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2,2 

3S, 

3,1 

4,1.2 

ABSTRACT 

THIS PROGRAM ASSISTS IN YwE TESTING ANDO CALIBRATION OF THE 

AALL DIGITAL TO ANALOG CONVERTER, PROVISIONS ARE INCLUDED 
FOR a POP-11 SYSTEM WITH UP 70 4 AA-il1 OAC'S. YHE PROGRAM 

1S OLVIDEO INTO FOUR SECTICNS! Dac TEST, RAMP, SQUARE 
WAVE. ANO CALIORATE, 

REGUIREMENTS 

EQUIPMENT 

POP-11/28 

AAYL DIGITAL TO ANALOG CONVERTER SUBSYSTEM wITW UP YO 4 
CONVERTER MOOULES, 

STORAGE 

THE PROGRAM OCCUPIES MEMORY FROM @ TO 1518. 

LOADING PROCEDURE 

METHOD 

PROCEDURE FOR NORMAL BINARY YAPES SHOULD BE FOLLOWED. 

1. ABSOLUTE LOADER MUST BE IN MEMORY, 
2. PLACE BINARY TAPE IN READER 
3, LOAD ADDRESS e7508 (e DETERMINED BY ADDRESS OF LOADER). 
4, PRESS “START*® (PROGRaM WILL LOAD). 

STARTING PROCEDURE 

CONTROL SWITCH SETTINGS 

ALL SECTIONS 

SWITCH REGISTER BITS 14. 13, 12 SELECTS OAC TO BE TESTED, 

14 13 12 ADDRESS aSSIGNMENT 

@ 8 @ Dace 176766 (REFERENCE 8.3) 
@ 8 i Bact 176762 
e 1 @ Dace 176764 
1 @ 8 Dacs 176766 

RAMP, SQUARE WAVE, AND CALIBRATE 

SWITCH REGISTER BIT 11 CONTROLS DAC POLARITY 

1ise POSITIVE 
4181 NEGATIVE 
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4,1,4 

4.1.5 

4,2 

4.2.1 

4,2,2 

4,2.3 

4,2.4 

RAMP TE 

SWITCH 

6 5 4 

8 288 
@ ee 
®@ 886 
e 8 8B 

1 #21 

SQUARE 

SWITCH 

6 5 4 

@ 288 
6 88 
2 88 
@ 88 

i111 

CALIBRA 

SWITCH 

189 86 

2 8 @ 

1 1 1 

STARTIN 

SY 

REGISTER BITS 6 THRU @ CONTOL RAMP SLOPE 

3 218 

@ @ 8 6 & MINIMUM RaMP TIME 
@ee2 
2 0816 
@rigd 

1 #11 4 © MAMIMUM RawP TIME 

WAVE 

REGISTER BITS 6 THRU @ CONTROL SQUARE WAVE FREQUENCY 

rd 8 ~
 

@ = MAXIMUM FREQUENCY 

e
a
r
n
e
 

w 

S
e
2
e
2
 

e
e
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1 #21 -
 s MINIMUM FREQUENCY 

Te 

REGISTER BITS 18 THRY B CONTROL 11 BIT Dac value, 

76543 2:18 

@8@ @8080 @6 20 ® MINIMUM VALUE (8 VOLTS) 

41 222 G29 1 8 MAXIMUM VALUE (Co OR - FULL SCALE) 

G ADDRESS 

2828 oac TEST 

284 RAMP 

218 SQUARE WAVE 

214 CaL IBRATE 
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PROGRAM AND/OR OPERATOR aCTION 

LOAD PROGRAM INTO MEMORY 

SELECY TEST, 
LOAD STARTING ADORE 
SEY aPPROPRIATE CONTROL SWITCHES, 
PRESS "START" 

OPERATING PROCEDURE 

pac TEST 

LOAD ADDRESS 28e 
SELECT ONE DAC WITH 
PRESS Sart, 
PROGRAM WILL BEGIN 
ONLY ONE DAC WILL B 
CAN BE CHANGED af A 

RAMP TES? 

LOAD ADDRESS 264, 

SWITCWES 24, 423, 12 (REFERENCE 4.1.1), 

TESTING THE SELECTED DAC, 
—E TESTED av a TIME, WOWEVER, DAC SELECTION 
NY TIME WHILE THE PROGRAM JS RUNNING, 

SELECT ONE DAC WITH SWITCHES 14, 15, 12 (REFERENCE 4.1.1). 
SELECT POLARITY WIT M SWITCH 11 (REFERENCE 4.1.2), 
SELECT RAMP SLOPE WITH SWITCHES 6 THRU @ (REFERENCE 4.1.3). 
PRESS STaRT, 

PROGRAM WILL EXECUT — RAMP, 
ONLY ONE DAC AND POLARITY Mav BE SELECTED AY A TIME, TO 
SELECT aNOTHER OAC 
SWITCHES CONTROLLIN 
1S RUNNING, 

SQUARE wavVE 

LOAD ADDRESS 2:28, 

OR CHANGE POLARITY RESTART TEST aT 210, 
G RAMP SLOPE MAY BE CHANGED WHILE PROGRAM 

SELECT ONE DAC WITH SWITCWES 14, 13, 12 (REFERENCE 4.1.1). 
SELECT POLARITY WIT 

SELECT SQUARE WAVE 
PRESS START, 
PROGRAM WILL EXECU 
ONLY ONE OAC AND MA 
Dac RESTART TEST, 

MW SWITCH 21 (REFERENCE 4,121.2) 
FREQUENCY WITH SWITCHES 6 THRU O (REFERENCE 4.1.4) 

—E SQUARE WAVE. 
VY BE SELECTED AT A TIME. TO SELECT ANOTHER 
SWITCHES CONTROLLING SQUARE WAVE POLARITY OR 

FREQUENCY MAY BE CHANGED WHILE PROGRAM IS RUNNING, 



CALIBRATE TEST 

LOAD ADORESS 214, 
SELECT UP TO FOUR DACS WITH SWITCHES 14, 15, 12 (REFERENCE 4,1.1), 
SELECT POLARITY wITH SWITCH 11 (REFERENCE 4.1.2), 
SELECT 0aC VALUE WITH SWITCWES 10 THRU @ (REFERENCE 4.1.5). 
PRESS START, 
PROGRAM WILL LOAD DaCS WITH SELECTED VALUES, 
SWITCHES SELECTING DACS, POLARITY OR VALUES CAN BE CHANCED 

WHILE PROGRAM I$ RUNNING, 

ERRORS 

ERROR REPORTING 

IF aN ERROR OCCURS DURING Oac TEST THE PROGRAM WILL WALT, 

REGISTER D WILL CONTAIN EXPECTED VALUE OF Dac. 0 RESUME 
TESTING PRESS "CONTINUE", IF IT 1S DESIRED TO LOOP ON 
TWE TEST THAT FAILS REPLACE THE WALY INSTRUCTION WITH A 
246 (NOP). 

NO ERROR INDICATIONS ARE GIVEN DURING OTHER TESTS, 

RESTRICTIONS 

NONE 

MISCELLANEOUS 

EXECUTION TIME 

N/A 

PROGRAMMING TECHNIQUE 

THIS PROGRAM MAKES EXTENSIVE USE OF GENERAL REGISTERS FOR THE 

PURPOSE OF GAINING MAXIMUM OPERATING SPEEO. 

|
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DaC SELECTION 

THE PROGRAM CAN TEST UP YO FOUR DAC'S AY ONE TIME. IN 

17'S STANDARD FORM IT WILL TEST DACB, OACL+ DAC2 AND 
DAC3, MEMORY ADDRESSES 122, 102, 184 AND 186 CONTAIN 
THE POINTERS FOR THESE DACS, IF IY 1S DESIRED YO TEST 
ANY OF TWE OTHER 16 DACS, THE OPERATOR MUST CHANGE THE 
CONTENTS OF THE POINTER ADDRESSES 70 SELECT THE DESIRED 
oac ° 

EXAMPLE: 1808/ 176768 

18@2/ 176528 

104/ 176542 

186/ 176566 

OACS @. B- 13 AND 19 COULD NOW BE SELECTED. 

pac ADORESS 
Q 4176768 

1 476762 
2 476764 

3 176766 

4 176528 
5 476582 
6 476504 

7 176506 

8 476528 
9 476522 

18 4176524 
11 476526 

12 176548 

13 476542 
14 176544 

15 176546 

16 476568 
47 476562 

18 476564 
19 476566 
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PROGRAM CESCRIPTION 

DaC TEST 

THIS TEST MAKES CERTAIN THAT ALL BITS OF THE DAC MAY BE SET, 
CLEAREO ANDO READ BACK, FIASY THE Dac IS CLEARED AND CHECKED TO 
BE CLEAR, THEN SEY TO ALL ONES AND CHECKED YO BE SET TO ALL ONES, 
NEXT THE DAC IS SET WITH AN {NCREMENTING PATTERN AND CHECKED. 
ALSO CHECKED ARE THE CONDITIONS WITw OI 41 SET YO MAKE SURE THAT 
BIlT 41 18 REFLECTED IN BITS 15 THRU ie. 

RAMP TEST 

THE OAC SELECTED BY SWITCHES 14, 13, 12 18 CLEARED (SET 70 ZERO VOLTS) 
AND THEN INCREMENTED (OR DECREMENTEO) AT A RATE TWAT MAY BE 
CONTROLLED BY SWITCHES 6 THRU @ UNTIL THE MAXIMUM VALUE ¢* OR = FULL 
SCALE) !8$ REACWEO. 

SQUARE WAVE 

THE DAC SELECTED BY SWITCHES 14, 4&3, 12 18 SEY TO ZERO ANO FULL SCALE 
CIF POLARITY NEGATIVE) AT a RATE THAT MAY BE CONTROLLEO BY SWITCHES 
6 THRU @, 

CALIBRATION 

THE VALUE CONTAINED IN SWITCHES 113 TWRY @ IS LOADED INTO THE DAC 

SELECTED BY SWITCHES 14. 13, 12, THE OPERATOR MUSY DETERMINE WITH 
a OvmM OR SCOPE IF THE DAC OUTPUT IS aCCURATE. 



PALXI1 

o86ese 
e8e0ee2 
880084 
00886 
eoesies 
eeees2 
8600814 
0800816 
068828 
@88822 
e06e26 
000826 
O08836 
888832 
O88854 
2086836 
CBOC468 
208862 
C8644 
908846 
obbe858 
2280052 
oeeesa 
086056 
CObL6B 
088862 
200064 
288066 
O88078 
088872 
ee8074 
OBBB76 

200108 
e00182 
oe0184 
280186 

800208 
e00204 
280270 
ae8214 

vees 

ebages 
808020 

eeeae2 
eecece 
800006 
ebeeee 
860012 
eceece 
060616 
ebeece 
888822 
eecece 
880826 
e8egen 
808832 
eeeece 
900836 
ee8eeee 
800842 
6eeeca 
080646 
eecees 
eeees2 
eeeeed 
000656 
eeoeee 
800862 
6eeeee 
OG0866 
eeeecd 
608072 
ebenaea 
008076 
eeoeee 

476768 
476762 
4176764 

176766 

4775878 
800249 
9800776 

888200 
088167 
600167 
600167 
620167 

28-NOV-78 

288574 
701886 
061106 
800764 

7358 PAGE 1 

pAALL OAC CALIBR 
ICOPYRIGMT 1978, 
bJOWN RODENWISER 

HALT 
STME FOLLOWING 4 ADORESSES MAY BE MODIFIED TO POINT TO OYWER OACS 
Oacer 176768 
Dacit 476762 

Dac2t 176764 
Oac3: 176766 
§RO177576 
NOP 2240 

STACKS776 

+ 8288 
JMP 
JMP 

JMP 
JMP 

ATION 

DIGITAL EQUIPMENT CORP,, MAYNARD, MASS, 

26 

oacrst 
RAMP 
SQUARE 
CAL IB 

ICONTAINS ADORESS OF DAC B 
ICONTAINS ADDRESS OF DAC 1 
ICONTAINS ADORESS OF DAC 2 
ICONTAINS ADDRESS OF OAC 3 

yDAC TEST 
sRAMP TEST 
SSQUARE WAVE YES? 
ICALIBRATE 



PALKI1 

e81888 
eeiea4 

281816 
eb1612 
001014 
861016 
081028 

881822 
@81826 
001638 
001834 
601836 
081848 

601842 
601044 
0018046 
201658 
901952 
081054 
001856 
661066 
881862 
081066 

081678 
001074 
001186 
001182 
0861164 
061186 
061118 
@01112 
081144 
@81128 
001122 

vee3 

et.ee8 

€12706 
904767 

605818 
611601 
001482 
6eeses 
868775 

01271¢ 
8116¢1 
022701 
001482 
Bbe8ee 
008778 

865661 
065618 
685201 
605218 
0201108 
081482 
eseeee 
868778 
622781 
901367 

612701 
812718 
085218 
66592281 
020118 
861482 
eeeace 
088766 
622718 
601367 
600726 

28-NOV-78 

088776 
080422 

477777 

£77777 

803777 

4173777 
293777 

£77777 

71586 PAGE 2 

91806 
ITESY DAC BITS 12-8 TO SEY AND CLEAR 
sSW 44, £3- 12 SELECT Oacs 
DaACYST: MOV OSTACK.%6 

JSR %7,DACSEL 1GEY Oac SELECTEO 
ITEST DAC CAN BE CLEARED 
cre. CLR (6) 

MOV (8),%1 
8E0 ori 
WALT HERROR OAC NOT CLEARED 
aR ore 

sTESY Oac CaN BE SEY TO ate 1'S 
Oris MOV #@-1,(8) 

MOV (8) ,%1 
cMP O-1,%1 

B£0 or2 
WALT JERROR DAC NOT & ALL 1°S 
BR ori 

STESYT DAC WILL ACCEPT A COUNT PATTERN (8 TO 3777) 
or2: CLA Ki 

CLA (8) 
Ov2a! Inc x1 

INC (6) 
cMP Ki.(6) 
BEO or2e 
WALT SERROR OAC NOT ® KL 
OR orT2 

oT2e: CMP O3777,%1 

BNE OT2A 
sTESY THaY OAC WILL ACCEPT A COUNT PATTERN (46668-7777) 
ors: a0Vv 273777 ,%4 

MOV @3777,(8) 
OYSas INC (@) 

INC Ki 
cmMP €1,(86) 
BEO orse 
WALT SERROR DAC NOY © K1 
BR ors 

orse: CMP #-1,(6) 
BNE orsa 
BR Dacrst SREPEAT TEST LOOP



PALX&1 

601124 
061132 
061134 
681142 
681156 
001152 
001166 
061166 
661178 
001176 
081264 
681206 
eb1214 

082246 
881222 
881226 
@81234 

881236 
801248 
861244 
601258 
081252 
0861254 
081256 
001268 
081262 
081264 
021266 

881278 
801272 
001276 
BOLSB2 
081364 
081386 
681338 
081342 
OB13a4 
O81316 
BGL328 

LIB 

632767 
o61803 
616777 
032767 
0613463 
616777 
032767 
661463 
616777 
032767 
061747 
616777 
086743 

812786 
664767 
032767 
681615 

#256198 
612782 
812703 
e85218 
£11201 
485301 
4186376 
620318 
881372 
625918 
608771 

605618 
612782 
812783 
085318 
4211281 
425301 
106376 
628318 
601372 
805018 
088771 

28-NOV-78 

070026 

476438 
610886 

176412 
620808 

176374 
6400¢8 

176356 

080776 
280204 
ee4ece0 

477578 
003777 

177576 
174008 

176436 

176736 
176428 

476722 
476482 

176786 
176364 

176672 

176334 

7:58 PaGE 3 

SCALIGRATION ROUTINE FOR UP TO 4 OAC 

s$W 44, 43,5 12 SELECT Oacs 
sSW 41 SELECTS POLARITY 
bSW LO-B SELECTS OLGITAL VALUE 
CALS@: B17 

BNE 
MOV 

cas eT 
BEO 
MOV 

c2t BIT 
6£6 
MOV 

cSt Bly 
BEO 
MOV 
BR 

sRAamP TEST 

#78608.,S5R 

ci 

sr,eoace 
#160806,SR 

ce 

SR, @DAC1 
a286608,SR 

cs 
gr, eoace2 
#46668,SR 

CALIB 
SR, @0AC3 
CALI 

s$W 14, 43. 12 SELECTS dacs 
1SW 11 SELECTS POLARITY 
1SW 7-8 CONTROLS RAMP SLOPE 
RAMP} MOV 

JSR 
BIT 
BNE 

POSITIVE RamP 

aSTACK.%6 

%7,DACSEL 
o4666,SRA 

RN 

186 CONTAINS DAC POINTER 
RPS CLR 

mov 
MOV 

RPLs INC 
RP21 MOVB 

SNEGATIVE RAMP 

(8) 
SR, %2 
63777,%3 
(9) 
(2).K1 
%4 
2 
%3,(8) 
RPL 
(68) 
RP2 

1¥@ CONTAINS OAC POINTER 
RNt cLA 

MOV 
MOV 

RNLI DEC 
RN21 “OVE 

OECe 
BRL 
CMP 
BNE 
CLR 
BR 

(8) 
asR,x2 
#174688,%3 
(8) 
(2),%1 
“4 
72 
%3.(8) 

RNY 
(8) 
RN2 

sYEST SW 12, 13, 14 © @ 76 LOAD DAC @ 

sYES? Sw 12 TO LOAD OAC 2 

tTESY SW 13 70 LOAD DAC 2 

HTEST Sw i4 70 LOAD DAC S 

HCLEAR Oac 
bN2 18 SWITCH REGISTER POINTER 
1S 18 OAC VALUE COMPARITOR 
fei 70 DAC VALUE 
IGET CELAY FROM SWITCHES 

HOELAY COUNT 
#18 0aCe37779 
pNO 
HYVES, CLEAR DAC 

HCLEAR Dac 
iK2 1S SwWITcw REGISTER POINTER 
1&3 18 DAC VALUE COMPARITOR 
bel 70 Oac VALUE 
SGET DELAY FROM SWITCHES 

HOELAY COUNT 
§1S 0AC8174888 
#NO 
IVES. CLEAR OAC 
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PALXY1 

Bl1322 
881326 
001332 
08135468 

881342 
2B13466 
081358 
881354 
081356 
001368 
081364 
061378 
001372 
@B1374 

281376 
081462 
2614684 
081418 
@61442 
OB1414 
081428 
e81424 
081426 
081438 

vees 

@12786 
664767 
832767 
081816 

812719 
806408 
116781 
465301 
486376 
012718 
116701 
105301 
180376 
880756 

012718 
@60400 
$16701 
48530. 
100376 
812718 
416701 
485301 
480376 
eee748 

28-NOV-78 

886776 
e6e100 
684800 

1762144 

603777 
176280 

eeeeee 

176160 

884880 
176144 

176238 

7358 PAGE 4 

SQUARE WAVE TES?’ 

1$W 44, 43. 12 SELECTS Oacs 
sSW 11 SELECTS POLARITY 
1SW 7-8 CONTROLS FREQUENCY 
SQUARE? MOV STACK. X6 

JSR %7,0aCSEL 
SQ} BIT 04686,SR 

BNE SN 
SPOSITIVE SQUARE WAVE 
188 CONTAINS DAC POINTER 
SPI MOV o8,(@8) 

BR +02 
MOVB SR,X1 
eo] oT :) wa 
BPL ce 
MOV 03777,(8) 
MOVE SRAX1 
oece “1 
BPL 3 
BR $Q 

INEGATIVE SQUARE WAVE 
3KB CONTAINS DAC POINTER 
SN% MOV a@,(8) 

BR 602 
MOVB SRX1 
ocece x1 
BPL ay 

MOV 94080,(0) 
“OVB SR, XL 

OECB x1 
BPL ry 4 

BR $0 

ISEY Dac 
IBAL ANCE 

IDELAY 
WSEY Oac 

DELAY 

sSEY Dac 
)BAL ANCE 

sOELAaY 

sSET DAC 

sOELAY 

av @ VOLTS 
TIME BETWEEN ¢ ANO GNO 

AT 18 VOLTS 

a’ ® VOLTS 
YIme BETWEEN = AND GNO 

AY -10 VOLTS



PALXii 

#61432 
001448 
061442 
081446 
081456 
0801456 
061468 
061464 
081466 
001474 
801476 
261562 
801564 
0015186 

vbe5 

432767 
601003 
016708 
686207 
432767 
081403 
616708 
080207 
432767 
681463 
016700 
660207 
016708 
066207 
688001 

2B-NOV-76 

000168 

176432 

060028 

176426 

088048 

176462 

176376 

176131 

176115 

176675 

7338 PaGE 5 

HDAC SELECT SUBROUTINE 
tSWITCH REGISTER BITS 14, 13, 12 SELECT Dacs 
PREGISTER O© WILL CONTAIN POINTER FOR Dac SELECTED 
5 
OACSEL! BITB #166,SRo4 p13 OAC @ SELECTED? 

BNE 081 JNO 
MOV OaACO, RO YES 
ars %7 

OSii Pas | @286,SRe1 H1$ OAC & SELECTED 
8£Q 082 INO 
MOV DACi, RB YES 
RTS 7 

0821 BITB @46,SRo1 918 Bac2 SELECTED 
BEQ oss JNO 
MOV Dac2,K8 YES 
Rvs “7 

possi MOV OACS.%O MUST BE DACS ~ NO OTHERS SELECTED 
ars “7 

»END 
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OACSEL 
oacrsT 
084 
0&2 

vees 

661142 
0011686 
081176 
e01124 
608100 
s061¢2 
600104 
080106 
601432 
e0198e8 
061450 
081466 
o01504 
061018 
e81622 
e81642 
001846 
801862 
601876 
601100 
e601114 
ece246 
081216 
801278 
6861302 
0013504 
681236 
8014258 
081252 
081376 
881342 
664332 
801322 
477570 

000776 

ERRORS DETECTED! 8 

RUN-TIMES &£ SECONDS 

4K CORE USED 

26-NOV-78 7:58 PAGE Sed 


