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THIS PROGRAM ASS!STS IN THE TESTING AND CALIBRATION OF THE
AA11 DIGITAL TO ANALCG CONVERTER., PROVISIONS ARE INCLUDED
FOR A PDP-11 SYSTEM WITH uP TO 4 AA-11 DAC'S, - THE PROGRAM
IS DIVIDED INTO FOUR SECTICNS: DAC TEST, RAMP, SQUARE
WAVE, AND CALIBRATE,

ABSTRACT

REQUIREMENTS
EQUIPMENT

PDP-11/28

AA11 DIGITAL TO ANALOG CONVERTER SUBSYSTEM WITH UP TO 4
CONVERTER MODULES,

STORAGE

THE PROGRAM OCCUFIES MEMORY FROM @ TO 1510,

LOADING PROCEDURE

METHOD ,

PROCEDURE FOR NORMAL BINARY TAPES SHOULD BE FOLLOWED,

1, ABSOLUTE LOADER MUST BE [N MEMORY,

2, PLACE BINARY TAPE IN READER '

3, LOAD ADDRESS #7588 (« 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 T0 BE TESTED,

14 13 12 : ADDRESS ASSIGNMENT

o o o DAC@ 176768 (REFERENCE 8,3)
9 8 1 DACL 176762

2 1 8 DACZ 176764

10 0  DAC3 176766

RAMP, SQUARE NAVE, AND CALIBRATE
SNITCH REGISTER BIT 11 CO\TROLS DAC POLARITY

11=g¢ - POSITIVE
11=1 NEGATIVE
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s MAXIMUM FREQUENCY
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PROGRAM AND/OR OPERATOR ACTION

LOAD PROGRAM INTO MEMORY
SELECT TEST.
LOAD STARTING ADDRESS,

~SET APPROPRIATE CONTROL SWITCHES,

PRESS "START"

" OPERATING PROCEDURE

DAC TEST - -

LOAD ‘ADDRESS 288

SELECT ONE DAC WITH SWITCHES 14, 13, 12 (REFERENCE 4.1, v,
PRESS START,  ~

PROGRAM WILL BEGIN TESTING THE SELECTED DAC, , ; ‘
ONLY ONE DAC WILL BE TESTED AT A TIME, HOWEVER, DAC SELECTION
CAN BE CHANGED AT ANY TIME WHILE THE PROGRAM 1S RUNNING,

RAMP TEST

LOAD ADDRESS 284, ' “ :
SELECT ONE DAC ‘WITH SWITCHES 14, 13, 12 (REFERENCE 4.1.1),

. SELECT POLARITY WITH SWITCH 11 (REFERENCE 4,1.2),
SELECT RAMP SLOPE WITH SWITCHES 6 THRU @ (REFERENCE 4.1.3).

PRESS START, . ,
PROGRAM WILL EXECUTE ‘RAMP,’ S '
ONLY ONE DAC AND POLARITY MAY BE SELECTED AT A TIME, TO
SELECT ANOTHER DAC OR CHANGE POLARITY RESTART TEST AT 219,
SWITCHES CONTROLLING RAMP SLOPE MAY BE CHANGED WHILE PROGRAM
1S RUNNING.

SGUARE NAVE
LOAD ADDRESS 210.

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

SELECT POLARITY WITH SWITCH 11 (REFERENCE 4,1,2)
SELECT SQUARE WAVE FREOUENCY WITH: SHITCHES 6 THRU (" (REFERENCE 4.1,4)

_PRESS START,
" PROGRAM WILL EXECUTE SQUARE WAVE,

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

" DAC RESTART TEST,; SWITCHES CONTROLLING SQUARE WAVE POLARITY OR

FREQUENCY MAY BE CHANGED WHILE PROGRAM IS RUNNING,

C
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CALIBRATE TEST
LOAD ADDRESS 214,

SELECT 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 WITH SNITCHES 17 THRU 8 (REFERENCE 4, 1 5).
PRESS START,

PROGRAM WILL LOAD DACS WITW SELECTED VALUES,

SWITCHES SELECYING DACS, POLARITY OR VALUES ‘CAN BE CHANGED
WHMILE PROGRAM 1S RUNNING,

" ERRORS.

ERROR REPORTING

IF AN ERROR OCCURS DURING ‘DAC TEST THE PROGRAM WILL HALT,
REGISTER @ WILL CONTAIN EXPECTED VALUE OF DAC., . TO RESUME

TESTING PRESS MCONTINUE™, IF 1T IS DESIRED TO LOOP ON

" THE TEST THAT FA!LS REPLACE THE HALY INSTRUCTION WITH A
240 (NOP).

NO ERROR IND!CAT!ONS ARE GIVEN DURING OTHER TESYS,
RESTRICTIONS

. NONE

MISCELLANEOUS
EXECUTION TIME

N/A |
 PROGRAMMING TECHNIOUE
THIS PROGRAM MAKES EXTENSIVE USE OF GENERAL REGISTERS FOR THE.

URPOSE OF GAINING MAXIMUM OPERATING SPEED.
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THE PROGRAM CAN TEST UP TO FOUR DAC'S AT ONE TIME. IN
IT'S STANDARD FORM IT WILL TEST DAC@, DACLl, DAC2 AND
DAC3. MEMORY ADDRESSES 122, 122, 104 AND 126 CONTAIN
THE POINTERS FOR THESE DACS, IF 1T 1S DESIRED T0 TEST
ANY OF THE OTHER 16 DACS, THE OPERATOR MUST CHANGE THE
CONTENTS OF THE POINTER ADDRESSES TQ SELECT THE DESIRED
DAC. '

DAC SELECTION

EXAMPLEY 128/ 1767682
1027 176520
104/ 176542
1067 176566

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

ADDRESS

DAC

1} 176760
1 176762
2 176764 -
3 176766

4 176500
5 176582
6 . 476504

y o 176596

8 176520

9 . 476522
197" 176524
11 ... 476526
12, .47654p
13 | 476542
14 . 176544
15 176546 .
16" 176560
17 176562
18 176564
19 176566
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PROGRAM DESCRIPTION
DAC TEST

THIS TEST MAKES CERTAIN THAT ALL BITS OF THE DAC MAY BE SET,
CLEARED AND READ BACK, FIRST THE DAC IS CLEARED AND CHECKED TO
BE CLEAR, THEN SET TC ALL ONES AND CHECKED TO BE SET TO ALL ONES,
NEXT THE DAC IS SET WITH AN INCREMENTING PATTERN AND CHECKED. !
ALSO CHECKED ARE THE CONDITIONS WITH BIT 11 SET TO MAKE SURE THAT
BIT 11 IS REFLECYED IN BITS 15 THRU 12,

RAMP TEST

THE DAC SELECTED. BY SWITCWES 14, 13, 12 IS CLEARED (SET 70 ZERO VOLTS)
'AND THEN INCREMENTED (OR DECREMENTED) AT A RATE THAT MAY BE

CONTROLLED BY SWITCHES 6 THRU @ UNTIL THE MAXIMUM VALUE (+ OR = FULL
SCALE) 1S REACHED, . .

SQUARE WAVE

THE DAC SELECTED BY SWITCHES 14, 13, 12 1S SET T0 ZERO AND FULL SCALE

(IF POLARITY NEGATIVE) AT A RATE THAT MAY BE CONTROLLED BY SWITCHES
6 THRU @,

7CALIBRAT!0N

THE VALUE CONTAINED IN SWITCHES 11 THRU @ 1S LOADED INTO THE DAC
SELECTED BY SWITCHES 14, 13, 12, THE OPERATOR MUST DETERMINE N!TH
A DVM OR 'SCOPE IF THE DAC. OUTPUT 1S ACCURATE,
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goRen6
200000
00012
poo00o
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poooen
pRog22

200000

p00R26
pooBeED
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pooooo
@po836
poRooY
298042

geppon
pooR46

poooee

p@oes2

‘00000
.e0egs6
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geers2

opRogee

googss
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poeR72
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P0ee76

200000

176760
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176764
176766

177870

pRo2402

- BRR776
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g0o167
poeB167
eRB167
208167

2B-NOV-70
Pp0574
701086
801106
poB704

7:58 PAGE 1

JAALL DAC CALIBR
sCOPYRIGHT 1978,
3 JOHN RODENHISER
50
+REPT
,+2
HALT
+ENOQR
¥2
HALT
o2
HALT
2
HALT
e*2
. HALT
P2
CHALT
1 *2
HALT
v *2
“HALT
122
HALT
2
HALT
o *2
HALT
o *2
HALT
e *2
HALT
W *2
HALT
2
HALT
' +2
“HALT
o¥e
HALT

i THE FOLLOWING 4 ADDRESSES MAY BE MODIFIED TO POINT TO OTHER DACS

DACE: 176768
DACL: 176762
DAC2: 176764
DAC3! 176766

- SR=177578
NOP=z242
STACK=776

=200
JMP
JMP
WMP :
JMP

ATION

DIGITAL EQUIPMENT CORP,, MAYNARD, MASS,

20

DACTST
RAMP

SQUARE

~ CALIB

JCONTAINS ADDRESS OF DAC 2
JCONTAINS ADDRESS OF DAC

JCONTAINS ADDRESS OF DAC 2 .

JCONTAINS ADDRESS OF DAC 3

JDAC TEST
JRAMP TEST
JSOUARE WAVE TES?
JCALIBRATE



PALX11

001000
pPL0R4

201810
201842

801014
201016
001020

‘001022
201026
201830
‘001034

001036

001048

201042

YTIvTY
004046
2041050

2010852

901054
0010856
041060
gBlBa2
poL066

. -eeiere.
. B01R74

ep1100

‘201102

201104

201106
. pe1110
. ee1112

pe1114

01120
poL122

vVee3

091008
912706
904767
205018

11801
201402

‘o02p00

000773

912710
211901
#22701
201402

gRRo0R
pR2778

205001
- pe5P1e
pges201 -

908210

220119

pg1402
600@00
pea77e
pe2791
821367

#12701

a12719

285210
905201
‘920110
pRL4p2
- pRogea

208766

822719

201367

ege726 -

2@8-NOV-~72

82776
pp0422°

177777

177777

283777

173777

283777

177777

7158 PAGE 2

21000 .
$TEST DAC BITS 12-P TO SET AND CLEAR

3SW 14, 135, 12 SELECT DACS

DACTST: MOV . ~H#STACK» %6
JSR %7)DACSEL JGET DAC SELECTED

JTEST DAC CAN BE CLEARED

DTE: CLR (2)

: MOV (@), %1

BEQ DTL Ll
HALTY . 3ERROR DAC NOT CLEARED
BR - pToe

JTEST DAEC CAN BE SET 10 ALL 1°S

DT MOV #-1,(8)
“ MOV B %1
CMP #e1%1
BEG pY2 . ) .
HALT - JERROR DAC NOT = ALL 1'S
- BR DT4

;TEST DAC WILL ACCEPT A COUNT PATTERN (8 YO 3777)
pT2; - CLR %3

CLR (@)
DY2a1 INC %1
- INC (8)
“CMP %14 1(8)
.. .BEQ pT2s
CUWALT o “JERROR DAC NOT = X1
. BR nY2 :
pT281 CMP #3777, %4
BNE DT2A
':TEST THAT DAC WILL ACCERT A COUNY PATTERN (4005:7777)
DTS MOV #173777,%1
MOV #3777,(0)
DY3AL INC (g
INC %1
- CMP %1, (8) v
BEQ DT3B ' ' -
HALT JIERROR DAC NOT = X1
: ‘ .Iee, DTS . . S
- DT3B: - CMP =1,
' BNE DT3A B '
- BR DACTST IREPEAT TEST LOOP
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201124
po1132
201134
g21142

20115@
801152
201160
201166 .
201170
201176

ep1204
221286

o1214.

peL216.

p@L222:

001226
981234

081236
peLze0
PO1244

891260

081262
081264
801266

© pei2ve
ge1272.

801276
201302

221304

2oL306
201312
701312
221314
221316
201320

veegs

232767
21903
216777
32767

221403

816777

‘BI2767
#01403

816777

232767

001747
216777

812706
804767
832767

20-NOV-70

272000

176430
1020020

176412
020020

176374
‘040000

7176356
‘@ep743

gee776

p0204

Gﬂ4ﬂﬂﬁ

s0S010

‘#12782
212783
g #25210
111201
185391

400376
920318
284372
805010
2008771

205319
1112¢1

105301
100376

820318
PR1372
205810
2008771

177578
293777

BB5218
812792
212703

477570
174000 -

176436

176736
176428

176722
176402

176706

176364

176672

176334

7158

JSW 14,

N

PAGE 3 \“»)

JCALIBRATION ROUTINE FOR UP TO 4 DACS

13,

12 SELECT DACS

3SW 11 SELECTS POLARITY

;SW 18-@ SELECTS DIGITAL VALUE

CAL1B:

c1t

cai

c31

BIY
BNE
MOV
BIT
BEQ
MOV
BIT

BEQ

MOV
BIT
BEG

MOV

BR

JRAMP TEST

JSW 14,

#72000,SR
c1
SR,@DACPH
#iﬂgﬂﬂaSR
ce2
SR:8DAC1
#29'@'»SR
c3 '

SR, ®DAC2
#40000.SR

CAL1B

SRy @DAC3

.CALLB
13, 12 SELECTS DACS”

1SW 11 SELECTS-POLARITY:
JSW 7-8° CONTROLS RAMP: SL.OPE

RAMP¢

JPOSITIVE RAMP

MOV
JSR

“BIT

BNE

© #STACK, %6
" %7,DACSEL
;#4aoz,sn

RN

3%8 CONTAINS DAC POINTER

RP1

RP11
RP21

CLR
MoV
MOV
INC

“ MOVe
DECB.

BPL
CMP

CBNE
CLR

"BR
INEGATIVE RAMP

(8)

-#SR, %2

#3777,%3

40)
T(2),%1

XL
,’Hz

X3.(2)

RPL

- ()

RP2

3%@ CONTAINS DAC POINTER

RN

RNLt® .=

RN23. .

‘CLR

MOV

MOV
DEC
. MOVB

DECB
8PL
CMP
BNE
CLR
BR -

(8) .
#SR, X2

4174000 ,%3

(g)
XL
=2

X3.00)

RNL

CeAg)
“RN2

JYEST SW 12, 13,

14 = 2 TO LOAD DAC 2

JTEST SW 12 TO LOAD DAC ¢

JTEST SW-13 70 LOAD DAC 2

ITEST SW 14 TO LOAD DAC 3

ICLEAR DAC

1%2 1S SWITCH REGISTER POINTER
1%3 1S DAC VALUE COMPARITOR

1+1 T0 DAC VALUE

JGET DELAY FROM SWITCHES

iDELAY- COUNT
115 DAC=37777
INO

JCLEAR DAC

IYES, CLEAR BAC

1%2 1S SWITCH REGISTER POINTER
1%3 1S DAC VALUE COMPARITOR

J=1 TO DAC VALUE

IGET DELAY FROM SWITCHES

JDELAY COUNT
11S DAC=174000
INO

IYES, CLEAR DAC

9
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pRL322
ppR1L326
201332
pRi340

peL342
pEL346
pRL352
PR1334

pR1336
001362

pRL364
9@1378@
. BP1372
201374

S eeL376
peL4p2
pRL4p4
201410
poL442

801414
201420

201424
‘201426
001438

Rk

812706
824767
832767
0210816

212710
p00400
116701

105301

100376
012710

116791

185301
102376
PR3756

‘812740

gos4p0

116701

1065301
108376

‘812719

116701
18531
1082376
poR740

28-NOV-70

pRR776

000120
2p4g00

eoeoe0

176214

2083777
176200

poeoee
176160

Pp4p00

176144

176230

7158 PAGE 4

}SQUARE WAVE TEST

3SW 14, 43, 12 SELECTS DACS
iSW 11 SELECTS POLARITY

iSW 7-@ CONTROLS FREQUENCY

SQUARE:® MOV #STACK. %6

JSR - %74,DACSEL
SQ! BITY #4008, SR
) BNE SN

JPOSITIVE SQUARE WAVE
3%0 CONTAINS DAC POINTER

SP1! MOV #8,(8)
BR %2
- MOVB SRy %1
DECB ‘ - %i
BPL =2
MOV #3777 .(B)
MOVE SRy %1
DECB %1
BPL =2
BR sQ

INEGATIVE SQUARE WAVE
31X CONTAINS DAC POINTER

SNt MoV C #B.(B)

BR e+ 2

MOVB - SRa¥1
pDECB %1

- BPL =2
MOV H40BB, (B)
MOVB SRe%1
DECB %1

BPL 2

.. BR 50

JSEY DAC AT £ VOLTS
JBALANCE TIME BETWEEN + AND GND

JDELAY Lo
JSET DAC AT +18 VOLTS

IDELAY

JSET DAC AT 8 VOLTS
“JBALANCE TIME BETWEEN = :AND GND

JOELAY e
JSET DAC AT =10 VOLTS

JDELAY




L

(/
C PALX11 VB@3 28-NOV-70 7:58  -PAGE 8 N

3DAC SELECT SUBROUTINE
}JSWITCH REGISTER BITS 14, 13, 12 SELECT DACS
JREGISTER @ WILL CONTAIN POINTER FOR DAC SELECTED

; B
201432 132767 ppe@i6@ 176131 DACSEL: BITB #160,SR+1 318 DAC B SELECTED?
ge1448 Q01003 BNE psi INO
pB1442 016700 176432 MOV DACO,%2 1YES
‘01446 200207 RTS %7
pe1458 432767 000B20 176113 DSi: B17B #2@,SR+1 31S DAC 1 SELECTED
801456 BPL1403 “BEQ ps?2 INO
gPL460 2167pD 4176416 “MOV DAC1,%8 3YES
‘PRi464 2B02087 RTS 4 : : B
PB1466 132767 00OR40 176875 DS21 ~BlTB #40,SR+1 11S DAC2 SELECTED
201474 081403 BEQ ns3 INO
PB1476 - BLlé7p@ ~1764R2 - MOV DAC2,%@ 3YES
ggi5@2 .0BO2227 RTS %7
pB1504 Pl6700 176376 ps3i MOV DAC3, %0 jMUST BE DAC3 - NO OTHERS SELECTED

081519 028207 RTS %7
... oegpel VEND
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ci

o4
‘C3 .
CALIB
DACE
DAC1
DAC2
DAC3
DACSEL
DACTST
psS1
pse
psS3
pTe
DT
pTe
DT2A
pv28
pDT3
DT3A
DT3B
NOP
RAMP
AN
RN1
RN2
RP
RP1
RP2
~ SN

SP

se
SQUARE
SR

STACK

vVEB3

pe1142
B21160
201176
821124
sgeioe
pPeie2
280194
200106
61432
0010609
BB1450

821466

881504
201010
801922
201042
804846
2010862
0010872
201100
801114
200240
201216
081278
281302
201384
201236
201250
901252
201376

- 001342

894332

804322

177578

p08776

ERRORS DETECTED! B

RUN-TIMEY 4 SECONDS

4K CORE USED

28-NOY-70

7:58
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