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1

Abstract.

Conductometer has been designed by using analog circuit
combined with digital circuit. It can be constructed with low cost and
available equipments . The input current varied with electrolytic
conductivity , displayed in digital form , is converted to voltage by
using a current. to voltage converter. Resolution of the measurement is

capable of providing from 0.2 A4S to 10 mS
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A= k/C, (Siemens/cm) / (Equivalent/cm)

= k / C, (Siemens.cm” / Equivalent) (2.9)

e A @a dﬂnﬂ1ﬁ11ﬂﬂﬂﬂu§aﬁwﬁvatﬁu Siemens/cm” / equivalent.

» ' a ] 4
C_ #n nqwusnuﬁunaq1aaauﬂuaﬂ1azawnﬁwuaaLﬁun1udu¥aaa§nu1ﬁn

x

idians Teilanii 107 iimasnisam fukndfisea )
c, = C, / 1000 (2.10)
UTMENATT 2.10 A9 lunT 2.9
A = k/«C,/1000) = 1000k / C, (2.1
AMMAUNTIT 2.7 UTHAY WU 2. 11
A = 1000LO/ C, (2.12)
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A2 Bubunas NaCl (Siemens.cm® equiv '
eq.wt/dm” (N)
0.1 106.7
0.01 118.5
0.001 123.7
1389190 Infes 126.4 (A)

2.4 mu'iﬂ%dsngau‘aadwmuﬁmﬁﬁ’&'@a
(Equivalent conductance at infinite dilution,A)
ﬁ'nua"m'rm'lum-nngau?'mm‘lnaau‘lum':asma%unéﬁw-so 4 tis Ap
1. Electrical force @auisiiiaduiitavanarmerindseniaeiataiinse-
mav loasy i loamuadaun Lusioi 16
2. Frictional force usvﬁgméﬁmuﬁtwwﬁnaﬂﬂawﬁmﬁo o 1ihase
iRansewiy Electrical force
3. Electrophoretic effect 'lua’"l'sazm?'m"‘laﬂuguuﬁuaéﬁ'w ﬁoﬁﬁszmso
Fawiiv TaaaufisanamnTan ananasiiazaaL paoun lgsas  mlitleamuiiauls (diagn
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69w
k39 2 ¥iauIn Aa Electrical force war Friction force NwWaswY
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6139051
A = Ao" b/E (2.13)
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FaiTudasiinas lossustiewits 4 1iasas fumTerasninlibiaum y (iila /C = 0 =
1ﬁdwn11ﬁ11uﬂ1au§atﬁaLgaaﬂqﬁwﬂqa (Ay usB i 1Taza1osiudLEnTns lasaau 1o
nIABYTRN WU wEIRE IS A uax /C Lt TuFuase bigwrson Acannan

1ﬁﬁouah01u3ﬂ# 2.1

gl

|
a0}

- Kd

'S
3

100 143 420)

o HCI

80 130 410

40 140 40O
4 130 o}

20 120 3001

¢ %10 I A L Y 2
'@ 005 0.0 015 020

< Y] ¢ o < d o
ZU‘TI 2.1 uﬁﬁ@ﬂ?ﬂ“ﬁﬂﬂﬂﬂ"!%wﬂ\il\ ny /E nmatﬁnTm‘lanﬂuamw M|

. o d < 3 £ 0
nﬁn11u11uﬂqau§asﬁaL%aﬂﬁvﬁvnqnnaedﬂiazaﬂsﬁLan1n11anaau w1 lHan
¢ od o @ < Vla y - ¢ @ <
n11ﬂ1sqnnngnaq~Koh1rausch LNPIMMITLARaUNDDY laaauas NadIE NATIME TMIM
[ Y4 [3 4
\Butui B lnRdud (Infinite Dilution) AANEINENATALAIERL AN InT ladidavunn
[ Y] g ] s ‘ ar uz
mawssﬁﬂnuaﬂwcauugé waniia 18 100 © uarbifwaitiavnnasuiveey lanau &

4 & a4 - o 3 ° . a4 - «f - o
uﬂaz\laaﬂuﬂz § ﬂaﬂuﬂﬂﬂ"l\?ﬂa"{s uﬂaﬂ ﬂ"ﬂ"lm'l‘lﬂﬁ']a&lga Lt 'Qﬂqqﬂaﬂﬂa‘;ﬂﬂﬂ\iﬂ Lan-

- 10 -



4 [ o U 4 "
Tm‘laaaaummmnm‘xﬂﬁ'nnuanunmmmﬂuﬂwamja L3l ’-a'm'wﬁomganm‘laaﬂmﬂ

av lanau Shia
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A, = P +A (2.14)
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Viia 7}° uaz A° ﬁamwﬂwﬂfmmdaLi'mc%mwﬁwmj&nmuqn‘laaauuav
o o ] ° I's
uau leaunavinaa A wy @19 2.3 udasenmin Wihee1d  (Molar
: o .
conduct.ance) tﬁaﬁ'mwﬁqn@naﬂaamw q X)
1 < [ 1 ) < £af
amngas i i A suananeening Ao 1asdiin ing ladmisenauiiig
o d L ] o [ Y ] [] [«
@aunau (aaayu (common ion) Nivalawiu 1 laaau st MUENEINTENINY A
o d J r [ 9 ) .
1o+ laaawsian bl ldaauney loammivitauiiu $aed19itu KC1 uay Licl daawaw loaau
- [v) = y < s ! :
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’ P °
lanawsny 9 0 25°C

Cation Anion

H 0" 349.8 OH~ 199.0
Li* 38.7 cl” 76.3
Na* 50.1 Br- 78.1
K 73.5 I 76.8
NH, * 73.4 No, 71.1
ag’ 61.9 clo, 67.3
1/72Mg"" 53.1 C,H0"" 40.9
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Cat.ion Am Anion h?n

Ag’ 61.9 clo, ~ 67.3
1/72Mg"" 53.1 c,H,0°" 40.9
1/72ca®* 59.5 1/250,°" 80.0
1/2pb°" 69.5 1/2¢,0,%" 74.2
1/3Fe”" 68.0 1/4Fe(CN) . *~ 110.5
1/3La”" 69.6 - -

0 [ o g P ] 4 '4 [v}
a8 2.4 nﬁn11u11uﬁ1augatﬁa;5311qﬁqnqﬂna05LanTn11amu1qn1

° o o -
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BLinng lad ~ Ae AWANATY
(25°C)
KC1 148.9
34.9
LiCl 115.0
KNO, 145.0
34.9
LiNo, 110.1
KOH 271.5
34.8
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BinIng lad Ao . AMANAN
(25°C)

LiNO_ 110.1
KOH 271.5

34.8
LiOH 236.7
HCl 426.2

4.9
HNO, | 421.3
Kcl - 149.9

4.9
KNO,, 145.0
Licl 115.0

4.9
LiNoO, 110.1

-, o ¢ L] (-45 v oW
MRV LTI TaTa 8navB L 80 InT lasuni ipaw L Butuanas
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' ¢ e ! 8 e ’ < N 1 e .
Yaunfiy 126.4 DA medasan9ie Linan lusaenniaasBRnItuana1emaIn WU m
v v - - (YN < - b e
A Bufuasaomail s afiufiusTasaaTae Nacl NIRACTANILNAD vy 42.2

. . e " ™1 -d «
AV A LTRD 390.7 (BRI A 189B 150 InT ladusaziia tHana131eh 2.3)
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3.1 mviadnmain WhaTaza1sdian 1as tad (Measurement. of Electrolytic
conduct.ivity)

s i bl uaii Aaataslasassivaanudiunm Svan1siadtanwin
- . . . 4o . B B,
1wﬂqaeaqun1nn1157ﬂﬂnn1qmnwa1ﬂumﬁunnunaoaﬁsazaﬁanagssuaqua 2 Hanmuiu
Fatiahe 2 FlHinde Taveuwanniad 1Evniaany B8 suwandiing) (Platinum  black)
i1 hin waraandwi wn s asann e Tva lsL i cﬁaiu%qﬁqdaeao1uﬂ11
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witwalua uae loasuuanae Leiais FwniueTng ﬁ11ﬁLﬁﬂ%ﬂﬂﬂ@ﬂ?ﬂ}dﬂ@ﬁu(Double
layer capacitance) ﬁeuﬂho1uzﬁ% 3.1 lun7ianpuiines lanaws Fwniwan i
\RenTeudtuIsndn  nTsusumahIILen (Nonfaradaic current) nIsusaviRaDu

uwnn%aﬁaaﬁuaéﬁunqwuﬁwunwunaoﬂniaza1aiswiﬂ«§1ﬁeaae§eLﬁu1ﬂm1ungna¢13ﬁu
s§a1aaauu§uanﬁuﬁeauqaL?au¥auuﬁaﬁqs1ﬁ§nssua§n uFa9IMTERFUBIIT LN T
neuafL Ansu Haeiamueiioinias - vTaansnmair lWilamasansavats #a  an33adn
A uniiian 1 Aensvusumaingtedn Wuamialiazib oy Brdrazanadmasn
Winszusumsraniedn louon udasriinamlmnma gwrsai bh 18 aziilin
na¥anan i i et awnenseusussian adni inia Ssimnseus® a7 18R
tﬁunjzuaﬁﬁuLﬁﬂ1ﬁ1ﬁ§wa1un11LﬁﬂTwa111Lﬂﬂuuasﬂ§ﬁ§ﬂﬂaﬂnitaﬁu—?ﬁnﬂuﬁ%%%«ﬁac
Foreiwam i danseuawnriadng bitheatas Hraeasr Wbl Tunsusassfiaalfne

L4 - g
A7 LiliiEnd hihge i lsuin T fanavusih st adndnsu 13
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bridge and
current source

A"J )
Elecml)lysis / Electrolysis
(faradaic impedance) — (faradaic impedance)

Z,

14 1 1
I—AMWWWWWWWW— |
Double Jayer  Electrolyte resistance  Double layer
capacitance capacitance

71t 3.1 wdastrngn e i ad miudesamia i (Electrolytic

conduct.ivity cell)

3 } 74
LAZaIaAn ™ ihaziin wlsenavhosd s 9 Gl

AN dadano L8 daumautlasnaens hars sl

(OSCILLATOR) >|  (CELL) > (CURRENT TO VOLTAGE
CONVERTER)

ANUANWA aevsurasinaauaant s daas 29374 Sadine

DISPLAY |< A/D CONVERTER < (RETIFIER)
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3.2 2937aadtalalaad (OSCILLATOR)

2vvraaadatatand i tuaesiiienaasa Bhiaesn Twaeasd 5nmaﬁm§’f'mé
'quﬂmcﬂﬂﬁwﬁmiw 9 1oy Tnadeni ng AmIL @Y Il s Thdie 299700FBALA
iaaimnEie (e Nﬂ'saazﬁatama%umquaamanma% (Tuned  Collector
Oscillator) 793720aBatataaSuLLIMABWY (Phase Shift Oscillator) 72v398a&
arataatuindmSad (Wien Bridge Oscillator) iihain

3.2.1 vAnN1ITaeIveTaRdtalalAed

29vTaddatatead Nﬂ?‘lﬂﬂﬁ?’iﬁmﬁf?‘mﬁmi@w‘lﬂﬂﬂ?ﬁmm L
wlasawioan  deineoermn i WihAREethent Tanan 3m§u ﬁ%@nﬁuzwﬁnﬁ
(Sinusoidal wave) ﬂﬁluzuﬁmgzm (Square wave) nguzﬂmumﬁau (Triangle

§ 3 L 24 (rd 4
wave) @auTihiIABE (Sawtooth wave) M’:a&lmmaémumﬂuzﬂn 3.2

st L| f?rn'ngmﬁ'w

] = | W] L

oo u vy -%AvA\nm ﬁ.muﬁmﬁ'au VAI/A[//II/
COPR | |1 1 | e

(Y] 4 1 d - x ‘
Exﬁ'l 3.2 uﬂmanmgﬂa%m'm 9 NN TONRARNTUINININITIDRDRLALADT

<4 £
3.2.2 MiMmuavNITeadtalalead
o & « 4
1. ﬁ’:’w&yyw‘lﬂﬂ'lﬂﬂmwquum‘:mmunwzw‘lﬂﬂﬁa L RAmIBTAY
o < ' 3 3 g
2. Triewsuasta 'Ja'mgnﬁaquuuauunw%ﬁ L RN Iaad

4 ] - o
3. ‘BEnrmeaaddwnne 9 19e 11 Tun1amiemnae9’s
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< [ do = 4 4
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- o 3 U4 <
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aiasmanatthiay  1ilasmiuingsagansaTaatanRelaiiiiy 1 BmoniaTn
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3.2.4 HMMOEBDIINITARADALALADITR
- X 42 . .
1. umww&unmzﬂ&mmmw (Low distort.ion)

o 3 o : L4

ATHAEZTA IR LW AVANERNHRAD h’qtﬁuﬁqm’mnﬁugﬂmmﬂm?m
' & 4 . R . A . [y (4
M wIumE15liiA (Hamonic distortion) Aa fidignm wevuar bivilawfiugihind
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1891 #unavaessngns wisliwndiaiinleaCapacitor) Wia maa2ainin(Inductor)
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_J _' _J | e b e

ETRLHL

Liduduaie
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7 3.4 udasn LU fnuRnus e siiragLRRUNmETUTUAMANNA | We
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(Nonlinear distortion) wazi7alun1sanseéudnna i bifsanusaziiataan
mie (Delay time) mavdpywagiing
3.2.4.2 Mad8In WM md (Frequency stability)
Tl smvarans@aiaieadiminesa 9 3 Hitadiaglidn
AW masdanaiAA eIy uensdisEnamanans 1 sirenayiu i vasimin T
arwimassonra doulson oo
- wredumauvaving WiBmuas 18y Tuan
Traazavieas sy
- dﬂnmqﬂnﬁrﬁ?ﬁuadmwﬁmmwﬂtﬂﬁzmuﬂm 1y S8 8a
Lﬁml‘:s’f. AAA ﬁcgmw‘biﬁ ﬁdﬂﬁm\iﬁuan‘l%mqumtﬂ n?m%au@mmmmﬂﬁ’ﬂu
s
#oit Tunnaanuindiavd et Asua BNt wra vt it T s
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winitmavariiwadi B lusendneavasonalaiatea S Tuaa n’:a‘lﬁ’ﬁuqﬂmffﬁ'ﬁm'm
L?’mm\sgmasmmu dﬂ‘biulﬁ'au‘hbnuigmﬁﬂuﬁ'm sazarafBmunlavanasdaia-
LeadTEAnATaRa L s waaawE
3.2.4.3 Miangsnwmennenesigw (Amplitude stability)
ﬁanu'lmﬁauauﬂﬁgmmﬁmywwﬁm‘lﬁﬁmmzLi":au Puaasq @
mnaza it B lagnsaanun liieasfuinannes Tiasiaas38673 9
3.2.5 #asnIvITeadtaialaad ;
3.2.5.1 2IThnRavaaaBalataad (Wien-bridge oscillator)
2y adnasdatateadifiavanin cﬁwﬁyym%uzwmﬁumda iiag
il Wi lur sl 1 Hz wulle 1 Mz ﬁ@y’m’i’n‘lﬁqzﬁmﬁumwnmnﬂuﬁ'zgq
m'lmﬁzmnmzuﬁqmﬁw 29371 AAINN13AB 93T RC mgnwﬁuwam%aﬂuumﬁ"m

Wiy uaz®ad937 RC muwit Erfimmuandnvile @2 R, R, C,, C, é’wgﬂ?’v 3.5
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7 3.5 udavIvaThadninasdataiead

C

1 e

g ar “ 45 2 a
v R, 1DuiRiueunwimassaL s mdwiiy R1 ,C
e © ar g JD f V4 d
R, tHudiriwmeiininaismimeseieas A, Timwiihasstasassionn

o O JJ y, © a
C,,C, tiudrimuanrminenddalantemnedanainsiy R R,

'4 o & 4 o o o
INTDAFTAL A LARTWINTNUTAS ‘li‘qummlﬁemsﬁm‘lunnﬂ-mm'a\wmgﬂ

< ] : v do N
3.5 wAnNpywINAMD £_ Bediaamifiinadeion

172
£, = 1/ 29w, R, C, C (3.1
< d < < [ < 3
Tﬂﬂmuanmﬁtyywsmmgmm v, 'a::muaunmuﬂnmimy'wamgn MWITUR
lirwiaudasnranauaans Wi biavastlaundannnn  (Positive  feedback)

H as o~ 3 ' I oA a «
WU R’z’ Ra’ C C2 uazﬂ?l'ﬁ'l!lﬂ']ﬂﬁﬂﬁ?\???ﬁﬂmaquﬁﬂqlﬂ']ﬂUﬂFl'ﬁ'lﬂﬂ"lﬂﬂﬂ\?']\??Tﬂ

1?

o ) ' 4
agulas Ry, R, uax R, Swimenzmas v, da v, wiai3zndn dauvauieieed
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< «J ' ' e
(Feedback factor) Taaawd f_  seliAimiiy A .
A.=14+R/J/R, +CJ/C, (3.2)

ArdaImene Wit (Forward gain) mavivasmans Gl hitlhnae

K ‘" o - J - 8 . I's
usnTe)  RANWY A, A, B BRIIDE18DRNINRT A, i\iamgm'ﬂuﬁwm’iuu?m

A, =1+R/R, +RR/RR, (3.3)

3 <gd Y
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o4 R - .
A, nzﬁuuuugutﬁn (Open loop gain) nAwd f_ Tunsng i R, AN 9
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3.2.4.2 nu-TaadBalalea? (Twin-T oscillator)
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f, = 1R Hz (3.6)
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Dip cell
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5. Pipet cell zﬁusﬁaénaanuuu51n1n1ﬁnuawsazaﬁmﬂsu1mﬁaﬂlﬁﬂe
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3.4 prsulasnizudiihageu lwth (Current to voltage converter)
v uthenszud s lih cve nﬁuoewsﬁdauﬁugnLﬁuﬁmm1m1ugﬂ

o enaeud bihui T awvmdhsnrelunmawr s hih v T

V. = A.I (3.7)

il A 1iuBaTmee (Gain) miaaiihilavi 93 miigat SandnTranre-
- - - ' 74 g [ vl 4
sistance Amplifier na7 lnaskismbadne s aq1u3un 3.9 Taginieud va

. - ar ] ar % g‘ﬂl 1 ar
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I, = (Vv -V)/R (3.8)
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vV = -ZI (3.9)

‘ vy, 42
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[ YR 4 ] o -y J 1
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J4¥ X
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3.5 293713RMhE (Rectifier)
3.5.1 9vTtTethhmun@iEnmeied (Electronic rectifier)

avaitFeevnaTanin 9 e bignnnan Sevnme i M nssuaaiu (Ao
fme ov 1§ tilasanleTasthiutini Samhe SwTesuinan  (Cutin  voltage)
e 600 nV A wTidanaulalon war 300 nv dwimsasinienlalon Felalas
%@ﬂmﬂﬁmz‘lﬁamm} Semhasnadanniu i lEan amk astigmiima
31 Sane 1 aanAu g siiBunas o Tan TozaHapasiiFiinnnaagyide  (Open
loop gain) masastiaui Jevin B Sedwnasonnn lBdemnetiaandt v

q’mgﬁ’v"l 3.10 1 TmaeumuiuLaaga Tt tuasasuias hiuinmds
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o andiaioi it rsnmneidh pv #n9na1Easamlamiaen el 76 mv‘ngn o
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3.5.2 Nwt"fﬁau'lan’m?ﬂmthmmwgq (Precision rectifiers)

4 <
3.5.2.1 umnamnwgn (Half wave)
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3.5.2.2 u.mjl.ﬁuﬂau (Full wave)
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O
<
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3.6 nuasinuanaant usmeaInea (Analog to digital Converter : ADC
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APPENDIX 1

MmA741 Frequency- |
Compensated A
Operational Amplifier* -

*Courlesy of Fairchild Semiconductor, a Division of Fairchild Camera and Instrument Cor-
poration.
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400 nA741 Frequency-Compensated Operational Amplifier

Description

The uA741 is a high performance Monolithic
Operational Amplifier constructed using the Fairchild
Planar epitaxial process. It is intended for a wide
range of analog applications. High common mode
voltage range and absence of latch-up tendencies
make the uA741 ideal for use as a voltage follower.
The high gain and wide range of operating voltage
provides superior performance in integrator, summing
amplifier, and general feedback applications.

® NO FREQUENCY COMPENSATION REQUIRED
8 SHORT-CIRCUIT PROTECTION

8 OFFSET VOLTAGE NULL CAPABILITY

8 LARGE COMMON MODE AND DIFFERENTIAL
VOLTAGE RANGES

LOW POWER CONSUMPTION

NO LATCH-UP

Connection Dlagram
10-Pin Flatpak

10
Smm— 1

. 2
O —= %_"::m:
an %: v-
4 T
N H——our
5 []
| -OFFSET
V- N 1]
NULL

(Top View)

Order Information
Type Package Code Part No.
#AT4A1 Flatpak 3F uA741FM
pAT41A Flatpak 3F uAT41AFM
Absolute Maximum Ratings
Supply Voltage

uAT41A, uA741, uA741E +22V

uA741C +18V
Internal Power Dissipation

(Note 1)

Metal Package 500 MW

DIP 310 mW

Flatpak 570 mwW
Differential Input Voltage *30V
Input Voltage (Note 2) +15V

Storage Temperature Range
Metal Package and Flatpak -65°C to +150°C
DIP =55°C to +125°C

App. 1
Connection Diagram
8-Pin Metal Package
{Top View)
Pin 4 connected to case
Order information
" Type Package Code Part No.
uA741 Metal - 5w HAT41HM
uAT41A Metal 5w #AT41AHM
uA741C Metal . 5W #AT41HC
uAT41E Metal 5w uATS1EHC
Connection Diagram
8-Pin DIP
L d
-OFFSET NC
NULL
-IN v- -
-IN out
~OFFSET

NULL

(Top View)
Order information
Type Package Code Part No.
uA741C Molded DIP 9T uA7417C
uA741C Ceramic DIP 67T sAT41RC
Operating Temperature Range
Military (uA74 1A, uA741) ~-55°C to +125°C

0°C to +70°C

Commercial (uA741E, uA741C)
Pin Temperature {(Soldering 60 s)
Metal Package, Flatpak, and
Ceramic DIP 300°C .
Molded DIP (10 s)
Output Short Circuit Duration
{Note 3)

260°C

Indelfinite




App. 1 uA741 Frequency-Compensated Operational Amplifier 401
Equivalent Circuit
INVERTING INPUT
P B
os oy onL" ‘/orn JJ
1/' k on
015 t
:c?::;muc o1 o2 < RS :::: n
INPYT $ 40 k1 1
on
$—OUTPUT
[} Ko L__.I: o1 Sar
San
Lo W o
390 pf 80 a
on
o7 300 1! &
b AA |\°u ,\on
Qs —aﬂ . o1
OFFSEY 1) _'én 023
NuULL _ﬁx | 4 As SAn
88 u::::: IE:".._ e so:'::: 100 11 024 S50 an
] 8 E X 111
v-
OFFSET
NULL
\ -
Notes

1 Raling apples to ambient temperatures up 10 76°C Above

70" C ambient derate nearly at 6 3 mw °C for the metat
pachage, 7 1 mW C tor the flatpak. and 5 6 mW °C for

the DiP

2 For supply voltages less than + 15 V, the absolute maximum
input voltage 1s equal to the supply voltage

3 Short circuit may be 10 ground or either supply Rahing apphes
1o +125°C case temperature or 75°C ambient temperalure.



402 1 A741 Frequency-Compensated Operational Amplifier App. 1
uA741 and uA741C
Electrical Characteristics Vg = + 15V, Tp = 25°C unless otherwise specified )
uA741 uA741C
Characteristic Condition Min [Typ [Max |Min [Typ (Max |Unit
Input Offset Voltage Rs < 10 k{! 1.0 5.0 20 |60 Imv
Input Offset Current 20 200 20 200 |nA
Input Bias Current 80 500 80 500 |nA
. . |vs = +10, —20

Power Supply Rejection Ratio Vs = +20, —10 V, Rg = 50 30 150 30 159 uviv
Input Resistance 3 2.0 3 2.0 M
Input Capacitance 1.4 1.4 pF
Oltset Voltage
Adjustment Range x15 *15 mv
input Voltage Range +12 1113 v
Common Mode
Rejection Ratio Rs = 10 k02 .|70 90 a8
Output Short Circuit Current 25 . |28 mA
Large Signa! Voltage Gain RL=2kQ Vour= 210V 50k {200k 20k | 200k
Output Resistance 75 75 Q

RL = 10k 12|+ 14 v

Vol {

Output Voltage Swing AL = 20 210 | 543 v
Supply Current 1.7 |2.8 1.7 (2.8 |mA
Power Consumption 50 85 50 85 mw
Transient i i
Response Rise Time Xm: fgom\:__. RL = 2 kQ, -3 -3 us
(Unity Gain) Overshoot |“L = 10O P 5.0 50 %
Bandwidth (Note 4) 1.0 1.0 MHz
Slew Rate RL = 2 kQ 5 5 Vius
Notes 1

4. Calculated value from BW(MHz) =

0.
Rise Time (us)

5. Al Vo = 15 V for yA741 and uA741C.

for all d

6. M supply
25°C = 28 mA
125°C = 2.5 mA
~55°C = 3.3 mA




wp. 1 App. 1 #A741 Frequency-Compensated Operational Amplifier 403
uA741 and sA741C
Electrical Characteristics (Cont.) The following specifications apply over the range of ~55°C < Tp < 125°C
— for puA741, 0°C =< Ta < 70°C for uA741C
Unit uA741 uA741C
mv Characteristic Condition Min  |Typ [Max {Min |Typ |Max |Unit
nA Input Otiset Voltage 7.5 _{my
oA Rs < 10k 1.0 6.0 mv
- 300 |nA
uviv input Ofiset Current Ta = +125°C 7.0 |200 nA
M Ta = ~55°C 85 500 nA
pF 800 {nA
mv Input Bias Current Ta= +125°C 03 |.5 uA
—_— Ta = =55°C 3 1.5 pA
v — Input Voltage Range +12 {13 v
dB Common Mode
Rejection Ratio Rs < 10 kQ 70 80 dB
mA - Adjustment for Input Offset
Voltage 2 *15 *15 mv
Y Supply Voltage Vs = +10, —20;
v Rejection Ratio Vg = +20, ~10V,Rg = 50 Q ] U2 BVIV
AL = 10 kQ *12 | =14 v
\J 1 ¢ L=
vy o Y i RL= 2 k0 210|213 10 [+13 v
me Large Signa! Voltage Gain RL=2Kki}, Voyr= 210V 25k 15k
Ta= +125°C 1.5 (2.5 mA
s -
:v Surrd e Ta= —55°C 20 |33 mA
— Po Consumption Ta = 4125°C 45 75 mwW
| MHz wep R e Ta= —-55°C 60 | 100 mW
Vius
Notes 0.35

4. Calculated value from BW(MH2) = [ecTime (us)

5. AltVee = 15V for uAT41 and pA741C
6. Maximum supply current lor all devices
25°C = 28 mA
125°C = 25 mA
-55°C = 3.3 mA



404 nA741 Frequency-Compensated Operational Amplifier  App, 1
#AT41A and uAT41E
Electrical Characteristics Vg = 2 15V, T = 25°C unless otherwise speciied. ]
uATA1AE
Characteristic Condition Min Typ Max  Unit
Input Offset Voltage Rsg < 504 0.8 3.0 mv
Average Input Offset Voltage Drift 15 uViog
input Offset Current 3.0 30 nA
Average Input Otiset Current Drift 0.5 nA/°C
input Bias Current 30 80 nA
Power Supply Rejection Ratio x: : ;o'g —20:Vs = +20V. —10V. 15 50 uviy
Output Short Circuit Current 10 25 40 mA
Power Consumption Vg = +20V 80 150 mw
Input impedance Vg= 220V 1.0 6.0 MQ
Large Signal Voltage Gain xg\:- 22: ::_, e'- =2k 50 200 Vimv
Transient Response Rise Time 025 |08 us
(Unity Gain) Overshoot 6.0 20 %
Bandwidth (Note 4) 437 1.5 MHz
Slew Rate (Unity Gain) ViIN= 210V 0.3 0.7 V/us
The following specifications apply over the range of —55°C < Ta < 125°C for the 74 1A,
and 0°C < Tp =< 70°C for the 741E.
input Offset Voltage 4.0 mV
Input Offset Current 70 nA
input Bias Current 210 nA
Common Mode Rejection Ratio Vg= 20V, Viy= 215V, Rg = 501 |80 95 dB
Adjustment For Input Offset Voltage |Vg= +20V 10 mV
Output Short Circuit Current 10 40 mA
-55°C 165 mw
Power Consumption Vg= 20V AR +125°C 135 mwW
nA741E 150 mwW
Input Impedance Vg= 20V 0.5 Mil
Output Voltage Swing Vg = =20V il o by o -
Ry = 2 k) * 15 v
Vs = 220V, R = 2 k{2, 32 xmz
. . Vour= =15V -m
Large Signal Voltage Gain Vs= =5V, AL = 2 kL, 0 V. mV
Vour = *2V
Noles
035

4. Celculated value trom: BW(MH2) = HooTime (n8)

5. All Voo = 15 V for uA741 and uA741C
6. M supply tor all @
25°C=28mA
125°C = 2.5 mA
=55°C = 3.3 mA
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Typicat Performance Curves tor uA741A and uA741
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406 pA741 Frequency-Compensated Operational Amplifier  App. 1
Typical Performance Curves for yA741E and sA741C (Cont.)
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Typical Performance Curves for pA741A, uA741, uA741E and uA741C (Cont.)
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Function of
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1 A741 Frequency-Compensated Operational Amplifier

Typlcal Performance Curves for uA741A and zA741 (Conl.)
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3iMOS Operational Am

fith MOSFET Input/Bipolar Output

palures:

MOSFET Input Stage

(a) Very high input impedance (Zin)-1.5 TQ typ.

(b) very low input curren: (h)-10 pA typ. at £15V
(c) wide common-mode input-voltage range (Vica)-

can be swung 0.5 volt below negative supply-voltage rail
d) Output swing complements input common-mode range

Directly replaces industry type 741 in most applications

. .

ne CA3140A and CA3140are integrated-circuit operational
nplifiers that combine the advantages of high-voltage
MOS transistors with high-voltage bipolar transistors on a
ngle monolithic chip. Because of this unique combination
technologies, this device can now provide designers, for
e tirst time, with the special performance features of the
A3130 CMOS operational amplifiers and the versatility of
@ 741 series of industry-standard operational amplifiers.

ye CA3140A and CA3140 BiMOS operational amplitiers
ature gate-protected MOSFET (PMOS) transistors in the
put circuit to provide very-high-input impedance, very-
w-input current, and high-speed performance. The
A3140A and CA3140 operate at supply voltages from 4 to
volts (either single or dual supply). These operational
wlifiers are internally phase-compensated to achieve
ible operation in unity-gain follower operation. and,
ditionally, have access terminais for a supplementary
lernal capacitor if additional frequency roll-off is desired.
rminals are also provided for use in applications
juiring input offset-voltage nulling. The use of PMOS
ld-effect transistors in the input stage resulits in commor.-
de input-voltage capability down to 0.5 volt below the
jative-supply terminal, an important attribute for single-
pply applications. The output stage uses bipolir
nsistors and includes built-in protection against damage
m load-terminal short-circuiting to either supply-rait or
ground.

8 CA3140 Series has the same 8-lead terminal pin-out
wd for the 741" and other industry-standard operational
plifiers. They are supplied in either the standard 8-lead
-5 style package (T suffix), or in the 8-lead dual-in-line
ned-lead TO-5 style package “DIL-CAN" (S suffix). The
3140 is available in chip form (H suffix). The CA3140A
! CA3140 are also available in an 8-lead dual-in-line
itic package (Mini-DIP - E Suffix). The CA3140A and
3140 are intended for operation at supply voltages up to
rolts (£ 18 voits). All types can be operated safely over
temperature range from -55°C to +125°C.

plifiers

Operational Amplifiers

CA3140A, CA3140

Applications:

® Ground-referenced single-supply amplifiers
in automobile and portable instrumentation

® Sample and hold amplifiers

@ Long-duration timers/multivibrators
(microseconds-minutes-hours)

@ Photocurrent instrumentation

® Peak detectors

u Active lilters

& Comparators

® Intertace in S V TTL systems and other
low-supply voltage systems

® All standard operational amplifier applications

s Function generators

s Tone controls

® Power supplies

® Portable instruments

@ Intrusion alarm systems

File Number 957
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TYPICAL ELECTRICAL CHARACTERISTICS

TEST
CONDITIONS
CHARACTERISTIC Ve sV CA3140A[CA3140 | UNITS
V== {5V (T.5.€) | (TSE)
Ta=269C
Typ.Value of Re-
sistor Between
Input Offset Voltage
Adjustment Resistor ::":' 14 ':n:;;'t 8 % kS
Max. V)0
input Resistance Ry 1.5 1.5 ™
Input Capacitance C 4 4 pF
Output Resistance Ro 60 Q
Equivalent Widebard o
Input Noise Voltage en :‘:E ::40 S:Hz oo o
(See Fig. 39)
Equivalent Input
f f= 1kHz | Rg= 40 40
Noise Voltage en To10 kM wso Q 7 3 nVA/’Ti;
(See Fig.10) z
Short-Circuit Current to
Opposite Supply Source Iom* 40 40 mA
Sink oM~ 18 18 mA
Gain-Bandwidth §
Product, (See Figs. 5 &I8) 7 45 45 MH2
Slew Rate, (See Fig.6) SR 9 ] Vius
1 Sink Current From Terminal 8
* To Terminal 4 10 Swing 220 220 HA
Output Low
Yransient Response:
= Rise Time SL - 20';9 X\ 008 | 008 | s
Overshoor (See Fig 37)- | ©L=100p 10 0 %
Settling Time RL =2k
8110 Vo, < 1mv 1 e e 100 0F 45 45 s
10 mv L 14 4
(See Fig.17) Voltage Follower ' 4
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ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN
AtV* =15V, V== 15V, T4 = 259C Unless Otherwise Specified

LIMITS
CHARA
CTERISTIC CA3140A CA3140 UNITS
Min.} Typ. | Max. | Min.] Typ. ] Max.
Input Otfset Vohage, [Viol{ - | 2 5§ | -| 5 15 | mv
Input Offset Current,lio] | - | 05 | 20 -] o5 30| pA
Input Current, I} - 10 40 - 10 80 | pA
L"\'/i‘i:g“g'a,n or®  |2xfr0ox] - laokfwook | - fv o
Ve in, — -
(See Figs. 4,18) 86 100 86 | 100 dB
Common-Mode
Rejection Ratio,CMAR |—J 32 13201 - | 32 |} 320 luv/v
(See Fig.9) 70190 1 - | 70| V[N | B
Common-Mode
Input-Voltage \\ 7 <155
=151 1o 12 | -15] to n v
Range, VicR 125 +125
{See Fig.20) ’ :
Power-Supply
Rejection _AV|p/AV - 100 150 - 100 150 | uvV/V )
Ratio, PSRR -
{See Fig.11) "8 1) & ‘. <8 [}60 » b3
Max. Output y
Voltage® vomt | +12]| 13 - | #12] 13 i
(See Figs.13,20) Vom™ | -14| -14.4 - ~-14|-14.4 3
Supply Current, I*
{See Fig.7 ) = 4 o 7 - —
Device Dissipation, Pp - 120 {180 | - 120 180 | mW
Input Offset Voltage n 6 A, h 8 L
Temp. Dritt, AV /AT uvle
Max, Output vom* | - = 4 Fa e . 1 v .
Voltage,* Vom~— | - - - - - -
® At VQ = 26Vp.p, 12V, =14V and R_ = 2kS2. ® AtRL=2kQ.

oraEY M (e) sroet
v oyt (2 >~ (Hv*
wy et O ©oureur
e atres v @—1 Okl
TOP VIEW 'Eo'SuvfI:i'- scs- 20308

Sand T Suffixes

Fig. 1 ~ Functionsl diagrams of the CA3140 series.
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MAXIMUM RATINGS, Absolute-Maximum Values:

CAJ140, CA3140A

DC SUPPLY VOLTAGE

(BETWEEN V' AND V- TERMINALS) ..ottt atiitit it ireieeraearansenaransenasaenn

............... 28V
(V' +BV)to (V- -D5V)
INPUT-TERMINAL CURRENT ...t iiiiitiiiittiins ittt ittt sttt etseanreaersneansannaness

DIFFERENTIAL-MODE INPUY VOLTAGE ..
COMMON-MODE DC INPUT VOLTAGE....

DEVICE DISSIPATION:
WITHOUT HEAT SINK -

L L o PN
ABOVE $5°C ............. et e te et ae ettt h e s it e retebateaaneane Derate linearly 6.67 mW/°C

WITH HEAT SINK -

UPTOS5°C ... et e b e e e et et iea e teereaastnraraanee
ABOVE 85°C .. B U P » =2 1R TR [l Tl o

TEMPERATURE RA

OPERATING (ALL TYPEs) ......................................................................

STORAGE (ALL TYPES}.................

OUTPUT SHORT-CIRCUIT BURATION® ...\ oo

LEAD TEMPERATURE (DURING SOLDERING):
AT DISTANCE 1/16 2 1/32 INCH (1.59 = 0.78 MM}

FROM CASE FOR10SECONDS MAX .......0iiiiiiiiit et iiiiii et eaia v naaa e e cnenaneas

¢ Short crcuit may be apphied to ground or 10 e:ther supply.

TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE

AtV*+=5V, V-0V, Ta = 250C
140
CHARACTERISTIC ‘i;\f‘s"g?“ f{“g WP | umirs
Input Offset Voltage viol 2 3 mv
input Offset Current |l 'Ol 0.1 0.1 pA
Input Current (N 2 2 pA
Input Resistance 1 1 R LY
Large-Signal Voltage Gain AQL 100 k 100 k vV
{See Figs.4,18) 100 100 dB
Common-Mode Rejection Ratio, CMRR 32 32 uv/v
90, 90 dB
Common-Mode Input-Voltage Range  V|CR -05 ~0.5 v
{See Fig.20} 26 26
Power-Supply Rejection Ratio avig/av? 100 100 uv/iv
80 80 dB
Maximum Output Voltage vom* 3 3 v -
(See Figs.13,20) Vom~ 0.13 0.13
Maximum Output Current:
Source lom* 10 10 mA
Sink tom— 1 1
Slew Rate {See Fig.6) 7 7 Vips
Gain-Bandwidth Product {See Fig.6} 2 3.7 3.7 MH2
Supply Current (See Fig.7) " 1.6 1.6 mA
Device Dissipation : Pp 8 8 mW
o T S, w [ wo |
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Fig.3 — Schematic disgram of CA3140 series.

CIRCU!IT DESCRIPTION

Fig.2 is a block diagram of the CA3140
Series PMOS Operational Amplifiers. The
input terminals may be operated down to
0.5 V below the negative supply rail. Two
class A amplifier stages provide the voltage
gain, and a unique class AB amplifier stage
provides the current gain necessary to drive
low-impedance loads.

A biasing circuit provides control of cascoded
constant-current flow circuits in the first and
second stages. The CA3140 includes an on-

chip phase-compensating capacitor that is
sufficient for the unity gain voltage-follow-
er configuration.

Input Stages — The schematic circuit diagram
of the CA3140 is shown in Fig.3. It con-
sists of a differential-input stage using PMOS
tieldeffect transistors (Q9, Q10) working
into a mirror pair: of bipolar transistors (Q11,
Q12) functioning as load resistors together
with resistors R2 through R5. The mirror-
pair transistors also function as a differen-
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tial-to-single-ended converter to provide base-
current drive to the second-stage bipolar
transistor (Q13). Offset nulling, when de-
sired, can be effected with a 10-k§2 poten-
tiometer connected across terminals 1 and
5 and with its slider arm connected to termi-
na! 4. Cascode-connected bipolar transistors
Q2, Q5 are the constant-current source for
the input stage. The base-biasing circuit for
the constant-current source is described sub-
sequently. The small diodes D3, D4, DS pro-
vide gate-oxide protection against high-voit-
ege transients, e.g., static electricity.

Second Stage — Most of the voltage gain in
the CA3140 is provided by the second amp-
lifier stage, consisting of bipolar transistor

Q13 and its cascode-connected load resis-
tance provided by pipolar transistors Q3, Q4.
On-chip phase compensation, sufficient for
a majority of the applications is provided by
C1. Additional Miller-Effect compensation
{roll-off) can be accomplished, when de-
sired, by simply connecting a small capa-
citor between terminals 1 and B. Terminal
8 is also used to strobe the output stage into
quiescence. When terminal B is tied to the
negative supply rail (terminal 4) by mechani-
cal or electrical means, the output terminal 6
swings low, i.e., approximately to terminal
4 potential.

Output Stage — The CA3140 Serles circuits
employ & broadband output stage that can
sink loads to the negative supply to comple-
ment the capsbility of the PMOS input stage
when operating near the negative rail. Quies-
cent current in the emitter-follower cascade
circuit (Q17, Q18) is established by tran-
sistors {(Q14, Q15) whose base-currents are
“’mirrored” to current flowing through diode
D2 in the bias circuit section. When the
CA3140 is operating such that output ter-

> minal 6 is sourcing current, transistor Q18

functions es an emitter-follower to source
current from the V+ bus (terminal 7), via
D7, RO, and R11. Under these conditions,
the collector potential of Q13 is suffi-
ciently high to permit the necessary flow of
base current to emitter follower Q17 which,
in turn, drives Q18.

When the CA3140 is operating such that
output terminal 8 is sinking current to the
V- bus, transistor Q16 is the current-inking

element. Transistor Q16 is mirror-connected
to D6, R?, with current fed by way of Q21,
R12, and Q20. Transistor Q20, in turn, is
biased by current-flow through R13, zener
D8, and R14. The dynamic current-sink
is controlled by voltage-level sensing. For
purposes of explanation, it is assumed that
output terminal 6 is quiescently established
et the potential mid-point betwsen the V+
and V- supply rails. When output-current
sinking-mode operation is required, the col-
lector potential of transistor Q13 is driven
below its quiescent level, thereby causing
Q17, Q18 to decrease the output voltage st
terminal 6. Thus, the gate terminal of PMOS
transistor 021 isdisplaced toward the V— bus,
thereby reducing the channel resistence of
Q21. As a consequence, there is an incre-
mental increase in current flow through
Q20, R12, Q21, D6, R7, and the base of .
Q16. As a result, Q16 sinks current from
terminal 6 in direct response to the incre-
mental change in output voltage caused by
Q18. This sink current flows regardless of
load; any excess current is internally supplied
by the emitter-follower Q18. Short-circuit
protection of the output circuit is provided
by Q19, which is driven into conduction by
the high voltage drop developed across R11
under output short-circuit conditions. Under
these conditions, the collector of Q19 di-
verts current from Q4 so as to reduce the
base-current drive from Q17, thereby limit-
ing .current flow in Q18 to the short-cir-
cuited load terminal.

Bias Circuit — Quiescent current in all stages
(except the dynamic current sink) of the
CA3140 is dependent upon bias current
flow in R1. The function of the bias cir-
cuit is to establish and maintain constant-
current flow through D1, 06, Q8 and D2.
D1 is a diode-connected transistor mirror-
connected in parallel with the base-emitter
junctions of Q1, Q2, and Q3. D1 may be
considered as a current-sampling diode that
senses the emitter current of Q6 and auito-
matically adjusts the base current of Q6
(vie Q1) to maintsin & constant current
through Q6, Q8, D2. The base-currents in
02, Q3 are also determined by constant.
current fiow D1. Furthermore, current in
diode-connected transistor D2 establishes the
currents in transistors Q14 and Q15.

~
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APPLICATIONS CONSIDERATIONS

Wide dynamic range of input end output
characteristics with the most desirable high
input-impedance characteristic is achieved in
the CA3140 by the use of an unique design
based upon the PMOS-Bipolar process. Input-
common-mode voltage range and output-
swing capabilities are complementary, aliow-
ing operation with the single supply down
to four volss,

The wide dynamic range of these parameters
also means that this device is suitable for
many single-supply applications, such as,
for example, where one input is driven be-
fow the potentia! of terminal 4 and the
phase sense of the output signal must be
maintained — a most important considera-
tion in comparator applications.

OUTPUT CIRCUIT CONSIDERATIONS

Excellent interfacing with TTL circuitry is
easily achieved with a single 6.2-volt zener
diode connected to terminal 8 as shown in
Fig.12. This connection assures that the
maximum cutput signal swing will not go
more positise than the zener voltage minus
two base-to-emitter voltage drops within the
CA3140. These voltages are independent
of the operating supply voltage.

ozcs-4700

" Fig.12 ~ Zener clomping diode dto

terminals 8 and 4 to limit CA3140
output swing to TTL levels.

Fig.13 shows output current-sinking caps-
bilities of the CA3140 at various supply
voltages. Output voltage swing to the nega-
tive supply rail permits this device to oper-

1T w?&‘u:mog‘n-u-c = =i
4 | B }
» R yé
100 I
} +7
A
g L LA
g o S 17
[£]
. oo 04 w [ ]
LOAD (BINRING) CURRENT == ma.
I B -y
Fig.13 ~ Voltage across output transistors 0156

and 016 va load current.

ate both power transistors end thyristorg
directly without the need for levelshifting
circuitry ususlly associated with the 749
series of operational amplifiers.

Fig.16 show some typical configurations,
Note that a series resistor, R, Is used In both
cases to limit the drive available to the driven
device. Moreover, it is recommended that s
series diode and shunt diode be used at the
thyristor input to prevent large negative
transient surges that can appear at the gate of
thyristors, from demsging the integrated
circuit.

SMMINT TEMPTRATURE 17,1238°C 4
TP-5 PACRAGL "’ H

il!
i

oo

»
[Ryty Sptad it uy Sy

OFPSET-VOLTAGE Sier ¥ 18vgo) —mw
-

Tl
e A
:

Yii1]:: ouvet vouvact e ve/a : 1 ]':i

Vg 1t)- wOURS

WRER-POTIMN.

Fig.14 — Typicel i ! offsot-voltage
shift vs operating life.

OFFSET-VOLTAGE NULLING

The input-offset voltage can be nulled by
connecting 8 10-k2 potentiometer between
terminals 1 and & and returning its wiper arm
to terminal 4, see Fig.16a. This technigue,
however, gives more gdjustment range than
required and therefore, 8 considerable por-
tion of the potentiometer rotation is not
fully utilized. Typical values of series re-
sistors that may be placed at either end of
the potentiometer, see Fig.15b, to optimize
its utilization range are given in the table
“Typical Electrical Characteristics” shown
in this bulletin. :
An alternate system is shown in Fig.15c. This
circuit uses only one additional resistor of
approximately the velue shown in the table.
For potentiometers, in which the resistance
does not drop to zero ohms at gither end of
rotation, @ velue of resistance’ 10% lower
than the values shown in the teble should
be used. : -

LOW-VOLTAGE OPERATION

Operation st total supply voltages as low as
4 volts is possible with the CA3140. A tur-
rent regulator based upon the PMOS thres-
hold voltage maintains reasonsble constant
opersting current and hence consistent per-
formance down to these lower voltages, -

The low-voltage limitation occurs when the
upper extreme of the input common-moda
voltage range extends down to the voltage at
terminal 4. This limit Is reached at o total
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supply voltage just below 4 volts. The out-
put voitage range also begins to extend down
to the negative supply rail, but is slightly
higher than that of the input. Fig.20 shows
these characteristics and shows that with
2-volt dual supplies, the lower extreme of the
input common-mode voltage range is below
ground potential,

acs-27ey

Fig.16 ~ Methods of utilizing the Vpgfsat) sinking-
current capability of the CA3140 series.

BANDWIDTH AND SLEW RATE

For those cases where bandwidth reduction
is desired, for example, broadband noise re-
duction, an external capacitor connected be-
tween terminals 1 and 8 can reduce the open-
loop -3 dB bandwidth. The slew rate will,
however, also be proportionally reduced by
using this additional capacitor. Thus, a 20%
reduction in bandwidth by this technique
will also reduce the slew rate by about 20%.

Fig.17 shows the typical settling time re-
quired to reach 1 mV or 10 mV of the final
value for various levels of large signal in-
puts for the voltage-follower and inverting
unity-gain amplifiers. The exceptionally
fast setting time characteristics are largely
due to the high combination of high gain and
wide bandwidth of the CA3140; as shown in
Fig. 18.

CA3140A, CA3140

2ca-1r

Fig.15 — Three offset-voltage nulling methads.
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Fig. 17 = Input voltsge vs settling time,

INPUT CIRCUIT CONSIDERATIONS

As mentioned previously, the amplifier in-
puts can be driven below the terminal 4
potential, but a series current-limiting re-
315
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BPPLY VLTAGL VPael v, V-eon ¥
AMBENT 'urnmn( n:‘) *28°C

R
Yt
H

w2-aren

‘Fig. 18 — Open-loop voltage goin and phase lag
vs frequency.

sistor is recommended to limit the maximum
input terminal current 1o less than 1 mA to
prevent damage to the input protection
circuitry,

Moreover, some current-limiting resistance
should be provided between the inverting
input and the output when the CA3140 is
used as a unity-gain voltage follower. This
resistance prevents the possibility of ex-
tremely large input-signal transients from
forcing a signal through the input-protection
network -and directly driving the internal
constant-current source which could result

" . _in positive feedback via the output terminal.

A 3.9-.kﬂ resistor is sufficient.

The typical input current is in the order of
10 pA when the inputs are centered at nomi-
nal device dissipation. As the output supplies
load current, device dissipation will increase,
raising-the- chip temperature and resulting in
increased ‘input current. Fig.19 shows typi-
cal input-terminal current versus ambient
temperature for the CA3140.

It is ‘well known that MOS/FET devices can

exhibit slight changes in characteristics (for
example, small changes in input offset volt-

*" : age) due to the application of large differ-

ential input voltages that are sustained over

- long periods at elevated temnperatures.

Both spplied voltage and temperature ac-
celerate these changes. The process is rever-
sible and offset voltage shifts of the opposite
polarity reverse the offset. Fig.14 shows the
typical offset voltage change as a function of
various stress voltages at the maximum rating
of 125°C (for TO-5); at lower temperatures
{TO-6 and plastic), for example, at 85°C,
this change in voltage is considerably less.
in typical linear applications, where the
differential voltage is small and symmetireal,
these incremental changes are of about the
same magnitude as those encountered in an
operational amplifier employing a bipolar 8
transistor input stage.

SUPER SWEEP FUNCTION GENERATOR
A function generator having 8 wide tuning

" range ‘is shown in Fig.21. The 1,000,000/1
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adjustment range is accomplished by a single
varigble potentiometer or by en auxiliaty
sweeping signal. The CA3140 functions as a
non-inverting read-out amplifier of the tri-
angular signa! developed across the integra-
ting capacitor network connected to the
output of the CA30BOA currént source.

Buffered trianguler output signals are then
applied to 8 second CA3080 functioninp as
a highspeed hysteresis switch. Output from
the switch is returned directly back to the




input of the CA3080A current source, there-
by, completing the positive feedback loop.
The triangular output level is determined by
the four IN914 level-limiting diodes of the
second CA3080 and the resistor-divider net-
work connected to terminal No.2 (input) of
the CA3080. These diodes establish the in-
put trip level to this switching stage and,
therefore, indirectly determine the ampli-
tude of the output triangle.

Compensation for propagation delays around
the entire loop is provided by one adjust-

ment on the input of the CA3080. This
adjustment, which provides for a constant
generator amplitude output, is most easily
made while the generator is sweeping. High-
frequency ramp linearity is adjusted by the
single 7-t0-60 pF capacitor in the output of
the CA3080A.

It must be emphasized that only the CA-

3080A is characterized for maximum output
linearity in the current-generator function.
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100 sV
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o—;;v:;o N symme Tay 2. Oy, Lo lad] L
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METER ORIVER >em w4 FREQUENCY yo
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-1sv s v ouTPUT
AwPL ¥R i
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v
srce-ararim
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FREQUENCY
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O *18 v
METER DRIVER POWER SUPPLY
b—— AND BUFFER 215 vOLTS [3
AwWPLIFIER - —0 =15V

TOP TRACE OUTPUT AT JUNCTION OF
270 AND 310 RESISTORS
S V/DiV AND 300 ms/DivV
CENTER TRACE EXTERNAL OUTPUT OF
TRIANGULAR FUNCTION
GENERATOR
2 VDIV AND 300 ms /DIV
BOTTOM TRACE QUTPUT OF “LOG"
GENERATOR
10 V/DIV AND 300 ms/DiV

92C - 27922

(b1) Function generator sweeping

2cs- 27937

FUNCTION
GENERATOR

DC LEVEL
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"‘"E ceEweRaTor [ SUEES

INT
oFF B QEXTERNAL
comnse =\ v+ WPUE
-
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RATE
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ZENET
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(c) Interconnections

1V/DIV and 1 sec/DIV

Three tone test signals, highest frequency =
0.5 MHz. Note the slight assymmetry at the
three-second/cycle signal. This assymmetry
is due to slightly different positive and nega-
tive integration from the CA3080A and from
the pc board and component leakages at the
100-pA level.
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(b2) Function generator with fixed frequencies
Fig.21 — Function generator.
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Fig. 22 — Meter driver and buffer amplifier.

METER DRIVER AND
BUFFER AMPLIFIER

Fig. 22 shows the CA3140 connected as a
meter driver and buffer amplifier. Low
driving impedance is required of the CA-
3080A current source to assure smooth
operation of the Frequency Adjustment
Control.  This low-driving impedance re-

" . quirement is easily met by using a CA3140

connected as a voltage follower. More-
over, a meter may be placed across the
input to ‘the CA3080A to give a logarithmic
analog Indication of the function generators
frequency.

Analog frequency readout is readily accom-
plished by the means described above be-
causé thé output current of the CA308DA
varies approximately one decade for each
60-mV change in the applied voltage, Vasc
{voltage between terminals 5§ and 4 of the
CA3DB0A of the function generator). There-

- fore, six decades represent 360-mV change

in VABC.

Now, only the reference voitage must be
established to set the lower limit on the
meter. The three remaining transistors from
the CA3086 Array used in the sweep gener-
ator are used for this reference voltage. In
addition, this reference generstor arrange-
ment tends to track ambient temperature
variations, and thus compensates for the ef-
fects of the normal negative tempersture
coefficient of the CA30B0A VaAgC termi-
nal voltage.

Another output voltage from the reference
generator is used to insure temperature
tracking of the lower end of the Frequency
Adjustment Potentiometer. A large series
resistance simulates a current source, assuring
similar temperature coetficients at both ends
of the Frequency Adjustment Control.

To calibrate this circuit, set the Frequency
Adjustment Potentiometer at its low end.
Then adjust the Minimum Frequency Calibra-
tion Control for the lowest frequency. To
establish the upper frequency limit, set the
Frequency Adjustment Potentiometer to its
upper end and then adjust the Maximum
Frequency Calibration Control for the maxi-
mum frequency. Because there is inter-
action among these controls, repetition of
the adjustment procedure may be necesary.
Two adjustments are used for the meter.
The meter sensitivity control sets the meter-
scale width of each decade, while the meter
position control adjusts the pointer on the
scale with negligible effect on the sensitivity
adjustment. Thus, the meter senshtivity ad-
justment contro! calibrates the meter so
that it deflects 1/6 of full scale for each de-
cade change in frequency.

SINE-WAVE SHAPER

The circuit shown in Fig. 23 uses 8 CA3140
as a voltage follower in combination with
diodes from the CA3019 Array to convert
the triangular signal from the function gen-
erator 10 & sine-wave output signal having ty-
pically less than 2% THD. The basic zero-
crossing slope is established by the 10-k$)

potentiometer connected between terminals
2 and 6 of the CA3140 and the 9.1-kS re-
sistor and 10-kS) potentiometer from termi-
nal 2 to ground. Two break points are es-
tablished by diodes Dq through D4. Positive
feedback via Dg and Dg establishes the zero
slope &t the maximum and minimum levels
of the sine wave. This technique is neces-
sary because the voltage-follower configu-
ration approaches unity gain rather than the
zero gain required to shape the sine wave at
the two extremes.

-~
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srcuit can be adjusted most easily with
Ei:t:r::“ analyzer, but a good first approxi-
be made by comparing the output

s ith that of a sine-wave generator. The
:1?;:" w||‘°pe is adjusted with the poten-
ometer Ry, followed by an adjustment of
Ry. The final slope is established by ad-
justing R3. thereby adding additional seg-
ments that are contributed by these diodes.

LY

CA3140A, CA3140

se there is some interaction among ~ .
these controls, repetition of the adjustment e NI
procedure may be necessarv o

AMPLIFIER
SWEEPING GENERATOR
0
Fig. 24 shows a sweeping generator. Three . L
CA3140’s are used in. this circuit. One B ;
CA3140 is used as an integrator, a second A
device is used as a hysteresis switch that
determines the starting and stopping points a0n
of the sweep. A third CA3140 is used as a SRR
logarithmic shaping network for the log ez
function. Rates and slopes, as well as saw- - v
tooth, triangle, and logarithmic sweeps are
generated by this circuit.
BICERPIRIS
Fig. 23 - Sine-wave shaper.
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Fig. 25 - Widebend output amplifier.

.

WIDEBAND OUTPUT AMPLIFIER

Fig. 25 shows a high-slew-rate, wideband am-
plifier suitable for use as a 50-chm trans-
mission-line driver. This circuit, when used
in conjunction with the functiongenerator
and sine-wave shaper circuits shown in Figs.
21 and 23 provides 18 volts peak-to-peak
output open-circuited, or 8 volts peak-10-peak
output when terminated in 50 ohms. ' The
slew rate required of this amplifier is 28
volts/us (18 volts peak-to-peak x 7 x 0.5
MHz).

POWER SUPPLIES
High input-impedence, common-mode capa-
bility down to the negative supply and high
output-drive current capability are key fac-

- tors in the design of wide-range output-voit-

age supplies that use a single input voltage
to provide & regulated output voltage that
¢an be adjusted from essentially Oto 24 volts.
Unlike many regulator systems using com-
parators having a bipolar transistor-input
stape, & high-impedance reference-voltage di-
vider from a single supply can be used in con-
nection with the CA3140 (see Fig. 26).

WPUT

&

2te-2reee

Fig. 26 — Bssic single-supply voitage regulator

Essentially, the regulators, shown in Figs.
27 and 28, are connected as non-inverting
power operational amplifiers with a gsin of
3.2, An 8-volt reference input yields 8
maximum output voltage slightly greater
than 25 volts. As a voltage follower, when
the reference input goes to O volts the
output will be O voits. Because the off-
set voltage is also multiplied by the 3.2
gain factor, a potentiometer is needed to
null the offset voltage.

Series pass transistors with high ICBQ levels
will also prevent the output voltage from
reaching zero because there is a finite voltage
drop (Vcgsat) across the output of the
CA3140 (see Fig.13). This saturation volt-
age leve! may indeed set the lowest volt-
age obtainable,

L2 44

A B00. fv Al 00 04D TS FAL m?um
IMEASUREMINT BANDWIDTH = 10 M2} g1 1Y
LINE REGULATION
1%/VoLY . [ ]
Fig. 27 = Regulsted power supply.
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The high impedance presented by terminal
8 is advantageous in effecting current limit-
ing. Thus, only a small signal transistor is L
required for the current-limit sensing amp-
lifier. Resistive decoupling is provided for
this transistor to minimize damage to it or
the CA3140 in the event of unusual input or
output transients on the supply-rail.

Figs. 27 and 28, show circuits in which a
D2201 high-speed diode is used for the

current sensor. This diode was chosen for its

slightly higher forward-voltage drop charac- ik :

teristic thus giving gréater sensitivity. It must DF Lap
be emphasized that heat sinking of this wowa &
diode is essential to minimize variation of the

current trip point due to internal heating of

the diode. That is, 1 ampere at 1 volt Ll
forward drop represents one watt which

can result in significant regenerative changes

in the current trip point as the diode tem-

perature rises. Placing the small-signal refer- @A 7O
ence amphfler_ in the proximity _of tbe cur- UM AND SOUE. QUTPUT potOADEORATION
rent-sensing diode also helps minimize the "‘fﬂmm"mna’&-n&n <002%
variability in the trip level due to the nega- Oi%/voLT

tive temperature coefficient of the diode. s
In spite of those limitations, the current Fig. 28 ~ Regulated power supply with
limiting point can easily be adjusted over “"foldback” current limiting.

the range from 10 mA to 1 ampere with a
single adjustment potentiometer. If the
temperature stability of the current-limiting
system is a serious consideration, the more
usual current-sampling resistor-type of cir-
cuitry should be employed.

A power Darlington transistor (in a heat *
sink TO-3 case), is used as the series-pass
element for the conventional current-limiting
system, Fig. 27, because high-power Dar-
lington dissipation will be encountered at
low output voltage and high currents,

A small heat-sink VERSAWATT transistor is (a)

iee- H SUPPLY TURN-ON AND TURN-OFF
used as the series-pass element in the fold- by gl y i By
back current system, Fig.28, since dissi- ('S VOLTS /DIV AND -1 8/DIV)

pation levels will only approach 10 watts. 2CE" 2002

In this system, the D2201 diode is used for
current sampling. Foldback is provided by
the 3 k2 and 100 k2 divider network con-
nected to the base of the current-sensing
transistor.

Both regulators, Figs. 27 and 28, provide
better than 0.02% load regulation. Because
there is constant loop gain at all voltage set-
tings, the regulation also remains constant.
Line regulation is 0.1% per volt. Hum and
noise voltage is less than 200 uV as read
with a meter having a 10-MHz bandwidth.

Fig.31 (a) shows the turn ON and turn OFF

characteristics of both regulators. The slow TRANSIENT RESPONSE
turn-on rise is due to the slow rate of rise TOP TRACE . OUTRUT VOLTAGE
f h f I & h (200 mv/DIv AND S us/DIV)
of the reference voltage. Fig. 29 (b) shows BOTTOM TRACE COLLECTOR OF LoaD
the transient response of the regulator with 1040+ 1 Aneeaesti®
the switching of a 20-§2 load at 20 volts out- {5 VOLTS/0IV AND Sus/DIV)
put 92¢s-27881
. Fig. 29 — Waveforms of dynamic characteristics

of power supply currents shown
in Figs. 29 and 30.
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Fig. 30 - Tone control circuit using CA3130 series
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Fig. 31 — Baxandall tone coprrol circuit using
. CA3140 series.

TONE CONTROL CIRCUITS

High-slew-rate, wide-bandwidth, high-output
voitage cepability and high input impedance
are sll characteristics required of tone-con-
trol amplifiers. Two tone control circuits
that exploit these characteristics of the
CA 3140 are shown in Figs. 30 and 31.

The first circuit, shown in Fig. 31, is the
Baxandall tone-control circuit which provides
unity gain. et midband and uses standard
linear potentiometers. The high input im-
pedance of the CA3140 makes possible the
use of low-cost, low-value, small-size capaci-
tors, 8s well s reduced load of the driving
stage."

Bass treble boost and cut are + 15 dB at

100 Hz and 10 kHz, respectively. Full

peak-to-peak output is available up to st

teast 20 kHz due to the high slew rate of the

CA3140. The amplifier gain is —~3 dB down

from its *‘fiat”’ position at 70 kH2. X
Fig. 30 shows snother tone-control circuit’
with similar boost and cut specifications.
The wideband gain of this circuit is equal to

the ultimate boost or cut plus one, which in

this case is a gain of eleven. For 20-dB

boost and cut, the input loading of this cir-

cuit is essentially equal to the value of the

resistance from terminal No.3 to ground.

A detailed analysis of this circuit is given in

’An |C Operational Transconductance Amp-

lifier (OTA) With Power Capability” by

L, Kaplan and H. Wirtlinger, {EEE Trans-

actions on Broadcast end Television Re-

ceivers, Vol. BTR-18, No.3, August, 1872,

WIEN BRIDGE OSCILLATOR

Another application of the CA3140 that
makes excellent use of its high input-imped-
ance, high-slew-rate, and high-voltage queli- ,
ties is the Wien Bridge sine-wave oscillator.
A basic Wien Bridge oscillator is shown in
Fig. 32, WhenRy=R2=RandCy1=C2=C,
the frequency equation reduces to the fa-
miliar f = 1/2 7 RC and the gain required for
oscillation, ApsC Is equal to 3. Note that
if C2 Is increased by a factor of four and R2
is reduced by a factor of four, the gain re-
quired for oscillation becomes 1.5, thus per-




iting @ potentially higher operating fre-
:::::ce closer to the gain-bandwidth pro-
duct of the CA3140.

QOscillator stabilization takes on many forms..

1t must be precisely set, otherwise the am-
plitude will either diminish or reach some
form of limiting with high levels of distor-
tion. The element, R, is commonly re-
placed with some variable resistance element,.
Thus, through some control means, the value
of Rg is adjusted to maintain constant oscil-
lator output. A FET channel resistance, a
thermistor, a famp bulb, or other device
whose resistance is made to increase as the
output amplitude is increased are a few of
the elements often utilized.

—OouTPUT

AAA
FVN—

'
B
‘osl e sé * %
A st ':—:
WS- 1YY -
Fig. 32 — Bssic Wien bridge oscillator circuit
using an operational amplifier.

Fig. 33 shows another means of stabilizing
the oscillator with a zener diode shunting
the feedback resistor {Rgof Fig.32). As
the output signal amplitude increases, the
zener diode impedance decreases resulting
in more feedback with consequent reduction
in gain; thus stabilizing the amplitude of the
output signal. Furthermore, this combina-
tion of a monolithic zener diode and bridge
rectifier circuit tends to provide a zero tem-
perature coefficient for this regulating sys-
tem. Because this bridge rectifier system
has no time constant, i.e., thermal time con-
stant for the lamp bulb, and RC time con-
stant for filters often used in detector net-
works, there is no lower frequency limit.
For example, with 1-uF polycarbonate capa-
citors and 22. M) for the frequency deter-
mining network, the operating frequency is
0.007 Hz,

As the frequency is increased, the output
amplitude must be reduced to prevent the
Qutput signal from becoming slew-rate limi-
ted. An output frequency of 180 kHz will
reach a slew rate of approximately 9 volts/
us a;«h«an its amplitude is 16 volts peak-to-
peak,

Operational Amplifiers
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Fig. 33 — Wien bridge oscillator circuit using
CA3140 series.

SIMPLE SAMPLE-AND-HOLD SYSTEM

Fig. 34 shows a very simple sample-and-hold
system using the CA3140 as the readout
amplifier for the storage capacitor. The
CA3080A serves as both input buffer amp-
lifier and low feed-through transmission
switch.® System offset nulling is accom-
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Fig. 34 ~ Sample- and hold circuit.

plished with the CA3140 via its offset
nulling terminals. A typical simulated load
of 2 k$2 and 30 pF is shown in the schematic.

In this circuit, the storage compensation °

capacitance (Cq) is only 200 pF. Larger
value capacitors provide longer “hotd” periods
but with slower slew rates. The slew rate

dv i
R 05 mA/200 pF = 25 V/us.

* ICAN-6668 “Applications of the CA3080
and CA30B0A High-Performance Oper-
ational Transconductance Amplifiers”.
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Pulse “‘droop” during the hold interval is
170 pA/200 pF which is = 0.85 pV/us;
(i.e., 170 pA/200 pF). In this case, 170 pA
represents the typical leakage current of
the CA3080A when strobed off. 1f Cq were
increased to 2000 pF, the “hold-droop”’ rate
will decrease to 0.085 uV/us, but the slew rate
would decrease to0 0.25 V/us. The parallel
diode network connected between terminal
y

TOP TRACE - OUTPUT
{50 mv/DIv AND 200m/Div)
BOTTON TRACL INPUTY
(SO mV/Div AND 200 m/Dev )
92¢s- 2700

LARGE-SIGNAL RESPONSE AND
SETTLING TIME
TOP TRACE - OUTPUT SIGNAL
(S v/DIV AND 2,3/DIV)
BOTTOM TRACE - INPUT SIGNAL
(SV/DIV AND 2us/DIV )
CENTER TRACE DIFFERENCE OF INPUT AND OUTPUT
SIGNALS THROUGH TEXTRONIX
. AMPLIFIER TA13
(SmV/DIV AND 28 /7D1IV ) 2C5-27004

SAMPLING RESPONSL
TOP TRACE SYSTEM OUTPUT
(100 mv/DIV. AND 500 m/Div)
BOTTOM TRACE ' SAMPLING SIGNAL
(20 V/DIV AND 300 ms/ DIV )

92C5-27005

Fig 35 — Sample- and hold system dynamic
A characteristics waveforms.

3 of the CA3080A and terminal 6 of the
CA3140 prevents large input-signal feed-
through across the input terminals of the
CA3080A to the 200 pF storage capacitor
when the CA3080A is strobed off. Fig. 35
shows dynamic characteristic waveforms of
this sample-and-hold system.

CURRENT AMPLIFIER

The low input-terminal current needed to
drive the CA3140 makes it ideal for use in
current-amplifier applications suchas the one
shown-in Fig. 36.® In this circuit, low cur-
rent is supplied at the input potential as the
power supply to load resistor R|_. This load
current is increased by the multiplication
factor R2/R1, when the load current is
monitored by the power supply meter M.
Thus, if ‘the load current is 100 nA, with
values shown, the load current presented
to the supply will be 100 pA; a much easier
current to measure in many systems.

Note that the input and output voltages are
transferred at the same potential and only
the output current is multiplied by the
scale factor.

The dotted components show a method of
decoupling the circuit from the effects of
high output-load capacitance and the poten-
tial oscillation in this situation. Essentially,
the necessary high-frequency feedback is
provided by the capacitor with the dotted
series resistor providing load decoupling.

I
R2
@ 10 M3 1
POWER
SUPPLY R

L, T

cs-TTe

Fig 36 — Basic current amplifier for low-current
measurement systems.

Fig. 37 shows a single-supply, absolute-value,
ideal full-wave rectifier with associated wave-
forms. During positive excursions, the input
signal is fed through the feedback network
directly to the output. Simultaneously, the
positive excursion of the input signal also
drives the output terminal (No.6) of the in-
verting amplifier in a negative-going excur-
sion such that the 1IN914 diode effectively
disconnects the amplifier from the signal
path. During a negative-going excursion of
the input signal, the CA3140 functions as a
normal inverting amplifier with a gain equal
to —R2/R1. When the equality of the two
equations shown in Fig. 37 is satisfied, the
full-wave output is symmetrical.

® ““Operational Amplifiers Design and Ap-
plications”, J. G. Graeme, McGrew-Hill
Book Company, page 308 — ‘Negative
Immittance Converter Circuits”.
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Fig. 37 — Single-supply, absolute-value, ideal full-wave rectifier with associated waveforms.
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Fig. 38 — Split-supply voltage-follower test circuit and associated waveforms.
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Fig 39 — Test circuit amplifier (30-d8 gain) used
for wideband noise measurement.

'._ 4-10
(0.102-0.254)

62-70
(1.575-1.778)

The photographs and dimensions represent
a chip when it is part of the wafer. When the
wafer is cut into chips, the cleavage angles
sre 57° instead of 90° with respect to the
face of the chip. Therefore, the isolated
chip is actually 7 mils (0.17 mm) larger
in both dimensions.

92CM -32235

Dimensions in parentheses are in millimeters and
are derived from the basic inch dimensions 8s in-
dicated. Grid graduations are in mils (10—3 inch).




INTERSIL

‘EATURES
1 Guaranteed zero reading for 0 volts Input on all
scales.

1 True polarity at zero for proclso null detection,
+ 1 pA Input current typlcal,

 True differential Input and reference.
1 Direct display drive - no external compononu
required. — LCD ICL7106

— LED ICL7107
» Low nolse - less than 15,V pk-pk.
» On-chlp clock and reference.
» Low power dissipation - typlcally less than 1QmW,
+ No additional active circuits required.
» Evaluation KIit avallable.

ICL7106, 7107
32 Digit Single Chip
A/D Converter

GENERAL DESCRIPTION

The Intersil ICL7106 and 7107 are high performance, low
power 3-1/2 digit A/D converters. All the necessary active
devices are contained on a single CMOS |.C., including
seven segment decoders, display drivers, reference, and a
clock. The 7106 is designed to Interface with a liquid crystal
display (LCD) and Includos a backplane drive; the 7107 will
directly drive an instrument-size Ilghl emitting diode (LED)
display.

The 7106 and 7107 bring together an unprecedented
combination of high accuracy, versatility, and true economy,
High accuracy like suto-zero to less than 10, V, zoro drift of
less than 1uV/°C, input bias current of 10 pA max., and roll-
over error of less than one count. The versatility of true difter-
ential input and reference is usefut! in alf systems, but gives
the designer an uncommon advantage when measuring load
cells, strain gauges and other bridge-type transducers. And
finally the true economy of single power supply operation
(7106), edabling a high performance panel meter to be built
with the addition of only 7 passive components and a display.

TYPICAL CONNECTION DIAGRAMS

o

L j_l_'.l:l.__] -;v.' * o

|f .’!I' AN e o . ~
] L’ - :n % % L = .

l" 5y - | M Tl }

% VA o ?
NTEASIL 7108 ‘3' WYEASIL Mi07 }53
0 i
11‘ = 3 s *‘?ﬂ
4 T TEHRIRHIEY |3
— : —— 959K [

ICL7106 with Liquid Crystat Dieplay

ICL7107 with LED Dieplay

ORDERING INFORMATION

PIN CONFIGURATION

(] 08C 3

Part Pachage Temp. Range Order Part # ] s
7106 40 pin ceramic DIP | 0°C 10 +70°C | ICL7106CDL roeLeo ki 0%,
7108 40 pin plasiic DIP 0°C 1o +70°C  [ICL7T106CPL ner LE0 P
o7 40 pin ceramic DIP 0°Cto +70°C ICL7107COL Wit
7107 40 pin plasuc DIP 0°Cto +70°C ICL7T107CPL f suio-zuno
7106 Knt Evaluation kits contain IC, display, circuit [ ICL7106EV/Knt 7 1eGnaton
7107 Kit | bourd, passive components and hardware. | ICLT107EV/Kit P

See page 10. ’ < :'m:'

U
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tL7106/ICL7107
BSOLUTE MAXIMUM RATINGS

ICL 7106

Jpplyvollaoo (V+ lOV"..........--...............15V
wlog Input Vollage leither input) (Note 1) ,..... V+to V-
Jerence Input Voltage (eitherinput) ............ V+toV-
BEIINPUL 4 euvirsecsrrsassocnssassassesassss TOSIIOVE

wer Dissipation (Note 2)

COramiC PacKagB ....evverssarsassaseersassss 1000MmW

plastic Package ........cece.

. 800 mW

IcL 7107
Supply VORBge V+ cuvsrevieeivrerrociserrasoscocees +6V

S seretesressesssesesesseetasrntonss 'GV

Analog Input Voltage (either input) (Note 1) ...... V+ilo V-

Reference Input Voltage (eitherinput) ............ V+toV-

Clock Input ..evveecincncenss esesss. GndloV+
Power Dissipation {Note 1)

‘CoramicPackage ...ooovverrioienrreassscness 1000MW

Plastic Package ....ccvevecnsscensssccnssansss 800MW

0rating Temperature .......cceeveeesss.. 0°C10470°C Operating Temperature ..........ceec0..... 0°C10+70°C
srage TOMPOrature .......coceveeeses. =65°C10+160°C Storage Temperature ..................  =65°C1t0+160°C
30 Temperature (Soldering,60s6cC) ,.......co.v... 300°C Lead Temperature(Soldering,60sec) ........... .10 300°C
10 1: Inpul vollages may exceed the supply voltages provided the input current is limited to £1004A.
e 2: Dissipation rating assumes device is mounted with all leads soldered 1o printed circult board.
ECTRICAL CHARACTERISTICS (Note 3 :
HARACTERISTICS CONDITIONS MIN TYP MAX UNITS
0 Input Reading Vin = 0.0V
Full Scale = 200.0 mV -000.0 $000.0 +000.0 Digital Reading
stiometric Reading Vin = Vret N 999 909/1000 1000 Digital Reading
Vrel = 100 mV
ollover Error (Difference in =Vin = +Vin = 200.0mV -1 *2 +1- Counts
ading for equal positive and
ijative feading near Full Scale) ;
nearity (Max. doviation from Full scale = 200mV -1 +2 +1 Counts
15t straight line fit) or full scale = 2.000V .
:mmon Mode Rojeclion Ratio vem = 21V, Vin = 0V, 50 sV
iote 4) Full Scale = 200.0mV.
sse (Pk - Pk value not exceeded | Vin = QV 15 uv
% of time) . Full Scale = 200.0mV
iekage Current @ Input Vin = 0V 1 10 pA
ro Reading Drift Vin= 0 0.2 1 uvrec
0°< Ta <70°C
2le Factor Temperature Vin = 199.0mV 1 5 ppm/°C
»lficient 0< Ta<70°C
{Ext.Rel.0ppm/° C) p
pply Current tDoes not vin=0 08 1.8 mA
luge LED current for 7107) ‘
alog Common Voltage (With 25K(} betwean Common & 24 2.8 3.2 Volts
ipect to pos. supply) pos. Supply
mp. Coefl, of Analog Common |25K() between Common & 80 ppm/°C
ih respec! tc pos. Supply) pos. Supply .
% ONLY V Supply = 8V 4 ) 6 Volts
Pk Segment Drive Vollage
e 5)
5 ONLY V Supply = 8V 4 | 5 6 Volts
Pk Backplane Drive Vollage
e §)
7 ONLY +Supply = 5.0V S 8.0 mA
iment Sinking Current , | Segment voitage = 3V
tept Pin 19)
7 ONLY +Supply = 5.0V 10 16, mA
iment Sinking Current Sogment voltage = 3V
119 only)

3: Unless otherwise notod, specmcatio@ 2pply 1o both the 7106 and 7107 8t Ta = 25° C, feiock = 48k Hz. 7106 is tested in the circuit of Figure
1. 7107 i3 tested in the circuit of Figure 2.

¢: Reter 10 “Dillerentiatl Input” discussion on page 4.

$: Back plane drive is in phase with segment drive for ‘ofl’ segment, 180* oul of phase for ‘on"segmem. Frequency is 20 times conversion
rate. Average DC componont is less than S0mV.
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Flgure 1: 7106
'AILED DESCRIPTION
\LOG SECTION .

re 3 shows the Block Diagram of the Analog Soctior't for
CL 7106 and 7107. Each measurement cycle is divided
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i
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]

Figure 2: 7107

into three phases. They are (1) auto-zero (A-Z), (2) signal
integrate (INT) and {3) deintegrate (DE).
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Flgure 3: Analog Section of 7106/7107

lo-2er0 phase

iring auto-2ero three things happen. First, input high
9 low are disconnected from tho pins and internally

orted 10 analog common. Second, the relerence ,

pacitor is charged to the roference voltage. Third, a
‘dback loop is closed around the system to charge the
lo-zer0 capacitor Caz 1o compensate for offset
tages in the bulfer amplifier, integrator, and
mparator. Since the comparator is included intheloop,
'} A-Z accuracy is limited only by the noise of the
item. In any case, the offsel referred to the inpul is less
n 10V,

nal Integrate phase

ring signat inlegrate, the auto-zero loop is opened, the
grnal short is removed, and the internal input high and
¢+ are connected to the external pins. The converter
n integrates the differential vollage between input

high and input low for a fixed time. This differential
voltage can be within a wide common mode range; within
one volit of either supply. If, on the other hand, the input
slgna( has no return with respect 10 the converter power
supply, input low can be tied to analog common to
establish the correct common-mode voltage. At the end
of this phase, the polarity of the integrated signal is
determined.

3. De-integrate phase

The final phase is de-integrate, or reference integrate.
Input low is internally connected to analog common and
input high Is connected across the previously charged
reference capacitor, Circuitry within the chip ensures
that the capacitor will be connected with the correct
polarity to cause the integrator output to return to zero.
The time required for the output 10 return to zero is
proportional to the input signal. Specifically the digital
reading displayed is 1000 ({2%),
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ICL7108/ICL7107

Differentlal Input

The inputl can accapt diflerential voltages anywhers within
the common mode range of the input amplifier; or
specifically trom 0.5 voits below the positive supply to 1.0
voll above the negative supply. Inthis range the system hasa
CMRR of 86 dB typical. However, since the integrator also
swings with the common mode voltage, care must be
exercised to assura the integrator output does not saturate.
A worse case condition would be a large positive common-
mode vollage with anear full-scale negative differential input
voltage. The negative inpul signal drives the integrator
posilive when most of its swing has been used up by the
positive common mode voltage. For these critical applica-
lions the integrator swing can be reduced 10 less than the
recommended 2V full scale swing with littie loss of accuracy.
The integrator oulput can swing within 0.3 volls of either
supply without loss of linearity.

Difterentlal Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roli-over voltage caused by the
refarence capacitar losing or gaining charge to stray
capacity on ils nodes. If there is a large common mode
voltage, the reference capacitor can gain charge lincrease
voltage) when called up to de-integrate a positive signal but
lose charge (decrease voltage) when calied up to deintegrate
a negative input sigmal. This dilference in reference for (+) or
=) input voltage wall give 8 roll-over error, However, by
selecting the referonce capacilor large enough in
comparison 10 the stray capacitance, this error can be held to
less than 0.5 count for the worse case condition. {See
Component Values Seloction below).

Analog Common

This pin is included primarily to set the common mode
voltage for battery aperation (7106) or for any syslem where
the inpul signals are lioaling with respect to the power
supply. The commaon pin sets a voltage that s approximately
2.8 volts more negative than the positive supply. This is
selected to give a minimum end-of-life battery voltage of
*about 6V. However, the analog common has some of the
attributes of a ry'srence voltage. When the total supply
voltage is large enough to causa the zener 1o regulate (>7V),
the common ‘voltage will have a2 low voltage coefficient
1.001%/%), iow oulput impedance {=15()), and a temperature
coeflicient typically less than 88ppm/°C.

The limitations of the on-chip reference should also be
recognized, however, With tha 7107, the internal heating

which resuits from the LED drivers can cause some,

degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic., The combination of reference Temperature
Coellicient (TC), internal chip dissipation, and package
thermal resistance ¢an increase noise near full scale from 25
uV 1o 80 uVpk-pk. Also the linearity in going from a high
dissipation count such as 100D (20 segments on) to a low
dissipation count such as 111118 segmonts on) cansutfer by
a count or more. Devices with a positive TC reference may
require several counts to pull out of an overload condition.
This is because ovasload is a low dissipation mode, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle betwgen overload and a non-
overload count as the die alternatoly heals and cools. Ali

40110

these problems are of course eliminated if .an external
relerence is usod,

The 7106, with its negligible dissipation, sulfers from none
of these problems. In either case, an external reference can
easily be added, as shown in Fig. 4.

1T

¥
ngr “oVOLY s.0010
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AEF LO—
o107 1,,

€A 5089
1 w3 Aerenence

AL i r—>

aLrF Lo

(o) (0

Figure 4: Using an Extornal Reference

Analog common is ajso the voltage the input returns to
during auto-zero and de-integrate. If signal low Is different
from analog common, 8 common mode voltage exists in the
system and Is taken care of by the excellent CMRR of the
converter. However, in some applications input low wilt be
sot at a fixed known voltage (power supply common for
instance). In this application, analog common should be tied
to the same point, thus removing the common mode voltage
from the converter. The same hoids true for the relerence
voltage. ! reference can be conveniently referenced to
analog common, it should be since this removes the
common mode vollage from tho reference system.

Within the IC, analog common is tied to an N channel FET
that can sink 30mA or more of current to hold the voitage 2.8
volts below the positive supply (when a load is trying to pull
the common line positive). However, there is only 10 A of
source c'urrem. $0 common may easily be tied to a more
negative |vollaga thus over-riding the internal reference.

Test

The test pin serves two functions. Onthe 7106 it is coupled to
the internally generated digilal supply through a 5001
resistor. Thus it can be used as the negalive supply for
externally generated segment drivers such as decimal points
or any other presentation tho user may want to include on the
L CD display. Figures 5 and 6 show such an application,

{ve

710 Yo LCO
wreas DLCIMAL POINT ¢
17150
}
[ 14 ]| 1
TESY
¥ v T0LCD

BACK PLANE

Figure §: Simple Invorter for Fixed Decimal Point
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7106

TESY

» __::JE ;
DECIMAL —I) E voco
-.'3'2: __.JD—%— PUINTS

Figure 6: Exclusive 'OR' Gate for Decimal Point Drive

second function is a “lamp test". When Test is pulled
1 (to + supply) all segments will be turned on and the
lay should read - 1888. Caution: on the 7106, in the lamp
mode, the segments have a constant d-c voltage (no
ire-wave) and will burn the LCD display if left in this
e lor several minutes.
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Figure 7: Digital Section 7176
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olcm}'. SECTION

Figures 7 and 8 show the digital section for the 7106 and
7107, respectively. In the 7106, an internal digital ground is
generatod from a 6 volt Zener diode and a large P channel
source follower. This supply Is made st!f 10 absorb the
relative large capacitive currents when the back plane (BP)
voltage Is switched. The BP frequency s the clock frequency
divided by 800. For three readings/second this is a 60 Hz
square wave with a nominal amplitude of 5 volts. The
segments are driven at the same frequency and amplitude
and are in phase with BP when OFF, but out of phase when
ON. In all cases neglible d-c voltage exists across the
segments.

Figure 8 is the Digital Section of the 7107. It is identical
excepl the regulated supply and back plane drive have been
eliminated and the segment drive has been increased from 2
to 8 mA, typical for Instrument slze common snode LED
displays. Since the 1000 output (pin 19) must sink current
from two LED segments, it hastwice the drive capability or 16
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tem Timing :
vre © shows the clocking arranjement used in the 7108
17107. Three basic clocking arrangements can be used:
\n external oscillator connected to pin 40.

\ crystal between pins 39 and 40.

wn R-C oscillator using a!l three pins.

110877407

10
COUNTER

CAYSTAL

TXVEANAL
CRALATOR

|
L-qunwon

R s
T28Y (1108 [
or GhD (7107

Figure 9: Ciock Circults

oscillator frequency Is divided by foyr before it clocks -

fecade counters, It is then further divided to form the
) convert-cycle phases. These are signal intograte (1000
its), refarence de-integrate (0 to 2000 counts) and auto-
(1000 to 3000 counts), For signals less than full scale,
-26r0 gels the unused portion of reference deintegrate.
makes 8 complele measure cycle of 4,000 (16,000 clock
18} independent of input voltage. For three readings{
nd, an oscillator frequency ol 48kHz would be used.

thieve maximum rejoction of 60 Hz pickup, the signal
rate cycle should be a multiple of 60 Hz. Oscillator
encies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
z, 33'4 kHz, etc. should be seficted. For 50H2
ion, Oscillator frequoncies of 200kHz, 100kHz,
kHz, 50kHz, 40kH2, etc. would be suitable. Note that

)

40kHz (2.5 readings/second) will reject both 50 and 60 Hz
{also 400 and 440 H2),

COMPONENT VALUE SELECTION
1. Integrating Reslstor

Both the buffer amplitier and the integrator have a class A
output stage with 100uA of quiescent current. They can
supply 20uA of drive current with negligible non-linearity.
Theintegrating resistor should be large enough to remain
in this very linear region over the input voltago rangs, but
small enough that undue leakage requireaments are not
placed on the PC board. For 2 vo!t tull scale, 470K(1 is
near optimum and similarly a 47K{} for a 200.0 mV scale.

lnlegraltlng Capacitor

The integrating capacitor should be selecled to give the
maximum voltage swing that ensures tolerance build-up
wiill not saturate the integrator swing {approx. 0.3 volt
from either supply). in the 7106 or the 7107, when the
analog common is used as a reference, a nominal £2 volt
full scale integrator swing is fine. For the 7107 with £5 voit
supplies and analog common tied to supply ground, &
+3.5 to $4 voll swing is nominal. For three readings/
second (48kHz clock), nomina! values for Cin; are .22 and
.10uF, respectively, O course, If dillorent oscillalor
frequencles are used, these values should be changod in
inverse proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is
it have low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate tor
this application, polypropylene capacilors give
undetectable errors at reasonable cost.

3. Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200 mV full scale whero noise
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is very important, 8 0.47F capaciloris recommended. On
the 2 volt scale, a 0.047uF capacitor increases the speed
ol recovery from overioad and is adequate for noise on
this scale.

Reference Capaclior

A 0.1u4F capacitor gives good results in most applications.
However, where a large common mode voltage exists (i.e,
the reference low is not at analog common!) and a 200 mV
scale Is used, a larger value I8 required to prevent roli-
over error. Generally 1.0 uF will hold the roll-ovor error 10
0.5 count in this instance.

Osclilator Components

For all ranges of frequency 8 100KN resistor is
recommended and the capacitor is selected from the
equation { = &, For 4BkHz clock (3 readings/second), C
= 100pF.

Reference Vollage

The analog input required to generate full-scale output
12000 cournits) is: Vin = 2Vrel. Thus, for the 200.0mV_and
2.000 volt scale, Vre!f should equal 100.0 mV and 1.000 voit,
respeclively. However, in many applications where the
A/D is connected 10 a transducer, there will exist a scale
lactor other than unity between the Input voitage and the
digital reading. For instance, In a weighing system, the
Jesigner might like to have a lull scale reading when the
roltage from the transducer is 0.682V. Instead of dividing
'he input down 10 200.0 mV, the designer should use the
nput voltage directly and select Vref = .341V. Suitable
ralues for integrating resisior and capacitor would be
120K1) and .22 4F. This makes the system slightly quieter
ind also avoids a divider network on the input. The 7107
vith 5 volts supplies can accept input signals up 10 4
10lts. Another advantage of this system occurs when a
figital reading of zero is desired for Vin # 0. Temperature

.~ ICL7106/ICL7107

and weighing systems with a variable tare are examples.
This oliset reading can be conveniently generated by
conpecting the voitage transducer between analog high
andicommon and the variable (or fixed) offset voltage
between common and analog low.

7107 Power Suppllies

The 7107 is designed to work from 5 volt supplies,
However, il a negative supply is not available, it can ba
generated from the clock output with 2 diodes, 2
capacitors, ang an inexpensive I.C. Figure 10 shows this
application,

7

— Aty | 1
"07°w ’ § ;’.".' m’} 10,7
—tLl b J

Ve v ol

Figure 10: Generating Negative Supply from +Sv

In fact, in selected applications no negative supply is
required. The conditions to use a single +5V supply are:

1. The input signal can be relerenced to the center of the
common mode range of the converter.

2. The signal is less than *1.5 volits.
3. An extarnal reference Is used.

2]CAL APPLICATIONS

7106 and 7107 may be used in a wide variety of
igurations. The circuits which follow show some of the
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' mV tull scale, 3 readings per second, floating supply vollage
attery).

possibilities, and serve to illustrate the exceptional versa-
titity of these A/D converters.
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Figure 12: 7107 using the internal reference. Values shown are for
200.0 mV full acale, 3 readings per second. IN LO may be tied to
either COMMON for Inputs floating with respect to supphes, or GND
for single ended Inputs. (See discussion under Analog Common on
page 4,
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TYPICAL APPLICATIONS (Contd.)
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voitage. if COMMON is not shorted to GND, the input voltage may
flost with respect 10 the power supply and COMMON acts as & pre-
regulator for the reference. It COMMON is shorted to GND, the input
is single ended {referred to supply ground) and the pre-regulator is
over-ridden.
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resistor values within the bridge sre determined by the desired
sensitivity.
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Figure 14: 7107 with Zener diode reference. Since low T.C. zeners
have breskdown voltages ~ 6.8V, diode must be placed across the
total supply (10V). As in the case of Figure 12, IN LO may be tied to
elther COMMON or GND.
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Figure 16: 7107 operated from gingle +5V supply. An external
reference must be used In this apphcauon, since the voltage between
v+ and V- is Insulliclent for correct operation of the internal
reference. g
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Figure $8: 7106 used as a digital centigrade thermometer. A silicon
dode-connected Iransistor has a temperature coeflicisnt of about
-2mV/* C. Calibration is achieved by placing the sensing transisior
in ice water and adjusting the zeroing potentiomeler for a 000.0
reading. The sensor should then be placed in boiling water and the
scale-lactor potentiometer adjusted for 100.0 readinp
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TYPICAL APPLICATIONS (Contd.)
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Figure 19: Circuit for developing Underrange snd Overrange signals

from 7106 outputs.
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Figure 20: Circuit for developing Underrange and Overrange signals

from 7107 outputs. The LM3I30 is required 10 ensure l0gic

compatibility with heavy display loading.
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Figure 21: AC to DC Converter with 7106. Test is used as a common
mode reference level 10 ensure compatibility with most op-amps.
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Figure 22: Display Buffering for increased drive current. Requires
four DM7407 Hex Butfers. Each buffers is capable of sinking 40 mA

max.
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106/7107 EVALUATION KITS ' )

1er purchasing a samplo of the 7106 or the 7107, the
sjority of users will want to build a simple voltmeter. The
s can then be evaluated against the data sheet
ecifications, and tried out in the intended application.
ywever, locating and purchasing even the small number of
ditional components requirod, then wiring a breadboard,
inoften cause delays of days or sometimes weeks. To avoid
is problem and facilitate evaluation of these unique
cuits, Intersil Is offering a kit which contains all the
scessary components to build a 3'4 digit panel meter. With
¢ help of this kit, an engineer or technician can have the
stem “up and running” in about half an hour.

vo kits are offored, the ICL7106EV/KIT and the
L7107EV/KIT. Both contain the appropriate IC, a circult
ard, a display (LCD for 7106EV/KIT, LEDs for
I07EV/KIT), passive components, and miscellaneous

irdware.
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PPLICATION NOTES

)16 “Selecting A/D Converters i by David Fullagar

)17 “The Integrating A/D Converter,” by Lee Evans

18 “Do's and Dont's of Applying A/D Converters,” by Peter Bradshaw and Skip Osgood
019 “4% Digit Panel Meter Demonstrator/Instrumentation Boards,” by Michae! Dufonr.
023 “Low Cost Digital Panel Meter Designs,” by David Fullagar & Michae!l Dufort.

PACKAGE DIMENSIONS

40 Pin Plastic Dual-In-Line Psckage 40 Pin Ceramic Dusi-in-Line Package
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, El-r\ 10710 N. Tantau Ave., Cuperiino, CA 95014 (408) 996-5000 TWX: 910-338-0171

‘tersil cannot sssume responsibility for use of any civcuinQ described other than circuitry entirely embodied 1n an Intersil product. No other circuit
atent licenses arc imphied. Internl reserves the right 10 change the circuilry and specifications without notice at any time,
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