconds this light off condition causes 

the module to enter the power down state. 

The plus 5 volt and minus 9 volt DC to DC converter on the 

special card is made using a universal switching regulator 

subsystem from Fairchild (UA78S40). 
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The switching regulator is set up as an inverting regulator 

to produce -9 volts from 12 volts. An internal operational 

amplifier on the UA78S40 is used as a linear regulator to 

produce +5 volts. 

Also contained on the special card is a RS232C to TTL 

receiver (1489) and a TTL to RS232C driver (1488). These are 

used to interface between the ACIA port on the M68MMOIA card 

and the fiber optic emitter driver and detector preamplifier 

circuitry. Two sets of Augat emitter drivers and fiber optic 

cables along with two high gain low bandwidth detector preampli

fiers are used for the optical link with the minicomputer. 

When the M68MMOIA talks to the minicomputer, its output 

via the ACIA is connected to a 1489. The output of the 1489 

is connected to an emitter driver to send the signal over the 

fiber optic cable. At the minicomputer the output of the fiber 

is detected, preamplified, and then applied to a 1488 to convert 

back to RS232C levels for the minicomputer interface. 

When the minicomputer wants to talk to the module, its 

output from the RS232C interface goes to a 1489, which applies 

its output to an emitter driver module to send the signal over 

the optical cable. The output of the cable is detected by the 

detector preamplifier, and applied to two Schmitt gates for 

buffering. The output of the Schmitt gates goes to the power 

control circuitry and a 1488 to convert to RS232C levels for 

the ACIA. 

The preamplifier circuit shown on sheet 2 of 3 is used at 

both ends of the fiber optic link. With only dark current 



flowing in the detecto~, the output is approximately 0 volts. 

When light is on the detector, the current through it increases 

causing the output of the OP-AMP to go to approximately 3.3 volts. 

The two diodes and the 1 K ohm pull up resistor are used to 

allow the final output to reach about 4.5 volts. This level 

is desired for a logic "high" input to the Schmitt gate. 

The protection circuitry for the digital lines shown on 

sheet 1 of 3 consists of a 5.1 volt zener (lN751A) across each 

of the digital input and output lines to help protect them 

from high voltage transients. 

The protection for the analog input lines also shown on 

sheet 1 consists of 10 K ohm quarter watt resistors in series 

with the analog inputs and two diodes (lN914) strapping the 

output of the resistors to the positive and negative 12 volt 

supplies. The protection circuitry will not permit the analog 

inputs, to the ST-6800 card, to go outside the voltage limits 

set by the ±12 volt supplies. 

The interval clock consists of two counters (4518) used 

as dividers, The dividers are used to divide the one megahertz 

phase 2 clock of the M68MMOIA down to one hundred hertz. This 

provides an interrupt through the CAl line of a PIA causing the 

microprocessor to update its time count every 10 milliseconds. 
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)1(. LOCI.CALLY F.()I .. L.U~1 MAY NUT BE. EXECUTED 
"' DUE .TO THF PDWEII DOWN CDMMAND 

1:ITb 

UNI)!:::F r·ns 
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00:]71 
o 037~'. 
00 :)7::l 
0037'1 
() 0 :37:~j 
00:'l76 
00:377 
o P:VB 
OO:'l79 

lK FlU:: I..TX'j 

lK 

lK UI.JTPUT 
o 0 .::If,! 0 
OO::lB1A 
() 03f;1~'.A 
() I) ::m::l0 
() O:'HV\A 
o O:JB~'jA 
o O::lBbA 
00:3B7A 
OO::l8BA 
() O:'lB9A 
nO:'l9()A 
o O::l9lA 
00:'192 

lK 

FI)f"t:) ~'jD OUTPUT 
FD69 ~!7 :10 FD7[: 
FI)60 86 840a A OUf2 
F06E 1'1:'5 o;~ A 
F-l)},U ~u F'i' FD6E: 
FD72 1,,6 0 () A 
FD7'1 I'.:;· WlU9 A 
FD77 on 
FD7B :'iA 
F~)7<j1 ;·!b F 0 (,,"Df-lEi 
FI)7E': :'19 OlY!"'! 

lK 

TSTU 
I:,:['::n 
I..DAA 
[lIlA 
BEll 
UIAA 
\')TA{, 

INX 
DEU::: 
t:':NE 
KIn 

o ():;!'(3 )I( BFTPOI'~ 

() ()::l9~t 
() 0 ::l9~)A 
() 0::196A 
o 0 ::I~i7 ~~ 

lK 

FD7C 
FD7F 

Bf> B'IOB 
O~;j O:t. 

A SETI"'()f~ 

A 
Fnm:l. 27 Fri FD7C 
FI)!!l:3 1"16 Bil()9 A 
F:OBc!, ',A ~'j:t. A 
FDBB A7 00 A 
FDOA ::l'ji 

)l( 

LDAA 
BITA 
HECl 
LOAf, 
OI:~AA 

nTA(.\ 
F\Tb 

o (Q'9UA 
() 0::19<;\A 
OO'IUOA 
OO'IO:LA 
00'102 
() OtIO::! )I< Fll..W.JF 
00'104 )I( 

OO'IObA FDBE: 71" OO'!'! A Fll .. mlF eLF.: 
00106A FOBE 06 45 A 
()04P7A FQ90 CE 1)000 A 
Q (Hl()l'IA FI)9:3 OF 4A A 
00"10'1<"\ F()9:"j CI'.': 002e A 
Q0410A F09B OF 4C A 
II () 'I!. 1 A FD9A AI., 0. ° 0 FO;·'. 
() OiH 2(.'1 FIWI:: B:t. '16 A 
OO'Il::IA F{)'))E~'.::I J.[ FDUt, 
DD414A FDAD 8J. 48 .A 
OO·'H~.'jA FDA2 2:') OC 1"1)[;0 
00416A FDA4 81. 49 A 
()0417A I'DAb 27 01 FIIAC 
0{)11U0 FDAU 96 46 A 
()O.q19A I'DAA 20 56 FI~()2 

00120A FDAC 96 48 A 1'01 
00'12:1.,0, F[)('·IC 20 ~i? I"T .. 02 
00422A F080 Ell 47 A 1'06 
00 '<·}/:!l(.l F[)[:~,: ~'7 O~.\ FOB'! 
o O'I?lIA FOB'I 1'::6 WID 'I A 
OO!I?~.'if\ ("DE:7 ~'.() ·'19 I"TOZ 
OOQZ6A FOB9 86 8~OO A FOU 
o O'I?7A FOI:::C <'.0 11'1 FEO;' 
00428A FOBI: 81 39 A FOA 

LOAD 
1 . .oX 
nTX 
LUX 
~:nx 

LPAA 
Ct<\P(., 
[lU:; 
CMPA 
CLb 
eMF'A 
HEll 
LI)AA 
t:::I'~A 
LDA(', 
[oW, 
CMI"'A 
t:::FCl 
U)?',A 
I:;;r(A 
I . .!"XV' 
DF~A 
CMP(,\ 

DUT'I 
(1(.::1:AC 
'I'~; 0 ~~ 
OUT~' 
Q,X 
(,CT,:·, 

OUT? 

(.)(::1AC 
*!~Ol. 
i3(;,TF'm, 
(.,cIA 
MA~:il( 

(). x 

OPNUM 
nCDl.)NT 
lnnATA 
clOx 
'H.~LJ!n 

01.. X 
(),X 
:\I'r 
F(lA 
41" H 
FCU, 
it'T. 
FO'I 
TIMEIII 
Fill:: 
TIMEOlJ) 
l"lK. 
'If' C 
I·CW 
pUlnc 

F'Clrd"t, 
r CU:. 
jf ' 'I 

COUNI 
IF EMPTY, ur~ANCH 
TI'~f),N!:)M:rrTEr;: 1:!Et",D,(':)·:' 

I:::I:!ANCH [F NUT r;:F(,D) 
CI:::T OPEr((-INt:) 
Olln'\.JT 

t:::W"NCH IT NUT DUNE 
DONE y h:ETunN 

CHili'!, IN';) 

WAIT FOI'< CH(,jr~M;TIJ;: 

GEl CHAHACTEI;! 

bET OUTPUT peml 
DONE, f!ETUf!N 

'I' OF DATA 
!:iET CDUNTFP 
GET DATA PIHNITR 
nTom:: 
GET I...l!:n P{ I.INf Fr~ 
~)Tom: 

GF f ,"'I'~G. ("[((1M l..IST 

Ii ,.1 II 

lIIU 

llHII 

"c:; II 



U O"l~!.')1A FOCO ~'~3 U ;'!. F[)C"t 1::l..B F(~C IF OIGIT , BRANCH 
o () '1:30 A FDC:~!. OU 07 A BlJI:iA '1~!~()'7 
OO"l31A FOC'I 00 ::10 A F()C mmA 'U.::IO 
o ()'1:3ZA FOC6 'IB ABI...A TIMES TWO 
o o "I::I:,IA F[)CI CE: EOOO A L.[)X 'i'ADBABE 
() 0 '1:3"1 A !"'DCA OF "II:: A STX PU 
o Oit:;I~5A FDCC 'ill:: 'iF A A[)[)A I"()+:i. I...SB 
o O'I:36A FDCE 97 'IF A \3TAA 1"'0+1. 
o o "I::17A FDOO B6 00 A L.DAA HHI() 
o o "I:3t:lA FP[);? 'Y9 "IE A ADCA PO MBF: 
o o 'I:] 'jI A F[)I)"I ''17 fiE A GTAA 1"0 
o O'I"tOA FDD6 DE "IE A l"I)X PO' 
o 0"1'11 A F[)DE! A7 00 A ~)TM O,X ~rmO[:E A''''j) CONVERTEF, 
o O'I"IZA FDDA 01 NOt=' 
004'13A FDDI::: 96 't;'! A I .. ,DM bTATlJS 
() o '1"1 "I A FDDO Ell ~,:j~l A CMPA i'B 
o o "I'mA F[)OF ;'!.7 111 F[)F;l I:;:[!:l FOD :I:F BLOW MODE, BI'((lNCH 
o O'I"t6A FDE:i. At, 00 A l..DAA o .X GET MBP DATA 
n O"l'17A FDE::! :37 PSHI::: ~)AVE: CDUNT 
() 114"16IA FDE'I 1::6 01. A LDA!':: l..X GET I...~:;p DATA 
U O'1'19A FDI::6 ~,m ASl..l": 
o 0 'I~.'j () A FOE7 '19 fmL.A L.EFT I"IAND ,JUbT:I:FY 
o O"l~)lA FDEtI ~,)B {.lSl.,F.'i 
() 0 'I~5ZA FOE', il9 H()l...f~ 

OO"l5:3A FDEA ~m ~lm..l':: 

o ll'I~'54A FDEB '19 m:1I3\ 
II O"l~1~5A n)EC Lm ASU,I 
o ll'I:':ic,A FDED "I', f((:lL.(\ 

{)O'l57A FOEE :3:3 PLJLJ:: I:;:EBTOf~E'CCIIJNT 
() ll'I:':iBA FDEF ~!,O :1.1- f"EO~~ BRA FClE 
()O"l~WA Ft)Fl. M 110 A n:m I...[)AA (I,X GET M~>P I){\TA 
o O'160A FDF:,l :,17 P~,IHB E>AVE COUNT 
()0'161A FDF'I ~;6 II :l A 1 .. [)At:;: 1,X GET 'L~>F" DATA 
o ll'i6ZA FDF6 DE "I A A LD)( CUlX 
II O'l6:3A FDFl:\ A7 {)O A S;TAA (),X 
o 1l'lb4A FDFA OB INX 
() O'+i>~5A FDFt:: DF 'IA A BTX clOx 
() II 'i6~,A FDFD 7C Oll't'l A INC CUlNUM 
004i>7A FEOO :1.7 TBA f"ETUI'" l.SI'" 
o ll'i6t1A FEO:\. ::l::l PUI...B r(E:~:)rDI;:E . COUNT 
o O'Ii>';>A FE02 DE 'IA A F(;lE I...DX cmx 
OO'i70A FEll'! A7 00 A BTAA O,X 
OO'l71A FEUb 013 r:NX 
() O'17ZA FE07 DF "IA A !;;TX CIOX 
OO"l73A FE09 7e II 0 '1"1 A I:NC cmNUM NUMDEl( OF DAH, 
o O'17'1A FEOC DE 'IC A LDX ULX 
OO'ln5A FEOE OB TNX 
OO'176A FEOF DF 'Ie (\ GTX ClI...X 
() O'I77A FEll ~5A DEeD 'DFC\:(n1ENT COUNT 
OO'l7f:lA FEl~t 21., B6 FD9A BNE F(n IF NOT DONE, DCI AC (','I N 
o O'179A FEeI"l :'1';- Rl!3 
OO'lBO )t( 

OO"lElI )f{ CL,nCI{ 
00'1137 )t( 

00 'tEI:3A FEI~"j Be, <1'10'1 A Cl..ClCf( LDAA F'Of('IC ClEAI:( INTEfml.Jf"T 
00 'IB'IA FEll'I 7C () 0 'lB A :INC TTMFLO I..SE: 
o o "IEI:,5A FE:I.!:: ~'~6 0:3 FF;>.O t::NE CI..2 
o ()'1B6A FElt:) 'Ie 00'16 (.\ TNt: TTMFHT· Mbt;: 
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o O"jB7A FE:.?O :,)1:: 
o ll'IBB 
00'%1'1' 
o 11490 
o 0"i91 A FEn :31:.: 
01l'19:;?' 
OO"i93 
OIl'I'j'''i 
1l0"195A H':'?':'?' :31:: 
o 0"i96A FFFEI 
Oil 1197A FFFB 
OO"t9BA FFFA 
OIl4'i"yA FFFC 
IlO~ill()A FF:T'E 
OIl~.)O:l. 

FEl~.) A 
FE,?l. A 
FI:;:1~~!, A 
Fele A 
FCl,C A 

CI".2 I<:T!. 

lK BWI 

~)w:r. I,\:TI 

* lK NMI 
lK 
NMI Rrt 

()m~ 
. ,FPE: 
FPI~ 
rOI::: 
F~m 
~r.ND 

$FFf'P 
CLJ~CI< 
l3Wl 
NMI 
IN!T 
1;N:l:! 

TOTAl.. Ef~f~DI:;:S; OOIlIlO·." .... OOpUIl 

n"ill'x ACIA ()(l1.;~9l1<n(.l21.::1 OO~?f:jo II 0 ;,1~17 00::\'11:1 
B40El ACJAC I) II :1.2EllKO 0 1, n \I I) 1911 (lO~!j.O nO:.?47 
EOOIl ADE!:A!'lF OOPOll<llHil:il::1 
FE20 CL2 o (I "Ieltij o OflB7lK 
Fli 1. ~,) CLOCI< o I) 'IO:)lI< II 0497 
FCDC CI...I:::CU( UU1't'!. o O'!.7BlK . 
Fl:; () () COMTAE': o 0 1.'1 () lK () II ~?2;:I 
Fel) l. CDNFll.. II lq ill. OO;'~IO~1l027~1 
FDf.lB n:t.mJE (l (l'!.7(l UUi!.99 !II) 'HI ~7jJl( 
FD9A n:l2 () II "I 1.1l!CO IHI1B 
FDAC I;'G'I (l OiH 7 I)U"I,Wl« 
F[)t:!IO Fi:u. nll"ln,') (I O"~1~~lI( 

FD~':'jl 1"013 (lOll:!;3 1)0 1~~(,.)I( 
FDI:::E: FClA () () '11.::1 Q ()i',~BlK 
FDO'I F(lC j) O~'Z9 004~l1.* 
FPF1, Fl:lI:) 011 4'1l'.'i () 0 JI~~(i'lI( 
FE 1),1. FCU:' (l() I, :1, 9 PO"l21, (l O~',~~:i O(l427 (l ()J'~'jB 
FCBB IP,!' OU'?1.9 o (U!~~UC 
Fe70 . I[.)LE 1l,()'!:L()1I<U()E).Z 'OO?:l~:; 0\121.7 (IO~!:~:3 
Fe:l.t: INIT I) () :ll5i'l. 0 ()~) I) () () 1l~;;(H 
(lOin L.A!;;CClM I) () 1. 111~1I< tl I) l. 9f,1 () 0 ,!.~? (l 
FCAEl t.O:;? () () :,?,,' 7)1( 0 ()~!. '1'y 1)()2.r,~'i 
FeM:' l..,(lJI o () ~!.~'j () 11< 
FCC'I L..Cl() o ()~~\:jt, 00 ;;!'iI3 o n '?b 1))1( 
FC[)O u.m o Q'!.f:i2 ()O,!'~jll o O,!~~9 ()(l~%/,)I( 

FCA'!. Ull ... Hr\' O(l:l'lU (l()'!.'1:~)1( 
() () ~:j:l. MABI< () () t :1, 711< () U ZI\If" O'U ,!.":3 . 00::1';>') 
FE22 NMI: () 0 'I<;'~'j)l( () 0 il,}'? 
FCFB ONEm.Jf.!: o ();I. JI~'i OUZ'p<I)I( 
FD6t::: OUT,!. o 030::llK{) 0 ;:IB::i O\l:39J) 
FD7E: OUT'I no:'un (l():W:t.)I( 
FDOD [lUTU;)']' OO:L'l7 OO;:I:l4l1< 
FD6B OUTPUT 00::102 ()0:~()'iI () ()::n 6 oo:;)'!.::l () () :,U31 )K 

00"11':: PO (l0:l 1. t'j)l( () O,!.,'!4 () () Z. ~~ ~.ii () O,!"U, oo:no 
() () "I WI IH)"I::I~'j () (lJn6 o UJf;:lfl OllJn9 

O() ~'i 0 P:l OU:L1.l.)I(()0::l4~:; o ();a4t, II 0:,,"1'" 
INOO PORTA () ():I.~? () lI<()O:1. Ol. (l () '1~1.6 
0401. f"OI:;:TAC 00 In*o 0 1.77 Illl Hl7 
WtO~?, PORTE: () n 1 Z':'lKO 0:1.7 'I o () 1.I~AI () O:;?Bil ()(L:l61 

F~EBET AND JNTEFmUPT VECTOfd:; 
IHCl 
~,)WI 

NM:r 
I:;:P3ET 

OO'!!:I. II (1:,lB::l o 0 ~l')~"i 

00'11.,9)11: 

(I (),!,,!,'l I) ();:>;:lll oo:vn IlO:l:"jO o 03~'!3 
(l () 'I'to 



!340:,1 P(]fn'E:C o 0 :1. '!.3l1< 0 () :L 71. 001. 7!3 OOHIO 
B'II) 'I p()I'-:rc O():I.~~'I)I(OOHIZ 0042/1 00'10:,) 
B'HI~.'j POfnCC 00 j Z~'jlKO O:\. 79 OOlB9 
1'1'10 d. f"O[';:TD () O:\. Z6)1( () 0 1.7~:j o () :I.B~) o O~!.';>Z 
f:)4()7 PORTI)C o o lZ'l*()O:l.7Z OO:l.BO OO'L?() 
Fr)6:il PWI:;:DWN OO:L~j1. o O~I"':llI( 
() 0 'I~.'j [lCOLJNT 00 U 0)1(0 ° ,!.(I 0 () 0 ~!.'16 OO;'.6Z OO;>.6::l 003:1~'; 00:3'11 00'106 
0000 [~DATA 00 j. 04l1(O O:'W 0 00:,107 (HI '10 7 
0044 (~DNLJM () 0:1. 09)1(0 a j.';>9 OO:;lOj. 0030D 00 "1 ()~'j l)()'166 00'17::1 
o a'IA (~[)X 001. :t.:)II<I){I'loa () 0'162 !l 0 '11.,:;'; ()(l'169 !lO'U? 
BOlb [~Fl.Jl..L 001. 06lKO 0,1.64 
ooze 1~l...IST II () lO~.'jll(llO'J..6(' .1\I.H4 00 ::,)'IZ o O'j()'~ 
() 0 'II:; 1~L.X 1l0U'I)l(OO'l:lO 00'17'1 o O'17t., 
FOO/I W.lF.:'DUT 00:1116 003(7)1( 
FD7C BETf'tll'~ o O'?,B7 OO~'.94 o 0 :~9~'j)l( 00:'197 
FO(,IA GP(~ OO'IO'LII< 
FeE:') BPOf~H:: () 0 :I 'I~l () 0,1.13'111< 
FCEE ~)PORT[) () () 1.'1'1 oo.?"n)l( 
n):~D !rr;?' o 0 :~4bll( 0 0 ::l~.';l':j 
FlnF STAN\)0 001::'0 nO::l-'f()lI( 
FD:J,b ~,nAP\)T l)O:l.lfa OO::I~!;l.lI( 

OO'll STATUS OUlO7l1(OOl,lj>6 OO:3n () 0 "l~~n () () :3~l? () 0 ::Ia~,,; o () 4'1::1 
FD'lF \:)'rr.)I".~n ooa'14 U 0 ::.I~:j7l1( 
FE'~l l3WI UU4'l'l.lI(O()'I913 
o O'Id, n:MEI-ll: U O;I.:L :1.lI<nl)~~79 OOtl:\.B (HI '1Bf.> 
o 0 'lEI lIMn .. !:) OO:L j,;'~lI\OO27B () n'I~!.U OO'IB4 
FD'!.A 'I'm!. 00::)::10 011 ::\;'I'lll< 
Frl:l.F TO(~,MOO 00;1."+9 OO::I?(~:I( 

FD67 l.lNDFF o () 1.1.';~!. Oll;l.~'i::l U O!:J6'?1II 
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IX. 10 jJ( u)NVERTi"rl 

T 

FIBUI OPTIC DRillER 

DElEe lOR PREAMPLIFIER --+--
HrGND 2IiiI 

v< 
1'166 

30ur -llV 
1 

C1< 
ml;.JF 

-121,1 

" 

~
2 

1--____ +-_-4
3 

(UPPER F >lONT PANFL CONNECTOR) 
015 
tZllpF 

" 
2f-

I 
IZV 8~ I LOGI( (,ND 

Hd±±l 
U 17 Y '13 X '12 W '-11 
J3 BuSS BOARD CQNNE(' 

"N 
I.:oND 

7 

oJ'S 
1'189 

<'V 
1~ 

OUT ,; 

vs 
EM~IHR DRIVER 

.-1,0 IN 6gS-Q:21EGI OUTI61---

22 23 2'1 7 8 

"6 "n 
TO A CAl LIN' 

,--j-f-- TOOFp'-l~3~IA 
(5HT I) 

,. : I 
I I 

,C\I":t::I-NAL elK CKT J 
,-----
I 

·5," ~GIC -\2V . n H=t------------r: 
L _ 
- 1·,,- .. -

( j B , . M 11 
-n 

T ,. 

POWEI=l CQNTI~()I. (KT 

P6-12(87) FOR POwER DOWN 
FROM SliT 1 

f2'~~~~~~ 
V20F U~ 

~09.3 

~CO" t~~;l ,,9,< 

I ,URN TO J'l-2 (SHT 3) 

RELAY ON 

j Tlfl/N TO J'H(SItT 3) 

RELAY 01'1' 

,. 

I" 

~-Qj;~lClgA"I,,"IJ. =cq1.1 
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DISTRIBUTION: 

1100 C. Winter 
1200 L. D. Smith 
1220 J. M. Wiesen 
1400 L. J. Heilman 
1470 R. S. Wilson 
1500 W. A. Gardner 
1520 T. J. Hoban 
1530 W. E. Cal.des 
1540 R. L. Brin 
1550 F. W. Neilson 
1551 D. W. Ballard 
1552 O. J. Burchett 
1552 G. C. Stoker (15 ) 
1552 C. L. Sharp 
1553 R. L. Parker 
1554 J. C. Bushnell 
1554 W. P. Brigham 
1554 R. J. Goode 
1554 J. G. Kostas 
1556 S. A. Ingham 
4300 R. L. Peurifoy Jr. 
4310 C, C. Burks 
4320 G. J. Hildebrandt 
4330 E. E. Ives 
4340 H. W. Schmitt 
4360 J. A. Hood 
5520 T. B. Lane 
5600 D. B. Shuster 
5800 R. S. Claassen 
8214 M. A. Pound 
8310 D. M. Schuster 
8440 D. E. Gregson 
844 11 A. R. Willis ( 2 ) 
314l L. J. Erickson ( 5) 
3151 w. L. Garner (3) 

For: DOE/TIC 
(Unlimited Release) 

DOE/TIC (25) 
(C, Dalin, . 3154- 3) 
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