


7 © © © © © © © © 6 © 06 0 © 06 ¢ ¢ 0 0 0 0 O

IDEAYIFICATION

PROJUCY cCoOCE!
PRODUCT MAMES
DATE CREATEDD
MAINTAINERS

AUTROR

“AINCEC-11-0684A-0
AA11 DAC CALIBRAYT!ON
NOVEvBER 20, 1979
DIAGNOSTIC GROUP
JOWHN RODENWISER

m\\slll C 197,

w»‘“mﬁ"¢"Mu%
]

)




3
2,1

2.2

s,
3.1

4,1,2

ABSTRACT

THIS PROGRAM ASSISYS IN TWE TESTING AND CALIBRATION OF TWME
AALl OIGITAL TO ANA_LOG CONVERTER, PROVISIONS ARE INCLUDED
FOR A PDP-11 SYSTE™ wWITH UP YO 4 AA-11 DAC'S. TWE PROGRAM
1S OIVIDED INTO FOUR SECYICNS! DAC TEST, RamP, SQUARE
WAVE, AND CALIBRATE,

REQUIREMENTS

EQUIPMENTY

POP-11/280

AAL1 DIGITAL YO ANALOG CONVERTER SUBSYSTEM wWITW ypP 70 o
CONVERTER MODULES.

STYORAGE

THE PROGRAM DCCUPIES MEMORY FROM P TO 19518,

LOADING PROCEDURE

METHOD

PROCEDURE FOR NORMAL BINARY TAPES SHOULD BEf FOLLONED.

1. ABSOLUTE LOADER mMyST 8E IN MEMORY,

2, PLACE BINARY YAPE IN READER

S, LOAD ADDRESS @75¢2 (o DETERMINED BY ADDRESS OF LOADER).
4, PRESS "START™ (PROGRaAM WILL LOAD),

STARYING PROCEDURE

CONTROL SWITCH SETTINGS

ALL SECTIONS

SWITCH REGISTER BITS 14, 13, 12 SELECTS OAC TO BE YESTED,

14 13 12 ADDRESS ASS]GNMENTY

e o @ CacCe 1767680 (REFERENCE 8.3)
e 2 1 DACY 176762

e 1 e DaC2 176764

i ¢ @ DAC3 176766

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

11sg POSITIVE
11=} NEGATIVE
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RAMP TESY

SWITCH REGISTER BITS 6 TWRU 2 CONTOL RAMP SLOPE

1

- 00

0 = MINIMUM RauP TIME
1
e
1

1 & MAXIMUM RawpP TIME

REGISTER BITS 6 TWRU 2 CONTROL SQUARE WAVE FREQUENCY

5 ¢33 2
e 2ee o
2 eee ¢
e eee o
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1 111 1
SOUARE WAVE
SWITCH
6 5 43 2
? e o e @
e 2¢e2 @
e 202 ©
e eoe o
L}
L}
1 111 1
CALIBRATE
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s MAX[MUM FREQUENCY
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8 MINIMUM ﬁREOUENCV

SWITCH REGISTER BITS 18 TWRU © CONTROL 131 BIT DAC VALUE,

7

2
1

6

1

543 21¢
P 22 28 ¢ = MINIMUM VALUE (2 VOLTS)

1 11 §$ 1 1 8 MAXIMUM VALUE (e OR = FULL SCALE)

STARTING ADDRESS

20@ DAC TEST

204 RAMP

210 SQUARE WAVE

214 CALIBRATE

P

.
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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 TESTY

LOAD ADDRESS 2@

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

PROGRAM WiLL BEGIN TESTING TWE SELECTED DAC.

ONLY ONE DAC wWILL BE TESTED AT A YIME, WOWEVER, DAC SELECTION
CAN BE CMANGED AY ANY TIME wHILE THE PROGRAM |S RUNNING,

RAMP TESY

LOAD ADDRESS 204,

SELECT ONE DaC wlTwW SWlTCHES 14, 13, 12 (REFERENCE 4.1.1),
SELECT POLARITY wWlvW SWITCH 11 (REFERENCE ¢.1.2),

SELECT RAMP S LOPE WITH SWITCHES 6 TWRU @ (REFERENCE ¢,1,3).
PRESS START,

PROGRAM WILL EXECUTE RAMP,

ONLY ONE DAC AND POLARITY Mavy BE SELECTED AT A TIME, 7O
SELECY ANOTHWER DAC OR CHANGE POLARITY RESTARY TEST AT 210,
SWITCHES CONTROLLING RAMP S_LOPE MAY Bf CHANGED WWILE PROGRAM
1S RUNNING.

SOUARE wWaAVE

LOAD ADDRESS 2te,

SELECT ONE DAC WITW SWITCHWES 14, 13, 12 (REFERENCE 4.1.1).

SELECTY POLARITY WITHW SWITCW 11 (REFERENCE 4.,1.2)

SELECY SOUARE WAVE FREQUENCY WITW SWITCHES 6 THRU @ (REFERENCE 4.1.4)
PRESS START,

PROGRAM WILL EXECUTE SOQUARE WAVE,

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

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

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

SELECT POLARITY wITW SWITCH 11 (REFERENCE 4.1.2),

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

PROGRAM WILL LOAD DACS W!TW SELECYED VALUES,

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

ERRORS

ERROR REPORTING

IF AN ERROR QCCURS DURING DAC TESY TWE PROGRAM WILL MALT,
REGISTER @& WILL CONYAIN EXPECTED VALUE OF DAC. YO RESUME
TESTING PRESS "CONTINUE"™, IF IT 1S DESIRED Y0 LOOP ON

THE TEST THAT FAILS REPLACE THE MWALY INSTRUCTION WITH A
240 (NOP).

NO ERROR INDICATIONS ARE GIVEN DURING OTHER TESTS,
RESTRICTIONS

NONE

MISCELLANEOUS

EXECUTION TIME

NZA

PROGRAMMING TECKNIOUE

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

THE PROGRAM CAN YESY UP YO FOUR DAC*'S AT ONE TIME, IN
17'S STANDARD FORM T WILL TESY DAC@, DACL. DAC2 AND
DACY, MEMORY ADDRESSES 1022, 102, 124 AND 106 CONTAIN
THE POINTERS FOR THESE DACS, If 1Y 1S DESIRED YO YEST
ANY OF TWE OTHMER 16 DACS, THE OPERATYOR MUST CHANGE TNWE
CONTENTS OF THE POINTER ADDRESSES 0 SELECT TWE DESIRED
DAC,

EXAmMPLE) 1087 1786780

102/ 176522
124/ 176%42
126/ 176566

OACS 2, 8. 13 AND 19 COULD NOW BE SELECTED.

DaC ADDRESS
2 176768
1 176762
? 176764
3 176766
4 176508
S 176%@2
é 1765¢4
? 176506
8 176520
9 1765822

10 176%24

11 176526

12 176549

13 176542

14 176544

15 176546

16 176560

17 176562

18 176564

19 176566
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PROGRAM CESCRIPTION
DAC TESY

THIS TEST MAKES CERTAIN TWAY ALL BITS OF THE DAC mMAY BE SET,
CLEARED AND READ BACK, FIRSY TWE DAC IS CLEARED AND CHECKED TO
BE CLEAR, THEN SET TO ALL ONES AND CHWECKED 70 BE SET TO aALL ONES,
NEXT THE DAC 1S SET WITH AN INCREMENTING PATYTERN AND CHECKED.
ALSO CHECKED ARE TWE CONDITIONS WITWw 8IT 11 SET TO MAKE SURE THaY
B!Y 11 18 REFLECYED IN BJTS 15 TuRU 2.

RAMP TEST

THE DAC SELECTED BY SWITCWES 14, 13, 12 IS CLEARED (SET YO ZERO VOLTS)
AND THEN INCREMENTED (OR DECREMENYED)Y AT A RATE THAY MAY BE

CONTROLLED 8Y SWITCHMES 6 THWHRU @ UNTIL THE MAXIMUM VALUE (¢ OR - FULL
SCALE) 1S REACKED.

SQUARE waVvt

THE DAC SELECTED BY SWITCWES 14, 33, 12 IS SEY T0 ZERQO AND FULL SCaALE
(1F POLARITY NEGATIVE) AT A RATE THAT MAY BE CONTROLLED BY Sw!TCWES
6 THRU @,

CALIBRATION
THE VALUE CONTAINED IN SwITCWES 11 TWRY @ IS LOADED INTO TWE DAC

SELECTED BY SWITCHES 14, 13, 312, THE OPERATOR MUSY DETERMINE WITH
A DVvM OR SCOPE IF TWE DAC OUTPUT 1S ACCURATE,




PALX11

ogoeee
(1111 ¥
pogeoes
eoceee
eoeese
0000412
000214
(J 11 ¥
oslbe2e
eoep22
eobp24
oo0R26
eopedp
oppR3s2
000034
ooeples
oeooep
eoBoe2
oB88R44
eo0R46
ooeese
po0052
epeps4
ooeos6
eeedep
oeBR62
0000264
eoeQes
eooere
roRR72
ooBe74
oeenre

eoeie0
002102
peei04
eeoi106

eeo2e8
poR204
eee210
POR214

vees

geeoee
peoeo20

eeape2
ceopee
(111 T.1)
(111 )]
eeon12
(11111
080016
eteoeo
8P0R22
eoeeoe
aeep26
eoooeR
e00R32
edopce
900036
soopoe
0dep42
ooopoe
000046
(11 1.1
eeepse
egoeee
eePese
edopee
o0ep62
eoepoe
(] 1] 1.1
sooped
seen72
epepoR
00eR76
eedoee

176760
176762
176764
176766
177570
000240
2eB776

eeeze0
eoR167
800167
000167
820167

2@-NOV-70

2ee574
PO1006
001106
2e0e7p4

7158 PAGE 1

JAALYl DAC CaLIBR

JCOPYRIGHT 1970,

3 JONN RODENMISER
o0
JREPY
Vo2
HALY
LENDR
Vo2
ALY
L2
HALY
,o2
MALTY
Lo2
WALY
o2
WALY
Lo2
WALT
vo2
MALY
Lo2
MAL'
L2
WMALT
Lo2
MALT
L2
MALT
Lo2
MALY
L2
WALY
Y
MALY
Lo2
WMALY
o2
ALY

1THME FOLLOWING 4 ADDRESSES MAY BE MODIFIED YO POINT TO OYHER DACS

DAaCo? 176760
DACYS 176782
DAC2! 176744
DAC3 176766
SR=177570
NOP=240
SYACK=776

8200
JMP
JMP
JMP
JMP

ATION

DIGITAL EQUIPMENT CORP,, MAYNARD, MaSS,

20

DACTSY
RAMP
SQUARE
caLlB

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

JDAC TES?
JRAMP TESY
JSQUARE WAVE TES?
ICALIBRAYE
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seio0e0 21000
)TEST DAC B17S 12-P8 70 SEY AND CLEAR
1SW 14, 13, 12 SELECT DACS

oci0e0 012706 PR0776 DACTST: MmOV #STACK. X6
021004 0804767 BP0422 JSR X7,DACSEL 1IGEY DAC SELECTED
1TEST DAC CAN BEL CLEARED
eeie10 0030102 cre CLR (8
efi1e12 011901 MOV (B).%1
01014 001402 8EQ DT
pOLR216 eo0PDOO MALY IERROR DAC NOT CLEARED
01020 000773 BR oTe
ITESY DAC CAN BE SEY YO aALL 1'S
e01022 01271 177777 oYL MOv 8-3,(8)
eoL026 011901 mov (9).%1
001838 022701 7777 CuP f-1,%1
021834 B01402 BEO DY2
ge1e36 eoPpoOR MALT JERROR DAC NOT s ALL 1°'S
eoieap 000770 BR oYY
ITESY DAC WILL ACCEPTY A COUNT PAYTERN (B YO 3777)
ee1042 0092021 nDY2: CLR X1
001044 0030102 CLR (§ 3]
P01046 0D052021 DY2A! INC 3%
2010%0 0D%210 INC @)
P010%2 020110 CHP Xi,(0)
001094 001402 B8EQ prae
eeL10%6 oPPPOO WHALY 1ERROR DAC NOGT = X1
eo10e8 BDB770 AR pr2
221062 822701 003777 DT283 cup 03777,%1
001066 P01367 OnE 0T2A
JTESY THAY OAC WILL ACCEPTY A COUNY PATTERN (4000-7777)
01070 @#12791 4173777 DTS MOV $473777,%1
gR1274 012710 203777 MoV 83777.(9)
eo11p00 005210 DY3AL INC (")
eP1182 00%221 INC 1 31
e01184 P20110 (of 1 o X4,(0)
201106 0R1422 REQ DT3B
P01118 eofeece MALTY JERROR DAC NOT = X1
01112 0PRR766 B8R 0T3
0011414 @227%2 477777 DT3B CMP 8-1,(0)
201120 6081367 BNt DY3A
201122 e0BR726 BR DACTST JIREPEAT YEST LOOP




PALXLY

001124
201132
001134
efi142
001190
p0L132
001168
081166
001178
pO1176
001204
001206
e01214

pP1246
pP1222
201226
201234

PR1236
peL242
21244
pe12%80
pR12%2
201254
204236
pBL262
201262
001264
peL2eé

pei27e
gesare
0041276
ee13p2
geL3e4
221306
o04318
281342
PBL314
eo1316
201322

vee3

032767
sp1pR3
016777
032767
0831493
816777
0327¢7
001403
816777
032767
L7747
816777
000743

212726
(I RN Y
032767
010195

g25010
g127e2
212703
e03210
111201
109301
100376
020310
001372
e23010
o0e771

oedese
812702
212703
2033102
111201
185301
1008376
020310
801372
205019
g0e771

20-NOV-79

e7ee020

176432
pi10pge

176412
020200

176374
g42000

176396

eee77¢6

gec2e4
opdpeo

177570
ees3777

177%70
174000

176436

176736
176429

176722
176402

176706
176364

176672

176334
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ICALIBRAYION ROYTINE FOR UP TO 4 DACS

ISW 14, 13, 12 SELECTY Dacs
ISW 11 SELECTS POLAR]ITY

JSW 10-P SELECTS DIGITAL VALUE

CALID: B]17
ant
MoV
(o} B ] LD A
.4+
MOV
cat pIT
. 187
MoV
C31¢ 8!y
8EQ
MOV
B8R
JRAMP TESTY

1SW 14, 13, 12 SELECTS DACS

s70000.SN
ce
SR,0D0ACP
e10006,SN
ce
SR,0DACH
s20000,SR
c3
SR,00AC2
240080,SR
CALID
SR,0DACY
CALID

ISW 11 SELECTS POLARITY

ISW 7-8 CONTROLS RAMP S_OPE

RAMPY MOV
JSR
(18
BNE

JPOSITIVE RAnP

SSTACK. X6
X7,0ACSEL
04000, SR
RN

1X8 CONTAINS DAC POINTER

RP1I CLR
MOV
MOV
RPLI INC
RP21 MOVE
DECS
BPL
CMP
BNE
CLR
B8R
INEGATIVE RAMP

(8)
sSR,%x2
#3777,.%3
()
(2),%1
X

.-2
X3, (0)
RPY
(9)
RP2

)IX@ CONTAINS DAC POINTER

RN CLR
MOV
MOV

RANLt DEC

AN21 MOVE
DECB
BPL
CMP
BNE
CLR
B8R

(8)
#SR, %2
#174200,%3
(8)
(2),%1
X1

=2
X3. (B)
RNL
(e
RNE

ITEST SW 12, 13, 14 = 0 Y0 LOAD DAC @

JTESY SW 12 TO LOAD DAC 1

JTESY SW 13 TO LOAD DAC 2

ITESY SW 14 TO LOAD DAC 3

1CLEAR DAC

IX2 18 SWITCHW REGISTER POINTER
I3 1S DAC VALUE COMPAR]TOR
1ol Y0 0AC vALUL

IGEY DELAY FROM SWITCHES

1OELAY COUNT
118 DACu3?777?
IND

IYES, CLEZAR DAC

ICLEAR DaC

1X2 IS SWITCHW REGISTER POINTER
IX3 18 0AC VALUE COMPARITOR
=1 Y0 DAC vaALUE

IGEY DELAY FROM SWITCHES

I0ELAY COUNY
11S DACsg74200
INO

IYES, CLEAR DAC
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PALX11

Pe1322
PO1326
P01332
201340

201342
281346
0913%80
201334
201336
204368
201364
ee1378
ee1372
291374

201376
o014p2
P01404
P01410
201412
001414
201420
001424
201426
201430

vees

212706
0g4a767
832767
821P16

012719
pR04p0R
116701
103301
100376
8127180
116701
185301
100376
poR75%6

012710
(J1.XY 1)
116701
10833e0.
100376
212718
116721
183381
120376
Mee740

20-NOV-70

e2d776
eeeie0
eo4peo

176214

0e3777?
176282

geeaee
176160

opeceo
176144

176230
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JSQUARE WAVE TESY

1SW 14, 13, 12 SELECTS DACS
1SW 11 SELECTS POLAR]ITY

ISW 7-08 CONTROLS FREQUENCY

SQUARE! MOV #STACK.Xé
JSR X7,DACSEL

sa) BIv #4208, 8R
BNE SN

IPOSITIVE SQUARE WAVE
1%X0 CONTAINS DAC PCINTER

SPi MOV s, (8)
BR Y
40VE SR, X1
DECH %1
8Py Y
MOV #3777.(0)
MOVH SA, X1
DECS X1
B’L .‘2
8R SQ

INEGATIVE SQUARE WAVE
IX8 CONTAINS DAC POINTER

SN1 MOV sd.(0)
BR o2
MOVE SR, %1
OECS  $Y
BPL Y.
MOV 84000, (0)
MOve SR, X1
DECH 1 3
BPL =2
BR S0

JISEY DAC AT 8 VOLTS
IBALANCE TIME BETWEEN ¢ AND GND

IDELAY
ISEY DAC AT 10 VOLYS

JOELAY

ISEY DAC AT 0 VOLTS
IBALANCE TYIME BETWEEN = AND GND

JOCLAY
JISEY DAC AY -10 VOLTS

JOELAY




PALX11

281432
o0144g
P01442
P01446
21430
P01456
081440
081464
BP1466
P01474
201476
pe1502
pe15e4
201519

voes

132767
edipel
816708
se0ze?
132767
001403
816700
800207
132767
081423
01é700
epo207
gi1e700
000207
goepel

20-NOV-7¢

eegié60
176432
ooPo2e
176416
ceeo4p
1764902
176376

176131

176113

17627%
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10AC SELECT SUBROUTINE

JSWITCH REGISTER B17S 14, 13, 12 SELECT DACS
JREGISTER @ WILL CONTAIN POINTER FOR DAC SELECTED
!

DACSEL! B!TS 8160,8Rey 119 DAC @ SELECYED?

BNE DSi INO
MOV DACO, X0 JYES
RTS 34
psi 817l #20,SR*y )18 DAC L SELECTED
8€Q Ds2 INO
MOV DACL1.X0 IYES
RTS L ¥
0§21 8i’8 #40,SR*1 118 DAC2 SE_LECTED
8EQ 0§3 INO
mov DaC2.%X@ 1VES
RTS %4
oS3 MOV DAC3, X8 )MUST BE DACY - NO OTWERS SELECTED
TS L %4
+END
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PALX11

ci

ce

c3
CALID
DACO
DACY
DAC2
DAC3
DACSEL
DACTSY
s} 3
ps2
DS3
pT®
DT
DY2
DY2A
pYTeB
oY3
DT3A
DT3B
NOP
RAMP
RN
RN1
RN2
RP
RP1
RP2
SN

SP

SO
SQUARE
SR
STACK

vees

8P1142
8011680
001176
#01124
sbbi00
seei02
oo0104
o0Ri06
#01432
stiooe
01459
001466
#C1%04
010102
s01p22
001942
001046
PP1062
ooi07¢
sl1100
01114
00240
001216
ee127e0
001302
eP1304
BB1236
0041258
001252
PP1376
e01342
#01332
801322
177570
PPB776

ERRORS DETECTED?Y @

RUN-TIMES 4 SECONDS

4K CORE USED

20-NOV-78

7158
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