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ABSTRACT

THIS PROGRAM ASSISTS IN TWE TESTING AND CALIBRATION OF THWE
AAL1 DIGITAL TO ANALOG CONVERTER, PROVISIONS ARE INCLUDED
FOR A PDP=-11 SYSTEM WITH UP Y0 4 AA-11 DAC'S. TWE PROGRAM
1S DIVIDED INTO FOUR SECTYICNS! DAC TEST, RAMP, SQUARE
WAVE, AND CALIBRATE,

REQUIREMENTS

EQUIPMENTY

PDP-11/20

AA11 DIGITAL TO ANALOG CONVERTER SUBSYSTEM WITW yP T0 4
CONVERTER MODULES.

STORAGE

THE PROGRAM OCCUPIES MEMORY FROM @ TO 1510.

LOADING PROCEDURE

METHOD

PROCEDURE FOR NORMAL BINARY TAPES SWOULD BE FOLLOWED.

1, ABSOLUTE LOADER MUST BE IN MEMORY,

2, PLACE BINARY TAPE IN READER

S, LOAD ADDRESS @7502 (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 DAC TO BE YESTED,

14 13 12 ADDRESS ASSIGNMENT

e o @ DoacCe 176760 (REFERENCE 8.3)
2 o 1 DACY 176762

e 1 ¢ DaC2 176764

1 0 0 DAC3 176766

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

11=¢ POSITIVE
11=1 NEGATIVE
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RAMP TESY

SWITCH REGISTER BITS 6 TWRU 2 CONTOL RAMP SLOPE
543 21090

s MINIMUM RAMP TIME
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1 111 111 = MAXIMUM RamP TIME
SQUARE WAVE
SWITCH REGISTER BITS 6 THRU @ CONTROL SQUARE WAVE FREQUENCY

6 543 210
P 002 QP 22 P = MAXIMUM FREQUENCY
P o ep 201
P 2o 210
e o2 e 211
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1 482 2 3
CALIBRATE
SWITCH REGISTER BITS 12 TWRU @ CONTROL 11 BIT DAC VALUE,

" MINIMUM ﬁ!EOUENCV

10 9 876 S 43 21¢
2 0 P2 P P22 20 @2 = MINIMUM VALUE (@ VvOLTS)

EEE NEs | i 1 111 11 31 % MAXIMUM VALUE (e OR « FyLL SCALE)
STARTING ADDRESS

200 pDAC TEST

204 RAMP

210 SQUARE WAVE

214 CALIBRATE
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PROGRAM AND/OR OPERATOR ACTION

LOAD PROGRAM INTO MEMORY

SELECT TEST,

LOAD STARTING ADDRESS.

SET APPROPRIATE CONTROL SWITCHMES,
PRESS "START"

OPERATING PROCEDURE
DAC TEST

LOAD ADDRESS 280

SELECT ONE DAC WITH SWITCHES 14, 13, 12 (REFERENCE 4.1.1),
PRESS START,

PROGRAM WILL BEGIN TESTING THE SELECTED DAC,

ONLY ONE DAC WILL BE TESYED AT A TIME, WOWEVER, DAC SELECTION
CAN BE CHMANGED AY ANY TIME WMILE THE PROGRAM S RUNNING,

RAMP TESY

LOAD ADDRESS 204,

SELECT ONE DAC WITHW SWITCHES 14, 13, 12 (REFERENCE 4.1.1).
SELECT POLARITY WITHW SWITCW 11 (REFERENCE 4.1.2),

SELECT RAMP SLOPE WITH SWITCHES 6 TWRU @ (REFERENCE ¢,1.3).
PRESS START,

PROGRAM WILL EXECUTE RANP,

ONLY ONE DAC AND POLARITY MAY BE SELECTED AT A TIME, TO
SELECT ANOTHER DAC OR CHANGE POLARITY RESTART TEST AT 210,
SWITCHES CONTROLLING RAMP S_LOPE MAY BE CHANGED WWILE PROGRAM
1S RUNNING.,

SOUARE WAVE

LOAD ADDRESS 212,

SELECT ONE DAC WITH SWITCHES 14, 13, 12 (REFERENCE 4.1.1).

SELECTY POLARITY WITW SWITCW 11 (REFERENCE 4,1.2)

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

PROGRAM WILL EXECUTE SOUARE WAVE.

ONLY ONE DAC AND MAY BE SELECTED AT A TIME. TO SELECT ANOTHER

DAC RESTART TEST, SWITCHMES CONTROLLING SQUARE WAVE POLARITY OR
FREQUENCY MAY BE CHANGED WWILE PROGRAM S RUNNING,
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CALIBRATE TEST
LOAD ADDRESS 214,

SELECTY UP TO FOUR DACS WITH SWITCHES 14, 13, 12 (REFERENCE 4,1.1),

SELECT POLARITY WITH SWITCH 11 (REFERENCE 4,1.2),

SELECT DAC VALUE WITW SWITCHES 10 THRU @ (REFERENCE 4.1.5).
PRESS START,

PROGRAM WILL LOAD DACS WITW SELECTED VALUES,

SWITCHES SELECYING DACS, POLARITY OR VALUES CAN BE CHANGED
WHILE PROGRAM IS RUNNING,

ERRORS

ERROR REPORTING

IF AN ERROR OCCURS DURING DAC TEST TWE PROGRAM WILL MALT,
REGISTER @ WILL CONTAIN EXPECTED VALUE OF DAC. YO RESUME
TESTING PRESS "CONTINUE™, IF IT 1S DESIRED TO LOOP ON

THE YEST THAY FAILS REPLACE THE WALT INSTRUCTION WITW A
240 (NOP).

NO ERROR INDICATIONS ARE GIVEN DURING OTHWER TESTS,
RESTRICTIONS

NONE

MISCELLANEOYS

EXECUTION TIME

N/ZA

PROGRAMMING TECHNIOUE

THIS PROGRAM MAKES EXTENSIVE USE OF GENERAL REGISTERS FOR TWE
PURPOSE OF GAINING MAXIMyUM QOPERATING SPEED.



DAC SELECTION

THE PROGRAM CAN TYEST UP YO FOUR DAC'S AT ONE TIME., 1IN
IT'S STANDARD FORM IT WILL TEST DAC@., DAC1. DAC2 AND
DAC3, M™EMORY ADDRESSES 122, 1082, 104 AND 106 CONTAIN
THE POINTERS FOR TWESE DACS, IF 1Y IS DESIRED Y0 YEST
ANY OF THE OTHER 16 DACS, THE OPERATOR MUST CHANGE THE
co:TtN7$ OF TME POINTER ADDRESSES Y0 SELECT TWE DESIRED
DAC.

EXAMPLE: 10087 176760

1027 176520
1047 176542
106/ 176566

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

DAC ADDRESS
e 1767682
1 176762
2 176764
3 176766
] 176520
-] 176522
6 176504
7 176506
8 176520
9 176522

19 176524

11 176526

12 176540

13 176542

14 176544

15 176546

16 176560

17 176562

18 176564

19 176566
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PROGRAM BESCRIPTION
DAC TESTY

THIS TEST MAKES CERTAIN THWAT ALL BITS OF THE DAC MAY BE SET,
CLEARED AND READ BACK, FIRSY TWE DAC IS CLEARED AND CHECKED TO
BE CLEAR, THEN SEY TO ALL ONES AND CHWECKED TO BE SET TO ALL ONES,
NEXT THE DAC IS SET WITH AN INCREMENTING PATTERN AND CHECKED.
ALSO CHECKED ARE TWE CONDITIONS WITW BIT 11 SET TO MAKE SURE THAY
B1T 11 18 REFLECYED IN BITS 15 TWRU 12.

RAMP TESY

THE .DAC SELECTED BY SWITCHES 14, 13, 12 IS CLEARED (SET YO ZERO VOLTS)
AND THEN INCREMENTED (OR DECREMENTED) AT A RATE TWAT MAY BE
CONTROLLED BY SWITCHES 6 TWRU @ UNTIL THE MAXIMUM VALUE (e« OR - FULL
SCALE) IS REACHED,

SQUARE WAVE

THE DAC SELECTED BY SWITCHWES 14, 13, 12 IS SET T0o ZERO AND FULL SCALE
(IF POLARITY NEGATIVE) AT A RATE THWAT MAY BE CONTROLLED BY SWITCHES
6 THRU @2,

CALIBRATION
THE VALUE CONTAINED IN SWITCWES 11 TWRU @ IS LOADED INTO TWE DAC

SELECTED BY SWITCHES 14, 13, 12, THE OPERATOR MUSY DETERMINE WITW
A DVM OR SCOPE IF TWE DAC OUTPUT IS ACCURATE.
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o0
JREPTY
02
MALY
+ENDR
@
MALTY
02
MALY
o2
WALT
o2
HALY
*2
MALT
*2
MALT
02
MALT
*2
HALT
02
MALY
2
MALY
2
MALTY
02
MALY
02
HALY
02
HALT
2
WALY
02
HALTY

JTHE FOLLOWING 4 ADDRESSES MAY BE MODIFIED TO POINT TO OTMER DACS

DACO! 1767680
DACL! 176762
DAC2! 176764
DAC3 176766
SR=177970
NOP=240
SYACK=776

5200
JMP
JMP
JMP
JMP

DACTST
RAMP
SQUARE
caLle

ICONTAINS ADDRESS OF DAC ¢
ICONTAINS ADDRESS OF DAC 1%
ICONTAINS ADDRESS OF DAC 2
ICONTAINS ADDRESS OF DAC 3

IDAC TES?T
IRAMP TESY
ISOUARE WAVE TESY
ICALIBRATE

'
K
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® [ 1Y [']) 21000
JITEST DAC BIYS 12-0 TO SEY AND CLEAR
o ISW 14, 13, 12 SELECY DaCS
eei0e0 012796 0ORR776 DACTYST: MmOV #STACK. X6
P01004 PRATE7T PP0422 JSR X7,DACSEL 1IGEY DAC SELECTED
& ITEST DAC CAN BE CLEARED
e01019 005010 pres CLR { })
eP1012 e11p01 MoV (0),%1
[ P01014 0014022 BEO DTl
o01016 o0epeoR HALY IERROR DAC NOT CLEARED
oPi020 000773 1] pre
bl JITESY DAC CAN BE SET TO ALL 1'S
eP1022 W12718 1777TM? 0T MOV #-1,(0)
01026 0P11P01 MOV (0),%1
o o04038 022701 4177777 cHP #-1,%1
201934 001402 BEO pr2
ee1036 ooeo0R MALT JERROR DAC NOT = ALL 1°'S
& 2041040 0O0O770 BR DTd
JITEST DAC WILL ACCEPT A COUNT PATYTERN (P YO 3777)
201042 0050021 pY2: CLR 31
) 201044 005010 CLR { L
001046 005201 DY2A1 INC %1
e010%0 005210 INC e)
) 201052 020110 CHP X1, (0)
P010%4 0014022 BEO oT2e
201056 eoP0QR0 WALY IERROR DAC NOT = X1
& e01060 002770 ar pr2
PP1062 022791 P0R3I777 DT281 cCMP 03777,%1
001066 OP1387 BNE DT2A
& ITESY THAY DAC WILL ACCEPT A COUNY PATTERN (4000-7777)
PR1070 012791 173777 DTS MOV #173777,%1
201074 912710 003777 . MOV #3777,(0)
% ePi11P0 005210 DY3Al INC { })
eP1102 005201 INC 3
P01104 P20110 cMP %X1,(0)
b PP1106 001492 BEOQ D738
pP1110 oPeoee MALY JIERROR DAC NOT = X1
PP1112 0OPR766 BR pT3
[n ] PR1144 022710 4177777 DT3B CMP #=1,(0)
201120 @O01367 BNE DT3A
PR1122 e@PRB726 BR DACTST IREPEAT TEST LOOP
[l
@
@
o
@
o
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01124
e01132
001134
ef1142
op1150
01152
oP1160
001166
op1179
P01176
001204
op1206
201214

PR1246
pP1222
201226
01234

Pp1236
g01240
201244
201250
pe12%2
201254
0012%6
201260
201262
001264
201266

pei27e
ppL272
201276
eei3p2
2R1304
01306
201310
P01342
201314
e01316
ep1320

vees

032767
oe1p03
016777
032767
001403
016777
032767
P014p3
016777
032767
01747
016777
000743

212706
004767
032767
eP1015

pesSe1e
gi127e2
012703
p03210
111201
189301
100376
020310
PR1372
050190
000774

e05010
#127p2
212703
e05310
111201
185301
100376
020310
01372
ees5910
200771

20-NOvV-70

870000 176436

176430 176736
010000 176429

176412 176722
020000 476402

176374 176706
Q4002 176364

176356 176672

eee776

ooe204
004000 176334

177579
ees777

177570
1740200
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ICALIBRATION ROUTINE FOR UP TO 4 DACS
ISW 14, 13, 12 SELECT Dacs

ISW 11 SELECTS POLARITY

ISV 10-0 SELECTS DIGITAL VALUE

CALID: 817
BNE
MOV
c1t BIT
BEC
MOV
cai BIT
sEo
MOV
c3s 8lv
BEQ
MOV
BR
IRAMP TESY

#70000.,.SN
c1
SR,0DACO
#10000,SR
c2
SR,0DACH
#20000,SN
c3

SR, PDAC2
#40000.SRN
CALIB
SR,0DAC3
CALID

ISW 14, 13, 12 SELECTS DACS
ISW 11 SELECTS POLAR]ITY
ISW 7-0 CONTROLS RAMP S_LOPE

RAMP} MOV
JSR
817
BNE

IPOSITIVE RamP

#STACK, X6
X7,DACSEL
#4000, SR

1X0 CONTAINS DAC POINTER

RPI CLR
MOV
MOV
RP11 INC
RP2) MOVE
DECB
BPL
CHMP
BNE
CLR
BR
INEGATIVE RaAMP

(o)
#SR,%2
#3777,%3
(0
(2),%1
X1

o'z
X3.(0)
RP1
(o)
RP2

IX2 CONTAINS DAC POINTER

RN CLR
MOV
MOV

RNit DEC

RN21 MOVE
DECB
BPL
CMP
BNE
CLR
BR

(9)
#SR, %2
#174000,%3
(8)
(2).%1
1 $§

l.z
%X3.(0)
RN
(e)
RNZ

ITEST SW 12, 13, 14 = 0 T0 LOAD DAC @

ITEST SW 12 TO LOAD DAC 1
ITESY SW 43 TO LOAD DAC 2

ITESY SW 14 TO LOAD DAC 3

ICLEAR DAC .

1%2 1S SWITCH REGISTER POINTER
1%3 1S DAC VALUE COMPAR]ITOR
el Y0 DAC VALUE

JIGEY DELAY FROM SWITCHES

IDELAY COUNT
118 DAC=3777?
INO E
IVES, CLEAR DAC

ICLEAR DAC ‘

IX2 1S SWITCM REGISTER POINTER
IX3 18 DAC VALUE COMPARITOR
Je1 T0 DAC VALUE

JGET DELAY FROM SWITCHES

IDELAY COUNTY
11S DAC=1740200
INO

IYES, CLEAR DAC




PALX11

oe1322
P01326
ep1332
201340

PR1342
201346
201350
201354
201356
ee1360
201364
001378
oe1372
001374

201376
PP14p2
P014p4
001410
001412
001414
PP1420
001424
201426
001430

vees

212706
004767
032767
oR1016

012710
(1LY ] )
116701
105301
100376
012710
116701
105301
100376
200756

012710
epo4pe
116701
103302
100376
012710
116701
103301
100376
000740

20-NOV-70

o776
eooi00
ep4pee

176214

ee3777
176200

eeeoee
176160

o400
176144

176230
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ISQUARE WAVE TESY

ISW 14, 43, 12 SELECTS DACS
1SV 11 SELECTS POLARITY

ISW 7-8 CONTROLS FREQUENCY

SQUARE! MOV SSTACK. X6
JSR X7,0ACSEL

so! 8IY #4000, 8R
BNE SN

IPOSITIVE SQUARE WAVE
1X0 CONTAINS DAC POINTER

sPi MOV M, )
BR Y]
MOVE SR, %1
DECE %1
.’L .-2
MOV #3777.,(0)
MOVE SR, %1
DECS X1
8PL =2
B8R S0

INEGATIVE SQUARE WAVE
JIX@ CONTAINS DAC POINTER

SN1i MOV #0,(0)
BR o2
MOVE SR.%1
DECHE %1
.’L ...
MOV 24000.(0)
MOve SR,%1
DECB %1
.’L ..!
BR sQ

ISEY DAC
IBALANCE

IDELAY
I1SET DAC

10ELAY

ISEY DAC
IBALANCE

JIDELAY
ISEY DAC

I0ELAY

AT @ VOLTS
TIME BETWEEN ¢ AND GND

AT +12 VOLYS

AT @ VOLTS

TIME BETWEEN = AND GND

AT =10 VOLTS



PALX11

PP1432
e01440
P01442
001446
01450
001456
oB1460
001464
PR1466
P01474
001476
eeise2
ee15e4
201519

vees

132767
ePip03
016700
ope2e07
132767
o01403
016700
epe207
132767
oP1403
ei67e0
epe207
e16700
o0e207
(111 ]}
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eeei60
176432
eooo20
176416
0eoR4R
176492
176376

176131

176113

176075
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IDAC SELECT SUBROUTINE
ISWITCH REGISTER BITS 14, 13, 12 SELECT DACS
JIREGISTER @ WILL CONTAIN POINTER FOR DAC SELECTED

t
DACSEL! :azl #160,SRe4 119 DAC @ SELECTED?

0S4 INO
MOV DACO.%2 JYES
RTS X7 :
DSL1 81T #20,SRey 118 DAC 1 SELECTED
BEO ps2 INO
MOV DACL,%0 JYES
RTS X7
DS21  BITE  #48,SRey 118 DAC2 SELECTED
BEO 0s3 INO
MOV DAC2,%@ JYES
RTS X7
pS31 MOV DACS, X0 JMUST BE DACS = NO OTHWERS SELECTED
RTS X7
.END
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DACSEL
DACTST
] }
ps2
DS3
pTe
DTL
pY2
DT2A
pTa2e
DT3
DTSA
DT3B
NOP
BAME
RN

RN1
RN2

s

RPY
RP2

SN

SP

so
SQUARE
SR
STACK

4K CORE VSED

oP1142
ob1160
oP1176
01124
ob0100
ebe102
000104
00106
801432
001000
001450
PB1466
001504
001010
oP1p22
01042
001046
01062
01070
o01100
oP1114
obp240
pP1216
001270
pP1302
01304
PP1236
ep1250
01252
PP1376
PR1342
#P1332
oP1322
177570
P00776

ERRORS DETECTED' @
RUN-TIME! 4 SECONDS

20-NOV=-70

. -
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