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PROGRAMMABLE POWER SUPPLY

. MR. ROENGSAK TARAPANT
MR. AMNUAY THONGNIT
ADVISOR c MR. CHAWALIT BENJANGKRAPRASERT

ABSTRACT

THE MAIN PRINCIFLE OF THIS PROGRAMMBLE POYWER SUPPLY
INSPECTION MACHINE OF REGULATOR CAN BE SUPPLY VOLTAGE SINCE ZERO
VOLTS TO EIGHTEEN VOLTS , POSITIVE , NEGATIVE WITH SUPPLY AMPERE
HAZIMUM 3 AMPS. THE REGULATOR CIRCUIT 5 LYOLTS ON FIXE , BENIFIT
SUPPLY IC TTL AND SUPPLY AMPERE MAXIMUM 3 AMP.

THE OPERATE OF REGULATOR USE CPU IN CENTRAL PROCESSING WHICH
USED  WITH TO KEY BOARD IS SET EACH THE VOLTS SHOW ON DISPLAY 7 -
SEGH@KT"’TF—«\ﬂAQI FRESS ENTER BUTTOM WILL BE VOLTAGE OUT TO INTERNAL
QUTPUT oF MACHIRE“ ‘AND [T WILL DELAY THE PRESS ON / OFF BUTTOM , FOR
SUPPLY VOLTAGE ouT TO EXTERNAL OUTPUT A LITTLE MORE. WHICH IT WILL
GIVE OUTPUT TO FOLLO JS TO CONTROL ON KEY BOARD.

THIS MACHINE HAVE SPECIALLY FURTHER MORE ARE CAN BE

INCREAMENT OR DECREAMENT VOLTAGE AS 10 MILI - VOLTS,
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. 8080A
cLocx 8080A cLocx
INSTRUCTION OBJECT CODE BYTES | PERIODS MNEMONIC PERIODS
LD {ADDRLHL 22 ppaq 3 16 SHLD ADOR 113
LD  (ADDALIX DO 22 ppaq [ 20
LD (ADDRLIY FD 22 ppaq 4° 29 .
LD {ADDR).SP ED 73 ppqq T4 20
LD (BCLA . 02 1 7 STAX B 7
LD {DELA 12 1 7 STAX D 7
LD | HL{ADDR} 2A ppaq 3 16 LHLD ADDR 16
LD (HLIDATA 3% vy L2 10 MVi MDATA 10
| Xa} {HLIREG 01110sss | ? MOV  M.REG 7
LD LA ED 47 2 9 .
LD IX{ADDR} DD, 2A ppaq 4 20
LD IX.DATA16 DO’ 21 vyyyy 4 14
LD {IX « DISPLDATA " DD 36- YY Yy 4 19
LD UX + DISPLREG |, DO 01110sss 3 19
y s Yy !
LD IY {ADDR} FD 2A ppaq 4 20
LD IY.DATAIE . FO 21 Yyyy 4 14
LD ~ UY + DISPIDATA FO 36 Yvyy 4 19 »
LD iY + DISPAREG i FD 01110sss "3 19
Yy .
LD RA ED 4F 2 9
LD REG.DATA 00ddd 110 2 7 MVI  REG DATA ?
Yy
LD REG.(HL) \ 010dd110 1 ? MOV REGM 7
LD REG.IX - DISP} ' bo 3 19
01ddd110
. Yy
Lo REG.IY + DISP) ! FD 3 19
01dad110
Yy
LD REG.REG 01dddsss 1 4 MDV  REG.REG 5
LD RP (ADDR) i ED Olx1011 4 20
' pPqq
Lo RP.DATA16 00:x0001 10 LXI  RP.DATAIG 10
YYYy
LD SPHL F9 1 6 SPHL 5
LD SP.IX DD F9 2 10
LD SPIY FD- F9 2 10
LDD ED A8 2 16
LDDR ED B8 2 21716 .
LDt ED A0 2 16
LD ED BO 2 21/1¢ ~—
NEG ED 44 2 8
NOP + 00 1 4 NOP 4
OR DATA F6 vy 2 7 OR  DATA 7
OR (HL) B6 1 7 ORA M ?
OR  UX -~ DISP) 0D BS vy 3 19
OR Iy's DISP) FO B vy 3 19
OR . REG 101 10xxx 1 4 ORA  REG 5
OUT  (CIREG ED 2 12
01555001
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; 80BOA
. cLoCK 8080A CcLOCK
INSTRUCTION ! OBJECT CODE BYTES | PERIODS MNEMONIC PERIODS
DEC  REG 00xxx 101 ! ‘4 OCR  REG [S Tzl s
o _F3 1 o 4
DINZ  Disp 10 YY 2 - 8/13
B, Fa - 1 4 Er ' 4
EX AF.AF o8 1 4
EX DEHL. £8 1 4 XCHG CA
EX {SPLHL ' . E3 1 19 XTHL e gt
EX {SPLIX DD E3 2 23
EX {SPLIY D E3 2 23°
EXX D9 1 4 \
HALT 76 1 4 HLY. 4
M o} ! ED 46 2 ]
™M 1 ED $6. 2 8
M 2 ED SE 2, ]
N apoRT ' | o8 vy 2 10 IN PORT 10
N REGIC) ED 2 n )
010da000 gt Mz oy
NG (HU 34 1 1 MR M T
N X DD 23 - 2 10 T
WC {X + DISP) DD 34 YY 3 23
INC 1\ g FD 23 2 10
INC (Y + DISP) D 34 YY 3 23 ’
INC RP 000011 1 6 INX RP
INC REG 00xxx 100 1 4, INR REG
IND ED AA 2 a8 .
INOR ED BA 2 20/15
W ED A2 2 15
INIR £D. B2 2 20/15 .
P LABEL €3 ppoq 3 , 10 K LABEL 10
> C.LABEL DA ppqq 3 10 Jc LABEL | -0
P {HL) E9 1 4 PCHL e
» ) DD €9 2 ]
L oP iy) FO E9 2 8
» M.LABEL FA poaq 3. 10 M LABEL 100
P NC.LABEL D2 ppaq 3 10 JNC LABEL . 10
P NZ.LABEL €2 poaq 3 10 INZ LABEL 10
P P LABEL FZ ppaq 3 10 > LABEL 10
» PE LABEL EA ppaq 3 10 JPE LABEL 10 -
»P PO.LABEL E2 ppaq 3 10 JPO LABEL 10 .
» Z.LABEL CA ppaq 3 10 Jz LABEL 10’
JR C.oisP 38 vy 2 712 :
R Disp B vy 2 12
JR NC.DISP 30 Yy 2 712
JR NZ.DISP . 2 Yy 2 72
JR 2.0i5p 28 YY 2 1112
LD AIADDR} 3A ppag 3 13 LDA  ADDR 13
LD A.IBC) [o7-3 1 ? . LbAax B 7
LD A(DE) A 1 7 LDAX D 7
Lo Al ED 57 2 9
LD AR ED 5F 2 9
LD (ADDRLA 32 ppaq .3 13 STA ADDR 13
LD {ADDRIBC ED 43 ppqq 4 20
W {ADORLDE ED 53 ppaq 4 20
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BOBOA
L : cLock BOZ0A cLocK
INSTRUCTION OBJECT CODE BYTES | PERIODS MNEMONIC PERIODS
ADC . DATA CE YY 2 7 AQ DATA 7
ADC HL) 8E Vi ? ADC M ?
ADG HLRP ED 01xx1010 2. 15
ADC  .iX + DISP) DO 8E YY 3, 18
ADC Y +DiSP) FO 8E Y 3, 18 ,
ADC . REG ~ 1000 1xxx b o4 ADC ~ 'REG 4
a0¥  DATA cs Wy 2 7 ADI  DATA ?
ADD  (HU) . 86 LTI 7 ADD M LA
ADD HLRP - 00xx 1001 1 1 DAD R8 "b-r:-»:lo::‘j;ﬁ,‘-
ADD (X +DiSP) 0o 86 YY 3 19 ‘ =
ADD  XPP DD 00xx1001 2 15
ADD  (IY + DISP) FO 86 YY 3 19
ADD. IYRR FD 00xx100% 2, 15
ADOD REG 1000000 1’ 4 ADD REG . 4
AND  DATA £5 YY 2 7 ANl DATA 7
AND  (HL) AS A ? ANA M ?
AND (X« DiSP) - DD A6 YY. 3 19’
AND  IY +DISP) FD A6 YY 3 19
AND  REG 10100xxx 1, 4 ANA  REG 4
ar 8.4HL) cB 2! 12
- 01bbb110 i
Ths B.{IX + DISP) DD CB YY 4! 20
01bbb110
BT BAIY + DISP} FD CB YY 4 20
01bbb110 .
:The B.REG cs 2 8
01bbbxxx
CALL  LABEL ,C0  ppag 3. 17 CALL  LABEL
“CALL  C.LABEL DC ppaa 3 10717 ‘cc LABEL
CALL  M.LABEL FC ppaq 3 0717 o™ LABEL
CALL  NC.LABEL D4 ppaq 3- 10/17 CNC  LABEL
CALL  NZLABEL C4 ppag 3 10/17 CNZ  LABEL 1.3
.CALL  PLABEL F4 ppaq 3 10717 cp LABEL
CALL  PELABEL EC ppaq 3 10/17 | cPE LABEL Nyay
CALL  POLABEL E4- ppag 3 10/17 CPO  LABEL 17
CALL  ZLABEL CC ppaq 3 10712 cz LABEL 2471
CccF . 3F ! 4 cMC 4
o DATA FE YY 2, ? cPt DATA 7
cP (HL} BE i 7 CMP M 7
o X - DISP) 0D BE YY 3 19
CP - UY-DSP) _FD BE YY 3 19 CMP  REG 19
ce REG . 101] Ixxx 1 4
cPD ED A9 2, 16
CPDR ED B9 2 21716 .
ch ED Al 2 1% -
CPIR ED BI 2 217186 .
cPL 2F 1 4 CMa 4
DAA 27 1 4 DAA 4
DEC  HL) 3 1 n DR M T g e
DEC X DD 28 2 10
DEC X + DISP) DO 35 YY 3 23
DEC ' _ FD 28 2 10
DEC Y - DISP} FO 35 YY 3 23 .
DEC RP 00xx 1011 1 6 DCX RP ST

cr
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LXI H, A40H ; POINTER
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MIV A,a0H
CHKCR INX H

INR ] ADD 1t TO LENGTH

-a

CMP M i 1% CHARACTER 'CR’ 7

JNZ CHKCR NO, KEEP COUNTING

MOV A.B
STA 40H 3 YES, SAVE STRING LENGTH
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CMP M ; NO, THROUGH
JINZ DONE i REPLACE-LEADING ZERO WITH BLANK
DCR B 3 HAVE ALL DIGITS BEEN EXAMINED ?

JNZ CHKZ NO. GO EXAMINE NEXT HLT
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POINTER = 4
COUNTER = (40)

(POINTER)
EUVEN PARL

{POINTER)
OR 1000 0000 B

SET ﬂAﬁﬁTY HIT
Y

POINTER = FOINTERHL

NO

COUNTER=0

i enldsunsasela

LXI H, 40H .
MOV 8, M i CGET STRING LENGTH
MVI €., 10000000 i GET PARITY BIT OF 1

SETPR INX H

MOV A, M~ 3 GET A CHARACTER

ORA C i SET PARITY BIT TO 1
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START MVI B, ERR GET ERROR COUDE

IN PORT 1 ; READ INPUT
CPI 1§ i IS DATA > 16

JCN  DONE ; YES DONE

LX1 H, STAB ; LOAD STARTING TABLE ADDRESS
MOV C, A ;i MAKE DATA INTO A 16 BIT INDES
DAD BB ; FIND ADDRESS OF TABLE

MOV B, M ; LOOK UP TABLE

DONE MOV A, B
OUT PORT 2
STAB DB, 3FJ, OGH, 4F, 66H, TABLE CONTENT
DB 6DH, 70H, OT7H, 7FH, GFH
DB 77H, t{FH, 4EH, 3DH, 4FH
DB 47H

ERR DB 55H i+ ERROR CODE
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v3am 16 Laa lugninTagiansmnansqagn e LU

Loy dsuldsunsuss lan el

LDA g H COUNT LENGTH OF STRINGS (IN BYTES)

MOV By, A

LXi H, 41H START POINTER ! AT FIRST WORD OF STRING

-

LX! 0, 61H START POINTER 2 AT FIRST WORD OF STRING 2

-a

ARD A i CLEAR CARRY TO START
ABD LDAX D i GET WORD FROM STRING 2

ADC M i ADD WORD FROM STRING 1

MOV M, A ; STORE RESULT

INX D

INX H

DCR B

JNZ ADDW
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UL TNAMUAAD
PRODUCT 0000
MULTIPLIER 61
MULTIPLICAND 6F
COUNTER 8

v v 1 ] v
RAINMTMATIUTARINUURDUN 2-5 Nﬂﬂ1ﬁﬁ3kﬁuﬂﬂu

PRODUCT 0000
MULTIPLIER c2
MULTIPLICAND 6F
COUNTER a7
CARRY FORM MULTIPLIER 0

v '
w3IIIMINITATIN 2 N&ﬂ15

PRODUCT 006F
MULTIPLIER 84
MULTIPLICAND 6F
COUNTER l 05
CARRY FORM MULTIPLIER 1

v L )
UAIRINNIATIN 3 WaAT o6

PRODUCT 0:4D
MULTIPLIER 20
MULTIPLICAND gF
COUNTER 03
CARRY FORM MULTIPLIER 0

#A94INMIATIN 4

PRODUCT 1 0294
MULTIPLIER 10
MULTIPLICAND gF
COUNTER 04

CARRY FORM MULTIPLIER g
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PRODUCT . 0534
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MULTIPLICAND 6F
COUNTER 03
CARRY FORM MULTIPLIER 0

v )
WAIRNNIATIN 6

PRODUCT 0ABS
MULTIPLIER 40
MULTIPLICOAN &F

14 ’
nasInniIaTIn 8

PRODBUCT ZAQF
MULTIPLIER 0o
MULTIPLICAND 6F
COUNTER go
CARRY FORM MULTIPLIER 1

ad a1 v v o @ o v v §
QqﬂﬂTNHﬁqﬂNNﬂaqﬂa0ﬂ77ﬂmﬂ3ﬂﬂﬂnlnﬂ1{nuaﬂlﬂ7ﬂ 4018 nulaniaga 4116 NAAUN
¢

4
Wi

aunnlInuaniaTa 2215 way 4316

NNTATIIRDUYDNAAIGITNIINARDUNAYIN (CHECK SUM)
u
5[ o v F= v a:c-' .uaa:c-lu o: v 1
unsdilautonania lnandananintivie igednminte Snastseautanin Saurastons Ly
1 N v %
v » a ﬂ uu‘l v v v a 4 - o
A9y 43 sfounToouity 34 adutuluwmenanaiavidnly anvaenTBaiigut uial3eEins
']
pTaaasun Iawan Aauieniinis iy dawa 7260 3525 (Hudaya 2 rfmesunsafinEn waAnAg
1 '] k]

Suaznangs i 2603 udaiaeanie

oo :nu 1 w I;l'vsg o B v

BNV INARBUKUVUBIAIRANNITUINAG I LR HAIL LA 10 Nkl uTI89em1 L TR 1948 10T
i lald mnsrsanudennsandsinaiaiiniTiis L iy ay TAgnTmIa 3L AU AURANT T anan 16

1

i
aoa

v oo C: da w w '
I8l diuunn3enlisfinentsaunie 2 fomnagiq
9



67

AR 54931

NAYDINTINARDUNALIN = 5x2+4+9x2+3+3x2+41
= 40

ANTBIKANNTIAGALLIR = O

3893 978nar L TanTuluTdsunsans Inanufentdensasimimat e lasunaruiantas
L
o 6 & ¢ o v a 9 v @ ) v .
184ANTIADUANTNARDUDNAT MR I HRAUNT LANTINWRT D 13 ATINUARAR 991NN IHanTaNaNY
L] 4
v
0nn9 g
1
Yy N I ') a v
INNTAALTIADIENA2087 9 LITUNTANNITATIIFDUNRYIN 1AL TDANNAYD INTITAT 21RDULDNR
4

(24 ) v & [ vca'a )
L UaaﬂlﬂﬂuaﬂLﬂTa 30 NRﬂNﬂUDGﬂWTﬂ??QﬂBULﬂﬂi?ﬂﬂﬁu“u% 40

CROERE) (30) = 03
(41) = 36
(42) = 68
(43) = 51

WasWTTle CHECK JUM = 3X2+6+6X2+8+5K2+1
= 43
(40) = 03

Cey

o o (%} 1»0 a: o N veu
INATWL TV IBUN 2914 LR a5UR 5.19 3zt JauldTunsulaned
]

LDA  30H ; COUNT = LENGTH OF STRING ¢IN BYTE)
MOV B,A
MVI  C,0 ; CHECKSUM = 0
LXI  H, 4tH  ; POINT TO START OF STRING
CHDIG MOV A,M ; GET TWO BCD DIGITS
MOV D,A ; SAVE COPY
RAR
RAR
RAR
_DCR B

JNZ CHDIG
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ANI 000011118 ; MASK OFF SELF CHECK DIGIT
HLT
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suaenay g o Tdsunsnfamnse Tanan ansusnianienyeeldsunssgan: Sou dulnosunsala

R
ANI 00011118 ; MASK OFF MSD
ADD A ; DOUBLE MSD
DAA i KEEP IT DECIMAL
MOV C,A
MOV A,D

ARI  00001111B i MASK OFF LSD
ADD C : ADD LSD TO CHECKSUM
DAA
MOV C,A
INX H
INANMAENIINITNI 0UUAs LR (A 1@ w9 s TUTUnTamdn (mein program) fafiAndae
au"‘ ' v Ts{.oq- 1 3a€l‘ ) v v w
(Tanta Lisunsagaeiuaense lan tin 1 ludugss A5unn Ly ldTUNT N D8 URALENAUNAE 3
Tdrunsaman lufde CALL 1w vul
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1
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L ]
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a v ] ua:uv(v“ * v
A0 9NITAMIDE1 9 LT unTadeaway Ll TunTamannaaugnu L UTunsudan Tunstuaany

812909803 9893
LXI SP,80 i START STACK AT LOCATION 80
LHLD 40 H i GET STARTING ADDRESS
CALL STLEN ; DETERMINE STRING LENGTH -
STA 42 H, i STORE STRING LENGTH

dmvoe llsunsagent tonla

STLEN MV] B,0 LENGTH = O

-

MVI A, ODH GET CR FOR COMPARISION

CHKC CMP M IS CHARACTER 'CR'

J2Z DONE i YES END QF STRING
INR B 7+ NO ADD t TO LENGTH
INX H '

JMP  CHKC

KDONE MOV A,B
RET
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= (5-1) x 10" x 200 = 0.073 Ans
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130
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VZ (MIN)
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um 8

nﬂiﬁﬂdﬂunaq Programmable Power Supply

BLOCK DIAGRAM OF POWER SUFPLY CONTROLLED BY CPU

DISPLAY

S.p

OO0 oOOg " N
UUdodo

Ooooo AD

oooo
DoonOoag

KEY BOARD

5 uRAINITANe1uINgD Ry SLOCK DIAGRAM

u

POWER
+5y
> ——o0
SUPPLY
D/A
+
POWER
OUTPUT

SUPPLY -
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(CoTagT

V

SET SYSTEM

0f Z~80

SET PORT

(8255)

\

CLEAR 00T

PUT (+), ()

SCAN DISPLAY

SCAN KEY

SAVE KEY COPg’

ON MEM BUFF

READ DATA
on A/D

T COMPARE A=

)
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SET KEgY TODE

AnND DECODE

our DATA

ON PORT (+),(=)

sET DATA

ouT A=8

OuT DATA

ON PORT (+2(2) |
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A5 14974199LATDY  Programmable Powre Supply

(A399  Programmable Power Supply i iuiAdoeiiwinisnslinTe AAa
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3 17 o o o
NIRNAUT ONN L A8 9\ NOU
2. d7uduun ¢ INPUT SECTION )
9

ﬁauiasﬁaoqsaé 2 7997 A
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néunwsﬁwawu A lamouR 0 - 9 way W ()
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s 3
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2050
2052
2085
2058
2058
205C
205E
205F
2061
2064
2066
2069
2068
206E
2070
2073
2076
2079
207A
207C
207D
207F
2082
2084
2087
2089
208C
208E
2091

2093

KEY SET

cP 12
CALL Z, KEY ON / OFF
JUMP LUMP L1

LD HL, 3004

LD A, (HL)

AND 8 F

LD (HL),A

OUT (A2),4A

CALL SCAN

CP 0C

CALL Z, POS

CP 0D

CALL Z, NEG

CD OE

CALL Z, TRACK
JUMP KEY SET

LD HL, 300 A

LD A, (HL)

AND 40

LD (HL), A

OUT (A2), A

CALL SCAN

CP 13

CALL Z, INC POS
CP 11

CALL Z, DEC POS
CP OF

CALL Z, + 1V STEP
CP 16 |

CALL Z, + 2V STEP

FE 1

cc

C 34020
42 10 A 30
TE

E 68 F
77
D3AZ2
CD 0035
FEQC
CC.7620
FEQD

cc

FEQE

cc

c 35@20
210 A 30
7 E

F6 40

T7

D3 A2
CD 0035
FE 13

CC CF 26
FE 11

CC F 27
FEQF

CC 7F 27
FE 16

CC DO 27
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2096 , Cp 14 FE 14
2098 CALL Z, - 1V STEP CC AF 27
2098 Co 15 FE 15
209D CALL Z, - 2V STEP CC 00 28
20A0 | NOP 00 00
20A2 JUMP CHECK 0-A C3 6021
2045 Cp 10 FE 10
20A7 CALL Z, ENT POS CC

20AA Cp 0B FEOB
20AC CALL Z, KEY SET CC 5820
20AF Cp 12 FE 12
2081 CALL Z, KEY ON / OFF CC

20B4 JUMP POS 1 C3 7620
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2000 NEG: LD HL, 3004 21 0A 30
2003 LD &, (HL) 78

2004 AND 20 H E6 20
2006 LD (HL), A . 77

2007 OUT (A2), A D3 A2
2009 CALL SCAN CD 00 35
200C CP 13 FE 13
20DE CALL Z, INC NEG cc

20E1 CP 11 FE 11
20E3 CALL Z, DEC NEG cc

20E6 CP OF FE OF
20E8 CALL Z, 1V STEP cc

20ED CP 16 FE 16
20ED : CALL Z, 2V STEP cc

20F0 CP 14 FE 14
20F2 CALL Z, - 1V cc

20F5 CP 15 FE 15
20F7 CALL Z, - 2V cc

20FA CP 04 FE 0A
20FC CALL C, KEY 0-9 NEG DC

20FF CP 10 FE 10
2101 CALL Z, ENT NEG cc

2104 CP 0B FE 0B
2106 CALL Z, KEY SET CC 60 20
2109 co 12 FE 12
2108 CALL Z, ON / OFF cc

2108 JUMP NEG Ca -bo 20



2120
2123

2124

2128
2128
212C
212E
2131
2133
2136
2138
2138
2130
2140
2142
2145
2147
214A
214C
214F
2151
2154
2156

2159

TRACK 1

182

TRACK

LD HL, 300A
LD A, (HL)

AND 60 H

OUT (A2), A

LD (HL), A

CALL SCAN 1

cp 13

CALL Z, INC TRACK
ce ot

CALL Z, DEC TRACK
CP OF

CALL Z, 1V

CP 16

CALL Z, 2V

cp 14

CALL Z, -1V

CP 15

CALL Zz, -2V

CP O0A

CALL C, K 0-9 TRACK
CP 10

CALL Z, ENT TRACK
CP 0B

CALL Z, KEY SET

JUMP TRACK

21
7E
E6

D3

77"

CD
FE
cC
FE
cc
FE
CC
FE
cC
FE
cc
FE
cc

FE

FE

cc

FE

cc

c3

0A 30

60

A2

00 35

OF

14

15

0A

10

08

60 20

20 21



2160
2162
Zlbb
2167
216A
216C
216F
2171
2174
2176
2178
2178
217E
2180
2183
2185
2188
218A
218D
218F

2192

CHECK 0-9

183

CP 00
CALL KEY
vk ot
CALL KEY
Ccp 02
CALL KEY
Ccp 03
CALL KEY
Cp 04
CALL KEY
CP 0§
CALL KEY
Cp 06
CALL KEY
cp 07
CALL KEY
Cp 08
CALL KEY
CP 09
CALL KEY

JUMP L2

0-9

0-9

0-9

0-9

0-9

0-9

0-9

0-9

0-9

POS CD

POS

POS

POS

POS

POS

POS

POS

POS

POS

FE
cc
FK
cC
FE
cC
FE

cc

FE
cC
FE
cC
FE
cC
FE
cC
FE
CC
FE
cc

C3

00

01

02

03

04

05

06

07

08

09

A5 20
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SCAN
3500 SCAN 1 LD HL, 3000 21 00 30
3503 LD DE, 3FE7 11 BE7 3F
3506 LD B, 08 06 08
3508 MOVE 3 LD A, (HL) 7E
3509 ' LD (DE), A 12
3504 INC HL 23
3508 INC DE 13
350C ' DJINZ- MOVE 1 10 FA
350E LD 4, 04 3E 04
3510 LD B, 01 06 01
3512 ' RST 10 D7
3513. LD A, FF 3E FF
3515 LD (3008), & - 32 08 30
3518 LD B, 02 06 02
351A LD E, 06 1E 06
351C LD HL, 3006 21 06 30
3s1F SCAN 1 i X0R A AF
3520 OUT (01), A an 01
3522 LD A, E 7B
3523 OUT (02), A 03 02
3525 LD A, (HL) TE
3526 OUT (01), A D3 01
3528 PUSH BC c5
3529 LD A, OF 3E OF
3528 RSP 10 D7
352¢C POP 3C ct
352D INC HL 23
352E INC E . 1C

352F DJUNZ SCAN 1 3 10 EE



3531
3534
3537

353A

2600
2602
2603
2605
2608
2608
260E
2610
2612
2614
2616
2617
2619
261C
261E
2621

2623
2626

2627

2629

185

CALL MAIN SCAN
LD A, (3FFB)
LD (300B), A

RET

MAIN SCAN

MAIN SCAN : SCAN LD B, 8

SCAN 1 :

SCAN 2 1

LD C, B
LD €, ©

LD HL, 3FE7
CALL SCANS

LD (MEMX),HL
IN A, (DITIG)
AND 70

cP 70

IR NZ, SCAN 3
DEC C

JR NZ, SCAN 2

LD HL,SYSFAG

-RES 0, (HL)

LD HL, REPDLY

LD (HL), REP 1
LD HL, (MEMX)

INC E

DJNZ SCAN 1

JR SCAN

CD 00 26

3A FB 3F

32 08 30

c9

06
48
1E
21
CD
22
Da
E6
FE
20
0D
20
21
c3a
21
36
2A
1C
10

18

o8

00
E7
B2
F7
02
70
70

15

0A
FD
B6
FC
60

F7

DF

D5

3F

26

3F

3F

3F

aF
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KEY PRESS
2628 SCAN 3 : R E ' B3
262C PUSH BC c5
262D LD HL, KEY TAB + 22 21 4C 1F
2630 LD B, 16 H : 06 16
2632 SCAN 31 : CP (HL) BE
2633 JR Z, SCAN 32 28 03
2635 DEC HL 28
2636 DJINZ, SCAN 31 10 FA
2638 SCAN 32 : LD D, B 50
2639 POP DC c1
2634 LD HL, SYSFLAG 21 FD 3F
263D BIT 0, (HL) C3 46
263F JR Z, SCAN 5 28 1C
2641 LD 07 3E 07
2643 CP E BB
2644 JR Z, SCAN 4 28 06
2646 LD A, D A
2647 CALL SCAN, C CD 9E 26
2644 JR C, SCAN 2 38 D7
264C SCAN 4 : LD A, (KEY IN) 3A FB 3F
264F CALL SCAN C CD 98 26
2652 JR C, SCAN 2 38 CF

AUTG REPEAT

2654 LD HL, REPDLY 21 FC 3F
2657 DEC (HL) 35
2658 JR NZ, SCAN 2 20 €9
2654 LD (HL), REP2 36 16

265C REP €9



265D
265E
2661
2663
2665
2667
266A
2668
266E
266F
2670
2672
2674
2676

2678

SCAN 5 :

SCAN 6

187

NEW PRESS

LD

LD

A, D

(KIN), A

SET 0, (HL)

BIT 3, HL

JRNZ, SCAN 7

LD
LD
LD
LD
LD
LD
cp
JR

LD

HL, 0400H
C, &

A, (GAIN)

By A

A, C

C, HIGFRE

10

NC, SCAN 6
C, LOWFRE

CALL SOUND

TA
32
CB
ca
20
21
4F
3A
47
79
OE
FE
30
OE

CD

FB 3F
C6
58
14
00 04

FF 3F

10
10
02
14

6C 18



2678
267K
2681
2683
2684
2686
26889
2688
268E
2680
26913
2695
2698
2654

268D

269E
26A0
26A1
26A3
26A4
26A6
26A7
26A8
26AA
26AC

26AD

SCAN Tt

188

INTANT KEY CHECK

LD A, (KEYIN)
LD HL,SYSFAG
BIT 4, (HL)
RET NZ

CP 10H

JP Z,MONF
CP 12H

JR Z,RUNI

CP 14

JR Z,MEM1

CP 158

JP Z,STEP1
CP 16H

JP Z,REG

RET

AUTO -REPAET-KEY CHECK SUB

SCAN C:

CP 11H
RET Z
CPp 13H
RET Z
CP 18H
RET Z
CP OFH
RET Z
CP 16H
RET Z

CP 14H

3A
21
CB
co
FE
Ca
FE
Cca
FE
Cca
FE
Cca
FE
Ca

c9

FE
co
FE
ce
FE
cs
FE
cs
FE
cs

FE

FB
FD

66

10
33
12
D3
14
92
15
3D
16

ES

11

13

15

OF

16

14

3F

3F

03

04

03

05

03



26AF
2680

2681

26B2
26B3
2685
2688
26B9
26BA
268C
26BE

26BF

26EF
2600
26D3
2604
2607
2608
2608
260C
260K
26E1
26E4
26ES
26E8B
26E9
26EA

26EB

189

RET Z
SCF

RET

SCAN DISPLAY SuB

SCAN S:

SCAN S 13

L4 ¢

LD AE

QUT (DIGIT),A
LD A, (HL)
X0R A

DEC A

JR NZ,SCAN S1
OUT (SEGM),A
INC HL

RET

INC POS

LD A", A

LD A,(31001)
LD H,A

LD A,(3100)
LD L,A

LD BC,0708
X0R A

SBC HL,BC
JUMP NC L103
LD A,(3101)
LD H,A

LD A,(3100)
LD L,A

INC HL

LD A,L

LD (3100),A

cs
ar

C9

78
D3
7E
AF

3D

02

20FD

D3
23
C9

TF
3A
67
3A
6F
01
AF
ED
D2
3A
67
3A
6F
23
70
32

0t

01

00

08

42

2D

0t

00

00

31

31

07

27

at

31

31
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26EE LD A,H 7C
26EF LD (3101),A 32 01 31
26F2 LD 4,(3100) 3A 00 31
26F5 LD (3FE2),A 32 E2 3F
26F8 LD 4,(3101) 3A 01 31
26FB LD (3FF3),A 32 FB 3F
26FE LD A,0A . 3E 0A
2700 RST 10 D7

2701 LD A, (3FF5) 3A F5 3F
2704 LD (3FFO),A 32 FO 3F
2707 LD A, (3FF4) 3A F4 3F
270A LD (3FEF),A - 32 EF 3F
2700 LD 4,07 3 07
270F RST 10H D7

2710 LD A, (3FET) 3A E7 3F
2713 LD (3000),A 32 00 30
2716 LD A, (3FEB) 3A EB 3F
2719 LD (3001),A 32 01 30
271C LD A, (3FE9) 3A E9 3F
271F LD (3002),A 32 02 30
2722 LD A, (3FEA) 3A EA 3F
2725 LD (3003),A 32 03 30
2728 LD HL, 3001 21 01 30
2728 SET 7, (HL) CB FE
272D L10: LD A,A" ' R

272E RET c9



273F
2740
2743
2744
2747
2748
2749
274A
274D
2750
2751
2754
2755
2756
2759

275A

L1t:

191

DEC POS
EXX AF , AF"
LD A,(3101)
LD H,A
LD A, (3100}
LD L,A
LD A,H
OrR L
JUMP 2 , L11:
LD A,(3101)
LD H,A
LD A,(3100)
LD L,A
DEC HL
JUMP L4:
EXX AF, AF"

RET

08
3A 01
67
3A 60
6F
7C
BS
CA 59
3A 01
67
3A 00
6F
28
C3 EA
08

C9

3t

3t

27

a1

31

26



2760
2763
2764
2767
2768

2770
2771
2774
2775

2778

2TTF
2780
2783
2786
2787
2789
278C
278F
2781
2792
2794
2797
2798
2799
2798
278E
2T9F

27A2

SAVE 1

SAVE 2 :

+ LV POS 1

192

LD A, (3101)
LD H, A
LD A, (3100
LD L, A

RET

LD A, H
LD (3101), A
LD A, L
LD (3100), A

RET

EXX AF, AF®
CALL SAVE 1
LD BC, 0709
X0R A

$BC HL, BC

JUMP NC L12

CALL SAVE 1

LD B, 64

L0 ¢ INC HL

DJNZ LO :

L3 ¢« LD BC, 0709
XOR A

PUSH HL

SBC HL, BC

JUMP NC L1

POP HL

CALL SAVE 2 :

JUMP L4 :

dA
67
3A
§F
€9

7C
32
70
32

C9

08
CD
01
AF
£D
Ca
cD
06
23
10
01
AF
E5
ED
D2
El
cD
cH

00

01

00

60
09

42
A6

60

64.

FD
09

42
Ab

70

EA

31

31

31

31

27

07

27

27

07

27

27

26



2TAS
27A6
27A7

2TAF
2780
2783
2786
2787
2789
278C
27BF
27C0
27C1
27C3
27C6
27C7

2700
2701
2704
2707
2708
27DA
270D
27E0
27E2
27E3
27ES

L 12 3

- 1v POS :

LS

L4 1

+ 2V POS

L 14 1

L 16 ¢

193

+ 2V

POP HL
EXX AF, AF'
RET

POS

EXX AF," AF'
CALL SAVE 1
LB BC, 0709
XO0R A

SBC HL, BC
JUMP NC L4

CALL SAVE 1

LDB, 64
DEC HL

DJNZ LS 1
JUMP L3 1t
EXX AF, AF'
RET

POS

EXX AF, AF'
CALL SAVE 1
LD BC, 0709
XOR A

SBC, HL, BC
JUMP NC L13
CALL SAVE 1
LD B, C8
INC HL

DJNZ L 14
LD BC, 0709

El
08
c9

08
CD
01
AF
ED
ca
CD
06
28
10
c3
08

C9

08
CD
01
AF
ED
Ca
CD
06
23
10
01

60
09

42

60
64

FD

94

60
09

42
F7
60
cs

FD
09

27
07

27

27

27

27

07

27
27

07



27E8
27ES9
27EA
27EC

27EF

27F0

27F3
27F6
27F7
27F8

2800
2801
2804
2807
2808
280A
280D
2810
2812
2813
2815
2818

2819

281C
2820
2823
2826
2829

194

L 15 3

L 13 ¢

- 2V
- 2V POS 1

L 18

L 19

L 28 ¢

KEY 0-9 POS ¢

XOR A

PUSH H

L

S8C HL, BC

JUMP NC L 15 ¢

POP HL

CALL SAVE 2 1

JUM L4
POP HL
EXX AF
RET

POS

AF'

EXX AF, AF'

CALL SACE 1

LB BC,
*
XO0R A

SBC HL

JUM P NC L 19 3

CALL SAVE 1 3

LD B,

DEC HL

0709

~

c8

BC

DJNZ L 18

JUMP L 16

EXX AF

RET

AR’

JUMP L 30

LD (3000),

CALL CHANGE t

LD (3000),A

LD B,

03

A

AR
E5
ED
D2
El
CD
c3
El
0s
€9

08
CD
o1
AF
ED
CA
CD
06
28
10
C3
08

c9

c3
32
CD
32
06

42

Fg

70
EA

60
09

42
18
60
cs

FD
ES

DO
0D
80
00
03

27

27
26

27
07

28
27

27

28
30
28
30



2828
282D
2830
2831
2832
2834
2837
2839
283C
283F
2841
2844
2846
2849
2848
284E
2851
2854
2857
2854
285D
2860
2863
2866
2868
2868
2860
286F
2871
2874
2876

L 2

KEY ENTI1

195

LD A, 00

LD HL, 3001
LD (HL;, A
INC HL

DJNZ L 20 :
CALL SCAN

CP 10

JUMP Z, KEY ENT1
TR L 28 ¢

LD A, (3000)
LD (3001), A
LD A, 00

LD (3000), A
LD A, 3F

LD (3002), A
LD (3003), A
CALL CHANG SEVEN
CALL DEC TO HEX
LD A, (3FF2)
LD (3100), A
LD A, (3FF3)
LD (3101), A
LD A, (3100)
OUT (A1), A
LD A, (3101)
OR 60

OUT (A2), A
OUT (AQ), A
LD HL, (3001)
SET 7, (HL)
LD A, (300D)

3K
21
77
23
10
CD
FE
CA
18
3A
32
3E
32
3E
32
32
CD
CD
3A
a2
3A
32
3A
D3
3A
FD
D3
D3
21
CB
3A

00
0t

FC
00
10
3E
DE
00
ot
00
0o
3F
02
03
90
BO
F2
00
F3
01
00
Al
01
60
A2
A0
01
FE
0D

a0

35

28

30
30

30

30
30
28
28
3F

31

3F

31

31

3t

a0

30



2879

2880
2882
2885
2886

2887

2890
2893
2896
2898
2899
2B894A
2898
289C
289E
2BA0
2BA1
28B0
2883
2BB6
2889
28BC
2BBE
28BF

28D0
2803

28D5
2808

CHANGE

CHANGE SEVEN TO DEC

L 21

DEC TO HEX i

L

a0

196

JUND POS 1

AND OF

LD HL, 6000
LD L, A

LD A, (HL)

RET

LD DE 3FE7
LD HL, 3000
LD B, 04

LD A, (HL)
LD (DE), A
INC DE

INC HL

DJNZ L 21 1
LD A, 06

RST 10

RET

LD A, (3FEF)
LD (3FF4), A
LD A, (3FF0)
LD (3FF8), A
LD A, OB

RST 10

RET

LD (3000}, A
suB 09

JUMP C L 31
CALL SCAN

C3

E6
21
6F
TE

c9

11
21
06
7E
12
13
23
10
3E
D7
c9
3A
32
3A
32
3E
D7
C9

32
D6

DA

co

76

OF
oo

E7
go
04

FA

06

EF
F4

F5
0B

0D
09

50
GO

20

60

3F

30

3F
3F
3F

3F

30

2A
a5



2910
2913
2916
2918
2918
291E
2921
2924
2927
2924
292D
2930
2933
2936

2938

2A00
2A03
2A05
2A08
2A08
2A0D
2A0E
2A0F
2A10
2A11
2A13
2A15
2A16

2A19

CH 2 1

L 18

L 24 :

ENT 2

L 25 3
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LD A, (3000)
LD (3109). A
LD A, 3F

LD (3000), A
LD (SOQ?), A
LD (3003), A

CALL CHANG SEVEN
CALL DEC TO HEX

LD A, (3FF2)
LD (31000, A
LD A, (3FF3)
LD (3100}, A
LD HL, 3101
SET BIT 7
CALL SCAN
RET

LD HL, 3001
RES 7, (HL)
LD HL, 3000
LD DE 3FE7
LD B, 04

LD A, (HL)
LD (DE), A
INC DE

INC HL

DINZ L 25
LD A, 06

RST 10 H

LD A, (3FFO)
LD (3FF5), A

3A
32
3E
32
32
32
CD
CD
3A
3z
3A
32
21
cB
Cb

C9

21
Ca
21
11
06
7E
12
13
23
10
3K
b7
3A
32

00
ot
3F
00
02
03
90
BO
F2
oo
F3
ot
01
FE

0o

0t
BE
00
E7

04

FA
06

FO
F§

30
30

30
30
30
28
28
3F
31
3F
at
31

35

30

30
3F

3F
3F



2A1C
2A1F
2A22
2A24
2A25
2A28
2A28
2A2D
2A30
2A33
2A35
2A37
2A3A
2A3C

2A3F

2A50
2A53
2A56
2A58
2A5B
2A5D
2A60
2A63
2A64
2A67
2A69
2A6C
2A6E
2AT1

L

L

L

L

38 :

34

35

37

198

LD A,

(3FEF)

LD (3FF4), A

LD A,

0

B

RST 10 H

LD A,

(3FF2)

LD (3400), A

OUT (Al), A

LD A,

(BFF3)

LD (31007, A

0UT (A2), A

OUT AQO, A

LD HL, 3001

SET T

(HL)

CALL SCAN

JUMP POS

SET COLUMN 2

LD A,

(300D)

‘CALL CHANGE

LD (3001),

CALL SCAN

suB 09

JUMP C L 35 ¢

JUMP L 34

LD A,
LD HL,

SET 7,

A

(300D)

3001
HL

CALL SCAN

CP 0A

JUMP C L 36 3

JUMP

L

37

3A
32
3E
D7
3A
32
D3
3A
32
D3
D3
21
CB
CD
€3

3A
CD
32

CD

DA
€3
3A
21
cB
CD
FE
DA
C3

BF
Fa
0B

F2
00
Al
F3
ot
A2
AO
01
FE
00

76

0D
80
01
00

58
0D
01
FE
00
0A

758
6A

3F

3F

3F

3t

3F
3t

30

35
20

30
28
30
35

2A
2A
30
30

35

2A
2A
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2A74 L 36 : CALL CHANGE
2777 LD (3002), A
2ATA L 39 : CALL SCAN
2ATD CP 0A

2ATF JUMP C L 38 1
2AB2 JUMP L 39 :
2ABS L 38 : CALL CHANGE
2A88 LD (3003, A
2ABB L 40 : CALL SCAN
2ABE Cp 10

2A80 JUMP L 41
2A93 JUMP L 40 1
2A86 L 41 3 LD HL, 3FESB
2A99 RES 7, (HL)
2A58 LD A, 06
2A8D RST 10

2A8E LD A, (3FF0)
2AA1 LD (3FF5), A
2AA4 LD A, (3FEF)
2AAT LD (3FF4), A
2AAA Lb A, OB
2AAC RST 10 H
2AAD LD A, (3FF2)
2AB0 LD (3100), A
2AB3 LD A (3FF3)
2AB6 LD (3101), A
2ABS LD Hy A

2ABA LD A, (3100)
2ABD LD L, A

2ABE . LD BC, 0709

2AC1 X0R A



2AC2
2AC4
2AC7
2ACA
2ACD
2ACF
2AD2
2AD4
2AD6

L 35 1

200

SBC BC, HL

JUMP Z, L 35 t

JUMP START

LD A, (3100)

OUT (A1),

LD A, (3100)

OUT (A2),
OUT (AD),
JUMP POS 3

A

A

A

ED
c2
C3
3A
D3
3A
D3
D3
C3

42
CA 2A
00 20
00 31
Al
Gl 31
A2
AO
76 20
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National
_ Semliconductor
Corporation

DAC1218, DAC1219

12-Bit Binary Multiplying D/A Converter

General Description
The DAC1218 and the DAC1219 are 12-bit binary, 4-quad-
rant multiplying D 10 A converters. The linearity, differential
non-linearity and monotonicity specifications for these con-
verters are all guaranteed over temperature. In addition,
these parameters are specified with standard zero and full-
scale adjustment procedures as opposed 10 the impractical
best fit straight line guarantee.
This level of precision Is achieved though the use of an
advanced silicon-chrgmium (SiCr) R-2R resistor ladder net-
work. This type of l@:}lnlm reslstor efiminates the parasitic
diode problems assdciated with diffused resistors and al-
lows the applied reference voltage 1o range from —25V to
25V, independent of the loglc supply voltage,
CMOS current switches and drive circuitry are used to
achieve low power consumption {20 mW typical) and mini-
mize output leakage current erors (10 nA maximum).
Unique digita! input circuitry maintains TTL compatible input
threshold voltages over the full operating supply voltage
tange.
The DAC1218 and DAC1219 are dérect replacements for
the AD7541 series, AD7521 series, and AD7531 series with
a significant improvement in the finearity speciflcation. In
spplications where directinterface of the D to A converter to
Y

a 'microprocassor bus is desirable, the DAC1208 and
DAC1230 series eliminate the need for additional interface
logic. ¢

Features

= Linearity specified with 2ero and full-scale adjust only

® Logic Inputs which meet TTL voltage level specs (1.4V
logic threshold)

B Works with 1 10V reference—Ifull 4-quadrant
multiplication

m All parts guaranteed 12-bit monotonic

Key Specifications
8 Current Settling Time 1pus
® Resolution 12 Bits

#& Linearity (Guaranteed
over temperature)

12 Bits (DAC1218)
11 Bits (DAC1219)

& Gain Tempco - 1.5 ppm/*C
m Low Power Dissipation 20 mw
m Singlo Powor Supply 6 Vpg 1o 16 Vpg

\\
Typlcal Applicatlon\ Connection Dlagram
i i \ Dual-in-Lins Package
N ABsusT
(T 158 AAA R \J
Vi ' "
T T { l "W lout ~—q e =
e w6 2 [
. ‘outs = == vaur
Al s+ % o oA u,.\ ano < = vee
Y foun? .
270V O~ Vg oACIe o ::#:'u Alimsa) —d |~ a1288)
fourz Al nl ' an
Vee [L]] N u
l -L 1"y Al ond ’—- Al
-— = at -,-4 v‘—’ Al
v
* sl LW
TUL/H/5691 -1 . "
Al A2 Ad A2
Voutr = =VRer (?1 T-f T# m)
TUL/H/5801- 15
whaere: AN = 1 If agital input Is high Top View

AN = 0 H digtal input Is low
Ordering Information

Temperature Range 0°'Cto +70°C

—40°C to + 85°C Package Outline

Non 0.012% DAC1216LCJ-1

DAC1218LCJ J18A Cerdip

Linearity

0.024% DAC1219LCJ-1

DAC1219LCJ J1BA Cerdip

61210va/siciova

s’




DAC1218/DAC1219

Absolute Maximum Ratings (otes 1 and 2)

It Military/Aerospace specitied devices are required,
contact the Natlonal Semliconductor Sales Office/
Distributors tfor avallabllity and specifications.

Supply Voltagu (Vge)
Voltage at Any Digital Input
Voltage at Vpgr Input
Storage Temperalure'Range

Package Dissipation at T = 25°C (Note 3)
DC Voltage Applied to loyTy of loyT2

(Note 4)

Lead Temp. (Soldering, 10 seconds)

ESD Susceptibility (Note 11)

17 Vpc

Vcc to GND
+25v

-65°Cto +150°C
500 mw

=100 mV to V¢

300°C
8soov

Electrical Characteristics

VRer = 10.000 Vpc, Ve = 11.4 Vpg to 15.75 Vpc unless otherwise noted. Botdtace iI

Note 9); all other limits T4 = Ty = 25°C.

Operating Conditions

Temperature Range

DAC1218LCJ, DAC1215LCY
DAC1218LCJ-1, DAC1210LCJ-1

Range of Ve
Voltage at Any Digital Input

Trin < Ta < Thax
—40°C < Tp < +85C

0'C<Ta<70C
§ Vg 0 16 Vi

Vcgto GND

mits apply from Ty 1o Taax . 'ee

T Tested Dosign
Parameter Condjfons Notes (No ');pw) Umit Limit Units
4 {Note 11) | (Nota 12)
Resolution 12 12 12 Bits
Linearity Error Zaro and Full-Scale 4,59
({End Point Linearity) Adjusted
DAC1218 0.012 0.012 % of FSR
DAC1219 0.024 0.024 % of FSA
Ditferential Non-Linearity Zero and Fuli-Scale 4,59
Adjusted
+| DAC1218 0.018 0.018 % of FSR
DAC1219 0.024 0.024 % of FSA
Monotonicity 4 12 12 12 Bits
Gain Error (Min) Using Internal Rgyp, 5 -0.1 0.0 % of FSA
Gain Error (Max) VRer = £10V, 21V 5 -0.1 -0.2 % of FSA
Gain Error Tempco 5 +1.3 +6.0 ppmot FSC
Power Supply Rejection All Digital Inputs High 5 +3.0 +30 ppm of FSRY
Relerence Input Resistance (Min) ) 9 15 10 10 k0
(Max) \ 9 15 20 20 k0
Output Feedthrough Error | Vagr=120 Vp-p, t=400kHz | 6 3.0 mVpp
All Data Inputs Low \
Output Capacitance ' All Data Inputs  1gyT, 200 oF
High lout2 70 pF
All Data inputs  loyry 70 oF
T T Low lout2 200 pF
Supply Current Drain / 9 20 2.3 mA
Output Leakage Current 7.9
lout All Data Inputs Lov{l 10 10 oA
louT2 All Data Inputs Hig 10 10 nA
Digital Input Threshold Low Threshold [°) 0.8 0.8 Voc
_High Threshold - 2.2 2.2 Voc
Digital Input Currents * Digital Inputs <0.8V 9 -200 -200 A
! Digital Inputs >2.2V 10 10 pAOC
t.\Curron( Sottling Tléno R = 10012, Output Settled
. t0 0.01%, All Dugital Inputs 1 ps

Switched Simultaneously
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Electrical Characteristics Notes

Note 1: Absolute Maximum Ratings indicate limits beygnd which damage to the device may occur, DC and AC electrical specificatons da not apply when cperatng

Tw deviCe beyond i3 sp P q ]
Mate 2: All voltages are measurod wilh rospect ta GND, unless otherwise spocitiod.

Nate 3; Trus 500 mW specitication apphes for ali J gea. The low powur & of thus past (and the fact that there 8 N0 way to significantly modity
the powur dis3ipation) ramoves concern for heat ginking.

kot 4: Both Ioyry and lgytz must go to ground Q‘I the witual ground of an operational ampl The | y eror is dogr by approxi dy Vos + VRer. For
sumple, f Vaee = 10V then a t mV offset, Vos. on loyr) of loyrz will an 0.01% & y ofror.

Note 5: Tha unit FSA stands for full-scala range. Lineanty Error and Power Supply Rojuction specs are based on tus unit to ekminate dependence o a parucular
VaEF value 1o indicate the tue performance of the pant. The Linearity Error spacificabon of the DAC1218 is 0.012% of FSA. Thia guarantees that ater performing a
w0 and lull-scale adustment, the plot of the 4098 analog voitage outputs will each be withun 0.012% X Vagr of a straight lne whech pa3ses through zero and full-
scala. The und ppm of FSR (parts per mutkon of tull-scale range) and ppm of FS (parts per mithon of full-scale) are used for convanience Lo deline apecs ol very
wnell percantiga valuas, typical of hugher accuracy convurtora. 1 ppm of FSH - Vi ¢/ 108 Is thu convureon lucior to provide sn actusl output voltage quentity, For
ssemple, e guin wror lumpco spuc of L8 ppm of FS/°C ruprusunts & worst-casu full-sCalu gan wiior chunge with tumperstre from -40°C 1o + 85°C of
LB VRgs/ 108K(125°C) or £0.75 (10 -J) Vagr which is £0.075% of VRgg.

Nate §: To achwve this low feadthvough in the D package, the user must ground the mutal . if the Iid 13 Taft llon‘lmg the leadifwough is typically 6 mV.

Mate 7: A 10 nA leakagse current with Rey, = 20k and Vage = 10V corresponds 10 a zero erfor of (10X 10 -9 < 20 < 109) X 108% 10V or 3.002% of FS.

Note 8: Human body moded, 100 pF discharged through 1.5 kil resistor,

Hote 9: Tested hmut for <1 sulfix parts apphus ¢nly at 25°C.

Hate 10: Typ:cals are at 25°C and represunt thd most likoly parcmetnc norm.

Note 11: Tustud lrtuts wrv guaraniyued 10 National's AOQL {Average Oulgoing Quulity Luvel).

Mete 12: Dosgn Umits are guaranteed bul not 100% production tested. Thesa lmuts are not usud 10 Calculate Oulgoing quakty levels,

Typical Performance Characteristics

Digital input Threshold Digitat input Threshold
vs Vcc vs Temperature
4 1
s * S PERE
a - a cc" 'sc
a 18 |rae-arc s ~ Vege 10vpe
H C L LRSS
& 11 |1y awe et 2 43 ™
E A < b= £
é. os LTacWE 5 o Vegobvge | |
g .. L
(] . |
[] ] " " B MU N
Vg - SUPPLY VOLTAGE (V) Ta — AMBENT TEMPERATURE ("T)
Galn and Ulnearity Error Gain and Unearity Error
Varlation vs Temperature Variation vs Supply Voltage
Vee- Vg Tacdw’c
' l a
E w SGAn £ om0 ALIMEARTY EAROA ——
S o }2. =
= ,’ ; .
R
E o w atmeamiy = o A 0AIN LAROA
= - H
: anl1-. _ _ X an
/
{ ~5E-38-15 B 28 & B 28 108 S ’ s " "
Ta - AMBIENT TIMPEAATURL (C) Vep - SUMLY VOLTAGE (Vo)

TuH/6891-2

61210va/81eiova
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DAC1218/DAC1219

Definition of Package Pinouts

(A1-A12): Digital Inputs. A12 is the leas! significant digital
input (LSB) and A1 is the most significant digital input
(MSB).

lours: DAC Current Qutput 1. lgyty Is 8 maximum for a
digital input of all 1s, and is zero for a digital input of all 0s.

lout2: DAC Current Output 2. Iy, is a constant minus
loyt1. or loyty +loyt2=constant (for ‘a fixed refefence
voltage).

Ryt Feedback Resistor. The feedback resistor is provided
on the IC chip for use as the shunt feedback resistor for the
external op amp which is used to provide an output voltage
for the DAC. This on-chip resistor should always be used
(not an external resistor) since it matches the resistors in
the on-chip R-2R ladder and tracks these resistors over
temperature.

Vrer: Reference Voltage input. This input connects to an
extornal precision voltage source to the internal A-2R lad-
dur. Vi g cun bu soluctud over thy runge of 10V 10 10V,
This is als0 the analog voltage input for a 4-quadrant multi-
plying DAC application.

Vcc: Digital Supply Voltage. This is the power supply pin for
the part. Vcg can be from 5 Vpg to 15 Vpc. Operation is
optimum for 15 Vpg.

GND: Ground. This is the ground for the cicuit.

Definition of Terms

Resolution: Resolution is defined as the reciprocal of the
number of discreto’ steps in the DAC output. It is directly
related to the number of switches or bits within the DAC. For
example, the DAC1218 has 212 or 4096 steps and therefore
has 12-bit resolution.

Linearity Error: Linuarity urror In tho muximum duviation
from & straight line passing through the endpoints of the

a) End point test atter zero and FS adjust
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DAC transter characteristic. 1t is measired after adjusting
for zero and full scale. Linearity error is a parameter intrinsic
to the device and cannot be externally adjusted.

National's linearity test (a) and the best straight fine test (b)
usod by othur supplors are lllustrated below. The bust
straight line (b) requires a special zero and FS adjustment
for each part, which is almost impossible for the user to
determine. The end point test uses a standard zero FS ad-
justment procedure and is a much more stringent test for
DAC linearity.

Power Supply Sensitivity: Power supply sansitivity s a
measure of the effect ol powser supply changes on the DAC
full-scale output.

Settling Time: Full-scale current settling time requires zero
to full-scale or full-scale to zero output change. Settling time
Is the time required from a code transition until the DAC
output reaches within 1 1/2 LSB of the final output value,
Full-scale Error: Full-scale arror is a measure of the output
oo butwoon an idual DAC and the actual duvice output,
ldually, for thu DAC1218 tull-scalu Is Vier 1 LSU, bor
VRerF = 10V and unipolar oporation, VEuLL.
SCALE — 10.0000V - 2.44 mV - 9.8076V. Full-scalv viior Is
adjustable to zero.

Differentlal Non-Llnearity: The difference between any
two consucutive codes in tho transler curve fiom the thuo-
retical 1 LSB is differentia! non-linearity.

Monotonic: I the output of a DAC increases for increasing
digital input code, then the DAC is monotoric. A 12-bit DAC
which is monotohic to 12 bits simply means that input in-
creasing digital input codes will produce an increasing ana-
log output.

b) Shitting FS adjust to pass best stralght line test
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| Application Hints
The DAC1218 and DAC1218 are pin-for-pin com_galibla with 2.0 CREATING A UNIPOLAR OUTPUT VOLTAGE
tho DAC1220 series but feature 12 and 11-bit linoarity spec- (ADIGITAL ATTENUATOR)

. single point grounding and supply distribution.

ifications. To preserve this degree of accuracy, care must
be taken in the sclection and-adjusiments of the output am-
phifiur and rutorencu voltago. Carotul PC bosrd luyout s Im-
portant, with emphasis made on compactness of compo-
nents to prevent inadvertent noise pickup and yJilization of

To generate an output voltage and keep the potential at the
curtunt output turminuls vt OV, un op amp currunt 10 vollugy
converter is used. As shown in Figure 2, the current from
louT1 flows through the teadback resistor, forcing & propos-
tional voitage at the amplifier output. The voitage at louT1 i3
held at a virtual ground potential. The feadback resistor {8

1.0 BASIC CYRCUIT DESCRIPTION i — e vn_ provided_on the chip and should always be used as it
Figure 1 ustrates the R-2R current switching ladder net- matches and tracks the R value of the R-2R ladder. The
work used in the DAC1218 and DAC1216. As a function of output voltage is the opposite polarity of the epglied rofor-
the logic state of each digital input, the binarily weighted ence voltage.

current in each leg of the ladder is switched to either louT1 2.1 Amplitier Considerations

of loyt2 The voltage potential at loyTs 8nd lout2 must be

at zoro olts to keap the current in each log the same, inde- To maintain linearity of the output voltage with changing

digital input codes the input ofiset voltage of the amplifier

pendent of the switch s.me. must be nulled. The Jesistance from loyTy ‘o ground
The swiches operate with a small vottage drdp acoss thom (Rigyry) varies nondinearly with the apphed digital code
and cen therefore conduct currents of either potarity. This froca ‘minimum of R with ali onus epplied to the input to
permits the reference 1o be posiiive of negative, thereby near = with an all zer0s code. Any of!sot voltage between
ahowing 4-quadrant multiplication by the digital input word. the amplifier inputs appoars at the output with a gain of
The reference can be a statlle DC source o a bipotar AC R
signal within the range of £ 10V, for specified accuracy, with 14—
an absolute maximum range of +£25V. The reference can Rigut1
also exceed the applied Vg of the DAC. since Rigyry varies with the input code, any offset will de-
The maimum output current from either loyTy of louT2 is qrade oulput linearity. (See Note 4 of Electrical Characteris-
equal 1 tics.)
vV, 4005 i the desired amplifier does,not have offset balancing pins
—RE—;‘E’J (m) . available (it could be part of a dual or quad package) the-
. R . nulling circuit of Figure 3 can be used. Tho voltuge at tho
where R is the reference inpult resistance {typically 15 ki1). non-inverting input will ba set to — Vos Inttiatly to force the -
A high level on any digital input steers Curent to loyts and inverting input to OV. The common technique of summing
u low bevel stoors curront 10 louT2- curont Into tho umplifior summing junction cannot bo usad
us it diuctly inliuducus a fuiv cudu output curtent oo,
oy ® [ L} L} [ L} L3 n (] n [ [

r r r r r r r r r r r r
] ] ] [} 1 ] [} | [} [} [} [} ipu1?
] 1‘ 14 + 1# 1: 1: + + 1% 1: 1; 1 ;onul
R 4 + + + 4 4 + + y + + 90
1 3 ' 1 t ' 1 1 t 1 ' 1 ‘our!
] ~3 1 t 1 [} ] [} ) 1 | [} Y
] l\\ 1 1 ! [} 1 [} ] | ' |
b & ~ 4 $ ) .3 . $ . & & s
a a o M a a6 a I a8 A an a2 M ELDACE
g ~ nsw)
Mo Swilches shown In d1°|ul\rth state. TL/H/S691-4

FIGURE 1. The R-2R Current Switching Ladder Network
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Application Hints (continued)
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FIGURE 2. Zerolng an Amplitier Which Does Not Have Balancing Provisions

The selected amplifier should have as low an’input bias
current as possible since input bias current contributes to
the current flowing through the feedback reasistor. BI-FETT™
op amps such as the LF356 or LF351 or bipolar op amps
with super 3 input transistors1ike'the LM11 or LM308A pro-
duce negligible errors. .

2.2 Zero and Full-Scale Adjustments

The fundamental purpose is to maks tha output voltages as
near 0 Vpc as possible. This is accomplished in the circuit
of Figure 2 by shorting out the.amplifier feedback resist-
ance, and adjusting the Vgg nulling potentiometer of the op
amp until the output reads zeto voits. This is done, of
course, with an applied digital input of all zeros it loyty Is
driving the op amp (all ones for lgyr2). The feedback short
is then removed and the converter is zero adjusted.

A unique characteristic of these DACs is that any full-scale,
or gain error is always negalive. This means that for a full-
scale input code the output-voltage, if not inherently correct,
will always be less than what it should be. This ensures that
adding an appropriate resistance it series with the internal
feedback resistor, Rgy: will always correct for any gain error.
The 500 potentiometer in Figure 2 Is all that is needed to
adjust the worst case DAC gain error.

Convarsion accuracy is only as good as the applied refer-
once voltago, so providing a source that Is stublo over timo
and temperature is important.

2.3 0utput Settling Tlmo
The output voltage settling time for this cirodt in rospons
to a change of the digital input code (a fuil-scale changes
the warst case) Is a combination of the DACseutput cumu
settling characteristics and the settling characteristics of '
output amplifier. The amplifier settiing is furfives degraded
a teedback pole formed by the feedback resistance and
DAC output capacitance (which varies with @ digital cods
First ordor compensation fof this pole is achimsad by addry
a feedback zero with capacitor Cg shown ia Fgure 2.
In many applications output response time and se'!l'ngr
just as important as accuracy. {t can be Sllicult to finds
single op amp that combings excellent DC characterisia i
(fow Ygs. Vos drift and bias current) with fast;esponse i
setting tima. BI-FET op amps offer a reasamable compr, {
mise of high speed and good DC charactessics. The cucs, !
of Figwre 4 illustrates a composite amplifier connection bs
combines the speed of a BI-FET LF351 wilth the excelw
DC inpeat characteristics of the LM11. if outgst settling o
is not so critical, the LM11 can be used atoss. l
Figue 5 is a settling time test circuit for the completew
age output DAC circuit. The circuit allows the settling tim..
the DAC amplifier to be measured o a reaalution of 17,
out of a zero to + 10V full-scale output chamge on an oar.
loscope. Figure 6 summarizes tho moasuned setlling e’
for several output amplifiers and foedbach componub
capacitors. ‘.
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Application Hints (continued) e S
3.0 OBTAINING A BIPOLAR OUTPUT VOLTAGE .. «. - Wheré D is the decimal equivalent of the true binary input™*
FROM A FIXED REFERENCE ) word. This configuration inherently accepls a code (hall-

- . ) scala’or D=2048) to provide OV out without requiring an

I:: : drfg::&i't;p?lﬁro 231:& :W '%:?:r: :i;ﬂ::lgg‘;ﬁci oxtornal ¥ LSB oflsut as noudod by othur bipolar multiply-
9 oftag) By i
AR ! AC circuits.

voltage (Figwe 7). This, In effoct gives sign significahce to ng DAC circu .
the MSB of the digital input word to allow two quadrant mul.. Only the 9"“’? vollage ?’ amplifier A1 need be nulled to 7
tiplication of the reference voltage. The polarity bf the refer- * preserve linearity. The gain setung‘ res'tslors arqund A2 must
aence voltage can also be reversed to realize full 4-quadrant match and track each other. A thin film, 4-resistor network
muttiplication. available from Beckman Instruments, Inc. (part no. 694-3-

; the followi R10K-D) is ideally suited for this application. Two of the four
The output responds in accordance 1o the foliowing expres- tesistors can be paralieled 10 form R and the other two can

sion: b be used separately as the resistors labeled 2R.
- D - 2048 0 Operation is summarized in the table below:
Vo VREF( 2048 ),OS D < 4095 P
DI::.PI’:‘“' Decimal Vout
M5B e ? .. Lgp | Eauivelent 4 Vier ~Vaer
] 1 1 1 1 1 1 1 ] L I S | 4095 VRer—1LSB ~ VRerl+1LSB
1 1t o0 0 0o © © o0 o0 o0 O 0 3072 Vaes/2 ~|Vreri/2
1 o o o o o o 0O O O O O 2048 [ 0
[} 1 1 1 ] 1 1 1 1 1 1 1 2047 -11S8 +1LS8°
0 1 o o o o o O o0 o0 O 0 1024 —VRer/2 +|Vrerl/2
0 o 0 o0 o o o o0 O o0 O 0 0 ~VRer +|Vaee!
[VRer!
Where 1158 2048 .
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FIGURE 7. Obtaining a Blpolar Output from a Fixed Reference






