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Abstract

This special broject concerns the construction
of a signal conditioning module for high resolution analog
to analog converter. To provide the high noise immunity
need, we can use techniques that the analog voltage from
the transﬁucer is converted to the pulse train at
a precisely proportional frequency to the applied input
voltage. Output pulse train <(or frequency) are isolated
by optical coupler,and then it must be converted back into

voltage by Frequency to Voltage Converter (FVC).
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dezun 2.4 Fatiua9aTduL 20989 Fuiway (inverting summer) e
< s o N

Hia1NWNnIIn U, v

e = ~(R,/R)e, =~ (R_/R__)V

i

3 ] [ < < o o ﬁ
qqﬂuuammqmqgﬂﬂuQQQTﬂﬂqﬂﬂaﬂlwﬁﬂuﬂﬁ?qﬁﬂqﬂuiﬁﬂul U

e - (R./RD)e, + (R /R__V

------- (2.3)
LUTHUL NEURURHAITL DI L FU
y = mx + b
wwyi1a1udunrasns1d (span) @ m = (R_/R,)
uazIaaUNY y 189039 (zero): b = (R/R, DV

o < as b [
wantsaasnisiFuadniunsuiTaliuiasan R uazasdiy

ar 12} 4 [
AAAUNY Y 1Ta31nni1Tidagundasan v
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in O AW —
R
R, U, A
me

-V R/2

(a)

ay _ four _ Ry

Ax €in

(b)

Ki d o &
Eﬂn 2.4 qqa1n1§1unﬁiﬂiﬂﬂqquﬁuuazaamaunu y

(a) WWuAIW (b) ®un19 mx + b

2.3 n1TLUREuLTeEwIWHA T HunsEud Wi (Voltage to Current

Conversion)
4 j [] o
Luavatnnszuaiddiazian L nn 7 AuN18TuIsTaL (loop)

PR o ' @ - o o v;']
anQﬂNMﬂunﬂumaagniuﬂu aeiulun1snlassguIsnTIauivt dungsud
. [3 s . U [ ] o
TWHwRaiIn TS 19T AENI1TNL TUUTILa L8821 TnaalsTaTudnnyn

g ] Y] 4
(nTzuaIWd1)  SuLnafun, 318sy
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nniLﬂﬁauﬁmmwmusqﬁu%ﬁsﬁunszuaYNﬁqﬁuazﬁuaéﬁudqnqquﬁﬂunﬁuna4
Tnamiﬂaaaﬂé (floating load) M?ﬂTnaﬂgugndaaqniﬁquﬁ (ground
load)  3IvAIN150uUNERATa9ATLUR suFynuL T 9iuli L Jun Teuatuiin
16 2 diia

2.3.1 Ivaaaas (Floating load)
29374918 9 naqnwiLﬂﬁﬂuﬁmmﬂmuiqﬁutﬁunisuaiwﬁﬂuuu
TwamaaaﬁuYﬁuﬁﬂeﬁqgﬂﬁ 2.5 Feituressparauuutaniviwd  n1nng
3Lnsnzﬁqqqisﬁaaaﬂuauﬁ§107anﬂm (closed loop) ﬁﬁ&uwzﬁﬂ?suﬂ

IVAHIRAIINAIUNIY R LHRY

‘d v [] 4
uasLuaﬁaﬂnaﬁiuﬁnizua1wﬁﬂn1naLﬁﬂuasaanQWnaaﬂuauﬁ

A X o 2 i ) [~ '
aiiunTendlud NI et JunTeudnuatlulsTaudag s e einaLiudn

(¥ 1 a»
auaunIwlulvsaula (R, = R_, _+R,__, ) 3zlugwala q Ay
N ' : 2% ¢ ¢ X o
ﬂﬁsuﬁYWﬁﬁﬂYﬂaﬂgﬂﬂﬂﬁutaﬂ umuiqﬂutawnqnﬁaﬁaaﬂuauﬂasﬁuaénu
03
R PR

loow

owut

o o o . .
Eﬂﬂ 2.5 1@?1LﬂaﬂuﬁmmﬁmuiﬂmuLﬂunssuﬁ1ﬂﬁqaa1@qqa
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u19anavaaduanding BABAINYINAINL TIRINITANILTINTIUBR L @D T
Y] ¥ v o < < £
(@) damunilyw uta degun 2.6 LUBIAINNNTIUBR L AD3EE18RANTE

< ¢ ¢ . . <<
uﬂnaanqqnLaqnqnnaeaaﬂuauﬂ?ﬁmﬁuaququ B LN Amtunsaundygn

<t y?.jﬁ - ¢ a4 & o w
e, NATIANSLIULINLABAUL T2 LWANTIUTHLADT Q, WULWLAUWLATY

A
I

Eﬂn 2.6 1«a1Lﬁaﬂuﬁmmqmuiqmutﬁunﬁsuﬁnﬂinﬂzauaq
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d [ ¥ o ]
14935 L A Bun TIEuIWHN T Hunseud Wi uuuyFuanta usa

S A
quﬂn 2.7 azla

I = VR mmmmmes (2.6)

A
o

1{E)

I(A)

e(A) e(B) e

d d o -
gﬂn 2.7 QQQiLﬁaﬂuﬁmmﬂmuiqﬂutﬁunisuﬁunuﬂﬁn

span /¥ zero
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wlIn e, Mdauliv e__, wla

o

e,- I, (1 MQ)- I,  (1HMQ)-e___ = O
wAdun19wIan I, 3zl
I, = (e, -e___)/2 MQ
wadan e, liis v asta
e, - I, (1MQ)I-V_= 0
Vx 5T Sas [(em—eref)/ZJ(l MO )
= (ein+er=£)/2 —————— (2.7)

BNURNATT (2.7) a<lu (2.6) a=1a

T, AT ente lIDZeRI=e 7 (LR ¥ e ), 2R

L 1

«<f o 9 [v -~ ar
\Naufivaun1sideidusztanl uiu (span) Aa 1/2R  uazIndaunu y
- o o o 2
(zero) @@ e__./2R  iluanii1d1misndTuadiuifunaziediounu y 1a
Tagdiy R Uaz e___ @1u&76y

o4 a4 . v o
11991 R waz e __ LuaydLsautaIsgurTani o sy

o
njm A

I(A) = (e(A)+e___)/2R
4
nia B

I(B) = (e(B)+e___)/2R
LARNNTITRETA
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2RI (B) e(B+e__. = mmme——- (2.9)

o

2RI (A)

e(Ay+te__. —m-=-- (2.10)

e f

AUANAIT (2.9) 628 (2.10) =L@

2RLI(B)-I(A)]

e(B)-e(A)

Ce(B)-e(A)] / 2LI(B)-I(A)]

=

sl

]

&
fl

#9u e___ "1103INNITUNRA R A9TUFNAIT (2.9) wIa (2.10) UAI

o £

w1l e

ref

' 4
2.3.2 T¥aa@aadngd Iaua (Grounded Load)

ar d U ‘u
ﬁﬂﬁaqnﬁ7qsdﬁnizua1ﬂﬂ01uamnﬂnmaaqniﬂauﬂmquaaq1u3ﬂ

c‘ o < 1 1 er
n 2.8 dAvueTHAIN@IUNIY R, R_, R,, #as R, ARIINIAU
R3
+V
Ry 2Nd7
A ‘>I\\6 14
741CN AMA-
AWVAV + VOU‘ R‘
+ R, 3 4
+ 3
GD e Ras S v, Loall

Ry=R,=Ry=HRy=R

\

< 4 o ' ¢
’Eﬁ‘n 2.8 193971 ﬂaﬂuﬁmmﬂmu?\mutﬁuﬂ‘a’zumtnu‘fﬁaﬂmaaxiﬂ'i"l'mm
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g 2.8 ﬂz§10q1au§aﬂﬁgﬂn 2.9

o ]
gﬂn 2.9 aoaiauganaqgﬂn 2.8

Y 4

4 o
aﬂngﬁn 2.9 1Lﬂ1qanqa11ma%§nﬂﬁanﬂia1ﬂ%au
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out L 2 1

WIvAUANAIEN R_ @8
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aszudtWdINIvan Iy R A8

(9~} I = I

1
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N
|
¢
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~
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L
IMNAHNIT (2.11) azwnaﬁnﬁzuaTwaﬂuungnﬁﬂwuaTﬂﬂnﬂ

AIMLANRINTENIIN e, WAT e, WAYAIMEIUNIU R, funu ¢

o o A ANY
e, IladgNn1TavU /
I, = (e, /R)) - (e,/R)) 4};\

74°m1rwv\a‘“ﬁ N

<l v L EY] P w

VavfiudguniTiBeLdulstaauiy (span) Aa 1/R_ wazIAnaNNuY y
<t o o o o ol

(zero) A3 (-e /R_) aouuxiﬁdﬁuﬁinﬂsnnqwuﬁuuasﬁammunu y 1a

oL N «r 3 [d d
Taan17U5y R_ Uaz e, @INAN6U ?ﬂﬁ?ﬂﬂiﬂﬁzﬂﬂ 2.10

O vV
-5V R

<
<
<
<

~

/e
S |

]

ANAA

VVVY

100 k2

X S as [
;a;lJ‘n 2.10 'N’Q'immﬂ‘iﬂ‘inﬂ'ﬁ’wi’uuaziﬂmﬂuﬂu y

o o
2.4 ﬂﬂiLﬂaﬂunisuaiwﬁﬂtﬂuuiqau (Current to Voltage

conversion)
< o <4 @ o ﬁ )
LA LIININTT L URAUR UYL TIAY UL U InTsu uan
o
LiﬂaﬁLﬁunawmaqLﬂaauﬁmmﬁmﬂiuuaunauﬂusﬁuuiqmuaqLmu aﬂniﬂn
2.11 dﬂwﬁniwaﬂnmaaqniqauw nsvuanandquﬂquLﬁaﬂu1ﬂsﬁuuiq@un
AIUATUNIY R, a81Q11ﬂmﬁuuiqmun1mu1uLﬁuiﬂm1quau1nnL1ﬁmaq
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< [ J ot ) [
n13  FvdaviinasuFudtaduifuuasiadauny y Tastdastuaud U, uax

u, 18110 dau U, tdiEatlietif i duiivivafuan R, asnan R,

3

4 to
20 mA R R
—_— L l\ AAAA
. 4 VWA
U, I—ML» D\\\\ R
: - R; U, AW -
Span + U, —0
+ Vo
Rtomﬂ .
R/2
Buffer
I-V converter
< < ﬁ ar ] [ I'4
ZTUYI 2.11 2939tdagunTzud L IuRI9aU L UDTYRAGRANATIIUA
TunIpnaadnIskIsauntauisnIvaanans F8UINITNT

d J— d Jdo <
Lﬂaﬂunisuatﬁuuiqmumﬁgﬂn 2.12 Tmﬂnisuﬂniutﬁﬂuﬂngnnﬂaﬂutﬁu

w Ao w (%] ¢ o X
WISAUNGIEIUNIY R_ 307l 2,12 3sTulaInunevy

v = (R_/R,VIR T A (2.12)

out span =
< o '
inaufiudunig1891duastanaquiu (span) A (R./R,IR___ . WUaz3a
“
faunu y (zero) @a V_ #slurttidwisndFuadnufukasiadaunu y

s < w  €e (%3 '
tataan19Uiy R wag R__, (V_ ’zuaduduwugnunisdiuan

sPpan
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(a)

(b)

dninvien 2 3
HANAN WILvaMNMaIAns 21l

Vb b m e -

Via) -

OChm———— — -

—
—
—

=V Optional if
Roey << R,

o o4 o
Eﬂn 2.12 1@?1LﬂaﬂunizuasﬁuuiﬂﬂutuaTﬁaﬂaaa

dauniann R___

1

(R./RDI__,R A

D> s an =

i

(R,/R)DI R

soan =
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UIRNNIT (2.14) ayaanald (2.13) =16

Veny = Viar = (Rf/Ri)I(b)Rauun - (Rf/Ri)I(a)Rapaﬂ
= (Rf/Ri)Rawnn[I(b) - I(a)]
wW1A1 R____ &la
R and”y (V(b) | V(a>)/[(R9/R1)(I<b> - Iyl

o < 2
UNENNIT (2.13) twana V_ 3zla

v =19 Kol LcD, O

= Ca)d ) span

2.5 naaatrsnusnandgnan (Isolation)

[ EY] £ ) ] o
A1TuUSL g INITETUNITUNTUINT1IUATIH AL TIaY

4 - " da !
common-~-mode n§QLﬂu1ﬂ RAEAIINAANNITATSURINUAWAI1AANT

F o)
2.5.1 2933n8afugianuuallaseraniianilay (Transformer-

Coupled Amplifiers)
o I's S ‘ o g o o
FURNBAUNBIINITREIENUNITRUSUARR UUALIR Ya 2t au RS
. - - N ar ‘4
(transformer-coupled iscolation amplifier) uﬁﬂqmwzﬂn 2.13
%ognuﬁqaansﬁu 3 daual8iu Tﬂawﬁﬁﬁﬂuuasﬁmmﬂmﬁuudasdquasgnda
< as k24 U o ! 1% d ] i ) 1
ANNUAIAVNALURNNANE 7] @7 AIIHABINNITNITADTINTASUARER U U
) ) 3 @ o [} 4
dnuna@uwa011ﬂiwﬁzmawaq01u1ﬂ80ﬂ1u5uqnuasLaﬂnqn

da . v K w W
LHUATWRRI29ITHEENYN1Tu LS sakUuAdilasaantanay

w - 4
1muamwm@gﬂn 2.14
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R3S
T i
1 I l i AMA le '_ — V. hi
| PR 1/ AR
[ s l | ) \ Input
1 | L1 lv, iow
[ 1 1 Ty n
- l \ \ .ll
N AL Common
-———— 415 V
vCﬂ‘l
—-——— 15V
12500 V max +300 V max————
/77 v 3

| i
[aaennl o Bentl ~ plaad * aliapd = - A=l ™ A —1
' [
Gain i |
i 100 k0 :
l 100 ka2 i d—>
Hiin i Filter Mod. {< <_: Demod, }——{ Filter —
| IP T
1 I P <-—l I
|
| ___ A Common
} ’1:— ] ] T out
|
| d
| | :r—> ::;
| 7; P TP —0 Vo
I
| Input |
| |
| ]
| | Output
| |
| Isolated |-« L 4 > Isolated
Common o—+ power | 5 dr power
in <_.> P - 1
| supply at supply
|
! L
| |
! | |
R i
35 mA #’7! { } Syncin
| |
. | | -
Power L | —15V | L 100-kHz Regulator
out | | i na oscillator
]Lln__p__u_t_sh_i'el_q_ ——— _} T, _l Dc power
———————————— in
< o ' o, X v 2
gﬂn 2.14 QWUNIWINITREIANNNITHUNB AR LUALURYAaNNBLLR
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- ¥
2.5.2 1wqinaﬂaﬁmmﬁmuuunﬂﬂaqﬁqauaq (Optically Coupled

Amplifiers)
da ' v, X o ") Y aw <
INITVEENAAITH UL ANR LA LIRS 2auiianlaiiulta L Raaa
< < t < - o~ 4 4 - U o
NTIRUNe drwielug (LRaLizvfiuadne IC Aw ) IxdntHiiani Ty
< ' < < < o w
AulIINAAuLN LUAATWYA (EMI) 5ﬂ1§qqunnaﬁun§ﬂ azI=aNIfia
4 o v 2 < <48
LUUAINTANNITEENIL A EATIN1TRALUNUASA1TE I 1UNA2UART 2939088
4 [} [ d 2 o . .
NANITRUSL ENL UL UIR IR 18U H 9 (Optically coupled 1isolation
amplifiers) qsgnﬁ1u11ﬁunuwﬁauﬁaﬁﬁaa LED(1aTani UaSUaY) Waz
g 1 3 < ) =3
TWinlaTaa (photodiode) 1 a FenrTTunIulInaaund L nantiiiae
. as < < < <
anAin¥auaznITABNAUAIAIINAILARRY #15197 2.1 AzidTsuLnay
Y]
Qmﬁuumisniﬁqwﬁﬂuﬂaﬁﬁunﬂququﬂﬂaﬁainﬂﬂﬂ5mm1muuuﬁﬂﬂ§oﬁaan§a
< |ﬁ Y] ' 1 < wa ' P PR
pURYIERAIINTH L UUL AN L FUNIAnI waszlianuduiidinsuivwaniandn
: < /, [ R 4
AEINTINAININATRA 1A RN ULUEUUR IR 8L 9L AN ITRAUFUAIAINA LR

P S 2 < 1 < =3 H
an3n Lﬂﬂammqm’iﬂﬂ']u“ﬂﬂ ua21utan0n HAUNGALAN LRETIATED

4 <] < ' os 2 & U o as &'
@199 2.1 riggutnauIsvIasniTadidasalgnuatilasnunTadias

b2
AAU AN
Optical
Transformer coupling coupling
Amplitude Pulse-width Light-intensity
Characteristic modulation modulation modulation
Nonlinearity, max. (%) 0.03-0.3 0.005-0.0252 0.05-0.22
Isolation voltage, test (kV) Upto 7.5 Uptos Upto 5
Isolation-mode rejection, at 60 Hz and Up 10 120 Upto 120 100
unity gain (dB)
Frequency response (kHz) 25 2.5 10-30
Emi generated Low, if shielded Low, if shielded None
High-frequency susceptibility High Low Very low
Size (in.%) 5-10 6 Less than 0.5
Price in lots of 100 From $41 From $90 From $26°

# Burr-Brown products measured at full output-voltage swing.
b Without input power supply.
Source: Burr-Brown.
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o ¢ . X w
FYRN#UYBIINITEE 1 8T INL UUAULUR YA 12U F WHa 997y

L] 1] L] 4 L ] H :
2.15a 155«Ln9111u153nﬁ5uueuaﬂdqunLﬁuunaﬂﬂﬂa1wLame R

e =S

es

ARNIANINIIINATBUAN undqiﬁﬂiwﬁuanﬁuawvﬁaqﬁﬂa1ﬁd1uﬁLﬁuﬁuqn
uastaﬂﬁqn #7371 2.15b  IEUFANUNUAIMAAT9NIETDIISITIE AT
ML BURIIA 98220 i wysduduwn (v, ) sznatuiianszuatvadiwty
#9 LED uavuaefiideann LED azudiduassiungzud I, MMwasiu D,
uATHRtuANSAT R unae LED/D, unanwmetdiuideidu  idatitdun
tiiaaaut dui e FuTetdtatee b, 1#aiiundsiaunfunuuay (nega-

tive feedback) éqqmauﬁanaq D, uaz D, ¥aviuilauiiuidaudeann

LED qztﬁuaﬂxuqﬁq1ﬁxﬁ@nizua I, uaz I_ tainifiu

V#
V-
<+

\ \ -
Shield N— —5./
Vem 4(:0/mmon

I {a)
— Isolation‘

“f_m_' | barrier

Vin

+ l i I

L — i
T+

I!
LED
SNONE e
; 1
l vou(

Input
common

: {
(b) Output

—

- common

@ and @ denote separate ground connections

4&[ 1 s 2 v
Eﬂ 2.15 WHUAIWASITHEENUATNSuLsnEnBuuAlURYa AR E
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L
2.5.3 n1701UUAYA28udS (Optical Coupling) &1¥5¥uUn13 ON/OFF

5ﬁ§a§agnLﬂgau1ﬁ1ﬁaé?ugﬂnaqaamﬂauﬁaqzﬁqa1ﬁnﬂ1uﬁo
uﬂnﬁmmﬁmﬁiﬂﬂﬂgn aﬂﬂTmﬁﬂLﬂaa% (optical couple) azidsznau
f28 LED uazTdiani uisdinad  #assqeidy TIL112 fdeusaeTIugy
A 2.16 1aAataTan L UASLAIIEFUNITIUNETN "ON"  uA93E L UavaANNA
AaTUBIMUE S THTanT1u3d et | TusatinTsudivadun1raatanLaas

4
Luanﬂtuﬂgnﬁdaaaaﬂ

Ee s

NC 3

s
F-3

Te giogs < 100 mA
P gioge < 150 mW
P <150 mW

tronsistor

) &
3” 2.16 TILi112 aadlerldiidaas

( %3 o J
AT RINTWIANT IWTR L aaTasuidTaununszudIu LED waide

ragad w € < o ‘ v i L
Liane2uFuiiugatatudyisnens i dui 3t fu oeiuIetigunTaasd
[ < ¢ o '3 ] [ <
wﬁuﬁagantﬁuauﬁaanwﬂuaaﬂTmnﬁLﬁaai1ﬁaﬁﬂﬁgnﬁaq a814919naY

[} ] 17 B uadd ' 4 (K]
L1ﬂﬂ1uﬂ1nﬁqw1uﬁaﬂauunaﬂmaaiaTaﬂaﬂﬁﬂqmauumnmn11Lua1uuﬂszua

2.

s FY) éch
MMalIu LED uad TWians uisiaadnas "OFF" u@iua LED AnJzud
' ' w < o N é Y]
1uaw1uaa1quaan§a 20 mA NIEAVTIMTINTANTIUBRLaaT "ON"la
o d .
uwuﬂﬁwnaqﬂﬂ71§Qﬁu15uaaqmqgﬂn 2.17 MFILARIINIG
EY 'S <f ] £ o ] o d a ]
HUWNLAZ L BINWNANITABNTIIUA TINNUANATINY LNAAUUN TR U, ag%u
. 'S 1 3] 1
fn11g "HIGH" nw?ﬁ;aqnwnag?uaﬂﬁqz "LOW" WazazRINaiw LED ag
< ' x| ° &)
TugA122 "ON" WRNNLURIDANIIN LED NiWaIwalIsn1TinT1uda L aads
Q'u . < < :
dan7zaual (saturated) nﬁ1ﬁaugnﬁaq U, #adisinm 0.2 V T
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X < 4 a ' ]
naasdnn1z "LOW" Tungaiainunvady U, nl=adludanlz "HIGH" ua
I o . ( o
un1enduiiudn  LED i@ "OFF"  #i1luni ulsiaasnan1izinaay
o ‘4 4 .
(cutoff) uwasdiuzeduhzr CE v Jedwualiianfwnmas U, adlu

fa17g "Low"

TIL1I2

R TTL data
out with
respect to

Ry <
180 2%

u@>x Y l

TTL data 2

input with q

respect 10 =
y -

Uy

VVVV

N o @ P oW Aﬁaa
gﬂﬂ 2.17 W?ﬂﬂqﬂﬂﬂﬁdﬂﬂﬂuﬁﬂﬂaﬂl UA3INQ

o =
2.6 naqudavusssutudatiuaaiun | (Vvoltage to Frequency

Conversion, VFC)
o 4 o
aﬁaiuﬂa@uiqﬂu1wﬁﬂLﬁuﬂaﬂun (VFC) aﬂﬁﬁﬁiﬂiuammﬁm
< o ¢ w £ P
auﬂaannLﬁuusqau%ﬂﬁqn%anssuaYNQﬂu§11ﬁLaqngntﬁuwaﬁ (n3anaud
< S al ;J] w e < < <
LAREN) Z9HAUL IR uﬁndquwnwunuﬂwLaaﬂnaqﬁmmwmﬂuqn ER)
T < v o« . w € - a @« Ll <
naﬂqnaﬂﬁmmﬁmaugnmﬂwuq FIUIUWAFAD L IR IVUSIUIN (WTBAITHA)
ﬁ w S bt o ¥ oW dﬁaa d, o
L uﬁﬂdauTﬂamSQnuﬁmmﬁmauqnuu 9 aNUunaNan. uaIRAANTAIAN
e @ o w € [ P W o«
293TTINUIIUIUHATINN VFC wasa1ua1Tut 2191 28 1nauua’clannsgan
b2 o’ 1 - 44 o 4‘
ﬂaaqnuﬂqﬁmmﬁmauﬂaannﬂﬁauqn uazLua%ﬂnﬂiﬁﬂunauunugﬁntwuﬂz
) 4‘ ar as .24
d8 14939 VFC azaﬂuq1n1§uﬂaqﬁmm1mﬂ11unnan1ﬂLﬂuusqauYﬂﬁ11m
(Frequency to Voltage Conveter, FVC)
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& Us ' I’
VFC Lﬁuqﬂnsmn?ﬁussTaﬂu1ﬁaaﬂ@uﬂnuﬂﬂ 1unﬂ1ﬁssqnm
] o K] o
nuwuﬁﬂuﬂzﬁﬁn171anqqunniﬁﬂﬂnnﬂﬁ1ﬁ5mmﬁm§uqnLﬁuuiqmuiwﬁﬂ ®1
unsn?ﬁtﬁuqqaiuﬂaqﬁmmwmauwaanLﬁuaamaaaéﬂqéqﬂYﬁ uasﬁﬁﬂﬂﬂgn
I's -, day . Ve o s ¢ <
Quuisaﬂqﬂnimuuuauntnin VFC Taaaditeastasunigsuldssnuany
oo o ~ . . ot o < <
QmaunantﬁuTuTuTnﬁn%m (monotonicity) na OERREERTLEE ST
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National
Semiconductor

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 converter 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-to-frequency
converter applications. Further, the LM131A/LM231A/
LM331A attains a mew 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 conwersion in microprocessor-controlied
systems. And, the frequency from a battery powered
voltage-to-frequency converter can be easily channeled
through a simple photoisolator to provide isolation
against high common mode levels.

The LM131/LM231/AM331 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 V¢e.

Features

* Guaranteed linearity 0.01% max

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

= Split or single supply operation

= Operates on single 5V supply

»  Pulse output compatible with all logic forms

= Excellent temperature stability, 250 ppm/°C max
= Low power dissipation, 15 mW typical at 6V

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

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

. Ll ¢ 7 £ ] s Low cost
timer circuit has low bias currents without degrading
o . »
Typical Applications 15V =vg
Ry
B8k :1%*
"V"
Cy
wofm{lm - 001 uF®
Vi 10V y 1 5 %‘
FULLSCALE
Cin -!-'
T 0.F o 10k +10% >
LM231 —AAA—D V
= ] Lgsic
fouy
i g 1 10 kHz
v :l FULLSCALE
g
Cy >Ry 4
1aF 1k =
> 11%* =
Rg
a7210%
Vs vin Bs 1
(OPTIONAL) four =28 1
BFFSET ADJUST = 209V R RyCy

*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 kH2)
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Absolute Maximum Ratings

Supply Voltage

Output Short Circuit to Ground
Output Short Circuit to Ve
Input Voltage

Operating Ambient Temperature Range

Power Dissipation (Pp at 26°C)
and Thermal Resistance (6;a)

(H Package} Pp
0ia
(N Package} Pp
Oia

Electrical Characteristics TaA = 25°C unless otherwise specified. (Note 1)

LM131A/LM131

40V
Continuous
Continuous

-0.2V to +Vg

TMIN

670 mW
150°C/W

Tmax
-55°C to +125°C

LM231A/LM231

40V
Continuous
Continuous
-0.2V to +Vg

TN Tmax
~25°C to +85°C

570 mW
150°C/wW
500 mw
166°C/W

LM331A/LM331

40V
Continuous
Continuous
-0.2V to +Vg

™IN  Tmax
0°C t0 +70°C

570mwW
150°C/W
500 mwW
155°C/W

PARAMETER CONDITIONS MIN TYP MAX UNITS
VFC Non-Lingarity {Note 2) 4.5V < Vg <20V +0.003 +0.01 % Full-
Scale
TMIN S TA < TMAX +0.006 +0.02 % Full-
. S_cale
. In Circuit of Figure 1 Vg =15V, {= 10 Hz to 11 kHz +0.024 *0.14 % Full-
Scale
Conversion Accuracy Scale Factor VIN = =10V, Rg = 14 kQ
{Gain) >
LM131, LMI31A, LM231, LM231A N 0.95 1.00 1.05 kHz/V
LM331, LM3NA 0.90 1.00 1.10 kHz/V
Temperature Stability of Gain TMmIN € TA < TmAX. 4.5V < Vg < 20V
LM131/LM231/LM331 +30 2150 ppm/°C
LMI131A/LM231A/L M331A 20 150 ppm/°C
Change of Gain with Vg 4.5V< Vg <10V 0.01 0.1 %IV
10V <vg <40V 0.006 0.06 %IV
Rated Full-Scale Frequency VIN = =10V 10.0 kHz
Overrange (Beyond Full-Scale) Vin=-11v 10 %
Frequency
INPUT COMPARATOR
Offset Voltage 3 10 mV
LM131/LM231/LM331 TMIN<TA < TMAX 14 14 mv
LM131A/LM231A/LM331A TMIN S TA < TMAX 23 £10 mv
Bias Current -80 -300 nA
Offset Current 18 +100 nA
Common-Mode Range TMIN < TA < TmAX 0.2 Vee-2.0 v
TIMER
Timer Thresho!d Voltage, Pin § 0.63 0.667 0.70 x Vg
input Bias Current, Pin 5 Vg =15V
All Devices oV < VpIN §< 9.8V %10 100 nA
LM131/LM231/LM331 VPiN §= 10V 200 1000 nA
LM131A/LM231A/LMI3NA VpIN §= 10V 200 500 nA
'VSAT PIN 5 (Reset) I=5mA 0.22 0.5 v

8-252
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Electrical Characteristics (continued) T = 25°C unless otherwise specified {Note 1)

LESINT/VIEEINT LESNT/VIEZINT

PARAMETER | CONDITIONS | miN ] “vve | wmax | uniTs

CURRENT SOURCE (Pin 1)
Output Current Rg= 14k, VPIN 1= 0

LM131, LM131A, LM231, LM231A 126 135 144 HA

LM331, LM331A 116 138 156 HA
Change with Voltage v Vpn 1< 10V 0.2 1.0 BA
Current Source OFF Leakage

LM131, LM131A 0.01 1.0 nA

LM231, LM231A, LM331, LM331A 0.02 10.0 nA

All Devices ! Ta=TMAX 2.0 50.0 nA
Operating Range of Current {Typical) {10 to 500) pA
REFERENCE VOLTAGE (Pin 2)

LM131, LM131A, LM231, LM231A 1.76 1.89 2,02 vpc

LM331, LM331A 1.70 1.89 2.08 vVpe
Stability vs Temperature +60 ppm/°C
Stability vs Time, 1000 Hours 0.1 %
LOGIC OUTPUT (Pin 3}

VSAT 1= 5mA 0.15 0.60 v

1=32mA {2TTL Loads), TMiN < TA < TMAX 0.10 0.40 v

OFF Leakage +0.05 1.0 HA
SUPPLY CURRENT

LM131, LM131A, LM231, Vg=5V 20 30 4.0 mA

LM231A Vg = 40V 25 4.0 6.0 mA

LM331, LM331A . Vg=5V 1.5 30 6.0 mA

Vg =40V 2.0 . 4.0 8.0 mA

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

Functional Block Diagrams

Note 2: Nonlinearity is defined as the deviation of foyT from Vi x (10kHz/=10 Vpc) when the circuit has been trimmed for zero error at
10 Hz and at 10 kHz, over the frequency range 1 Hz to 11 kHz. For the timing capacitor, C, use NPO ceremic, Teflon®, or polystyrene.

vee|s
|~ i st C e — A ot
1 ! |
PRECISION |
| CURRENT
| REFLECTOR |
>
| j! 1 i: L |
CURRENT ]
{ e — T = =l couPARATOR | g
-L | : %Anmn
Wi —— 1 } s
|
sercnence | A 7 RS i I 3
cun:nn + 180voe JoALL | Fupsioe I M
I
. : t oy
| i e, e
IRCUIT
{ ’ | ouTPUT L RESEY l I
S I oRvER T 2 I )
S en
3 ouTRUT t 3 l
| w PROVECTOR s T
| 3 | -T-"
T |1
' 1
| e e > o —— 1 l
1 o
= = =
*Registered trademark of DuPont FIGURE 1a
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Performance Characteristics

(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.)

Nonlinearity Error, LM131
Family, as Precision V-to-F Nonlinearity Error, LM131 Nonlinearity vs Power Supply
Converter (Figure 3) Family Voitege
O 1
e R AL LS R L
£ i OO0 01 SR
T — ~ ) —I\ e +0.01 i i R
e s = 81 1 =
E o - & o i v o i g
= Bl w SPEC LIWIT
£ onp—tee— § [TV TR B | gmiiny | 114
£ on s % oo LTI IRE IR 2 o
g om 8 o ‘ .! ! 005
. 1 I I T O 1
6z 4 6 8 W 12 laded Q
X 10001 001 03 1 10 108 5 10 15 20 25 30 35 40
FREQUENCY, kHz FREQUENCY, kHz POWER SUPPLY VOLTAGE, Vs
Frequency vs Temperature, VREF vs Temperature, Output Frequency vs
LM131A LMI31A VSUPPLY
10.08 1830
11
1828 420
y 1.826 ® M5 & \'\L:\\ ]
£ 0 1524 5 0 5%
g S s i
¥ o 1822 F—=g F TYPICAL
£ 1000 & 1820 [T ]
g £ om0 v 05
T ais 1816 E -10
.86 151 S s -
1812 . <20 T J
988 1.810
85 <25 2B 415 125 . ~16. -2 426 476 1254160 5 10 15 20 25 30 35 40
TEMPERATURE, °C TEMPERATURE, °C * VSUPRLY. V
100kHz Nonlinearity Error, Nonlinearity Error, LM131 input Current (Pins 8, 7) vs
LM131 Family {Figure 4) {Figure 1) Tempersture
200
+0.04 +0.04
* +0.03 H ® +0.03 _
8 «m 3 & vz . .
E wn + g +00 | A E N
0 E o € w S
§ L\ P~ - 3 001 - : 2 0 e
5 b 5 -0 «Z E - Igs
2 -003 - S 003 %
0% -0
0 20 4 60 80 100 320 0 2 4 6 8 1w 112 ST <26 425 476 1254150
FREQUENEY, kiiz FREQUENCY, kiz TEMPERATURE, °C
- Output Saturation Voitage vs N ity Error, Precisi
Power Drain vs VSUPPLY louT (Pin 3) ; F-t0-V Converter {Figure 6)
[ 32 . '
I 28 I ] +0.04
¢ 25 24 Hazsocd g::':;
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5 3 c\ > 20 EODM mrnuurmn'n- SORAN REATTTR] S Vacia
€ 3 E o
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1 g.-m
04 004
0
5 10 15 20 25 30 35 40 50 0 2 a4 & 8 W 12

FREQUENCY, kHz

VsuppLY. ¥




o~

Typical Applications continuea

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-to-V) converter. A simplified block diagram
of the LM131 is shown in Figure 2 and consists of a
switched 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-to-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, Vy, at pin 6. 1f 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 R¢Cy. 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 to a higher level
than V1. At the end of the timing period, the current
i will turn OFF, and the timer will reset itself.

Now there is no current flowing from pin 1, and the
capacitor C| will be gradually discharged by R| until
Vy falls to the level of V1. Then the comparator will
trigger the timer and start another cycle. 7

The current flowing into C| is exactly 1AVE = | x
{1.1 x R¢Cy) x f, and the current flowing out of C}_is
exactly Vy/Ri = VIN/RL. If VN 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 to its input voltage over a wide
range of frequencies.

ey

Viosie

N » N\

L NPUT
COMPARATOA ﬂ:f:;g"

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

FREQUENCY
OUTPUT

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

The block diagram shows a band gap reference which
provides a stable 1.2 VpC output. This 1.9 Vpg is well
regulated over a Vg range of 3.9V to 40V. It also has a
flat, low temperature coefficient, and typically changes
less than 1/2% over a 100°C temperature change.

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

The timing function consists of an Rg flip-flop, and a
timer comparator connected to the external R{Cy
network. When the input comparator detects a voitage
at pin 7 higher than pin 6, it sets the Rg flip-flop which
turns ON the current switch and the output driver
transistor. When the voltage at pin 5 rises to 2/3 Vg,
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¢g, the
flip-flop will not be reset, and the current at 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. 1t should be noted that
during this sort of overload, the output frequency will
be 0; as soon as the signal is restored to the working
range, the output frequency will be resumed,

The output driver transistor acts to saturate pin 3 with

an ON resistance of about 50€2. 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 Vpg for all
values of i between 10 uA to 500 A. It can 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-to-F converter shmgvn in
Figuré 1 includes all the basic circuitry of Figure 2
plus a few components for improved performance.

A resistor, Ry = 100 k2 £10%, has been added in the
path to pin 7, so that the bias current at pin 7 (—B0 nA
typical) will cancel the effect of the bias current at pin 6
and help provide minimum frequency offset.

The resistance Rg at pin 2 is made up of a 12 k<2 fixed
resistor plus a 5 k& (cermet, preferably) gain adjust
rheostat. The function of this adjustment is to trim out
the gain tolerance of the LM131, and the tolerance of
Ry, R and Cy. For best results, all the components
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Applications (continueq)

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 V|N. A value of 0.01 uF to 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 fQUT.
If C||\ is much less than C|, a step at Vi may cause
fouT to stop momentarily.

A 479 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 RCt) x £ which is
perfectly balanced with —V|N/R|N. In this circuit, the
voitage 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 amplifier
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 V|, 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.

Vs

By
10k 2 10% 10k -10%** 6.8k - 1%%
g A A AAA =AAA
AAA L vy vy c'
8 0014F*
5 5 1
we I\

(]
vin 100 = L
v >———| (——4
FULL SCALE

Vs
OPTIONAL
OFFSET ADJUST

WTO 1M =

L o

[}
FULL-SCALE

iy Bs 1

fout = 200V A Pt

T
fm

*Use stable components with low temperature coefficients. See Typlcal Applications section.
**This resistor can be 5kS2 or 10k for Vg = 8V to 22V, but must be 10k for Vg = 4.5V 10 BV.
***Use low offset voltage and low offset current op amps for A1: recommended types LM108, LM308A, LF351B

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

DETAILS OF OPERATION, FREQUENCY.TO-
VOLTAGE CONVERTERS (FIGURES 5 AND 6)

In these applications, a pulse input at fi is differen-
tiated by a C-R network and the negative-going edge at
pin 6 causes the input comparator to trigger the timer
circuit. Just as with a V-to-F converter, the average
current flowing out of pin 1 is |AVERAGE = i x
{1.1 R¢Cq) x f.

In the simple circuit of Figure 5, this current is filtered
in the network R = 100 kS2 and 1 puF. The ripple will
be less than 10 mV peak, but the response will be siow,

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

In the precision circuit, an operational amplifier provides a
buffered 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 5.However, for input frequencies below 200 Hz,
this circuit will have worse ripple than Figure 5. The
engineering of the filter time-constants to get adequate
response and small enough ripple simply requires a study
of the compromises to be made. Inherently, V-to-F
converter response can be fast, but F-to-V response
can not.

10K 210% ¢
AAA

=1
FULL SCALE

0.001:F

= 1 1%
E 3
o, <

OPTIONAL
OFFEET ADJUST
2 T0 1M =_

AAA

*Use stable components with low temperature coefficients.
See Typical Applications section.

**This resistor can be 5k or 10 k§2 for Vg = 8V to 22V,
but must be 10kS2 for Vg = 4.5V 10 8V.

***Use low offset voltage and low offset current op amps for Al:
recommended types LF351B or LF356.
FIGURE 4, Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, +0.03% Non-Linearity

g eIV
3
b3 < a
P4 o g 8 B8k e
AA'A'A 7 s e
v
| = S
’ s oo
i —q }- L33 L
2 1 ‘out
vour
e R
126 2 $%° s |3 16Fm ::u}nm-
Ry ) - =

Vour* 209V ';—;.(mm

*Use stable components with low temperature coefficients.

FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scale, 0.06% Non-Linearity

+Vg o +4.5V TD 420V
g S { s vie
mAAA. 7 5
e ;
= M 0.01 4F
Oy _| I e 5 Lpass J:.: a
€1.8700F . ' mtum'
AAA vour
VW
e

12062 1%

"
o, s
Re
VOUT - - x 200V x g n R 1
= s
-2V)
SELECT Ax= ":, :A'
*Use stable p with low temp e coeffici

FIGURE 6. Precision Freguency-to-Voltage Converter,
10 kHz Full-Scale with 2-Pole Filter, 20.01%
Non-Linearity Maximum

S

8-257

“LELNT/VIELINT

IEENT/VIEEINT ‘IECINT/VIECINT




LM231A/LM231, LM331A/LM331

LM131A/LM131,

¢ — LT

Typical Applications (continuea)

Light Intensity to Frequency Converter

SV T0 418V
<
<
>
LJ L3
|
s 3 fouyex
A L Sease
S 7| <
SO < B8t
s 2 5 9
A —
0001 4F :‘F s 4 T2
.
[
=

®L14F-1, L14G-1 or L14H-1, photo transistor {General Electric Co.} or similar

Temperature to Frequency Converter

Vg
NSV TO20V
<
3 b3
LA K '
L 2 fouT o TEMP
olaf S w3 >
v > R L Z ogtsawn, 10MK
2 5 9
wzw (B 9
s wet% 6 B
r= T ooiur
23
% L

Basic Analog-to-Digital Converter Using

Long-Term Digital Integrator Using VFC Voltage-to-Frequency Converter

Vg :‘f
DATA
COUNTER - et
— VFE oyt e et on‘"
—
USING  fe————>r] COUNTER LaTcH
=20 f-2° BINARY > (L lommmﬂ
vieoeeur L F Y ool ] -coonten Bothure L] — —
] 04040 racozs 0 [TT0 nisPLay — > =
v ORSIMILAR oRswilan [0 § ORCOMPUTER
- ——t /! RESEY l
e
PRESCALER l I ENABLE
RESET) STABLE CLOCK (1.0 H2 T0 100 Ha)
BRI
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Typical Applications (continued)

Analog-to-Digital Converter with Microprocessor

Vg .

iy

viE L
USING
s i
fout

DATA
I:DIJ;ITER B

{OPTIONAL
PHOTOISOLATOR)

_.l COU:‘I[R

4

MICROPROCESSOR

BICROPRDCESSOR
cLocx

Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver

TO VEC i OUT | 1m3eoLA26.0
CIRCUITRY REGULATOR
3
§ & GND
g mon
M3 4
Vi 3
L
3

FREQUENCY
QUTPUT

= +15¥

POWER
SUPPLY

Voltage-to-Frequency Converter with Square-Wave Output Using =2 Flip-Flop

+Vg = +4.0Vpe TD +15Vpe
£LR PRE
st
L
2 47k
<
VEC <
CIRCUIT
ugljrgc
Vi ' § cLOCK [y . "
% MM74C74 S?J:Ln:
p| oORsmitaR @ SIuAl
/
>
Valtage-to-Frequency Converter with Isolators
Wg
+VLOGIC
& >
:; 33k T0 COMPUTER
vic | L m o
USING Iz N N Eg COUNTER
w| L ey,
L ey 2N2222
foutr DR SIMILAR USING LM131
DFTOISOLATOR
aNZ8 OR
- SIMILAR
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Applications (continved)

Voltage-to-Frequency Converter with Isolators
+V§

Viosic
HIGH VOLTAGE ?
L P >
TRANSFORMER b$
S
T~
four
VFC
USING
LM331 S
VIN AA
| A A4
ouT ‘:
S
COMPARATOR
=l WITH
= — HYSTERESIS
Voltage-to-Frequency Converter with Isolators
#VE
+VLOGIC
gty
“Z At
VFC  {tour
USING TRANSMITTER RECEIVER fout
LM33
ViN
———s
&
LY TELEMETRY 4
] USING =
RF LINK
Voltage-to-Frequency Converter with Isolators
Vg
L *Vigsic
1 <
:: 33k Io compuTeR
A [
Vi FIBER-DPTIC & 4 OUT T0 couNTER
USING LIGHT PIPE on
e,
) Jour M2 on USING LT3}
. .
Connection Diagrams
Metal Can Package y Dual-In-Line Package
- i
Vs CURRENT _1 \/ ]
CUTPUT Vs
CURRENT
ouTPUT REFERENCE __2] 1 __COMPARATOR
CURRENT INPUT
REFERENCE
CURRERY FREQUENCY _3 ]
oy = b= THRESHOLD
FREQUENCY
oUTRUT 4 5
GND f—nic
GND
TOP VIEW
707 VIEW
Order Number LM131AH, LM131H, LM231AH, Order Number LM231AN, LM231N, LM331AN,
LM231H, LM331AH or LM331H or LM331N
See NS Package HOSC See NS Package NOBB
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LM131A/LM131,

LM231A/LM231

LM331A/LM33t

Schematic Diagram

[:3]
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oP-07

ULTRA-LOW OFFSET VOITAGE
OPERATIONAL AMPLIFIER

Stability of offsets and gain with time or variations intemper-

FEATURES
@ LOWVOS et eenenrennrneennnnns T 254V Max ture is excellent. The accuracy and stability of the OP-07,
0 LOWVoSDAtt «oooeneneeeeninininnnn.., 0.6uV/°C Max even at high gain, combined with the freedom from external
o Ultra-Stable vs Time ..... eeeanan 1.04V/MonthMax ~ Mulling have made the OP-07 a new industry standard for
e LowNOISE ...t 0.6uVp.,Max  Instrumentation and military applications.
» Wide Input Voltage Range ...................c.. = The OP-07 is available in five standard performance grades.
» Wide Supply Voitage Range ............. t3Viox18V The OP-07A and the OP-07 ar< specified for operation over
» Fits 725, 108A/308A, 741, AD510 Sockets the full military range of —55°C to +125°C; the OP-07 E, C,
s 125°C Temperature-Tested Dice and D are specified for operation over the 0°C to +70°C
range.
RDERING INFORMATION
o t The OP-07 is available in hermetically-sealed TO-99 meta!
T 25°C PACKAGE OPERATING can or ceramic 8-pin Mini-DIP, and in epoxy 8-pin Mini-DIP. it
-“’t(w:;)‘“ vou & olbor masTic o — G rahor ~ is @ direct replacement for 725, 108A, and OP-05 amplifiers;
yrn — = N 741-types may be directly replaced by removing the 741's
555 g:g;:j OPOTEZ  OPOTEP L com nulling potentiometer. The OP-207, adual OP-07, isavailable
7 OPOTS  OPOTZ - OPO7RC/B83 MiL for applications requiring close matching of two OP-07
50 OPO7C) OPOICZ  OPOTCP 1 com amplifiers. For improved specifications, see the OP-77.
150 — - OPOCStt — com
180 OPOTDY —  OPOTDP - coMm
* For devices processed in total compliance to MIL-STD-883, add /883 after PIN CONNECTIONS
part number. Consult factory for 883 data sheet.
1 Burn-in is available on commercial and industrial temperature range pansin e_Vos TR
cerdip, plestic 61p, and TO-can packages. For ordering information, see 1988 LN e Vos ":: : “ : ::‘-5 TRRS
Date Book, Section 2. nl—b Fout
14 For availability and burn-in information on SO and PLCC packages, ~ souT ﬂ‘ﬂ ne
contact your local sales office. .
g ¥ EPOXY MINI-DIP (P-Suffix)
GENERAL DESCRIPTION 4 v- cast 8-PIN HERMETIC DIP
The OP-07 has very low input offset voltage (25:V max for TO-99 (J-Suffix) (Z-Sutfix)
OP-07A) which is obtained by trimming &t the wafer stage. 8-PIN SO
These low offset voltages generally eliminate any need for (S-Suffix)
external nulling. The OP-07 also features low input bias cur- -
rent (£2nA for OP-07A) and high open-loop gain (300V/mVfor
OP-07A). The low offsets and high open-loop gain make the
OP-07 particularly useful for high-gain instrumentation OP-07RC/883
applications. LCC
The wide input voltage range of £ 13V minimum combined (RC-Suffix)
with high CMRR of 110dB (OP-07A) and high input impedace
provides high accuracy in the noninverting circuit configura-
tion. Excellentlinearity and gain accuracy can be maintamed
even at high closed-loop gains.
SIMPLIFIED SCHEMATIC
Ve
7
3
HIAAHD R2B ARE
ELE{.‘THONICALLY 18
ADJUSTED ON CHIP
AT IIIVORV FOR
NI INPUT
QFI'SH VOLTAGE. R9
m.rm‘n
o A10
BVERTING Q16
Q20
ms
:‘N:‘"HTINB a1
RE RB
8/87, Rev. A1l
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o1\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

—PMI)

ABSOLUTE MAXIMUM RATINGS (Note 2)

SupplyVoltage .......ccivveneviiiniinienieieins., 222V

Interna! Power Dissipation (Note 1) .............. 500mW

Ditferential Input Voltage ................ teseareess X300V

Input Voltage (Note 3) ....... veveasss 222V

Output Short-Circuit Duration ................. Indefinite

Storage Temperature Range ’
J, RC and Z Packages

.. —65°C to +150°C

PPackage ........ccovvievvenmn... -65°C to+125°C
Operating Temperature Range
OP-07A, OP-07, OP-07RC ........... -55°C to +125°C

OP-07E, OP-07C, OP-07D . ....... veees.. 0°Cto+70°C

NOTES:
1. See table for i > fating and derating factor.
MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXIMUM AMBIENT
PACKAGE TYPE FOR RATING TEMPERATURE
TO-09 .J) 80°C 7amwW/eC
8-Pin Hermetic DIP (2. 75°C 6.7mW/°C
8-Pin Plastic DIP (P, 36°C 5.6mw/°C
LCC RC, 72°C 7.6mw/°C

2. Absolute maximum ratings apply to both packaged parts and DICE, unless
otherwise noted

Lead Temperature Range (Soidering, 60sec) .....,. 300°C 3. Forsupply voltagestess than +22V, the inputvoltage is
DICE Junction Temperature (Tj) ....... -65°C to +150°C equal to the supply voitage.
ELECTRICAL CHARACTERISTICS at Vs=+15V, T = 25°C, unless otherwise noted.
. OP-07A OP-07
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Ofiset Voitage Vos {Note 1! - 10 25 - 30 7% My
Long-Term Input Offset
Voltage Stabillty AVps/Time  (Note 2. - 0.2 1.0 02 1.0 uV/Mo
Input Otiset Current los - 03 20 = 04 28 nA
tnput Bias Current I —  *07 =220 —- %10 30 nA
input Noise Voltage e"it& 0.1Hz to 10Hz (Note 3) - 035 06 ~ 035~ 06 #WVpp
fo= 10Hz (Note 3) — 103 180 — 103 180

Input Noise Voltage Density e, fo= 100Hz (Note 3) — 100 130 — 10 130 v Hz
{o= 1000Hz (Note 3) - 96 N0 —_— 96 110

Input Noise Current inp-p 0.1Hz to 10Hz (Note 3) — 14 30 - 14 30 PApp
fo= 10Hz (Note 3! - 032 080 — 032 080

input Noise Current Density in fo= 100Hz (Note 3) - 014 o023 — 014 023 pA/N HE
1o = 1000Hz (Note 3) - 0.12 017 _ 0.12 0.17

Input Resistance —

Differential-Mode Rin {Note 4, 30 80 ol 20 60 - M0
Input Resistance —

Common-Mode Rucas ~ - y F b - en
Input Voltage Range IVR +13 *4 - *13 W4 - v
Common-Mode Rejection Ratio CMRR Vem =2 13V * 110 126 - 10 126 - dB
Power Supply Rejection Ratio PSRR Vg=*3Vio 18V - 4 10 - 4 10 nVIV

R, 2 2ki}, Vo= 210V 300 500 - 200 500 -
Large-Signal Voltage Gain Avo Ry 25000, Vo =%0.5V, v/imv
4 = _
Vg =23V (Note 4} a o 150 40
R, 2 10k0 %125 130 | — 125 2130 -—
Output Voltage Swing Vo Ry 2 2k} $120 *128 — *120 *128 - v
Ry 2 tknd 105 =12.0 - 105 120 -—
Slew Rate SR Ry 2 2kl (Note 3} 0.1 03 - 0.1 03 - V/ius
Closed-Loop Bandwidth BW Ayg = +11Note 3t 04 06 - 04 06 —_ MHz
Open-Loop Output Resistance Ro Vo=0,1g=0 - 60 - - 60 - a
Vg=215V, No Load - 75 120 - 7% 120
Power Consumption Py Vg = +3V, No Load _ 4 6 _ 4 6 mw
—_ +4 — - *4 - mV

Offset Adjustment Range Rp=20kN

NOTES:
1. OP-07A grade Vg is measured approximately one minute after

E ding the initial hour of operation, changes in Vpg during the first 30

tion of power. For ali other grades Vgg is measured approximately 0.5

seconds after application of power.
2. Long-Term input Offset Voltage Stability refers to the averaged trend ine of
Vos ve. Time over extended periods after the first 30 days of operation.

operating days are typically 2.5sV — refer to typical performance curves.
Parameter is sample tested. ’

. Sample tested.

. Guaranteed by design.

oW
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AT\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

—PMI)
ELECTRICAL CHARACTERISTICS at Vg = *15V, -55°C < Ty < +125°C, unless otherwise noted.
OP-07A OP-07
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
nput Offset Voltage Vos {Note 1) - 25 60 - 60 200 sV
average input Offset ’
valtage Drift With-
out External Trim TCVos {Note 2, -— 0.2 0.6 - 0.3 1.3 pV=C
yih External Trim TCVosn Rp= 20kN} (Note 3) -— 02 0.6 - 03 13 p=C
tnput Offset Current los ‘ — 08 4 - 12 58 nA
t Oftset Current
“(’;"“'9" Inpul TCios (Note 2; _ 5 25 - e 50 pA~C
n
Ingit Bias Current ig - *1 +4 —_ *2 +6 nA
t Bias Current
‘;fl"‘:“e Input Bias Cu TClp (Note 2) - 8 25 - 1B s pA=C
gt Voltage Range IVR 13 *135 - 13 *13§ - v
Common-Mode Rejection Ratio CMRR Vem =213V 106 123 - 106 123 - ¢B
#'nwer Supply Rejection Ratio PSRR Vg=*3Vio 18V - 5 20 - 5 20 VNV
{ a1ge-Signat Voltage Gain Avo Ry 2 2k}, Vg =210V 200 400 - 150 400 - v/my
Oulput Joltage Swing Vo Ry 22k} 212 *126 — *12 +126 - v
NOTES:
1 OP-07A grade Vg is measured approximately one minute after applica-
on of power. For all other grades Vgg is measured approximately 0.5
seconds after application of power. =
7 Sample tested. s
3 Guaranteed by design. 3
TYPICAL OFFSET VOLTAGE TEST CIRCUIT TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT
AANA, 1002
e M FEY
ouTRUT
-] wo |
VWA o a7,F
! oP07A ——oOvo
{ | 25M11 I
i Vos« i = AN == (~10M7 ERLTER)
! (NPUT REFERRED NOISE = -——z;" O Saten « Z0pnViem
3 (SEE SCOPE PHOTO IN TYPICAL PERFORMANCE CURVES)
PINOUTS SHOWN FOR J, P, AND Z PACKAGES
| SO -
OPTIONAL OFFSET NULLING CIRCUIT BURN-IN CIRCUIT
—
PINOUTS SHOWN FOR J, P, AND Z PACKAGES PINOUTS SHOWN FOR J, P, AND Z PACKAGES
———
5-65 8/87, Rev. Al
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‘ rP—Mi\OP-W ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
ELECTRICAL CHARACTERISTICS at Vg = +15V, T, = 25°C, unless otherwise noted.
OP-07E OP-07C OP-07D
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX MIN  TYP MAX UNITS
Input Oftset Voltage Vos (Note 1) - 30 75 - 60 150 - 60 150 M
Long-Term Vog .
/T - - X . -—
Stability Vpos/Time  (Note 2) ?.3 15 04 20 05 3.0 #V/Mo
Input Otisel Current los - 05 38 - 08 6.0 - 08 6.0 nA
C Input Bias Current 1 ‘ - %12 240 — %18 270 - 220 %12 ma
0.1Hz to 10Hz .
i 1 _ X - . . —_ .
Input Noise Voltage €np-p (Note 3) 035 06 038 0865 038 065 ‘ yv,_p.
Input Noiss 1o=10Mz — 03 180 - 105 200 - 105 20.0
Vottage Density ey 1o = 100Hz (Note 3 —_ 100 130 - 0.2 135 - 103 135 VA H2
o 1= 1000Mz — 88 1o ~ 88 1§ - 88 s
. 0.1Hz 10 10Hz ’
Input Noise Current inp-p (Note 3) - 1% 30 - 1% 35 - 15 35 PApp
. {o=10Hz - 032 080 -— 6.35 080 - 035 080
Input Noise
Current Density [ 1o = 100Hz (Note 3 - 0w 0.23 - 0.5 0.27 - 0.5 0.27 pAN HZ
) {o = 1000Hz - 012 0.17 -— 613 0.18 = 0.13 0.18
|
i input Resistante —
4 - —_ -
! Differential-tode N e %\ < S 'y ¥ ma
: Input Resistance —
! Common-Mode Rincu " = i — T ) B 120 - Gn
Input Voliage Renge VR +13 214 - *13 14 - TFI w4 - v
Common-Mode i
RA * - - —_
Rejection Ratio CMI Vem=213v 106 122 100 120 84 10 dB
Power Supply Vg= 23V
Rejection Ratio PSRR to *18v 5 X 7 > 7 2 wH
{
R 22k,
: vL 4 10v 200 500 - 120 400 - 120 400 -
o <
Lerge- al
v:m;wga s Avo R, = 5000 vimv
Yo = 0.5V 150 400 — 100 400 - - 400 -
¥ Vg =23V (Note 4)
: Output Voltage R 2 10k0 125 2130 - 120 2130 - 2120 2130 -
Sv::z" g Vo Ry 2 2k +120 128 2 115 128 - *115 2128 - v
9 R 2 0 3105 2120  — - 20 — - 0 -
Slew Rate SR R 2 2k (Note 3t 01 03 = 01 03 —_ 0.1 03 -— V/us
AyoL =11
Closed-Loop BW veL 0e 06 — 04 06 — 04 06 - MHz
Bendwidth {Note 5)
. ‘ Oper-Loop Output o Vo=0.1p=0 - & - o\ aff L - e - n
Resistance
i power Consumbii , Vg = 215V, No Load - B 120 —~ 8 150 - 80 10 -
. ower Consumption  Fg Vg = =3V, No Load L 3 4 8 — 4 8 — 4 8
Oftset Adjustment fip= 20k0) E——_ - 24 - - 4 - mv
Range
. NOTES: )
| K 1. Input Offset Voltege measurements are periormed by automated test
' ' i 1t approxi ly 0.5 ds after application of power.
i 2. Long-Term Input Ofiset Voltage Stability refers to the averaged trend iine
: . of Vgg vs. Time over exiended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vgg during the first 30
. operating days are typically 2.5:V — refer to typical performance curves.
. Parameter is sample tested.
3. Sample tested.
4. Guaranteed by design.
¢ 5. Guaranteed but not tested.
\
)
v
+
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: WOP-W ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
& q ELECTRICAL CHARACTERISTICS at vg= 115V, 0°C < To < +70°C, uniess otherwise noted.
T
: OP-OTE OP-07C OoP-07D
A PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX MIN TYP MAX UNITS
,. ' input Offset Voltage Vos (Note 1 - a5 130 - 85 250 - 85 250 M
average input Offset )
: Vortage Drift With-
J out External Trim TCVos (Note 3; - 03 13 - 05 18 . 0.7 25 wvre
with External Tim  TCVgs,  Rp=20kN) .Note 3, - 03 1.3 - 04 1.6 - 0.7 25 sVC
nput O*tset Current los - 08 53 - 16 8.0 - 16 8.0 nA
Average Input Offset
T 2 - —_ 9 —
cument Dnt Clos iNots 2 8 35 2 50 12 50 pASC
tnput B:gs Current [ - 215 *55 - 22 90 - +30 *14 nA
¥
Asctage tnput Bias
Curren: Drift TCls Note2) - B 3B B 50 B 50 PAPC
npat Voitage Range VR #2130 =135 - *330 2138 - $13.0 135 - v
Common-Mode
=x iy a7 - -
Rerectson Ratia CMRR Vo= 213V 103 123 120 84 108 @B
3 Huweer Supply
3 = * - — 1 —_—
[. Repecton Ratio PSRR Vg=23Vio 218V 7 32 10 § 10 5 BVIV 2
' Large-Signat Ry 220
{ :;:::pv gc::n Avo v;f‘ Sv 180 450 — w0 400 - 00 400 - Vimv E
¢ B - jand
b _ Q.aput Voltage % o}
| Swing Vo R 22k} *12 2126 - 1 228 - N L1128 - v [
1 NOTES: 1 E
1 1 Input offset voltage measurements are performed by automated fest
X quip pproxi y 0.5 ds after application of power. -
2 Sample tested. H <
2 3 Guaranteed by design. Z
f o
f [
} B
4 p
f. . =
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o7\ OF-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

{PMI)

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

(2.54 » 1.40mm, 3.56.sq. mm)

@~ kWM -

. BALANCE

. INVERTING INPUT

. NONINVERTING INPUT
V-

. OUTPUT

Ve
. BALANCE

For additional DICE ordering information, refer
to 1568 Data Book. Section 2.

WAFER TEST LIMITS at Vg= =15V, T,=25°C for OP-07N, OP-07G and OF-07GR devices; T, = 125°C for OP-07NT and

OP-07GT devices, unless otherwise noted.

OP-07TNT OP-07TN OP-07GT OP-07G OP-07GR
PARAMETER SYMBOL CONDITIONS LimIT LIMIT LimIT LIMIT LT UNITS
Input Ottset Violtage \"05 140 an 210 B8O 150 «VMAX
Input Offget Curient | lge 40 20 56 28 60 rA MAX
Input Bigs Current e 4 £y =6 28 Y nA MAX
Input Resistance la
A i o 3 20 - 20 B M MIN
D:fferentizi-Mode " poms
Input Veltage Renge. IVAR - =13 =13 =13 =13 =13 VMIN
Cogmn- V02 CMBR. -~ V= +13v 100 1o 100 10 00 cBMIN
FRejection Ratio
f
Fowsy Syoply PSAR™ Vo= 23V.10 218V 20 10 20 10 30 LVVMAX
Rejection Ratio
R, = 10k0 - 2125 7 - 120 =120
Cutput Moltege Swing Vo R =20 *12.0 120 120 hs *N.5 V MIN
Ri=1kn — >10.5 - % 10.5 —
Large-Signa! A=2xN 150
120 1 Vmy MI
Voltage Gein Avo Vg =210V 7200 £ < T MIN
Ditterential input =30 <30 +30 =30 =30 vV MAX
Voltage F
Power Consumption ), Pg Vo = 0V - 120 - 120 150 mW MAX

NOTES:
1. For 25°C characteristics of OF-07NT ang OP-0IGT, see GP-0TN and

OF-07G charactenstics, respeciively,

2 Guéranieed by design

Electrica! tests are performed at wafer probetc the limits shown. Dug 10 variations in assembly meihods and norma! yield loss, yieid atier packaging is not
guaranieed for standard product dice. Consull factorytc negotiate specifications basedon Cice lot'qualification through sample jot essembly and testing

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = £ 15V. T4 = +25°C, unless otherwise noted.

OP-0TNT OF-07N OP-07GT OP-07G OP-07GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Average Input :
TCV, = 50¢ : : ! .
Offset Voltsge Dritt ' vos  Fis=500 02 62 03 03 07 e
Nuiled input _ nees <
tfset Voltage Drift TVozy | Ag=S00. Re=20k0 02 02 0.3 03 07 BVeC
Average Input
Offser Current Drt <108 5 ¢ 8 & 12 pArC
Slew Rate SR R .z i 03 0.3 03 g 0.3 0.3 Wus
Closed-Loop _a
Bandwidth Bw Ay =+ 06 oe o6 06 [ ] MHz
5-68 8/87, Rev. Al
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[Orr7)\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS

OPEN-LOOP GAIN vs OFFSET VOLTAGE CHANGE DUE
TEMPERATURE = TO THERMAL SHOCK WARM-UP DRIFT
10 T 1 f 2T T T E £ T
Vg IV 1 t ‘5 —‘—‘l —— - Vg 118V E b
[ ! g% | T Saofl—verowy
] | | £ L =1 @ | | £
i ) - = |1aeme 1,000 o
- I - . £ e %
S . ; © 7N i d " == B
: T s 3R M ™~ £
b =1 | [ %5 s Hme LGN F| L 7 oo
4 L | _1 | @ 10 BAND —— 2 | ri
! =3 I ] O 4 H B
! A SO T A7 =T z
i | | | | | 1..: * T /7 . N o oF 078 oicr
; _? =) .__i 4 -_T__I_ E i /::f[:rcllc;m}'sﬂn?_‘ -+ é ¢ I | |
50 0 %0 100 B —o (H sl s~ {00 £ 4 ] 2 3 P 5
TEMPERATURE ["CH TIME 'SE‘E] - TIME AFTER POWER SUPFLY TURN-ON IV % JTES)
MAXIMUM ERROR vs MAXIMUM ERROR vs MAXIMUM ERROR vs g
SOURCE RESISTANCE SOURCE RESISTANCE SOQURCE RESISTANCE %]
" 1 & 1 W oconnd =
* Tar¥C | E S5 ST € 125" 3 R o =~
[ b & M | g 3;::“;: s 3 R Ve 15V A\ E
i o j—8 & Sosf- - i 2 =1 2
= g ( ' o ! . <
- & } } el ——
';m ;‘nl————r___-__. _— " =)
: i ! e 5
En- ; o4 - 4 g | %
:i % ] ; § o4 i —
: Polew 2| o | JD E
pes 3oz ‘ T . = <
: = oF078 __’)/ 2 | o=
ol oF Wk ; | H T | o
e ] o | . A =
o 1 10w 100w 10 w 10w 1008 100 T 10% 10 o
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577\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

{PMI)

TYPICAL PERFORMANCE CHARACTERISTICS
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[5777\OP-07 ULYRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER
{PMD

TYPICAL PERFORMANCE CHARACTERISTICS

MAXIMUM OUTPUT VOLTAGE
vs LOAD RESISTANCE
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TYPICAL APPLICATIONS

POWER CONSUMPTION (mW)

ABSOLUTE VALUE OF OFFSET VOLTAGE (:¥)
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POWER CONSUMPTION OUTPUT SHORT-CIRCUIT
vs POWER SUPPLY CURRENT vs TIME
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HIGH SPEED, LOW Vg, COMPOSITE AMPLIFIER

ADJUS'i'MENT-FREE PRECISION SUMMING AMPLIFIER
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PINOUTS SHOWN FOR J, P, AND Z PACKAGES
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PINOUTS SHOWN FOR J, P, AND Z PACKAGES
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[5777\ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER f
—PMD)

TYPICAL APPLICATIONS

HIGH-STABILITY THERMOCOUPLE AMPLIFIER

PRECISION ABSOLUTE-VALUE CIRCUIT

R3
AAA
VWA—

SENSING
JSUNCTION

REFERENCE
SUNCTION

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

PINQUTS SHOWN FOR J, P, AND Z PACKAGES

APPLICATIONS INFORMATION

OP-07 series units may be substituted directly into 725,
108A/308A° and OP-05 sockets with or without removal of
external compensation or nulling components. Additionally,
the OP-07 may be used in unnulled 741-type sockets. How-
ever, if conventional 741 nulling circuitry is in use, it shouid
be modified or removed to enable proper OP-07 operation.
OP-07 offset voltage may be nulled to zero through
use of a potentiometer (see offset nulling circuit diagram).

*TO-99 Package only

The OP-07 provides stable operation with load capacitance ¥
of up to S00pF and 10V swings; larger capacitances should *§
be decoupled with a 500 decoupling resistor. B

Stray thermoelectric voliages generated by dissimilar metals s 3
at the contacts to the input terminals can degrade drift per-
formance. Therefore, best operation will be obtained when
both input contacts are maintained at the same temperature, ".{
preferably close to the package temperature.

§-72
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@ MOTOROLA

NPN PHOTOTRANSISTORS AND

PN INFRARED EMITTING DIODES
... gellium ide LED gpticslly led to si!imn h
sistors designed for Jicati uirh ical isolsti

high-current transfer ratios, small pedwge snza and low eost such

esinterfacing end coupli

® High Isolation Voitage — L)

, phase and feedb
solid-state relays and general-purposa swm:hmg drcuhs

Viso = 7500 V {Min}
® High Coliector Output Current

@G lp=10mA—
Ic = 6.0 mA (Typ) — 4N25,A.AN26
2.0 mA (Typ) — 4N27,4N28

Package

300 kiz ﬁyp)
® Fast Switching Times @ Ic = 10 mA
ton, = 0.87 us (Typ) — 4N25,A,4N26
2.1 ps {Typ) — 4N27,4N28
toff = 11 ps (Typ) — 4N25,A.4N26

5.0 ps (Typ) — 4N27,4N28

e Economical, Compact, Dualin-Line ® 4N25A is UL Recognized
File Number E54916

*MAXIMUM BATINGS (T 4 = 25°C unless otherwise noted).

4N25, 4N25A
4N26
4N27
4N28

OPTO-
COUPLER/ISOLATOR

TRANSISTOR OUTPUT

-

R Rating ] Symbol | Velus | Unit |
INFRARED-EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage VR 30 Voits
Forward Current — Continuous 13 80 mA €] (3] fa) R
Forward Current — Peak 13 30 Amp I
Pulse Width = 300 us, 2.0% Duty Cycle B
Total Power Dissipation @ Tp, = 25°C Pp - 150 mw l
Negligibte Power in T DT 127 13
Derste above 25°C 20 mW/°C l FI_I
PHOTOTRANSISTOR MAXIMUM RATINGS A c L
|Cottactor-Emitier Voltage Veeo 30 Volts = L — l
E mitter-Collector Voltage VECO 7.0 Voits | P
Cotiector-Base Voltage Vceo 70 Voits T . N 2
Totat Device Dissipation @ T = 26°C Pp 150 mW
Negligible Power in Diods -—I G l-— I'-D 1 )
Derate above 26°C 20 mw/°C
TOTAL DEVICE RATINGS STYLE 1: -
Total Device Dissipation @ T4 = 25°C Pp 250 mwW PIN 1. ANODE
e 2. CATHODE
Equal Power Dissipation in Each Eiement . 3 K
Derate sbove 26°C 33 mw/°C o EMITTER
Junction Temperature Range Ty ~55 to +100 °c : BC:;;.ECTOH
Storage Temperature Range Tstg -55 to +150 °c i’ 4
[Sotdering Temperature (10 5} 260 °c 1. DIMENSIDNS A AND B ARE DATURS.
e Ingi JEDEC Reg d Data. 2. [T] 1S SEATING PLANE.
3. POSITIONAL TOLERANCES FOR LEADS:
[Slp 13 nus@it | A@Es)
FIGURE 1 - MAXIMUM POWER DISSIPATION , 4. DIMENSION LT0 CENTER OF LEADS
Figure 1 is based upon using limit WHEN FORMED PARALLEL
values in the equation: 5. DIMENSIDNING AND TOLERANCING PER
o T Ta=R (Ppy + Kg Ppo) ANSI Y14.5, 1973,
£ — raezhe T31-Ta = Raga (Pp1* Kg Pp2
= — L where: MILLIMETERS|  INCHES
g = Tyy Junction T t100°) i) WIN | WAX | BN | BAX
\ T Ambien Temperators i 1813 [ 669 10370 | 0350
00 R ta Jurction 1o Ambient Therma! 10 | 6.60 0200
- e S \ 68 dunction 1o Ambient Therms 82 | 609 {0115 0.200
g & ‘\ 500°CW) D 1] 051 [60161 0 2
Ppy P Dissipation in One Chi .02 { 3.78 10040 | 0.07
H D e ek THESC | DB
2 — y30¢ \ A Pp2 Power Dissipation in Other Chip 50 BT 601
g W =\ Kg Thermal Couphing Coefficient 28 ( 3. 0100 { 0.150
3 \ \\ 120%) L1808t | 0s006sC
e “ Exgmpte
- i N0 5@ 015 | 0.1
m e w e W@ W W Wghv"m 5032 "::: ""8:::‘:50 127 | 203 {0050 { 0050
| A" g rans
Pp2. AVERAGE POWER DISSIPATION (et Po (Ppgmuss be loss than 50 M, CASE 730A-01

3-3
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L
4N25, 4N25A, 4N26, 4N27, 4N28
LED CHARACTERISTICS (T 4 = 25°C unless otherwise noted)
r Characteristic - Symbol Min TypP Max Unit
*Reverse Leakage Current R - 0.005 100 1773
(VR=3.0V, R = 1.0 M ohms)
*Forward Voltage Vg - 1.2 1.5 Volts
{tg =10 mA) .
Capecitance [ - 40 - pF
{VR=0V,1=10MHz
PHOTOTRANSISTOR CHARACTERISTICS (T 5 = 25°C and Ig = 0 unless otherwise noted)
*Cotlector-Emitter Dark Current . 4N25, A, 4N26, aN27 Iceo - 35 50 nA
(VcE = 10V, Base Open) 4N28 - — 100
*Collector-Base Dark Current icso - - 20 | nA
{Veg = 10 V, Emitter Open)
*Coilector-Base Breakdown Voltage V(BRICBO 70 - - Volts
(Ic =100 A, Ig = 0)
*Coll Emitter Breakd! Voltage V(BRICEO 30 - ' - Volis
ic=1.0mA, 1g = 0)
Emitter-Col Breekdown Volitage : V(BRIECO 70 8.0 - Volis
UE =100 uA, Ig = 0)
DC Current Gain hgge - 325 - -
(Ve = 5.0 V, I¢ = 500 pA)
; COUPLED CHARACTERISTICS (T 5 = 25°C unless otherwise noted)
*Coltertor Output Current (1) 4aN25, A, 4N26 ic 2.0 5.0 - mA
(Vee=10V,IF=10mA, g =0) 4N27,4N28 1.0 2.0 -
Isotation Surge Voltage (2, 5) Viso Volts
(60 Hz Peak ac, 5 Seconds) 7500 - -
(60 Hz Peak) “4N25, A 2500 - -
. *4N26, 4N27 1500 = 32
*4N28 500 - - -
{60 Hz RMS for 1 Second)(3) *4N25A 1775 - —a.
Isolation Resistance (2) - - 1011 - Ohms
{V =500 V)
“C Emitter S on VCE(set) - 0.2 0.5 Volts
{lg=20mA, I = 80 mA)
tsolation Capacitance (2} - H 05 = oF
(V=0,1=1,0MHz)
Bandwidth (4} - - 300 - kHz
(lc=20mA, R = 100 ohms, Figure 11 (2)
SWITCHING CHARACTERISTICS .
Delay Time 4N25, A, 4N26 g - 0.07 - us
(lc=10mA, Vee =10V 2N27,4N28 - 0.10 =
Rise Time Figures 6 and 8) 4N25, A, 4N26 1y - 0.8 - HS
4N27, ANZ8 — 2.0 —
Storage Time 4N25, A, 4N26 15 - 4.0 - us
(lc=10mA, Vec =10V 4N27,4N28 — 2.0 —
Fall Time Figures 7 and 8) 4N25, A, 4N26 Y - 8.0 - bs
4aN27, 4N28 — 8.0 -
* Indicates JEDEC Repistered Data
(1) Pulse Test: Putse Width = 300 us, Duty Cycle € 2.0%.
{2} For this test LED pins 1 and 2 are and ph i pins 4, §, and € a7e common.
(3) RMS Voits, 60 Hz. For this test, pins 1, 2, and 3 are common snd pins 4, 5, and 6 are common.
{4) Ip adjusted 1o vield ip = 2.0 mA and ic = 2.0 mA p-p a2t 10 kHz,
15) Isotation Surge Voltage, Vg0, is 8n internal device dielectric breakdown rating.
DC CURRENT TRANSFER CHARACTERISTICS
FIGURE 2 — 4N25,A,4N26 FIGURE 3 — 4N27,4N28
T 50, 7
© P ===l = o2
70 HR Vee * 16V il ) Veg= 10V o
" - Oy H - e
E w : = Euw =
i %+ = s > - : = : — =
8 20 Hol 320 Ty= 5500 I Ao as0g Ll
t 3 T 1 B T
§ vl ! g A== =
o :
8 5 2T 10m0C ; =08 2 = =
§ul A T 1 § HR—2 = E T
o 1P S Y iS5k J AP BT /Z, ! .
& 87 A B + : L s Rre s ST
Lo gt T NV S T T
(3] 6.
| s & v e e e 0 v e e o | s T -t et
9-'1‘0_5 10 0 &0 10 0 §0 w0 208 Aﬁﬂ D*"ll.'i w20 58 10 20 50 100 20 500
ip, FORWARD DIODE CURRENT {mA} g, FORWARD D:DDE CURRENT (ma)
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4N25, 4N25A, 4N26, 4N27, 4N28

vf. INSTANTANEOUS FORWARD

1, TIME (i)

VOLTAGE (VOLTS)

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 4 -- FORWARD CHARACTERISTICS FIGURE 5 — COLLECTOR SATURATION VOLTAGE
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FIGURE 6 — TURN-ON TIME FIGURE 7 ~ TURN-OFF TIME
2 T 280 T
i [T T 17 T
10 Vege 10V = 100 V?c'{;g:l
; - [ : T = 20 1g ——3 = o 2010 =
{ == v 25°C —4— 50 -25°C
S0 ,11 = Ty=28°C =13 & — Ty=25°C
[ ] P—— q - i L
26 . _l’ T bl S =
;! f = + 1S L
10 e e == __'L it
SR e = e, e = H T
NESSEaT= ¥ 2 E
05 e : = 5o = 3 -
IR P e NER , u =
02 ""‘,;a“é'l 5 ' 20 N
0.1 + =3 1.0 N
05 = === mnamm} 05 === aN25AANZE >
I B SR 4NZ1, 4N28 T & = anz7,anz8 A
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FIGURE 8 — SATURATED SWITCHING TIME FIGURE 8 — DARK CURRENT versus
TEST CIRCUIT AMBIENT TEMPERATURE
10,008¢
i
gV 4
x> 1080 -
= 0
3 v
Rp end Rt VARIED TO OBTAIN DESIRED RL = Veg=10V
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4 ez Ige0
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s st w Z
-4
PULSE e ~
weyr Bp 1 [ l Ee Z
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TRANSISTOR | S -
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4N25, 4N25A, 4N26, 4N27, 4N28

FIGURE 11 — FREQUENCY RESPONSE TEST CIRCUIT

FIGURE 10 - FREQUENCY RESPONSE

g :
2 20}—Ta=25°C
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4 Y Cr———— ]
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<] >N 1g IDCY =20 mA
é’ N iz {AC SINE WAVE = 2.0 mA P.£) =
8 My 50 70 160 20 3 500 700 1030

1, FREQUENCY (kHz)

TYPICAL APPLICATIONS

FIGURE 12 — ISOLATED MTTL

FIGURE 13 — COMPUTER/PERIPHERAL INTERCONNECT

TO MOS (P-CHANNEL) LEVEL TRANSLATOR
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FIGURE 14 — POWER AMPLIFIER

FIGURE 16 — INTERFACE BETWEEN LOGIC AND LOAD
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