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Abstract

Data Logger for Oscilloscope is used for storage nonperiocdic
anhalog signal, convert by ADCO820 to be§digita1 signal. The process is
controlled by Z-80 microprocessor with @ 4 KByte Assembly program. The
special function of this instrument isi "ZOOM" function that use to
zoom Lhe selected area of signal. It usé LCD and keyboards to take the
user’s commands. This instrument is combining with oscilloscope for
displaying the analog signal. It has sampling rate from 1 time/minute

'
to 85,000 times/second. This special Qroject is suitable to storage

analog signal with in audio frequency range or lover frequency.
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- L. | [A = R1
aWemAiueui = 0 Q

3.1.2 %7 Noninverting Amplifier

¥ v o
2937WusuEas Noninverting Amplifier lﬁﬂﬂ\?‘gﬂﬂ 3.3

~13~



o iy e n.
3ﬂn 3.3 72937 Noninverting Amplifier
- 4 ) . du e e
dnpyniduwmanilaut §fimn Noninverting Input  wacdmrwinisuniugneia
< .
G2sa2EwN M R uar R, W97 Inverting Input

- - 4, ' i
ﬂ1nqmauﬁanaqaaﬂuauﬂ Baminend (r, ) dargan

r. =a (3.6)

1\ SRR (3.7
aw 1i wrediulvih N
v_=i_ (R4R) = [(RAR)I/RIV_ (3.8)

uasﬁhiﬁnﬂwﬂgﬂﬂﬂ AL iy

v /v, = [(R4R)/R,] = 1+(R_/R ) (3.9)
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v000
0000

0000
0aoo

0100

0u40
0041

0004
0000
0006
0107
0L03
0002
0001

0ug0
0081
0082
0083

006F
007E
007F

2000

FFO1
FFO5
FFOY
FIOD
FF11
FF15

FK19
FFIB
FE1D

S CPU

i

<y
. HOF

ORG
C30001 JpP

ORG
= ADCPRT:  EQU
= DACPRT:  EQU
= BINT; EQU
= BIMDY: EQU
= BIN: EQU
= BLOOM: EQU
= BLET: EQU
= BRGT: EQU
= BGO: EQU
= PRATA;  EQU
3 KYPRT: £QU
= PSIGN: EQU
=] PCTRL; EQU
= UNDERLINE: EGU
= LEET: EQU
= RIGHT: EQU
= STRT: Eal)
= TBL: EQU
= TBLX: EQU
= TBLX1:  EQU
= TBLX2:  EQU
= TBLA: | RQU
= TBL4 : EQU
= POsT QU
= POSX : EQQ
= POSX1:  EQU .

"7280.TBL"
"BING"

0000H
HHH

01004

+0H
41H

04H
0OH
DBH
n7H
03H
n2H:
0LH

BOR
B1H
H2H
BAH

DoFH
07EH
07FH

02000H

"OFFO1H

OFFO5H
OFFO9H
OFFODH
OFF11H
OFF15H

0FF19H
OFF1BH
OFF LUH

4



IF'F1F

FK21

FF31
FF32
FF33
FF34
FF36
FF37
FF39
FF3D
FF3E
FF3F
FF41
FF42
FF43

FF44
FF46
FF49

0100

0103
0105
0107

010A
010D
0110
0113
0116
019

011C
O011E
0121
0124
0126
0129

31FFFF

3Eg2
D383
CD1B0A

210020
2201FF
2205FF
2100FF
2203FF
2207FF

3E00
J219FF
321BFF
3E0A
321AFF
321CFF

POSX2: EQU

P1234: EQU
KYFG: EQU
KYDT: EQU
ORDER: EQU
CURS: EQU

LOOPDL: EQU
LEVEL: EQU

SMPR: EQU
TDLEV: EQU
TRGLV:  EQU
PPOINTER: EQU
SPBEF: EQU
X: EQU

BUFTMDV: EQU

VALTMDV: EQU
BCDTMDV: EQU
POWERBCD: EQU

HHH: LD

LD
ouT
CALL

LD
LD
LD
LD
LD
LD

LD
LD
LD
LD
LD
LD

OFF1FH
OFF21H

OFF31H
OFF32H
OFF33H
OFF34H
OFF36H
OFF37H
OFF39H
OFF3DH
OFF3EH
OFF3FH
OFF41H
OFF42H
OFF43H

OFF44H
OFF4GH
OFF49H

SP,0FFFFH

A,8ZH
(PCTRL),A
INITLCD

HL,STPT
(TBL), HL
(TBLX) ,HL
HL,0FFOOH
(TBL+2) ,HL
(TBLX+2),HL

A,0
(P0OS),A
(POSX),A
A, 10
(POS+1),A
(POSX+1),A



012c¢
DI12E
0130
0133
0134
0135
0138
0139
013a
0148

013D
0110
0142
0145
0147

D144
014c¢
014F

0161
0154
0156
0159
0158

015E
015F
0162

0165
0169
016C
0161
Ol6¥x
0172
0175
0178

000
0640
21EAGB
56 LOl:
chH

CD420A

1

23

0cC

10F6

21ACOA
3101
CD5A0A
3E02
CD5A0A

0680
ChocoA
10FB

SOLIDY:

21BAOB
3E01
CD5A0A
3EQ2
CD5A0A

RUN:

AF
3231FF
3233FF

EDSBOI1EF
2A03FF
ED5?,

EB
010400
chc402
2242FF
EDSB42FF

REAL:

DOWLOAD:

b 0
LD B,64

LD  HL,TABD
LD D, (HL)
PUSH BC

CALL WRCGRAM
POP  BC

INC HL

INC C

DINZ DO1

LD HL,PSOLIDY
LD 4,1

CALL WRLINE

L.D =

CALL WRLINE

LD  B,80H
CALL DELAYNS
DINZ SOLIDY

LD  HL,PMENU ;
LD A1

CALL WRLINE

L\ 2ol

CALL WRLINE

XOR A
LD (KYFG),A
LD  (ORDER),A

LD DE,(TBL)

LD HL, (TBL+2)

SBC HL,DE ;
EX  DE,HL

LD  BC,000AH
CALL DIVIDE ;
LD (X),HL :
LD  DE,(X)

HL=HL-DE

7 DIVISOR
HL=HL/10
X=HI.

PRINT "<Z00M> :

PRINT '——emm SOLIDY--~-~ n

<INPUL>"



017C 3ALBFF LD A, (PUSX)

OLTF 4F LD C,A : POSi=C,X=DR

0180 CDB402 CALL MULTI i HL=DE*C

0183 EDSBOLFF LD  DE,(TBL) ; S1=DE

0187 19 ADD HL,DE . S1 = 81 + (POSI#X)
0188 2205FF LD  (TBLX),HL

018B EDSB42FF LD  DE,(X)

018F 3A1CFF LD A, (POSX+1)

0192 4¥ LD C,A ; POS1=C,X=DE

0193 CDB402 CALL MULTI 5 NL=DE=C

0196 ED5BOTFK LD  DE, (TBL) i S1=DE

0194 19 ADD HL,DR . 82 = 81 + (POS2%X)
01YB 2207FF LD (TBLX+2),liL

U198 EDSBO5FF LD  DE, (TBLX) i 8=82-81

0142 ED52 SHC  HL,DE

01A4 EB EX  DE,HL

01A5 01K403 LD  BC,03F4H i HL=HL/BC:DIVISOR
01A8 CDC-102 CALL DIVIDE i BO=200S/0UTPUT RATE
01AB E5 PUSH HL s DEFALT=04FEll

014C €1 POP  BC

OLAD 78 LD A,B

01K Bl Ok C

01AF CADTO1 JP Z,REAL2

0182 2A051'F START: LD  HL, (TBLX)

0185 EDSBOTFI LD DE, {TBLX+2)
01BY9 3EFF LD  A,OFFH
01BB D341 OUT (DACPRT),A
O1BD D341 OUT (DACPRT),A
01BF 7E ST LD A, (HL) ;  This routine use 81 Tstate
01co D341 OUT (DACPRT},A
01c2 09 ADD HL,BC

01C3 ED52 SBC HL,DE

01CH D2CCo1 JP  NC,ST11
o1c8 19 CADD  HL,DE

01C9 C3BFO1 JP 8T

01CC AR ST1l: XOR A

01CDh D341 OUT (DACPRT),A



K4

O1CE D34 OUT (DACPRT),A
01Dl CDSFO2 CALL CHRY
01D4 €3B201 JP  START

01D7 ED3BOSFF  REALZ: LD DE, (TBLX)

O1DB 2A07EF LD HL,(TBLX+2)

01DE ED52 SBC  HL,DE : N=HL-DE
01E0 118203 LD  DE,03F2H

UIE3 ED52 SBC  HL,DE

OVES D23902 JP  NC,REAL3

01E8 19 ADD  HL,DE

O1E9 4D BEONI Y,

O1RA 44 . LD B,H

OTER 11204E LD  DE,20000

01EE CDC402 CALL DIVIDE . R=20000/N
01F1 0EOQ4 4 a1

01F3 EB EX  DE,HL

01F4 CDB402 CALL MULTI ;i T=R¥A
O1F7 113900 LD DE,57

01FA ED52 SBC  HL,DE s S=1-78
01FC EB EX DE,HL

01ED 010400 LD BC,10

0200 CHCL02 CALL DIVIDE Dooess/ 1
0203 7D LD A,L

0204 B5 OR L

0205 (:20A02 JP  NZ,SV

0208 3E01 LT LB AN

020A 3236FF  SV: LD  (LOOPDL),A

020D 2A05FT START2: LD  HL, (TBLX)

0210 ED5BOT7FF LD DE, (TBLX+2)

0214 3EFF LD A,OFFH

0216 D341 OUT (DACPET),A

0218 D341 . "OUT (DACPRT),A

021A 7E ST2: LD A, {HL) : This routine use
0218 N341 OUT (DACPRT),A ;  B1 Tstate+DELAY

021D 3A3GFF LD A, (LOOPDL)
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(SR DO TUI VR S AR A A %\7
N
fam)

o O Cc o O o o
[RCRE NI A SO AT A A A
o o O e W

fe]
w

022g
N22¥
0231

0233
0236

(0239
023¢

0210
0212

0241

0el6
0247
0249
0244
0%48
024C
024F
0230
0251

0259

025C

U25F

47
10FE
23

7¢

BA
C21A02
7D

BB
CZ1A02

Al
IXEN!
13341

ChSEOZ
¢30b02

ZAOSKF
ED5BOTLF

JEFE
b341
D311

Tk
D341
23

e

BA
€24602
7D

BB
€24602

Al
D341
D341

CDh5F02
€33902

3A3IFF

RIEALJ:

513

CHKY <

LD
DJINZ
INC
LD
Cp
JP
LD
cp
JP

XOR
outT
ouT

CALL
Jp

LD
LD

lll)
our
ouT

LD
our
INC
LD
cp
Jp
LD
cp
JP
X0k
our

our

CALL
P

LD

AN

D
NZ,S8T2
A,L

E
NZ,8T2

A
(DACPRT) , A
(DACPRT ), A

CHRKY
START?Z

HL, (TBLX)
DE, (TBLX+2)

A,OFKH
(DACPRT) ,A
(DACPRT) ,A

Ay (HL)
(DACPRT) , A
HL

AH

D

NZ,813

A,L

E
NZ,813

A
{DACPRT) ,A

(DACPRT), A

CHKY
REAL3

A, (KYFG)

.
’

i

This roul.ine use

81

Tstate+DELAY



0267
0269
0268
0260
026F
0271
0274
0277
0279
0217¢

027D
027
0281
0282
0283
0287
0289

02BA

028D
028F

02AE
0280

0213

CB47
27002

B |
600
E8
JAJLEFF
CBC7
d231FF
CDOCOA
[B81
J232FF
9

nB81
r6 00
120
CLOCoA
DB81
F600
EO

3A31FF
CB87
3231FF

3A32FF
CB77
CA9507
CB47

(> CADFO4

CBTF
CADFOZ
CB5F
CAH303
CB57
CA9603
CB4F
CABBO3

Y

NPRSS:

RELEASE:

BIT
JP

IN
OR
RET
LD
SET
LD
CALL
IN
LD
RET

IN
OR
RET
CALL
IN
ORr
RET

LD
RES
LD

LD
BIT
JP
BIT
JP
BIT
JP
BIT
JP
BIT
JP
BIT
JP

RET

0,A

NZ,RELEASE

A, (RYPRT)
0

PE

A, (KYFG)
0,A
(RYFG),A
DELAYMS
A, (KYPRT)
(KYDT),A

A, (KYPRT)
0

PO
DELAYMS
A, (KYPRT)
0

PO

A, (KYFG)
0,A
(KYFG), A

A, (KYDT)
BIN, A
Z,KINP
BTMDV, A
Z,TMDV
BZOOM, A
Z, ZOOM
BLFT, A
Z,KLFT
BRGT, A
Z,KRGT
BGO, A
Z,KGo

KEY HAVE PRESSED GO'Tu
RELEASE MUST PULL U
4.78 EVERY BIT

FOR SET FLAG
MO PRESS GOTO START

DEBOUNCE = 10 ms

FOIt SET FLAG

DEBOUNCE = 10 ms

FOIR SET FLAG

BIT 5

BIT A

BIT 3

BIT

o

BIT 1

BT 0



0214
0256

0219
0288
02BD

UZBE
028F
02C0
02c1
023

0204
02C5
0206
02c7
02C9
0zeB
02¢D
02CF
0201
02D3
02D
02D5
0208
0209
U2DA
02D
020D
02Dk

0zZbr
UZEl

0608
210000

CB3Y
3001
19

EB
29
EB
10F6
CH

Al
67
61
3E10
CB13
CB12
ED6A
ED42
3005
09
3F
(:30902
37
3D
20ED
EB
29
c9

308
3234 FF

; NULTIPLY 8 BIT % 16 BIT
; UL = C % DE
MULTI: LD  B,8

LD HL,0

MULT': SR, C
JR NC, NOADD
ADD  HL,DE

NOADD: kX DE, HL
ADD  HL,HL
kX DE, HL
DINZ  MULT
RET

i DE=DIVIDEND
7 BC=DIVISOR
i HL=QUOTIENT

“DIVIDE:  XOR A

LD  H,A

LD L,A

LD 4,16
DIVl: RL E

RL D

ADC  HL,NL

SBC HL,BC

JE  NC,DIV2
ADD  HL, BC
CCF
JP DIV3
DIV2: SCF
DIV3: DEC A
JR  NZ,DIV1
EX  DE,HL
ADD HL,HL
RET

Z00M: LD A,0BH 3 FIRST TIMEE AT (*)=13H
LD {CURS},A



0211 3235F1 LD (CURS+1),A

O2E7 SA31FF LD 4, (KYFG)

02EA FB81 AND 100000018

02EC CBET BIT 4,4

02EE 22803 JP  NZ,RSETB

02F1 CB7F BIT 7,A

0213 (22803 JP  NZ,RSETB

02E6 AF . XOR A . RESET ORDER TO ZERO
02F7 3235FF LD  (ORDER),A

02FA CBEF SET 7,A

02800 32311F LD (RYIFG),A

O2IF 21DAGB  SETSCRN: LD HL,P123 S PRINT "0123456789A%T: 70"
0302 1121KF LD  DE,P1234

0305 010500 LD BC,OFH

0308 EDAO LOBLK:  LDI

U30A 78 LD A,B

0308 B OR - C ’
030C (20803 JP  NZ,LDBLK

030F 21DAOB [ Jiaiss . PRINT "0123456789A%7: 70"
0312 3K01 L A,l

0314 CD5A0A CALL WRLINE

G317 3E02 LB, ZA\ 2

0319 CD5A0A CALL WRLINE

031C 3E43 LD A,43H

0311 CDBDOA CALL GOTO

0321 165F LD D,05FH O\ gt

0323 CDYAOA CALL WRBYTE

0326 DDEI POP 1X . FOIt CANCEL RETURN TO CALL
0328 (36501 JP  REAL

0328 CBRF RSETB:  RES 7,A . IF PRESS 'Z0OM’ AGAIN GOTO FULL
032D 3231FF LD (KYFG),4A

0330 AF XOR A

0331 3233KF LD (ORDER),A

0331 3219FF LD (POS),A



0387
033A
0330
033F

0342
0345
0348
0348

034K
0350

0353
0356
0358
0359
0358
035¢C
035K

035F
0363
0365
0364
036a

IRTF
IRT
0370
0373
0374

0377
0379
037C

037K
037TF
0382
0384

32 1RKY
JECA

32 1ARK
321CKF

210020
2201FF
2100FF
2203FF

DDET
35101

JAJLEF
CB7F
C8
CB6F
Co
CB67
o

DD2134FF
CB77
CABAD3
bphz23
DB71500

30
FEFI
27403
AF
DD7700

FEOS
DATEO3
C638

Fd
2121FF
JEOL
CD5A0A

KLE:

ONETIME:

KLET]

RLET2:

LD
LD
LD
LD

LD
LD
LD
LD

POP
JPp

LD

BIT
RET
BIT
RET
BIT
RET

LD
BLT
JP
INC
LD

DEC
cp
JP
XOR
LD

CP
JP
ADD

" PUSH

LD
LD

(POSX), A
A,10
{POS+1),4
{POSX+1),A

HL,STPT
{TBL),HL
HL,0FFOOH
(TBL+2),HL

[X

RUN

KYFG)

1X,CURS

6,A

Z,0NETIME

IX . 7 TWO TIMES
A, (1X+40)

A

OFFH

NZ,KLFT1 ; IF A<O THEN A=0

. :

(1X+0),A i SAVE A TO CURS T Ok 2

8
C,KLFT2
A, 38H

AF
HL,P1234 ; PRINT "01>3456789A%T:, "
A’]

CALL WRLINE



0387 3E02 LD A,2

0389 CD5A0A CALL WRLINE

038C F1 POP AR

038D CD8DOA CALL GOTO

0390 165F LD  D,UNDERLINE
0392 CDIAOA CALL, WRBYTE

0395 C9 RET

0396 3A31FF KRGT: LD A, (KYFG)
0399 CB67 BIT 4,A

0398 CO RET NZ

039C CBTF BIT 7,A

039E C8 RET Z

039F CBGF BIT 5,A

03A1 CO RET NZ

03A2 DD2134FF LD  IX,CURS
03A6 CBT77 BIT 6,A

03A8 CAADO3 JP  Z,FSTTIME
03AB DD23 INC 1X 5 TWO TIMES

03AD DD7E0OQ FSTTIME: LD A, (1X+0)

03B0 3C INC A

03B1 FEOA CP  0aH

03B3 DA7403 JP C,KLFT1 ; IF A<Q THEN A=0
0386 310A LD  A,OAH
03B8 37403 JP  KLFT1
U3BE 3A34FF KGO+ LD A, {CURS)
03BE FREOB CP  OBH
03C0 8 RET Z

03C1 3A31FF LD A, (KYFG)
03C4 CB67 BIT 4,A
03C6 C2DK02 JP  NZ,ZOOM
03CY CB7F BIT 7,A
03CB C8 RET 4

03CC CB6F BIT 5,A
03CE €23C04 JP NZ,THRD
03D1 CB77 BIT 6,A
03D3 C20A04 JP  NZ,SCND

03b6 CBF7 FIRST: SET 6,A



03n8

03DB
03DC
03DD
03E1
03E4
03ES
03E7
03ES
03EB

DJEE
03F0
03F3
03r5
03r8
03FA

03D
031K
0402
0404

0407
0408

0409

0404
040C

040F
0410
0411
0414
0418
0419
0418
041D
041F

3231FF

5

D5
FDZ121FF
3A34FF
AP
0600
FDOY
167K
FD7200

FEO8
DAF503
€638
Cbaboa
167K
Cb9alA

RIOY B
ChEDOA
165F
ChoAnA

D1
C1

C9

CBB7
J231FF

cH

Do
3A3HFF
FD2121FF
4F

0600
FbOY
167F
ED7200

GOON:

SCND:

LD

PUSH
PUSH
LD
LD
LD
LD
ADD
LD
LD

cp
ap
ADD
CALL
1.D
CALL

Lh
CALL
LD
CALL

POP
POP

RET

RES
LD

PUSH
PUSH
LD
LD
LD
LD
ADD
LD
LD

(KYFG), A

BC
DE
1Y,P1234
A, (CURS)
C,A

B,0
1Y,BC
D,LEFT
(IY+0),D

8

C,GOGON

A, 380

GOTO

D, LEKFT
WRBYTE

AL, 0431

GOTO
D,UNDERLINE
WREYTI

DE
BC

6,A
(KYFG),A

BC

DE

A, (CURS+1)
IY,P1234
C,A

B,0-

1Y,BC
D,RIGHT
(1Y+0),D



0422
0424
0427
0429
042C
042K

0431
0432
0433
0436
0438
043B

043C
0431
0440
0443
0444
0448
0449
044B
044D
0450
0453
0454
0457
045A
046B
045E

0461
0464
0466

0469
046C
046F
0472

0475

FEOB

DA2904

€638

CD8D0A GIEON:
167F

CD9A0A

D1

C1
3A31FF
CBEF
3231FF
C9

JAJ3KF THRI:
3C
3233FF
87
DD211BFF
4F

0600
DD0O9
3A35FF
DD7701
47
3AJ4FF
bD7700
B8
D2C004
CACO004

3A33FF
FEO2
CABAQ4

JALDFF ORDER1:
321BFF
3ALEFF
321CFF

JA3TFE

CP
JP
ADD
CALL
LD
CALL

POP
POP
LD
SET
LD
RET

LD
INC
LD
ADD
LD
LD
LD
ADD
LD
LD
LD
LD
LD
CP
JP
JP

IlD
cp
JP

LD
LD
LD
LD

LD

8
C,GEON
A, 38H
GOTO
D,RIGHT
WRBYTE

DE
BC
A, (KYFG)
5,A
(KYFG),A

A, (ORDER)
A
(OKDER) , A
A A
1X,P0OSX
C,A

B,0

IX,BC

A, (CURS+1)
(IX+1),A
B,A

A, (CURS)
(1X+0),A
B

NC, ERROR
Z,ERROR

A, (ORDER)

2

Z ,ORDER2

A, (POSX+2)
(POSX),A

A, (POSX+3)
(POSX+1),A

A, (KYFG)



0478
0474
047C
047F
0481
0484
0487

048A
048D
048F
0491
0493

0496
0499
045C
049F

04A2
04A5
04A8
04AB

O4AE
0481
04B3
0486
04B8

048B
048D

04c¢0
01c3
04C5
04c8
04cA
04CD
04CF
04D2

CBRF
CBAF
J231FF
3EOB
3234FF
3235FF
C3FF02

3A3ILF
CBFF
CBAF
CBET
3231FF

2A05FF
2201FF
2A07FF

2203FF

3ALFKE
321BFF
3A20FF
321CFF

2174A0B
JE01
CD5ADA
3E02
CD5AOA

DhEl
C36501

216408
3£01
CD5A0A
3F02
CD5A0A
0640
€DoCoA
10FB

ORDER2:

P1PGO:

KERROR:

DDD:

SET
RES
LD
LD
LD
LD
JP

LD
SET
RES
SET
LD

LD
LD
LD
LD

LD
LD
LD
LD

LD
LD
CALL
LD
CALL

POP
JP

LD
LD
CALL

LD

CALL
LD

CALL
DJNZ

7,4
5,A
(KYFG), A
A,0BH
(CURS),A
(CURS+1),4 .
SETSCRN

A, (KYFG)
7,A
5,A
4,A
(KYFG), A

HL, (TBLX)
(TBL),HL
AL, (TBLX+2)
(TBL+2) ,HL

A, (POSX+4)
(POSX), A

A, (POSX+5)
(POSX+1),A

HL, PGO
A,l
WRLINE
A,2
WRLINE

IX
REAL

HL, PERROR
Al
WRLINE
A,2
WRLINE
B,040H
DELAYMS
nDD



0404
0407
04D8

04DC

04DF
04E2
04E4
04E7
04E9

04EC
04FO0

04F4
04FH
04F6

0417
04F8
04FY
04FA

04FC
O4FF
0500

0503
U506
0507
0508
0509

0504
050D
050K
0510

0511
0512
0513

RERBEY
CEFF
3231FF

C3DF02

JAJ3FF
FEOO
CATEQT
FEQ1
CAB307

TMDV:

ED4B1DFF
EDSB1FFF

TMODZ:

78
91
4§

7A
93
5F
1600

chB402
D
3243FF FROMODO :
JA3DEI

3D

47

87

80

21380¢C
5F
1600
19

5E
23
56

LD
SET
[lD

JP

LD
cp
JP
CP
JP

LD

LD
SUB
LD

LD
SuUB
LD
LD

CALL
LD
LD

LD
DEC
LD
ADD
ADD

LD
LD
LD
ADD

LD
INC
LD

A, (KYFG)
7,A
(KYFG),A

Z00M

A, (ORDER)
0

Z ,TMODO

1

Z,TMOD1

BC, (POSX1)
DE, (POSX2)

A,D
E

E,A
D,0

MULTI
A,L
(BUFTMDV) ,A

A, (TDLEV)
A

B,A

A,A

A,B

HL, TIMESMP
E,A

D,0

HL,DE

E, (HL)
HL
D, (HL)

= DE x C

1 g 48

.
3

LD DE, (HL)



0514
0517

0514
0518
051E
051F
0522

0525
0526
0529
052B
052C
052D
0h2F
0531
05634
0536
0537
0539
053A
053C
053D
053E
053F
0540
0541
0543
0544

0546
0549
054A
054B
054C

054D
0550
0551
0553

016400
CbC402

EB
3A43FF
4F
CDB402
2244FF

AF
2149KF
0603
28
77
10FC
0E10
2144¥F
CB16
23
CBlb6
23
0603
TE
8F
27
77
23
10K9
0D
20EB

JA3DFF
3D
47
87
80

213A0C
5F
1600
19

HTOD:

HTOD1:

H'TODZ:

HTOD3:

LD
CALL

EX
LD
LD
CALL
LD

XOR
LD
LD
DEC
LD
DINZ
LD
LD
RL
INC
RL
INC
LD

ADC
DAA
LD
INC
DJNZ
DEC
JR

LD
DEC
LD
ADD
ADD

LD

LD
LD
ADD

BC,064H
DIVIDE

DE, HL

A, (BUFTMDV)
C,A

MULTI
(VALTMDV ), HL

A

HL, VALTMDV+5
B,3

HL

(HL),A
HTOD1

c,16

HL, VALTMDY
(HL)

HL

(HL)

HL

B,3

A, (HL)

AA

(HL),A
HL
HTOD3

C

NZ ,HTOD2

A, (TDLEV)
A

B,A

A A

A,B

HL, TIMESMP+2
E,A

D,0

HL, DE

;7 X3



0554
0555

0559
055B
055E
0560
0563
0565
0568
056A
056D
056F
0572

0575
05876
0578
057B
057C
057E
0581
0582
0584

0587
058A
058D
058F

0592

0595
0598
059B
059D
05A0

05A3
0bA6
05A8
05A8

7E
ED4E46FF

FEFE
CAT7505
FEFF
CABY05
FEOO
CAFAOb
FEO1
CA0100
FEO3
CA6DO6
C3AB06

78
E6F0
C29505
78
E6OF
C2A305
79
E6F0
C2AEQ05

CD6407
CD6407
JEE4

3249FF

C3ES06

CD5107
CD5107
3E6D

3249FF
C3E906

CD6407
JEE4

3249FF
C3E906

0_20:

0_21:

LD
LD

cp
JP
CP
JP
Cp
JP
CP
JP
CP
JP
JP

LD
AND
JP
LD
AND
JP
LD
AND
JP

CALL
CALL
LD
LD

JP

CALL
CALL
LD
LD
JP

CALL

LD
LD
JP

A, (HL)
BC, (BCDTMDV)

A,B ; 3RD NOSET
OFOH

NZ,0_20 7 0 SET GO
A,B

OFH

NZ,0_21 ; 1ST SET GO
A,C

OFOH

NZ,0_22 ; 2ND SET GO

LET4BIT ; 3RD SET GO
LET4BIT

A, OE4H

(POWERBCD) , A sMILLI

CONTIN

RGT4BIT
RGT4BIT
A,06DH
(POWERBCD), A sMILLI
CONTIN

LFT4BIT
A,0E4H
(POWERBCD), A
CONTIN



0BAE Chod07 0. 22 CALL LFT4BIT

OHB1T Jik LD A,0E4H

UBBY 3249FF LD ( POWERBCD) , A

0586 C3E906 JP  CONTIN

058Y 78 O 1: LD A,B

05BA E6FO AND  OFOH

05BC C2D6046 JP NZ,0_10 ; 0 SET GO
Q5BF 78 LD aA,B

05C0 EcOF AND OFH

05C2 C2E105 JP  NZ,0_11 3 18P SET GO
05C5 79 LD A,C

05C6 E6F) AND  OFOH

05C8 C2EC05 JP - N2,0_12 i ZND SET GO
U5 ChHEOYT CALL RGTIBIT.

USCE 3EE4 LD A,OE4H 3 MICRO

0HDO 3z2491r LD {POWERBCD) , A

05D3 C3E906 JP - CONTIN

06D6 CH5107 G _10: CALL RGT4BIT

056DY 3E6D LD A,06DH
060K 3249FF LD ( POWERBCD) , A shb LI
06D C3EBOG JP CONTIN

05Kl ChH107 O 11: CALL RGT4BLT

0681 316D L.h A, OGDIH
OLEG 32491 LD (POWERBCD) , A
05EY9 CHEHUG JP  CONTIN

USEC Ch6407 0_12: CALL LFT4BIT

O5EF CD6407 CALL LFT4BIT

05F2 3EE4 : LD A,0E4H

05F4 3249FF LD (POWERRCD), A

05F7 C3E306 JP  CONTIN

05FA 78 00: L A,B

05FB E6F0 AND OFOH

05FD 21406 JP NZ,000 ; O SET GO

0600 78 LD A,B



0001 E6OF AND  OFH

0603 C21006 Jp NZ,001 IS skl GO
G606 79 LD A,C

0607 EGFO AND  OFOH

0609 (22406 P NZ,002 L UND SET GO
0600 3R LD A,OEiH . MICRO
060K 3249k LD (POWERBCD), A

0611 C3RS0G JP  CONTIN

0614 316D 000 LD A,06DH

0616 249K LD (POWERECD), A CMILLT

0619 C3E906 JP CONTIN

D61C 3EGD 001 LD A,06DH

0611 32191F ID  (POWERBCD), A

D621 CIEVUE 3P CONTIN

0624 3E6D 002 LD A,O6DH

0626 3249FF LD (POWERBCD),A

0629 C3E906 JP  CONTIN

062 78 01: LD A,B

062D E6F0 AND OFOH

0626 024906 JP  NZ,010 . 0 8KT GO
0632 78 LD A,B

0633 LEUE AND  OFH

0635 025706 JP . NZ,011 L 187 SET GO
u63d 79 LD A,C

0639 F6F0 AND OFON

0638 262006 Jp NZ,012 3O UND SET GO
DG OG0T CALL LETABLT

0641 316D LD A,06DH . MICRO
0643 B249FF LD  (POWERBCD),A

0646 C3EY06 JP CONTIN

0649 CD5107  010: CALL RGT4BIT

064C CD5107 CALL RGT4BIT

064F 3F20 LD  A,20H . SPACE

0651 3249FF LD (POWERBCD), A



D651 C31E906 Jp CONTIN

0657 cD6407T 011: CALL LFT4BIT

0654 JE6D LD A,06DH

065C 3249FF LD (POWERBCD),A

065F C3E906 JP  CONTIN

0662 CDE40T 012: CALL LFT4BIT .

0565 3E6D LD A,08DH

0667 3249FF LD (POWERBCD),A

066A C3E906 JP  CONTIN

u66h 78 03: L.D A,B

066E E6F0 AND OFOH

0670 29006 JP NZ,030 ¢ 0 SET GO
0673 78 LD A,B

0674 E60F AND  OFH

0676 C29806 JP  NZ,031 . 187 SET GO
0679 79 I gl v A

0674 E6FO AND OFOH

067C C24006 JP  NZ,032 ; 2ND SET GO
D67F CD640T CALL LYFT4BIT

0682 CD6407 CALL LFT4BIT

0685 CD6407 CALL LFT4BIT

0688 3E6D LD  A,0BDH

068A 32491KF LD ( POWERBCD) , A

068D C3EY06 JP. CONTIN

0690 3E20 030: LD A,20H : SPACE
0692 3249FF LD (POWERBCD),A

0695 C3E906 JP CONTIN

0698 3E20 031: LD  A,20H

0694 3249FF LD  (POWERBCD),A

069D C3E906 JP  CONTIN

06A0 3E20 032: LD A,20H

06A2 3249FF LD  (POWERBCD),A

0645 C3E906 JP  CONTIN

06A8 78 05 LD A,B



DHAY
06AB
IEYD
QGAF
06131
06134
0615

0687

6BA
068D
0600
0662
0605

0608
0608
o6eD
0600

D6D3
D66
06Dh8
o6hB

O06DE
0611
D6E4
0686

06ty
O6EC
D6kl
(G6F1
06F3

Q6
06F9
UEFC
O6FD
O6FF
0702

K61
(2C806
78
EGOR
C2D306
(At
k6F)
C2DEOG

Cnedo7
Cp6407
JE20

J249FF
C3EH06

Cns107
3E6R

A249FF
CIE906

cps10a7
JE6 B

3249FF
C3EIU6

Cne407
6407
3R20

3249FF

21CA08
JEQ
CD5A0A
3802
CD5A0A

214618
CN7107
57
JE41
CDEDOA
CDYAOA

050:

0H1:

0h2:

CONTIN:

AND
Jp
LD
AND
JP
Lb
AND
Jp

CALL
CALL
LD
LD
JP

CALL
1.D
LD
Jp

{:ALL
LD
LD
JP

CALL
CALL
LD
I.D

LD
LD
CALL
LD
CALL

LD
CALL
LD
LD
CALL
CALL

UVIE
NZ,0580
A, B
OFH
NZ,061
A,C
OFOH
NZ, 052

LEFT4BIT
LETABIT
A,20H
(POWERBCDH) , A
CONTIN

RGT4BIT
A,06BH

{ POWERBCD), A
CONTIN

RGT4BIT
A,068H
(POWERBCD ) , A
CONTIN

LEP4BIT
LFT4BIT

A, 20H
(POWERBCD) A

HL., PTMDV
A,l
WhRLINE
A,2
WRLINE

(L, BCD'IMDY
LF4ASC
D,A

A,41H
GOTO
HRBY'TE

7 0 SETT Go

1ST SET GO

280 SET GO

3 KTLO

AT
500

N U/



0705
0706
0708
070A
0708
070n
0710

0713
0714
0717
0718
071A
071D

0720
0721
0723
(10725
0726
0728
728

072E
0731
0732
0734
737

O73A
073¢
073K

0741

0714
0746
0749
0748

074k

TE
E6OF
630
57
3kd2
CHBDOA
Ch9a0aA

23
Ch7107
57
JEOT
ChBDOA
(DYAOA

T
E60N
630
57
3140
Ch8hoA
CD9A0A

REEEINY
57
dE44
chaboa
CHYAOA

0660
cbocoa
10D

JAJ3ETF
200
CA2B03
FEO2
CAAEQ4

C3FFO2

THLOOP2

LD
AND
ADD
LD
LD
CALL
CALL

INC
UALL
LD
LD
CALL
CALL

LD
AND
ADD
1.D
LD
CALL
CALL

LD
LD
LD
CALL
CALL

LD
CALL
DJINZ

L.D
cp
JP
cp
Jp

Jp

A, (HL)
OFH

A, 30H
D,A
A,424
GOTO
WRBYTL

tl,
LIF1ASC
D,A
A7
GOTO
WRBYTE

A, (HL)
OFH

A, 30H
D,A
A,10H
GOTO
WRBY'T'E

A, (POWERBCD)
D,A

A,44H

GOTO

WKBY'TE

B, 60H
DELAYMS
TMLOOPRZ
A, {ORDER)
Y
Z,RSETH
2

L

Z,PIPGO

SETSCRN



0751
0751
0755
0756
0758
075A
0745¢
075HE
0760
0763

0764
0768
076A
0760
0770

U771
0772
0774
0776
0778
0774
077c0C
077D

077k
0730

0783
D787
0784
0789
0788
078¢C
078k
0791
0792

214 7FF
TE

2B
kD67
CB3K
CB3K
CB3r
{'BIF
J247FK
Y

RGTABIT:

EDSBAGERY
0r10
CDhB402
2246FF
Ccy

LEETABLT:

q

Tk

CB3F
CB3F
CBIF
CB3F
630
57
Yy

LE4AS

o
W

RIOLR
30005

TMODU:

LD4BLIDEE
78

vl

010A

O

1600
ChB402
D
30005

IMOD]:

LD

LD

DEC
RRD
SRl
SRL
SRL
SRL
1.D

RET

LD
LD
CALL
LD
RET

LD

SRL
SRL
SRL
SRI,
ADD
LD

RET

LD
JP

LD
D
SUB
1.D
LD
LD
CALL

LD

Jp

HL, BCODTMDV +1
A, (HI)
HL

_ 3 > >

BCOTMDV+1) , A

DE, ( BCDTMDY)
c,10H
MULTT
(BCDTHDY ) , HI.

A, (HL)
A

A

A

A

A, 30H
D,A

A, 6411
FROMODO

BC, (PUSXL)
A, D

o

C,0AH

£, A

D,0

MUL'TL

AL
FROMODO



0795
07498
079A
u79Db
079F
07a2
0714
0747

07A9
07AC
D7AE
0781
0783

0786
0789
07BA
O07BE
07C2
07CH
07C6

0709
07¢C
07CE
0701
07h3
0705

0708
07DB
07DD
07E0
07TE3
G7EL
OTET
OTEA
0O7ED

0710

271BCuA
3K01
CDHAOA
SEOZ
(DH5A0A
0630
CDOCOA
1orB

21CC0A
3EO01
CDSAOA
3E02
CD5HADA

3ASDEY
3D
FD21ECOA
FDZ23FFF
CDDBOS
AF

323 1FF

JA31FK
CRA7
C2F007
DhE81
FEIF
CAC907

JAJTEFR
CBCT
3231FF
CDOCOA
DBB1
FiekF
SACS07
3232KF
C3Cc907

D8 |

KINP:

LNMO:

INMM

SETD:

Rkl

LD
LD
CALL
LD
CALL
LD
CALL
DJINZ

LD
L.D
CALL
LD
CALL

LD
DEC
LD
LD
CALL
XOR
LD

Lb
BIT
JP
IN
cp
JP

LD
SET
LD
CALL
IN

cp

JP

LD
JP

IN

HL, PINPUT ; PRINY "s% INPUT MOLE %"
Ayl

WRLINE

A,2

WRLINE

B, 60

DELAYMS

I NMO

HL, PINTD ; PRINT "Sampling=s 85 klis"
Al

WRLINE

A,2

WRLINE

A, (TDLEV)

A

[Y,P85KH

{ PPOTNTER) , TY
D1SPG

A

(KYFG), A

A, (KYFG)
0,4
NZ,REL

A, (KYPRT)
OFFH
Z,SLTD

A, (KYPG)
0,A
(KYFG), A
DELAYMS
A, (KYPRT)
OFFII
Z,SLTD
(KYDT), A
SLI'D

A, (KYPRT)



UL
U7EY
07F7
DTFA
O7TFC
O7FE
B0
U804
(0806

0409
0300
080
0811
0813
D816
0814
081y
by in
0820
0822
0825

08248
0828
0n82c
082F
0831

0834
0837
0838
H3A
083D

034K
0842

0845
0848

FEER
C20807
GhOCOA
gl
FEFF
€2CH07
3A31FE
c87
3231FF

RERPAL
CB67
CAO10A
CRTF
CAQT0A
CBRHF
CA3408
CBST
CAZBUH
CBAF
CA4308
¢3Cu07

3A3DER
3D
C23r08
JEOA
C33F08

3A3DFF
3¢
FEOB
C23F0R
3F01

323bFE
38607

21ncoa
3101

TDR:

TDL:

LDLEV:

TRLEVEL:

CpP
JP
CALL
IN
cpP
JP
LD
RES
LD

LD
BIT
JP
BIT
JP
BIT
JP
BIT
Jp
BIT
JP
JP

LD
DEC
JP
LD
JP

LD
INC
CP
JP
LD

LD
JP

LD
LD

OFFH
NZ,SLTD
NELAYMS
A, (RYPRT)
OFFH
NZ,SLTD
A, (KYFG)
0,a
(KYFG),A

A, (KYDT)
BINT,A

4 DELKES
BZ0OOM, A
Z,DELRES
BLET, A
Z,TDL
BRGT, A
4, TDR
BGO, A

2, TRLEVEL

SLTD

A, (TDLEV)
A
NZ,LDLEV
A, 10
[DLEV

A, ('TDLEV)
A

11
NZ,LDLEV
Ayl

(TDLEV),A
INMM

HL,PINLV
A,]

i GOTO PREVIOUS STATUS

PRINT "Teig Level= 100%"



84A
0d:4b
O8:41

0852
0855
08569
0HLD

0860
0863
0865

0868
086A
0B6C

O86F
0872
0874
0877
0374
087C
087k
0831
0884

0887
08849
0881
088k
0891
0893
08495
0848
0898
U89Dh

UBAD
08AY
UBAS
08A8

CDHHAOA
3102
[ U 5 AU A

JAJEFF
FD2128018
FDZ223FFF
(:bNEOY

JA3IFF
UB47
C28704

DB81
FEFF
CA6008

3A31FF
CpeT
3231kF
CDOCoA
DBy1
FEFE
A6008
3232FF
36008

DRY1
FEFK
26008
ChoCcoA
bBY1
FEFF
(26008
3A31FF
CiBB7
3231FF

JAIZEE
CB67
CAOLOA
CBHF

INMMZ

SLTRG:

RELL:

CALL
LD
CALL

LD
LD
LD
CALL

LD
BIT
JP

IN
cp
JP

LD
SET
LD
CALL
IN
cp
Jp
LD
JP

IN
cP
JP
CALL
IN
cP
JP
LD
RES
LD

L.
BIT
J P
BIT

WRLINE
A,2
WRLINE

A, (TRGLV)

LY, PTRGLVPC
(PPOTNTER), 1Y
DISP6

A, [KYFG)
0,4
NZ,REL1

Ay (KYPRT)
OFFH
Z,SLTRG

A, (KYFG)
0,A
(KYFG),A
DELAYMS
A, (KYPRT)
OFFH
Z,SLYRG
(KYDT),A
SLTRG

A, (KYPRT)
OFFH
NZ,SLTRG
DELAYMS
A, (KYPRT)
OFFH
NZ,SLTRG
A, (KYFG)
0,A
(KYEG), A

A, (KYDT)
BINT, A
4, DELRES
BLET, A



08AA CABAQSH JP Z,LVL

08AD CR57 BI'T BRGT,A
OBAF CACBUB JP o Z,LVR

0382 CB4F BIT BGO,A

08131 CAFBOS Jp Z , INCAL
0O8B7 36008 JP SLTRG

0BBA JAIEFE LLVL: 1.D A, (TRGLV)
u8RBH 3D DEC A

O8BE REFF CP OFFH

08C0 C2D208 JE NZ,LDTRGLV
0803 3E0A I.D A,10

08CH 31208 JP LDTRGLV
DECY 3ASERE LVR: LD A, {TRGLV)
o8CBE 3c INC A

08CC FEOL ceoot

O8CE €2D208 JP O ONZ, LDTRGLY
08D1 Al X0k A

082 A23EKF LPTRGLY: LD {TRGLV) , A
08DH 36208 JP I NMM2

04b8 110600 DISPG: LD DEE, 6

ugny A 1D C,A

08DC D02 CALL MULTI
08I 213 DEC WL

OBEQ EDSBIFIF LD DE, (PPOINTER)
08E4 19 ADD HL,DE
085 OE42 LD C,42H
0BE7 79 LD A,C

O8ES CD8D0A  INMOZ:  CALL GOTO
O8EB 23 INC HL

08EC 56 LD D, (HL)
O8ED CDYAOA CALL WRBYTE
08F0 OC INC C

08F1 79 LD A,C

08F2 FE48 cP 48H

08F4 C2ER08 JP NZ,INMO2

08F7 CY RET



08F&
0818
agre
08K
U900
0902
0903
0904
09045
08006

090A
0uoD
090F
0912
O0uld
0917

0819,

0918
091Kk
(0920
0923

0926
0929
928
092K
0930
3933
0935
0936
(0937
093A
0938
093D
093E
093r
0942
0943
0944
(6947
0948

3AJEFF
B7
210200
5F
1600
19

5E

23

56

EDS33TFF

218A08B
3EO1
CD5HAOA
3E02
Cb5A0A
DB81
CB67
CA010A
CBAF
€21709
CDhOCOA

WALT:

3A3DEI
FEO1
CA5109
FEO2
CA5109
D603
87

87
21180¢
iF
1600
19

7E
3239FF
23

TE
J23AFF
23

TE

] N(j/\[a :

LD
ADD
LD
LD
LD
ADD
LD
INC
LD
LD

LD
LD
CALL
LD
CALL
1IN
BIT
JP
BI'T
JP
CALL

LD
CP
JP
cP
JP
SuB
ADD
ADD-
LD
LD
LD
ADD
LD
LD
INC
LD
LD
INC
LD

A, (TRGLV)
A,A

HL, LEVELTE
E,A

D,0

HL,DE

E, (HL)

nL

D, (HL)
(LEVEL),DE

HL, PREADY ;o
A, 1
WRLINE
A,2
WRLINE

A, (KYPRT)
BINT, A
Z,DELRES
BGO, A

NZ, WALT
DELAYMS

READY? "

A, (TDLEV)
1

Z,INP

2

Z,INP

3

A A

AA

HL, SMPRATE
i A

0,0

L ,DE

A, (HL)
(SMPR), A
HL

A, (HL)
(SMPR+1},A
HL

A, {HL)



BU1Y 323BRE LD (SMPR+2),A

0ude¢ 23 INC HL

0440 7E Lh A, (HL)

0948 3Z3CFF LD {SMPR+3),A

4351 21AA0B TNES LD HL, PWAITTRG ;" WAIT FOR TRIG "
0954 3E01 LD A,l

0956 CDHAOA CALL WRLINE

0959 3E02 LD A2

0958 CH5A0A CALL WRLINE

093K ED4B3TFF LD BC, (LEVEL)

0462 DBAO 1IN A, (ADCPRY") 3 T0 DELEPE THE OLD VALUK
0964 NB10 INLO: IN A, (ADCPRT)

Uu66 BB cp B 1 B=POS
GUB7 D2THOY JP - NC,INP1O

096A B9 CcP C 7 C=NEG
0ueE DATDOY JP  C,LNPIO

0u6ls bB8! IN A, (KYPRT)

0970 FEFI cp OFFH

0972 CA6409 JP  Z,iNLO

0975 cBeT7 BIT BINT,A

0977 CA010A JP Z ,DELRES

0974 C36409 JP INLO

097D 520020 INP10O: LD (STPT),A

0980 219A08 LD HL, PSMPL s L Sampling. "
0983 3E0T a1 v Agt

0985 CD5AUA CALL WRLINE
0988 3102 LD A,2

0984 CD5A0A CALL WRLINE
QUBD 3ABDFF LD A, (TDLEV)
0980 FEOL o1

0992 CACDOY JP  Z,INPO
0995 FEO2 cp 2

0997 CAE309 JP  7,INP2
099A 210120  iNP1: LD HL,STPT+1

099D LI0OFF LD  DE,OFFOCH



09A0
OUAZ2
0943
0914
DYAS
0949
0GAA
09AE
09B0
0981
09B3
09B6
09B7
09BY
09139
098C
09BD
09BE
09C1
0uc2
09¢3
094
0907
09C9
09CA

09¢n

EETVIV)
0ub3
0906
09D8
09DhY
0uDa
09DB
WRhle
09DF
09E0

093

DRA0
77

23

DY
EDAES9FR
0B
ED5Is3BEF
DB81
B7
CB67
CA010A
18

78

B2
C2AE0Y
79

BO
C2A909
DY

7A

BC
C24009
DDE1
AE
C32B03

320020

210120
1100FF
DB40
77

23

7A

BC
C2p60Y
Al
C32B03

320020

INT:

DEL:

DEL1:

INPO:

INSTO:

INPZ:

T
LD
INC
EXX
LD
DEC
LD
IN
OR
BIT
JP
DEC
I.D
OR
JP
I.D
OR
JP
XX
LD
cp
Jp
POP
XOR
Jp

LD

LD
LD
IN
LD
[NC
LD
cp
JP
XOR

P

JP

LDh

A, (ADCPRT)
(HL),A
HL

BC, (SMPR)
BC

DE, (SMPR+2)
A, (KYPRT)
A

BINT, A

7, DELRES .
DE

ALE

D

NZ ,DEL1
A,C

B

NZ,DEL

A,D

H

NZ, IN1

X :
A

RSETB

(STPT),A

HL,STPT+1
DE, OFFOOH
A, (ADCPRT)
(HL),A

HL

A,D

H

NZ, INSTO
A

RSETD

(STPT),A

FOR CANCEL RETURN TO CALL

; SAMPLING=8BHKHz

: SAMPLING=40RHx



090
0YEY
09EC
DSKE
DYEF

08F0
0ur1
OYE3
09F4
0D9FS
09K
09F9Y
0Y1'A

09k
DG FE

0A01
0A03
0A06
0A08
0A09

0a0C
0AOD
0AQF
0All
0A12
0A15
0ALlE
0A19
0AlA

04A1B
041D
0ALF

0A21

210120
1100FF
D40
77

23

4o
GEOZ2
0D

00
C2K309
TA

Be
C21009

Al
32803

061k
CbOCcoA
10FB
AF
32803

DY

JEO0A
OEEQ
ob
C2110A
3D
C20r0A
DY

CY

3100
D382
3E38

D380

INP2ST:

INDEL:

DELRES:
DELRESE:

DELAYMS:

DLY1:
DLY2:

INITLCD:

.D
LD
IN
LD
INC

NOP
LD
DEC
NOP
Jp
LD
cP
Jp

Xon
JP

LD
CALL
DINZ
XOR
JpP

EXX
LD
LD
DEC
JP
DEC
JP
EXX
RET

ouT
LD

ouT

HL, STPT+1
DE, OFFOOH
A, {ADCPRT)
(HL) ;A

HL

c,2

NZ, INDEL
A,D

i

NZ, INP2ST

A
RSETRH

B,30
DELAYMS
DELRES]
A

RSETB

A, 0AH
¢,0EOH
C
NZ,DLYZ2
A
NZ,DLY1

A,00H
(PSIGN),A
A,38H

(PDATA), A

k)

FOR CPU 3.579545 MH=z

7 PR o=

.
H

pe

H

Psign

ata



UAZ23
0AZ6
0A29

0A2B
0AzD
0A30

0A3%
0A34

WA37
0A39
0A3B
DAJE
041

A2
A4
0Ad6
0a47
0A19
0a4dB
0A4D
0A50
0453
0AS6
0a59

0A5A
0ASC
OALE
(1461
0A61

0AGS
0A67
OAGA
OABD
0OAGK
OAT2

CD710A
CDAGOA
3E0C

N340
CD7EOA
AEOG

N380
Ch7E0A

JE01
D380
CDTEOA
ChAGOA
Y

CHBY
CBF1
79
D380
JEOY
D382
CD7E0A
CDAGOA
DYADA
CDALOA
¢H

kEO]
CAGH0A
FrO2

G IEN
¢y

3r00
CDEDOA
37204
JE40
¢D8BDOA
0608

WRCGRAM:

WRLINE:

WRE1:

With2:

WitLM:

CALL
CALL
LD

ouT
CALL
LD

ouT
CAL L

LD
our
CALL
CALL
RET

RES
SET
LD
ouT
LD
outT
CALL
CALL
CALL
CaLl
RET

Ccp
JP
cp
Jp
RET

b
CALL
Jp
LD
Cakl
LD

EPLUSE

DELAY

A,0CH ; D=1 DISP ON,C=0 CURSOR OFF
' : B=0 N0 BLINK

(PDATA), A

EPLUSE
A,6

(PDATA),A
EPLUSE

A,01H
{PDATA) , A
EPLUSE
DELAY

7,0

6,C

D, ¢
(PDATA), A
A,0
(PSIGN), A
EPLUSE
DELAY
WRBYTE
DELAY

1
7, WRL1
2
7,WRLZ

A, O0H
GOTO
WRIM
A, 401
GOTo
B, 081l



(AT4 OB WRI: LD D, (HL)

0A75 (5 PUSH KC

0A7G CDYADA CALL WRBYTE
0A7YH (1 POP BC

0ATA 23 INC  HL

0A7B 10F7 DINZ WRL

0ATH €9 RET

GATE DB82 EPLUSE:  IN A, (PSIGN)
UAB0 CBD7 SET 2,4

0AB2 D382 OUT (P3IGN),A
0AB4 0600 LD 13,00H
0ABG 10FI: EPI: DJINZ EP

UABS CBY7 RES 2,A

0ABA D382 ourT  (PSIGN),A
OAHC (Y kET

08D ©h GOTO: PUSH BC

OABE CBKY SET 7,4

UAY0 D380 OUT  (PDATA),A
0AY2 AR XOR A i
DA93 D382 OUT  (PSIGN), A
DAS5 CDTEUA CALL EPLUSE
0A98 (1 poP  BG

0499 Y RET

0AYA 3101 WRBYTE: LD A,

0A9C DIKZ OUT  (PSIGN),A
0AYE TA LD A.D

OASE D380 ouT  (FDATA),A
UAAT CDTEOA CALL EPLUSE
DAAL 9 RET

0AAS 0600 DELAY: LD 8,0

0AAT 00 DE1: NOP

0AA8 00 NOP

0449 10FC DINZ DE1

0AAB €Y RET

UAAC 2D2D2D2D2DPSOLIDY:  DFB M—-eem SOLINY-==-= "

0ABC 2A2A20494EPINPUT: DEB "k [NPUT MODE ##"



oace
0ADC
DARC
0AF2
0AF8
OAFL
0B04
BOA
0B10
0B16
0B1C
0p22
0B28
0OB2E
0B34
0B3A
OB40
0B16
uBlC
0B52
0B58
OBSTE
0B64
OBBA
OB7A
NB8A
0BYA
OBAA
(YBBA
OBCA
0BDA

OBEA
OBFO
OBre
OBEC

0neo2
0Cc04
0C06

HA6TEDTOGCPINTD: DFB
A4T2696T20PINLY: DIB
3835206B48PB5KIL: DFB
3430206B48P40KH: DFB
4230206B48P20KH: DFB
3130206848FP10KH: DFB
20352068480 5KH: DFB
2031206B48P _1KH: DFR
3530302048P5004: DB
3130302048P100H: DFB
2020312048P__1H: DFB
2031206D69P1_6H: DFB
203D202030PTRGLYPC: DFB
203203130 DFB
203D203230 DFB
2030203330 DFH
203D203430 DB
203D203530 DFB
203D203630 DFB
203D203730 DFB
203203830 DFB
203D203930 DFB
203D313030 DER
202E2K2E20PERROR DFB
2020202020PG0: DFB
2020202020PREADY: DFY
EE2E2RZES3PSMPL: DFB
D7AT195420PWATTIRG: DFB
3CHAHF4AFADPMENU: DFB
H42F44203DPTMDV OFB
3031323334P123: DI'B
TFL10LEDYLITABD: DFFB
1FOU180B0D DR
0903090000 DFB
0001010F01 DFB
8080 LEVELTB: DFB

738D DFB

6G69A DFB

"Sampling= B5 kHz"
"Trig Level =100%"
"85 ki
"40 kHz"
"20 kHz"
"10 kHz"
"5 kHz"
"1 kHz"
"500 Hz"
"100 Hz"

"1 Hz"
"1 min"
"= 0%
"= 10%"
flmmprryit
"z 30%"
Nk Woz
"= 502"
"= 0%"
"= 0%
"= g0y

! o= 0%

"= 100%"

" ... BRROR ... "
P LGO> B
A READY? 1
«o Sampling...."
"WALYL FORR CTRIG, .. "
"<ZOOM> ¢ <INPUM
"P/D = s
"0123456789A: Z00M"

OLFW, 011, 0010, 0104, 08 0H,011H
01FH,000H,018H, 00811, 00DH, 00SH
0094,009H,009H, 0001, 00011, O00H
000H,001H,001H,00FH,001H,01FH

128,128
115,141
102,154



0C¢048
OCOA
0coc
OCOE
0¢1o
012
0c14
0Cle

0C18
0c1c
0c20
0c24
0C28
0e20
0c30
0C34

0038
0c3n
0C3E
0c41
0C44
0c4a7
0Cc4A
0C4D
0C50
0ChH3

0000
0040
0006
0002
0007
FF34
0AAT7
0AAS
0A03
02D8
0AOF
o12¢

5AA6
4DhB3
40C0
33CD
26DA
1AES
ODF3
O0FF

01000100
01000400
02000500
02001E00
01007¢00
01007202
01004DF5
3EO006G4ED

C21AFE
93058FF
260BFF
4C16FF
750400
4C1600
750401
4C1601
4¢1603
610D05

ADCPRT
BIN
BRGT
BZ0OOM
CURS
DE1
DELAY
BELRESL
DIv2
DL.Y1
DOWLOAD

SMPRATE:

TIMESMP:

DFB
DEB
DFB
DFB
DFB
DFB
DFB
DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DEB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

END

FF46
0004
0000
025F
0041
0949

~ 0AOC

08n8
02D9
0Al11
0AB6

90,166
77,179
64,192
51,205
38,218
26,230
13,243
0,255

1,0,1,0

1,0,4,0

2,0,5,0

2,0,30,0
1,0,07CH,0
1,0,072H,02i
1,0,04DH,0F5H
03EH, OH, 064H, GEDH

0C2H, 01AH, -2
093H, 0051, -1
026H, DOBH, -1
04CH,016H,~1
075H,004H,0
04CH,016H,0
075H, 004H, 1
04CH, 016, 1
04CH,016H,3
0611, 00D, 5

BCDHTMDV
BINT
BTMDV
CHKY
DACPRT
DEL
DELAYMS
DISP6
DIV3
DLY2
EP1

.
)

¥

0001
0003
Fird43

05EY

20K,21K
10K,9596.6
6K,5099
1K,992.9
500,501.4
100,100.04
1,1.000008778
1/60,59.996

6.850E-2 ~-- 85k
1.427E-1 ~-- 40k
2.854E-1 -- 20k
5.708E-1 -- 10k
1.141E0 -- 5k
5.708E0 -- 1k
1.141E+1 -- 500
5,708E+1 -- 100
5.708E+3 -- 1
3.425E+5 -- 1/60

BGO
BLFT
BUFTMDV
CONTIN

04CF DDD
09AE DEL1

0A01
C 0209 pIV1
02¢4

DELRES

DIVIDE

0133  DOI
OA7E  EPLUSE



040
U3AD
OARD
05h2K
090
OATR
0852
0951
097D
09bt6
035H4
0396
0081

0802
002
FF36
0808
02BE
0614
U620
0662
0698
06C8
0364
048A
051
0595
0B16
FE21

0AF2
0083
0B7A
gace
FETY
FELE
UBBA
0AAC
OBAA
oBlC
0239
027D
0328

FRROK
FSTTIME
GaOTO
HTOD
1Nt
INTTLCD
I NMM2
INP
INPTO
INSTO
KLET
KRGT
KYPRT
LDTRGLY
LEVELTR
LOOPDL
LVR
NOADD
000

0l

012

031

050
ONETIME
ORDER?2
O 11

0 20
100N
P1234
P40OKI
PCTRL
PGO
PINTD
POS
POSX2
PREADY
PSOLIDY
PWATTTRG
Pl
REALS
RELEASE
RSETH

03D6
0429
0100
0531
08K8
0964
07A4
09CD
09E3
0388
0374
FF32
0308
007E
0771
0208
02B9
0267
061C
0649
066D
06A0
06D3
FF33
0589
05EC
05A3
OAFE

0B22
0B10
0080
0ADC
D4AE
FF1B
FF49
0082
OBCA

0BOA
0165
07F0
0751
0151

FikST
GEON
HHIL
HTOD2
INCAL
INLO
INMO
INPO
INP2
KGO
KEETE
Kypy
L.DBLK
LEFT
LF4ASC
LTT
MULT
NPRSS
001
010
03
032
0561
ORDER
0_1
0.12
0_21
P10KH
P1_6H
P500H
PDATA
PINLV
PTPGO
POSX
POWERBCD
PSIGN
PTMDY
P_1KH
REAL
REL
RGT4BIT
RUN

0500
Ours
0525
VHRIY
09y
7RG
DHER
094A
040
07935
037k
Firril
OE3Y
FF37
06764
03BaA
0211
05Fa
0624
0657
0650

UCAH

06DE
3469
05D6
0575
0548
OBDA
0AF8
0AKC
OB6A
DARC
0BBA
FF1D
FR3F
0nvA
0128
0B04
0107
0887
0071
040A

FHOMODO
G:OON
HTOD
HTOD3
ENDEL
T NMM
INMO2
INP1
INP2ST
KINP-
KILET2
KYKG
LDLEV
L.LEVEL
LETABLT
LVL
MULTI
00
002
011
030
05
052
ORDER1
0.10
0_2
0 22
p123
P20KI
P85KH
PERROR
PINPUT
PMENU
POSX1
PPOINTER
PSMPL
PTRGLVEC
P_5KH
REALZ
REL1
RIGHT
SCND
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DOT_MATRIX LCD MODULE

qﬂnﬂﬂuﬂﬁﬁmuhmdamaﬁmﬂﬂ e 13 tudowlvg bidrser thusdaodu
VEDIO, m’;mrhmr;dn. th‘%aaﬂa’a‘an.uohﬂ, 1adavanimnd 11 maRsuN
DOT MATRIX LCD MODULE saan Withannagall :-

1. CHARACTER 1CD MODULE

2. GRAPHIC LCD MODULE

3. SEGMENT DISPLSY TYPE LCD MODULE

[} ‘!‘ 1 ,
Tonhuaseuunifiaeitdnatrenay baruie 1
1. DOT MATRIX LCD  iihdaudaswa b7 maeindhdinsesniidouasi da

. - & 4 - .
A4 DI \mﬁa Ammsan s-ﬁua'mw'anun’-guan

2. DRIVER  vihaiuduyraanfmoumeniudn LoD niviie Tt ua i
e 1lu LcD MODULE 1du HD42100H, MSM5269

o 4 -
3. COONTROLLER tﬁum‘mﬁaga‘nnqﬂn‘mm*lmeanu'masﬂan'nmuqu LCD

MODULE Wimemuaswaatendy  ardawmanwi, nmisiieddnes, b Tasi
ey Yo 2
wat 1c mianl¥iina mpss7eo  Feawrlihuwiy CHARACTER LcD MODULE il

dwhy  waf ic ws1830 wl¥hmwy GRAPHIC LCD MODULE

Ze u ;

Tunr3@msnramrenaae 1dem Lep MopuLE i bi'lds Tavaniasiinudwnan
a -9 |
marw i lahudnas controLLER  WRidaswauimarTaawn Lo mopure Tu
[ Qe W - A o o - ™ .

usaruIEuAIe 17 CONTROLLER  momdnanarieuiviausiivethidnibanaslu Lep

i) 9 - -3 o o A s
MODULE wdazmmainnudinemIaiwanwiiiafiindnniamenuu dsiions IC
o4 A, o b o ¢ :
e niidadiniiani i CONTROLLER - LCD fida  tuad 1D44780 Tonpnnna

i 1§y thanasg iy CONTROLLER Lo &aiuréaa
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Block disgram of HD44780 intsrior

Veg —> cL
—_ Address Timing g 3 '
g':g [ Leoumer tac) clrculy - - e
1 »
0SCy——m - 7 7}
. c® € - A
8Z|gl2 . 7 |
[ §.§
8, |52 3
A EP g & Display data - S
RS —™ = F RAM 5.1 ]?% s
AW tworam | Bl of=BLcsl§ [—x—scom, ~com,
€ 5 lele 80x8 bits a i E 3 .
. 3| — . =Bl 133
08,~08,~~— Q |4 g- 8 )
4 ~ 2
08, ~ 08B, <+——> 5 8{ gl= 8y
3 . a8 %
L a € Character Character = g
generatar genarator Blao |3 |ao
ROM ROM 20|t E | SEG, ~SEG,,
icG RAMI (CG RAM) 23 €s
512 bits 22006 ly) |2 (82
- v.—> 3 A
Power supply Vy——— 5 . s
! tor lquid v
ery g —
displsy drive M Parallsi/teria) dets conversion
Vi ? ;:-:ll:.. ais | S 40-bit shify register  |————> D

¥ 8 — P IR
i TaatauanTwaniidin HD44780 asﬁmﬁuﬁ'ga 4 BIT 1M UAETONATANABNTIAL
°

tﬁuﬁaga 4 BIT a ”
RS

8/ W—bdhl 1 O

B

o —

D8, 720K 18, X AWy 7K 0 e X7 A2 oSO,

D8, Z7222K. Ve X 18 X777 KLLMD
D8, 7222218y X X% X720 DAL DN
DB 220X _Re X 1R XXX AU

Instroctin( IR} writa ey flay (BF) and Dow regiser (DR) resd
address cuunter (AC) read g

4-bit date transfer example

RS ——o

T —— S
el eee—e Intermal cperathes . I_—
X7 TR 7 T A e o ) T A

Busyﬂn.'tl-ll l Busy flag check I Instructiun write
E i

Instruction weire I By flag chevk

Example of busy flag check timing sequance -2



Example of interfacing to 280 MPU

- 4 .
| | s
%J_ N E ]
A Ll aceine +3V
Sl
o® F E— 8T
wu G U LD | uem
(LcD-1)
wra H q}]
wi- H HHE
wRH H ))’———'_—R/W
A DB,
| R —>Inﬁ, y
‘VN y
1373 WII0Ra LCD  NODULE (HD44780 11l CONTROLER) & Bnnussm b la o
voawgmuué'«:z\l
AN
oM |
ENEgN E
AD AERE |
| LCM
WR _ 2 A (Lco-1)
s, - H AW
804 I
ALE s q RS
Ave | I 1 LT (74LST4)
A’ Rp
]
AD. Ly L [aD, N L
iR
Example of connection with LCM belng used =3 a part of les on the d d edd!




Ay [ LCM La
Ay cs, PAg «{ RS COM, ~ =
L An €3, COl‘“
A RS PAy i Connected
. ! : HDes130 to LCD :
HDesDOO A¢ RSy PAe B .0
o hdd HDess1 “g& -
VMA S
s :D— 8 [ °*
* PBe~PBy " DBe~DBy
DBe~DBy |——% De~Dy
. s Fig. 4 Exampls of Interface to HDEGSBOO using PIA (HO8BB21)
Connecting directly to the 8 bit MPU bus line .
. LcM
. vua . . COM 18
] #e E ~COMyo
AP A j RDss180
A RS Connected
HDss oo g to LCD
Rw sea, N/
De~D, = DBg~DB, oM
Example of Interfacing to the HD6805
LCM,
) DBa~ COM, _',3_.
Ag~Ay 7 o~DBy ~COM,s
HDs 41780 Connected
HDS803 c. £ : - to LCD
3 R sz —
L]
Ca R/w
Example of Interfacing to the HDE301
LCM
Pyl RS COM, 18
Py R/W ~COM,¢ |
& Pye E c red
HDs 4700 onnecte
HDesor p,, . to LCD
. .~ Py _l' DBy~DBy 40
SEGy |j——pt—e
~SEQG.q




#78819n1798 189 sy ET-BOARD V3.0

L bbb

i
Do Pao 3%
D1 PAL
02 PA2 [—%
D3 PA3 tg&
D4 Fa3 E
N S
06
o7 PA7 2L
A reo 4
PBL _
Ao PB2 HEIT—
m'ssr ggg 22~
& FBS ﬁ—
PBG 42—
FBT 123
53 i
Pc2 HS$—
PC3
PC4
PCS 14
FCE
PC7

vCC+SY

LCD HDM 416H

e

Safinfrofe-ilk,

B20S A W
9255 ET BOARD V3.0

10K

amaaiiunnen 8256 Vi iy Lop  Taaianaeiraasimnasnehan

Taanms 1

PORT A uaz PORT B

y v
Bt Bl hadaranoun
: 3 N e 8o . 154
wav3 T D Wiloulit HD44780 ifiarfinas RESET #iutadlagselifiian

Taa porT A i3 i flu DATA PORT wae PORT

- w - b z
tlen 10 ms WA93 N I VDD B9 4.5 VOLT ui?  ‘Tamie SET étaddam :-
1. DISPLAY CLEAR

2. FUNCTION SET

3.

DISPLAY ON/OFF

asﬁmnau'ﬁagawamu LCD

Tanse SET aalu

DL

]

1

.
.

vihing ser Vinnedesauwy 8 BIT
SET il 1 viianudasa

S . 4
5X7 DOT eawmivaadnys

DISPLAY OFF
CURSOR OFF
BLINK OFF



4. ENTRY MODE SET

I/D=1: +1 (\¥uA1 COUNTER T4 1)

S =0 NO SHIFT

4 < 4 7] v v -
matﬂnmﬂma1mr'h~1m51nwﬁ'qdcﬁ’uﬁ\smuqu'lfumﬁuﬁwmmnw

‘ Power ON ’

Wait more than 1S ms
after Vpp rises to 4.5V

RS R/W DB:; DB¢ DBs DBy DBs DB: DB: DBs
¢ 0 0 o I 1t X %X %X X

Wait more than 4.3 ms

| BF u.nnot be checked before this instruction. ]

Functlon set (interface s 8 bits long)

RS R/W DBr DBs DBs DBs DBs DB; DBy DBe-
0 0 0 °‘0 1t 1 X X X% X

V/alt more than 100 us

lBF cannot be checked before this lllltruclltm.]
Fuaction set (Interface is 8 bits long)

DB. DBs DB: DB: DB»
x %X X x

RS R/W DB:; DBs DBs
9 0 0 0 1 1

RS R/W DB; DBs DBs DB DB; DB: DB; DBs
o 0 0 0 1 I N.F X %

0 0 0 0 0 0 1 0 0 0

9 0 0 0 0 0 0 0 o0 1

" Inftiatization énds

LBF cannot be checked before this Instruction 'J

Function set (Inteeface is 8 bits tong)

o

When BF is

DF can be checked after the following instructions.
{11 b § i is longer than

not checked, the g time bet Instr
the execution Instruction time. (See Table 2)

function set
Interface Is 8 bits long. 4
doner OFF | o msmmbatsl | o ek o
display lines and character changed aft .
font.
* displsy ON on

eniry mode set ’



Aeeande  HD44780

Code . Execution time | Execution time
1 ) . Deseription {when toxcls {when foscls
250 kHz) 160 kHe)
RS |RA/w joB? 088 | D63 JDBS |DA) |082 (DAY oao- Note § Note 2
' Claars all display and returns the
Clear displsy ] 0 e [ ] ] [ ] ] )] [/] 1 cursor t0 the home position 82us~166ms (1209 ~49m
(Address 0).
RAsturns the cussor to the home posl-
. tian {Address 0). Atso returns the R
Returnhome | O [ ] [ ] [} [} ] ] ] ] . dispisy being shifted to the original Qus~18ms {120 m-~48ms
ition. DD RAM remain .
unchsnged,
Sats the cursor move direction snd
Entry mode specifies or not to thife the displsy. 120
ot ] o -] ] ] ] ] 1 o j s Thate operations are pest 3 40 ps s
. during date write and read.
/ Sets ON/OFF of all displey (D),
Sipiay 0Nl 1o Jo [o fo o |o f1{ojc| 8 [cumoronore (e, smdbiinkol 405 12048
contro | . . cursar position character (8).
¢ and Moves the cursor end shifts the
Lursar o |o jojo Jo |t |sicirrn| o | © | disolaywithout changing DD AAM s 120 4
display shift contents
Sats Interface dets length (DL}
Function et (] (] ] ] |} DL | N 4 S . number of dispiay lines (L) snd 40 u» 120 us
charecter font (F). i
Sets the CG RAM sddres. CG RAM
SaCGRAM | 5 1o o |1 /e date It sent snd recelved sfier this w0 120
addresy.
setting.
: Sets the DD RAM eddsess. DD RAM
Set CORAM ] ] 1 - Apo . data is sant snd received after this 40 us 120 ps
asddrens
2 setting. .
Read buty Reads Busy flag (BF) indieating
fisg & sddress o 1 8F AC internal aperstion 1s being performed Vus 1as
and reads address counter contents. .
Write data M
0 CG or 1 1o wirite Dats R T i AYETS, a0 120 4
0D RAM ]
Resd data =
10 CG o 1 1 Aesd Data g::;t data from DDRAM or CG 40 120 s
DD RAM . J
1D =1: Increment (+#1} §/D = 0: Decrement (1) D0 RAM: Dliplsy dats RAM Execution time changes when
S o1: Accompeniesdispley shift,  ° CG RAM: C e RAM | frequency ch
SIC «1; Dimplsy shift 'S/C =0: Cursor move Agg: CG RAM oddrens (Example) -
RIL =13 Shift to the right. App: 0D RAM sddress When foge Is 270 ks
AL =0: Shiltto tha tefr. . Corrstpands 10 cursor
T DL =1: Bbis DL =0: 4 bis sddress. - R 250_:"
N o1z 2fines N =0: Vline AC: Address counter used fer | 4048 X o o
F =% Sxi0dats F =0: Sx7dots | both of OD and CG RAM
BF =1: Inmtesnally opersiing eddress.
BF =0: Cansceapt instruction
SNo effect

Notes 1. Applied to models driven by 1/8 duty or 1/11 duty.
2. Applied to models dsiven by 1/16 duty.




T1maz1 Beanasdde  HDA4760
1. CLEAR DISPLAY

Clear display ;
RS RMW DBy —08

Code mo|o|o|o|‘o|o|;o|0|_'J

-1 '

sz s Jmdasiiemia sPacE cascrr 2oy «3 e Db RaM
4 L] - - L]
TOVUAUAETIINYT SET DD RAM ADDRESSER \iugud #1 CURSOR seniiy Wag
ﬁmmﬁwuz{aihaﬂanaﬁan‘m SET I/D = 1, s lLilmanim

2. RETURN HOME

Return home
RS R/W DB, DB,
code |0Jo]ofofJoJoJoo]4]-]
®* No sffect
gdiaER 1T SET DD RAM  ADDRESSER u’luqué #1 CURSOR 3¢

- L5 . . 4 "
nau‘lﬂagn‘\umqm&zgﬂ’&'mﬁana«mw'ﬁaga‘lua amu\lu (§157. 0

3. ENTRY MODE SET

Entry mode set
RS R/W DBy [>1:

Code |o|o[o|oLo|oro|1F/o|sJ

BIT I/D : Tﬂ'-wL»ﬁuéi'zﬁwmm'lﬁi'uﬁat?lmm?adwu'ﬁagauﬁ'nsﬁﬂﬁ
(] g 0 4 J

DD RAM ADDRESS 1hnmwfivniaasaaiiiv lag 1 = \dr
0 = AR : )

B~



BIT S : e wmeudawalaghy s = 1 w:ﬂmw‘lﬁ'ﬁagausvﬁw
tar 4 -
CURSOR gnunﬁagaasgnmﬂﬂmﬁ'\a fis=0 ﬁagaae

fas J“ o~
a8/ CURSOR '4sgnau‘hlmu1ﬁa

4. DISPLAY ON/OFF OONTROL

Display ON/OFF controt .
RS RMW DBy .
coon [e]o]o]o]ofo] 1 ]o]c]e]
BIT D : il BIT ‘hidedeivennilasin D = 1 3 ON, uas

D=0 3 OFF

BIT C : asluday CURSOR W BIT c=1  uarirbifiaens
u#ay CURSOR BIT C = 0 lag#? CURSOR qsnzjﬁ LINE

o . 4
n 8 hwunm 5x7 poOT uacared LINE 7 11 Thanm
6X10 DOT

BIT B : i BIT SET nInivuiunas CURSOR Tos B = 1
¢ - <y 3 ) §
nNIInNIEwIu B = 0 1uum1n1w1u Tﬁnu'wnuna'm'l':

naswTuliesny 379.2 ms

.E.
i = i
_:Cuuor —\

T T
Alternating display

$ x 7 dot character

font $ x 10 dot character

font
{a) Cursor Display Example {b) Blink Display Example

6. CURSOR OR DISPLAY SHIFT

Cursor or display shift

AS A/MW DBy DBy
Code [o|o|o|o|ol|ls/c]an| -1
' * No effect



o o o wo [ » [ [ ]
lﬁuﬁ’lain‘um".M'mW\l CURSOR “;anaga‘l\llaﬁﬂ"ﬁ"m‘;ﬂn""‘[aﬂhaa\‘ &

adandmminam  Tan

S/C R/L
0 0 mn1iEa cursor Tanawoniaidulitieita 1 dwmia
L] v Ld 1 - -~ Q .

0 1 fn11Ens CUrRsoR hlanamumisidulinaiia 1 dwmde

v oo da
1 0 VihndusEneTm e tumethe

o & 4 -

1 1 L ihinaddaane i fe lunenanile

6. FUNCTION SET

Function set

AS R/MW DBy ———D8o
code [0]o0] olo[tlo;lnlp|.|.]
* No effect

BIT DL : i1 SET midesadnseliihann 8 BIT wia 4 BIT

Tanfin@asn1iAnma 4 BIT DL = 0 uaz 8 BIT DL = 1

N : 1ilun1T SET witiemaudawa N = 0 udae 1 uiThe
I [ - [
N =1 udae 2 uirie  lunswnnnan 2 washe o
SET N=1

F : (ilun11 SET mwa DOT nraudaawa 5X7 wia 6X10 las
F=0 (ihaw 5X7 uwae F =1 tthann 6X10

No. of

Charscter Duty

N F d::::v font factor Remarks

00 1 $x 7dots 1/8

01 1 S x 10 dots 111
Cannot display 2 lines

1 2 5x 7dots 1/16 | with 5 x 10 dot charac-
ter font.

* No effect

-10-



7. SET O3 RAM ADDRESS

Set CG RAM address
RS R/WDB, ———08p

o [o]o] o [ [AT AT~ ]2 2]4]

Higher L
- Or?ihsrﬂm Order Bits

T Hpaarso is”‘uw‘x"mi-mn-nu%wé 21Ha Aa  DISPLAY DATA RAM
(DD RAM) 31 80X8 BIT uaw CHARACTER GENERATOR ROM CO RAM wu
612 BIT uax 7200 BIT idwseithinns ser avbress T oo ran Tanfias
N SET  ADDRESS dautgam?aa"mﬁagaﬂn CG RAM A%

8. SET DD RAM ADDRESS

Set DD RAM address
As AWDBy————————_____—DBo

cots (oo 1 [alafala]a]a[n]

Higher fower
- Grer 8l Order Bits ~

1ihuade SET @1 appress Tu Do RaM TunnaiTmm3admeran DD RAM
(DD RAM #8 dnidrudawaniicag LCD)  Tasiwuou ADDRESS Heifatnan LCD
eagiu SET A1 N &
7 N =0 (1 yi7iia) ADDRESS 3vag OOH-4FH
i N =1 (2 yI7iM) ADDRESS =uag OOH-27H Jwrrien

1 uaz 40H-67TH  AwSiTaion 2

§20819n175 ADDRESS 189 DD RAM w1138 LCD uul 16 Gaand3 4 uTiim

WAz 20 AIanN¥T 2 UIThR  IDM-16416H, HDM-20216H

~N
=]
-
@
<N
-
(-
[
-
>
-
=
-
~
-
-
-
N
-
w
-
o«

o display position

ttine L oojorjo2jodjoajos)osforjosfor]ora|oBloc]on|oE]OF| o~ DD RAB address

2dne |40 a1 {42 | a3fasfas|a8f a7 | a8f{49)sA4B|4C]aD]4E|IF

Jfine f 0 N [12] W3S )is| s sf1A{IB[IC|ID{IE|IF

qdine | so|si|s2issisalssiss]lsr|{sas]jso|sai{sBisc|sD|sE]SF

HDM-16416H

-11-



W 2 3 4 5 6 7 8 9 10 11 12 13 M4°15 16 17 18 19 20 o display position
Idine] oo jotjozjo3f[oejosfosforjos]o9|oAjoB|oCioD(oE]OF| 10} 11 |12] 13 —DDRAMIddrm-

Winel 0|23 |asas|ar ]8]I |4AJMBIIC|4D|ME]IF]| SO |51 82

Jinej 14 j 181617 18| 9JIA[IBIIC|IDIIEJIFt 20N | 22|23 f24)25)|28) 27

4-!!1!!5055565158SDSASBSCSD!ESFGO.QIGIG!G‘6566

(Note)Shift display Is as same ss 2-line type.

HDM-20216H

9. READ BUSY FLAG AND ADDRESS 4

& [l BT DOL T

Higher
“ Order Bits Ordn Bis

viuddeswen Busy FLAG Feserthiienii ipasreo uazﬂunu'nm'n
f'nnuma'lum_rmnzj’hsﬁmwmme'muaga Toa
BF = 1 azi'lunmum1ﬁ1~nm1a'lu1xiu’iﬂuqv’{uﬁagan?aﬁ’lﬁo
BF = 0 ummmunagamamﬁﬂa
uasuanmmmtﬁumﬁcmumt‘iaua ADDRESS mad CG RAM wia Db RAM ¥7a

10. WRITE DATA TO O3 wia DD RAM

Write data to CG or OD RAM

RS AM D8, 08,
oo [1]o]ofofolofo L°I°l°J
b gm:'am Oldu Bis ~

nhma‘unmmaqatm‘lu lw oa ma DD RAM Tamumnaunauauas ADDRESS
4
wsm-saaaTananTwmmumﬁqn SET 4 ENTRY MoDE uammmmzp'uﬁm'n

tununaganao CG RAM win DD RAM ™ ¥laan 7 SET ADDRESS mae €O RAM wia DD
e, v
RAM nmmauaminunaga

—12-



11.

READ DATA

FROM OG3 OR DD RAM

Read data fram CG or DO RAM

o [T [le[o[o[s[e[o o]

_ RS RMWDB,

—DBo

Igh
“ Order 8Bits

Order Bits >

tf]uﬁﬁ\s'md'\’ﬁm'laﬂn CG RAM W33 DD RAM  Iesnauam@n3nn DD RAM

X o oy 1 3 YT 3 wd
»ia G RAM W3¢ 1A de SET ADDRESS nautﬁa‘lnp'maga‘v"mu‘ls\muf}u DD nia

CG RAM

o @ e - 4 ]
AMNATITNAVTINMIIEL ‘ﬂn"n’l‘l‘lﬁ‘! MW LCD MODULE 1mdaiwasual 1'\5\!

awatTmuanuas SET a2 mfiaents ouadiaines, CURSOR
YY) %01 o dﬂlu Pa o o !
1imbnei i e b0 RAM  @umnIeEEneIN BniadiaelAedneilusan e LeD

2 4 &
MRIINNE T NAWITN

- : = P14
LIENE WA VAR WIS ENEIN A ML Nensaa 19 laan1T SET DD RAM  ADDRESS

anweanan B hdiala SET DD RAM  ADDRESS

na limadmmanaas 87 Laiidia

4 uer [7) ’ <
Tusungun ldiiv ET-ROARD V3.0 #ﬂmnqztfnn'nsﬁd'nu‘maw‘lﬁa amn11 INITIAL

4 Ld | 4 4 L 1
_LCD LWARIINEAIUTINTTINI A NG

&'a'.‘:" I:}&%'::) 'i‘.’s?.?.'l‘ C&:‘é'mﬁiﬁ')" For 5 x 7 dot character pattern
7 6 %S 4 3210 S 4 3 2 1 0 7 8 35 &4 3 210
~Higher Lower — ~Higher Lower— — Higher Lower—
10 0 0
10 01
o1 0
0000KXO00U00 0005011 Fettorn
El 090 Exsmple (1)
1.0 1
' . i1 10
él 11 O—S'",’S'
EO 00
000 1
010
011 Character
0000XDO0O01 ooxloo E'x.::;lc(l)
101 ’
110
111
. 000
001
/_\
0000 X111 111‘00 " € No effect
101
110 A
N X X X 13-



danlrznaunas hunu

EPLUSE

WRBYTE

WRLINE

serihdwiviiadurm eNABLE  stonaL  Tamnald Port
4. . oA ¥
B BIT n2 nAnia PLUSE #yyw ENABLE i

avi hid i wnadwwmisnasdme DD RAM ADDRESS vt
fiaua TamsnTumunan INITIAL Hian ser 15 ailariau
'ﬁngmﬁﬂlﬂu DD RAM u¥ ADDRESS 189 DD RAM aeiilidu

1 Taniun

tﬁuﬁmtﬁmﬁaga 1 BYTE 1 lhudwinis ADDRESS 139
DD RAM muzil

tf}udm'lwrm'ﬁm'iagaﬁas 1 LINE tW77eauwmis DD RAM

4 3 - kJ -
Niieman LCD thmaaranwnivae binaiiu lhsdazyiaiia

g v 4‘ - e - - s
IMMNAIBEIIN l\'h::i': LCD unyy 20 @2an¥3 2 UIIne war 16 a2and7 4 UITne

;14_



SELZRSRBA=SVANIR  §8

CERISSGESRRENNN

BEERNRERSESHEEELE
FRITHEISVBRSRIST

L E R
§ :.* lCD ET V3.0 :
5 % HDM - 16416H *
6 ;* ETT (0. ,LID. k
7:* 21/9/1490 *
8.+ *
9 H k% KAk kS 2d 2.
10
ﬁ ORG 20001
13 mA 201
14 PSIGN 21H
R 21
l" :*ﬁﬁ*kﬂk*k INI‘mL 8255 Ahhbkikh
18 .
19 )} 80" :PA, PB, PC-QUT
20
a1 ;
22 TEST1 CALI, INITLCD
g] l[g }‘ILITABZ
CALL WRELINE
26 ID A2 ¢
21 (ALL WRLINE
28 ID A,J
%(9) 1D A4
3l CALL WRl,
32 RST 18H
31
A
35 TAB2 DB "+ EIT .,LTD. **
»
35
5
gg DB " HDM-16416H LCD
%
g:; DB "@R Knmu m mn"
37
37
gg DB "PORSTUVWXYZ12345"
38
18
lth :
41 ; txe2ex INTTIAL LCD DISPLAY #*#**
42 ; TAO-FA7 .: PIN IX)—D'I DATA READ/WRITE LCD)
13 ; B2 s ENADIE SIGNAL FULSE)
41 ; Bl 2 PIN R/W READ/YRITE)
:}2 ; PBO : PINRS REGITER SELECTION)
47 INITIXD LD
48 ouT (f*sum)
19 D A, oomboon ; Function set
%0 Db—l 8 bit,N=1 1/16 duty,F=0 5x7
51 T (PDATA) LA
52 CAlL, ETLUSE ,enable gignal pluse
2 CALL DELAY > 4.1 1 ,
5 LD  A,00001111B d sp a¥ on/off control
9% C=1 cursor on,B=1 blink
56 QUT (FPATA) ,A
51 CALL EPLUS
58 LD  A,00000110B ,ent node se
59 . J1/D= mcrermt 5=0 right
60 QT (FDATA) ,A
6l CAL1, EFLUSE
8 LD A,00000001B ;clear all display
61 T (PDATA).A
65 CALL, EPLUSE
66 CALL, DELAY
67 RET




=1
SRC85882

éS 8@5 8@8 5@8

GER8E 88 =88 =8HG SANARARA
=

g
B8s338
3 8
8

8
BSISKE3E
RYASRSR

2009 JE.OL
20U DI 21

20DE DI 20
0 CD BD20

2084 06 00
00
00

20E8 10 FC

20EA 9
0 Error(s) Delected

N: INUT A=
TVWNE C 1

! R 2Z,

'3 cr

% JR Z,WRL2

T P 3

78 JR  Z,WRL3

9 ¢ 4

g(l) JR Z,WRIA

82 RET ;NO WRITE LINE
giwrid LD A,00H

8 (ALL GUTO

& JR  WRIM

81 W2 D AA0H

88 CALL GO0

33 JR WRIM

9l WRI3 1D A, IQH

92 CML (0T

33 JR WRIM

95 WRIA 1D A,50H

% CALL G070 :

97 WRIM iD B,16 :16 IR
98 WRL b D, (HL)

99 FUcH BC

100 (ALL WRBYTE

101 or BC

102 INC L

103 NZ

104 RET

105

}g s#=rex ENADIE FIUSE SUB. *#»»++

}os FPLISE 1N :2\ grswu)

r (I“‘IGN) A :enable bit 2=
111 1D B,00H

H% EMl DINZ Ef’

114 ar (rsz) A senable bit 2-0
e o3

17 ;*32-4o QU0 POSITION #arsanss

118 : INFUT REG A=DATA

119
120 GUTo FUSH BC

[4

121 SEr 7,A ;set DD RAM
1 2; (X‘(J),III' (FDATA) ,A
1 QT (PSIGN) A ;set RS:0,R/H-0
) CALL S
6 ToP BC
é RET

jeessess WRITE DATA SUB. Axxss
; INFUT REG D=DATA

2 WRBYTE 1O  A,00000001B sdata write

fond Lo L B IEIDI LI D
hept=t 2300

131 ouT  (PSIGN),A

bl D AD ;data byte
15 r  (Foatn) A

36 CALL EPLUSE

P

}8 :.“.“y‘t*.‘. DHAY SUB LT Ye 20
ML OBAY 1D B0

142 DEL NOP
1} NP
M DUNZ DEL
115 RET

235 Absolute Bytes. 19 Symbols Detected.



0020
2000
2300

00

21
JE 38

20

85

AC20
F

BB
o

D) 20
CD 8520
06

B3 8820

JE 01
D3 20
CD 8520
CD AC20
c9

=3OV i ) DN 1= OO OO = J CWLES (0 DN 1= O A0 00 == ON U o5 d B\ 4 OO 00 =d O (T o5 1 05 o850 0B Laed (o) o) {ond nd BN 12 €D L0 €0 =] O L7158 Lad DN 4G 00D OO =] CY W15 Lad BN 1= € A\O GO = d NV ibn L Thids

AN NN N YNNI OURN I OV Qb oL ofi olin i ob o5 o oD o2 Cad Cod L G Cad Cad Cad Cnd b Lood lond G Tud Cund € Cand € Good END BN BN BN BN IND NI BND BN D) b s o s Ponch b b o o o

!****i*k**k*ti*k**ktk****k*kt*’
Hia ;EST LCD ET BOAR vi.0 *
1 0 CHARACTERS LINE *
o* ZOZIGB *
ix §71885" :
i 21/9 i%90 - :
;k*ﬁ***ﬁ**i**ﬁ****ﬁﬁt*****ﬁﬁkﬁ*
ORG ZOOQH
PDATA EQU 20H
PSIGN EQU 21H
PCONT EQU 23H

shrkaxkirr INITIAL 8255 rxakxix
LD A,80H ;PA, PB, PC=OUT
OUT (PCONT),A

:k*ﬁ**tk*k*kt TEST RARKKRARARKRX

;TEST LCD HDM-20216H
TEST1 EALL INITBC?

LD A,
CALL WRLINE
LD A,2
CALL WRLINE
RST 18H

DB "#*% ETT CO.,LTD. ***"

—gee
-
@
—

DB ° "  HDM-20216H ILCD "

srrnxx INTTIAL LCD DISPLAY *#ak#
PAO-PAT : PIN D0-D7 DATA READ/HRITE LCD;

: PB2 : PIN E ENABI, srcynb PULSE
: PBL : PIN R/¥ 4
: PBO : PIN RS AR ELECTION)
INITLCD LD A,0

ouT (PSIGN) A

A,001116008 function set
‘DL=1 8 bit,N=1 1/16 duty,F=0 5x
OUT (PDATA),A
CALL EPLUSE ,enable 31gna1 pluse

CALL DELAY sDELA 4.1 ms
LD A,00001111B disp1a¥ on/off control

:D=1 of cursor on,B=1 blink
OUT (PDATA),A

CALL EP
LD A,00000110B8 ,entr mode set

:I/D=1 increment,S=0 right
GHEL £BROTR) -2

LD  A,00000001B ;clear all display
OUT (PDATA),A

CALL EPLUSE

CALL DELAY

sxaxxax YRITE LINE 20 CHAR Ak#xx
INPUT (HL)=DATA
INPUT A =LINE

“ewme=



2064 FE 01 68 WRLINE CP
2066 28 05 69 JR  Z,WRLL
2068 FE 02 70 cP
2062 28 08 ;% JR Z,¥RL2
206C C9 7’ RET ;NO WRITE LINE
206D 3E 00 74 WRL1 LD A,00H
206F CD 9420 75 CALL G0TO
2072 18 05 ;g JR  WRLM
2074 3E 40 78 WRL2 LD A,40H
2076 CD 9420 gg CALL GOTO
2079 06 14 81 ¥RLM LD B,20 ;20 CHR
%013 56 82 WRL LD _ D, (AL
07C C5 83 pusa B
207D CD A120 81 CALL WRBYTE
2080 C1 85 POP BC
2081 23 86 INC HL
2082 10 F7 87 DJNZ WRL
2084 C9 88 RET
gg ja%axs ENABLE PLUSE SUB. #*xxs
gggg P 21 92 EPLUSE  IN_ a.£psxcu)
2089 D3 21 93 ouT (PSIGN),A ;enable bit 2=1
2088 06 00 95 LD B,00H
o g g g '
2091 D3 21 98 OUT %PSIGN).A :enable bit 2=0
2093 €I 39 RET
og :kkkﬁkkk coTo POSITION RAKRRKXRA
02 INPUT REG A=DATA
2094 C5 04 GOTO PUSH BC
2095 CB FF 05 SET 17,A ;set DD .RAM
2097 D3 20 06 out (PDATA) ,A
2099 AF 07 XOR
2094 D3 21 08 OUT (PSIGN),A ;get RS=0,R/W=0
209C CD 8520 09 CALL EPLUSE
209F Cl 10 POP
2040 €9 o RET
13 ;asaskxs YRITE DATA SUB. AARAXAX
{g * INPUT REG D=DATA
20A1 3E 01 16 WRBYTE LD A,00000001B ;data write
2083 D3 21 17 OUT (PSIGN),A
2085 7A 18 LD A,D :data byte
2046 D3 20 19 OUT (PDATA),A
208 CD 8520 120 CALL EPLUSE
20AB C9 {%1 RET
12% ;k‘***khk DELAY SUB AkkhR*k
124
20AC 06 00 125 DELAY LD B,0
208E 00 126 DE1 NOP
20AF 00 127 NOP
2080 10 FC 128 DJNZ DEL
2082 C9 129 RET
0 Error(s) Detected.
179 Absolute Bytes. 17 Symbols Detected.



CHARACTER FONT TABLE

J— [ l-1 1! ANEEERE

........ o | LTI ==
-------- i | =31 = T e G
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character pattern which enable to change fresly by user’s program.
O HANDOK

NI E

I ‘E l.'!"l.T.l L‘Lt: =IE

2 EIR R EE

G ey e 5 el




uanIn LCD MODULE (HDA4TBO)  AvBendawiiemas 'CHARACTER
GENERATOR 'r"u11mm1m'ﬁwﬁnga'lumnﬁaﬁﬁnmﬁu‘lﬁ'liN ANAVINAIDYT
BX7T DOT ihwiihuinds dwwnieTuarane ool e o dmsiumie 08H-0FH i
SUVBNLSE TNy OOH-OTH 3wi7iinaeil CHARACTER GENERATOR 8 &7ihandmnm
\ufauai et Buaviuthann 6x10 Dor seidouls 4 Hadines Feanta

s, v .
fi s Wi d sl SmdasnerigEnhiaingsne tna 18

M3 mubiaua_ CHARACTER GENERATOR
v37dwn o Sautieya fTaadwna  ADDRESS 1ae CG RAM daulan. dm ¥
64 Guwnie BIT 5-BIT 0 UALLNBRWA ADDRESS ué”nﬁwﬁwn’\nimﬁagmﬂu (o]
raM Taaifhufine BIT 62 BIT wu3a 1 #hiinws da 6X7 DOT l"fm::'lﬂﬁga BIT 4
e BIT 0 éa L BYTE it 1 #:imyre Whaua 8 BYTE Hasffuliiganarans
u1snau‘luﬁmuasti']atﬁuuﬁagaaﬂu oo raM win At 31ae e bl Sauauall oo

RAM fa  Howadwwislua1119 CHARACTER Tid iy COH-O7H

ﬁ'zazhﬂtlmmun’m'imsﬁagaﬁm‘hﬂmwﬂnmﬁlﬁ'a (@, (), wasi
) 1§ 0o RAM daumieit 00H, O uaE 02H  uamiwMAANWARNRA  LCD
Tanld 2 ur7ia lun1udasea

~ A NS 4 \

anl n7 e LCD  MODULE iiuidéin  Gaet i 13 Wi CONTROLLER

s s X 7 J o “ - .

129 LCD MODULE ifs @8 CONTROLLER qnquwmzﬁm'lmnunun‘}aw]nmﬁud'm‘lwy

DMC Module In case of extended tamperature version
o o )
186392 cmeeeee 321 1413 cooeee- 3 2 8 .
ope N o o P APA
] lu
> >
0 GND 0 aNo
F—"
;3 Ve - >3 )
> +5v 8 O +5V
: i | —
8l (0RQ —200 0
. Y V)

'-m&—uwav-nammnmmnmmmum
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>

1A hrea e HD44780
1. (REGISTOR SELECTION)  aziilnnian REGISTOR ma lideil

) - 94
88 2 aMB INSTRUCTION REGISTOR (IR) uar DATA REGISTOR (DR)  1asiin
vihe 1 seidmrdan pata kaeuiu o seifuntaidan INSTRUCTION

2. R/N (READ/WRITE) tﬁﬁ')tsanhwlﬁmﬁ‘azii'm'ﬁax:a’nnﬁ'a

IC Tasdmbana = 1, tSestiaun = 0

3. E (ENABLE SIGNAL) tﬁun’aﬁ’ummdn’tmm’:’miuuihuﬁm:a

The relation batween ths operation and the combination of RS, R/W

f!S RW E OPERATION
’ 0 o _\_ ] Write instructlon code
0 1 Read busy flag and sddress couanter
Y=L . :
1 [ —\_ " Write dsts n R
1 1 — =y Read dats

When performing data and Instruction code by 4 bit, transfer RS, R/W every time.
v e ' f

4. DBO-DBT Li'}un'r‘l'udq'ﬁagaﬂnﬁ’i IC
B\ 2

5. VDD 1”!3&16!')1011

6. VSS tihio anp

7. VO vihusniy vortace Tunnain Lop Tiddramdaita
t 4

-



3E 80
D3 23

@ A020

BRBIN2SBRSSBHRNE
NNNINENENEBEBBRTH
BENBRISWNNEIBRISZ

SHESSEnS SNNNNMEEENENNIRLR

2885

.
iy
*
*
*

l Heteis Lidd s *
2 ;.‘ +
3 i+ TEST LCD ET BOARD V3.0 *
4:* 16 QINRICITERS * 4 LINE  *
5 is 1M - 16416H *
6 i* ETT 0., L. »
1ir 21/9/1990 .
9 E.‘.t,‘:.‘t.‘*.*.‘.**ﬁ**k***tﬁ*k”-ﬁf*ﬁtﬁl
10

i1 ORG 2000H -

B Bu 200

1A TSI BU 210

15 FONT 2

i6 YR 30001

ls :ﬁ.‘*f.*f*** mm 8255 EhEkE &S
19

2 I 800 :PA, PB, FC-OUT
21 QT (POONT) A

5 fEST QAL INITICD

4

AN SET (G RAM CHARACTFR *###+#

27 fOWIOAD 1D C,0
1D B,64

10 W, TABD

29

30 pol i Db, (i)

1 PUSR BC
CALL

o

HL, TAB2
Al

HR?INE
WRLINE

A3
WRLINE
AA

WRLINE

184

>

"% EIT (0.,LTD, *"
52 pp v *,0211, 2011, 021, 20,0211, "

*, 00H, 2811, 011, 2B, O1H, 2FH, °

8

—
]
=

23

-
-
... 11 1--]- -

8g3s88s .
888

b
ol
p—

g ESESEs8EE

gee
g8

1

2
=8
-~ 1--1--]--]



207C 09 69 DB 00001001B
207D 09 70 DB 00001001B
200 09 7 DB 00001001B
207F 00 ;% DB 00000000B
2080 00 y7 DB 00000000D
2081 00 5 DB 00000000
2082 00 76 DB 00000000B
2083 0l 71 DB 0000000iB
2084 0l 8 Db
2085 OF 79 DB 00001111B
2086 1 80 DB 0001000iB
2087 IF 8l DB 00011111B
g% 31 0o h’R]TE RM 33 3103 83,03 T
84 : INFUT REG - NODRESS 1-64
ag : REG D-DATA  BIT 4-0
2088 CB B9 87 WROGRAM RES 7.C
2087 CB F1 SEF 6,C
208C 79 89 in AC
208D D3 20 uT  (FDATA) A
208F 3E 00 9} A,0
2091 D3 21 92 (PSIGN) , A
2093 CD FE20 93 CAlL, EPIUSE
209 € 2521 91 CALL, DELAY
2099 O 1A21 9% Cld,
200C D 221 % CALL DELAY
200F 9 gg RET
99 +#+++¢+ INTTIAL LCD DISTLAY #ar%
gg f ,'%‘ZH’” PIN grm by nmn/mm; ;
02 i TRl PINRA momzm:)
83 M0 :PINRS REGITER SFIECTION)
2000 3E 00 05 INITUD LD A0
223’;5 I3’}3: %111 89 (L’gr 110(1)(1;36003 function set 381
08 4 iDL-1 8 bit,N=1"1/16 duty,F=0 5x7
2006 D3 20 09 QUT  (TDATA),A
2088 CD FE20 10 CALL EPIUS enable slgnal pluse
AB (D 2521 11 CALL DEIAY ‘DEIAY ) 4.1 us
20AE 3E OF 12 ID A,00001111B d.lspla onlo[I control
3 D=1 ofl,C=1 cursor on,B-1 blink
2080 D3 20 14 QUT  (TDATA),A
2082 (D FE20 15 CALL EPLUSE
2085 3E 06 16 LD A,00000110B  ;entry mode se!
17 s1/D= mctenalt $=0 right
2087 D3 20 18 o (mm),n
2089 CD FE20 1%3 CALL EPLUSE
20BC 3E 01 21 1D A,00000001B  ;clear all display
20BE D3 20 22 QUr  (PDATA) A
2000 © FE2O 23 CALL musa
2003 @ 2521 21 CALL DELAY
2006 ©9 %g RET
2', :%lm*ﬁk HRITB mNE 15 G]AR KAtk
28 ; INTUT (HL)=DATA
23’(9): INWUT A=
WRLINE
R I e W
2000 28 10 k) R Z,WRi2
20CF ggos 135 cP 3
200 28 13 136 JR  Z,WRL3
2003 FE 04 137 c 4
2005 28 16 B JR  Z,WR14
2007 €9 70’ RET ;:NO WRITE LINE
2008 3E 00 41 wRLl LD A,O0H
2004 C D21 2 CALL GOTO
200D 18 13 gz JR WRIM
200F 3E 40 45 WRL2 1D A,401
20E1 CD 0D21 46 GALL GOTO
2004 18 OC g JR WRLM
[




=)

8
=84

=

888 885
Sub

X
3
25N000RR9
3B

20FE DB 21
2100 g D7

EH]
&
3

0
2108 CB 97
D} 21

B20ER2aR
gfﬁ 33

BINIDIDI BIBDI DI

BIBIBIBIIBD
g

2125 06 00
00

00
2129 10 FC
9

150 CALL
151 JR  WRINM

152 ;

153 W4 1D A,500

154 CALL GOTO

5% WRIM LD . B,16 ;16 OR

56 WRL b ' D, (HL)

57 FUSH

158 CALL,

59 FOP BC

0 INC HL

61 DINZ WRL

62 RET

53 ;#%%2% ENABLE PLUSE SUB. **#as

65

66 ETLUSE IN_ A, {PSIGN)

61 SET 2.A )

68 ar (fsian A ;enable bit 2=1
69 1D B,00H

0 DINZ EP)

1 RES 2,A ,

172 or (Fsien A ;enable bit 2-0
noL

JT5 *#2e+%% GOTO POSITION #A#rakar
};’? ; INTUT REG A-DATA

178 GOTO TUSH BC

119 SET 71,A
180 QUT (FDATA) ,A
181 XR A

:set DD RAM

82 QUT  (PSIGN) A ;set RS=0,R/H=0
83 CALL EPLUSE

84 ToP BC :

85 RET

86

8] :*s#ss44 WRITE DATA SUB, #trstss
188 ; INPUT REG D=DATA

89
90 WRBYTE LD A,00000001B  ;data write
91 ouT

(PSIGN) ,A
92 1D AD sdata byte
93 our. (FDATA) A
94 CALL; EPLUSE
el

97 ;‘.*.ﬁ.‘..‘!:‘. DmY slm E 2333 323
199 DAY 1D B,0
200 DE NP

201 NP

202 IJINZ DE1
203 RET

204

0 Error(s) Detected.
300 Absolute Byles. 24 Symbols Detected.




Electric maximum. ratings

~ltem Symbol! Min. | Max. Unit Remarks
Power supply lor logic Voo — Vss \ A
Power supply for LCD drive Voo — Vo ) Reler to inchvidual specification \Y
Inpul voliage \J v
Stalic electricily - 100 v See nole
Note Eectrosiaiic discharg Is tested by charging @ cond with a cap of 200pF and discharging it by with an intert
conneclor pin.
Environmental conditions
Operating Non-operating
Re
ftem “Min. | Max. Min. [ Max. marks
Ambtent lempev_a_lure R ™ Reler to tmﬁvndual spec«hcahons “
Hurridily Nole . No dew
Vibration - 49mls’ (0 59{ 8 ___- e __196!'nls?(2G)
Shock - | 2ams @6 = | 450ms?50G) |  XYZ 3 directions
Corrosion gas No corrosion gas
Nole Humidity conditions are as follows.
Number ol dols
Under 128 x 240 128 x 240 or over
Ambient temperature (Ta) s . il Ve 2N 3 L o
1a s 40°C 95% RH max. 85% RH max.
Ta >40°C - Below maximum absolule hunudtly of " Below maximum absoiule humidity of
(Below maximum lemperalure) 40°C 95% RH 40°C 85% RH

‘RELIABILITY CONDITIONS *

LCD MODULE (Consumer Type)

ltem

High Temperature Operalion

condmons

Opevalmg 96 ~ 100 HiS at 50 ¢ 2°C sunounding lemp

- {No change is visiblein

Low Temperalure Operation Operating 96~ 100 Hrs at 0 ¢ 2°C mvrotmding temp,
Siorage 86~ 100 His a1 60 3 2°C surounding temp. then siorage 4 His at nommal
High Temperalture Storage __condiion (Power Off) ) o) (S
Storage 96~ 100 Hrs al —20 4 2°C surrounding temp. then storage 4 Hrs al nonnal
Low Temperalure Siorage | condion (Power Of) No dew io be found
Damp Pruol Slomge 96~ 100 Hrs at 40 & 2°C and 90~ 95% RH surrounding condmon then
Y slorage 4 Hrs at normal condition (Power Off) No dew to be lound.

Evaluation

appearance nor function

Note The ebove condition is only representative, and may, differ in case of customized specitications,

‘OPTICAL'DATA#

Ta = 25°C
ftem Symbo! Condilion Min, Typ. Max. Unit Notes 1o ses
Viewing angle __¢2—¢1 Ke14 - 20 - deg. _—
Conlrest ratio K ¢=25° 2 -
6=0°
] é=25° 250 400 —_
Response tme (rise) N 0=0° - 150 250 s —
4 ¢m25° 250 400 =
Responss tme (taf) o 6=0° - 150 250 s =
©) - - ~



DV —1601 B No. | Signat | No.{ Signal
1 vsSS | 2| vDD
3] vo [4 RS
s | Rew |6 E
7| pBO | 8| DB
91 DB2 |t0] DOB3
. 11| OB4 |12 ]| DBS
122 13] pB6 [14a] DB7
115
108.2
99
4-03.5 4.84
1 13!P2-_54-33. 12 25 0.82 )
o~ _,H.g_.sd I —
rddddIaidT T s o F l i
w. SAARNARARKAREA & 0 - i
(] A o
- @ -3 3 pr—y 8 =
+8 8 9c o I \\ 1/ /4 o I
I
° e [ Codoo
15 X P6.0 =80 L6
"MM‘
i
{
DV~-1601 No.| Signal | No. Signal ;
1 Vvs8s | 2 vDD |
3 Vo q RS
s| arw]le E
7| DBO | 8| DB}
9] b2 [0 ] DB3
11| DB4 |12 ]| DBS
13| DB6 |14 ] DB7
ﬂ l 7 4 1.2.54 14-91.0 4-025
S 144 4344 95" ¥ |
FJ 2 i r =
0 —i—1r
[ 7] -]
J1oss
m — L_ - 1 [
} gl |
¢ hd | | gl S |
ae 1248 ..5082 . 6 s |
425 | -th_ ..5645 _4 1.6 :
. I . L3 : 1.3 _ [10max| l
A £ 2.5 '
- 80 -
| 102

DATAVISION




DV—-1604

No. | Signal | No.| Signal
7] vss | 2] vob
3] Vo | 4| Rs
5| A/W | 6 E
7| bBO | 8| DBI
10 254 %010 4-p25 9] oBZ |10] OB3
| "] DB4 |12] DBS
1 —f T 4 | 3] pB6 J1a]| DB7
J 8 8 1 295
.-}
I R 0 O 411055
-3 0 5';1 |
— 2 ° {
- - < L} |
I fnes
Y Eu—— . ) = =
i -H A _OUEI0L..
q 285! [ 56.2 A 5. |16
IR 615 A Tows
Y g\, E2 (AR
82 25
87
154
Dv-2002 No.] Signal | No.|] Signal
1] _vss | 2] voD
3| vo | 4] RS
5| A/W | 6 £
7| DBO | 8| DBI
o | DB2 j10| DB3
1] DB4 |12 | DBS
4-935 -
Y 13| DB6 |14 | DB7
AR A ¢ 1\ I ) 1.3 [
=& = 9 gk
J | T
CEPEE o0 o
F '] D k__3_._2.0_.
- LL JJ 0.60
L nyy- 11 T ny o iF :
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National
Semiconductor
Corporation

ADCO0820 8-Bit High Speed uP Compatible

microCMOS

A/D Converter with Track/Hold Function

General Description

By using a half-flash conversion technigue, the 8-bit
ADC0820 CMOS A/D offers a 1.5 ps conversion time and ,
dissipates only 756 mW of powar. The half-flash lechnique
consists of 32 comparators, a most significant 4-bit ADC
and a leasl significant 4-bit ADC.

The input to the ADC0820 is tracked and held by the inpul
sampling tircuitry eliminating the need for an external sam-
ple-and-hold for signals moving at less than 100 mV/pus.
For ease of interface to microprocessars, the ADC0820 has
been designed 10 appear as a memory locatlon or 170 port
withoul tho need lor external interlacing logic.

Key Specifications
u Resolution
a Conversion Timo

8 Bits
2.5 ps Max (RD Moda)
1.5 us Max (WR-RD Mods)
= input signals with slew rate of 100 mV/us converted
without external sample-and-hold lo 8 bits
w Low Power
® Total Unadjusted Error

75 mW Max
t % LSBand + 1 LSB

Features

B Built-In track-and-hold function

u No missing codes”

w No external clocking

u Single supply—5 Vpc

® Easy interface to all microprocessors, o1 oporaloes
stand-alone

u Latched TRI-STATE® outpul

® Logic inpuls and outputs meet both MOS and T2t. voll.
age lavel spaclficalions

m Opeoratas ratiometrically or wilh any rolorence valuo
aqual lo or tess than Voo

& 0V ip 5V analog input voltage range with single 5V
supply

® No zero or (ull-scale adjust required

m Overflow oulput available lor cascading

® 0.3" standard width 20-pin DIP

m 20-pin molded chip carrier package

® 20-pin small outline package

Connection and Functional Diagrams

Dual-In-Line and Small
Outline Packages

V]! Voo
bso—2 NC
oai—{3 o
oB2—14 08y Vst ¢ o] on ori
b > [— o
(1L £ 086 FASH [ -
. OI___._, b >
¥a/koy =16 - 14 m4) + (=013
MODE —{7 D34 T vu-r— » e 014
s 8 ™ 3
o) b - s
- s
TL//oB01 - auliiny
Top View
p— 02y
Molde:a(:‘r:;p (e:afrler "l‘ﬁ: g .
o 1138 ——
Ig E § § 2 (- =g + — 010

18 17 16 15 14
1} 13

Ye—20 12f=Vaer (9)
Va—tt 11 =Yg (=)
p80—2 10}~ GND

" TLH/E501-22

TIMING AND CONIRTL CIRCWITHY

“aot

FIGURE 1

See Ordering Information

Wh/any a

#0

TL/H/8501-2




DC Electrical Characteristics The following specifications apply for Voo = 5V, unless otharwise specified.

Boldface limits apply from Ty to Tpax; all ofher limits Ta =T, =25°C.

ADC08208D, ADCO820CJ ADCO0820BCN, ADC0820CCN
ADC0820BCD. ADG0820CCY ADC0820BCV, ADC0820CCY
' ADC0820BCWM, ADC0820CCWM Limit
Parameter Condltions T Tested | Design | T Tesled Design | Units
N o:: g | Lmit | Umit (No‘{: of | Limi Umit
(Note 7}| (Note 8) (Note7) | (Note 8)
Ving). Logical 1" |Vge = 5.25V CS, WA, RD 2.0 2.0 12,0 v
npul Voltage - Mode 3s 35 ‘a5 v
Vingoy. Logical “0"  [Vgo=4.75V CS, WR, RD 0.8 0.8 0.9 v
input Voltage Mode 15 1.5 1.5 v
byn. Logical 1 | Vi) =5v; C3,RB 0.005 1 0.005 ' 1 pA
faput Currant Vingy=5v; WH 0.1 3 0.1 0.3 .3 HA
Vingi) = 5V; Mode 50 200 50 170 200 pA
ko), Logical “0" | Vin(oy=0V; TS, AD, WA, -0.005 | -1 -0.005 -1 pA
Input Curront Mode
VYour(i), Logical 1" | Voo =4.75V, loyT = — 360 pA; 24 2.8 24 v
Oulput Voltage DB0-DB7, OFL, INT
Veo=4.75V, lgur = — 10 pA; 4.5 4.6 4.5 v
DBo-DB7, OFL, INT
Vouroy Logical 0" | Vo =4.75V, lout = 1.6 mA; 0.4 0.34 0.4 Y
Outpul Voltage DB0-0B7, OFL, INT, RDY
ur, TRSTATE | Vour=5V; DBO-DB7, RDY 0.1 3 01 0.3 3 BA
Output Current Vour=0V; DB0-DB7, RDY -0.1 k. +0.1 -0.3 -3 pA
“IsouRce: Output | Vout=0V; DBO-DB?, OFL -12 -6 -12 -7.2 -8 mA
, Source Current INT - -9 -4.0 -9 ~-53 -4.0 mA
Iy, Output Sink | Vout=5V; DBO-DB7, OFL, 14 7 14 8.4 7 mA
Current INT, RDY
!, Supply Current |CS=WH=RD=0 7.5 15 75 13 15 mA

'

"AC Electrical Characteristics the {ollowing spacifications apply for Vog =5V, t,= 1= 20 ns, Vagr( + ) = 5V,
Vage(—) =0V and T = 26°C unless otherwise spacilied. I

' T Tested Deslgn
Parameter Conditions (No¥: 6) Limit Limit Units
(Note 7) (Note 8)
teap, Conversion Time for RD Mode Pin7 = 0, (Figure 2) 1.6 25 us
tacco, Access Time (Delay from Pin7 = 0, (Figure 2) tcrp+20 tcro | 50 ns
Falling Edge of R to Output Valid)
toewn-AD, Conversion Time for Pin 7 = Vgei lwn = 600 ns, 1.52 ns
WR-RD Mode trp = 600 ns; (Figures 3a and 3b)
twa, Write Time Min Pin 7 = Vgg: (Figures 3a and 3b) 600 ns
Max (Note 4) See Graph 50 ns
tap, Read Time Min Pin7 = Vg (Figuras 3a and 3b) 600 ns
{Nole 4) See Graph o
taccr, Access Time (Dalay from Pin? = Vee. tho<hi
Falling Edge of RD to Output Valid) {Figure 3a)
C = 15pF 190 200 ny
5 CL =100 pF 210 320 ns
lacce, Access Tima (Dolay from Pin7 = Vee. Wan > i (Figura 3b)
Falling Edge of RD 10 Output Valid) CL=15pF 70 120 ns
CL =100 pF 90 150 ns_




AC Electrical Characteristics (continued) The following specifications apply for Ve =5V, t,= ty=20 ns,

VRee(+) =5V, Vaer(—~) = 0V and T4 = 25°C unless otherwise specifiad.

T Tested Design
Parameter . Conditions N o!: 6) Limit Limit Units
{Note 7) (Note 8)
t, Internal Comparison Time Pin 7=V¢c: (Figures 3b and 4) 800 " 1300 ns
Cp =50 pF
tin, ton, TRI-STATE Conlrol Ry =1k, C = 10 pF 100 200 ns
(Delay from Rising Edge of RD 10
Hi-Z State)
L, Delay from Rising Edge of Pin7 = Vgg, C = 50 pF ¢
to Falling Edge of INT tpo> Y, (Flgure 3b) ) ns
trp <VYy; (Figure 3a) trp+ 200 tpp+ 290 ng
H,» Delay from Rising Edge of (Figures 2, 3a and 3b) 125 ) 225 ng
RD to Rising Edge of INT CL=50pF -
Hwn, Delay from Rising Edge of (Figure 4), C =50 pF 175 270 ns
1o Rising Edge of INT
ppy. Delay trom T8 10 ADY (Figure 2}, Cy =50 pF, Pin 7 =Q 50 | 100 ns
tp. Delay from INT 1o Output Valid (Figure 4) 20 50 ns
tp, Delay from RD to INT Pin 7=Veg, tap <t 200 200 ns
(Figure 3a)
tp, Delay from End ol Conversion (Figures 2, 3a, 3b and 4) . 500 ns
1o Next Conversion {Nota 4) See Graph
Slew Rale, Tracking 0.1 v/ s
Cuvin. Analog Input Capacitance 45 ' pF
Couyr. Logic Output Capacitance 5 pF
Cin, Loglc Input Capacitance ; 5 pF
Note 1: Absclute Maxl Ralings indicate limils buyond which damags lo the device may occur. DC and AC eleclrical spocitications do nol apply when operating
the duvice bayond ils spucified operaling conditons. ;
Nole 2: Al ges are d wilh respacl (0 the GND pin, untess otherwlae specified. :
Note 3: Total unadjusted error includes ofisot, full-scale, and lincarity errors. !
Nole 4: Accuracy may degrade i twiy or tpp is sharter than the mini valus Iiod. Sca A y v8 bwijy und ACowracy va lyp graphs.

Nole & When 1ha inpul volluge (Vi) at any pin excoeds INe powur supply rails (Viy < V © or Vi » V1) the absolule value of currunt al that pin should be limiied
10 1 mA of loss. The 4 MA package inpul curroni limils tho number o pina thal can exceod 1he powor supply boundarios with a | mA current limit to four,

Note 8: Typicals are at 25°C and represent masl ltkely paramelric norm,

Note 7: Tasled limils are guaraniesd 10 National's AOQL {Avorage Oulgaing Qualily Love!).

Note 8: Deaign limits are guaranlaed but not 100% tesled. Those limils are nat used 10 caiculate culgoing quality levels.
Note 9; Human body mods!, 100 pF discharaged through a 1.5 kil raaislor.

TRI-STATE Test Circuits and Waveforms
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Timing Diagrams
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Typlcal Performance Characteristics
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Description of Pin Functions

Pin Name Functlion

1 Vin Analog input; range =GND<V|NSVeo
2 0BO TRI-STATE data output—bit 0 (LSB)

3 DB1 TRI-STATE data output—bit 1

4 DB2 TRI-STATE data output—bit 2

§ DB3 TRI-STATE data output—bi} 3

6 WR/RDY WR-RD Mode

Wa: with TS low, tha conversion Is start:
ed on the falling edge of WR. Approxi.
mately 800 ns (the preset internal time
out, ) after the WA rising edge, the resull
of the convorsion will be strobed inlo the
output latch, provided that RD doas not
occur prior (o this fime out (see F igures
3a and 3b).
RD Mode
RDY: This is an open drain output (no in-
ternal pull-up device). RDY will go low af-
ter the falling edge of TS; RDY will go
TRI-STATE wheon the resy|t of the conver-
sion Is strobed into thé output latch. It is
used 1o simplify the interface to a micro-
processor system (see Figure 2).

7 Mode Mode: Mode seleclion input—ii |s inler-

nally tied to GND through a 50 pA- cuuenl

source,
RD Mode: When mode is tow'
WR-RD Made: Whan moda is hlgh

8 RD WRA-AD Mode
with C5 low, the TRI-STATE data outputs
(DB0-DB7) will be activated when RD
goes low (see Figura 4). RD can also ba
used 1o increase the speed of the con-
varier by reading dala prior 1o the presst
internal time out (t;, ~800 ns). If this Is
done, the data resull transferred (o oulput
latch is latched after tha falling edge of
the RD (see Figures 5a and 3b) |
RD Mode '
With TS |ow, (ho canversion will starl with
RD going low, also RD will enable the
TRI-STATE dala outputs at the comple-
tion of the conversion, RPY going TRI-
STATE and INT going low indicates the
completion of the conversion (see Figure
2.

1.0 Functional Description-

1.1 GENERAL OPERATION

The ADC0820 uses two 4-blt flash A/D converters 10 make
an B-bit measurement {Figura 1). Each fiash ADC is made
up of 15 comparators which compare the unknown inpul lo
a reference ladder 1o get a 4-bit resull. To lake a full 8-bil
teading, ona flash converslon is done 10 provide the 4 most
significant data bits (via the MS flash ADC). Driven by the 4
MSBs, an internal DAC recreates an analog approximation
of the Input voltage. This analog signal Is then sublracled
from the Input, and the differenco voliage is converled by a
second 4-bit flash ADC (the LS ADC), providing lhe 4 least
significant bits of the output data word. .

Pin Name Function

o [NT ©  WR-RDMode ‘
' INT going low indicates that thu conver-
sion is comploted and the data resull is in
the output latch. INT will go low, ~800 ns
(the preset internal lime out, Y) aller the
rising edge of WA (soe Figure 3b); or INT
will go low alter the falling edge of RD, if
: RD goes low prior to the 800 ns limo oul
: (see Figure 3a). INT is resal by the rising
edge of AD or TS (see Figuras 3a and
ab).
RD Mode
INT going fow indicates that the conver-
sion Is completed and the data resull is in
the output latch. INT is resat by tha rising
: edge of RD or T (see Figure 2).
10 GND Ground
11 Vger(—) The botlom of resistor ladder, vollage
range: GND <« VRep(--):-VRee(+1) (Nota
5) j \
12 Vger(+) Tha top of resistor ladder, voltage range:
) VRer(~)<Vrer(+)<Vee (Note §) .
13 C8 €S must ba low In order for the AD or WR
to ba recognized by the conyerlor. Y
14 DB4 TRI-STATE data oulput—bit 4
15 DBS TRI-STATE dala quipul—bit 5
16 DBé6 TRI-STATE data output—bit &
17 DB?7 TRI-STATE data output—bit 7 (M&-B)
18 OFC Overflow output—If the apalog inpul is
i higher than the VReg(+), OFL will be tow
atthe end of conversion, it can be used to
cascade 2 or more devices (o have more
resolution (9, 10-blt). This output |s always
active and does not go into TAI- STATE
as PB80<DB7 do.
19 NC No ‘connsction
20 Veo Power supply voltage

The internal DAC is aclually a subsaction of the MS llash '

convertor. Thig is accomplished by using the same rasislor
ladder for the A/D as well as for generating the DAC signal.
The DAC oulput is aclually the 1ap on the roslstor laddur
which most closely approximates the analog Inpul. In addi-
tion, the “"sampled-data” comparalors used in the ADC0820
provide the ability to compare the magnitudes of several
analog signals simultaneously, without using inpul summing
amplifiers. This ls especally useful In the LS flash ADC,
where the signal 10 be convertad is an analog dillarence.




1.0 Functional Description (Continued)

1.2 THE SAMPLED-DATA COMPARATOR

Each comparator In the ADC0820 consists of a CMOS in-
verter with a capacilively coupled Input (Figure 5). Analog
swilches connect the two comparator inputs {o the input
capacitor (C) and also connect tha Inverter's input and out-
pul. This device in eflect now has one diffarantial input pair.
A comparison requlres two cycles, one for zeroing the com-
parator, and another for making the comparison.

In the first cycle, one Inpul swilch and the inverter's feed-
back swllch (Figure 5a) ars closed. jn this Interval, C is
charged (o the connected Input (V1) lass the inverter's bias
voltage (V. approximately 1.2V). In the second cycle (Fig-
ure 5b), these \wo swilches are openod and the other (V2)
input's swilch is closed. The inpul capacitor now subtracts
its storad voltage Irom the second input and the difference
is amplified by the inverier's open loop gain. The inverter's
input (Vg') becomes

Va—(V1-V2)

C+Cs

and the output will go high or low depending on the sign of
V' ~Vg.

n

im0t :‘
ge

Vo ~ Vg

evonC = Vi-vg

* Cg - slray Inpul
nodo capaciter

* Vg = nvarter input
bias vollaga

TL/H/8501-12

FIGURE 5a. Zerolng Phase

The actual clrcuitry used in the-ADC0820 is a simple but
Important expanslon of the basic comparator described
above, By adding a second capacilor and another set of
switches 1o the Input (Figure 6), the scheme can be expand-
ed to make dual differential comparisons. In this circult, the
faedback switch and one Input switch on each capacitor (2
swilches) are closed In the zeroing cycle, A comparison Is
then made by connecting the second Input on each capaci
tor and opening all of the other swilches (S switches), Tha
change in voltage at the Invertar's Input, as a result of the
changa in charge on each Inpul capacitor, will now depend
on both Input signal differences.

1.3 ARCHITECTURE

In the ADC0820, one bank of 15 comparalors is used In
each 4-bil flash A/D converter (Figure 7). The MS (most
significant) flash ADC also has ons additlonal comparator to
detact input overrange. These two sels of comparators op-
prate alternately, with one group in its zeroing cycle whils
tha other is comparing.

i —o”
SEak

2 T &

TLAKLBO - 1D

*Vg'-Vg = (V2-Vl)——

Vo' = c+—c(cv2 -Ccvi)

Vg’ Is depeniant on V2-- Vi

FIGURE 5b. Compare Phase

FIGURE 5. Sampled-Data Comparator
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FIGURE 6. ADC0820 Comparator (from MS Flash ADC)
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1.0 Functional Description (continued)

When a typical conversion is started, the WA line is brought
low. Al this instant the MS comparators go from zeroing to
comparison mode (Figure 8). When WR is returned high af-
ter at least 600 ns, the oulpul from the first set of compara-
tors {lhe first flash} is decoded and fatched. At this point the
two 4-bit converters change modes and the LS (least signifi-
cant) flash ADC enters its compare cycle. No less than 600
ns later, the RD line may ba pulled low to tatch the lower 4
dala bits and finish the 8-bit conyersion. Whan AD goes low,
the llash A/Ds change state once again in preparation for
the next coriversion. ; ‘

Figure 8 also outlines how the converter's interface timing
ralates to ils analog inpul (ViN). In WR-RD mode, V| is
maeasured whila WR Is low. In RD mode, sampling occurs
durlng the lirst 800 ns ul RD. Becauss of the input connec-
lions lo the ADC0820's LS and MS comparators, the con-
verler has the ability to sample Vy at one instant (Section
2.4), despile the fact thal lwo separalo 4-bil convorsions are
being done. More specilically, when WH is low the MS flash
is In compare mode (connected 1o V|y), and the LS flash is
In zoro mode (alBo connacled o V). Therefore both flash
ADCs sampla Vyy at the same time.

1.4 DIGITAL INTERFACE

The ADCOA20 has (wo basic interface modes which are se-
lacted by strapping the MODE pjn high or low.

RD Mode

With the MODE pin grounded, the converter is sat to Read
moda. In this configuration, a complete conversion Is dona
by pulling RD low until outpul data appears. An INT line is
provided which goes low at the end of the conversion as
waell as a ROY outpu} which can be used to signal a proces-
sor that the converter is busy or can also serve as a system
Transter Acknowledge signal.

RD Mode (Pin 7 Is Low)
o \ J \N------
T Ve ML Ve W

D80-DEY = == om e e e e <:) ——-Ri=¥

TL/H/5501-18

When in RD mode, the comparator phases are internally
triggered. Al the lalling edge of RD, the MS flash converter
goes from zero lo compare mode and the LS ADC’s com-
parators enter their zero cycle. After 800 ns, data from the
MS flash is latched and lhe LS llash ADC enters compare
mode. Following another BOO ns, the lower 4 bils are recov-
ered.

WR then RD Mode

With the MODE pin tied high, the A/D wili be set up for the
WR-RD mode. Hers, a conversion Is started with the WR
Input; however, there are two optlons for reading the output
data which relate 10 Interface timing. If an Interrupt driven
scheme Is desired, the usar can walt for INT to go low ba-
fore reading the conversion result (Figure 8). INT will typ!-
cally go low 800 ns after WR's rising edge. However, If a
shorter conversion lime is desired, the processor nead not
walt for INT and can exerclse a fead after only 600 ns (Fig--
ure A), If this Is done, INT will Immediately go low and dats
will appear at the outputs.

s\ /)
n -—\__/ \h -J,’

¥ _/
I Co I

TL/H/BBOL -1
FIGURE A. WR-RD Mode (Pin 7 Is High and 'np<t|)

R TR ]
nsn-un———-—--.__.._C::)_

TL/H/B508 - 18
FIGURE B. WR-RD Mode (Pin 7 Is High and tgp > Iy}

Stand-Alone

For sland-alone operation in WR-RD mode, TS and HD can
be tied low and a conversion can be started with WR. Data
will be valid approximately 800 ns following WH's rising
adge.

‘WR-RD Mode (Pin 7 Is High) Stand-Alone Operatlon

€3 tow

D Low

moN_/
m__ SN/
wan Y —
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1.0 Functional Description (coniinued)

W

o M3 COMPARAYTORS ZERC
T0 REFERENCE LADDER.
* LS COMPARATORS FLOAL.

* WS COMPARATORS COMPARE
Vin 70 FHEIR REFERENCE
LADGER TAP. THE COMPARATOR
OUTPUTS DIGITALLY TRACK
Vin-Viasoa 1ap

* LS COMPARATOAS ZERO TO
Viy. THE COMPARATOR'S
INPUY CAPACITORS TRACK Viy.

Note: MS means maos! significant
LS meanas leasl significant

W0m
<15 com guTFol

W COMPARKTOR BUTPUTS \ e et

ARE LATCHED THE MS BE AEAD

DAC 18 SET. THE MS

COMPARATOR FLOATS. * MS COMPARATORS GETURK

4]« LS COMPARATORS COMPARE e L P
L8N SECTION OF REFERENCE
LADDER,
TLAISS0L - 20

FIGURE 8, Operating Sequence (WR-RD Mode)

OTHER INTERFACE CONSIDERATIONS

In order 10 maintain conversion accuracy, WA has a maxi-
mum width spec of 50 us. When the MS flash ADC's sam-
pled-dala comparators (Section 1.2) are in comparison
mode (WA is low), the input capacitors (C, Figure 6} must
hold their chargia. Switch lnakage and Invorior bins curront
can cause wrrors I the comparator I8 lof in this phaso (o
too long. .
Since the MS flash ADC enlers its zeroing phase at the end
ol a convarsion (Section 1.3), a new conversion cannot be
staried until this phase Is complete. The minimum spec for
this time (tp, Figures 2, 3a, 3b, and 4) is 500 ns,

2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two Vpgr inpuls of the ADC0820 are lully dilferential
and deline the zero lo full-scale inpul range of the A to D
converter. This allows the designer to easily vary the span
of the analog input since this range will be equivalent to the
vollage difference between V n(+) and V)n(=). By reducing
Vrer(VRer = VRer(+)—VRgr(=)) to less than 5V, the sen-
sitivity of tha converter can be increased (l.e., if Vagr=2V
then 1 LSB=7.8 mV). The Input/reference arrangement
also lacilitates ratiometric operation and in many cases the
chip power supply can be used for transducer power as well
as the VRgr source. 0

This reference flexibllity lets the input span not only be var-
led but also offsel from zero. The vollage at Vrer(—) sets
the Input level which produces a digital output of all zeroes.
Though Vy I8 not itself ditferential, the reference design
alfords nearly differentlal-input capabillity tor most measure-
ment applications. Figure 9 shows some ol tha configura-
tions that are possible.

2.2 INPUT CURRENT

Duse 1o the unique conversion lochniquas umployud by tho
ADC082Q, the analog inpul bohaves somewhal ditferantly
than in conventional devices. The A/D's sampled-data cam-
parators take varying amounts of input currenl depending
on which cyclo the convarsion in in

The equivalent inpul clrcuit of ths ADCOB20 18 shown in
Flgure 10a. When a conversion starts (WR low, WR-RD
mods), all input switches close, connecting Vi 1o thiny-one
1 pF capacitors. Aithough the two 4-bit flash circuils are not
both in their compara cycle al the same time, Vyy still sees
all input capacitors at once. This is bacause the MS flash
converler is connected to the inpul during its compare inter-
val and the LS flash is connected to the input during ils
zeroing phase (Section 1.3). In other words, the LS ADC
uses V| as its zero-phase inpul.

The Input capacltors must chargo 1o tho inpul voltago
through the on resistance of the analog switches (about §
kD3 to 10 k). In additlon, about 12 pF of input siray capaci-
tance must also be charged. For large source resistances,
the analog Input can be modeled as an RC network as
shown In Figure 10b. As Rg increases, it will take longer for
the input capacitance to charge.

In RD mode, the Input switches are closed lor approximalely
800 ns at the start of the conversion. In WR-RD mode, the
time that the switches are closed to allow this charging Is
the time that WH Is low. Since other faclors force this lime
to be at least 800 ns, input time constants of 100 ns can be
accommaodated without speclal conslderation. Typical total
Input capacitance values of 46 pF allow Rg to be 1.6 kit
without lengthening WH to give Viy more tima (o eeltle,



2.0 Analog Considerations (continued)
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2.3 INPUT FILTERING

It should be made clear lhat transients in the analog inpul
signal, caused by charging current flowing into V., will not
degrade the A/D’s performance in most cases. In effect the
ADC0820 does not “look” at the input when these lran-
sienls occur. The comparalors' outpuls are not laiched
while WA is low, so at least 600 ns will be provided to
chargo the ADC's input capacitance. Il is lheralore not nec-
essary lo filler oul these lransients by putting an external
cap on the Vi terminal.

2.4 INHERENT SAMPLE-HOLD

Another bonelil of tha ADC0820's inpul machanism Is its
ability o measure a variety of high speed signals without the
help of an axternal sample-and-hold. In a conventional SAR
type convarlur, rogardiess of its spoud, the inpul must ro-
main at least 4 LSB stable throughout the conversion pro-
cass If tull accuracy is to be maintained. Cansequently, for
many high speed signals, this signal must be exlernally
samplad, and held stationary during the conversion.

to ground

TL/H/E501-23

Ry 50

Vin A
i e
fovaly
- =

TL/H/E501-25

FIGURE 10b

Sampled-data comparators, by nature of their input switch-

ing, already accomplish this function lo a large dagree (Sec-
tion 1.2). Although the conversion time for the ADC0820 is
1.5 ps, the time through which Vy must be 1/2 LSB stable
is much smailer, Since the MS flash ADC uses Vy as ils
“compare” input and the LS ADC uses Vi as ils "'zero"
input, the ADC0820 only “samples” V|y when WR is low
(Sactions 1.3 and 2.2). Even though the two flashas aro not
done simultaneously, the analog signal is measured al one
instant, The value of Vjy approximately 100 ns after the
rising edge of WH (100 ns due o internal logic prop dolay)
will be the measured value.

Input signals with slew rates typically below 100 mV/us gan
be converted without error. However, because of the input
lime constants, and charge injection through tho oponed
comparalor input swilchos, (aslor signals may causo errorg.
Siill, the ADC0820's loss In accuracy lor a given increase in
signal stope is far less than whal would be wilnessed in a
conventional successive approximation device. An SAR
type converter wilth a conversion lime as fast as 1 ps would
still not be able to measure a 5V 1 kHz sine wave without
lhe aid of an external samplie-and-hald. The APC0820, with
no such help, can typically measure 5V, 7 kHz waveforms.
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3.0 Typical Applications

8-Bit Resolution Configuration
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3.0 Typlcal Applications (continued)

8-BIit 2-Quadrant Analog Multipller
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3.0 Typical Applications (continued)
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Ordering Information

Total Temperature
"‘_‘" Number Unadjusted Error Package Range
ADC0820BD D20A~—Cavity DIP -85°Cto +125°C
ADCO0820BCD D20A—Cavlity DIP ~40°C lo +80°C
ADCO0820BCV +v,LSB V20A—-Moldad Chip 0°Cto +70°C
Carrier
ADC0820BCM M20B—Wide Body Smail 0°Cto +70°C
Outline
ADCO0820BCN N20A—Molded DIP 0°Cto +70°C
ADC0820CJ J20A—Cerdip ~55°Cto +125°C
ADC0820CCJ . J20A—Cerdip —40°Clo +85°C
ADC0820CCV +1LSB V20A—Molded Chip 0°Cto +70°C
Carrier
ADC0820CCM MJ20B—Wide Body Small | 0°Cto +70°C
Outline
ADCOB20CCN N20A—Molded DIP 0°Cto +70°C
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. DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog
" Converters

General Description

The DACOB0O series are monolithic B-bit high-speed cur-
rent-oulput digital-to-analog converlers (DAC) lealuring typi-
cai sotliing timos ol 100 ns. When used as a mulliplying
DAC, monolonic performance over a 40 1o 1 relerence cur-
rent range is possible. The DACOB00 series also features
high compliance complemeniary current oulputs lo aliow
difforenlial oulpul vollages of 20 Vp-p with simplo resistor
loads as shown in Figure 1. The reference-lo-full-scale cur-
rent malching of better than * 1 LSB eliminates the need for
lull-scale trims in mosl applicalions while the nonlinearilies
of better than +0.1% over lemperalure minimizes system
error accumulations.

The DAC0800, DAC0802, DAC0800C, DACO0BQ1C .and
DAC0802C are a direct replacementt for tha DAC-08, DAC,
08A, DAC-08C, DAC-08E and DAC-08H, rospaclivoly.

Features .
= Fast setiling output current 100 ns
m Full scale error 1L1LSB
W Nonlinearily over lemperature 101%
® Full scale current drift 10 ppm/°C
® High oulput compliance -10V 10 + 18V

® Complementary current oulputs

The noise immune inpuls of the DAC0B00 saries will accept B Inlerface directly with. TTL, CMOS, PMOS and othars
TTL levels wilh the logic threshold pin, Vi c, grounded. M 2 quadrant wide range multiplying capability
Changing the V| ¢ polential will aliow direct inlerlaco 1o oth- @ Wido powor supply rango $4.8Vio 110V
er logic tamiliss. The performance and characleristlics of the  w Low power consumption 33 mwWat £5V °
device are essentially unchanged over the Ill£4.5V 0 g {ow cost
1 18V powaer supply range; power dissipalion is only 33 mW
with t 5V supplies and is independent ol the lagic inpul
slales.
Typlcal Applications
10v
DIGITAL INPUTS
M8
80 B2 8) 84 85 By 6/ B8 o :; :, oL 4
> >
lous 3
o % “t 6 7 0 9 3101 12 4 0
0ACON0D Vour 70 20vpp
5%
I “l L JF 13 12 LO
0.1 uF D‘ny.._j:. lour i
= Ce o]
v 001t v
T sigsonn.
FIGURE 1, 20 Vp.p Output Digltal-to-Analog Converter (Note 4)
Ordering Information i
t Order Numbers
Non-Linearity Temperature )
Range J Package (J16A)° N Package (N16A)° SO Package (M16A)
$0.1%FS | ~55°C < Ta < +125°C| DACO0B02LJ | DAC-08AQ
+0.1% FS 0°CuTas +70°C DAC0802LCJ | DAC-08HQ | DAC0802LCN | DAC-08HP DACO0802LCM
$0.19% FS | ~55°C < Ta < +125°C | DAC0800LJ | DAC-08Q
10.19% FS 0°C < Ta s +70°C DACO0BOOLCJ [ DAC-08EQ | DACOBOOLCN | DAC-08EP DACO0B800LCM
10.30% FS 0°C . Ta -+ 170°C DACOBO1LCY | DAC-08CQ | DACOBOILCN | DAC-08CP DACOBOILCM .

*Davicus may bo ordured by using ollhor order number, i




Absolute Maximum Ratings (ot 1)

It Military/Aarospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallability and speclfications.

Supply Voltage (V* - V=)

Powaor Digsipalion (Nola 2)

Relerence Input Diflerential Vollage
{(Vidto V15)

Refarence Input Cormmon-Mode Renge
(V14, V15)

Refarence Input Current

Logic inputs

Analog Current Outputs (Vg™

ESD Susceptibility (Note 3)

—-15V)

V= to V- plus 36V

t 18V or 36V
500 mwW

V- toVt

VooVt
5mA

-

4.25 mA
TBOV

Lead Temp. (Soldering, 10 seconds)
Dual-in-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Packago

Vapor Phaso (60 soconds)
Inlrared (15 soconds)

Operating Conditions (vote 1)

Storage Temperature

Electrical Characteristics the lollowing spacliications apply for Vg - 1 15V, Ingf

~65°Cto +150°C

Min Max
Temperature (Ta).
DACO802L --55 +125
DACOB0OOL -55 +125
DAC0800LC 0 +70
DACO0801LC 0 170
DACOB02LC 0 170

Tmax untess otherwise spacified. Oulpul characterislics refar o bolh lgyy and IggT.

260°C
300°C

21

§C

22000

Units

°C
°C
°C
*C
°C

2mAand Tyyy - 1A -

DACO802L/ DACO0800L/
Symbol Parametor Conditions DAC0802LC DAC0800LC OACOBOILE | iy
Min | Typ | Max [Min| Typ | Max |Min| Typ | Max
Resolution (] 8 8 8 8 8 8 8 8 Bits
Monolonicily 8 (-] [:] 8 8 [}] 8 8 a Bty
Nonlinearity 10.1 10.10 1039 %FS
1y Settling Time To 1 1, LSB, All Bits Switched 100 | 135 100 | 150 ns
"ON" or "OFF", To=25°C :
DACOHOOL 100 | 135 m
DACOLOOLC 100 150 ns
tPLH, Propagation Delay Ta=25C :
WHL | EachBit 35 | 60 35 | 60 35 | 60 | ns
All Bits Switched 35 | 60 35 | 60 35 | 60 | ns
IClgs  |Full Scalo Tempco 110 | £50 110 | 150 310 | 1t 8O fppm/C
Voc Output Voltage Compliance}Full Scale Current Change -10 18 |-10 18 |-10 18 v
<V, LSB, Rgyy > 20 M} Typ
IFsa Full Scale Current VRer= 10.000V, R14 = 5.000 k2]1.884] 1.992 |2.000{ 1.84] 1.99 | 2.04 |1.94] 1.99 | 2.04 | mA
R15 =5.000 kft, T =25°C .
less __[Full Scale Symmetry Iesa=lFsp 05|40 1 | 8.0 $2 | +16] pA
lzs  |Zero Scale Current 01 | 1.0 02 | 20 02 ] 40 1 pA
IFsA Output Current Range = ==-5V 0 20 | 21| 0} 20 21 0 20 21 mA
V== —-8Vio —-18V 0 20 142 ] 0 2.0 4.2 2] 2.0 4.2 mA
Logic Inpul Lovels
viL Logic *0" Vic=0V 0.8 0.8 0.8 v
Vig Logic 1" 2,0 20 2.0 v
Logic Input Current Vic=0v y
I Logic “0" . i=toveviys +08v -20}-10 ~20] —-10 ~20) -10] pA
" Logic 1" i Jevsviys +18v 0,002 10 0.002( 10 0.002] 10 pA
Vis Logic Input Swing V-= 15V ~10 18 }-10 18 |10 18 v
VIHR Logic Threshotd Range Vg= 115V -10 13.6 |- 10 13.5 |- 10 13.5 v
by Relerence Bias Current -1.0]-3.0 —-10] -3.0 ~10] ~ q.o pA
di/dt Reference Inpul Slew Rate |(Figure 12) 40| 8.0 4.01 8.0 40| 8.0 MmA/ps
PSSleg 4 |Power Supply Sensitivity  |4.5V<V + <18V 0.0001{ 0.01 0.0001] 0.01 0.0001] 0.01 | %/%
PSSips - —-4.5VsV-<18v 0.0001| 0.01 0.0001| 0.01 0.0001{ 0.0t | %/%
Ipgg = 1MA
Powor Supply Currant Vg = 18V, l3gr = 1 mA .
14 23 | J8 23 J.8 2.9 9.8 mA
! ~43|~58 -43] ~58 44| 58] mA
Vg =5V, ~ 15V, lngr =2 mA
i+ 2.4 3.8 2.4 2.8 24 3.8 mA
- -64|-78 64| -7.8 64] 78] mA
Vs = 115V, lngr=2 MA
I+ 25 |38 25 | 3.8 25 )1 38| mA
- -65]|~-7.8 -65]|-78 -86] 78] mA




Electrical Characteristics (Continued)
The following specifications apply for Vg = £ 15V, Ingr = 2 mA and Tyyny S Ta < Timax unless otherwise specified. Outpul
characteristics refar 10 both Igyt and loyr-

DACO0802L./ DACO0B0OL/
Symbol Parameter Conditions DAC0802LC DAC0800LC DAC080ILC Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Pp Power Disslpation T 5V, Iggr = 1 mA 33 48 a3 48 33 48 mw
5V, - 15V, lggr = 2 mA 108 136 108 138 108 136 mw
115V, lgep=2 mA 135 174 135 174 135 174 mw
Note 1; Absolute Maxi Ralings indi {lmits beyond which damage lo the davice may accur. DC and AC eleclricel specilications do not apply when operaling
the devico beyond ils specilied operaling condilions, :
Note 2: The i j i p of the DAC0800, DAC0801 and DAC0802 is 125°C. For g al ol d lemp ftures, icas in the Dual-in-line
J package must be d d based on a th | rosi of 100°C/W, junction-to 175°C/W lor the molded Dual-In-Line N package and 100°C/W lor the
Small Outlina M package.

Note 3: Human body madal, 100 pF discharged through a 1.5 ki) resistos.
Nots & Pin-oul numbsrs lor the DACOBOX represent the Dual-in-Line package. The Smafl Qulline package pin-out dilfers from the Dual-in-Line package.

Connection Diagrams

Dual-In-Line Package Small Outline Package
Y4
co:a.;:tlzsn',.et:-'— . U L courensaTion vt 16 }~8g LSB
UUI_,' . .lLVu(n_] VRU(‘)— 2 1518,
v LR Veer() 3 14|-8;
‘ v, COMPENSATION=— 4 13—y
louy —4 v :
s i THRESHOLD CONTROL, ¥y ¢ = 5 12}-8,
M58 B == p——61 L56 —
s " IOU‘_‘ 6 1" _BS
81 g ] v —{7 10 —BZ
0 u lour ¢ 98y ush
[} ] |
04— =15
TL/H/5686-14
Top View
TL/H/E688-12
Top View

See Ordering Information

Block Diagram (Note 4)
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Typical Performance Characteristics

Full Scale Current Reference Input
vs Reference Current LSB Propagation Delay Vs igg Frequency Response
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Typical Performance Characteristics (continueq)

Power Supply Currént Power Supply Current Power Supply Current
vs tVy vs ~V vs Temperature K
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Typical Applications (continuea)

DIGITAL INPYTS

Nig (1]
&1 62 93 84 36 M8 DT B8

$ 01 0 81BNy

DACINNO

T1./H1%886-5

FIGURE 2

+Vagr 255
Ipg = ——HEE £33
S = "Rngr | 256

o + Ig = lgg for all

logic slales

For lixod ralerence, TTL oparation,
lypical valuas are:

VRer = 10.000V

AReF = 5.000k

R15 = Rpgr

Cc ~ 0.01 pF

Vic =~ OV (Ground)

FIGURE 3. Basic Poslilive Reference Operatlion (Nole 4)
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FIGURE 4. Recommendad Full Scale Adjustment Circult
(Note 4)
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FIGURE 5. Baslc Negative Reference Operation (Note 4)
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Typical Applications (continued)

DIGITAL INPUTS

s 158
A1 A1 EY a4 B8 86 W) B ty

IagF * 1 @A Ormmemnd DACSI00

. fo TL/H/5666-17
B1 B2 B3 B4 B5 Be By B8|lomAllomA| Ep Eo’
Full Scals * 1 % 1 1 1 1 1]1892]0000]-99860| 0000 |
FullScale-LSB |1 1+ 1 1 1 1 1 01884} 0008]-9020|-0.040
HalfScale+LSB |1 0 0 0 0 O 0 1}1008]0984]--5040] -~4.920
; Half Scale 10 0 0 0 0 O O0]1.000j0992(~5000]|-4.960
: HalfScale—tSB J 0 1 1 1 1 1 1 1 |0.892]}1.000|—4.960| —5.000
ZoroScale+LSB| 0 0 0 0 0 o0 0 1 |o0.008]1984[-0040[-0.020
2ero Scalo 0 0 0 0 0 0 O '0/{o0.000] 1992/ 0.000 |-0.960
i FIGURE 6. Baslc Unipolar Negative Operatlon {Nale 4)
tg I
ig 4 pee) + 10,000V
*Ings = mA O] 1q PACOI0
- —— [a' A ra ™ ‘
| TL/H/5888-6
)
B1 B2 B3 B4 BS B6 B7 B8| Ep Eo
Pos. Full Scale 1 1 % 1 1 1 1 t|-8020]+10.000
Pos.Full Scale—LSB |1 1 1 1 1 1 1 0] —0.840| +8.920
20r0Scale+LSB |1 0 0 0 O O 0 1| —0080| +0.160
2Zero Scale 1 0 0 0 0o o 0 of o000 | +0.080
2eroScale~LSB |0 1 1 1 1t 1 1] +0.080( 0.000
! Neg. FuliScale+LSB| 0 0 0 0 0 0 0 1| +9.920| -9.840
! Neg. Full Scale 0 0 0 0 0 0 O O]+10.000| -0.920

FIGURE 7. Basic Bipolar Output Operation (Note 4)

n
Vags * 1Y O—AAA/~4

01 - (“.‘ ")
Ol e

_L—MN— whaera X is the npul coge and
- R = R, ~ Rrgr
)
i TL/H/B8RG - 18
i 1A, - A within 1 0.05%, outpul is symmarical about ground il
' B1 B2 B3 B4 B5 B6 B7 B8 Eo
Pos. Full Scato 11 1 1t v vt ] 9060
Pos.FullScale-LSB|{ {41 1+ 1 1 & 1 { O} +6.880
(+)Zero Scale 1 0 0 0 0 O 0 O])+0.040
(—)Zero Scale o 1+ v+ 1 1 1 1 1]-0040
Neg. Full Scale+1LSB{ 0 0 0 0 0 O 0 1} ~9880
Neg. Full Scale 0 0 0 0 0 0 0 O}-9960

FIGURE 8. Symmatrical Offset Binary Operation (ﬂote 4)




Typical Applications (continued)

Ing lnpulrol op amp lo lg (pinrz), connect

A
M
lo

! 4
|

DAC0800 ‘
1
! 2 | . 258

T & = FS= 286
For ! Y output g logic DAC), connect invert.

Ig {pin 4} lo ground.

FIGURE 9. Positive Low Impedance Output Operation (Note 4)

‘o
O0lu yy-a

[P 266 .
FS 266 REF

logic DAC) connect aon-in-

For Y output as a neg
verting input of op am 10 [ (pin 2); cennect lg (pin 4) to ground

FIGURE 10. Negatlve Low Impedance Output Opofallon (Note 4)

ViH = Vic + 1.4V
15V CMOS, HTL, HNIL
Vi = 7.8V

w.on
Vi e LV

DALSL0

mos
Vius0V
- (L2111
NG
e
"o
~3V 10 -1V
3 L
— [p— — oae mace
T TN
¥yw * -b20Y
TL/H/5686-0

Nate. Do not uxceed nogauve loglc Input range of DAC.
FIGURE 11. Interfacing with Varlous Loglc Families

*Yary

OPTIONAL RESISTDR
Race % [ #9R OFFSET INPUTS

b=~O 070+ 1gg« A

IREF

3

TL/H/b886-20

TL/H/SB86-18

Typical valuos: Ry ~ bk, ¢ Viy~ 10V

MO Car

=

I

TL/H/S888-10

FIGURE 12. Pulsed Reference Operation (Note 4)



Typlcal Applications (Co;ﬂlnued)

(a} Irer 2 peak negative gwing of Iy

*Vagf

[T

LN
Vin —L— w-i
Rin

DAC0800

(b) + VRrer must be above peak positive swing of Vyy

'R T

“Vaer

HIGH iNPUY -

IMPEDANCE

TLIH/S8BB-11
FIGURE 13. Accommodating Blpolar References (Note 4)
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FIGURE 14. Settiing Time Measurement (Note 4)
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" Typical Applications (continueq)

v sT0P
o I CONVERSION

cLock FREE
AUN
) 10 1
110
W " vee T § o
YT suaia o -
Yano
| 00 01 02 01 04 05 08 07 .
= . e s o ot rafuafue
188 Q—_—_‘.
v ANALDG w
M plarra
i © ot
st e
134
121t hiofe jo JJ s |8
TS5 81 08 85 06 03 M WAT \
vy '\ wraan
DACO100
vy lydl

v'oov o cowe  Vig

- 3 ] | [ I
_L w ot
I 0.0.f I
= r— 0.but Note. For 1 us conversion time wilh 8-bil rusolullon and 7-bit accuracy, an
7 18V LM361 comparalor repiaces the LM318 and tha reference current is doubled

by reducing A1, R2 and A3 10 2.5 kil and R4 10 2 M.
FIGURE 15. A Complete 2 us Conversion Time, 8-Bit A/D Canverter (Note 4)
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Absolute Maximum Ratings

I Military/Aerospace specified devices are required,
tontact tha Nafilonal Semiconductor Sales ' Office/
Distributors for avallabllity and specifications.

Supply Voltage 18V
Power Dissipation (Notes 1 and 6) 670 mwW
Oporaling Tumporaturo Nango 0°Clo + 70°C
Tpdax) 115°C
Otierential Input Voltage +30V
kput Voltage Rango (Note 2) + 15V
Outpul Short Circuit Duration Conlinuous

Storage Temperalure Range —65°Cto. +150°C

Lead Tamp. (Soldaring, 10 sec.)

H Package
225°C/W (Still Air)
160°C/W ‘
(400 LF/min Air Flow)

6c  25°C/W
Soldaring Information
Dual-in-Line Package
Soldering {10 sec.)’
Small Outline Package
Vapor Phase (60 sec.) 215°C
¢ Inirared (15 sec.) 220°C
See AN-450 “'Surface Mounting Methods and Their Effect
on Product Reliability” for other mathods of soldaring sur-

N Package

Bja 120°C/W

260°C

Melat Can
pIP

300°C
. 260°C

- DC Electrical Characteristics (voo3)

face mount devices,
ESD rating to be determined.

. Symbaol Parameter Conditions LF3s1 Units
. Min Typ Max
Voc Input Offset Vollage Rg = 10k, Ty = 25°C 5 10 L mv
Over Temperature 7 13 mv .
AVos/AT Average TC of Input Olfset Rg=10kN 10 PVI°C
Voltage
s Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 PA
T) < 70°C 4 nA
I Input Bias Currant T} = 25°C, (Notes 3, 4) 50 200 pA
Ty < £70°C 8 nA
Rin Input Resistance Tj=25°C 1012 [}
AoL Large Signal Voltage Gain Vg= 115V, Tp=25°C 25 100 vimv
‘ Vo= 110V,R =2k
Over Temperalure 15 - vimv
Vo Output Voltage Swing Vg= 15V, R =10k} 112 +13.5 v
Ve Input Common-Mode Voltage +15 v
Range Vg= 115V EA N
] 12 v
CMRR Common-Mode Hejaction Ratio : Rs<10k{l 70 100 dB
PSRA Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Iy Supply Current 1.8 3.4 mA
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LF351 Wide Bandwidth JFET Input Operational Amplifier
General Description
The LF351 is a low cost high speed JFET input operational  current is important, however, the LF351 is the better
amplitier with ‘an inlernally trimmed Inpul offsel voltage  choice. ‘
{BI-FET 1I™ technology). The device requires a low supply R
current and yet maintains a large gain bandwidth product  Features
and a fast slew rate. In addition, well maiched high voltage 4 Internally trimmed ofiset voltage 10 mv
JFET input devices provide very low input bias and ofisel m Low input bias current 50 pA
currents. The LF351 is pin compalible with the slandard TS P . " 25.nV/ {Z—
LM741 and uses the same offset vollage adjustment cirguit- ® Low Inpuf noiss vollage vz
ry. This foature allows dosignors to immediately upgrade the ' LOW inpul nolsa current - 00 PANH;
overall performance of existing LM741 designs. 8 Wide gain bandwidth 4 MHz
The LF351 may be used in applicatlons such as high speod  ® High slow rale 13 Vips
integrators, fast D/A converters, sample-and-hold, circuits 8 Low supply current 1.8 mA
and many othar circuils requiring low input offset voltage, ® High input impedance 10120
low input bias current, high irlput Impedance, high slew rate  ® Low total harmonic distortion Ay= 10, <0.02%
and wide bandwidth. The device has low noise and offset Ry =10k, Vo =20 Vp-p, BW =20 Hz-20 kHz -
vollagq drift, but for applicalions where these rgquiremenis = Low 1/f noise corner 50 Hz
ars critical, lpa LF356 is recommended. Il maximum supply n Fast setiling time 10 0.01% 2 us
- Typical Connection Simplified Schematic
: Ay Ve O e
'i [
: v,
|
! i INTERNALLY
INTERNALLY TAIMMED
TRIMMED
£ Vg O & 5
; Connection Diagrams (top Views) B :
! Metal Can Package Dual-In-Line Package
= BALANCE —-H u h.—- NE
GALANCE 9
INPUT b v*
INVERTING } UTEUL D—L
N 5~ outeur
MONMVIH;HG BALANCE
INPUT
v 2 pavance
Note. Pin 4 connected 10 casy.
TOP VIEW
Order Number LF351H Or:l:; SN;;‘"::_TFL: 5315N1 4 TLoseE-t
08C
See NS Package Nt:mber H See NS Package Number JOBA, MOBA or NOBE




AC Electrical Characteristics (note 3)

—————— e e et —— —_ e - e e e e e ey

LF351 ’
Symbol Parameter Conditions Units
Min Typ Max
SR Slew Rale : Vg= 116V, To=26°C 13 Viusg
GBW Gain Bandwidih Product Vg= £ 15V, Tp=25°C 4 MHz
- Equivalent Input Noise Voitage Ta=25°C, Rg=1000, 25 v/ FG
{=1000 Hz
In Equivalent Input Noise Current Tj=25°C, =1000 Hz 0.01 pANAL
Nole 1: For operating al a} POl , the device musi be deorated based on the tharmal rasistanco, 0 a. * '
Note 2: Unless otherwise spocilled the absol { nogatliva inpul vollage I8 equal 1o the nogatlve pawsr supply voilagou.
Nole 3: Thuse spaclilcations apply for Vg= 4 15V and 0°C Ty + 70°C. Vog, Ip and ing aro monsurod al Yoy = 0.
Note 4: The inpul blas are junclion leak I3 which app ly double for avery 10°C Inthe | p Tj. Duw ta the imded
production test ime, the Input blas d aro d (o juncti P in normal of the P 510 rigos above tho aminent
temporature as 8 resull of intoral power dissipation, Pp. Ty=Ta +8ja Pp whate 84 s the th § rogl {rom junction (o ambi Usa of @ hoat sk @
recommended {f Inpul bias current |8 to be kep! 10 a minimum.
Note 6: Supply voltage rejoction ratio ls measured lor both supply des | ing or d: ng fy In with P From
118V LBV,
Note 6: Max. Powsr Dissip is detined by the L istics. Operaling the part near the Max. Power Dlssipation may cause the part {0 operele

oulside guaranteed tmits.




Typical Performance Characteristics (continued)

COMMDN-MODE REFECTION RATID 4K} SISTORTION

OPER LOOP YOLTAGE GAN (V/V)

Distortlon vs Frequency
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OUTPUT IMPEDANCE (1)

Undistorted Output
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»

Vg * 116V
— 1.1 N |- P
\ ec
Ayt
n \ <o
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[
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Typical Performance Characteristics

WPUT RIAS CORRENT (pA)

YOLTACH tasrT (11

PR TIE COMBOD SDOt SwPuT

w1 0ATIVE OUTPUT Vol TASE el V)

input Blas Current

LR
l-vge v
|-TA*25°C
Ve
4
-
- 5-
-10 -5 L} s 10

COMMON-MODE VOLTAGE (V)

Positive Common-Mode

Input Voltage Limit
0CLTASHIC ,
] 5 ] " n

POSITIVE SUPPLY VOLTAGE (W)

Negatlve Current Limit

[——15"C
e [
—JI\
] 0 0 » 4“0

QUTPUT SINK CURRENT (mA)

Galn Bandwldth

1
Ve ity
Ao
€y« 1005
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TEMPERATURE °C)

IRPUT B1AS CURRENT {pA)}

NEGATIVE COMMON-MGDE INPUT
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-QUTPUT VOLTAGE SWING {Vp-p)
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Bode Plot
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Pulse Response

Small Signal Inverting

;fk = ) S ¥ WPRR ek &
iy g 2 RN
%* - g e A

RN
A il

OUTPUT VOLTAGE SWING (50 mV/DIV)

TL/H/5848-4

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

TL/H/5648-8

OUTPUT VOLTAGE SWING (1V/DIV)

Fhpplication Hints
% M LF351 is an op amp with an internally trimmed input
78 $et voltage and JFET input devices (BI-FET II™). These
B JETs have large reverse breakdown voltages from gate lo
8 warce and drain climinating the neod for clamps across the
&%t Thereloro, large diflorontial inpul vollages can easily
% xcommodated without a large increase in input current.
3¢ maximum differential input vollage is independent ol

W wpply voltages. However, neither of the input voltages
/¥ twdd be allowed to excead the negalive supply as this will

Current Limit (R - 10041)

Small Signal Non-Inverting

&

DUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

% TL/H/504a -5
Large Signal Non-Inverting

AR ab.... o

OUTPUT VOLTAGE SWING (SV/DIV)

TIME (2 us/DIV)

TiLH/5648 -2

TIME (5 us/01V)

TL/H/S5648-8

cause large currants to flow which can result in a dostroyod
unit.

Exceeding the negative common-mode limit on either input
will force the oulpul 1o a high slato, polontinlly causing n
revorsal ol phase 1o the output

Exceeding the negalive common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a lalch occur since raising the inpul back within tho




Application Hints continued)

common-mode range again puts lhe inpul stage and thus
tha amplifier in a normal operating mode.

Exceeding the positive common-mode limit on & single input
will not change the phase of the oulput; howover, if both
inputs excead the limit, the output of the amplifier will be
forsad lo a high state.

The amplifier will operate with a common-moda input voll-
age oqual to the positive supply; however, the gain band-
width and slew rale may be decreased in this condition.
Whon the nogative common-mods vollage swings to wilhin
3V of the negalive supply, an increase in input offset voltage
may ogcur.

The LF351 is biasod by a zener reference which allows nor-
mal cirouit oporalion on t 4V powor supplios. Supply voll-
agos less than these may result in lower galn bandwidih and
slaw rate.

The LF351 will drive a 2 k€ load resislance to 10V over
the tull temperature range of 0°C to +70°C. If the amplifier
is forced o drive heavior load currents, however, an in-
crease in input offset voltage may occur on the negalive
voltage swing and finally reach an actjve currenl limit on
both positive and negalive swings.

Precautions should be taken to ensure that the power supply
for the inlegrated circult naver becomes reversed In polarity
or that the unit I8 not Inadvertontly Installed back-

Detailed Schematic

wards in a sockel as an unlimited current surge through ty |
resulting forward diode within the IC could cause lusing & .
the internal conductors and result in a destroyed unit.
Because these amplifiers are JFET rather than MOSFET '
input op amps thoy do not roquire spacial handling.

As with most amplifiers, care should bo taken with lsa
dress, componant placement and supply decoupling In o -
der to ensure stability. For example, resislors from the o
put to an input should be placed with the body close (o Is
Input to minimize "pick-up’ and maximize the frequenty &
the feedback pole by minimizing the capacitance Irom va
inpul to ground. !

A foadback pole Is creatoed when the feedback around sy
ampliliar is resistiva. The parallel rosistance and capie
tuncu from the Input of the device (usually lhe Invorting w
put) to AC ground set the frequency ol the pole. in may
instances the frequency of this pole is much greater thas
the expacted 3 dB fraquency of the closed loop gain &’
consequanlly there is negligible effect on stabilily marga
Howevaer, if the feedback pole is lass than approximately § -
times the expected 3 dB frequency a laad capacitor shous
be placed from the output to the input of the op amp. ™ :
value of the added capacitor should ba such that the R
time constant of this capacitor and the resistance |t paratea
is greater than or equal (o the original feedback pole tes
constant. : ‘ .,

s

Voo O———- . ¢

Vos
ADJUSTY ma\l

Vos
ADIUST

2]
30 a2 1
¥uz e ¥ ”
180

Ve © &

9
-4
1
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Typical Applications

Supply Current Indicator/Limiter

ig

5 TOSYSTEMSUPPLY

v
SUPPLY O——dq ¥ VOLTAGE CONNECTION
mmx Vo Vour

V-
* Vpuy swilchos high when Rglg > Vp

Ultra-Low (or High) Duty Cycle
Pulse Generator

—O QUTRUT

v
4.8 ~ 2vg
4.8 - vg

2Vg - 7.8
* lgutput Low = R2C 7 n Ve—78

* loutPut HiGH = RIC ¢n

where Vg = V* + V-]
*low leakage capacitor

T0 CONTROL CIREUITRY

RESET

INTEGRATE

HI-Z;y Inverting Amplifier

Parasitic Input cupnchance G« {0 pl- tor L1391
plus any addilional layoul capuctiance) intoracls
with leedback el and croatus I
high freq y pole. To
that: R2C2 = R1CY.

ady C2 such

Long Time Integrator

u

!

—Ovour* 2/ Vi o1
l|

TL/4/5648-10

*Low leakagu capacitor
» 50k pot used (or less sansilive Vpg adjust
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LF353 Wides Bandwidth Dual

e ——— e

81-FET 11 ™™ Technology

JFET Input Operational Amplifier

General Description

These dovices are low cost, high speed, dual JFET input
operational amplifiers with an internally trimmed input ofisel
voltage (BI-FET 1™ technology). They require low supply
current yet mainiain a large gain bandwidth product and fast
slew rate, In additlon, well matched high voltage JFET inpu
devicas provide very low inpul bias and ofiset currents. The
LF353 is pin compalible with the standard LM1558 allowing
designers lo immediately upgrade the overall performance
of exisling LM1558 and LM358 designs.

Those amplifiers may be usod in applications such as high
spoed Inlegrators, fast D/A convertors, sample and hold
circuits and many other circuils requiring low Input offset
vollagjo, low infit bias current, high input impadance, high
slow rate and wide bandwidth, The devicas also exhibit low
nolse and offset voitage drift.

Features
= Internally frimmed ofisel voltage 10 mvV
m Low inpul bias current ¢ SOpA
» Low input noise voltage 16 nV/JHz
= Low input noise current 0.01 pA/yHz
® Wide gain bandwidth 4 MHz
® High slew rate 13 V/ps |
m Low supply current 3.6 mA l
m High input impedance 10120 |
m Low lotal harmonic distortion Ay = 10, <0.02% !
AL - 10k, Vg~ 20Vp --p, BW -~ 20 Hz-20 kHz !
m Low 1/1 noise corner 50 Hz !
& Fasl seltling time to 0 01% 28!

Typlcal Connection

Simplified Schematic

1/2 Dual
Vee O—
Yo
+
INVEANALLY
INTEANALLY TRIMMED
YRiMmEQ

Vi§ Oo—m—- & +

Connection Diagrams

Metal Can Package (Top View)

INVERTING
T s

INVERTING
INPUT A

NONENVERTING
(LN )

NONINVERTING
INPUT A

Order Number LF353H
See NS Package Number HOBC

Dual-In-Line Package (Top View)

ouTPUT A -—'1 L3N v*
2 [}
INVERTING INPUT A — outruts
wonavearns 2 = [ s
INPUT A e
. | & _ somswvirring
VT T s

Order Number LF353J, LF353M or LF353N
Sea NS Package Number JOSA, MOBA or NOBE

TL/H/ 58481




Absolute Maximum Ratings
it Miiitary/Aerospace specified devices are required,

contact the Natlonal Semiconductor Sales Office/

Distributors fur avallablilty and specitications.
Supply Voltage 18V

Powar Dissipation {Nota 1)
Operating Temperature Range ¢°Cto +70°C
T(MAX) 150°C
Dilferential Inpul Vollage 30V
Inpul Voltagae Range (Nota 2) 115V
Output Short Circuit Duration Continuous

Siorage Temperature Rango 65°C 1o | 1560°C
Lead Temp. {(Soldering, 10 soc.) 260°C

Soldering Information
Dual-In-Line Package

Soldaring (10 sec.) 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Metheds and Thair Elfocl
on Product Reliability” Igr olher methods of soldering sus-
face mount devices.

ESD rating to be determined.

DC Electrical Characteristics (vote 1)

Symbol Parameter Conditions LF353 . Units
Min Typ Max
' Vos input Offset Vollage Rg= 10k, To=25°C 5 10 mv
Over Tempsralure 13 mv
AVos/AT Averags TC of Input Offset Rs=10kf} o
' Vollage 10 wvrc
los Input Otfset Current Tj=25°C, (Notes 4, 5) 25 100 pA
. Tl £70°C 4 nA
ig Inpul Bias Currant Tj=25°C, (Notes 4, 5) 50 200 pA
T|<70°C 8 nA
RiN Input Resistance Tj=25°C 1012 I}
AvoL Larga Signal Voltage Gain Vs= 115V, To=25°C 25 100 V/mv
Vo= 110V, R =2k
Over Temperature 15 vimv
" Vo Output Voltage Swing Vg= % 15V, R = 10k} £12 135 v
' Vem Input Common-Mode Voitage +15 v
Range V=t 16V t1‘1 12 Vv
CMRR Common-Mcde Rejaction Ratio Rg< 10k 70 100 dB
PSRA Supply Vollage Rejsction Ratio (Note 6) 70 100 dB
Ig Supply Current 3.6 6.5 mA
AC Electrical Characteristics (oo 4)
Symbol Parameter Conditions - Eragss Units
g Min Typ Max
Amplifier to Amplilier Coupling Ta=25°C,t=1Hz—-20 kHz
—120 ds
(Input Referred)
SR Slew Rate Vg= £ 15V, To=25°C 8.0 13 Vius
GBW Gain Bandwidth Product Vg= 115V, To=25C 2.7 4 MHz
o Equivalent input Noise Voltage Ta=25°C, Rg=10010, 25 Wz
1= 1000 Hz _—
In Equivalont Input Nolse Current )~ 26°C, I~ 1000 Hz 0.01 pAZHz
Nots t: For oparaling at e} d , the device musi be deraled based on a thermal resistance of 115°C/W typ Juncti Bionl lof the N p g
and 185°C/W lyp junction lo for tho H ¢
Note 2: Unlass othurwise spacified the ! i ive input vollage I8 equal to the negalive power supply vollage. .
Nots 3: The power dissipation limil, canno! be

Note 4: Thosa spacitications apply for Vg = 1 15V and 0°Cx To < + 70°C. Vgg. Ig and lgg are moasured al Yoy = 0.

Note §: Thu inpul blas currunts are junction leakage currenis which appmulmalaly doubte lor avery 10°C Increase tn tha junclion temperature, T;. Due 1o the lnutuy
production 1est ime, the inpul bias cury d are d o In normal opaialxon the junclion temperature rises abova tha ambionl

temperature s & resull of inlernal power dissipation, Pp. Tj=Ta+ 6 Po where ou is the ] from junction 10 ambi Use of a heal sink is
tecommended if Input blag current is 1o be kept 1o & minimum.
Noie 8: Supply vollage rejoclion ralio |8 measurod lor bom supply magniludos Increasing or docreasing simul ly In with praciico

Vg~ 16V 10 1 16V,

[ - -



Typical Performance Characteristics

Input Bias Current

MPUT BIAS CURRENT (sA)

POSITIVE COMMON 8MODE mPUT
VOLTAGE LY (V)

REGATIVE OUTPUT VOLTAGE SWING (V)
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Y
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-§ ] 1)
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Negative Common-Mode Input
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Typical Performance Characteristics (continueq)

Undistorted Output Voltage

Distortion ve Frequency Swing
01 —— 0
Vg =118y . Vg bV
s Fras2s'c ’ T N Aps2n
w b V0 2 N ta-nc
"]
2 g 0 i ot
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| A
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Ratlo Ratlo
g |11 48 o T
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Pulse Response

Small Signaling Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

TL/H/5649-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 ./DIV)

TL/H/5649-8

Current Limit (R = 10041)

OUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

These davices are op amps with an internally trimmed input
olfset volltage and JFET input devices (BI-FET Il). These
JFETs have large reverse breakdown vollages from gate to
source and drain eliminating the noeed for clamps across the
inputs. Therefora, large differential input vollages can easily
be accommodated withoul a large increase in inpul current.
The maximum dilferential input voltage is indopendent of
the supply voltages. However, neither of the input voltages
should be alloweod to exceud the negalive supply as this will
cause largo currents 1o flow which can result in a destroyed
unit.

5

) . RS ¥
TIME (5 us/DIV)

CUTPUT VOLTAGE SWING (50 mV/DIV)

TL/M/5648-4

OUTPUT VOLTAGE SWING (5V/DIV)

TL/H/boeb! B

TL/H/5640-8

Exceeding the negative common-mode limit on either inpd g5
will force the oulpul to a high slale, potentially causings f ¢
reversal of phase to the outpul. Exceeding the negand ¥
common-mode limit on both inputs will force the ampide i/
output to a high state. In neither case does a latch ocos § '«
since raising the input back within the common-mode rwg ¥
again puts the input stage and thus the amplifier in a nome §
operaling moda. ;




Application Hints (coniinueq)

Exceeding lhe positive common-moda limil on a single input
will not change the phase of the output; however, if both
Inputs excead the limit, the output of the amplifier will be
forced to a high slate.

The amplifiers will operale with a common-mode input voit.
aga equal to the positive supply; however, lhe gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V ot the negative supply, an increasae in input offset voltage
Mmay occur,

Each amplifier Is individually blased by a zener reference
which allows normal circuit operation on 6V power sup-
plles. Supply voltages less than these may result in lower
¢ain bandwidth and slew rate.

The amplifiers will drive a 2 k2 load resistance 10 10V
over the full temperature range of 0°C to + 70°C. if the am-
plifier is forced 1o drive heavier load currents, however, an
ncrease in input offset voltage may occur on the negative
vollage swing and linally reach an aclive current limit on
both positive and negative swings.

Precautions should be laken to ensure thal the power sup-
ply for lhe integrated circuit never becomes reversed in po-
larity or thal the unit is nol inadvertenlly installed backwards
In a socket as an unlimited current surge through theresult.

Detailled Schematic

ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Because these amplifiers are JFET rather than MOSFET
inpul op amps they do not require spacial handling.

As with most ampliflers, care should be taken with lead
drass, component placement and supply decoupling in or-
der to ensure stability. For example, resistors irom the out-
put to an input should be placed with the body close o the
nput 10 minimize "pick-up" and maximize the lrequency of
the foedback pole by minimizing the capacilanen hom tha
‘dinput to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance lrom the input of the device (usually the inverting in-
put) to AC ground set the frequancy ol the pole. In many
instances the {requency of this pole is much groator than
the expected 3 dB freguency ol the closed ioop gain and
consequently thers is negligible effect on stability margin.
However, if the [eedback pole is less than approximalely 6
times the expected 3 dB {requency a lead capacitor should
be placed from the oulput to the input of the op amp. Tho
valus ol the added capacitor should be such thal the ARC
time constant of this capacitor and the resistance il parallels
is greater lhan or equal 1o the original feedback polo time

vee O g

an

RY
2

—OVg

L
b

A6
0
R
6k 010
: 0

constant.
- J/,l,
<

RS k
30 az0

s 03
160
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Typical Applications

GAIN (d8)

Three-Band Active Tone Control

+20
O H
+10
%

-§
-1
B H
-20

BODST - CUT
.05
BASS
1uF
1w 100K 11k
¢
0.005
11 MIDRANGE
<
3.6k 100k .6k
L b pemren AAA
i 0.022
B
188 800k 1ok
b AAA————AAA e AAA
t I | o008 TREBLE
(NOTE 2}
/
M
1
-
N
0 100

FREQUENCY (Ha)

Note 1: All controls llat.

Note 2: Bass sl Ueble boost, mid ini
Note 3: Buss sid tubile cul, inid flus.
Note 4: Mld boost, bass and lreble fial.
Note 5: Mid cut, bass and lreble flat,

All poientiometers are linear tapsr
Use the LF347 Qued for stereo applications

TL/H/584810




Typical Applications (Continued)
Improved CMRR Instrumentation Amplitier

r—COvy

WV

N
3
i

SEPARATE

2R2 ne6
Ays|l— +1 —
v ( Al ) Ra
/77 and == are soparate lsolated grounds
Matching of R2's, R4’s and RB's contro! CMRR )
With Ay = 1400, resister matching = 0.01%: CMRR = 136 dB

e Very high input impedance
 Super high CMRR 4

Fourth Order Low Pass Butterworth Fliter

Zn

I Sy
——

sy

Al A2 r
s 2408 3
Vi O=— AN T N

]
[l LIG vy
oo 721838 W

—Ovou
4

Y} dw e
10 0%

Cornor lrequency {fe) /__L_ L S — .
R1A2CCY 2n R1'R2'CCH 2=

Pussband guin (Hgh = (1 + RYRIA) (1 + R4'/AT)

First stage Q = 1.3

Second stage Q = 0.541 :
Circuit shown uses nearest 6% tolarance resistor values for a filter with a corner frequency of 100 Hz and a passbond gain of JIl‘ll.)
Offset nulling necessary for accurate OC performance

* o o o 0

TLI/H/5640-11




Typical Applications (continued) ;
Fourth Order High Pass Butterworth Filter

1 1 1 1
v llel “Vlnmzcz'ﬁ = V[nn'nz'CZ'z_w
¢ Passband gain.{Hg = (1 + R4/R3) (1 + R4'/RT’) !
¢ First slage Q = 1,31
¢ Second stage Q = 0.541

* Corner 1

* Circuit shown uses closest 5% toleranca resistor values for a filter with a corner frequency of 1 kHz and a passband gain

Ohms to Volts Converter
1
Wy
1wy
100k
b WA N
.I.m ] 1 s r°¥3t‘l’:':'n'u
ne - 2
= &5 18¥ - A4
-0y
W
‘v‘v‘v
[ Q 10V
i ‘lnl
1IN J——'
I! &0
vAv

‘l
LU SE

O -1V

v
Vo - ——— « Ry
ALaooEn

Whura Hyappgn is e rosistanco hom switch S1 polo to pin 7 of the LFIS)D.

t

of 0.
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LM741/LM741A/LM741C/LM741E Operational Amplpfler

General Description

The LM741 series are genaral purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are diract, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications,
The amplifiers olfer many leatures which make their appli-
cation nearly loolproof: overload protection on tha input and

output, no latch-up when the common mode ‘vange is ex- -

ceeded, as well as iresdom from oscillations.
The LM741C/LM741E are identical to the LM741/LM741A

, excepl that the LM741C/LM741E have their performance

guaranteed over a 0°C o +70°C lemperaluro range, ine

55°C to +125°C.

stead of -

Schematic and Connectjon Diagrams (op views) , R

v
£ { ‘ gou o
3 2 INVERTING : '
NON=INVERTING >
- INPUT af Q2 INPUT :: g:x AA
. Yy
R? o1s:l-——<-
45K
Lo | : L
Q3 30pF K8 9.
A N T 7.5k 3 s«
Y""Y— ’
! 1
| [ b outeur
< o7 015 '
\ '\A < i
2 2k
ad Q17
10 Ny
s oz::“— - Q20
! 5 OFFSET ' »
OFFSET NULL L NULL !
Ri SRS Srz £ an
1K @ 50K T 50K T 5pK
- 4 v

Metal Can Package

OFFSET NULL N
INVERTING INPUT (2)

0

QUTPUT

NON=INVERTING INPUT 9 OFFSET NULL

TL/H/B341~2
Order Number LM741H, LM741AH,
LM741CH or LM741EH
See NS Package Number HO8C

[

Dual-In-Line or §.0. Package

s )

‘ Ny
OFFSET NULLT ] 8—NC
INVERTING INPUT —| 2 7f=v*
NON~INVERTING =1 3 & |- ourputr
INPUT
v—4 s |- orrsey Lt

TL/H/B8341-0

Order Number LM741CJ, LM741CM, ‘
LM741CN or LM741EN

See NS Package Number JOBA, MOSA or NOBE




Absolute Maximum Ratings

It Mllitary/Aerospace gpecified devices are required, contact the Natlonal Semiconductor Sales Office/Distributors for

avallability and speclficatlons.

{Note 5)
LM741A
Supply Voltage 122v
Power Dissipalion (Note 1) 500 mw
Ditterential Input Voltage +30V
input Voltage (Note 2) +15v
Output Short Circuit Duration Indefinite
Operating Temperature Range -55°Cto +125°C
Storage Tomporature Range -65°Clo + 150°C
Junclion Temperature 1560°C
Soldering Information
N-Package (10 seconds) 260°C
J- or H-Package (10 seconds) 300°C
M-Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 215°C

See AN-450 “'Surlace Mounting Methods and Their Ef

surface mount devicas.

Electrical Characteristics vote3)

LM741E
taav

500 mW
+30v
+ 15V
indefinite
0°Clo +70°C

~85°C lo +150°C

100°C

260°C
300°C

215°C
215°C

fect on Product Reliability" (Appendix D) for other methods of solduring
5 :

LM741 LM741C
t22v 18y
500 mw 500 mW
30V taov
+15v 115V
indefinite Indelinite
—~55°Cto +125°C 0°Cto +70°C
~85°C10 ¥ 150°C -685°Cto +180C
180°C 100°C
260°C 260°C
300°C 300°C
215°C 215°C
215°C 215°C

[

Parameter Conditions’ LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max .
input Ollset Voltage Ta = 25°C g
' Rs £ 10kQ 1.0 | 5.0 20 | 60 | mv
Rg < 5002 0.8 3.0 my
TamiN < TA = Tamax
Rs < 5043 4.0 my
Rg < 10k 6.0 75 my
Average Inpul Olflset
Vollage Drift 35 BYFC
Input Offset Voltage Ta = 25°C, Vg = +20V £10 £15 +15 oW
Adjustment Range
input Oftsal Currenl Ta = 25°C 3.0 | 30 20 | 200 20 | 200§ nA -
Tamin S Ta € Tamax 70 85 | 500 300 nA
Average Input Otfsel 05 NAPC
Currant Drift .
Input Bias Current Tp = 25°C 30 80 80 | 500 80 | 500 DA
Tamin & Ta € Tamax 0.210 15 0.8 | pA
Input Resistance Tp = 25°C, Vg = 120V 1.0 | 6.0 03 | 20 03 | 20 M
Tamin = Ta == Tamaxs 05 Mo
Vg = 120V
Input Volilage Range Ta = 25°C 12| +13
Tamin € TA S TAMAX +12 ] £13
Large Signat Voltage Gain | Ta = 25°C, R 2 2k{}
Vg = +20V,Vg = £15V | 50 Vimy
Vg = +15V,Vg = 110V 50 | 200 20 | 200 Vimy
Tamin € Ta € Tamax. !
Ry = 2k,
Vg 120V.Vy 115V | 32 Vimy
Vg - 1 1LV, Vg — LoV 25 it vimy
Vg = 18V,Vg = 12V 10 vimy

P
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_Electrical Characteristics (note 3) (Continued)

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Output Volagn Swing Vg  t20V '
! AL 2 10k 116 v
RL 2 2k 15 v
Vg = 15V
Ry 2 10kl £12 | £14 12| £14 v
RL 2 2k§2 +10] £13 +10| £13 v
Output Short Circuit Ta = 26°C 10 | 25 | 35 25" 25 mA
Current TamiN < Ta £ Tamax 10 40 mA
Common-Mode Tamin S Ta < Tamax .
Rejoction Ralio Rg = 10KfL, Vau =~ +12V ‘| 70 | 20 70 | oo i
B Rs < 50 ki, Vom = +12v | 80 | 85 ds
Supply Vollage Rejection | Tapmin < Ta < Tamax.
Ratio Vg = +20VioVg = x5V
Rs < 5011 | 86 | 96 dB
Rs £ 10 k{1 77 96 77 96 dB
Transient Aesponse Ta = 25°C, Unity Gain
Rise Time 0.25| 0.8 0.3 0.9 us
Overshoot 6.0 | 20 5 5 %
Bandwidih (Note 4) Ta = 25°C 0437 | 15 ' MHz
Slew Rate Ta = 25°C, Unity Gain 03 | 07 | o5 05 Vips
Supply Current Ta = 25°C 1.7 | 28 1.7 | 28 | mA
Power Consumption Ta = 25°C
Vg = 120V 80 180 mw
Vg = 115V 50 | 85 50 | 85 | mw
LM741A Vg = $20V )
Ta = TamiN 165 mw
Ta - TaMAX 135 _mw
LM741E Vg = 20V
Ta = Tamin 150 mw
Ta = Tamax 1560 mw
LM741 Vg = 15V '
Ta = Tamin 60 100 mw
Ta = TamAx 45 75 mw
Note 1; For ion at el d these devicas mus! be d; based on thermal resistance, and Tj max. (listed under “Absoluio Maximum
Ratings”). T = Ta + (9ja Pp). )
Thermal Resistance Cerdip () DIP {N) TO-5 (H) 80-8 (M)
9a (Junction to Ambient) 100°C/W 100°C/W 150°C/W 186°C/W
8¢ (Junction lo Casa) N/A NIA 80"C/W NIA

Note 2 For supply voitages less than + 15V, (he absoiute maximum input voltage Is equal 1o the supply voltage.
Note 3; Untass otherwise specified, these specitications apply for Vg = 15V, ~86°C § Ta < +125°C (LM741/LM741A). For the LM741C/LM741E, theso
spacificalions are limited 1o 0°C < Ty < +70°C.

Note 4: Calcutated valus from: BW (MHz) = 0.35/Rise Time(ps).
Nole 8 For mulitary spociticalions sea RETS741X tor LM741 and RETS741AX for LM741A.
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General Description

o LM1558 and the LM14E8 are general purpose dual op-
 adonal amplifiers. The two amplifiers share a common
ne network and power supply leads, Otherwise, their opar-
¥on ls completely independent.

B LM1458 is -identical to the LM1558 except that the
" [ {M1488 has its specificallons guaranleed over the tempera-
e mnge from 0°C to +70°C Instead ol —55°C lo
"9 126°C.

LM1558/LM1458 Dual Operational Amplifier

Features
® No frequency compensalion requirad
®u Short-circuit protection
= Wide common-mode and differential voltage ranges
m Low-power consumption '
m B-lead TO-5 and 8-lead mini DIP
‘m Nao latch up when input common modo range is
- exceeded

Bchemaiic and Connection Diagrams

" Ses NS Package Number HOBC
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TL/H/T886-1
Note: Numbers in p h are pin bers tor ampliiler B,
Metal Can Package Dual-In-Line Package
[ [
OUTPUT A wae o
ourruT 8
1 U
INVERTING L
NPV 8 INVERTING INPUT A ==ty QUTPUT B
NONINVERTING )
T8 NON-INVERTING
INPUT A INVERTING INPUT B
TL/H/7886-2 i .
. NON-INVERTING
Top View v ) INPUT 8
Order Number LM1556H
or LM1458H TL//7888 -3

Top View

Order Number LM1558J, LM1458J, LM1458M or LM1458N
See NS Package Number JO8A, MOBA or NOBE
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Absolute Maximum Ratings

If Military/Aerospace speclfied devices are required,
contact the National Semlconductor Sales Office/
Distributors for aval!ablllty and speclifications.

{Note 4) :

Supply Voltage

LM1558 t22v

LM1458 t18v
Powor Dissipalion (Note 1)

LM IES58H/LM145DH 600 mw

LM1458N 400 mW
Diftarential Inpul Voltage +30V
Input Voltage (Note 2) 15V
Output Short-Circuit Duration indefinite

Electrical Characterjstics (note 3)

Operating Temperature Range

LM1558 -55°Clo +125¢
LM1458 0°C lo + 70
Storage Temperature Range —65°Cto +150¢
Lead Temperature (Soldering, 10 sec.) 260C
Soldering Informalion
Dual-In-Line Package
Soldering (10 seconds) 260%
Smali Qullino Package
Vapor Phase (60 seconds) 215¢
Infrared (16 seconds) 220¢

Sea AN-450 “Surface Mounting Methods and Their Efiss
on Product Retliability” for o;hef methods of soldering ».
face mount devices.

ESD rating to be determined.

Parameter Conditions L1850 : LM1458 M“
Min Typ Max Min Typ Max ]
Input Offset Vollage -Ta = 25°C, Rg < 10k 1.0 8.0 1.0 6.0 -
Input Offset Current Ta = 25°C 80 200 80 200 iy
Input Bias Current Ta = 25°C 200 500 200 500 M
Input Resistance Ta = 25°C 0.3 1.0 0.3 1.0 M
Supply Current Both Ta = 25°C,Vg = $15V i
Ampiifiars 3.0 5.0 3.0 56 | ™
Large Signal Vollage Gain Ta = 25°C,Vg = £15V 1
Vour = 10V, R, 2 2k 50 160 20 160 Visd
Inpul Oftset Voltage Rs < 10k 6.0 75 mf
Input Oftsel Curront 500 300 ok !
input Bias Current 1.5 0.8 s
Large Signal Voltage Gain Vs = 115V, Vour = 110V 25 15 vins
. A 2 ki
QOutput Voltage Swing Vs = £15V,Ry = 10k} 12 14 12 |- +t14 ¥
: | =2k & 1 R
Ru £10 | +13 10 | %13 - v
Input Vollage Range Vg = 15V t 12 12 ¥
Commgn Mod.a Rs < 10kn 70 80 70 20 P
Rejection Ratio
Supply Voltage Rs € 10k} 77 06 77 26 Py
Raojaclion Ratio
dovices nhe 1

Note 1: The maximum junclion tlomperature of (he LM 1558 is 150°C, while lhat of the LM 1458 is 100°C. For operaling at

loase FumeDlPlhedavlcamualba“

5 packaga must ba deraled based on a thermal resistance ol 150°C/W, |
basud on a tharmal resistance of 187°C/W, junclion to amblon).

Note 2; For supply voltagun luss than | 18V, hw abaalule maximum input vollago is equal lo w supply vollagu, -
Nate 3: Thesa spacilications apply for Vg = 1 15V and - 85°C < Ta < 125°C, unlasa olherwise specillad. With Ihe LM 1458, hawever, all spociiications ae e

100°C % Ta < 70°C and Vg = £15V.

Nole 4; Aeter to RETS 1558V for LM1558J and LM1558H military specilicalions.

to or ?S'CIW
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6400,/7400 Quadruple 2 Input Posmve-NAND Gate

- Schottky TTL - ngh-Spnd TTL Low-Powar Schottky TTL Standard TTL Low-Power TTL
- Package Package Package Package Package
i D s vic
i -vleo Type CTRIMICE Device Type TP IMICF Doyl_cq Typo ETRIMIcF Dovlc, Typo cTRIMIcF Device Type CTRTMICH
T.1 INS4S00 D OING  Jw] sNsavoo I - I Snsacs00 @] o EED e SNSILW IESTEL
b SN14S00 T OND) SNTN® TOND] | [snnacs00 - OGOl | | sNm0 TOIND dsunm IRAAT (T
AIRCHILD Fi54800/F MiS00 [0 F MB4H00/F MsH0a [0 F Q@ rususoo newso - Jo0| -] JrO] P 5400/F MIN0D (D! F
F F C74800/F C9500 (DO *D F01aR00/F O3HD0 (NP Q) oS 1w |00 MDf  |FB] FOTi00/F Canoo|DADIPOD) 1
L : MC2i00 (X I I ) ] - | MC8400 L@ Fe)
MOTOROLA MO3000 LOPD; . FO|SNILER "~ | - [P) Mo . . |LOPDJF
NS.C OMBIHG0 O] OMS4LS00 DMSAI0 i m%""ﬁiq DMBIL 00 GG Jrd
il DMT4800 NG DMYIH00 TOIND) DM74L 300 bmTi00 JOND |, {OMML00 Oty [F d
PHILIPS o I W
) M 131/14HB9 M) N F4L 800 [0 F JH13i/7400 (D) ;
SIGNETICS |riase G0 L TR W LN FOTIAT] T 1"
N14800 FOAD) N14H0O FOAD)] NML 508 A Num F DA i
SIEMENS T of "N | U . - | n.mo: (&
. - w | oo} Y N A I T i
FUITSU 'MB st MDY TS m.soo. ST S MB400 " ;
HITACH! HD74300 mpgr ) uDuLsm ' PO nnnm)unzwa QPO;
IR EPS B i -y, a Y 3, [ i RLLE Al
MITSUBISHI [ "-‘-}@ B I L9 MuLsr | POl T (Y ror <1
NeC wPBS00_. nq} 1 T e N =
TOSHIBA 1 . % [ [Towma |
Electrical Cheracteristica BNB4LEOO/SNT74LE0O : N
sbsolute menleum ratings ‘over oparsling irse-alr temparaturs range ' L
Vi v Vo v NG R N IR MO Schematics (each - gate)
gt wilage W tavpeianes 1ann {snmLs g b WC '
Intetamdiz woltage 3.4V BS1orags emparebise FRoge - =% s N
wutio—o 40500
MR NOM___ WAX_ | %N NG - ol Vee
* Srwpely vollage, Y00 ! [ 66 Jam . . s An v
Nat-isve! outon) awrveod, oW i R emilly j —~800 A
Low-less! wiond owrenl. I T4 I K OA
Qoaraleg hae-as axowetws, Ty -$) T3} [] ) € INPUTS
“slectrical charasteristics over recommanded operating . -
free-air temperatura ‘range P A ouTPUY
PARAMETER TEST CONDITIONST _ |MIN TYP$ MAX | UNIT] . 8- Y
Vi~ Highrlevel input voltage s . g N & g g
Vi Low-leval inpul volizge "] o.8f v
Vi Inpul glamp voltags VEp=MIN, lj=~iamA’ ~t8] vV I A
VoM Highisvel cutpul vollage :g’u"_':m L=viy 21, a4 L] ]
Voo =MIN, Vin=1V, T vl ' .
ve) i 0.2 K1 S8 A g
VoL Lowe) quiaul volge lgL = 4aA : : ksl ] A I E!u&uu Re J Re ] Azl ks
loputl currens.at . . T - ot ‘ [f4n T Lin] 130 [
Y usmum input voitsge VoorMAk, Vi=TY Rat) Ml B 100 T ow] ok ['60 [ie GND
Ty Hightlovel mput ourront VGQ=MAK, V=2V 2] wA " Input clampdicdes not on *500 CIRCUIT
UL Lowisvol input ourrent . VoGmMAX, Vi =0.4V ~0.4| ma SNB4L.”/ SNTAL' circults,
ios Short-arauil ouipul ourent @ Voo-MAx . ::t:z::: :7: ::: :pA °°. oo C"‘CW’ . !
[} “Supply owrent - ‘fotal, outpuls high Tl | maA
iggL  Supply current Vog=MAX Total, ouiputs low 12 2] mA
x » iy .
100 Gupply ourrent Voo=tV ‘:;‘W;:;l‘;:) 0.4 mA 0
Propegation datay 11me, o . o
1PLH low-to-high-loval oulput Vgo=8V., Tam2lc, y Bjoe .”v“ ‘
Propagation dolay time, - Y p >
PHL e tgelaw-toval outpul OL=i6F,  AL=nba - ! TP
Pin Assignments (Tép- View) "
»® : " % ¥ .
» ; , QUTPUT.
' y INWTS
vo% [t u av )e u av . N At "
‘i r ¥
i ﬁ | i GND

u ;a |y n»

posilive Iollut
YaRE

_ Resistar .values shown' are -nominal and in ohms

“H00 CIRCUIT

- |00 CIRCUIT

, 1For conditions shown as MIN o MAK, yae the apropriats vake &7

$ AL 1yp:oal values are ot Voo =5Y, Taw25C,

#Not mora (hen on6 oulput shoyld be MM " mm. md lar 8NMW/8N11H' u\q 8?154?

«

undef (804

Yl

PR

ation of short-gircwst should nol excesd | seoond.




5408/7408 Quadruple 2-Input -Positive: AND .Gate S :

. Schottky TTL . . Migh=Spead TTL - | Low-Power Schottky TTL .| - -Standard TTL. '~ .} ‘\Low-Powor TTL
" Pach . Pacl : Y Package i Package | Packsge
Device Type Device Type Devic vice. Dnvico
o YPe IETRTM[cr| Doviee TrPe [ETRTMcH D°vi® TP [STRTMIcr| Do ic TYPe [STE mIce] O*Vict TYP* [ETRTMIcF
i TL - | SNsasod 1O [l ][ snseis0s Jaw| [ wb]sneaos -l | lwb ’ :
t St 1508 boNol ™ T+ . SN 508 fiolal - SN7408 _JIOINGY
: FMRCHILD N300/ ISR [ T0 |F MEAHO) /F M3H08 |0 P [msas s 1O [ F5408/F MoNGE _[OiL) FO
l o, oxoe . Jo0|FD| |0 JF014H0A/F Ganos |DDIPD) T [WO]T1® | Foreos/FCones _Jodipa) -
i MG3101' X Dy o ]
MOTOROLA 1 [CETREREN (X)) B [0 T I A LI P
NS.C. - fOMSaH08 L - [JDINDY DMSAL S08 1 @ OMsaos - LQ[NG]  [wal| oms4L08
. [IEICTT IR ITo) [T DMNL80! ~lp el M 146 1@IND BM74L06
PHILIPS N1¢SOR [ NT4H08 [ Nun_soi . N7408 )
H S34H08 ~_IFojanl  Jwa j i S8408 - Fola0] wo
SIGNETICS NT4508 A NHOS . [F®lad - InNtaLS08 2] N403 FOLAD!
SIEMENS o 5
FUJITSU LS0s T m )
HTACH - - FF T 1 I 24 M K
D > Coe, {
MITSUBISH! - [ 2 M74LS08. ) M53208 ] PO
a ' i ) i i 2 g ! ) . I .t e,
Nec : TisE T 1] Y B P YN )
j I 1 - ', 1 Y | BB D L
TOSHIBA - - i PR o I %
i B Electrical Characterlstics SNB4LSOB/SN74LE08 ' . =il " .7
, | Imum rotings over opereling freavair prronge - . | = H
Swwety voie, V00 T [, Gowseg bwsr . | SNMLB] - ~U€ woBT 1}
trod v608 - ) tsmow S0 renge [ snoLs oC w WC | .
letoremitr vollaor * s Storsge temparturs 16i8 . -8 s iwT . 3 .
- ———— = rn e = —
NS4 - 74L! B &
L L 11 o
Bupoty sailsoe. Voo 4.4 § [X] on 13 "1 v "
Mgp-mesl outpa owrel. 1om - 500 ~ -0 A
Low-level ouitnl curand, lg) . [} [ ol
Opwaimg bos-ar Lomperaturs, 14 = i e E) t |, ¢ |
slectrical aharacteristices aver ruomndod oponﬂn‘ W, . |
free-alr temperature range y
PARAMETER TEST CONDITIONS | - | MIN TYPtmx UNIT | 2l ;
Vii ~ Highvisvel input voltage ° RN RN B TS ELRS e TR SR .
Vit Low-level inputl vollsgs i o8] v'| )
vy Inpul_clamp voitege Vgo=MIN, |j=~I18m4 =18l v 1
. . Yoo=MIN, .Viymav, | j bV TAN FaN
Vown  Highlevel om?ux voltege lopmhaX - i1 o0 I % B N vl 5
VoL Lowlw! output vailspe ;'g‘;_"::‘x SYMTV b naoa] vy
‘ Ineul ourtes] @1 Eigy w5 :
N i roul! voliega v“-m\x. Yiety 4.0, mﬁ :
'I.H High-loval _tnput oureal m-u.\x Viy=2. 1v 00 un 2 , '
[T Low-iovsl input_current VgoomMAX Vi =0.4V - =04 mA s
Short ewrourt | 4L 3 Famuiy | =20 =100
108 g ourrent & Voo =MAX 4L B Family | =10 o] ™4
qu Supnly oumnl . Total, outputs high 2.4  4.0] mA f
Hm_ “Suwply ourtenl T} Ve MK . Dutputs Tow 0.0 88| mA P ¥
_ JAvecage pergats i ST |” ' r v
108 Supply ourrem YO0 "5Ye |ieas auty oycie) 0.3 O [ . ' ‘08 CIRCUIT
] Prooapation dolay 1ims, ) , . : o R ‘ ; )
'PLH low-lo-ugh-lsvel oulpul vog= 8¢, ~Ta=25C. s 18] o
Propagstion delay lims, QL=1%F, HL-M Y ] " ] o
PHL  ponto-tow-lovel outpul X L.l Pl |
¥ R ‘ "
Pin Asslgnmant (Top Vuew) o o ‘ S Y I T T
- [ A ’ 2
n A 1
(D ! R E o
Yoo @ w4 3, ¥ sl o Sk Wt
1 19 ' . ”Am e e Y ]
] =T |
ol . L 1Y
'y ! !
- -
:'TIE] ol . -
.
13ttt 0gdpt L8038 cwour:
ia 1B W W @ I OND , }
' positive logjo: Ratlstor values shown are rominal and In ohma
YmAB : . . ' oo e
1 For oonditiona shown as MIN or® “MAX, wse lho a0propriald muu “nder ded, opering L i e ' ; .

$AD typioal valuas are at Vog=35V., Ta=28°C. : ,
o Not  more Than one ouipyl should de NM 814 (ime, w or suus'/snus' anthn of unpnn short olwll should not omd one second.

. <.




5432,/7432  Quadruple 2-Input Positive-OR Gate

b " - Schottky TTL - leh Spud TTL. | Low-Pewsr Schottky TTL Low-Power TTL
Ry o . | Package Packsge o . | - Package o - Package Package
s avi ovice Device 6 Device Type Device T
Wri e N oo Type, PMcrp"' T”'cpmcr_-':"'.w'r”". cTPImicH 22e® TYP* [eTPImIcr YPe TR ImIcH
T SNB4S32 ) L ' SNMLER? O ’ N3N il 1) W)
d BNT4532 SO BNNLAN. - D ERE] il 500
"FAIRCHILD Fauide,/ et ) P/ 00|, | 170 | FWsa2/F MiNaE_[DO)] F
s FIASY,/ROSSAT L) [ raani/Rwn  op |00 F® | F 02438/F CIN32_[ODIAD]
- ‘1. Bl . . B T
MOTOROLA “[shiacgaz - FO) -
NEC ; DMIeL83Z [ DMSE3? IQIND) OMB4L32
\ OMEIL 832 [0) DMV 1OIND DM?4L.32
. LIPS N8I @ NTIL8? (18 N [
. : [ [3)
mcs M NTAL 632 A D) g F
SEMENS FLA
PUITSY TEH
HTAG'" HOML 83 [0} HD7a82 [3] X3
MITSUBISHI Z MEL8Y PO -
PEC v LS 0} :
L1
TOSHIBA - ; T
v ' Electrical Characterislics SNB4LS32/5N74L832 i ' b
. abisolule meunimum ratings over opurating Iree-alr lemperature range
- Tegoly wilete. V80 w Qperating freeay | ansas | ~HWE w Nt
opet vallage 1y tomowalirs 10G8 ] anNmuLs o8 o WC
o Storage temperature 16008 ~44C (8 Tw_c"—'
d Ung ditl oo 000
BNOALEIR
N :;u BAK | N < wan ] AT !
oo vaioe, Voo al ] 5.0 “n (Y v '
Rogh-lovel Ouipet ourrend, 10y =400 - 400 L)
Low-Now weiwt owtdnd, 1o, N A md
" Oparticg Weeexn tempmsiwe, 14 it in 0 [ ° '
o slectrical characteristics over rbeonrpcndod np.rnllng ‘ ,
T freecair temperature. range 5
R PARAMETER TEST CONDITIONSf CIMIN TYP3 MAX UNIT
E Vi High-leval_lngut vollege % 2 - v
Vi - Lowelavel input woltage - . 108 V-
Vi . lngul clamp volispe Vog=MIN, _|j==jamA e8]V i
MIN, y Nl
Vo Minevel ot votuge | YOSTRE Vi =Hs XN Y S R ,
Voo Voo=MIN, V|| =V nay, By )
VgL  Low-sval output volisge loy = dmA - 0.25 fd4y v
Inpul awren) at
i o out voliige VOO =MAX, V =1y 0.0 | mA
iy Megn-ievel mput_ourroal Voo =MAX, Vig=2.1v 20| ua |
m Low-lovsl ingut owrrent VComMAX, Vi =0.4V =0.4 | mA i
S4LS Family | —20 - {00
lgs  Shoert-oroull culpul owrent @ | Voo=MAX [7es Fomay [ <2 700 'M
L Supply nurent Voc-MAX Tolal, oulpuls tugh 3.1 62| mA
lggl  8upply ourrent Tolsl, outpuls low 49 3.0 | mA
§ B . |Average porgate G
18 Swely currem Voo=5vY (50% culy oyola) 1.0 mA
Propagatan gelay time, . U . "
T — Vo=V, TamarC.) R \
Propagation delay (ime, Op=|tpF, "R =24 ; . i
PH. bohetoiowtavel ouput M = va
Pin Assignment (Top Vjew) 20k $roa i &, o
g
. g Lol 2
“w oW WM :
B
I GE{] L! 2. [ [ie) [% LJIL d e, outhut
| I , v
k | Hr- ¥
s
ngaoon o) , -
. ! L33 CIRCUIY ;
! positive ogio; Resistor values shown are nomnal and i ohmis.
|. YeA+d ’
?tru conditions shown an MIN or' MAX, use the appropriate vaiue under d |

5 $AN typioa) valves are &t Voo =8V,

TA=IC,

O,No( mars (han one ouipul should e sharied a1 & Bime,
hEe . :




54138/74138 a- Line-to-8- -Line Decoder. . ~ N : |
Schomh' TTL i High-Speed TTL. ... Lew-Pwov Scholtky TTL, : sundm-l TTL - _|. . Low:-Power TTL
NG Psckage |5 .. ..'° | Packege . Package _Packsge I .. . :|i Package
‘ VI T ’!
. Davice T"" clpmicr] Peviee, TP [ eT R m[cr P’Y'” R”' c[P[m[cr D""‘f. yPareTrImlcr Poviee (TP [STRTmler
T .. . | BNMsI® - A _fw YNNI bl B R (LTS TFE YRS B B . o
BNIAEIN VOIND] 17 Jenrasin - Liong '76 D X0 B9 I 6 . -
- /asin  JoO] o | T <M psdainsnauin - } I ] DENIREE R -
1F~R°1LD VTR ) I IR IBRTIOCEE! IN (N D K NG ) ) R ) SRR B O f i Mt PR
; MOTOROLA i : R - SNTLSI POl Y. o ] : 2
H : ‘ I R DML S 138 ol - : .
I NS.C " Jomigin B ) : I T o -1~ ~ - I R
o B . P —t— . .
PHUPS - I O] NTALS 13 ® [ . ‘
' 2348134 Fala@ - fway : . I RS . . i
. SIGNETICS N8I3 Fole 1 NIAL813 A - : - BEEI
. SIEMENS —— - - - ot T
AT T T aem — I T
HTACH - RSN I I 5 PXRRFARERINON K3 IEX 5 IS 11T TE TN G 1) K N BT = R
: p - PRI Ve O T T PR FRATTRCEITATET I Ay
MTSUBISH v T E PR P B B2 CUNIE R PO T I
NC- L Thoy c A r
- i IR B B B 7 ¥ B o . . & C L
TOSHBA e DR I Y T R L B I X ,']‘\| ™ Z8 kY £ ™
" Elestrical, cn.u‘c‘c.r\'més'-“su’s‘4u$‘|sé'(sN?&Lsi, ‘ oxz P[n.a,‘,,,;,,m.n,_ (;f,- IR ‘
e absolute’ maxinum ratings o o( oppnﬂng o ke Al A (D”"‘" iy . ‘
T free-alr tamperature, range; "~ "7 . ! b "; TR ™ W '
" Supply vollage, Voo [ 3V_| Overating tieoaw | smas] _—s5Cio tasC_ | - 16 15 14 13 izlfutjiol o v ;
i lout vollage v temperature range [ Wmais| - o'Cw 0t |, R o p ¢ | RN .
[ D : slwaga umwnm rangs ~kco1sec | Y 5 '
! recommended uporauunl :ondlhqns } .
T [ TeNsasiza. T snnLsim . .
MIN__NOM _MAX | MIN__NOM_MAK i pesliive logier,
Sugply voltsge, Vog : : 48 5 8814 5 s8] ; W‘wm‘hﬂ"
High-lovs! autpul owrrent, l_o_u R R Y T g o
Low-leve! cutpal ourrent, lo) -~ [ P + Jbelyil, - B D6 S e i '
Operating hes-akr tsmperstwe, Ta ~ ¢ ' .° ', -u-'.".' A mle - ) L .

elegtriasl, chanohdqﬂu ove ‘édq\m_ondp‘du oparating , Ui .
free-alr. tamparature ‘range.- T8 28T N
PARAMETER® <] TEST couomonsy WMIN_TYP § MAX

Vi High-level wout vollsge L el A Wy O A Y | R

Ty vslas'n.sm,...

Vi, Low-lewsl bput voliage -~ R ——— - KA. ] “‘"lNFTS ok
vL npul clamp voltags [veqeMIN, fw—i8mA, ™ 1. . it
You ' NWVOI output ‘vol O VOO"'MW' M'3¥.1| Al |28 3.4 o]y 1 YS Y‘ Vl‘WI 16
on g g P vieb.viions a0 SomE 29 a4 - o] i :: :u
S b o 5 | ¥ Q-MN.“Vm-lV.f 4 I R Pt > Y|
Vou* Lowdevel ouut ‘yoltage:, - Vg_-o.lv. i lm_-lmA" et »3-“ o.gf n Y : :
S- Igul owrrent u m-m Ay BT R L5 I .a:‘” R
” et vetoges 1’ Voo-W‘"- A,v.-w. ] {5 coe MO
Hgh-ievel tnoul current .~ 1 | YoGwMAX, ~Vym2. v T f - LA
Ty, Cowwwel inpul ourent. {_|VOguMAX, - Vim0V {5, B R
[_Sl.l L Short-ooul outpul_owrent @, | VOa=MAK i 1o v A t(t:
.90 Bupply owrmnt . : :s?-’-:ug i Oulel Mha N7 “ 4> ! 'L
IO o R e
L APHL_| trom Burery somar, . AR U : '
L IPLH |10 Any output o Vco-lv. } tgh
ApHy, : L L pasaeed """! d i
ApLH . RSO 2 .
C ‘ . v
s TR
e w Ay ot o {
‘., A B,
’ . .I'I -
\ PR !
, S et o
h AR i L 2 , .
i i : : \* . ¢ e A - . ;
. ' '
' 4 » —u—{ So—rq {— '
N : g A REREE
‘: : : i i
D ) ‘ ) ' N
N .. ted e B ol
#or conditions shokn as MIN. o MAX, use e valos soecified uder 1 " . o
S AN iypoel vahes are 8l VOQuBY, Toel8E, ' : i
ONGI Bore 1han one cutpul shoyid' e shorleg ot & luu. w duration of the wn-wm| ‘ul lmqu ol mmq 0 Ml« b

llp._n-mnllm delay Ume,’ low-to-bgieve) output . . ) e J
* IpHL S ropheicn delay um. mh-w-m-uul outpst . . o o ’

' [ [



54373/ TA3T3  Octal D-Type Transparent Latches and: Edge-Trlggarod F’llp F'lops

BN - : N
absolute maximum retings over opgnlln( fres-air tamperature range

Schottky TTL ' |\ Hl!h'Spood TTL Lo\v-Po'orSchotlky TTL }- Stlﬂdard TTL:! ‘L.ow-Power TTL
i | Davice Type cP:'k:;F Dovlco Type cp:k::;_ pov_féo Type c?:k:; Device: *T ypc cp:k.'.cr Device Typs cp::k:;__

TL, T S 13 A M K A 5772 £ B " Tt
FAIRCHILD -

MOTOROLA :

NS.C ‘ L -

PHILIPS ~ -

SIGNETICS. ' :
' SIEMENS ‘

| FUSRTSY: -

| HTACH :

MITSUBISH! - : -

NEC :

TOSHIBA -

Electrical Characteristics SN54L.5373/SN74L.§373 i

Bia’ Rosignmanits! (Top" View)

il h
Busply vollage. Vop "W JOparstig tree-an TSNSiLS | —<83C io 125C - 2 88 = pr s ssetar 0
Inpul_vollage TV_| tomperature ange [sNnLs 0T to 10T miwijnpinjiniiniisyuylnils umia | e
- 3lorage -temperatute fangs . —68T 10 150 ' |. ﬁ‘rﬁ @_@ N .
’ recommend operating conditions o 7l \N e —BE- == Al N ko
i ; | _&NB4L837a T sN7aLe3va | To o [ e i : i
MIN_NOM_MAX | MIN__NOM_ MAX L : PR
[] voliage, V 48 -9 sslem b Sm] vi ) o Sho0i0 [
High-level outpul ourrent, g =1 , ~2.6) @A, - e TAL R et
Hegn-level oulput voitage, V [K] ‘881 V- e iy -

- REEE B TGioon soasie fagh ] 18 0 SNALITIL)  SNTALSITI U N) i\ f
“Puise wai, ty [k e n 718 o e INDASIIR ) SNTASITR UL N) ) !
“Geplo e \guTyR * o] 1 ey o 13 ' -
Hold. teve, tpotg i 0] 0l ns i = k
Operating Wae-sis tomperstinre, ¥ o V[ -s8 18] 0 0] € e AANSPARINT LATENES -

~ elestrical characteristics over recommended operating free-aif i !

. tempersture range (uniess otharwise noted) ™
PARAMLTER ~ YEST CONDITIONS | MIN TYP§ MAX JuniT o g,,":*‘,;,,————-j}—— .
Vi ___High-level inpul volisge iy I ? v ' N
Vil Low-ivel mput voltage ey 181 M
Vix__ thpul cismp valinge Voo =i, 1= = iAmA sl v R A :
""'"!. ] VCGoMIN, Viy=2v, R Y L it
VoW  Mmbelavel uigul voltage - o R 24 ) v (0 : ” ;

T ) YOO ™MIN. | -4 ap k :
VoL  Lowvel oviput vollagh VNIV, 1oL =24mA 0.3 08 V 15 f
! ' Vi) wVy mex . s - . q i

Oti-slsts outwit cufrent, . vuo-nu. ViR, i R d 4 m - X g 4
‘0z hoghviave) voitsge applssd vo=i. v Bfx 0 wm b 3
) Ofi-state outpul ourrent, co=MAY, VinsH; 4 n N
02L _lowievet woltsge sppiied {Yo=o.av ad e : L] ‘ ’ vﬂ
w et ouren al Yop =MAX, Va1V 0.1 ma > ! ‘ g
manimum wpul voilage 3 > (] i
i Hoghvievs! input current Voo PMAT Vi=Z. W, N1 LY o . b
Iy Low-level input ourrent VGG WAY, V=gV w0l ] mA» R | R ‘ !
.lpg - Bhort-oirout ovtpu ourremt § [ VOORMAY 1 T - -2 -0l mA ~q o
. Voo=MAX, J B
oo Puesr urenl Outpit-oonrol a1 4y | =39 W QoA W ) e
switching characteristics, VeC=BV, To=28C P l E e
_— ‘ 0
FROM To ] !
0| IN TYP MAX | UNIT .
PARAMCTER |\ py7) | (outeury|  TEST CONDITIONS WM TVP w5 i
foan MHs | { . 6 ' 1o
‘eLl ) N 1218 s 0
. Dats ' AmQ 12 W™ ) l
Bl O =4%F, RL~H1A, o0 A2
| BLH. {0 O g [ Bee Nojes 2000 § y B ‘s ]
\ snala I At » . d >0
pzH’ Output Bl . Lt : '
oo | 2 | n ] ™ Pt |
\PHZ Cutpt GL=3F, AL=4613, It 2 ‘ I :
15 2 Control A Q. g noted . T i o : -

1 For conditions shown &8 MIN or MAX, use the sppropeia vikoe tpecifisd unsé¥ fecocmendad noua. : o:nw m‘:xmuu:.u:‘wn: ‘a'ulpulp maq,

opptating concitions, * : Qe * - elroui wa i
$ AL (ypoxt valuas sre 8t VO =2V, n-nt. lm. ®naximum glook in

N, then out tmﬂdhmu‘n mwmlmoimmrmlmu«
e ot v . ' -, PHL SPopegatan deiay lime, hteio-iow-level culyut "

nﬂ-mnmm

-,\:,r‘x,,

oquenay
1pLH =propegalion delsy’ me, low-fo-fiigh-level quiput
IPZH Woutpul snible’ time to high level | -

APZL Bputpul snadly 1me 10 low level

tpNZ Woulput disabie fime from hegh level
|p|_z-nulwl dmable lme trom low level

.
LS

ek ‘,




]

i National
Semiconductor
Corporation

LF198/LF298/LF398, LF'I 98A/LF398A
Monolithjc Sample and Hold Circuits

General Description

The LF198/LF298/LF328 are monolithic sample and hold
circuits which utilize BI-FET technology to obtain ultra-high
de accuracy with fast acquisilion of signal and low droop
rate. Operaling as a unily gain foflower, dc gain accuracy is
0.002%_ typical and acquisilion lime is as low as 6 us 1o
0.01%. A bipolar input staye is used to achieve low offset
voltage and wide bandwidth. input offset adjust is accom-
plishad with a singlo pin, and doos not degrado Inpul offsol
drift. The wide bandwidth allows the LF198 fo be included

- inside the feedback loop of 1 MHz op amps without having

1

!

stability problems. Inpul impadanca of 1010} aliows high
source impedances 10 be used withoul degrading accuracy.

P-channetjunclion FET's are combined with bipolar devices in

. the output amplifier to give droop rales as low as § mV/min

with a 1' uF hold capacitor, The JFET's have much lower
noise than MOS devices used In previous designs and do
not exhibit high temperature instabilities. The overall design
guarantees no feed-through from input to output in the hold

Features

a Operates from ::5Vl to x 18V supplies

.8 Less than 10 ps acquisition lime

» TTL, PMOS, CMOS compatibie logic input

m 0.5 mV typical hold step at Cp = 0.01 uF

§ Low input offset

W 0.002% gain accuracy

® Low oulpul noisa in hold modo

® Inpul characterislics do nol change during hold mode

" High supply relaction ratio in sampla or hold

® Wide bandwidth )

Logic Inputs on the LF198 are fully differontlal with low input
current, allowing direct connection lo TTL, PMOS, and
CMOS. Ditfereptial threshold is 1.4V. The LF198 will oper-
ate (rom 5V to + 18V supplies. It is available in an B-lead
TO-5 package.

An “A" version is available with tightened electrical specifi-

catlons.
) i

' mode, even for input signals equal lo the supply voltages.

Typical Connection and ‘Perfqrmanée Curve

Connectijon Diagrams

Dunl-In-Lino Package
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oFFsLY _ 1| 1_106ic
ADJUST ™ REFERENCE
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See NS Package NumPer NOBE
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Order Number LF198H, LF298H,
LF398H, LF198AH or LF398AH
Sae NS Package Number HOBC




Parameter Conditions LE198/LF298 LF3s8 Units
Min | Typ Max | Min { Typ { Max
© Input Olfset Vollage, (Nole 6) T = 25°C 1 3 2 7 | mv
Full Temperalure Range 5 10 my
Input Bias Current, {Note 6) T, = 26°C 5 25 10 50 nA
/ Full Temperalure Range 75 100 | nA
Input lmpedanco Ty 26°C 1010 1010 i
Gain Error Tj == 25°C, R = 10k 0.002 | 0.005 0.004 | 0.01 %
Full Tomperature Range 0.02 0.02 %
Feedthrough Attenuation Ralio Tj = 25°C.Cp = 0.01 uF 86 96 80 80 aB
at 1 kHz ;
Output Impedance Tj = 25°C, "HOLD" mode 0.5 2 0.5 4 N
Full Temperature Range 4 6 1]
*HOLD" Step, (Nole 4) Tj = 26°C, Cp = 0.01 uF,Voyy = 0 05 | 20 1.0 25 my
Supply Current, (Note 6) Tj225°C 4.5 5.5 45 6.5 mA
Logic and Logic Reference Input | Tj = 25°C 2 10 2 10 HA
Current .'l
t.eakage Current inlo Hoid Tj = 25°C, (Note 5) .30 100 a0 200 PA
© Capacitor (Note 6) Hold Mode
Acquisition Time 10 0.1% AVoyt = 10V, Cp = 1000 pF K -4 it
Cp = 0.01 uF 20 20 )
Hold Capacitor Charging Current | Vin~ Vout =2V 5 5 mA
Supply Voltage Rejection Ratio Vour =0 80 110 80 110 dB
Diflerential Logic Throshold T - 25°C 0.8 1.4 2.4 [1X:] 1.4 2.4 v

Absolute Maximum Ratings

it Mititary/Aaroapace spocified devices are roquired,
contact the National Semiconductor Sales Oftfice/
Distributors for availability and specifications.

Supply Vollage

Power Dissipation (Package Limitation) (Note 1)

18V
500 mwW

Operating Ambient Temperature Range

LF198/LF198A
LF298
LF398/LF398A
Storage Temperalure Range

-66°Clo +126°C
-25°Clo +85°C
0°Cto +70°C
-65°Clo +150°C

Electrical Characteristics (noto 3)

lnput Voltago Equanl 1o Supply Voltage
Logic To Logic Relerence Differential Voltage + 7V, - 30V
{Note 2)

QOutput Short Circuit Duration Indelinite
Hold Capacitor Short Circuit Duralion 10 sec
Lead Temperature (Soldering, 10 seconds) 260°C

Thermal Resislance (0 4a) (lypicals)
H package 215°C/W (Board mount in still air)
‘ 85°C/W (Board mount in 400LF/min air flow)
N package 115°C/W '
04 (typical) 20°C/W




Electrical Characteristics (continued) (Note 3)

LF198A LF398A

Parameter Conditions - Units
‘ Min| Typ | Max | Min | Typ | Max
Input Offset Voltage, (Note 6) Tj= 25°C ' 1 1 2 2 mv
Full Temperature Range ’ 2 . 3 mv
Input Bias Current, (Note 6) Tj=25C - 5 25 10 25 nA
Full Temparature Range ' 75 50 nA'
Input Impedance Ty = 25°C 1010 1010 : fl
Gain Error Tj = 25°C, Ry = 10k ¢ 0.@02 0.005 | 0.004 | 0.005 %
Full Temperature Range . 0.01 | oot %
Feedthrough Allenualion Ralio Tj = 25°C, Cf, = 0.01 uF 86 96 ;1) 90 dB.
at1 kHz . ;
Output Impedance ' Tj = 25°C, "HOLD" mode 0.5 1 0.5 1 n
Full Temperalure Range . 4 6 1
“HOLD" Step, (Note 4) Tj = 25°C, Cp = 0.01uF, Vour = Q 05 | 1 1.0 1 mv
Supply Current, {Noto 6) Tj225°C 4.5. 5.5 4.5 6.5 mA
Logic and Logic Reference Input T| = 25°C 2 10 2 10 uA
Current
Leakage Current into Hold Tj = 25°C, (Nole 5) : 30 100 30 100 pA
Capacitor (Note 6) Hold Mode ‘
Acquisition Time to 0.1% AVgur = 10V, Cp, = 1000 pF { 4 6 ] 6 us
Ch = 0.01 uF 20 25 20 25 us
" Hold Capacitor Charging Current | Vin—Voyr = 2V 5 5 mA
Supply Voltage Rejection Ratio Vour =0 90 110 90 110 dB
Ditterential Logic Thrashold T| = 25°C 0.8 1.4 24 0.8 1.4 2.4 V
Note {: The maximum| p of tho LF188/LF188A Is 150°C, for the LF288, 116°C, and lor the LF388/LF308A, |oo-c When oporating &l glovatod
peralure, the power dissipalion musi be d based on a hermal (©pa) of 15°C/W.

Nole 2: Although Ihe diltoranilal voltage may not oxceed the (imits given, the comman-mode vollage on the logic ping may be eguat to o Bupply vallugss will
causing damage 10 the clicull. For proper loglc aporation, however, ona of (he logic pqm must always bao a1 least 2V bolow tho posilive supply and IV abovu (1Y
nogative supply.

Note 3: Unloss otherwise specified, the following conditions apply. Unit is In “sample™ moda, Vg = £ 15V, T) = 25°C, - 11,5V = Yy < 1 1LBV.C, - 0.01 pF,
and Ry = 10 kil. Logic refarenca vallage ~ OV and loglc vollage = 2.6Y.

Note 4; Hold stap Is sensiliva 10 stray capacitive coupling batwesn (nput logic slgnals and the hold capacitor. 1 pF, for inslance, will craale an addibunal 0.5 MV

step with a 5V logic swing and a 0.01F hold capaciter. Magnitude of the hold step [ | fy prop | to ho!d capacilor vatus,
Note 5: Leakage cumrent Is d at a function lemperalure of 25°C, Tha alfacts of junction tempsralure rise due lo power dissipation or tiont can
ba calculated by doubling the 25°C vaiue for each 11°C | in chip tomp: Leakage is g 1ed over lull inpul signal rango.

Note 8: Thesu paramelers guaranteed over a supply vollage range of 15 to 18V, and an Input rangs of ~Vg + 3.5V s Viy < +Vs - 3.5V,

Typical Performance Characteristics

Dielectric Absorption
Aperture Time* Error in Hold Capacltor , Dynamic Sampling Error
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Typical Performance Characteristics (continued)
Output Droop Rate Hold Step “Hold" Settling Time*
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Typical Performance Characteristics (Continueq)

Output Translent at Start Output Translent at Start
of Sample Mode of Hold Mode
T -
asl—\
60[-~ 4~ -
™ \ w
\ -
£ o ‘ €= 0.001ur i 20 —} -1 i
-]
§ -02 — E o-wl f_,\
04 3 =20 v
-0 N .
: e -
02 l/.nm AT <lmnl o v 50| i |
i SAMPLE BATE 3 $Uks | '
=02 05 10 1.5 2.0 35 30 &3 49 0 02 04 0& 08 1.0 1.2 14 16
™ () TL/H/5692-12 TNE (us) T /HISAR2 13
Logic Input Configurations
TTL & CMOS

3V < Vy_ (Hi State) < 7V

f "
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T
?
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Tiunshold -~ 0.O(V') 14V

Op Amp Drlve
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Application Hints
Hold Capacitor

Hold step, acquisition time, and droop rate are the major
trade-offs in the selection of a hold capacitor value. Size
and cost may also become important for larger values. Use
of the curves included with this data sheet should be helpful
in selscling a reasonable value of capacilance. Keep in
mind that for last repelition rates or tracking fast signals, the
capacilor drive currents may cause a signilicant tempera-
{ure rise in the-LF198. )

A significant source of error in an accurate sample and hold
circuit is disleclric absorption in the hold capaciior. A mylar
cap, lor Instance, may !'sag back" up 10 0.2% afler a quick
change in vollage. A long *'soak" time is required belore the
circuit can be put back into the hold mode with this type of
capacitor. Dielectrics with very low hysteresis are polysty-
rene, polypropylense, and Tellon. Other types such as mica
and polycarbonale are nol nearly as good. Ceramic is unus-
able with > 1% hysteresls. The advantage of polypropylene
over polystyrene is thal it extends the maximum ambient
tomperature from 85°C o 100°C, "NPQ" or “COG" capacl-
torg are now avallable lor 125°C operation and also have
low dieloctric absorption. For more exact data, see the
curve Disloctric Absorplion Error, The hysleresis numbers
on the curvo are linal valuos, taken altor lull relaxation. The
hysloresis error can be significanily reduced il the oulput of
the LF 188 is digitized quickly after the hold moda is initiated.
The hyslerasis relaxation lime constant in polypropylena, for
instance, Is 10—50 ms. I{ A-t0-D conversion can he made
within 1 ms, hysteresis error will be reduced by a lactor of
ten.

DC and AC Zerolng

DC zeroing is accomplished by connecting the oflset adjust
pin to the wiper of a 1 kf) potentiometer which has one end
tied to V+ and the other end tied through a resisfor to
ground. The resislor should be selecied to give =0.6 mA
through the 1k polentiometer.

AC zeroing (hold step zeroing) can be oblained by adding
an inverler with the adjustment pot tied inpul lo oulpul, A
10 pF capacitor from the wiper lo.the hold capacitor wili give
14 mV hold step adjustment with a 0.01 uF hold capacitor
and 5V logic supply. For larger logic swings a smaller ca-
pacilor (< 10 pF) may be used.

Loglc Rlse Time

For proper operation, logic signals into the LF 198 must have
a minimum dV/dt of 1.0 V/ps. Slower signals will cause
excessive hold step. If a R/C nelwork is used in front of the
logic input for signal delay, calculate the slope of the wave-
form al the threshold poini to ensure thal it is al least
1.0 V/ps.

Sampling Dynamilc Signals

Sample error to moving Input signals probably causes more
confusion among sample-and-hold users than any other pa-
rameter. The primary reason for this is that many users
mako the assumption thal the sample and hold amplifier is
Letady Jocken) o 10 the inpat rignal wible in the asimplo modo
In actualty, thare are finite phase delays through (he circuit
creating an input-autput differentigl for fast moving signals.
In addition, aithough the outpul may have settled, the hold
capacitor has an additiopat lag duae to the 3001} geries resis-

1

tor on the chip. This means that at the moment the “hold"
command arrives, the hold capacitor voltage may be some-
whal diflferent than the aclual analog inpul. The effect of
these delays is opposite 10 the effec) created by delays in’
the logic which swilches the circuit from sample to hold. For ;
example, consider an analog input of 20 Vp-p al 10 kHz.i
Maximum dV/dt is 0.6 V/us, With no analog phase delay i
and 100 ns logic delay, one couid expect up to (0.1 us)
(0.6V/us) = 60 mV error it e “hold" signal arrived nsat!
maximum dv/dt of the input. A positive-going input would :
give a +60 mV error. Now assume a 1 MHz (3 dB) banag-
width lor the overall analog logp. This generales a phase ;
delay of 160 ns. If the hold capacilor sses this exacl delay. ;
then error due {o analog delay will'be (0.16 ps) (0.6 V/us) ! !
= ~06 mV, Total outpul error is +60 mV (digital) =86 mV
(analog) for a'tolal of ~38 mV. To add to tha conlusion, ™

analog delay is proporlioned o hold capacilor value while

digital delay remains constant. A family of curves {dynamic
sampling error) Is included to help estimate errors. '

A curve labeled Aperfure Time has been included lor sam- *

pling condilions where tha inpul Is steady during tho samy
pling period, but ‘may experience a sudden change nearly
colncident with the *hold” command, This curve is based on
a } mV error led into the oulput.

A sacond curve, Hold Seltling Time indicates the time re-
quired for the output to sellle to 1 mV after the “hold" com-
mand,

Dlgllnl Feedthwugh

Fasl rise time logic signals can cause hold errofs by feeding
extarnally into the analog input al the same time the amplifi-
er is put into the hold mode. To minimize this problem,
board layout should kaep logic lines as far as possible from '
the analog input. Grounded guarding traces may also be
used around the input fine, especially if It is driven from a
high impedance source. Reducing high amplitude loglc sig:
pals to 2.5V will also help. .

]

Guarding Technique

(3114
REFERINGE

GuARg ’0’ AND
107104 07 8040

L3
vasatilan

TL/H/S68Z-5
Use 10-pin layout. Guard around Cp, Is tied to output.
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Typlcal Applications (continued)

X1000 Sample & Hold

HOLO
CAPALITOR (L/H/68927 -1

Sample and Difference Circult
(Output Follows Input in Ho/d Made)

<ay
bR

Vin
*For lower gaing, the LM108 must be frequency compansated

Use = -'RQ pF from comp 2 lo ground
v

1H487

RESET
TRACK

Vour = Vg + 4V N(HOLD MODE)

TL/H/SEB2~7




Typical Applications (continued)

Ramp Generator with Varlable Reset Level

*Salect lor rtamp rale
A2 .- 10k

1.2v

v _lav
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15y
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ouTPUY

Output Holds at Average of Sampled Input
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1
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Typlcal Applications (continued)
Synchronous Correlator for Recovering
Slignals Below Noise Level 2-Channel Switch

15V 15v
B O

QUTPUT FREQUENCY
SEY BY SWEEP RATE

SIGNAL )
nPUY oureut A" INPUY
o
A SELECT
w—
SYNCHAONOUS
otk meur - WY = ‘ " "'_rL
nrii - T
~-q~m
L 1 |
a1 in [ T4 ] = --l 10us A 5]
e = 3 3 Gain  1£002% 1+02%
b " Sz 10100 47k
Lazzn wmzzn
¥ G ! gl BW & 1 MHz = 400 kHz
s ' < Crosstalk -~ 90 dB 90 db
o " @ 1 kHz
g 0w g 1] —1+ -Offset < 6mv < 75mV
ot $ e wen L
| LD o 4 ]-
10 $COPE SWEEP = *Select Ct to fiiter lowest lreﬁuem:y
OUTPUT. SEALE R y
T OATAIN - 0TGNV component of Input noise
ATRNG, **Select C2 @ = § X 10-6/ly
DC & AC Zerolng Staircase Generator
oc 1wy
o wy
w/ Y
RESET
Ul
w—
WL Tk
cLock
sy
av

10F

TLAYSEYZ -8

*Select for step height

60k ~+ o 1V Step




Typical Applicatlons (Continueq)

Capacitor Hysteresis Compensation

o

S &1
>

T
*Selacl los It ! -—
s (tme conslant C1 T00K

**Adjust for amplilude

Definition of Terms

Hold Step: The voltage step at the output of the sample
and hold when swilching from sample mode to hold mode
with a steady {(dc) analog input voltage. Logic swing is 5V.
Acquisition Time: The time required to acquire a new ana-
log Input voltage with an output step of 10V. Note that ac-
quisition time Is not just the time required for the output to
settle, but also includes the time required for al| Internal
nodes to sottle so that the output assumes (he proper value
whan swilched (o the hold mode.

Galn Error: The ratio of outpul voltage swing lo input volt-
age swing in the sample mode expressed as a per cent
difference.

’
il -(\

Difterential Hold

outeuy

* Vg WHEN IN
HOLO MDOE

*{¥g * Vol WHEN IN
SAMPLE MODE

TL/H/5682-10

Hold Settling Time: The time required for the output to
sefile within 1 mV of fina] value after the “hold” logic com-
mand. 3
Dynamic Sampling Error: The error introduced into the
held output,due 1o a changing analog Input at the fime tha
hotd command Is given. Error is expressed in mV with a
given hold capacitor value and input slew rate. Note that
this error tarm occurs even for long sample times.
Aperture Time: The delay required between *"Hold" com-
mand and an |npul analog transition, so that the transition
does not affect the held output. : ‘




ADC0820BD, ADC0820CJ . ADCO0820BCN, ADC0820CCN
ADC0820BCD, ADC0820CCJ ADCo08208CV, ADC0820CCV
g i ADC0820BCWM, ADC0B20CCWM Limti
Parametey Conditions 1 Tested | Design \ T - Tested Design | Uniyy
(Noﬁ’ g | Lmt Limit (No‘::e) Coumt ] ume |
(Note 7) | (Note 8) (Note 7) (Note 8)
Resolution 8 8 8 Bils
Total Unadjusled Error | ADC08208D, 8CD tY, .| LSB
{Note 3) ADCO820BCN EAA 7 LSB
ADC0820CD, CCD 11 LsB
ADC0820CCN 21 B LS8
Minimum Relerence 2.3 1.00 2.3 1.2 kn
Resistance ' B
Maximum Refarence 23 6 23 5.3 6 ko
Resislance i : j
Maximum Vageg( +) Vee Vee Vcc v
Input Voltage Y 4 .
Minimum Vage(—) GND ‘ GND GND - v
Input Vollage 4 l
Minimum Vigr(+) VRer(—) VRer(=) | Yrer(~) [ V
Input Vollags
Maximum Vrer(=) Vaer(+) VRer(+) | Vrer(+) v
Input Voitage
" Maximum V; Input . Vec+0.1 Vec+0.4 | Vegt0.d v
Vollage
Minimum V) Input GND~0.1 GND~-0.1 | GNP~0.1 v
Voltage '
Maximum Analog CS=vee .
{inpul Leakage Current | ViN=Vce 3 : 0.3 3 pA
Vin=GND -3 -03 -3 HA
Power Supply Vee=5Vt5% g E37A ES7N E3A % LSB
Sansitivity '

e . s

Absolute Maximum Ratings (otes1 &2)

It Military/Aerospace specified devices are required, Lead Temp. (Soldering, 10 sec.) :
contact the National Semiconductor Sales Office/ Dual-In-Line Package (plastic) 260°C
Distributors for availablilty and specilications. Dual-In-Line Package (ceramic) 300°C
Supply Voltage {Vce) 10v Surface Mount Package . f
Logic Control Inputs -0.2Via Voo +0.2v '\:;z'em:;zg)) sec.) : :;g.g
Voltage at Other Inputs and Output ~ ~0.2V to Vg +0.2V S C
Sloragy lomporalwo Rangu -856°Clo 1 150°C OPQratlng Ra“ngs {Notes 1 & 2) :
Package Dissipation at T = 25°C ’ 875 mw Temperature Range i i TMINS TAS Tyax:
input Current al Any Pin (Note 5) 1mA ADC08208D, ADC0820CJ - 55'CSTAS +125°C |
Packago Input Current (Nole 5) 4mA ADC0820BCD, ADC0820CCJ ! —40°C<Tpo< +85°C
ESD Susceplability (Nole 8) 1200V ADC0820BCN, ADC0OB20CCN 0°CSTAS70°C'
ADC0820BCV, ADC0B20CCY 0°CSTASTOC..
ADC0B20BCWM, ADC0620CCWM 0°CSTAS70°C -

Veg Range . 4.5V 108V

Converter Characterlstlcs The foiowing spacitications apply for HD mode (gin /= 0), Vg —bV,
VRer(+) =5V, and Vper(—)=GND unless otherwise specified. Boldface limits apply from Tayy to Tiax; all other limits
Ta=T;=25C. :




LANHIANEY

1. s ueded, g Ty, d ﬁ%ﬁnﬁauqé,"sméaq@qnqu
qmmﬁﬁuunTﬂauﬂduiﬁ",3nﬂﬂﬁuuéizﬁuﬂ%mmﬂm%,nﬂmﬁﬁﬂﬁﬁnﬁﬂisqﬂﬁ,ﬂmzﬁnﬂﬂﬁﬂﬁw%,
ﬁnﬁﬁmsnnTuTaﬁwizqauLnﬁﬂsﬁﬂgmnWﬂiaﬁﬂnﬁwﬁﬁ,w.ﬁ. 2532.

2. ﬁﬂéﬂﬂﬂ Uﬂﬁﬂmwﬂﬁ, atlI99a ﬁaﬁﬁp%,"Data Converter Box for

et S <3 4w <s y , &y 4 , ks 2
ASYST", naiiuarssaunByne’, aeiiwandusgnd, easdnadidas, sanivina Tla

HwaswuwLnﬁﬂtﬁﬂqmnm11aﬂmnizﬁq,w.ﬂ. 2533,

3. Albert D. Relfric,William D. Cooper.Modern Electronic Instru

mentabion and Measurewent Techniques,Prentice-Hall, Inc.Englewood

Cliffs,New Jersey, 1990.

< e - ' 6] u PO o & ¥4 @ I3
4. oy eoianesd, i vaw 1 Tafideaa, Sewein 2, 13 Flagia

5o e £7... .
Wi 9w, Wa e, 2531,

4 e VA
5. 7wy ETT,Dot Mabrix LCD Module,Wnwed<l 1,ETT,w.d. 2533,

o ’ &« 4
6. Ml ETT,Z80 CP-A Control Pack Advance Reference Manual, Wit

wivn 1, ETT, w.#. 2533,

- . ' e N sd! ¢ 84
7. Ew e, naeauaEnsilasand i las s tld e Z-80, WiWATIN 1,

«

13N %Lﬁmgtwﬁu A0, Wi, 2532,

8. Darold Wobschall,Circuit Design for Electronic Instrumenta

t.ion, Second Edition,MeGraw-Hill, 1979.

9. E.J. Kennedy,Operation Amplifier Circuits Theory and Applica

tions,Holt, Rinehart and Winston Inc.,New York,1988.

10. Ramakant A. Gayakwad,Op-Amps and Linear Integrated Circuits,

Prent ice-Hull International Edit.ions,New Jersey, 1988.

11. The Engineering Staff of Analog Devices,Inc.,Analog—Digital

Conversion Handbook,Prentice-Hall International Editions,New Jersey,

1986.



e o
111::‘1&1@ el

, a e £ < ws s < § . ) 2 <
W WY HRREHNT L6 22 Fwdnan Wil 2511 @ FInadng
séfuin s wminuaz s ssiuiiiasine e audanaain Tre e loaliesinanie  uiuin
-, D P -~ L, e g g - . I's 5 ws ) <3 N
@fam'wm1u‘a‘zmuu*xeyy'uﬂ‘a‘mﬂ'nﬂdﬂﬂﬂiﬂy]ﬂ aas Inanesmy anniisne e laduizaaninin
i saansEii. wasd 5 s il sdne 2533
£ < - < es w £ o o
W AuNE LREY AW e 17 NUATET e, 2513 @Gy
“ Y- aq _ o =4 " rd d - <y .
N R sGUTT AR BN T T AR LAsSERLTaNEIE B EULRIEIIN
- <, & <, W s ') at <y «J <. g, e
TraaSmuamaendog wioidiewia 1u1=:ﬂuﬂﬁzyy1u17ﬂﬂﬁ'|ﬁﬁird-xh'::qﬂm s TIng")

RV z‘fmi’num:f[if[aﬁmz'mum%‘i']L;*-3'1c~qnfun‘nn'1*sa'w|n-§ssﬁ\i waedn L San amig luinag





