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ABSTRACT

THIS PROGRAM ASSISYS IN TWHE TESTING AND CALIBRATION OF TME
AALYl DIGITAL TO ANALOG CONVERTER, PROVISIONS ARE INCLUDED
FOR A PDP-11 SYSTE™ WITH (P Y0 4 AA-11 DAC'S. TYHE PROGRAM
1S DIVIDED INTO FOUR SECYIONS! DAC TEST, RamMP, SQUARE
WAVE, AND CALIBRATE,

REQUIREMENTS

EQUIPMENY

POP-11/280

AA1Y DIGITAL TO ANALOGC CONVERTER SUBSYSTEM WITW ypP 10 4
CONVERTER MODULES.

STORAGE

THE PROGRAM OCCUPIES MEMORY FROM P TO 1518,

LOADING PROCEDURE

METHOD

PROCEDURE FOR NORMAL BINARY TAPES SHOULD BE FOLLONED.

1, ABSOLUTE LOADER m{ ST BE IN MEMORY,

2, PLACE BINARY TAPE IN READER

3, LOAD ADDRESS @752 (e DETERMINED BY ADDRESS OF LOADER).
4, PRESS "START™ (PROGRam wiLL LOAD),

STARYING PROCEDURE

CONTROL SWITCH SETTINGS

ALL SECTIONS

SWITCH REGISTER BITS 14, 13, 12 SELECTS OAC Y0 BE TESTED,

14 13 12 ADORESS ASSIGNMENTY

e e @ bace 1767680 (REFERENCE 8.3)
e e 1 pacCy 176762

e 1 @ DAC2 176764

1 ¢ @o DAC3 176766

RAMP, SQUARE wWAVE, AND CALIBRATE
SWITCH REGISTER BIT 11 CONTROLS DAC POLARITY

11sp POSITIVE
11=} NEGATIVE




4,1,3 RAMP TESTY
SWITCH REGISTER BITS 6 TWRU 2 CONTOL RAMP SLOPE

543 218
@ 202 202 8 = MINIMUM RAMP TImME
2 eee 201
e 2 ee 01380
e e e 11

1 111 11 1 s MAXIMUM RanP TIME

4d,1.4 SQUARE wAVE

SWITCH REGISTER BITS 6 THRU @ CONTROL SQUARE WAVE FREQUENCY
6 5 43 218

@ 2P 2 O 2 @2 = MAXIMUM FREQUENCY

P o e @221

P o P e 21080

2 e e 211

(@S

L
1 111 11 s MINIMUM ﬂﬂEOUENCV
4,1.5 CALIBRATE
SWITCH REGISTER BITS 12 YWRyU @ CONTROL 11 BIT DaC VALVE,

189 876 543 210

2 2 e 0P 220 2P 2 = MINIMUM VALUE (2 vOLTS)
[ ]
1 1 111 111 11 1 s MAXIMUM VALUE (e DR - FULL SCALE)
4,2 STARYING ADDRESS

4,2,1 2008 DAC YEST

4,2,2 204 RAMP
4,2,3 210 SQUARE WAVE
4,2.4 244 CALIBRATE

)
-

e s rman




.

PrgE—

e vawm

4,3

5,
5.1

9.2

5,3

PROGRAM AND/OR OPERATOR ACTION

LOAD PROGRAM INTO MEMQORY

SELECY TEST,

LOAD STARTYING ADDRESS.

SEY APPROPRIATE CONTROL SWITCMES.,
PRESS "START»

OPERATING PROCEDURE
DAC TESTY

LOAD ADDRESS 2p0

SELECT ONE DAC WlTW SWITCWES 14, 13, 312 (REFERENCE 4.1.1),
PRESS START,

PROGRAM WiLL BEGIN TESTING TWE SELECTED DAC,

ONLY ONE DAC WILL BE YESYED AT A VIME, WOWEVER, DAC SELECTIOWN
CAN BE CMANGED AY ANY TIME WwHILE THE PROGRAM IS RUNNING,

RAMP TESY

LOAD ADDRESS 204,

SELECT ONE DAC WITW SW]ITCHES 14, 13, 12 (REFERENCE 4.1.1),
SELECT POLARITY wWlTw SWITCW 11 (REFERENCE ¢.1.2),

SELECT RAMP S_LOPE WITW SWITCHES 6 TWRU B (REFERENCE ¢,1.3).
PRESS START,

PROGRAM WILL EXECUTE RAMmP,

ONLY ONE DAC AND POLARITY MaY BE SELECTED AT A TINME, TO
SELECT ANOTHER DAC OR CHWANGE POLARITY RESTARY TESY AT 210,
SWITCHES CONTROLLING RAMP S_  OPE MAY BE CHANGED WWILE PROGRAM
1S RUNNING,

SQUARE WAVE

LOAD ADDRESS 2%@.

SELECT ONE DAC W!TW SWITCHES 14, 13, 12 (REFERENCE 4.1.1).

SELECY POLARITY WITW SWITCW 11 (REFERENCE 4,1.2)

SELECY SQUARE WAVE FREQUENCY WITH SWITCHES 6 THRYU @ (REFERENCE 4.1.4)
PRESS START,

PROGRAM WILL EXECUYE SQUARE WAVE,

ONLY ONE OAC AND MAY BE SELECTED AT A TIME. TO SELECT ANOTKER

DAC RESTART TESY, SWITCHES CONTROLLING SQUARE WAVE POLARITY OR
FREQUENCY MAY BE CHWANGED wHW]ILE PROGRAM IS RUNNING,
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CALIBRATE TEST
LOAD ADDRESS 214,

SELECT UP TO FOUR DACS WITH SWITCWES 14, 13, 12 (REFERENCE 4,1.1),

SELECT POLARITY wlTw SWITCH 11 (REFERENCE 4,1,2),

SELECT DAC VALUE WITW SWITCWES 18 THRY @ (REFERENCE ¢.1.5%).
PRESS START,

PROGRAM WILL LOAD DACS W1TW SELECYED VALUES,

SWITCHMES SELECYING DACS, POLARITY OR VALUES CAN BE CMANGED
WHILE PROGRAM IS RUNNING,

ERRORS

ERROR REPORTING

IF AN ERROR OCCURS DURING DAC TESY THWE PROGRAM WILL MALT,
REGISTER & WILL CONTAIN EXPECTED VALUE OF DAC. Y0 RESUME
TESTING PRESS "CONTINUE®™, IF 1T IS DESIRED 10 LOOP ON

THE TEST THATY FAILS REPLACE THE WALY INSTRUCTION WITH A
240 (NOP).

NO ERROR INDICATIONS ARE GIVEN DURING OTHWER TESTS,
RESTRICTIONS

NONE

MISCELLANEOUS

EXECUTION TIME

N/A

PROGRAMMING TECHN]IOUE

THIS PROGRAM MAKES EXTENSIVE USE OF GENERAL REGISTERS FQOR TWE
PURPOSE OF GAINING MAXIMyUM OPERATING SPEED.
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DAC SELECTION

THE PROGRAM CAN YESYT yP YO FOUR DAC*'S AT ONE TIME, IN
17'S STANDARD FORM 1T WILL TEST DACE., DACL. DAC2 AND
DACY, MEMORY ADDRESSES 122, 102, 124 AND 106 CONTAIN
THE POINTERS FOR YWESE DACS, IF 1Y 1S DESIRED TO VEST
ANY OF TWE OTMER 16 DACS, THE OPERAYOR MUST CHANGE THWE
CONTENTS OF THE POINTER ADDRESSES T0 SELECT TWE DESIRED
DAC,

EXAMPLEL 108/ 176760
1027 176522
124/ 176542
126/ 176566

DACS @, 8. 13 AND 19 COULD NOwW BE SELECTED.

DAC ADDRESS
] 176768
1 176762
2 176764
3 176766
4 1765028
S 176822
é 176504
? 176506
8 176529
9 176522

e 176924

11 176526

12 176542

13 176542

14 176544

15 176546

16 176560

17 176562

16 176564

19 176566




9.1

9,3

PROGRAM CESCRIPTION
DAC TESY

THIS TEST MAKES CERTAIN TWAY ALL BITS OF THE DAC mMAY BE SET,
CLEARED AND READ BACK, FIRSY TWME DAL IS CLEARED AND CHECKED TO
BE CLEAR, THEN SEY TO ALL ONES AND CHWECKED YO BE SET TO aALL ONES,
NEXT THE DAC IS SET WITW AN INCREMENTING PATTERN AND CHWECKED.
ALSO CHECKED ARE TWE CONDITIONS WITW BIT 11 SET TO MAKE SURE THaY
Bl1Y 11 18 REFLECYED IN BITS 15 TuRU 2.

RAMP TEST

THE DAC SELECTED BY SWITCHWES 14, 13, 12 1S CLEARED (SET YO ZERO VOLTS)
AND THEN INCREMENTED (OR DECREMENTYED)Y AT A RATE THWATY MAY BE

CONTROLLED BY SWITCHES 6 THMRU @ UNTIL THE MaAXIMUM VALUE (e OR = FULL
SCALE) 1S REACMED.

SQUARE WAVE

THE DAC SELECTED BY SWITCHES 14, 13, 12 IS SEY 70 ZERO AND FULL ScCaLE
(IF POLARITY NEGATIVE) AT A RATE TWMAY MAY BE CONTROLLED BY SWITCHMES
6 THRU @,

CALIBRATION
THE VALUE CONTAINED IN SWITCHES 11 THRY @ IS LOADED INTO TWE DAC

SELECTED BY SWITCHES 14, 13, 12, THE OPERATOR MUSY DETERMINE W]TW
A DvM OR SCOPE IF TWE DAC OUTPUT 1S aACCURATE,




PALX11

ogoeee
(1111 F
pseoes
eoceee
ooeese
oo0BL2
o00a14
(J 1118
oolpe28
eo0p22
eoep24e
eooe2e
eoeese
ooee32
op0R34
008236
opdasp
008042
000044
e0024s
oeepse
po0052
eoePs4
ooe0%6
oep2eR
oeBRes?
Pe20e4
o0DPR66
eooer?
poeR72
pope74
eepPa7é

eeeiee
poR1p2
Pe0104
eeoi06

peezep
ee0204
eep210
POR2414

vees

gecaoer
peoe29

oeape2
geopee
(111 I.1)
(J1 1T 1)
epoR12
(111 T.])
000016
etepeo
800222
(I 1] L]
aeep26
eoopooR
e0eR32
edoece
900036
spopoe
000p42
eoopoe
000046
(1 1] 1.
eeense
gpepee
oeeesSs
edopoe
(1] 1Y
eoogoe
(111 1Y)
soeoee
geop72
epepo
geen7e6
eeopee

178762
176762
176764
176766
177%70
0002492
peez7e

oRp200
o0P167
080167
000167
g2o167

2@-NOV-70

Pees574
PO1006
oo11pé6
epe7p4

7158 PAGE 1

JAALL DAC CALIBR

$COPYRIGHTY 19780,

1 JOWN RODENMISER
ol
LREPTY
2
WHALTY
+ENDR
02
WALTY
02
MALTY
02
HALT
02
WALTY
*2
WALTY
e
MALT
Y
MALT
02
WAL’
02
WMALT
02
MALT
o2
MALT
02
MALTY
*2
MALTY
*2
MALT
' *2
MALTY
o2
HALT

$THE FOLLOWING 4 ADDRESSES MAY BE MODIFIED Y0 POINT TO OYWER DACS

o] Yo K] 176748
DAC1! 176762
DaC21 1767684
DAC3 176766
SR=177%7¢8
NOP2240
SYACKs77¢8

+8200
JMP
JMP
JMP
JMP

ATION

DIGITAL EQUIPMENT CORP,, MAYNARD, MaASS,

20

DACTSTY
RAMP
SQUARE
caLle

JCONTAINS ADDRESS OF DAC @
ICONTAINS ADDRESS OF DAC 1
1ICONTAINS ADDRESS OF DAC 2
ICONTAINS ADDRESS OF DAC 3

JDAC TES?Y
JRAMP TESTY
ISOUARE WAVE TESY
ICALIBRAYE




PALX11 vER) 20-NOV-T70 7158 PAGE 2

sgioee 1000
JTEST DAC B1TS 12-P 70 SET AND CLEAR
1SW 14, 13, 12 SELECT DaACS

e21028 812706 000776 DACTYST: MOV #SYACK. X6
PR10P4 B8P4767 PP0422 JSR X7,DACSEL 1GEY DAC SELECTED
ITEST DAC CAN BE CLEARED
eoi1pie eo03010 gren CLR (8
epi1eL2 81121 MoV (8).%1
pO1014 0014022 BEOQ DTY
P01016 oeepe0 HALY IERROR DAC NOT CLEARED
gpi02e 000773 BR oTe
1TESY DAC CAN BE SET TO aALL 1'S
epi1022 812738 4177777 oYL MOV g-1,(8)
eP1026 WS11001 MoV (9).%1
001838 822701 4177777 CMP f-1,%1
PP1334 0801402 BEO D2
e01236 esoepee HALT JERROR DAC NOT = ALL 1°'S
epiger 08020779 BR 0 R
ITESY DAC WILL ACCEPT A COUNT PATTERN (B YO 3777)
2010842 008%p01 0v2;4 CLR 31
01044 0205010 cLR ¥ 3]
P01046 009201 DY2A1 INC  $1
eei0%0 009210 INC 4 )
P01992 @#20110 CHP X1,(8)
01094 801402 BEO pr28
epLe%6 epopee MALY JERROR DAC NOT » X1
eo1068 80223770 L] BY2
221062 022701 023777 DT281 cup 83777.,%1
o21066 001367 ONE 0T2A
JTESTY THAT DAC WILL ACCEPT A COUNY PATTERN (4000-7777)
pgiere @127p1 4173777 DTS MOV £173777,%1
201874 912710 203777 MOV 83777,(0)
ed1100 ©O0%210 DY3AL INC (9)
081182 809221 INC 1 1
epL1e4 020119 o 14 X1,(0)
201106 0P14p2 BREQ R ]
ef1118 ePoooe NALY JERROR DAC NOT = X1
201142 0OP0766 8R (o} A
091114 0227120 77277 07381 cmP g-1,(0)
201120 €01367 BNE DT3A
201122 0PB726 B8R DACTSY JREPEAT TEST LOOP




PALXLY

201124
204132
081134
601142
001150
201132
e81168
€81166
001179
001176
001204
ep1206
001214

eg1246
201222
201226
201234

PP1236
o01240
PB1244
e012%0
201292
001254
001296
pB1260
201262
001264
001266

pei127e0
pe1272
01276
Pe1302
201384
PP1306
PR1310
p21342
PB1344¢
P01346
201320

vees

032767
svipesd
016777
032767
0031403
816777
032747
001493
816777
032767
01747
816777
000743

212726
804767
032767
021015

L1 ET 3
812782
212723
oB3210
111201
103301
108376
020310
pL1372
secp10
008771

eedpie
812702
812703
0833192
111221
1853021
108376
pee31e
801372
eese10
gee771

28-NOYV-70

e7eeee

176430
pibpge

176442
020009

176374
sapoeR

176396

eee77e
pee204
(TXTL.T

177570
203777

177570
174000

176438

176736
176429

176722
176402

176706
176344

176672

176334

7198 PAGE 3

ICALIBRAYION ROYTINE FOR UP TO ¢ DACS

ISW 14, 13, 12 SELECT Dacs
ISW 11 SELECTS POLARITY
ISW 18-P SELECTS DIGITAL VALUE

CALID! B17 s70000.SN
1] 1§
MOV SR,0DACE
(o} Q) 87 e10000.,8N
BEC o §

MOV SR, 00ACH
cat B s20000,SN
1] c3

MOV SR,0D0AC2
c3s 8!Y 240000,SN

BEQ CaLl®

MOV SR,0DAC3

BR CALID
JRAMP TEST

ISW 84, 13, 12 SELECTS DACS
ISW 11 SELECTS POLARITY
ISW 7=-8 CONTROLS RAMP S_LOPE

RAMP MoV #STACK, X6
JSR X7,0ACSEL
eI 04000, 8R
8NE AN

IPOSITIVE RamP
1X8 CONTAINS DAC POINTER

RP1 CLR ()
MoV SR, %2
MoV #3777,.%3
RPLY INC (9
RP21 MOVe (2),%1
0ECH X1
BPL Y 4
CHnP x3,(0)
BNE RPY
CLR ()
B8R RP2

INEGATIVE RaMP
)X@ CONTAINS DAC POINTER

RN CLR (8)
MOV #SR, %2
MOV #1740220,%3
RNL S DEC (8)
RN21 MOVvVB (2),%1
DECB X1
8PL =2
CuP X3.(8)
BNE RN
CLR (8)
BR RNE

JTEST SW 12, 13, 14 = 0 Y0 LOAD DAC #

ITESY SW 12 TO LOAD DAC

1TESY SW 13 TO LOAD DAC 2

ITEST SW 14 TO LOAD DAC 3

ICLEAR DAC

1%2 18 SWITCH REGISTER POINTER
1%3 1S DAC VvALUE COMPAR]ITOR
tel T0 DAC vaALUE

JGEY DELAY FROM SH]ITCHES

1DELAY COUNY
118 DACe3777%
INO

IYES, CLEAR DAC

ICLEAR DAC

1X2 1S SWITCH REGISYER POINTER
IX3 18 DAC VALUE COMPARITYOR
=1 T0 DAC VALUE

IGEY DELAY FROM SWITCKES

IDELAY COUNY
11S DACs174200
INO

1IYES, CLEAR DAC




P

PALX11

PLe1322
201326
201332
201340

201342
201346
20139%0
201394
201336
201360
201364
ee1378
ee1372
201374

201376
201402
201404
eeL1410
201412
00L414
201420
001424
221426
201432

vees

212706
004767
032767
#R1P16

012710
(I 1ET T )
116701
103301
100376
012710
116701
183301
100376
p00756

012710
g0R400
116701
10930,
100376
212710
116721
105301
100376
808740

20-NOV-70

edd776
epod1e0
eo4pe0

176244

083777
1762892

geepgee
176169

ogapeo
176144

176230

7158 PAGE 4

ISQUARE WAVE TESY

1SW 14, 13, 12 SELECTS DACS
1SW 11 SELECTS POLARITY

ISW 7-08 CONTROLS FREQUENCY

SQUARE! MOV #STACK.X$
JSR X7,0ACSEL

sa! BIT s4t@e, SR
BNE SN

IPOSITIVE SQUARE WAVE
1X0 CONTAINS DAC PCINTER

sPI MOV s, (0)
BR Y.
MOVE SR, X1
DECH %1
aPL Y
MOV #3777,.(0)
“0VB SR, X1
DECS X3
BPL =2
B8R SQ

INEGATIVE SQUARE WAVE
1X8 CONTAINS DAC POINTER

SNI MOV s@,(0)
BR 2
“O0VB SR, X1
pECE X1
BPL Y
MOV $4000,(0)
MOve SR, X1
DECH X1
BPL |-2
BR S0

1SEY DAC AT B VOLTS
JBALANCE TIME BETWEEN ¢ AND GNO

JDELAY
JSET DAC AT 1P VOLTYS

IDELAY

JSEY DAC AT 0 VOLTS
JBALANCE TIME BETWEEN = AND GND

J0ELAY
1ISEY DAC AT -10 VOLTS

JOELAY




PALX11%

281432
e0144g
P01442
001446
pR143%0
P01436
PBl46p
081464
201466
P01474
201476
ep1%02
pe1%¢e4
201518

voes

132767
edipel
816700
sep2e?
132767
001403
gi67e0p
8002e?
132767
801423
016700
epo2e?
8i1é708
e00207
goopel

20-NOvV-70

gedié60
176432
ppPo22
176416
0eeo4p
176402
176376

176131

176113

176073

7:1%8 PAGE S

JOAC SELECT SUBROUTINE

ISWITCH REGISTER BITS 14, 13, 12 SELECT DACS
JREGISTER @ WILL CONTAIN POINTER FOR DAC SELECTED
!

DACSEL!S BITS 8160,SRey 113 DAC @ SELECTYED?

8NE DS1 INO
MOV DACO.X2 JYES
RYS x?
psSt 81Ty 828,SR+*1 118 DAC 1 SELECTED
8EQ Ds2 INO
MOV DACL1,%0 YES
ARTS | 3
DS21 8!T8 840,SR+} )18 DAC2 SELECTED
8EQ 0s3 INO
MOV DAC2,.X@ YES
RTS | %4
psS3 MOV DACI, X0 MUST BE DACS - NO OTHWERS SELECTED
RTYS X7
+END
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PALXLY

(o} §

ce

c3
CALID
DACO
DACY
DAC2
DACS
DACSEL
OACTST
084
ps§2
0S3
pTe
0T
pY2
DY2A
pres
0Ys
DTSA
0Y3B
NOP
RAMP
AN
ANl
RN2
RP
RP1
RP2
SN

sP

S0
SOQUARE
SR
STACK

vees

001142
001168
o01176
#01124
ebs100
sfei102
000104
ede106
0041432
stip00
001459
#B1466
01304
(138 BN
Lp22
001042
001046
001062
obie7e
od11p0
e01114
000249
P01216
o01270
001302
o01304
PP1236
801259
oP1252
01376
801342
#01332
001322
177570
pe0776

ERRORS DETECTED! @

RUN-TIMES 4 SECONDS

4K CORE USED

20-NOV-78

7158
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