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ABSTRACT

There is a nee& for temperature control in "meny places
such as laboretories, computer room and ‘others; ‘where different
tempereture is needed. For efficient temperature control and
preventing careless of users, temperaturg of each room must be
controled automatically. from saﬁe " places by’ presetting
tempergtgre of each room and operating date end period.

In,VEHdipion, ﬁramsmissioh*of controling siénal through

AC line is used probiding that this control system can be wused

with oridinery sir condition .without any alternatives.
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GlF&~ Eb AMD 1FH
01F8- CD CALL COD
O1FE- 21 )f LD HL,OFFFH
O1FE- 7E 1350 LD A&, (HL)
O1FF— FE 40 13&0 CF 40H
DZ01— CO 1370 . FET NZ
Qnhz- 34 FF 1380 LD (HL) ,OFFH
OZ04A- C9Q 1790 RET,

0z0S— 01 91 OF 145G CLEAT LD EC,0F91H
O2og— TE DO 1410 CLEAT1 LD A,00H
QZGA~ OZ 1470 LD (EC),A
OZ0B- 0D 1930 DEC C© .
QOG- 20 Fi 144¢ J& KT CLEATA

CiB4- EE 0%40 EUSH HL

Q4



DEOE~
G2 10-
0negi-
315~
O 4
O21E~
0218~
02y8-
OZ1-
Qa2 2—-
oDeR-

ORR5 -

AL A V)
R .
,‘.).A'..".'E"_

ODZE—

Q2x8-
O2306-
QZID-

QRIE~ Z

O940—

O24T—

D246~ F

(245~
OZ4E-
DE4E~
051~

Syl
Q05—

v
025&6-

0258~
QO25HR~
OZSD~
O~
n261—
OZ2ET~
({‘354_
URES—
OREE—
Q257 ~
28660
QP&
OZ&D—
OLE—
Q271-
OR7 3~
G275~
Q27—
0279~
027 R~
Q7D

S i

Q27E-

cp
CDH
16
CD
[y

Ca
FE

Z0

CE

CkE
47
0B
78
o8
21
TE

Cae

77
cD
FE
<

g =]
FE
Z0
o
a7

Oy

F7

C'l:

o=
OF
B FAY
HQ
0

Fi

'-DF

OF
02
E7
01

1450
1460
1470
1480
1490
1500
1510
1520
1530
1540

1550

01‘

oo

1520

1630
164G
1650
1560
1670
1£80
1490

17007

1710
1720

1720

071740

1750
1780
1770
1750
1796
180G
1810

1820

Sig3o

1840
1ESD

1820

4 1g70

1880
1890
1'900
1910
1220
1930
19440

*

CLEATD

' FROTI

i

INKEY

auT

DEY

195

LD &,08H
CF . gHt

JR 7, CLEATZR
DEC B

IR Z,CLEATL
LD A,0CEH |
LD (OFFFH) ,6
LD &,0C7H
LD OFFEH) ,&
LD &,0FFH
LD {(OFFDH} A
LD (CGFFCH) ,A
TFOENEEYT L
LD HL,0B700H

LD (IX+1),01H
LD (HL) , DOH

LD A4 IX+0) 02K

LD €HLY ,40H

LD (IX+1) ,0XH
LD (HL)Y JOOH
LD SF,0FEEH
LD HL,QOFFAH
LD (HL) ,0F7H
Call. DELAY
CALL CHECM
CAaLL SETT
LD D,30H
CALL DIEK
CRIQ9H /.
JE Z,CLEAT
CF 08H
JECONG,TUT
SET 4,A

SET 7,A

LD B,A

EX AF,8F°
LD &,E

EX 4F,aF
LD HL,OFFAH
LD &, (HL)
RES O,A

LD (HL) ,A
CALL DELAY
CP OEH

“JR Z,CLK

CF QR

JR Z,FRO

CFP -08H

JR MC,DEY
EX aF,AFR’
LD E,A



B ol T et A

0278~
G280~
0282~
g4 -
o285
O2E7-
OZeEg—~
02864~
G2EC—~
0280
D2EE~
OREF-

G232

OZF .

GROE~
G227 -
0Z99—
OEOR-
O0Z290—
OZQE~

"y C
D261 ]

R
CR2aE—~

D205

SV T e

R e 9 4

R
o288~

i
258~

Q280

O208F—-

02BE~

02B4-

OZBS— 3

- ORB7 -
OO0~

as i

O2RA-
QZBD-
)

O2C0-—

O
CH
Cl
B8
2¢

47

CE

CEr
059
78
08

54

—~a

A6

1er

o
Ce
20
CE
08

21

 OZ2CHa—-

O2CE~-
C¢ZCC—
OZCE-

 0O2D2-

OZD4~

- GZED7-

OZDT~
OR0E-
SDZDE~

OEDD-

26
TE
ZH

2K

FO

ES
oF

FO

Fg

omm
mirD

7F
06

FF-

FA.

Fé
Co
B

Fiy

er
ZD
00

a0

D0
0
DS
24
20
Q1
OF

lalu]

[ =
~d

EC
21
78

05

OF

oF

OF

00
o1

GO0

01

OF

19&0
1976
1980
1950
2000
2010
2020
2OE0
ZOA0

20850

2060

2070
2080
20090
21600
2110

2120

2130
2140
2150
2LEO

2170

2180

2190
200
2210
2RO

L e icds
YRS

2240

i
2E50

22869
2R70
2280
ZE0
2 =00

2210

P ey
RIS D]

AT

2IT40
2IE0
2IEG
ZI70
ZIBO
IR0
2400
2410

2450

RAEG

2A4G
2450

24460

IMNVERT

RET1

CLR

HELD
FRO

HELT
FROALL
BANE

Ex AF,AF°
RES &, H

RES 7.5

CP E

Ji T, INVERT
LD E,&

SET &,E

SET 7,8

EX AF,AF
LD A,H

EX AF ,AF -
LD HL,OFFEAH
LD (HL) ,0F&H

SJRODEY

EX AF,8F°
BIT 7.4

JF MNZ,RET1-
SET 7.,A

EX AF,AF’

LD HL,OFFAH
LD (HL} ,OF&H
JR DEY

RES 7,4

EX &F,NAF’

LD HL,0FFAH
LD (HL) JOF7H
JR DEY

T CALL FINT

LD (HL), OOH
DEC HL

LD (HL)Y , O0H
DEC HL

LD (HLY ,00H
LD BC,0000H
CALL CODRE

IR IMNKEY
CaLL FINMT

CF O1H

JR 7 4FROALL
EX._OF , &F

LD (HL) ,& .
EX aAF,AF°

LD BC,Q000H
CALL CODE

JR HELO

LD HL,0FP1H

TEIT &, (HL)

IR Z,5TO
DEC HL
DEC HL

- DEC HL



DEDE-
OZEQ-
OZEi~-
OTZER~-
ODEE-
OZE4-

OEES—-

oA~
ORET -

O2EC—
QZED-
O2F0—

D2F3-

O2F5~-

OZFQ~

OZFA~
QOZFD-

ORFF-

X1 7~

OZ19-

16,

0g
77
08
DY
7D
D9
ZE
77
D9

DY

F7

2l
o
P}

=0

QOB

24

g

D2

g 0 Y
]

O

05
o
F7
Fe

OF

B7
1

01

01

01

04
04

2470
D480 BTO
2490
2506
2E1O
PE20
25I0
2540

2850

- 2540

Lt o]

L2870

2EE0

2590
2&00
25610
2420
2430 -
2540 TIME

2650

2560
2670
2HEO
2690 TEMEL
2700
2710
2720
2TED
2740
L2750
2750

2770

2780
27N
2800
2810

2820

ZHIO
2840

=830

R840 KEY

2870
288G
=890

2500

L2910

O

el s) .
ZQEO LOR
2940
ZO50,
2960
2970
Zepo LGP

IR BEANE
EX AF,HF"
LD (HL) , A

EX AF,AF

EXX
LD A,L
EX%

.DEC HL

LD (HLY ,A

EXX

LD A,H
EXX :
DEC HL

LD (HL) A&

LD BC,GO00H
Catl, CODE.
IR HELY :
i.D SF, OFEEH
LD A, OFDH

LD (OFFAH) , A
JR DY '
RRCY

EX X

LD A,D

EXX

p
D C,A

D A, (OFFFH)
D HL ,OB700H

LD (IX+1),01H
LD (HL) A

LD (IX*1) ,0O2H
LD (HLY 40H

LR (IX+1),02H
LD (HL)Y LOBFH
CaLL CODE

LD I, T6H
Call DISKT.
CALL CHECM
CF 08H

JR NC,TIMEL
LD D,01H

LD B,

CF QOH

IR Z,LOF1

DEC N

RLC D

JR LOF

LD &, (OFF9H)



£4% TG0 . AND D

ey HOOO0 CEL

- F0L0 AMD D

OEA0- 47 TORO < LD E,A

OZ4L- A TOIO LD &,D

OE4Z— Z2F BO40 CrPL

57 FO50 LD D,A

EEOFY OF 3060 t.D A, COFFSH)
Az EOT70 ©OAND D o,
B ZORO OR E ;
2 F9 OF FOR0 ’ LD (OFF9H) ,A
0X4C— 1& EO 0 3100 DY LD I, 30H
OFNE~ CD 0Op 04 Z110 CacL DISKT. .
O03S51— FE FO 120 ' CF OFOH
OESI- 20 F7 . 3130 ' JR NZ,DY,
OIS55- 18 CE IT140 JR EEY

0IZ57- 21 O0 B7 FT150 CHETIM LD HL,0E700H,
0E5A— DD 3& 01

OZENL—- OO T1&0 LD I X#L ) 00
O35E- 4& E170 LD E, (HL) ~
0ESF— CR 70 =180 BRIT &,B
0I&L~ C8 T190 RET Z

0Z4&2- D9 =200 4 e E¥X

QE&E~ 0D TR10 DEC C

QZ&A—- 28 02 ' JR Z,DECE
0Z&E—~ D9 . IZE 19 laas

QEL7— E9 EE40 RET

oEeE- 05 3250 DECE  DEGC B

0Z69- 28 O IEL0 JR Z,COUT
0Z&E~ D9 T270 L

OR&E- C9 Sgel=To RET

QE&D- ER couT EX DE,HL
QELE- DY 20 EXX ‘
0Z&F— CD C& 0F 3T0 CALL COUUP
De s EXX

04 FE LD EB,0OFEH

0OF 58 LD C,5eH

00 NOP

pe - EXX

TE OO II70 . 1D A,00H

08 ITIE0 NEXDUT EX AF,AF°

Ch =D 05 3390 ° CAaLL FINT

FE 0O 400 . CP O0H

20 25 T4l JR NZ,0T

7E - TAZ0 LD A, (HL)

Ce 77 - E43E0 TRIT &,A

28 20 3440 ©JR 2,07

CE 7F H450 EIT 7,6

o)
.

sored



CEEO~ 20 Of EAGD - JRCNZ SO
QIBC~— 21 F9: 0F Z470 OFF LD HI_,0FF9H
OEEF—- 7E 2480 LD iy (HL)
0EG0- DY T4G0 EXX
DEFL~- A0 ES00 . "AMD R
0EFR- DY EEL0 Exx

77 I520 LD (HL) , i
12 iz AAY JR OT
DG 25407 ON1 . BEXX
78 . 2850 LD A, R
2F 3560 CFL
47 IH70 LD E,A
D% IEB0 EXX .
21 F9 OF 3590 LD HL,OFF9H
7E ELEO0 LD A, (HL)
D 3410 EXX
BG ZE20 a] ==
- D9 TEEO ; EXX
77 . 2440 LD (HL),A
OXAT- DY TE50 EXY%
0Zf4— 78 I6&0 LD A,E

OZAS-~ 2F L EETO CFL Ny

—

O3AL- 47 24680 LO B,
0ZAT— DY s 2T, ) EXX

OZAS~ CD 03 3700 OT CALL CHETIM
OZAE- DY 1 =g EXX ‘
OZAC— CE 0D 3720 ELC B
OEAE- . D9 B730 “» JEAK

OEAF- 08 E740 " EX &F.AF°
O3BO— 3C ‘ 3750 INC &

0ZB1- FE OB E7EQ 0 s CF o
0IRZI- 20 C6 X740 JR NZ,NEXOUT
DEBES— DO ZI780 - EXX

OZB&— 04 OF  E7G0 : LD B,03H
OERpE- 00 Z800 MOF

OXE9- ER TELO EX DE,HL
OZEE- DY =820 - EXX

OXBE- CY EEE0 RET

OZRC—- D9 - =840 EXX

OIED- CO 3850 RET NI
DIBE- DY T OEBLO EXX

OZRF—~ 2F 0¢ EB70 LD +,00H
OIC1— 24 - =880 INC H

OICZ- 7C TE90 LD A,H
OICE~ ES 1IF 900 AND Q1FH
OICH~- 00 IR10: . NCF,

OZICE~ DY COUUF ~ EXX

o
~J

!

20 . ING L

TE ZE LD A,03CH
ED - TOHO GF L -
DY EQLD EXX




RGO~

0OZDE~
OZDG~
OZDA-

OZOH-

OEDD-
™

OEES-—-
 QIES—
OIES~

OZED~

Py

OREA-

OZEC-
OIEE-
QEFG—
OZF 2~
OZF4—-
O3F &~
OZFg—
DEIFA—~
DEFC~
DEFE-
OEFF—
40 (:) -
44 (:) ::- -
040 G~
ADQQ&—
040G —
2408-
D4.0D—
D410
0415—
Q41 5—-
a418—
0419
Q4 1R~

)

Do
2E

24

- 7C

E&

00
FE
DY
cCo
Do
7C
ES
Cs
FE
29
&7

DY

ce

,
26&-

LY
co
E&
CE
CE
CE

cp -

01
1E
DD
01
x8

R

00

1F

16

E
ey
EQ

03X

(818

1F
7D

57
00
FF
BE

-r

Y~

FF

-t

EG70
Ret=t!
Z990
4000

410

4020

-

4GEQ
4040
4050
4OED

4070

4080

{4090

4100

4110.
4120
417E0
4140
4150
4160
4170
4171
4172
4173
4174
4175
4174
4177
417¢
4179
4180
4182
4187
4184
A1BS
4184
4187
4188
41499
4199
4200
A4210
43220

4230
A4z40-
4250

CLal

DISKT

START

MNEXT1

EXX

LD L, 00H

INC H

LD A,H

AND O1FH

MO

CF 18H

EXX

RET MNZ

ExX -

LD A&,H : .
AMD OEOH

ADRD A, 20H .

CF OEOH

JR Z,CL&1- . -

LD H,&

EXX

RET

LD H,00H
EX¥--."""
RET

AND QEOH
SKL A
ERL A
SRL A

ERL A

SRL A

LD E,G1H

JR Z,¥%1
RLC E

SR NZ XXD

LD (HL) ,E

LD a,C .
CaLl COoD

LD A,B '
“ND O1FH . ,
Call, CoD

RET

CALL CHETIM

LD HL,0B70O0H

LD BC,OFFFH

LD E,OBEH

LD (IX+1),01H

LD (HL) ,OFFH
LD A, (BD)

100

RET NZ e e

oy e



410
M-
H20—
142 -
AL
G R
2L~
427~
W29~
2R~
120~

s R

14 TG
D e
14 ED~
VAT -
V42—
14—
14 44—
1447
144 63
1445~
V4R
344D,
V44 F -
M4~
VRS T

o
25—

ALASToE

15—
345N~
HMEC—
24 G~
D40~
14 & 2~
34} i 4 —
VA E G~
i &HB—
D4 &G~
A&
YA &E -~
T G-
1472~
V4T 4 —
47 E~
V47 8-
147 -
TR~

pn
0%
7E
oD
Q1
D
77
IS
Cr
QD
CE
CE
20

18
20
DD
01
A&
1=
1é&

Do o

02

7

D =

0=
7E
Eé&
FE
20
95
CH
20
14
1&
FE
28
FE
20
2E
18
FE
20
e

13
o+

FE
20
EE
1&

IE

Cr
Ch
Bz
191

b

OF
00
09
03
&3

(e

E7
Q0

lXar]
woal

01
)4
00

oy

02
04
Ol
0OA
04
04
0z
02

O

07
07

[8]]

o1

01

4260
4270

4280

4281
4290
47EO0
A4ELO
4E20
4E3E0
47740
47550
{460
4E2T70

4280
43I0
4400
4410

4420
44730

4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
45350
4540
4570
4580
4EP0
4 6500
4bH10
QEZD
44520
4640
4 &S50
4EHK0
4670
4680
4690
4700
4710
4720

FEY1

SCHAN

ENCODRE

A0l

A0

AOZE

04
MIX

¥

et 4.3

LD {IX+1),02H
LD (HL) ,E

LD (IX+1),01H
DEC A

LD (HL) LA

SET 4,E

RLLC
DEC
BIT &,E
RES LN E
JRONZ G NEXTL
DEC D
JRONZ,START

~om

.

LD (IX+1),01H
LD (HL) ,OFFH
LD E,01H

LD D, COH

LD (IX+1),02H
LD (HL) ,E

LD (IX+1),0%H
LD A, (HL)
AND  OFH

CF QOH

IR NZ ,ENCODE
RLC E

BIT 4,E

JR NZ,ENCODE
INC D

JR 8CAN

CP OOH

JR Z,L0ADL
CF O1H

JR NZ,A02

LD A, 00H

JR MIX

CF OZH

JR MZ,A03

LD A,01H

JR MIX

CF 04K

JR NZ,A04

LD &a,02H

JR MIX

LD A, 03,
RLETA

RLC A

OR D

LD C,00H

101



W7D
47~
1430 -
1482~
1487E~
25—
18-
M EA-
V4 GC~
Y G -
144G -
4G
2495~
4P -
1498~
AR~
VG-
A0
D4/~
2RSS -
oL TAW S
SLTATARY
DA E -
SP¥AIREY
DA RO -
Q4BZE~
Q4 RS-~
OART -
Q4G -
DAER—-
OARD-
Q4 LF—-
04C0~-
D402
0404~
Q45—
0407~
0408~
Q4Co—
Q4CHE~-
G4CE~
Q40D
0400~
04DE~
04D5~
Q407 -
0408~
04D —
Q4D
04D~
O4DE~
O4E1-

co
3E
OE
cY

146 .

CchD
FE
20
14
cD

e e

ce
Fiz
Ca
FE
oy
FE
CA
FE
ChH
Cce
16
Cb
cD
Fiz
28
i
=0
Fi
23
=7
ZE
Cé&
15
20
DY
a7
Do
47
O
(I3 0)
Co
FE
30
DG
94
FE
=8
D
Q1
cD

<O
00

20
Of
O
F7
0
Of
Fo
F7

141
2B
O
Fo
0D
&2
OF
A1
IO
T
FE
FoO
F4
0%
Fo
Q0
08
QO
QF

FE

00
D3
g
Q6
F&

18
Y

819}
e
ed

014}

04

02
01
Q4

Q4
04

ol
04

00
01

4730
4740
475G
47850
4770
4780
4790
4800
4810
480320
48E0
4840
4850
4860
4870
4880
4890
400
4910
4GLE0
HGEO
4940
4950
49450
4970
4980
4990
5000
S01L0
S50O20
SOXO0
5040
G050
BO&OQ
SO0
=080
SO0
5100
S5110
S120
S1E0
5140
SH1E0
91460
5170
5180
190
200
5210
5220
SR2E0
S240

LAk

RDELAY

DELAY1

CHECH

DIE

MULL 1O

TAKE

HOUR

RET

LD @, OF0H
LD ©,00H
RET

LD D,30H
Céll. DISKET
CE OFOH

IR NZ,DELAY
LD D,ZTOH
CALL DISKT
CE OFGH

JR Z,DELAY1
RET

CF OAH

JE Z,PROTI
CF OCH

JE 7, TIME
CE ODH
JEZ,LISTH
CE OEH
JEZ,8ETT
RET

LD D,ZOH
CALL DISKT
CALL CHECM
CF OFOH

JR 7 ,SETT
CE O3H

WRONC G SETT

CF OOH

JR Z,TAKE
LD D,A

LD A, OOH
ADD A, 0AH
DEC D
JRONZ,MULLO
EXX

LD H,A

EXX

LD E,A

LD ©,00H
Call CODE
CAlL DELAY
CE OAH

JENG , HOUR
EXX

ADD A, H

T oE 18

JR C,NEXTZ
EXY

LD EC,0000H
CALL CODE

102



D4Ed~-
D4ESL~
D4ET~
O4ES—
D4EF~
Ca4EC-
D4EF -
O4F 1~
O4F 3=
D4 F S
QAF 7~
CAFg-
D4F A~
DA E -
O4FD~
O4FF—
O&SQ0 -
OS01-
QOEOE~
OEOE-
DE04~
505
QE0G-
OO H-
O50D-
OEOF -
Q51O
051 1-

0512

051 B
0514~
0515~
0514
0517~
0518-
O35 1 -
0518-
DE20~
0528
DE2E~-
0524
OBE5-

05 &

O g o)
0527~
0526~
0529~
0520~
O52E-
052C-

0O5ED-

DS
8%
0é
Fo
[W18]

0

(§]8]
CHiy

i
o

e
o)

8=
0A
&

DS
87X
Q7

Fo

o1

4

01
D4

01

04

S250
S260
270
5260
SERO0

WEOO

GRG0

SGEL0
EER7O0
SR80
SEQO
5400
S410
D420
420
S 440
5450
5460
E5470)
5480
5490
E5 00
EE10
SE20
5520
5540
5350
5560
5570
5580
S50
H5&00
5610
S54LZ20
HEEQ
5640
SHTE0
S6HL0
SETO
S680
S5&G0
5700
S710
G720
S7EQ

5740

NEXTZ

TEMMIM

MULL. 1O

TrM

MON

DAY1

JR DIE

LD ey &

EXX

LD B,A
Call. CODE
CALl. DELAY
CrF Dé&H
JRONC, TENMIM
CF 00H
JROZ,TAM
LD D,A

LD A&,00H
ARD A, 0AH
DEC D

JROMZ  MULLLO
LD C,&

EXX

LD L@

LD ALK

XX

LD B,&
Call. CODE
CAll. DELAY
CF QnH
JROMC , MON
EXX

ADD Ayl

LD L,A

EXX

LD C,A

EXX

LD AGH
EXX. -
LD B,A
Calll. CODE
Calll. DELAY
CF Q7H

JR NC,DAYL
RLLCA

RLLCA

RLCA

RLCA

RLCA ’
EXX

ADD &, H
LD H,A

EXX

LD B,A

EXX

LD AL
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DEIN-

OSEC-

oESED -
0540~
0541
G542
G-
D544
QS48
Qo &~
OS48-
05459~
QS4B
DS48-
0S4~
OS540~
OE4F -
0551 -
QoS-
QS5 4
OESE~
OBHET -
OE5S8~
O559—~
QSSA—
DESBE-
O5SC~-
a5350D-
O55E-
0560~
05651 -
OS540~
OS&HEE—
OS&E4~
Qo&&—
DHET -~
Q548
NS569~-
QS&6E-
OS6D-
O5&6E-
OS5&6F -
Q371~
Q572
Q57 4~
OS75—
0574~

0OE77-

DY
4F
cD

16 2

CD
FE
20
Ce
=1
D®
7C
ne
47
78
B
26
2B
2H
2u
aF
EBD
20
EE
EC
20
2E
co
ne
7D
D&
4F
79

s

BE
26
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SR
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CE
CH
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7E
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BF
Co
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R

OF
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07
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QOF

5TEO
S57&0
D770
5780
5790
S800
5810
G820
HBE0
S840
GBS0
S5860
S870
S8R0
B30
HROO
5910
SRE0
590
S940
SPE0
G960
ST
5980
5990
&OOD
HO10
LOZD
HOZO
HO40
LOT0
HO&0
&HOT70
LHOBRD
&HOQD
&£100
H110
L1320
&130
6140
H1S0
&L1&0D
&170
&H180
&£190
L2000
H210

L2220
HEE0
L2440
L2530

5260
&E270
£280

FINT

FDAY

FDAY1

MIM1

FMIN

FOuT

MIW

EXX

LD C,6
Calll. CODE
LD D,EOH
Call. DISKET
CF OFOH
JR ONMZ,BLL
RET

LD HL, OF8FH
EXX

LD AyH
EXX

LD B, A

LD AR

CF (HLD)
JROZ,MINT
DEC HL
DEC HL
DEC HL
XOR A

GSEN D
JRNZ,FDaY
LD A,Q8H
CF ™

JR ONZ,FDAY
LD A,01H
RET

EXX

LD AL
EXX

LD C,A

LD AC
INC HL
CFo(HLD
JROZGFOUT
DEC HL
DEC HLL
DEC HL
DEC Hio

IR FDAY1L
EX AF  AF°
LD D,A

EX AF,aF°
RES &,D
RES 7,D
INC HL

LD &y (HLD
AND O7H
CF D

JR NZ MNMIW
XOR A

RET

DEC HL.
DEC HL
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4
()
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O
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2
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07
0
7
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00
09
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Q5

&R
HEOD

EESO
HILHD
&HETO
LHIEB0
HEQO
S400
G410
L4220
&40
L4400
&HA4G0
&AL ED
&HAT0
&£480
HAFO
SHE00
HS10
&LHIE0
HEE0
LS540
HE50
ESHO
&HET0
&£580
SHSP0
AE00
H&E10
&LEZ20
&G0
&EE£40
&EE50
HEED
L5770
&£E4680
HEFD
&700
L7710
L7220
L7 D
5740
6750
&E74LD
&7 70

caon

comM

MICO

N1

NZE

N

M4

M3

Né&

M7

Mg

NS

N1LO

DEC Hi.
DEC HL
DEC HL
JROFDAYL
INC L

LD OE,00H
CF OAH
JR C,MICO
SUR OaH
INC E

JR COM
Cal.l. BCD
LD (HL) ,A
LD AE
CaLl. BCD
ITRC L.

LD (HLY (&
RET

CF OOH
JRCNZ N
LD &, 40H
CF O1H
JRONZ N2
LD A, 79H
CrF O2H
JR NZ N2
LD E, 24H
1Ty )10 34
JEONZ, N4
LD A,Z0H
CFr Q4+
JR MZ NS
LD @A, 19H
CR OSH
JR MZ NS
LD A, 12H
CF 06H
JRONZ N7
LD &, 02H
CF O7H
JRONZ NGB
LD A, 78H
CF OgH
JR NZ,NQ
LD A, 00H
CF O9H
IR NZL,NLO
LD A, 10H
RET

105



ED1-
S04 -
ED7 -
DA
SDC—
SDD--
S
BEQ-
HE R
SEE-
SES-
SELH—
SE8-
SEA-
)
SE D~

GFO-—

SFE- E

YEF e
VG &~
YSFg-
ySFE-
VI -
VS -
VSO~
V&5~
10 b~
&0 8-
VSO -
1&OC—
14O -
)51 L -
il 12—
&1 A
1E 17~
1& 1 B
T NARY
1510~
1é L~
1621~
2o 2
IhE&~
27—
12 E~-
1&2E—
Yo A
VTR

VT

y g

1650 -

-
3

31
01
R
Q2
oD

o

wLe,
ZE
EE
28

0%

18
S
02
O
"y
21
L.
20
26
31
DD
B

e
.

Do
00
b

DD =

01
b

DD Ei

02

a4
no
Oz
RN
21
26
18
)
1&
co
Fi
Ca
r." [y
=0
47
083

=

4
Co
FF

O

™

Fiéy
OE

=
Wl

Q0

(819)
7C
Fo
OO

DF
Co

21

00
5

07

18}

-r s

40

b

OO
FA
DF
QO
EF
0
09
A4
08

=
all

05
OF
OF

OF
00

B7

01

01

il

OGS
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0010
D020
QOED
0040
D050
QOG0
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0100
0110
L3 I A &
o112
0113
0114
D115
D11&
0117
0118
0129

RUN

0130
Q140

0150
01460

Q170
0180

0190

D00

OE10
Q )
Q20
O240
Q250G
Q280
Q280
D300
O=10
0320
QEZO
OEAHO
OESH0

OELHO
QR70

FOT

INTIA

Cl.EaR

FROTEM CALL

LOR OEDLF
LTE OBOGH
JEOINTIA

LD SF,QFCOH
LD BC,O0FFFH
LD A,00H

LD (BC),A
DEC C

JR NZ,CLEAR
L.D A, 08H

CH B

JR 2, RUN
DEC B

JR CLEAR

LD A,00H

LD (EBCY ,A
LD C,00H
Call DECOT
LD HL, OFF9H
LD (HLY ,OOH
INC L

LD (HL)Y ,ODFH
LD 8F,0FCOH

LD
LD

I¥%, OBBOOH

HL , OBR7Q0H

(IX+1) ,00H
(HL) , OFH

(IX+1) ,01H
(ML), QOH

LD
L.

(IX+1) ,02H
(HL) 5 40H

LD
LD
LD
LD
JR

(IX+1),02H
(HL) |, OOH
HL , OFFAH
(HL) , ODFH
FROTEM
SETEM
LD D,3Z0M
CALL DISFT
CF OSH

LIFP ZCLET

CE 0gH

JR NG, FPUT

LD B,A

EX AF,AF

LD A,E

.

"
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04620
Q&EED
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QL70
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0700
Q710
Q720
D7D
0740
Q750
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Q770
Q780
0790
O8O0
O810
QB20
QOELED
Q840
OBS0
08860
Q870
QB0
[a1=C10)

pay

FROL

=
s

EX AF,AF
LD HL, OFFAH
LD &, (KD
RES 0,A

LD (ML) ;A&
CALL DELAYT
CF OBRH

JF Z,CLR1L
CF O

JR Z,PROL
EX AF,a6F
LD BH,A

EX AF,~F
LD &R

CF 00
JROZL,RO

CP 21H
JrZ,R1

G 02H
JROZ,R2E

CF OXEH

JROZ G RE

CF 044

JR Z,R4

CF 0ZH

JRZ RS

CF Q&M
JRCOZ,Ré
JJRORT

‘LD HL , OF935H
LD (HLY . A
INC L

EXX

LD AL

EXX

LD CHLDY b A
JROXTL

LD ML, OF97H
LD (HLLY &
INC L

EXX

LD A, L

EXX
LI
JH

(HL) L A
Y1

- LD HL,0F99H

LD O(HL) A
ING L.

EXX

LD oAy L.
EXX

LD (HL) ,A
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1145
1147
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1150
1160
1170
11830
1190
1200

1210

1340
1350
13460
1E70
1280
1410

K=

R4

RE

s

R7

-
[y

’

IR X1
LD ML, GF9RH
LD (HL),A
INC L

EXX

LD A,L

EXX

LD (HL) A&
JR X1

LD ML ,OF9DH
LD (HL) ,A
ING L

EXX

LD &a,L

EX X

LD (HL) ,A
JR X1

LD HL,OF9FH
LD (HL) ,A
INC L

EXX

LD A, L

EXX

LD (HLY A
JR X1

LD HL,O0FALH
LD (HL) A
INC L

EXX

Ly

EXX

LD (HL) A
JR X1

LD HL,Q0FAZH
LD (HL) ,A
INC L.

EXX

LD A,L

EXX
LD
EX
LD
EX
D
CF

(HL) , A
AF , AF
B,A
AF , AF
a,E
O7H

LIR 7,V

CaLLl. DECOT
JP PROTEM
CALL DECOT
JFLISTIO
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1EG0

1&00
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1680
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1700
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1730
1740
750
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1780
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1800
1810
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1EZE0
1840
1850
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1870
1880
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1900
19210
1920
19720

CLR1

ROO

i
b
Foy

Fero

LT

FEE

Feap 4

Rb&b

EX &aF,AaF°
LD B,&

EX AF AF
LD &,

CE O0H

JR Z,RO0

CP 01H

JR Z,R11

CF 02H

JR OZ,R22

CF 0O3H
JROZ,REE

CF 044

JR Z,R44

Cr O5H

JRrR Z,RE5

Cr Q&
JROZ,R&6
JRORT77

LD HL,0Fe5
LD HLLY A
INC L

LD C(HL) , QOH
JROX1

LD ML, OFR7H
LD (HLY 4 A
INC L

LD (HL) ,00H
JROXT

LD HL,OF99H
LD (HLDY LA
ING L

LD (HL) , OO
JR X1

LD Hi., OF9EH
LD (HL)Y ,A
ING L

LD (HL) ,Q0H
JROX1

LD HL,OFYDH
LDTHL) &
ING L

LD (HLY , COH
JROX1

LD ML, OF9FH

LD (ML) LA

ING L

LD (HL) ,00H
IR X1

LD HL,0FA1H
LD (HL) ,A
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2030
2050
2060
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2210
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=350
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2400
2410
2420
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2440
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R77

SETEM

TENTEM

TRTEM

TOM

TOTEM

HLL

DECOT

INC L

LD (HLL) , GOH
JR X1

LD HL, OFAZEH
LD (HLY , A
INC L

LD (HL)  OOH
JR X1

LD D,ZE0H
CALL DISPT
CF QFOH
JrZ,8SETEM
CF OAH

JR NC,TENTEM
CF QOH
JROZ,TOM

L.D D,A

LD A, 00H
ADD A, 0AH
DEC D

JRCODT TRTEM
LD C,A

EXX

LD L,A

EXX

LD B,O0H
Call DECOT
CALLLL DELAYT
CF OAH
JRONE, TOTEM
EXX

apD A, Lk

LD Ly

EXX

LD C,A

LD R, QGOH
CALL DECOT
LD D, E50H
CALL DISPT
CF DFOH
JRZHLL
RET

LD HL,OFEFH
LD A,C

CALL CORET1
LD HL,OFF1H
LD Ay (HL)
CF 40H

RET MZ

LD (HLY ,0FFH
RET
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COLETE

CLET
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DISFT
DIGFETL

DISFTS

NG L.

LD B, Q0H

LR 00H
JRCL,CODRETE
SUER 0aH

INC E

JR CODETZR
CAall. BCD1
LD HL) A
LD A,E

Call. BCD1
INC L

LD (HL) ,A
RET

LD BC,OFA4H
LD &, 00H

LD (RC) ,A
DEC C

CR 025H

JR MZ,CLET1
LD A, 0FH

[ S =
JrZL,CLETZ2
DEC B

JR CLETL

LD &, 0FFH
LD HL, OFFIH
LD (HL) . .A
D= (LI

LD (HL) , A
LB A, 0CsH
LD HL L, OFFLH
LD (ML) ,A
LD &,0C7H
LD HL,OFFGOH
LD (HL) ,A
JFPOFROTEM
LD HL,OR700H
LD HL, OFF3IH
LD (HLL)Y , OFFH
LD HL.,OFF2H
LD (HL) ,OFFH
LD EBC,OFFZEH
LD E,GREH
LD HL,OB7O0H

LD (IX+1),01H

LD (HL) , OFFH
LD A, (BC)
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RLC E

DEC ©
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BIT &,E

RES &,E

IR MZ,DISPTE
DEC D
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4
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16
£D
FE
26
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20
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20
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o7

07

o0

FoO
Q0

Co
FA
DE
95

00)
o
7C
40

CE

OF
OF

OF

04

07

IEGQO
w400
2410
F420
Z4E0
Z440
E2430
E4E0
B4T0
BB
E2490
ZE00
2510
2520
EEEO
540
ZEE0
EEHLH0
3H70
580
EEFQ
H&HOO
EHLD
E&EZ0

wEEQ

3640
OG0
HEG
67O
T&HB0
ZLF0
T700
710
7RO

ATIO

ET40
E7E0
ETED
w770
2780
790
BEO0
810

E820

LIS8TLO

BOGN

BEN
DEL.GYT

BCD1

Wi

W4

RLLE A

RLEH

Or D

LD C,00H
RET

LD &, 0F0H
LD C,00H
RET

LD 8P, 0FCOH
LD HL, OFFAH
LD (HL) ,ODEH
LD ML, OF93H
LD €, (HLY
LD B,OO0H

LD E,Z0H
CaLl DECOT
LD D,40H
FUSH Hi.
Catl DISFT
FOF HL

INC L

LD &, L

CF Of4H

JE 7, BEN

JR BOON

JF Y1

LD D,Z0H
CALL DISFT
CF OFOH
JRONZ,DELAYT
LD D, E0oH
Call. DISFT
CF OFOH

IR Z4F

RET

CP 0O0H
JRCONZ WL

LD a,40H
CE 01
JFRONZ W2
LD A,79H
Cr 02H
JROMZ  WE
LD &,24H

Cr 0XEH
JRONZ, W4
LD &,30H

Cr Q4H
JRONZ WS
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MR-
B4
V20 &~

30 E -

We

e

WO

LD A, 19H
CF O5H
JE NI, W
LD A, 12H
SE &M
IR ONZ W7
LD A, 02H
CE O7H
JFONZ,WE
LD A, 78H
CF 08
IR NI, WS
LD A, 00H
CF G9H
JECONZ W10
LD @, 10H
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" ADC0808, ADC0809

National

4 Semiconductlor

With 8-Channel Multiplexer

General Description

The ADCO0B08, ADC0803 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel multiplexer and microprocessor
compatible control logic. The B-bit A/D converter uses suc-
cessive approximation as the conversion technique. The
converter features a high impedance chopper stabilized
comparator, a 256R voltage divider with analog switch tree
and a successive approximation register. The 8-channel
multiplexer can directly access any of 8-single-ended ana-
log signals.

The device eliminates the need for external zero and full-
scale adjustments. Easy Iinterfacing to microprocessors
is provided by the latched and decoded muitiplexer ad-
dress inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several
A/D conversion techniques. The ADC0808, ADC0809 of-
fers high speed, high accuracy, minimal temperature
dependence, excellent long-term accuracy and repeatabi-
lity, and consumes minimal power. These features make
this device ideally suited to applications from process and
machine control to consumer and automotive applica-
tions. For 16-channel muitiplexer with common output
{sample/hold port) see ADCOB16 data sheet. (See AN-247
for more Information.

AtoD,Dto A

ADCO0808, ADC0809 8-Bit uP Compatible A/D Converters

Features

B Resolution — 8-bits

B Total unadjusted error —~ = 12 LSB and = 1LS8

8 No missing codes

& Conversion time — 100 us

| Single supply — 5 Vp¢

N Operates ratiometrically or with 5 Vpe or analog span
adjusted voltage reference

B 8-channel multiplexer with latched control logic

B Easy interface to all microprocessors, or operates
“stand alone"”

m Outputs meet T2L voltage level specifications

M OV to 5V analog input: voltage range with singie 5V
supply

m No zero or full-scale adjust required

B Standard hermetic or molded 28-pin DIP package

® Temperature range —40°C to +85°C or -55°C to
+125°C

& Low power consumption — 15 mwW
B Latched TRI-STATE® output

Block Diagram

START CLOCK

|
— |
41_ -

TRISTATE" 15 2 registered 1ra0emare of Nalionat Semiconductor Corp

. 3811 AD
<N END OF CONVERSION
o—1 | CONTROL & TIMING UNTERRUPT
| 1
o | ‘ |
o—{ 8 CHANNELS } :
8 ANALOG INPUTS —] MuLTIPLLARG
O—{  SWITCHES SAR. :
0
o—
: COMPARATOR : th 0
o + —0
STATEY Lo
- ! ouTPUT § BIT QUTPUTS
Lo——- i waten ¢
| | wiith |0
Y
g | TR
Ll SWITCH TREE !
o— l |
|
3817 ADDRESS - O— |
{o—— ADDRESS ‘--——-] ﬁ |
LATEH |
aNp
lAYC:E:::E: DECODER - | |
1 1 1—1— 2%6R RESISTOR LADDER .
| l
L_ .
vee  GAD REHC REF(-) DUTPUT

ENABLE

8-60




Absolute Maximum Ratings (Notes 1and2)

Supply Voltage (Ve o) (Note 3) 6.5v

Voltage at Any Pin -0.3V10(Veoa-0.3V)
Except Control Inputs

Voitage at Contro! Inputs
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range .
Package Dissipationat Ty = 25°C
Lead Temperature (Soldering, 10 seconds)

=0.3Vto +15v
=65°Cto +150°C

875mw
300°C

Electrical Characteristics

Operating Ratings (Notes 1and 2)

Temperature Range (Note 1) TMINS TA S Tax

ADC0808CY ~55°C=xTps +125°C
ADCO0808CCJ, ADCOSOBCCN,
ADCOB0SCCN —40°CxTa s +685°C

Rangeof Voo (Note 1) 4.5Vpc106.0Vpe

Converter Specificatlons: Voe=5Vpc=Vagr(4) VRer-)= GND, Ty s Tax Tax and fe k = 640 kHz

unless otherwise stated.

Parameter

Conditions Min Typ Max Units
ADCO0808
Total Unadjusted Error 25°C x 12 LS8
(Note 5) TMIN to TMAX +3/4 LSB
ADCO0809
Total Unadjusted Error 0°Cto70°C +1 LSB
{Note 5) Toain 10 Tiax =1U4 |LSB
Input Resistance From Ref(+) to Ref(-) 1.0 2.5 ke:
Analog Input Voltage Range (Note 4; V(+) or V(~) GND-0.10 Vee+0.10 | Ve
VReF(+) Voltags, Top of Ladder Measured at Ref(+) Vee Vee+0.1 \
Vaer(n+ Vagr-) Voltage, Center of Ladder Veel2-0.1 | Veef2 | Veelz+0a| v
2
VRer(-) Voltage, Bottom of Ladder Measured at Ref(~) -0.1 0 v
Comparator Input Current f.= 640 kHz, (Note 6) -2 +=0.5 2 uh

Electrical Characteristics

Digital Levels and DC Specifications: ADCO808CJ 4.5V sV <5.5V, ~55°C s Tax +125°C unless otherwise noted
ADCOB08CCJ, ADCOBOSCCN, and ADCOBOYCCN 4.75 s Ve <5.25V, — 40°C =Ty s +85°C unless otherwise noted

Parameter Conditions ] Min ] Typ ] Max l Units
ANALOG MULTIPLEXER
lofF(+) OFF Channel Leakage Current | Vee =5V, Viy=5V,
Ta=25°C 10 200 nA
T 10 Tmax 1.0 uA
lorr(-) OFF Channel Leakage Current | Vgg= 5V, Viy=0,
Ta=25C -200 | -10 nA
- TMIN {o TMAX -1.0 ) uA
CONTROL INPUTS
Viney Logical 1" Input Voltage Vee-1.5 v
Ving Logical 0" input Voltage 1.5 A
tingsy Logica!l “1" Input Current V=15V 1.0 uA
(The Control Inputs)
linor Logical “0" tnput Current Vin=0 -1.0 »A
(The Control inputs)
lee Supply Current ok = 640 kHz 0.3 3.0 mA

608000V 808000V



ADC0808, ADC0809

Electrical Characteristics (continvedqy -

Digital Levels and DC Specifications: ADCOB08CJ 4.5V sV 5.5V, —55°C < Ty + 125°C unless otherwise noted
ADC0808CCJ, ADCOBOBCCN, and ADCOBOSCCN 4.75 5V <5.25V, -40°C =T, =< + 85°C unless otherwise noted

Parameter [ Conditions | min | 1yp | Max Junits
DATA OUTPUTS AND EOC (INTERRUPT)
Vout Logical 1" Output Voitage lo= - 360 A Vee-0.4 v
Voura Logical 0" Qutput Voltage lo= 1.6 MA 0.45 v
Voutg Logical “0" Output Voltage EOC | I5=12mA 0.45 v
lour TRI-STATE® Qutput Current Vo=5V . 3 uhA
Vo =0 -3 ‘IA

Electrical Characteristics

Timing Specitications: Vce=Vagr(4)=5V, Vaer(-)= GND, ;== 20 ns and Ty = 25°C unless otherwise noted.

Symbol ~ .Parameter Conditions Min Typ Max | Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
twaALE Minimum ALE Pyise Width (Figure 5) 100 200 ns
ty Minimum Address Set-Up Time | (Figure 5) 25 50 ns
th Minimum Address Hold Time | (Figure 5) 25 50 ns
to Analog MUX Delay Time Rs=00Q (Figure 5) 1 2.{: HS

From ALE
L tho OE Control 1o Q Logic State C_=50 pF, Ry = 10k (Figure 8) 125 250 ns
time ton OE Control to Hi-Z C_ =10 pF, Ry = 10k (Figure 8) 125 250 ns
e Conversion Time fc =640 kHz, (Figuce 5)(Note 7) 90 100 116 us
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) o 8+ 2 us | Clock
Periods
Cin Input Capacitance At Control Inputs - 10 15 pF
Cout TRI-STATE® Output . At TRI-STATE® Outputs, (Note 12) 10 15 pF
Capacitance

Note 1: Absolute maximum ratings are those values beyond which the lite of the device may be impaired.

Nots 22 All voltages are measured with respect to GND, unless otherwise specitied.

Note 3: A zener diode exists, internally, from Vo to GND and has a typical breakdown voltage of 7 Vpc.

Note 4 Two an-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop
greater than tne Vo supply. The spec altows 100 mV torward bias of either drode. This means that as iong as the analog V) does not exceed the supply
voltage by more than 100 mV, the output code will be correct. To achieve an absolute 0 Vpg o5 Vpg input voltage range will therelore require a minimum sup-
ply voltage of 4.900 Vpg over temperature variations, Initial tolerance and loaging.

Note 5: Totall i errorincludes oftset, full-scale, lineanty, and muitplexer errors. See Figure 3. None of these A/Ds requires a zeto or full-scale adjust.
However, if an all zéro code is desired foran analog input otherthan 0.0V, or if a nasrow full-scale span exisis {for example: 0.5V 10 4.5V full-scale) the reterence
voltages can be adjusted 10 achiave this. See Figure 13

Note 8: Comparator input current is & bias current Into or out of the chopper stabilized comparalor. The bias current varies directly with clock frequency and
has littie temperaiure dependence (Figure 6). See paragraph 4.0.

Note 7: The outputs of the data register are updated ons clock cycle before the rising edge of EOC.

s
——r
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Functional Description

Multiplexer: The device contains an 8-channel single-
ended analog signal muitiplexer. A particular input chan-
nel is selected by using the address decoder. Table |
shows the input states for the address lines to select any
channel. The address is latched into the decoder on the
-low-to-high transition of the address latch enable signal.

i

'

i TABLE|

‘ SELECTED ADDRESS LINE
1

{

[

ANALOG CHANNEL C 8 A

INO
IN1
IN2
IN3
IN4
INS
IN6
IN7

I I X XTI rrr-rr
I X rr I XIr -
I rIrIrcCcXxre

CONVERTER CHARACTERISTICS

The Converter
Thae heart of this single chip data acquisition system is its

8-bit analog-to-digital converter. The converter is designed--

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the suc-
cessive approximation register, and the comparator. The
converter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotoniclity is particularly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the
system. Additionally, the 256R network does not cause
load variations on the refetence voltage.

The bottom resistor and the top resistor of the iadder
network in Figure 1 are not the same value as the
remainder of the network. The ditference in these
resistors causes the output characteristic to be sym-
metrical withithe zero and full-scale points of the transfer
curve. The first output transition occurs when the analog
signal has reached + 1/2 LSB and succeeding output
transitions occur every 1 LSB later up to full-scale.

The successive approximation register (SAR) performs 8
iterations to approximate the inputvoltage. For any SAR
type converter, n-iterations are required for an n-bit con-
verters. Figure 2 shows a typical example of a 3-bit con-

. verter. In the ADCO0808, ADCO0809, the approximation

technique is extended to 8 bits using the 256R network.

CONTROLS FROM S.AR.
|

REF{+) O——ny

e ™
ot

%R

256R

%R

T0
. & COMPARATOR
INPUT

REF(-) O

FIGURE 1. Resistor Ladder and Switch Tree

608000Y ‘80800QVY



ADC0808, ADC0809

Functional Description (continueq)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion puise.
Continuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an external start converslon pulse should be
applied after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses after the rising edge of start
conversion.

The most important section of the A/D converter Is the

comparator. it is this section which Is responsible for the
ultimate accuracy of the entire converter. It is also the

m

]
‘= FULL-SCALE

no IDEAL CURVE =< ERROR=1/2LSB

101
100

om

A/D QUTPYT CODE

7
b= NONLINEARITY = 1/2 LSB

L

NONLINEARITY = -172 LS8

001

ZERD ERROR = ~1/4 LSB

oog L Vin
0

/8 1L 2/8 3/8 4/8 5/ 6/8 18
Vin AS FRACTION OF FULL-SCALE

FIGURE 2. 3-Bit A/D Transfer Curve

QUANTIZING
ERROR

INPUT OV
VOLTAGE

comparator drift which has the greatest infiuence on the
repeatability of the device. A chopper-stabilized com-
parator provides the most effective method of satisfying
all the converter requirements.

The chopper-stabllized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplitier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION

" PERFECT CONVERTER

1o 'lTIgII.:E IDEAL 3-BIT CONVERTER
3 (]
g unaosusten™ .

AR
5 w0 S -1s8
& ABSOLUTE
2 m ACCURACY
€ oo -172 158
QUANTIZATION
01 ERROA

000 Vin
0/6 1/8 2/8 3/8 4/8 S/ 6 1B

ViK AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit AID Absolute Accuracy Curve

REFERENCE LINE

FULL
SCALE

FIGURE 4. Typical Error Curve




Connection Diagram

Dual-In-Line Package

7
w3 =4 L= 1n2
ropad 22
ws — LU

« 2
NG —— = ADD A
20
wr =4 }— oo
START =4 1 anoc
) 2
eoc — ADCOSOS [— ALE
DC030S
ol = A yﬂ- 7-ms8
oUTAUT 3] 28 2
ENABLE — 2
9
crocx =4 LS
"
Vee ...u. |l — 24
REF() -2 L 2415
1 1
oNp L aeri-)
1
2124 LR
Y0P VIEW

Timing Diagram

]

STARY (1.8 [m

ALE m; (Y8

l— wALE
—-—-I»—nuu ADDRESS

ADDRESS a }Qm
57 L]
gy STARLE Y
wet A A
s -
1587 - W
COMPARATOR
npuY
UNTERNAL KDDE)
bt 1 ——|
ouTRUT J | —
EnadLE
EOC
-——'tnc—i
- *
TRI STAYE
DUTPUTS o o oo e amim s o e s o e e s s e o e o o e e e e e e e e e e e e e o
FIGURE §
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ADCO0808, ADC0809

Typical Performance Characteristics

15 )
fe = 1200 kHz
1
< /A/(A//’ g
05 g
3 - =
E . I 640 kHz e
| o
4 I
= -0 //4, | =
-1 1 = 1200 kHz
as L
(] 1.25 25 115 §

Vintvi

FIGURE 6. Comparator I;y vs Viy

(Vee=Vaer=5V)

TRI-STATE® Test Circuits and Timing Diagrams

TP V0

Vee

ouTPUT )
ENABLE O a
L 10k

C

tows the

Vee

10k
OUTRUT
ENABLE C a
T

<
o
(4]

|}
—o0

tyw CL=10pF

Ta=85°C

1%

Tpe ~40°C

[}
N

125 5
Viy (V)

335

o

FIGURE 7. Multiplexer Ry vs Vi
(Veo=Vper=5V) ’

t..“, CL= 50 pF

Ve
ouTPUT
ENABLE
GND
Vor “
oUTPUT 50%
. .—GND
ton, CL=10pF tyo C =50 pF
—ly Y
Vee
ouTPUT Y 90%
ENABLE s0% 50
GND 10% 1 ‘I 104
L 101 tHo
Vee
DUTPUT / 50%
—_—
Vor
FIGURE 8
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Applications Information
OPERATION

1.0 Ratiometric Conversion

The ADCO0808, ADC0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion
systems. In ratiometric systems, the physical variable
being measured is expressed as a percentage of full-scale
which is not necessarily related to an absolute standard.
The voltage input to the ADCO808 is expressed by the
equation-

Yin Dx
Vis—Vz  Dmax— Duin
Vin = Input voltage Into the ADC0808
Vis = Full-scale voltage
Vz=Zero voltage
Dx = Data point being measured
Dpax = Maximum data limit
Dy = Minimum data limit

M

A good example of a ratiometric transducer is a poten-
tiometer used as a position sensor. The position of the
wiper is directly proportional to the output voltage which
is a ratio of the full-scale voltage across It. Since the data
is represented as a proportion of full-scale, reference
requirements are greatly reduced, eliminating a large
source of error and cost for many applications. A major
advantage of the ADC0808, ADC0809 is that the input
voltage range is equal to the supply range so the
transducers can be connected directly across the supply
and their outputs connected directly into the multiplexer
inputs, (Figure 8).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc.,
are suitable for measuring proportional relationships;
however, many types of measurements must be referred
10 an absolute standard such as voltage or current. This
means a system reference must be used which relates
the full-scale voltage to the standard volt. For example, if
Voo = Vaer=5.12V, then the full-scale range is divided in-
to 256 standard steps. The smallest standard step is 1
LSB which is then 20 mV.

2.0 Resistor Ladder Limitations

The voltages from the resistor ladder are compared to the
selected input 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voltages at the top, center
and bottom of the ladder must be controlied to maintain
proper operation.

The top of the ladder, Ret{ +, shouid not be more positive
than the supply, and the bottom of the iadder, Ref(-),
should not be more negative than ground. The center of
the tadder voltage must aiso be near the center of the

supply because the analog switch tree changes from |

N-channel switches to P-channel switches. These limita-
tions are automatically satisfied in ratiometric systems
and can be easily met in ground referenced systems

Figure 10 shows a ground referenced system with a
separate supply and reference. in this system, the supply
must be trimmed 1o maich the reference voltage. For in-
stance, if @ 5.12V is used, the supply should be adjusted to
the same voltage within 0.1V.

I Vee
REF(+) MSB

Fx
<

DIGITAL
QUTPUT

Qout PROPORTIONAL
T0 ANALOG
INPUT

Ing

4.75V sVee = VRer s5.25v
* Ratiometric transducers

Vin Vin
REF(=) Ls8 Oour=s 2N o YN
VHEE Vi
I GNO RE. cc

ADCO808

FIGURE 9. Ratiometric Conversion System
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ADC0808, ADC0809

Applications knformation (continued)

The ADCOB08 neecs erss thana milliamp of supply current
so developing the s.m2'y from the reference Is readily
accomplished. in Figiu-€ 11 a ground reterenced system is
shown which generan&t the supply from the reference. The
buffer shown can ts &n op amp of sufficient drive to
supply the milliamg & supply current and the desired bus
drive, or If a capacitv# 548 is driven by the outputs a large
capacitor will suppty <~ transient supply current as seen
in Figure 12. The LA%3D1 is overcompensated to Insure
stability when loacer oy the 10 4F output capacitor.

]

The top and bottom ladder voltages cannot exceed Vge
and ground, respectively, but they can be symmetrically
less than V¢c and greater than ground. The center of the
ladder voltage should always be near the center of the
supply. The sensitivity of the converter can be increased,
(i.e., size of the LSB steps decreased) by using a sym-
metrical reference system. In Figure 13, a 2.5V reference
is symmetrically centered about Vgo/2 since the same
current flows in identical resistors. This system with a
2.5V reference allows the LSB bit to be half the size of a

5V reference system.

ADC0808

FIGURE 10. Ground Referenced
Conyersion System Using Trimmed Supply

vee
SUPPLY Vee
Ms8
VREF REF() DIGITAL
OUTPUT
Qau1 REFERENCED
O—1 a1 T0
vin{o— ¢ GROUND
L]
O 1a0
I—- REF(-) LS8
-9 GND 0 =i
OUT™ Vaer

4.75V sVoo = VREF$5.25V

. Vee
VT MSh
DIGITAL OUTPUT
Vaer o REFL:) out FEFERENCED TO
- VREF({+) O—1 lny GROUND
Vin { O— E
O—1 a0
I——‘ REF(-) LS8
v
GND Qaura
OUT Vrer

o

ADCOR08

FIGURE 11. Ground Referenced Conversion System with
Reference Generating Vec Supply

4.75V s Voo = VRep s 5.25V
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Applications Information (continued)

1k

10-15Vpe
O

LM3298

LM301A

1000 pf

REF(+)

+ 10.F
soLID
TANTALUM

. FIGURE 12. Typlcal Reference and Supply Circuit

sV
RN
3,75V
*
-
1.25V
2.5V
REFERENCE

Vee
REF(+} Y8
la?
L]
3 DIGITAL OUTPUT
PROPORTIONAL TO
0
. ouT ANALOG INPUT
i 1.25V < VIN S 3.I5V
ind
REF(=)
LS8
GND Ra=fs

3.0 Converter Equations

The transition between adjacent codes N and N+1 is
given by:

N 1 2)
Vin={ Vrerir)~ Vaer(-)| 5za + 535 [* VIue+ VReF(-)
256 512

o

The center of an output code N is given by:

AN
Vin=1 (VRer(+)— VaeF(-)) [2‘—56]=VTUE + VReF(-) @

The output code N for an arbitrary input are the integers
within the range:
Vin— VReF(-)

Net—aooo— e —
Vaer(+) — VREF(-)

X 256 = Absolute Accuracy (4)
where: V), = Voltage at comparator input
Vagr(+)= Voltage at Ref(+)
Vger(-y= Voltage at Ref(—)
Viue=Total unadjusted error voltage (typically
VRer(+)+ 512)

¢« Ratiomelric transducers

FIGURE 13. Symmetrically Centerad Reterence

4.0 Analog Comparator Inputs

The dynamic comparator input current is caused by the
periodic switching of on-chip stray capacitances. Thase
are connected alternately to the output of the resistor
ladder/switch tree network and to the comparator input s

_part of the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directly with clock frequency and with V|y as shown in
Figure 6.

1 no filter capacitors are used at the anaiog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge wiil die out
before the comparator output is strobed.

If input filter capacitors are desired for noise reduction
and signal conditioning they will tend to average out the
dynamic comparator input current. it will then take on the
characteristics of a DC bias current whose effeci can be
predicted conventionally.
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ADC0808, ADC0809

Typical Application

AEAD
—J INTERRUPT
500 kHz = CLK o€
ADDRESS 5.000V = VREF(+) EOC INTERRUPT
DECODE
{AD4-ADIS)* 0.000V —VREF(~)
2=1 fe—Pp- 087 mMSB
START 22 9 D85
- A -3
RRITE LE 2-3———p DE5
74— o
ADD~—{ A 275 —— 083
ADC0308
ADI—{®  apcoggs 276 —— 082
Apz—c 2-1——p D81
. 8 ——p 080 158
Y sumvT
Vee haf—Vins
GND o
0-5v
GROUND = . ANALOG
INPUT RANGE
L]
o =V V'

* Address latches needed for 8085

and SC/MP interfacing the ADC0808 to 8 microprocessor

MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTH}(T:uu RST Circuit)
8085 RO WR INTR (Thru RST Circuit)
2-80 RD WR INT {Thru RST Circuit, Mode 0
SC/MP NADS NWDS SA (Thru Sense A)
6800 VMA-¢ 2-RIW VMA-»2 AW iRQA or TRQB (Thru PIA}
T -
Ordering Information
TEMPERATURE RANGE ~40°C to +85°C ~55°Cto +125°C
Error = 1/2 Bit Unadjusted ADCO8B0BCCN ADCO08B08CCJ ADCOB0O8CJ
= 1 Bit Unadjusted ADCO0809CCN
Package Outline N28A Molded DIP|J2BA Hermetic DiP | U2BA Hermetic DIP
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DAC0808, DAC0807, DAC0806

National

2 Semiconductor

AtoD,Dto A

DAC0808, DAC0807, DACO0806 8-Bit D/A Converters

General Description

The DACO0808 series is an 8-bit monolithic digital-to” "~ *

analog converter (DAC) featuring a full scale output
current settling time of 150 ns while dissipating only
33 mW with 25V supplies. No reference current {(IREF)
trimming is required for most applications since the full
scale output current is typically 1 LSB of 255 IRgF/
256. Relative accuracies of better than +0.19% assure
8-bit monotonicity and linearity while zero level output

Features

®m Relative accuracy: 0,19% error maximum
(DAC0808)

s Full scale current match: £1 LSB typ

®m 7 and 6-bit accuracy available (DAC0807, DAC0OB06)

u Fast settling time: 15Q ns typ

s Noninverting digital inputs are TTL and CMOS

compatible

current of less than 4 uA provides 8-bit zero accuracy & High speed multiplying input slew rate: 8 mA/us
for IREF > 2 mA. The power supply currents of the u Power supply voltage range: 4.5V to £18V
DACOB08 series are independent of bit codes, and Low power consumption: 33 mW @ 5V
exhibits essentially constant device characteristics over
the entire supply voltage range.
The DACO808 will interface directly with popular TTL,
DTL or CMOS logic levels, and is a direct replacement
for the MC1508/MC1408. For higher speed applications,
see DACOB00 data sheet.
Block and Connection Diagrams o TR packah
uSS 58
Al A2 A M A A Al AL
? ? ? ? ? ? ? T n agn:u-ii U E cowrensaTion
2 1%
“:;::: o—{ CURRENT SWITCHES 25 o= — Vaee-)
Ve~ L vacrio
13
] Al—‘4 ST -‘LAI (81}
T = s
h© APN CURRLNT —O vee 3 4 o A
SOURCE PAIR A} =] a8
Vagfi-) O [ [
REFERENCE PO COMPEN Af— p——AS
CURREAT AMP
A3 TOP ViEw
Typical Application Ve
13
B At $ 'l"o_m—o 10000V « Vi §
Mo—‘1
no-:-
DIGITAL MO pacuam
INPUTS A5 O—t
a5 0H
a1 02 v
5 at o2 =0 oS

veg o -1

v 10V(A1 *AQ’ AB
o 2 4 "'256

FIGURE 1. +10V Output Digital 1o Analog Converter

Ordering Information

ACCURACY | OPERATING TEMPERATURE ORDLR NUMECERS®
RANGE D PACKAGE (D16C) 3 PACKAGE {J16A] N PACKAGE (N16A)
8-bit ~55°C < TA < +125°C DACO0B0BLD | MC1508L8
8-bit 0°C < TAK +75°C DACOS808LCJ | MC1408LS DACO080BLCN | MC1408P8
7-bit 0°C < TR <#75°C ‘DACOBOTLCS | MC1408L7 DACOBOTLCN | MC1408P7
6-bit 0°C< Ta<+75°C DACOB06LCY” | MC1408L6 DACO806LCN | MC1408P6

*Note. Devices may be ordered by using either order number,

8-126




o

Power Supply Voltage

Electrical Characteristics

Absolute Maximum Ratings

Vee +18Vpe

Ve —18Vpe
Dipital Input Volege, V5—-V12 -10Vpcto +18 Vpe
Applied Output Voltage, Vg =11 Vpcto+18vpe
Reference Current, 114 S mA
Reference Amplifier Inputs, V14, V15 Vee. VEe

Power Dissipation (Package Limitation}

Derate above T4 = 25°C

Operating Temperature Range

DACOBO8L
DACOB08LC Series
Storage Temperature Range

1000 mw
L7 mW/C

—55°C < Ta < +125°C
0< T4 <475°C
~65°C to +150°C

(Vee = 5V, VEE = =15 VpC, VREF/R14 = 2 mA, DAC0808: Ta = —55°C 1o +125°C, DACO808C, DACOB07C,
DAC0806C, Ta = 0°C 10 +75°C, and all digital inputs at high logic level unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
E; Relative Accuracy {Error Refative (Figure 4) 18
to Full Scale IG)
DACO0808L (LM1508-8), =019 %
DACOB08LC {LM1408-8)
DAC0807L.C (LM1408-7), {Note 1) 10.39 kY
DACOBO6LC (LM1408-8}, (Note 1) :078 %
Settling Time 10 Within 1/2 LSB TA = 25°C {Note 2), 150 ns
{includes tpy 1) (Figure 5}
tPLH.  Propagation Detay Time TA = 25°C, (Figure 5) 30 100 ns
PHL
TClp Output Full Scale Current Drift R 120 ppm/°C
MSB  Digitat Input Logic Levels (Figure 3) ="
VIH High Leve!, Logic ~'1* 2 vpe
ViL Low Level, Logic 0" 08 vpe
MSB Digital input Current {Figure 3)
High Level ViH= 5V 0 0.040 mA
Low Leve! ViL = 0.8V -0.003 -08 mA
Iis Reference Input Bias Current {Figure 3} -1 -3 uA
Output Current Range {Figure 3)
VEE =5V 0 2.0 2.1 mA
VEE™ ~15V,Ta = 25°C 0 2.0 4.2 mA
{0 Output Current VREF = 2.000V, o
R14 = 100002,
(Figure 3] 19 1.99 2.1 mA
Output Current, All Bits Low (Figure 3) )] 4 HA
Output Voltage Comphiance E; <0.19%, Ta = 25°C
. Pin 1 Grounded, —0.55, +0.4 Vpe
VEE Below ~10V -5.0, +0.4 vpe
SRIREF Reference Current Slew Rate {Figure 6] 4 8 mA/us
Output Current Power Supply -5V < Vgg < -16.5V 0.05 2.7 BANV
Sensitwvity
Powes Supply Current (All Bits {Figure 3}
Low)
'cc 23 22 mA
e - -4.3 -13 mA
Power Supply Voltage Range TA = 25°C, (Figure 3)
Veé 4.5 5.0 55 voc
VEE —4.5 -5 -16.5 voc
Power Dissipation
All Bits Low VCe = 5V, VEE = =5V 33 170 mw
Vee= 5V, Veg = -15v 106 305 mw
All Bits High Vee = 15V, VEg » =5V 90 mw
vec= 15V, VEE = ~15V 160 mw

Note 2: All bits switched.
Note 3: Range control is not required,

Note 1: All current switches are tested 1o guarantee at least 60% of rated current.
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DAC0808, DAC0807, DAC0806

Typical Performance Characteristics
vee =5V, VEE=—~16V, Ta = 25°C, unless otherwise noted

Wy - LoGIC evPUT CURRENT {:A)

POWER SUPPLY CURRENT imA}

~12-10-8-6-4~202-4 5 81012141600

e

50
50
48
k17

20

Logic Input Current vs
input Voltage

Logic Thresholid Voltags vs

Al THROUGH AB

t

. Bit Transfer Characteristics _ Temperature
14 ©
111 I £ T
Ry ] RS
= 12 M thig=2mA 1 o [ l
£ A = 1$
L IR —
= > I~
] -
g o3 s ~s
3 2 ™~
5 o8 A2 § [¥] :
£ Ve -tV . z
3 o4 [T t 1 as 1 o 86
v ;17"."'\'.“ 1Aty 2 o0 F 1]
e A — -1
2 N AT Y
Py w11 T 1y y z N
>

Vi ~ LOGIC INPUT VOLTAGE (V)

Output Current vs Output
“Voltage (Output Voltage

~12-10-9-6-4-20 24 6 3 1012141618
Vi - LOGIC INPUT VOLTAGE (v}

-55 -37-19 -1 17 35 53 N B9 107128
Ta - TEMPERATURE ['C)

Output Voltage Compliance

Compliance) vs Temperature
8 b2
ALL BITS "ON" I l 1 J
z 24 ——1 % N 3
< LI 11
£ Vgg -1V Jvgge -5V s K\
- 2 =
H I l g 2mh w NN SN
£ 16 L £ 4 [—3SHADED AREA INDICATES
3 = = PERMISSIBLE DUTPUT
5 12 oo tma > VOLTAGE RANGE FOR
= ( R VEE = -1V 114 <2 mA
2 uh S NN
: e NN
2 o4 T 114* 2mA - \\1 NN \\
300 2
1 1T 7} 12
-4 =10 -6 -2 2 6 10 1 1» ~50 [} s¢ 100 150
Vg - OUTPUT VOLTAGE (V) TEMPERATURE ( C)
Typical Power Supply Typical Power Supply Typical Powsr Supply
Current vs Temperature Current vs VEE Current vs Voo
]
ALL BITS RIGH OR LOW ALL BITS HIGH OR LOW I | ' Matvens mc:« OR LOW
. = 4 - - .
[ 1ygs2ma ) } z 1 Teg WITH tyq = 2ma ] 4 2 1 placimd 1
f = 8 =W
N £ I 1 WA = e
E IgE WITH 14 F
T = EEWITH I 1 mA =
| o e e Y| a
AL LI > 4
s £ Igg WITH 114 02 mA 2
£ 113 1% g 3
| = e B I . 2
el " <
cc Seer2 = : g 2 Iec
o
s 1 i ll | e |
[
50 0 ST 10 180 6 -2 -4 -6 -8 -10-12-14-16-13-20 0 02 ¢ 6 8 1012 1415 82N
TEMPERATURE { €) Vg - NEGATIVE POWER SUPPLY (V) Ve - POSITIVE POWER SUPPLY (V)

RELATIVE QUTPUT {48}

Reference input
Frequency Response

: BT
2 i T
o T ~ ¢
-2 ; i l ""\\
:: ] i X
i | T :
-10 ! N\
-12
-14
i N
'R [ %] 1 3

1 - FREQUENCY {MHz)

10

Unless otherwise specified: R14 =
R15% 1 k(2,C = 15 pF,pin 16 10 VgE:
R =507, pind 1o ground.

Curve A: Large Signal Bandwidth
Method of Figure 7, VREF = 2 Vp-p
offset 1 V above ground

Curve 8: Small Signal Bandwidth
Method of Figure 7, Ry = 25000,
VREF = 50 mVp-p offset 200 mV
above ground.

Curve C: Large and Small Signal
Bandwidth Method of Figure 9 (no
op amp, R = 5002), Rg = 501,
VREF = 2V, Vg = 100 mVp-p cen-
tered at OV.
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DAC0808, DAC0807, DAC0806

Test Circuits

Yeo
fec
) ' Vi and Iy apply to inputs A1—ASB.
14
-2
At o—" 1 “VRer The resistor tied to pin 15 is to temperature compensatu the
uo—‘ -8 Al bias current and may not be y for all appli
I LT
SIGITAL :: DACOICH m Al A2 A4 A5 A6 A7 AB
Wty mor seaics okl " T 2 ‘e i T
a0 Yo
ouTRUT
uo— where K & M
uo R14
h
+ ? and An = “1° if Ay is at high level
"'J_ |“l AN = 0" if Ap Is 3t low level
= Ve . ‘
FIGURE 3. Notation Definitions Test Circuit
sy
Al
p—— e O
e
——eee e O
*_0’21 12057
a4 D-T0-4
- a4 m?:“"' ——O=—1 810 10V DUTPYT
O+ 1 ennon wax)
—0=
A2
Al L
r—ot:luuuuu :: [
P
Vagery M\
e =
AW Vee
50
msp fe ;u
N0
i —0—
o
suT —O- ﬁ)-'- pacosos |4
counria Lo 1] semies
" 1%
o ol [ {
2
PO 4
150
LY BH kS
u c
- it
FIGURE 4. Relative Accuracy Test Circuit
Yee
01,F
v
{ ‘\ 14v
o
Ix o A
= 2vge L teen S 10es
5]
- Q
: o AAA— 9V ———n CLANILEVLL USE Ay TO GAD FOR TUAN “OF F~
§ I Mt ASl:lllllh‘ STETERT)
" B0 SETTLING TIME
) 8 & T o0 (FIGUAE &
] 2 n =
3] oaceans 3 - . ‘
"y stans . = FORSCTTLING TIME N HC T
- MEASUREMENT (ALL BITS
. " Y P00 QuivCwED Low 10 MG 10188
S~ Cas of
12
L1 T —
- 3 = TRANSIENT R e f0
sot ALSPORSE y PINATOCAD
Y, INGASA (LOW CAPALITANCE, ey
E,l FAST RECOVERY DIODE) — |.._ wn __l wat
= it =
FIGURE §. Transient F and Settling Time
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Test Circuits (continued)

Vee

DACO808. Ie

[}
60 SCOPE 5 10

FIGURE 6. Referanca Current Siew Rate Measurement

vee
R142 RIS
13
Ao 14
]
AIO—_;- s ::: -
' =
Aao—' e O—AAN—=—0 ~vpr; L J
44 Ot
9| oacosos |2
e met
10
A§ Ol — b
ol 4 = 0 LI
Al 12 5
1
AR Oy
LT}
3 ¢ }
SEE TEXT FOR VALUES OF C
VEE

FIGURE 8. Negative VREF

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPEN-
SATION
J

The reference amplifier provides a voltage at pin 14 for
converting the reference voltage to a current, and a
turn-around circuit or current mirror for feeding the
ladder. The reference amplifier input current, 14, must
always flow into pin 14, regardiess of the set-up method
or reference voltage polarity. -
Connections for a positive volitage are shown in Figure 7.
The reference voltage source supplies the full current

: 15 oF = = SLEWING
TIME
- o
&t Ry

R14 2 R15

] DACOROS

12 16
A1 O~ Ry

¢ =

SEE TEXT FOR VALUESOF C

R @1

Vee
FIGURE 7. Positive VREF

Vs
Rs
Ri4
VREeF
l'u
15] 1
5 16
Al Ot O NC
6 h - =2.0mA
a2 : When Vg =0,114=20m
pAC ]
A1 O— pacosos |13 VREF Vs (
b—O V Vo= + — AjlR
ASOT:- SERIES e 0% {14 " Rs °
AGQ——
A8 O—
201 |4

FIGURE 8. Programmable Gain Amplifier or Digital Attenuntor Circuit

114. For bipolar reference signals, as in the multiplying
mode, R15 can be tied to a negative voliage corres-
ponding to the minimum input level. It is possible 10
eliminate R15 with only a small sz:rifice in accuracy
and temperature drift.

The compensation capacitor value must be increased
with increases in R14 to maintain proper phase margin;
for R14 values of 1, 2.5 and 5 k22, minimum capacitor
values are 15, 37 and 75 pF. The capacitor may be tied
to either VEE or ground, but using VEE increases
negative supply rejection. .

8-131

s P

e,

90800Va ‘20800VA ‘80800VvA




DAC0808, DAC0807, DACO0806

Application Hints (continuea)

A negative reference voltage may be used if .R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main
advantage of this method. Compensation involves a
capacitor to VEg on' pin 16, using the values of the
previous paragraph. The negative reference voltage must
be at least 4V above the VEE supply. Bipolar input
signals may be handled by connecting R14 10a positive
reference voltage equal to the peak positive input level
at pin 15.

When a DC reference voltage is used, capacitive bypass
to ground is recommended. The 5V logic supply is not
recommended as a reference voltage. If a well regutated
5V supply which drives logic is to be used as the refer-
ence, R14 should be decoupled by connecting it to
5V through another resistor and bypassing the junction
of the 2 resistors with 0.1 uF to ground. For reference
voltages greater than 5V, a clamp diode is recommended
between pin 14 and ground.

If pin 14 is driven by a high impedance such as a
transistor current sourte, none of the above compensa-
tion methods apply and the amplifier must be heavily
compensated, decreasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.6 to
0.5V when VEg = —5V due to the current switching
methods employed in the DACOB08.

The negative output voltage compliance of the DAC0O808
is extended 10 —5V where the negative supply voltage is
more negative than —10V. Using a full-scale current of
1.992 mA and load resistor of 2.5 k2 between pin 4
and ground will yield a voltage output of 256 levels
between 0 and —4.980V. Floating pin 1 does not affect
the converter speed or power dissipation. However, the
value of the load resistor determines the switching time
due to increased voltage swing. Values of Ry up 1o
5000 do not significantly affect performance, but a
2.5 k2 load increases worst-case settling time 10
1.2 pus (when all bits are switched ON). Refer to the
subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be
used only for negative supply voltages more negative
than —7V,.due to the increased voltage drop across the
resistors in the reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift.
Relative accuracy is the measure of each output current
level as a fraction of the full-scale current. The relative
accuracy of the DACOBOB is essentially constant with
temperature due to the excellent temperature tracking

.

of the monolithic resistor ladder. The reference current
may drift with temperature, causing a change in the
absolute accuracy of output current. However, the
DACOB08 has a very low full-scale current drift with
temperature.

The DACOB08 series is guaranteed accurate to within
+1/2 LSB at a full-scale output current of 1.992 mA.
This corresponds to a reference amplifier output current
drive to the ladder network of 2 mA, with the loss of
1 LSB (8 uA) which is the ladder remainder shunted to
ground. The input current to pin 14 has a guaranteed
value of between 1.9 and 2.1 mA, allowing some mis-
match in the NPN current source pair. The accuracy test
circuit is shown in Figure 4. The 12-bit converter is
calibrated for a full-scale output current of 1.892 mA.
This is an optional step since the DAC0808 accuracy is
essentially the same between 1.5 and 2.6 mA. Then the
DACOB08 circuits’ full-scale cuirent is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the
error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to
construct a 16-bit accuracy D-to-A converter. 16-bit
accuracy implies a total error of *1/2 of one part in
65,536, or *0.00076%, which is much more accurate
than the =0.019% specification provided by the
DACO0808.

MULTIPLYING ACCURACY

The DACOBO8 may be used in the multiplying mode
with 8-bit accuracy when the reference current is varied
over a range of 256:1. If the reference current in the
multiplying mode ranges from 16 pA to 4 mA, the
additional error coatributions are less than 1.6 uA. This
is well within 8-bit accuracy when referred to full-scale.

A monotoni¢ converter is one which supplies an increase
in current for each increment in the binary word.
Typically, the DACOBO8 is monotonic for all values of
reference current above 0.5 mA. The recommended
range tor operation with a DC reference current is 0.5 10
4 mA.

SETTLING TIME

The worst-case switching condition occurs when all
bits are switched ON, which corresponds to alow-to-high
wansition for all bits. This time is typically 150 ns
for settling to within $1/2 LSB, for 8-bit accuracy,
a~d 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The
turn OFF is typically under 100 ns. These times apply
when Ry < 5009 and Co < 25 pF.

Extra care must be taken in board layout since this is
usually the dominant factor in satisfactoy test results
when measuring settling time., Short leads, 100 uF
supply bypassing for low frequencies, and minimum
scope lead length are all mandatory.
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AtoD,Dto A

LM131A/LM131, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters

General Description

The LM131/LM231/LM331 family of voltage-to-
frequency converters are ideally suited for use in simple
low-cost  circuits for analog-to-digital conversion,
precision frequency-to-voltage conversion, long-term
integration, linear frequency modulation or demodu-
lation, and many other functions. The output when used
as a voltage-to-frequency converters is a pulse train at a
frequency precisely proportional to the applied input
voltage. Thus, it provides all the inherent advantages of
the voltage-to-frequency conversion techniques, and is
easy to apply in all standard voltage-10-frequency
converter applications. Further, the LM131A/LM231A/
LM331A attains a new high level of accuracy versus
temperature which could only be attained with
expensive voltage-to-frequency modules. Additionally
the LM131 is ideally suited for use in digital systems at
low power supply voltages and can provide low-cost
analog-to-digital conversion in microprocessor-controlied
systems. And, the frequency from a battery powered
voltage-to-frequency converter can be easily channeled
through a simple photoisolator 10 provide isolation
against high common mode levels. 3

The LM131/LM231/LM331 utilizes a new temperature-
compensated band-gap reference circuit, to provide
excellent accuracy over the full operating temperature
range, at power supplies as low as 4.0V. The precision

the quick response necessary for 100kHz voltage-to-
frequency conversion. And the output is ‘capable of
driving 3 TTL loads, or a high voltage output up to
40V, yet is short-circuit-proof against VCC.

Features

s Guaranteed linearity 0.01% max

s Improved performance in existing voltage-to-frequency
conversion applications

e Split or single supply operation

s QOperates on single 5V supply

= Pulse output compatible with all logic forms

= Excellent temperature stability, 50 ppm/°C max
= Low power dissipation, 15 mW typical at 5V

s Wide dynamic range, 100dB min at 10 kHz full scale
frequency

= Wide range of full scale frequency, 1Hz to 100 kHz2

. . W, ., i : s Low cost
timer circuit has low bias currents without degrading N
Typical Applications 15ve v
Ry
[T
G
100k £10% L L g
VN 10V y 7 5 |
ruuscnz""’w’l 1
Cin —
T 0.1 .F R 10K 110% -
M2 v
= et toste
] 3 four
A 4 10 kK
FULLSCALE
Vs [ Ry _]_A 2
- LT
ki 12 1%
Rs
[N N
GAIN
ADSUST
(un-::m TouT - Vin_Rs 1
1 pr ey B8 L
OFFSET ADJUST = = 208V BL Rily

t

*Use stable components with low temperature coefficients,

See Typical Applications section.

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter
with £0.03% Typical Linearity (f = 10 Hz to 11 kHz)
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Absolute Maximum Ratings

8-252

" LM131A/LM131 LM231A/LM231 LM331A/LM331
Supply Voltage 40V 40V 40V
Output Short Circuit to Ground Continuous Continuous Continuous
Output Short Circuit to VCC Continuous Continuous Continuous
Input Voltage -0.2V to +Vg -0.2V to +Vg -0.2V 10 +Vg
TMIN TMAX Tmin  Tmax Tmin - Tmax
Operating Ambient Temperature Range -65°C 10 +125°C  -25°C 10 +85°C 0°C 10 +470°C
Power Dissipation (Pp at 25°C)
and Thermal Resistance (6ja)
{H Package} Pp 670 mW 570 mW 570 mW
fia 150°C/W 150°C/W 150°C/W
(N Package} Pp 500 mwW 500 mw
8ia 155°C/W 155°C/W
Electrical Characteristics Ta = 25°C unless otherwise specified. (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
VFC Non-Linearity (Note 2} 45v<vg<aov 10.003 =0.01 S Full-
Scale
TMIN S Ta<TMAX N =0.006 =0.02 % Fuli-
Sca'e
In Circuit of Figure 1 Vg= 15V, t = 10 Hz to 11 kHz =0.024 2014 % Fudt
Scae
-Conversion Accuracy Scale Factor ViN* -10V, Rg = 14 [31]
{Gain) =
LM131, LM131A, LM231, LM231A | 0.95 1.00 1.05 WHZ V
LM331, LM3NA 0.90 1.00 1.10 WHV
Temperature Stability of Gain TMIN S TA S TMAX. 4.5V < Vg <20V
LM131/LM231/LM331 230 2159 ppm “C
LM131A/LM231A/LM33TA Y ANRR]] =20 250 por.“C
Change of Gain with Vg 4.6V < Vg < 10V i 0.01 01 %V
10V < Vg < 40V 0006 005 %V
Rated Full-Scale Frequency VIN = =10V 100 kHz
Overrange (Beyond Full-Scale) VinN = =11V 10 *
Frequency
INPUT COMPARATOR
QOffser Voltage =3 =10 my
LM131/LM231/LM331 TMINSTAa < Tmax 24 =13 -\
LM131A/LM231A/LM331A TMIN S TA < TMAX 13 10 LAY
Bias Current -80 -302 A
Oftser Current =8 =100 n&
Common-Mode Range TMINS Ta € Tvax -0.2 vee-2.0 v
TIMER
Timer Threshold Voltage, Pin & . 0.63 0.667 0.70 » V'S
Input Bias Current, Pin 5 Vg = 15V
Ali Devices oV < VpIN 5 < 9.9V 210 =107 r&
LM 131/LM231/LM331 VPN § = 10V 200 1052 e
LMI31A/LM231A/LM331A VpIN 5= 10V 200 520 rk
VST PIN & (Reset) I=€ we 0.22 0¢ v
S




; rr-
| Electrical Characteristics (Continued) T = 25°C unless otherwise specified (Note 1} g g
i N~
' w (:2
| PARAMETER ] CONDITIONS [ min T Tve [~ wmax | uwmirs oy >
CURRENT SOURCE (Pin 1) 2 —~—
Output Current Rg= 14k}, VpIN1=0 -~ r~
LM131, LM131A, LM231, LM231A 126 135 144 uA g g
LM331, LM331A 116 136 156 HA N -
Change with Voltage oV < Vpin 1 < 10V 0.2 1.0 uA w Ei’
Cutrent Source OFF Leakage :L -
LM131, LM131A 0.01 1.0 nA r—
LM231, LM231A, LM331, LM333A o002 100 nA g
All Devices Ta=TMmaX 2.0 50.0 nA w
Operating Range of Current (Typical) {10 to 500} MA W
REFERENCE VOLTAGE {Pin 2) [N
LM131, LMI31A, LM231, LM231A 1.76 1.89 202 Vbe >
LM331, LM331A 1.70 1.89 208 vpe "=
Stability vs Temperature 260 ppm/“C g
Stability vs Time, 1000 Hours +0.1 % w
LOGIC OUTPUT (Pin 3) (%]
VSAT 1=5mA 0.15 050 v -t
{=32mA {2 TTL Loads), TMIN € Ta € TMAX 0.10 . 0.40 v
OFF Leakage =0.05 1.0 BA
SUPPLY CURRENT
LM131, LMI131A, LM23), Vg = 5V 2.0 30 4.0 mA
LM231A Vg = 40V 25 4.0 6.0 mA
LM331, LM331A Vg =5V 1.5 3.0 60 mA
Vg = 40V 20 4.0 8.0 mA

Note 1: All specitications apply in the circuit of Figure 3, with 4.0V < Vg < 40V, unless otherwise noted.

Nots 2: Nonlinesrity is defined as the deviation of fgyuT from Vi x (10kHz/-10 Vpe!) when the circuit has been trimmed for zero error at
10 Hz and at 10 kHz, over the frequency range 1 Hz 10 11 kHz. For the uming capacitor, Ct, use NPO ceramic, Teflon*, or polystyrene.

-
Functional Block Diagrams
i
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f 1
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>
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I CURREAT I
SwiTCet —— s |t — e p— q— -‘ INPUT
OMPARATOR I
I ? ? | ] J COUPARATOR
LN o/ | i n
ik = 4 e D
l CURRENT l y b, I
REFLRENCE l 0y, o :u;ln‘[s"s as j t
CURRENY 4 i@, Yoc 10 ALL FLIPFLOP ! Sme
2 ] CIRCUNTS ' 1
- | - s Lo
OMPARATOR
"
l ! s | wisian e
I )_+_'—k‘ CHRCUTY l l
L | ouPUT [
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>
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| | " [
L |
| L e — Ty I _—_—__—_ - ——_—_11
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Performance Characteristics

{All electricat characteristics apply for the circuit of Figure 3, uniess otherwise noted.)

Nonlinearity Error, LM131

Family, as Precision V-to-F Nonlinearity Error, LM131 Nonlinearity vs Power Supply
Converter {Figure 3) Family Voltage
+0.0) 0.026
+0.04 l
® +0.02
S0 ®
= .niz SPEC LIMIT, = i 0.620
o
& L \ g wn e
0ot H = 0018
= 9 E o H
& = n
] g M SPEC LimIT
& -0n 1T " o T P | oy X1 -
= -0.02 2 - E 1
z SPEC LIMI z i = L1
= -0 = _g02 |l ) 9.008
il
603 ' Lt 0.000
8z 4 6t Wou 00001 01 001 &1 1 30 100 S 10 15 20 25 30 35 40
FREQUENCY, kit FREQUENCY,MH: POWER SUPPLY VOLTAGE, V§
Frequency vs Temperature, VREF vs Tomperature, Quiput Frequency vs
LMI131A LM131A VsuPPLY
10.06 ] l ] 1830 ]
2.0
Py < 1528 * I =
1608 \"% *‘j‘% 132% 8 o
. e
2 1002 N A ept b 1924 z - oot
s w ¥ 1852 8 s
E |1 > — g TYPICAL
: 2
g 10.00 g —— \ ;‘ 1820 g 3
2 e . > 18 ~] £ -8 —~
o /’{_\\“ 5y 1916 2 £ -a
-,
9.96 —4.§\S'\' O’Qn; 1914 ° -8 T
} | l 1812 -20
854 1910
~5§ =25 25 418 125 =15 -25 25 75 +325+150 $ 10 15 20 25 30 35 &0
TEMPERATURE,*C TEMPERATURE, °C vsurrty. v
100kHz Nonlinearity Error, Nonlinearity Error, LM131 Input Current (Pins 6, 7) vs
LM 131 Family {Figure 4} (Figure 1} Temperature
200
+0.04 0.4
* .03 : # 4003 130
g H 3 I
g ou 7 2) % : S om
£ «wn £ o /' E NG
> > vy M
F —3 = 0 i E 50 1
2= an o~ L~ € on - - 3 TN‘
z 2 -, 2 )
3 ~0.02 g -0.02 E |t 1gs
2 -m S - 50
-0.0% -0.04
0 M 40 §$ 0 100 120 L L 4 § L} w12 -5 ~25 +25 15 +125 <150
FREQUEMCY, btz FREQUENCY, khz TEMPERATURE,*C
Output Saturation Voltage vs Nonl ity Error, P
Power Drsin vs VSUPPLY 10UT (Pin 3} F-to-V Converter (Figure 6)
. : 12 1]
28 i § 004
‘4 425°€Y 24 -85°C ! 250 ol L
-55°C oo 2 / S «0.02 MAXIMUM
3 ol > Ean
< -
£ =) N 5 = 9
2 P Moz g1 e
2 12 = -0.01
£ on
0 £
1 2 -00
i 84 008
] o .
$ W 15 26 2% 30 35 an 40 50 ] 2 4 5 s w1
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Typical Applications (Continaeo)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER

The LM131 is a monolithic circuit designed for accuracy
and versatile operation when applied as a voltage-to-
frequency (V-to-F} converter or as a frequency-to-
voltage (F-10-V} converter. A simplified block diagram
of the LM131 is shown in Figure 2 and consists of a
switehed current source, input comparator, and 1-shot
timer.

The operation of these blocks is best understood by
going through the operating cycle of the basic V-t0-F
converter, Figure 2, which consists of the simplified
block diagram of the LM131 and the various resistors
and capacitors connected to it.

The voltage comparator compares a positive input
voltage, V1, at pin 7 to the voltage, Vx, at pin 6. It V1 is
greater, the comparator will trigger the 1-shot timer. The
output of the timer will turn ON both the frequency
output transistor and the switched current source for a
period t = 1.1 RyCy. During this period, the current i
will flow out of the switched current source and provide
a fixed amount of charge, Q = i x t, into the capacitor,
CL. This will normally charge Vy up 10 @ higher level
than V1. At the end of the timing period, the current
i will turn OFF, and the umer will reset itself.

Now there is no current flowing from pin 1, and the
capacitor C will be gradually discharged by Ry until
Vy falls to the level of V1. Then the comparator will
trigger the timer and start another cycle.

The current flowing into C| is exactly IAVE = i x
{1.1 x R{Cy) x f, and the current flowing out of C_ is
exactly Vy/RL = ViN/Rp. If V|N is doubled, the fre-
quency will double to maintain this balance. Even a
simple V-to-F converter can provide a frequency pre-
cisely proportional 1o its input voltage over a wide
range of frequencies.

0 ) :
§ . l(_j.
s VWA— |

) SWITCAED
CURRENT
SouACL

Yoot

— e - e afn = w—— aay

outrul

iyt

COMPARATOS: oxe sual

TIMER

FIGURE 2. Simplified Block Diagram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
External Components

TRECUENGY

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE 1a)

The block diagram shows a band gap reference which
provides a stable 1.9 Vp¢ output. This 1.9 Vp( is well
regulated over a Vg range of 3.9V to 40V. It also has a
flat, low temperature coetficient, and typically changes
less than 1/2% over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 10
be at 1.9V, and causes a current i = 1.90V/Rg to flow.
For Rg = 14k,i= 135 uA.The precision current reflector
provides a current equal 10 i 1o the current switch, The
current switch switches the current to pin 1 or 1o
ground depending on the state of the Rg flip-tlop.

The timing function consists of an Rg flip-flop, and 3
timer comparator connected 10 the external RCy
network. When the input comparator detects a voltage
at pin 7 higher than pin 6, it sets the Rg flip-flop which
wrns ON the current switch and the output driver
transistor. When the voltage at pin 5 rises to 2/3 VcCC,
the timer comparator causes the Rg flip-flop to reset.
The reset transistor is then turned ON and the current
switch is turned OFF.

However, if the input comparator still detects pin 7
higher than pin 6 when pin 5 crosses 2/3 V¢, the
flip-flop will not be reset, and the current a1 pin 1 will
continue to flow, in its attempt to make the voltage at
pin 6 higher than pin 7. This condition will usually
apply under start-up conditions or in the case of an
overload voltage at signal input. It should be noted that
during this sort of overload, the output frequency will
be Q: as soon as the signal is restored to 1he working
range, the output frequency will be resumed.

A
The output driver transistor acts to saturate pin 3 with
an ON resistance of about 500, In case of overvoltage,
the output current is actively limited to less than 50 mA.

The voltage at pin 2 is regulated at 1.90 Vpc for all
values of i between 10 A 1o 500 gA. ftcan be used as a
voltage reference for other components, but care must
be taken to ensure that current is not taken from it
which could reduce the accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONVERTER (FIGURE 1)

The simple stand-alone V-1o-F converter shown in
Figure 1 includes all the basic circuitry of Figure 2
plus a few components for improved performance.

A resistor, Ry = 100 k© 210%, has been added in the
path to pin 7, so that the bias current at pin 7 (-80 nA
typical) will cancel the effect of the bias current at pin 6
and help provide minimum {requency offset.

The resistance Rg at pin 2 is made up of a 12 k{2 fixed
resistor plus a 5 KQ (cermet, preferably) gain adjust
rheostat. The function of this adjustment is 10 1nm out
the gain tolerance of the LM131, and the tolerance of
R{. RL and Cy. For best results, all the components

8-255 °
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LM131A/LM131,
LM231A/LM231, LM331A/LM33t1

Typical Applications continuea)

should be stable low-temperature-coefficient compon-
ents, such as metal-film resistors. The capacitor should
have low dielectric absorption; depending on the temper-
ature characteristics desired, NPO ceramic, polystyrene,
Teflon® or polypropylene are best suited.

A capacitor is added from pin 7 to ground to act as a
filter for VIN. A value of 0.01 uF 1o 0.1 uF will be
adequate in most cases; however, in cases where better
filtering is required, a 1 uF capacitor can be used. When
the RC time constants are matched at pin 6 and pin 7,
a voltage step at VN will cause a step change in fQoUT.
If CiN is much less than Cy, a step at VN may cause
fouT to stop momentarily.

A 4752 resistor, in series with the 1 uF C|, is added to
give hysteresis effect which helps the input comparator
provide the excellent linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE 3)

In this circuit, integration is performed by using a con-
ventional operational amplifier and feedback capacitor,
CF. When the integrator’s output crosses the nominal
threshold level at pin 6 of the LM131, the timing cycle is

* Registered trademark of DuPont

initiated. The average current fed into the op amp’s
summing point (pin 2} is i x (1.1 RCy} x t which is
perfectly balanced with —V|N/RyN. In this circuit, the
voltage offset of the LM131 input comparator does not
affect the offset or accuracy of the V-to-F converter as
it does in the stand-alone V-to-F converter, nor does the
LM131 bias current or offset current. Instead, the offset
voltage and offset current of the operational ampiifier
are the only limits on how small the signal can be
accurately converted. Since op amps with voltage offset
well below 1 mV and offset currents well below 2 nA
are available at low cost, this circuit is recommended for
best accuracy for small signals. This circuit also responds
immediately to any change of input signal (which a
stand-alone circuit does not) so that the output fre-
quency will be an accurate representation of Vip, as
quickly as 2 output pulses’ spacing can be measured,

In the precision mode, excellent linearity is obtained
because the current source (pin 1) is always at ground
potential and that voltage does not vary with VN or
fouT. (in the stand-alone V-to-F converter, a major
cause of non-linearity is the output impedance at pin 1
which causes i to change as a function of ViN).

The circuit of Figure 4 operates in the same way as
Figure 3, but with the necessary changes for high speed
operation.

i
Vs
b B
104 2 108 10 -10%* = 4 s e
Cy
5 0.01,F°
6 5 1/
¥ 10 1 \ _L
v =
. L 'LOGIC
3 oyt
Wik
! FULLSCALE
; l
Lt F¥
.008 .F W
MYLAR
Viy ]
10V m———AAA~ 1
FULL SCALE
-Viy R g
touy - N 38 1

4y 1008 2905

Vs

OPTIONAL
QFFSEYT ADJUST
200 70 W —

105V Ry RiGy
[

Vs
?
4

Z wam

*Use stable components with low temperature coefficients. See Typicat Applications section.
* *This resistor can be 5k or 10k for Vg = 8V 10 22V, but must be 10k for Vg = 4.5V 108V,
***Use low offset voltage and low offset current op amps for Al: recommended types LM108, LM308A, LF3518

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage-to-Frequency Converter
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Typical Applications (Conunued

- -

DETAILS OF OPERATION, FRE’aUENCY-TO-
VOLTAGE CONVERTERS (FIGURES 5 AND 6)

In these applications, a pulse input at fiN is ditferen-
tiated by a C-R network and the negative-going edge at
pin 6 causes the input comparator 10 trigger the timer
circuit. Just as with a V-to-F converter, the average
catrent flowing out of pin 1 is JAVERAGE ® i x
“.1 R(C() xf.

In the simple circuit of Figure 5, this current is filtered
in the network R = 100 k€2 and 1 uF. The ripple will

with a 0.1 second time constant, and settling of 0.7 sec-
ond 1o 0.1% accuracy.

in the precision circuit, an operational amplifier provides a
butfered output and also acts as a 2-pole filter. The ripple
will be less than 6 mV peak for all frequencies above
1 kHz, and the response time will be much quicker than
in Figure §.However, {or input frequencies below 200 Hez, -
this circuit will have worse ripple than Figure 5. The
engineering of the filter time-constants 1o get adequate
response and small enough ripple simply requires a study
of the compromjses 1o be made. Inherently, V-to-F

* converter fresponse can be fast, but F-1o-V response

be less than 10 mV peak, but the response will be slow, can not.
Vs
L3
10e O (19334
—AAA
VA~
€y
L 2100F *
L -
w )
wan s vipee <
3 toy1
7 1008y
FuLL SCALE
4
 ~— >
= 2mn
1) <
e Ry ooF
Vin o140 T
FULL $EALE
L nencs
. L
OPTIONAL &3
OFFSET ADIUST
0 7O 1M —

*Use stable components with low temperature coetficients.
See Typical Applications section. .
« *This resistor can be 5k or 10k for Vg = 8V to 22V,
but must be 10 kN for Vg = 4.5V 10 8v.

s s se low offset voltage and 10

w offset current op amps for A1

lecommended'lvpes LF3518 or LF356.

FIGURE 4. Precision Voltage-to-Frequency Converter,
300 kHz Full-Scale, £0.03% Non-Linearity
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*Use stable components with low temperature coefficients.

FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scale, *0.06% Non-Linearity
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*Use stable components with low temperature coefficients.

FIGURE 6. Precision Frequency-to-Voitage Converter,
10 kHz Full-Scale with 2-Pole Fiter, =0.01%
Non-Linearity Maximum

8-257

‘ISZINTIVIEZWT

™

LESINT/IVIEEWT



LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Applications (continued)

Light Intensity to Frequency Converter

ETALRIY
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< in
1
3 oyt .3
- o
A
LN 2 vbLscet
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L
00018 R 0 o Rhaata]
.

*L14F-1, L14G-1 or L14H-1, photo transistor {General Electric Co.} or simitar

Temperature to Frequency Converter
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Typical Applications (continuea)
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Applications (continued)

Voltage-to-Frequehcy Converter with Isolators

s
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Connection Diagrams
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National
Semiconductor

Industrial Blocks

L M135/LM235/LM335, LM135A/LM235A/LM335A.
Precision Temperature Sensors

General Description

The ‘LM135 series are precision, easily-calibrated, inte-
grated circuit tlemperature sensors. Operating as a
2-terminal zener, the LM135 has a breakdown voltage
directly proportional to absolute temperature at +10 mV/
°K. With less than 192 dynamic impedance the device
operates over a current range of 400 uA 10 5 mA with
virtually no change in performance. When calibrated
at 25°C the LM135 has typically less than 1°C error
over a 100°C temperature range. Unlike other sensors

to +125°C temperature range. The LM335 operates
from —40°C to +100°C. The LM135/LM235/LM335
are available packaged in hermetic TO-46 transistor
packages while the LM335 is also available in plastic
TO-92 packages.

Features

the LM135 has a linear output. » Directly calibrated in “Kelvin
-2 . el .

Applications for the LM135 include almost any type of ® 1°Cinitial accuracy available
temperature sensing over a —55°C 1o +150°C temper- ® Operates from 400 uA 10 5 mA
ature range. The low impedance and linear output 8 Less than 12 dynamic impedance
make interfacing to readout or control circuitry espe- ® Easily calibrated
cially easy. s Wide operating temperature range
The LM135 operates over a —55°C to +150°C temper- = 200°C overrange
ature range while the LM235 operates over a ~40°C ® Low cost
Schematic Diagram

“
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Typical Applications

Basic Temperature Sensor

Calibrated Sensor

Wide Qgperating Supply

v v [
< '
A1 < B
(L33
ouTPUT OUTPUT 1O MV K
Wmv K “
[y =SS TN
s . ts e outryy
ALE AN 3
-
= ’iF s
* Calibrate for 2.982V 81 25°C =
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Absolute Maximum
Reverse Current
Forward Current
Storage Temperature
TO-46 Package
TO-92 Package

Ratings

15 mA
10mA

—60°C to +180°C
—60°C to +150°C

Specified Operating Temperature Range

Continuous

LM135, LM135A
LM235, LM235A
LM335, LM335A

—55
-40
~49

Lead Temperature {Soldering, 10 seconds)

Temperature Accuracy Lm13s/LM235, LM135A/LM235A {Note 1)

°C to +150°C
°C 10 +125°C
°C 1o +100°C

Intermittent (Note 2)
150°C 10 200°C
125°C t0 150°C
100°C 10 125°C

300°C

'LM135/LM235/LM335, LM135A/LM235A/LM335A

LMI135A/LM235A LM135/LM235
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Operating Output Voltage Tc= 25°C, IR=1mA 297 2.98 2.99 285 2.98 3.01 \
Uncalibrated Temperature Error | Tg = 25°C, Ig= 1 mA 085 1 1 3 °c
Uncalibrated Temperature Error | TN <Tc <TMaX. IR =1 mA 1.3 237 2 5 °c
Temperature Error with 25°C TMIN< Tc <TmAX. IR = 1 mA 0.3 1 0.5 1.5 °c
Calibration
Calibrated Error at Extended Te = Timax (Intermittent) 2 2 °c
Temperatures
Non-Linearity IR =1mA 0.3 0.5 0.3 1 °c
Temperature Accuracy tm3ss. Lm33s5A (Noe 1)
PARAMETER CONDITIONS L0350 L§335 UNITS
MIN TYP | MAX MIN TYP MAX
Operating Output Voliage Tc=25°C, I‘R‘= 1mA 2.95 2.98 3.0 292 2.98 3.04 v
Uncalibrated Temperature Error | Tc = 25°C, IR = 1 mA 1 3 2 6 °c
Uncalibrated Temperature Error | TMiN<Tec < TmAX./g=1mA 2 5 4 9 °c
Temperature Error with 25°C TMIN<Tc<Tmax.Ig=1mA & 0.5 1 1 2 ‘c
Calibration .
Calibrated Error at Extended Tc = TmaX (Intermittent) 2 2 °C
Temperatures
Non-Linearity IR=1mA 0.3 15 0.3 15 ‘c
Electrical Characteristics ot 1)
LM135/LM235 LM335
PARAMETER CONDITIONS LM135A/LM235A LM335A UNITS
MIN TYP MAX MIN TYP MAX
Operating Output Voltage 400 uA< IR < SmA 25 10 3 14 mV
- Change with Current At Constant Temperature
Dynamic Impedance tR=1mA 0.5 0.6 1Y
Output Voliage Temperature +10 +10 mv/ C
Drift
Time Constant Still Air 80 80 sec
100 ft/Min Air 10 10 sec
. Stirred Oil 1 1 sec
Time Stability Tc=125°C 0.2 0.2 ‘C/nhe

Note 1: Accuracy measurements are made in 8 well-stirred oi! bath. For other conditions,

self heating must be considered.

Note 2: Continuous operation 8t these temperatures for 10,000 hours for H package and 5,000 hours for Z package may decrease life expect:

ancy of the device.
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Reverse Voltage Change
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Typical Performance Characteristics
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LM135/LM235/LM335, LNM135A/LM235A/LM335A

Application Hints
CALIBRATING THE LM135

Included on the LM135 chip is an easy method of
calibrating the device for ﬁigher accuracies. A pot
connected across the LM135 with the arm tied to the
adjustment terminal allows a 1-point calibration of the
sensor that corrects for inaccuracy over the full tem-
perature range.

This single point calibration works because the output
of the LM135 is proportional to absolute temperature
with the extrapolated output of sensor going to OV
output at 0°K {~273.16°C). Errors in output voltage
versus temperature are only slope (or scale factor)
so a slope calibration at one temperature corrects at
all temperatures.

The output of the device (calibrated or uncalibrated)
can be expressed as:

T

VouTt = VouTT * —
T VOUTT, T

where T is the unknown temperature and Tq is a ref-
erence temperature, both expressed in degrees Kelvin.
By calibrating the output to read correctly at one

Typical Applications continueq)

Minimum Temperature Sensing

15v 15V

T T .
& ¥ 0mv K : Ave BReVIK)
4 -
E R YU l]L 1M333 1338

LS

LMI3s

Average Temperature Sensing

temperature the output at all temperatures is correct.
Nominally the output is calibrated at 10 mV/ K.

To insure good sensing accuracy several precautions
must be taken. Like any temperature sensing device,
self heating can reduce accuracy. The LM135 should
be operated at the lowest current suitable for the ap-
plication. Sufficient current, of course, must be avail-
able to drive both the sensor and the calibration pot
at the maximum operating temperature.

If the sensor is used in an ambient where the thermal
resistance is constant, self heating errors can be cal-
ibrated out. This is possible if the device is run with
a temperature stable current. Heating will then be pro-
portional to zener voltage and therefore temperature.
This makes the self heating error proportional to ab-
solute temperature the same as scale factor errors.

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such as
manufactured by Raychem can be used 10 make low-
cost waterproof sensors. The LM335 is inserted into
the tubing about 1/2” from the end and the tubing
heated above the melting point of the core. The un-
filled 1/2" end melts and provides a seal over the device.

Remote Temperature Sensing

ouTeuT

LM33s

Wire length for 1° C error due 10 wire drop

Ir = 1mA iR =0.5mA
K AWG FEET FEET
14 4000 8000
16 2500 5000
18 1600 3200
20 1000 2000
22 625 1250
24 400 800

Isolated Temperature Sensor

M35

"y 15V
A4 Av
SAAAT gourns DVuF

4258 -0007

ouTPUT
1B mv/ K

e 9-28



Typical Appiications (continued)

Simpie Temperature Controller
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L wox Y o
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. * Adijust R2 for 2.5654V across LM336.

Adjust R1 for correct output.

SET
TEMPERATURE

Grouncj Referred Fahfenheit Thermometer
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* Adjust for 2.73V st output of LM308
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*To calibrate adjust R2 for 2.554V across LM336.
Adjust R1 for correct output.
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LM135/LM235/LM335, LM135A/LM235A/LM335A

—_——
Typical Applications (continuea)
THERMOCOUPLE COLD JUNCTION COMPENSATION
A
Compensation for Grounded Thermocouple
Y
*Select R3 for proper thermocouple type
o THERMO- . SEEBECK
COUPLE COEFFICIENT
A 3 ana 523 uV/'C
- T 3080 428 u.V/'C
\sazse R S e AAA AAA 3 2930 408.v/ C
mi. M ] s 4580 6.4,V/'C
w - Adjustments: Compensates for both sensor and resistor toler-
| ances
= i e . 1. Short LM3298B

LMI3S > 104 e - 2. Adjust R1 for Seebeck Coefficient times ambient temper-

.5 - - . ature {in degrees K) across R3
MV 1 METER 3. Short LM335 and adjust R2 tor voltage across R3 corre-

LE sponding to thermocouple type
12 J 1432 mVv K 1117 mV
= T  1.79mv S 1.768mv

=15V

Single Power Supply Cold Junction Compensation

15V

0
“Select R3 and R4 for thermocouple type
THERMO- SEEBECK
THERMOCOUPLE COUPLE R3 R4 COEFFICIENT
L4328 J 1.05K 3850 52.3uV/C
T 8560 3150 a28uVrC
K Bi16St 3000 408 pV/°C
= s 1284 46.30 64uv/C
Adjustments®

=
<

1. Adjust R1 for the voltage across R3 equal 10 the Seebeck
Coefficient times ambient temperature in degrees Kelvin,

N 2. Adjust R2 lor vottage across R4 corresponding to thermo-
couple
2% ouTPUt ) 1432mv K 1117 mv
B \ T 11.79 mv § 1768mv

Lu32es [ 4

|ll—>}—1—w—0
2
1
<
g2
Vi
g ~

L AAA
—V

Centigrade Calibrated Thermotouple Thermometer

wn 7N
" " 4
AAA e —AAA v
- A LM33% e
119 1 ji i Ximity
L v DA n ] Terminate thermocouple reference junction in close proxs
vy AL 1o LM335.

AAA
—

-5y £ Adjustments:

1. Apply signal in place of thermocoupte and adjust R3 for 3
gain of 2457,

2. Shqrt non-inverting input of LM30BA and outpul of
LM3298 10 ground.

3. Adjust R1so that VQuT = 2.982V ® 25°C.

4, Remove short across LA3298 and adjust R2 so that VQUT *
246 mVv @ 25°C.

5. Remove short across thermocouple,

Z

&
-

Voys > 10mv/ C
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Typical Applications (continuea)

Fast Charger for Nickei-Cadmium Batteries

e

at 100°C

*»
1
Differential Temperature Sensor l
1% }— stanT
> .
o Im
1 1 b b3
1 $ PR
ETE
= i < CAL
[T N umsf_’;» m
A
L
LMI3S:
THEAMALLY COUPLE N omm —m —— —— e o e —
- v -12v
TAd.un D1 to 50 mV greater V2 than D2.
Charge terminates on 5°C temperature rise. Couple D2 10 battery. =
Differential Temperatur'e Sensor Variable Offset Thermometert
15V 4. "w " w
— AN cLosk l
< <
e > 12k
¢ b3 18V
w 20 1
A~ y 1 L
L] ouTPUT
- A L300 100 MV C 100 mv/ €
AAA- £
'
| ]
<
g v
Ao R L 100 oF
< oo
i» 2E80
d "
| -
= ‘llnll
0 IuRNS §
)’
/{, (e
* |’ L
TAdjun for zero with sensor at 0°C and 10T pot set at 0°C :: ™
' * Adjust for zero output with 10T pot set a1 100°C and sensor

IOutput reads difference between temperature and dial setting

of 10T pot

Ground Referred Centigrade Thermometer

ouTRuT

hav’C

Air Flow Detector*

AH

___ OUTPUT-HICH
WITH ALR FLOW

Y-
TRIF POINT 1’
ADJUSY ‘L

M35

* Self heating is used to detect air flow
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LM135/LM235/1.M335, LM135A/LM235A/LM335A

Definition of Terms

Operating Qutput Voltage: The voltage appearing across
the positive and negative terminals of the device at spec-
ified conditions of operating temperature and current.

Uncalibrated Temperature Error: The error between
the operating output voltage at 10 mV/K and case

temperature at specified conditions of current and
case temperature,

Connection Diagrams

T0-92
Plastic Package

0TTOM VIEW

_Order Number LM335Z
or LM335AZ
See NS Package ZO3A

Calibrated Temperature Error: The error between oper-
ating output voltage and case temperature at 10 mv/K
over a temperature range at a specified operating current
with the 25°C error adjusted to zero.

TO-46
Metal Can Package®

BOTTOM VIEW

*® Case is connected to negstive pin

Order Number LM135H,
LM235H, LM335H, LM135AH,
LM235AH or LM335AH
Seoo NS Package HO3H
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V.2 National
Semiconductor

Industrial Blocks

LIM566/LM566C Voltage Controlled Oscillator

General Description

The LM566/LMS66C are general purpose voltage
controlied oscillators which may be used to gener-
ate square and triangular waves, the frequency of
which is a very linear function of a control volt-
age. The frequency is also a function of an external
resistor and capacitor.

The LMS66 is specified for operation over the
-55°C 10 +125°C military temperature range. The
LMS66C is specified for operation over the 0°C
to +70°C temperature range.

Features

8 Wide supply voltage range: 10 to 24 volts
® Very linear modulation characteristics

High temperature stability
Excellent supply voltage rejection
10 to 1 frequency range with fixed capacitor

Frequency programmable by means of current,
voltage, resistor or capacitor.

Applications

s FM modulation

Signal generation
Functior: generation
Frequency shift keying
Tone generation

Schematic and Connection Diagrams

N T s v
.t eveee  gmat lee Y

i

LH

resanrs
et
[t

£

Typical Application

1 kHz and 10 kHz TTL Compatible
Voltage Controlled Oscitlator

[

6RO} f—1 v,

12— m femae 7 Tiaing APATITON
F-
SOUARE WAVE L

outeLy Traaiat MERISION

<l
mact 1 .

nAvE outrUT

-

BODULATION
wt

Tor vikw

Order Number LMSG6CN
See NS Package NOBB

Applications Information

"The LM566 may be operated from either a single supply

as shown in this test circuit, or from a split (z) power
supply. When operating from a split supply, the square
wave output {pin 4} is TTL compatible {2 mA current
sink) with the addition of 8 4.7 kR resistor from pin 3 10
ground.

A 001 uF capacitor is connected between pins 5 and 6
to prevent parasitic oscillations that may occur during
VCO switching.
2V = gl
R,C,V°

io»
where

2K < R, <20K
and \/5 is voltage between pin § and pin 1

947
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LM566/LM566C

Absolute Maximum Ratings

Power Supply Voltage
Power Dissipation {Note 1)
Operating Temperature Range

LM566
LM566C

Lead Temperature {Soidering, 10 sec)

26V
300 mw
-55°C 10 +125°C

0°C1070°C
300°C

Electrical Characteristics vcc=12v, T4 = 25°C, AC Test Circuit

. LM566 LM566C
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Maximum Operating Frequency | RO = 2k 1 1 MHz
CO =27 pF
Input Voltage Range Pin § 3/avee Vee |3/ Vee vVee
Average Temperature Coefficient 100 200 ppm/°C
of Operating Frequency
Supply Voltage Rejection 10~ 20V 0.1 1 0.1 2 iV
Input Impedance Pin 5 0.5 1 0.5 1 MQ
VCO Sensitivity For Pin 5, From 6.4 6.6 6.8 6.0 6.6 7.2 kHz/V
8-10V, fg = 10 kHz
FM Distortion +10% Deviation 0.2 0.76 0.2 1.5 %
Maximum Sweep Rate 800 1 500 1 MH2
Sweep Range | 10:1 10:1
Quiput Impedance
Pin 3 50 - 50 Q
Pin 4 - 50 50 Q
Square Wave Qutput Level Ry =10k 5.0 5.4 5.0 54 Vp-p
]
Triangle Wave Output Levet! Ry2=10k 20 24 2.0 24 Vp-p
Square Wave Duty Cycle 45 50 55 40 50 60 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time S0 50 ns
Triangle Wave Linearity i +1V Segment at 0.2 0.75 0.5 1 %
2vee

Note 1: The maximum junction temperature of the LM566 is 150°C, while that of the LM566C
15 100°C. For operating at elevated junction temperatuses, devices in the TO-5 pachage must be
derated based on a thermal resistance of 150°C/W. The thermal resistance of the dual-in-line package

is 100°C/W,
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Typical Performance Characteristics
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LM567/LM567C

National
Semiconductor

Industrial Blocks

LM567/LLM567C Tone Decoder

General Description

The LM567 and LM567C are general purpose tone
decoders designed to provide a saturated transistor
switch to ground when an input signal is present
within the passband. The circuit consists of an {
and Q detector driven by a voltage controlled
oscillator which determines the center frequency
of the decoder. External components are used to
independently set center frequency, bandwidth
and output delay.

Features

® 2010 1 frequency range with an external resistor

® Logic compatible output with 100 mA current
sinking capability

# Bandwidth adjustable from 0 to 14%

High rejection of out of band signals and noise
Immunity to false signals
Highly stable center frequency

Center frequency adjustable from 0.01 Hz to
500 kHz

Applications

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodutation
Uttrasonic controls

Carrier current remote controls
Communications paging decoders

Schematic and Connection Diagrams

Metal Can Package

ourru)

O,

L. Torvite

Order Number LMS67H or LM567CH
See NS Package HOBC

Dual-in-Line Package
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197 wiin

Ocder Number LMS67CN
Soe NS Package NOBB




Absolute Maximum Ratings

Supply Voitage Pin 10V
Power Dissipation (Note 1) 300 mW
Vg 15V
Vi -0V
Vi Vg + 0.5V

Storage Temperature Range -65°C to +150°C

Electrical Characteristics crecrcun. 1,25 ve - 5w

: LMS87 LMS67C/LMSEICN
PARAMETERS CONDITIONS MIN TV MAX WIN VP MAX UNITS
Power Suppiy Voltage Range 4.7% 50 8.0 4.75 5.0 8.0 v
Power Supply Current Ry = 20x
Qusescent 6 8 ? 10 mA
Power Supply Curtent R~ 20k
Actwvated n 13 12 15 mA
Input Resistance 18 20 22 15 20 25 3¢S
Semallest Detectable Input Voltage I =100 mA, {,=1, 1 20 25 20 25 mvrems
Lasgest No Output input Voltage 1= 100 mA, 1, I, 10 15 10 1% mVrimy
Largest Simuttaneous Outband sigml 10 Inband Signal Ratio 6 6 aB
Miimum input Signal to Wideband Noise Ratio B8, ” 140 kH: -6 -6 aB
Largest Detection Bandwidth ) 12 14 16 10 1 18 %oty
Largest Detection Bandwidth Skew = v ¥ 1 2 2 3 %ofl,
Largest Detection Bandwidth Variation with Temperature 201 0.25 200 05 %*C
Largest Detection Bandwidth Variation with Supply Voltage 4.75V - 6.75V 21 12 21 25 %V
Highest Center Frequency " 100 500 100 500 rH2
Center Frequency Stability ! 0<TL<70 352 60 35360 ppm/ C
-85 < Ty <4125 ° 352 340 352140 ppm/C
Ceniter Frequency Shift with Supply Voluage ) 4,75V -~ 6,75V 05 1.0 0.4 20 %V
Fastest ON-OFF Cycling Rate 1,720 1,720
Output Leakage Current Vg ® 15V 0.01 2% o.01 25 uA
Output Saturation Volage e, 25mV, 02 04 02 . 0.4 v
iy = 30mA
¢, 26mV, 0.6 1.0 0.6 1.0
Ig = 100 mA
Output Fali Time 30 30 ns
Output Rise Tume 150 150 ns

Note 1: The maximum junction temperature of the LM567 is 150°C, while that of the LM567C and LM567CN is 100°C.
For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of
I§O°CIW, junction 10 ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal

resistance of 187°C/W, junction to ambient,
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LM567/LM567C

»

Typical Performance Characteristics
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1o Cy — (H2 uF}
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Typical Applications

Touch-Tone Decoder
Osciliator with Quadrature Output
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Y - o, Oscitlator with Double Frequency Output
b 1 ] M
ne L Dot
-.—.-.o-‘l(_q ¥?2 . — ::::::

H ! / a 4]

TTT :
1 Precision Oscillator Drive 100 mA Loads
’;? ? ’ Componant wives {1yp}
I S KTRETY
a2 &N
P 3
d oAb
- €2 1omiesy . B
TTT T ‘4 tweew | TT
AC Test Circuit Applications Information

The center frequency of the tone decoder is equal ! e i?!

to the free running frequency of the VCO. This is

given by
c1 fo = ___._._1
zu Tmu ° =73R,C,

The bandwidth of the filter may be found from
the approximation

1 2 3 a

_j’_l I Y Mo

o) o0s] o E BW = 1070 f.Ca in % of {,
TI l ‘ = -

= SIGNAL <8V Where:
INPUT
€< 100 k2 o8V N V; = Input voltage {volts tms}, V; < 200 mV

*Noe: Agust fat 1o * 100 bnz.

C, = Capacitance at Pin 2 (#F)
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LM2907, LM2917 Frequency to Voltage Converter

General Description

The LM2807, LM2817 series are monolithic frequency
to voltage converters with a high gain op amp/compara-
tor designed to operate a relay, lamp, or other load when
the input frequency reaches or exceeds a selected rate.
The tachometer uses a charge pump technique and
offers frequency doubling for low ripple, full input
protection in two versions (LM2907-8,- LM2917-8}
and its output swings to ground for a zero frequency
input.

Advantages

s Output swings to ground for zero frequency input
8 Easy to use; Vou:r =fn xVeexR1xCY

® Only one RC network provides frequency doubling
»

Zener regulator on chip allows accurate and stable
frequency to voltage orcurrent conversion. (LM2917)

Features

m Ground referenced tachometer input interfaces
directly with variable reluctance magnetic pickups
®» Op amp/comparator has floating transistor output

® 50 mA sink or source to operate relays, solenoids,
meters, or LEDs

8 Frequency doubling for. low ripple

8 Tachometer has built-in hysteresis with either differ-
ential input or ground referenced input

= Built-in zener on LM29817

8 $0.3% linearity typical

& Ground referenced tachometer is fully protected

from damage due to swings above Vec and below
ground

Applications

@ Qver/under speed sensing

® Frequency to voltage conversion (tachometer)
8 Speedometers

m Breaker point dwell meters

8 Hand-held tachometer

a Speed governors

& Cruise control

s Automotive door lock control
& Clutch control

® Horn control

& Touch or sound switches

Block and Connection Diagrams Dual-In-Line Packages, Top Views

v
) s

CHARGE

rumr

N ~
Order Number LM2907N-8
- See NS Package NO8SB

D 1 3 0 3 ' 7
! T ]
Order Number LM2807J
Seu NS Package J14A

Order Number LM2507N
Ses NS Package N14A

] l7 & 3

1 &5
Sr [k

1 lr ]: .
Order Number LM2317N-8
See NS Package NOBB

Lo
+

Order Numbaer LM28174
See NS Puckage J14A
Order Number LM2917N
See« NS Package N14A
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LM2907, LM2917

Absolute Maximum Ratings ot 1 )

Supply Voltage 28v input Voltage Range

Supply Current {Zener Options) 25 mA Tachometer LN2907-8, LM2917-8 228V
Cotlector Voltage 28v LM2907, LM2917 0.0V to +28v
Differential Input Voltage Op Amp/Comparator 0.0V 10 +28v
Tachometer 28v Power Dissipation 500 mw
Op Amp/Comparator 28V Operating Temperature Range —40°C 10 +85°C
Storage Temperature Range —65°C 10 +150°C

Lead Temperaturs (Soldering, 10 seconds) 300°C

Electrical Characteristics v = 12 vpc. Ta = 25°C. see test circuit

PARAMETER | CONDITIONS T mn | 7ve [ max | uwits
TACHOMETER
Input Thresholds Vin = 250 mVp-p @ 1 kHz {Note 2} *10 15 *40 mv
Hysteresis V\n = 250 mVp-p @ 1 kHz (Note 2) 30 mv
Offser Voltage Vin = 250 mVp-p @ 1 kHz (Note 2)
LM2807/LM2917 35 10 mvV
LM2907-8/LM2917-8 5 15 mvV
input Bias Current Vin =250 mVpe 0.1 1 pA
Von Vin =+125 mV e (Note 3} 8.3
Pin 2
oL Vin =125 mV e (Note 3} 23
Output Current; 15, I3 V2=V3=6.0V (Note d] 140 180 240 BA
Leakage Current; I3 12=0,V3=0 0.1 KA
Gain Constant, K (ld\_lg’t-g}') . 0.9 1.0 1.1
Linearity fin = 1 kHz, 5 kHz, 10 kHz, (Note 5) -1.0 0.3 +1.0 %
OP/AMP COMPARATOR
Vos Vin = 6.0V 3 10 mv
laias Vin = 6.0V 50 500 nA
Input Common-Mode Voltage 0 Vee™1.8V v
Voltage Gain ' 200 vimV
Output Sink Cusrent Ve =1.0 40 50 mA
Output Source Current Vg =Vee — 2.0 10 mA
Saturation Voliage Isink = 5 mA \ 0.1 0.5 v
lsink = 20 MA 1.0 v
lsink = 50 mA 1.0 1.5 \
ZENER REGULATOR
" Regulator Violtage Ronros = 4700 7.56 v
Series Resistance 108 15 Q
Temperature Stability +1 mv/°C
TOTAL SUPPLY CURRENT 3.8 6 mA

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperatuse and 8
therma! resistance of 175°C/W junction 10 ambient {or package 22 and 16 or a thermal resistance of 187° C/W junction to ambient for package 20.
Note 2: Hysteresis is the sum +V1H—(=VT)q), offset voltage is their difference. See test circuit.

Note 3: Vo is equal 10 3/4 x Vgc — 1 Vg, VOL is equal to 1/4 x Ve — 1 Vgg therefore Vo — VoL = Vee/2. The difference, Vo —
VL. and the mirror g8in, 12/13, are the twe tactors that cause the tachometer gain constant to vary from 1.0,

Note 4: Be sure when choosing the time constant R1 x C1 that R1 is such that the maximum snticipated output voitage at pin 3 can be reached
with 13 x R1. The maximum value for R1s limited by the output resistance of pin 3 which is greater than 10 M2 typicaily.

Note 5: Noniinearity is defined as the deviation of Vg, (@ pin 3) for {15y = 5 kHz from a straight line detined by the VouT @ 1 kHz and VouT
@ 10 kHz. C1 = 1000 pF, R1 = 68k and C2 = 0.22 mFd.

i
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Typical Performance Characteristics

Total Supply Current
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LM2907, LM2917

Typical Performance Characteristics (Continued)

OCUTPUT LINEARITY ERARDR (%) QUTPUT LINCARITY ERROR (%)
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General Description (continueq)

The op amp/comparator is fully compatible with the
tachometer and has a floating transistor as its output.
This feature allows either a ground or supply referred
load of up to 50 mA. The collector may be taken above
Vee up to a maximum Ve of 28V.

The two basic configurations offered include an 8-pin
device with a ground referenced tachometer input and
an internal connection between the tachometer output
and the op amp non-inverting input. This version is
well suited for §ingle speed or frequency switching or
fully buffered frequency 1o voltage conversion
applications.

Test Circuit and Waveform

TACHOMETER 1
NPyt ' l Saias tamex l
! o 2)
1
)
i
TACHOMETER | 07 AMP
SECTION ' SECTION
[}
]
[}
CHARGE H
rPumr 1
i
1
]
]
[]
-
N
i

cL [ ‘l' e (L [+
TACHOMETER T l...s! 'munctl
nPuT

1T

Applications Information

The LM2907 series of tachometer circuits is designed
for minimum external part count applications and
maximum versatility. In order to fully exploit its
features and advantages let's examine its theory of
operation. The first stage of operation is a differential
amplifier driving a positive feedback flip-flop circuit.
The input threshold voltage is the amount of differen-
tial input voltage at which the output of this stage
changes stste, Two options (LM2807-8, LM2917-8}
have one input internally grounded so that an input
signal must swing above and below ground and exceed
the input thresholds to produce an output. This is
offered specifically for magnetic variable reluctance
pickups which typically provide a single-ended ac
output. This single input is also fully protected against
voltage swings to 28V, which are easily attained with
these 1ypes of pickups.

The differential input options (LM2907, LM2817)
give the user the option of setting hig own input
switching level and still have the hysteresis around that
level for excellent noise rejection in any application.
Of course in order 10 allow the inputs 10 attain common-
mode voltages above ground, input protection is removed

The more versatile configurations provide differential
tachometer input and uncommitted op amp inputs.
With this version the tachometer input may be floated
and the op amp becomes suitable for active filter condi-
tioning of the tachometer output,

Both of these configurations are available with an active

shunt regulator connected across the power leads. The -

regulator clamps the supply such that stable frequency
to voltage and frequency to current operations are
possible with any supply voltage and a suitable resistor.

Tach Input Threshold Measurement

POSITIVE
INPUT
/ THAESHOLO

v2

KEGATIVE

INPUT
THAESHOLD

Vi TACHOMETER

and neither input should be taken outside the limits of
the suppiy voltage being used. it is very important
that an input not go below ground without some resis-
tance in its lead to limit the current that will then flow
in the epi-substrate diode.

Following the input stage is the charge pump where the
input frequency is converted to 2 dc voltage. To do this
requires one timing capacitor, one output resistor, and
an integrating or filter capacitor. When the input stage
changes state (due to a suitable zero crossing or ditfer-
ential voltage on the input) the timing capacitor is either
charged or discharged linearily between two voltages
whose ditference is Vce/2. Then in one halt cycle of
the input frequency or a time equal to 1/2 fyy the
change in charge on the timing capacitor is equal to
Vee/2 x C1. The average amount of current pumped
into or out of the capacitor then is:

AQ A Vee
T ° leave =C1 x

x {2fin) = Ve x fipy x C1

The output circuit mirrors this curfent very accurately
into the load resistor R1, connected 10 ground, such that
if the pulses of current are integraied with a filter

LI6ZINT “2Z062INT
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LM2907, LM2917

Applications Information continueq)

capacitor, then, V, = i, x R1, and the total conver-
sion equation becomes:

Vo=Veexfin xC1xR1xK
Where K is the gain constant—typically 1.0.

The size of C2 is dependent only on the amount of
ripple voltage allowable and the required response time.

CHOOSING R1 AND C1

There are some limitations on the choice of R1 and C1
which should be considered for optimum performance.
The timing capacitor also provides internal compensa-
tion for the charge pump and should be kept larger than
100 pF tor very accurate operatior,. Smaller values can
cause an error current on R1, especially at low tempera-
tures. Several considerations must be met when choosing
R1. The output current at pin 3 is internally fixed and
therefore V,/R1 must be less than or equal to this value.
If R1 is too large, it can become a significant fraction of
the output impedance at pin 3 which degrades linearity.
Also output ripple voltage must be considered and the
size o1 C2 is affected by R1. An expression that describes
the ripple content on pin 3 for a single R1C2 combin-
ation is:
Vee €1 (] Vee x fiy x C1
x L . e

v = x — k—pk
RIPPLE 2 c2 7 ) PK—p

It appears R1 can be chosen independent of ripple,

Typical Applications

T

however response time, or the time it takes Vgyr to
stabilize at a new voltage increases as the size of C2
increases so a compromise between ripple, response
time, and linearity must be chosen carefulty,

As a final consideration, the maximum attainable input
frequency is determined by V¢e, Cland Iy

2
Cl x Vee

fmax =

USING ZENER REGULATED OPTIONS (LM2917)

For those applications where an output voltage or
current must be obtained independent of supply voltage
variations, the LM2917 is offered. The most important
consideration in choosing a dropping resistor from the
unregulated supply to the device is that the tachometer
and op amp circuitry alone require about 3 mA at the
voltage level provided by the zener. At low supply
voltages there must be some current flowing in the
resistor above the 3 mA circuit current to operate the
regulator. As an example, if the raw supply varies from
9 10 16V, a resistance of 4700 will minimize the zener
voltage variation to 160 mV. if the resistance goes under
40022 or over 60092 the zener variation quickly rises
above 200 mV for the same input variation.

-r- 7 3 5

VARIABLE
RELUCTANCE
MAGNETIC

PICK UP 3

~
-

L.

1
“Speed Switch™ Load is Energized When fiy 2 —
2RC

>

Varriz

fovinmar
*Vour

-

-—O Ve
5

Zener Regulsted Frequency 10 Voltage Converter
Veo
i o
b2
]
1 7 3 Ol
[ + Vour
> l >
p: " -‘iwm

11—
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Typical Applications (continuea)

Breaker Point Dwell Meter
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LM2907, LM2917

Typical Applications (continuea)

Two-Wire Remots Speed Switch

+

v:c
5

~
]
-

Precision two-shot output trequency equals

l po— —Q GND
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100 Cycle Delay Switch
vl
Ie
100 NO
® VCC"C‘ OF CYCLES
V3 steps up in voltage by the amount —————
’ c2
for each complete input cycie (2 zero crossings)
Example:
If C2 = 200 C1 after 100 consecutive input cycles.
V3=1/2Vce

Variable Reluctance Magnstic Pickup Buffer Circuits

I
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r
ical Applicati Conti
Typlca ppl cations (Continued) Finger Touch or Contact Switch %
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LM2907, LM2917
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Typical Applications (Continuea)

Some Frequency Switch Applications May Require Hysteresis in the Comparator
Function Which Can Be implemented in Several Ways:
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Typical Applications (continuea)

re—tr————) § 0V

ZERO SPEED
VOLTAGE REFERENCE

Changing Tachometer Gain Curve
or Clamping the Minimum Output Voltage

Changing the Output Voitage for an Input Frequency of Zero
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LM2907, LM2917

Anti-Skid Circuit Functions

“Select-Low” Circuit

Vee O

WHEEL INPUT o

WHEEL INPUT o !
w02

o

Vour wHEEL N0 )

. WetELNO 2

-
T

Vee O

Vour

“"Select-High'* Circunt

WHELL SPEED

VouT s proportional to the lower

+ of the two input whee! speeds.

__;I__' \

WHELL INPUT fe
LU

WHEEL INPUT
O 2

I

Vour Vour

L
I,
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i o ~
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NO 1 WHEEL
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“Seloct-Average” Circuit

WHEEL SPEEOD

VouT is proportional 1o the higher
of the two input wheel speeds.
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Equivalent Schematic Diagram

ACTIVE ZENER
REGULATOR

OF AMP COLPARATOR

1
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+ Note: This connection made on LM29076 and
LM29178 only.

* * Note: This connection made on LM2917 and
LM291778 only.
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@ MOTOROLA

MOC3020
MOC3021
MO0C3022
MOC3023

OPTICALLY ISOLATED TRIAC DRIVERS

These devices consist of gallium-arsenide infrared-emitting
diodes, optically coupled to silicon bilateral switches. They are
designed for applications requiring isolated triac triggering.

® UL Recognized File Number E54915

® Output Driver Designed for 220 Vac Line

® Vg0 Isolation Voltage of 7500 V. Peak
® Standard 6-Pin Plastic DIP

MAXIMUM RATINGS (Tp = 259C unless otherwise noted)

OPTO
COUPLER/NISOLATOR

PHOTO TRIAC DRIVER
OUTPUT

400 VOLTS

[ Rating J Symbol l Value L Unit J
INFRARED EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage Vp 3.0 Volts
Forward Current —~ Continuous g 50 mA
Total Power Dissipation @ T = 25°C Pp 100 mw
Negligible Power In Triac Driver
Derate sbove 25°C 1.33 mw/°C
OUTPUT DRIVER MAXIMUM RATINGS
Off-State Output Terminal Voitage VDRM 400 Volis
OnState AMS Current TA = 25°C | IT(RMS) . 100 mA
(Full Cycle, 50 10 60 Hz) Ta = 70°C 50 mA
Pesk Nonrepetitive Surge Current ITsMm 1.2 A
(PW = 10 ms, OC = 10%)
Total Power Dissipetion @ T, = 25°C Po 300 mw
Derste above 25°C 4.0 mw/°C
TOTAL DEVICE MAXIMUM RATINGS
tsolation Surge Voitage {1) Viso 7500 Vac
{Pesk ac Voltage, 60 Hz,
6 Second Duration)
Tote! Power Dissipation ® T4 = 26°C PD 330 mw o,
Derate sbove 25°C 44 mw/°C
Junction Temperature Range © Ty ~40 to +100 oc
Ambient Opersting Temperature Range Ta -40 to +70 oc
Storage Temperature Rsnge Tsyg -40 to +150 oc
Soldering Temperature {10 3} - 260 Sc
{1} lsolation Surge Vohage, V|SO. Is an i ! device dislactric breskd. rating.

Anode 1 d

™~

Cathods 2 C

: 6 Main Terminal

3 & Trisc Driver Subsirete
DO NOT Connect

3 4 Main Terminal

—fglzP l J

STYLES:
PIN 1. ANCOE
1 CATHODE
3 NC
4 MAIN TEAMINAL
£ SUBSTRATE
6. BAIN TERMINAL

NOTES:
1. DIMENSIONS A AND 8 ARE DATUMS,
2. [T) 1S SEATING PLANE.
3. POSITIONAL TOLERANCES FOR LEADS.

4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.

5. DIMENSIONING AND TOLERANCING PER
ANSE Y14.5, 1970,

[miLLIMETERS[  INCHES
OIM[_ MIN | MAX | MIN | MAX
A | 013 | €89 [0320] 0350
S0} 660 [0240 | BAD
92 | 508 15 10.200
41 1 0.51 0016 ] 0020 |
67 | 198 | 5040 | ‘%_m
AT i
['] K g0 X
x| 1. 8116100 6.1%0
715‘ l%c — 30085C_|
W] 00 [ 150 15
W) 038 | % A
[ARFIAR] []




MOC3020, MOC3021, MOC3022, MOC3023

ELECTRICAL CHARACTERISTICS (T4 = 25°C uniess otherwise noted)

I Characteristic l Symbol l Min ] Typ l Max l Uil
LED CHARACTERISTICS
Reverse Leakage Current . IR 005 100 nhA
(VR = 3.0V}
Forward Voliage Vg - 1.2 1.5 Volis
{1 = 10 mA)
DETECTOR CHARACTERISTICS {ig = 0 unless otherwise notea)
Peak Blocking Current, Esther Direction ‘ IDAM - 10 100 nA
{Rated VDRM. Note 1)
Peak On-State Voltage, E ither Direction vVIm - 25 30 Voits
. {iTp = 100 mA Peak) .
Critical Rate of Ruse of Cf-State Voliage, TA = 850C dv/dt - 12 - Vips
COUPLED CHARACTERISTICS
LED Trigper Current, Current Required 1o Latch Output 134 mA
! {Main Terminal Vohage = 3.0 V, Note 2} MOC3020 - 15 30
MOC3I0ON - 80 15
MOC3022 - - 10
MOC3023 — - 6.0
Holding Current, € 1ther Durection ’ |9} - 100 - HA

Note 1. Test voltage must be apphed within dv/dt rating.
?. All devices sre guaranteed 10 trigger a1 an i value less than or equal to max IFT.

TYPICAL ELECTRICAL CHARACTERISTICS

*: . Ta = 25°C
' ' FIGURE 1 —~ ON-STATE CHARACTERISTICS FIGURE 2 - TRIGGER CURRENT versus TEMPERATURE
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FIGURE 3 — TYPICAL APPLICATION CIRCUIT
Rin 1 o R ]
Veg O-MA—O0— Inthis circuit the “hot" side of the line is swiiched and th
- 2 MOC 1oad connacted 1o the cold or ground side.
:D;,_o_ 3020/ The 39 ohm rasistor and 0.01 uF capacitor sre fof snub
302/ bing of the trisc, and the 470 ohm resistor and 0.05 4l
03 22123 capaciior are for snubbing the coupler. These component
may of may not be neceszary depending upon the particula
triac and load used.
O

Additional information on the use of optically coupled wriac
drwvers is available in Application Note AN-780A.
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