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Abstact

In present, the extensive of industries develop in widely. Consequently, quantities of
electrical using is dissipated by them a lots. Then there is some requirement to find an reserved
energy that it can instead same matterials for electricity generating. Solar energy is an alternative
that is very interesting , because it is a free goods. This project presents the design and the
providing of “Electrical Energy Storage System From Solar Cells” which it's done to store

electrical energy from the sun light for applications , in the case of somewheres have not the

main power source (without electrical ranmission line) or some owner want to use electrical

equipments in the night (illuminant , TV , radio ect.). The project can select to supply an energy

The operation of system separates by 2 sections that the first section is the
Regulator and Battery charger. Them operates to control voitage level from solar cells at 24
Vdc constant ( to supply the inverter and battery charger}). The second section is the inverter , il
operates to comvert dc current to ac current for supplying the power to loads. The inverter

circuit use pulse width modulation technique (PWM) to increase the efficiency of system.
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Tudrwnguues Ty (Photon) Feliwdsmusmileduaaaluaums 2.8
Bpon = B (2.8)
naUYes Inasy
APIAVBIUNANR = 6.624*10-34 joule-sec
MAMudvesnAuue
douasmnnsenusessie-duduihuievesmsidmh Inneuszsemmdsnu
THundidanseu Feegluouniaudmursosenliiiusidansoudase (free electron) a4
TuuBUA (conduction band) I&asis Iifa Teadushumuzwiimnn inouriaud
Uszqnnzgdidnarou-Teadasziifrdu lnifidhwammnminssdumsfdnhdeuas
ffidnnreu- TaafifaduSnareedende Indasesse ssgnininaninauuinthately
ldindeudiduseude Taoii lsassndoui lumeduit  uazSifnnseussindoud lume
Suduiianyoua Inthds lna lufinessfudrufunssualuvasiisessie 18Tums lusa
ase AwerasTugui 2.10
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Ut 211 uemsmsiianssua Indh husauaseindvaiciin 185 uue
mzua'lﬂﬂﬁnﬁﬁﬁua”qnzini‘fqm?un'hm:umm (Photo current) Ip ANHUTUAL
nésuvessoeAeR-Buvar 185uues uaael8lugud 2.1
nytiseuse IATuNE(illumination) T=1, (" -1) -Ip 2.8)
Toedl Ip : NYzUAUAS (Photo currem)
UAYNTSURUAY (Photo currennyainauaas Iddeaumsdt 2.9
Ip = gAg,, (Ly+Ly 2.9)
q : rrquesdiianyou
A : WuivesseedeRt-dufignues
g ! SATMuARUszyMzefidnaTou-Taatlosnnuaq (Optical Generation rate)
Ly Trezmauwsvesdidnaseulsamudidy
AfuguaniAvesseede S uvas 1§uumues Tl uuasmunsanoudiou

Téwagalit 2.12
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A ked 1’3 W 1 . ko4
‘;1.'7! 2.12 Hﬁﬂ»ﬂﬁﬂﬂﬂl:ﬂ')'ﬂlﬂﬁﬂﬂfﬁ':"')’li ATSUALUATUTIAU

. o o ] o
v845ouan A-Duvush 18T unaauas 1u 185 e

A < fd e W 3 2% a\’o QA
sanmsauaemirdriaiifisnuus Invsaduuuseodefi-Au Aniuquamnia
wr W t -4 <)
neldSanilouiuqueanifvesseensi-Bdunmlszms waz laeiwauaisiadgnin
i as { 2 % vt (7 )
T dfugdassidmiufsundsnuuraiiundsou dfdeiiuunasnendaudios
»
TivaussduIddwaznszua Iddhesnunnduwa
P o ¢ ) 4 W

Tuvasigauasoiindgnanises wewwa ldTuues

a 4 ; 4 '
soihdifanszumitesnnuas Inassninongarnses lunnsiinszuaesiisgegauas
nidend “nIsuadaae9s” (Short circuit current) L,

Ll W ﬂ‘ '4
AwansuadarTimidnnaumsd 1.8 ednuald

k4
YUSAANIT V, = 0 Aniuaums 2.8 Weoulnslén
I=-p = I (2.10)
4 .
Tuvsizhagnitlaia9T (open cirouit)
< ) [ : o 4 4
uazfiseesis IdTunasesnunszuad lnalusseroniiugud ilesnnisesgnila
24 -4 ' t d 0 '] o
ussduimlnngadevssedaR-duruziigmdend “usadunenila (open circuit current)
Voo M V. 989 im A TaeRnrsanm
4 ' '
diowagnillaie9ey 1=0 aqums 2.8 FHoulnylédn
VAT
0 =1L - -p
AU V, =V, =kT/q (nIpl, +1)
w38 vV, = kq(nI A, +1) 2.11)
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! sy i) a <
A8 Lo uaz V. uas Hlunniqaeuifveasauaseriind dwanalugii 2.13
Lt

o Vm Yac

- - T ka
T '
t
I, { /mfm?r'mted
Lac

U7 213 uassRamuAvesaumeinsuazwniinedfidwe

ns::umﬁmmnumv‘ﬁﬁﬂozﬁﬂummnn?ﬂﬁ’auifuaq’ﬁ'umsﬁmss’oinq dilae
nnAvesR UL aITaeReA-3 U 1dFuues, Furlsefnilumsganfunaaieinlszy
wmzgBidaaseu-Taa, szesanudnuesseedsi-0yu, vweanunevesuioalaen
mug, ?iwmmﬂn'aqé‘mmﬂ‘x:qmn:iwifnm'sﬁqﬁum, sanudlumrsudsalizg
WMEAAT uazmanudumueyasuvensa  Taevn linssuadmaees huwauaseiing
wuusesAs-duvsFanauvilalrsun 3540 mA/em’ uazlunsaiveunadoy
auwuwea1 92eglus1d 20 mA/m’ IAeATl Air mass 0 (AMO)

ANBIUTIAUNITIUA (open circuit current) V. sefifunniedesiusgiuvua
YBIFBITHNAIY (Brergy gap) ¥89ansnas i Iiudhuasds lsitaen usaduaaes
dla v, Hezlvundiia Angega luifudwesanunhevesvasandssuiasaning
103 V. Twyanasemisduruganeuiianlszina 0506 Taan uasnsdivesunaidon
BUBWWA V. dzdieity 0.9 Taant

g Isfinvarivuralulfu  weeslieglunmedanesniedaes Wil
ilsannirassdesgndnriuTnandedidamudumusdmile Fufuussfuuasnszud
figadweenuun Tnanesiididesnd  uar  Tnasdubhuwadedsnmuduniui
masauamile snildnoguusssfuiasnssuaigasseanningege niefiFun
N “Adugese” maximun powen Mwavwlifuinaeld p_ Awesnszumuas
ussguii IdiAadide nfhaege 1 o v, muddu

WuRe P =1V, (1)

uassrmuAuNUYe Inasfmunzaum I8 Troaums 2,13

R = Vo, . (2.13)
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»

fAwes PV, 1as [ uunTWguauiAvesrauaeindiaa IddegUi 2.13

auauABnesenilwsuranaeinddesNaunaines (Fill factor) FE A1iign
frwihfesandssnindmiinugagaiiraseliud InanldeTifummssnugga
magaunAivatediude

BF = PP, = (V) scVoo (2.14)

AwssHauramesiez iy 1 drilauthlng 1 urasiuwamunsasendaauliihaen
n i lndifosfuanlungaundld Taovian lilesfisnlyzsunm 0608

usnniinmrutRlizmad iyBsusauaseindife anlis@ninmusams
1WAeUndea (energy conversion efficiency) dszdninmueuragniishfesanaiu

J 73 d U hd
TTHINNINUGITAN lﬁ‘mﬂl‘h’ﬂﬂlm’c\!i‘l\ltlﬂﬁﬁﬂﬂﬂi:ﬂﬂﬂﬂlﬁm

& [ P w P o

dunfie N = wdsewIdhgegei ldnnsaywisuuasiisa 145y * 100 %
= IV /P * 100%

138 T = FF*I VP, * 100% (2.19)

o . 4
Treh P ABWGUTIWVBILEINANNTENLILWYA
:1 » a 4 - | <@ o an e ‘&
uilegiuiiirauaarfiaduuusosdeR-Buvswingiifevesdineuii ldauna
QS . r-{ -4 3
Tssditlssaninmiumslaoundenuludis 1214 %
= { 1 =Y 1 ) éb ]
raueIB MAEIANITIAMIIiRe TN L., V ., P, , F.F uas Faiiaigeq
] ey ¢ o é 1 4’ Y : 74 4 b
atd lshdmmnidisedaeqmariigndiindrsunmmesdug ninue  Feunudamesn
1 d L4
Tunfswulas Idnsudamefiawralfulyeld
2.7 lasser

o Q‘l Ll ) Q) i
dnuazTassadeTaena liveavauasaminduuusosreft-du uaaslddaguUi
2.14
] a [ o I3 o v 4
Taomaunsmaerianas lilurundngdneurindu s ldifasooded-du
< t o4 b & ] o o 3 < ] 4’ a8 3
anudnvesssersf-duszinanotszdninmusuye UnAnnudnuessoevieiissiiala
4 ) A @
W6uN71 1 micrometre 14U 0.3-0.5 micrometre 18 lindasunnInlnsuvesdmasmanss
) a ' M > o
i llfiinusessldTaeazain  Fuflestumsasiewveuasiind wigreganau
uasyeaamIasiouyssuay  linadomuliTnamiganiuias  Teudurame
» ]
AumbhwsurainldlanzergliflenhidluaeizfionSeawdaar  dmdwsunsue
] ] i 9o a i A ) P ﬁ
2BNUININTBEAD FIUNNMUANTDUFAIQNIUAwBsglBuFUAY Wevhmiitiu
> K 1 1 L L4 L4 :
drldfhavveasa  adnlsidmaduyalursirudunaeqaatenldiimsdand Auiu
A £ t ] 2% o L o o A v A d 3
e lfmunsataninemesuiuld  Sedoudusa luyuilifa  Weldewiidluda Ind

wnuazavveuyatanidemedudu’ld
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NNTIVYaveuvanaseing luvazlfu smituhnszumilasnnuas (Photo
current) I, Favzmenseucrennun lufrmeassiudiudunssuad lnanusosdef4du Tu
a ' a 3 A x
NNQAURA I AMNUAUNIUOYNTY (Serios resistance) R, 1At Idasnnmm iy
»
A kd J 3 1 K'd o -
nuvsuiiemIndnh, AanudmumuvesuinasesasdudaToudiln (ohmic contact)
s e ] ] 1 W 4 1
e Tansduduiuazdnudu  asmmudumuvsadumednhiléve  nasauves
»
AANUAMUNTUBYNTUNINUAAS , AeNuRUMUIUIUUNSD R, (Parallel resistance 130
. ] ' o ad ¥ : ] 4 o ¢
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- J - w o P-R) 4 1 - va 4
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1" b i = -.' 4 w 4 I} U
wdnuasmsneinii liqadofedy ufenandmiouilstfeanu luauysnivesoess
< 1 { 3 P e 1 P ' - ]
InemnzsensiiflAunivuialugigeudiduh luauysadilnngegsaildeedei-duly
auysainnium R, Salugailuevud uazer R, Alia luidlugud waves R, uaz R0z

W d o o
Midquauidveusanldounlashidsuaaslddagl 2.16
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3.1 uumne3

sumpedithusa Induaii Taondaaw I thozeg lugu Indhnssuansafine 1d iy
uummﬁmh:ﬁmdza"mhm ( charging ) Favei idamadoumassnmsmanid
Tuwuamed uazndsnumaniiiazauegfoadouiundsnu Infudoogluannzae
1959 (discharging) Iaevia lunumand funuenaesia ualuftiozyenaniuams
Lead Acid Battery F9UTtNOURIBIHUINANNTOUNY clectrodes  JupglumTazaty
electrolyte 9zl ead dioxide(PbO,) Haudi Spongy lead (Pb)judylumsazaw

»
S _ ’ e
NIAYANIN Sulphuric Acid (H,S0,) uasi (H,0) A3 3.1

< o~ 3 o
gﬂ“n 3.1 uara 15919 v89LUAIMBTLULY Lead - Acid
luannedmlszquazmelszymunsadouiuaumamani 14dail
discharge charge

PBSO, + PbSO, + 2H,0 N PbSO, - Pb - H,SO,

Tasenunsouaasfisenmantiluannedalszquazmosyy 1AdagUi 3 2
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Q.
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N |
1
]
]. | Sulphuric ccia i Decreasing
| and acid : {
" water h |
! ! Increasing . i
| ) wartear I
I /] :
o 4 -
i Spongy lead Lzad Dzcraasing Decraasing
/ dioxide =1 P50
o Py : 2
[ (PbQOy) Increasing lncreasina
) lead sulphace lead suiphate|
, {P5350.) {Pvs0,) |
|. Charged 2. Discharging
—1) Charger ?*.-
+ - T?—
1 LA : Y g
| I |
| | | J7"1-<— ——
; Minimum { |/1 lncreasing
‘ acia o acia
| | | N
[ Mazimum } % Decreaasing |
| water | ﬂ water i
| , i
! ! A
[|Minimum Minimum | lncreasing Increasing
| P PhCy | 25 250, |
I{Maximum Maximumi Decrzasing Oecreasmqi
| P30, P5S0, | | P»30, 9530, |
i ]
3. Discharged 4. Charging

< a a 4
7UM 3.2 uaAslgnTmMunlveULMABTULY Lead - Acid
ci o‘: ~ ' v v =
uumAsINIaoiautmusanmysalsyy  medseqld 3 Usziande qa)
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< - Ay a a 2 a a de ¥
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FRINMIUUATN ()
mefudnmesvesInan PR
UsyAninmvssdunefiaed ()
ussRusaavesduedined (v )
UTIAURAAYRULIAABTABITA (Bud voltage or final voltage: V (i CelD)
udRahindmmatuneudd
1. NIZUADONGIRATELUAAST (,)
I, = P*PF/N,,
2. furaveummeIdastuneynsuiy o)
N=V_/cell
3. fruTrdveLMAB T IRRLAITRBTE (watt/cell)
watt/cell =P*PR/N, *N
msld 1, unmfenvievssuuameifitedlumysaeamugiioranases
wmnedidediogmsFmannduuds  iewmnursduiummedneutie Tnanilargani
ussushaaii o uathludesmadoneuumaeitauns dmhdvidanraly

madendld ldaunsadenldmuzausvaiuldesugndes

3.2 dunedined

nesdunedineluusazsceniuindnmyimieufuiudevniadoy agladu
Andoudadianud 100 Hz udnhwwnesndueieftes I dTyaugUadudivdes
YUIA 50 Hz Assyedasnamaiuey 180 sem Thuweenysuadensudmaeduums-
Wa AunmRussusRudemamideniwemdemias  uarlududnussduusedu
weninnaitiu festlussdumunuoneninndaezuas iy InasuhuuFoudiou
Aududuiiadygnauie Iivnagnaduiidn Ingjmusives TnanTaodnuasves Tnan
svherduentiigauesieninngs amunthwesyundush uasludnvaizves Tnantigetu
Rezdifuenlfgpuouenipnanasanuntsvesgiadunteiy  sudii Tnasgegaesi
Aueulfgade anunfuvesgnduaniian  luswasdenldndeatennuauysel
1992993 FatuduimIesnuuLIeT  HasALTSASATBIIULINENYY  MIATLRY
qungivemsudmaed leneflestumsivemnudmasi ufemangahauile
Tufi Tnaaudiudu

MINUYBINITATLAY PWM arlszneudegeadadynagiudes ¢ Saw

&4 v o 4
Tooth Waveform ) F39zue1dYy 1% saw tooth uIIMIITEUREURY error voltage 49



T80 MeeTIeATUAANMA  ( Error Amplifier)  dgyytaueTivmit 1dvin PWM
comparator 92131 Square wave AiaMuNvBaRadiBuuiias lmudyanuniugu
( Control Signal )

Brror Amplifier 142995 PWM seimihflindeuiriees Boor Amplifier Tu
Linear Regurator Power Supply Aa UwiseduileminnunBeumeusussdudres
( Reference Voltage ) 38111 1@ error voltage Fuswmils 3 error voltage ﬁnzqnww‘[au
Error Amplifier WazilveauIimsatGeuuias lmussduvesdygpaihuuSeuiey
hssfudgyana InasandSouioududyg o saw woth T4 PWM comparator iife
dayfy18l saw tooth F5AUGINTT Error Amplifier nTUFMABT ML ON uaslumsasathu
feseRudoyaal Bror Amplifier Ssefuganimsndmaedios oFF Fsemnyegldon
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wusmyiueeniu 4 amn A '
4.1 maduedined ( Inverter )
4.2 MA COMPARATOR
43 mﬂﬂ'mqumsé’ﬁﬂszwa«mnmaé ( Battery Charging Controller )
4.4 manufuszAudass 24 v (DCto -DC)

4.1 medunedwed (fverter )

madunefimeflssneudioaudrdy 6 dau Ae

4.1.1 mansuquanuninessRadienign ( PWM )

4.1.2 MANTBIA YU ( Filter )

4.1.3 AAYUING ( Gate Driver ) BAZINITNUINIA ( Delay Time Circuit )

4.1.4 MAMA (Power Circuit )

415 mﬂ'lﬂlﬁ’m ( Power Supply )

4.1.6 n¥oura3 ( Transformer )
4.11 MAMUANANNNINYISINANONIN (PWM

dogpaitivionen 1c 555 ezgmhdnawdiudyapailudes Tasiuman
neuavenssaunssulftudygufledesde re, RS, RG ruduiulssy C6 uas Cs
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Ansan ldnnpduassdygrunnunfevesiadieningn

daulugrausnusenmsmhauvesesiise hifdyaratleunduesiduiuazg ca
anegiu 6 Tavi idethusesudradaidiuledeotiuoud]
4.1.2 meanivadyqnal ( Filter )

dygelumstieunsudefhuanguanunrhaesiadesdeutiudygaln
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» ¥
dyana lWides 6 Trad duas1l¥FiAenuy Capacitor coupling Tael¥ C, uaz ¢, usnaeey
5 @ a ¥ dao o [4 =y ¢ A
niassesnnniy Mesiunehmbidudgygraunmvsumneinsugmned el
- 4 o d ' > : ‘
nindmaeshauiigpiimnzauiiqe Tusmmontiuguas Q, ssihnyzue daulugas
»
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uA723M, uA723C
PRECISION VOLTAGE REGULATORS

D1083, AUGUST 1972 ~REVISED OCTOBER 1988

@ 150-mA Load Current Without External uA723M . . . J PACKAGE
Power Transistor uA723C ... D, J. OR N PACKAGE
) {TOP VIEW)
® Typically 0.02% Input Regulation and
0.03% Load Ragulation {uA723M) Nc [ Whedne
. , . CURA LMz  1a[]FREQ cOMP
® Adjustable Currant Limiting Capability CURR sg\;sEa 12(QVee +
® Input Voitages to 40 V 4 n{jve
. nN=- (s 10{JouTPuT
@ Output Adjustable from 2 to 37 V er (e s[vz
® Direct Replacement for Fairchild xtA723M Vcc - 3[INC
and pA723C
uA723M .. . U PACKAGE
description (TOP IEW)
— 1)
The uA723M and uA723C are monolithic CUARR SENS (J@1 10 JCURR L 2
intagrated circuit voltage regulators fearuring IN=- 2 9{]FREQ CCMP Q
high rippie rejection, excellent input and foad N+ {43 s vee - -
regulation, exceilent temperature stability, and REF g.: 700 Ve 5]
low standbv current. The circuit consists of a Vee - (s s{jouTPuT S
temperature-compensated reference volitage S
ampilifier, an errar ampilifier, a 150-mA output NC —No ntarnal connection Qo
transistor, and an adjustable output current
limiter.
The uA723M and uA723C are designed for use in positive or negative power supglies as a series, shunt,
switching, or flcating requiator. For output currents exceeding 150 mA. additicnal pass siements may de
connected as shown in Figures 4 ang 5.
The uA723M is characterized for operation over the full military temperature range of -355°C 10 125°C.
The uA723C is characterized for operaticn irom 0°C ta 70°C.
functional block diagram
veg - SREQUENCY
| COMPENSATION
TEMPERATURE- 1 { !
COMPENSATED , ; NVERTING i
AEFERENCE N | INPUT | ve
DIODE J :51: age : SERIES PASS
! TRANSISTOR
NON- ‘/‘ N\l '
CURRENT | INVERTING CURRENT ! REGULATED
SOURCE ’ i INPUT | | \L!MITER QUTPUT
i
1 | o ==
' IS i ! :& D. J. AND N |
\ . [ i PACKAGES
Vee - L.ULIR;E‘I.VT cg::::r } { vy ony |
S
PRODUCTION DATA docomants cantain information Cooyngt © 1982, Texas inswruments incorporated
tarrent 33 of pusiication date. Produsts conform to
Wﬁuﬁnummmﬁ‘l’mmu:: TEXAS 2.211
aecessarily m&md-ﬂmm ]NSTRUMENTS

08T QFFICE BOX 858012 + DALLAS, TEXAS 75265
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uA723M, uA723C
PRECISION VOLTAGE REGULATORS

absolute maxirnum ratings over operating free-air tamperature range (uniess othaerwise noted)

Peak voltage from VeC + to Voo - (tw = 80 ms) ........ e e e 50 V
Continuous voltage from VG + 10 V0 o - - - ettt v ittt tee et ienaaranaseoeenneans 40V
Input-to-output voltage differential. . ... .. ... . .. it it e it 40V
Differential input voltage to error amplifier . ... ... .. ... .. .. . i i =5V
Voitage between noninverting input and VO ~ -+« vt ittt it i et 8V
CURT Nt fIOM VZ. o o it ittt ittt ettt et e e e e e e 25 mA
Current from REF . . ... ... . i i ittt it et e e i e e 15 mA
Continuous total dissipation (see Nota 1} . ...................... See Dissipation Rating Table
- Operating free-air temperature range: UA723M Circuits . .. ... ....cnvuurnsn -55°C to 125°C
- 2 UAT23C Circuits . . . ...t e 0°C to 70°C
o StOrage tempPeraturd T8NGE . . . .. . oo vt vttt e e et o et -85°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or U package......... 300°C
o Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C
gt NQTE 1: Power dissipation = [ligtandby) * lref)l VCC = (Ve - Vol lo.
g DISSIPATION RATING TABLE
® Ta s 25°C DERATE Ta = 70°C Ta = 128°C
9,, PACKAGE POWER RATING DERATING FACTOR ABOVE Ta POWER RATING POWER RATING
o p) 960 mwW 7.8 mw/°C 25°C 608 mw
J (uA-M) 1000 mwW 11.0 mw/°C 59°C 880 mwW 275 mW
J WA-C) 1000 mwW 8.2 mw/°C 28°C 658 mwW
N 1000 mwW 9.2 mw/°C a1°C 738 mwW
Y §75 mW 5.4 mW°C 25°C 132 mW 135 mwW
recommended operating conditions
MIN MAX | UNIT
Input voitage, Vy 9.5 40 v
Qutout voitage, Vo 2 37 X4
inout-to-output voitage differantial, Ve -~ Vo 3 28 \
Qutput current, iQ 150 mA
2212 Texas
INSTRUMENTS

.. POST OFRCE BOX 655012 « DALLAS, TEXAS 75288 j
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uA723M, uA723C
PRECISION VOLTAGE REGULATORS

-

electrical characteristics at specified free-air temperature {see Notes 2 and 3)

uA723M uA723C
PARAMETER TEST cONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Vi=12VtwoVy =15V 25°C 0.01% 0.1% 0.01% 0.1%
input regulation Vi = 12Vio V) = 40V 25°C 0.02% 0.2% 0.1% 0.5%
V)= 12VioVy = 18V Full range 0.3% 0.3%
f = S0 Hz to 10 kHe, C, 0 25°C 74 74
Rippla feof) * a8
f = 50 Hz to 10 kHz, C(,!_,‘Lu $ wF 25°C 86 a8
Qutput reguiati ' 1mAtot 50 mA 28°C ~0.03% -0.15% -0.03% -0.2%
ut ation = 2 50 m,
red! o 0 Full range -0.6% -0.8%
Reference voltage,
25°C 6.95 7.18 7.3¢ 6.8 7.15% 7.5 v
Viret)
Standby current Vi =30V, ig = @ 25°C 2.3 3.5 2.3 4 mA "
Temperature Ll
costficient of Full ranga 0.002 0.01§ 0.003 0.018 %/°C g
output voltage -:
Short-circunt [72]
Rge = 101, Vg =0 25°C 95 55 mA
cutout current m
BW = 100 Hzto 10 kHz, Cepopy = O 25°C 20 29 =t
Qutput noige voitage ~ av 1]
BW = 100 H2 10 10 kH2,  Cijgpy = 5 uf 25°C 2.5 | 2.5 a
TFull range for uAT23M is ~55°C to 125°C and ‘or uA723C is 0°C to 70°C.
NOTES: 2. For all values in this tabie. the device 15 connected as shown in Figure | with tha divider rassstance as seen by the errar ampnfier < 10 k(1. Uniess
otherwise specified, Vi = Veg. = Vg = 12V, Veg- 2 0. Vg = 5V.ig = 1 mA, Agg = 0. and Cefy = 0.
3. Puiss tasting techmques must ba usea that will e i as close to tha i as
schematic
ee . Ve
R _
. ! !
. . 4 > > 4 4# i
25 ki ! : .
500 2 1k 14 ! ]
L
& . .
C 10 h I o
4 % ¢ ‘Nﬁ
15 k2 | j e [ g
4 [ A i k{ K LN
——] ol — .18 “ﬁg »— OUTPUT
LN N NI D P
H H . i o o e e =y -
— | ; : ; D i Re2v D/ JANDN |
> i i : : v 15 PACKAGES
g0 ¢ i ‘ P {——vz omy
) i : ! : | dipind SN
5 pF =3 '\ 5 |
F ‘ ‘ i
30 ko ) bt FREQUENCY
: ! l g COMPENSATION
s 2 CURRENT
5k2¢ 0¢ S20 koM 150 0 umIT
. — . r‘ CURRENT
- T SENSE
Vee -
REF NON- INVERTING
INVERTING INPUT
INPUT
AESISTOR AND CAPACITOR VALUES SHOWN ARE NOMINAL.
INSTLUMENTS 2213

POST OFFICE BOX 855012 + DALLAS, TEXAS 75265
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uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

TABLE 1. RESISTOR VALUES (kf}) FOR STANDARD OUTPUT VOLTAGES

FIXED QuTPUT FIXED CUYRUT
OQUTPUT | APPLICABLE QUTPUT ADJUSTABLE OUTPUT | APPLICABLE ouTPUT ADJUSTABLE
VOLTAGE FIGURES +5% *10% (SEE NOTE 4){| VOLTAGE FIGURES =5% +10% (SEE NOTE 4)
[\4] {SEENOTE3) | A1 R2 A1 Pt P2 3] {SEENOTE 3) | A1 R2 A1 L4] P2
() | (k0) | (O | (kO | (kD) (k@) | (k@) { (kD) 1 (k) | (kQ)
+3.0 1,686,811, [ 412! 3.01{ 1.8 0.5 1.2 -100 7 3571 105} 22 10 91
R 12 (4
- 2 +3.8 1,5.6.8,11, [ 357 1365] 1.5 | 0.5 1.5 +«250 ? 3.57 | 285 | 2.2 10 240
. 12 14)
- +8.0 1,5,8.9.11, 2.15 | 499 | 0.78 0.5 2.2 -8 3,110 3.57 § 2.43 1.2 0.5 0.7%
(@] 12 {4) Nota 5)
o} +8.0 1.5,8.9.11, 1.15 | 8.04 0.5 Q0.5 2.7 -9 3,10 3.48 { 5.38 1.2 9.5 2.0
8 12 14)
+~3.0 2,4, 15,8, 187|715 | 075} 1.0 2.7 -12 3,10 3.57 (945 | 1.2 0.5 3.3
2] 9, 12}
g‘ -12 2,4, {5,6. 4.87 ) 7.18 2.0 1.0 3.0 ~15 3,10 3.87 | 115 1.2 Q.5 4.3
4] 9, 12)
“m‘ +15 2.4,15, 8, 7.37 | 7.16 | 3.3 1.0 3.0 -28 3,10 3.57 | 243 ¢ 1.2 0.8 10
9,12} :
-28 2.4, 5, 35, 2184 7.5 5.8 1.0 20 -45 3 3.57 | 412 2.2 10 33
9. 12}
-45 7 3.57 | 187§ 2.2 10 a9 ~100 3 3.57 | 983} 2.2 10 N
+75 7 3.57 | 787} 2.2 10 88 - 280 3 357 | 249 | 2.2 10 240
MOTES: 3. The R1/R2 diviaer mav be across entner Vo or V(). If the divider is across Vi,gq). use the figure numbers without parentheses.
If the divider is across YQ, use the figure numbers :n parentneses.
1. To make the voitage agjustable, the R1/R2 divider snown in tne figures must be repiaced by the divider snown baiow.
/1
Pl
A2
ADJUSTABLE OUTPUT CIRCUIT
5. The device requires a minimum of 3 V between Ve » ana Voo - when Vo is equal to or more positive than -9 V.
.o
S
2914 Texas W

INSTRUMENTS

POST QFFICE BOX 835012 « DALLAS, TEXAS 72288



uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

TABLE 2. FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES

Qutputs from +2t0 +7 V Outputs from «4 to +250 V Current Limiting
[Figures 1,5.6,9, 11, 12, (4)] {Figure 7)
R2 Viret) o, A2 - A1 0.85 V
= —_— Vg = = X ———; Utimit) =
VO = Viref) X A1 + A2 o] 2 EY) {limit} Rsc
R3 = R4 2
(]
Qutputs from =7 t0 +37 V Qutouts from -6 to -250 V Faldback Current Limiting *d-;
{Figures 2,4.(5,6,3, 11, 12)} |Figures 3.8, 101 (Figure 5} 7]
=
n
R1 - A2 Yieg , 1 = 32 VOR3 - (A3 - R4} 0.85 Y
= — Vo 2 = =—— X e t = 3
Vo = Virgh) X =73 o] ) O Tknae AscAa ! 3
1]
R3 = R4 O
065V R3 - R4
log =~/ X — 0
Agc Ra

NOTES:

3. The R1.R2 divider may dDe across either Vo or Yiegq). If the civider :s across Vi o) ana uses fiqures without oarentheses.
use figures with parenthaeses 'when the civider is 3cross YQ.

[N

. To make the voitage adjustable, ne R1.R2 divider snown in tha figures must ze repiacea by the 4diviger snown at tine nght
. The dev:ce requires 3 mimimum of 9 V detween Voo .. ang Vo - wnen V) is equal to ar more positive tnen -3 V.

EXAS ‘t’? 2.215
INSTRUMENTS

POST OFFICE BOX 855012 » (JALLAS. TEXAS 75288
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uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

\{] Vi
Vec+ Ve Vees Ve
ouT our
REF v —l REF Vg
ci 7SC | _ REGULATED | ]. Rsc _ mecuwated
o R VAT outeuT, vo R33 CL = OUTPUT, Vg
2 non.  ©S pon 1 non.  CS !
: [INV NV A NV INV }—ry A
o c""’I Veec- comp _L1 00 pF vee- comp
R2 l l A 24
<) I 100 pf 2 R2
o - - = =
2] a1 .1 |
g NOTES: A.R3 = ﬁfnr minimum ayQ- NOTES: A. R3 =%L_—%£2:'or minimum ayQ.
@ 8. R3 may be eliminated for minimum component count. 8. R3 may pe climinated for minimum componant count.
7] Use direct cannection (i.e., R3 = O}, Use direct connection {i.e., 3 = O).
FIGURE 1. BASIC LOW-VOLTAGE REGULATOR FIGURE 2. BASIC HIGH-VOLTAGE REGULATOR
(VO = 2TO 7 VOLTS) (Vo = 7 TO 37 VOLTS)
Vi Vi
; S —
Ny 1 l - L i
azg |Vec+ Ve 2k Yec. Ve
) ouT i—- out 2N3997
REF vz i 2N5001 REF Vg b—
R4 = CLp— r oL b——p
3 k2 cs cS f——q %Rsc
NON- mee Note 5} O—REGULATRD L NON-
INV INV OUTPUT. Vg Nv INV REGULATED
Vce - COMP Vcc cow ? ourpur Vo
R3 =< < oo
3 40 JR1 100 pF T~ 300 pr
1 t—a t-: é
FIGURE 3. NEGATIVE-VOLTAGE REGULATOR FIGURE 4. POSITIVE-VOLTAGE REGULATOR

[EXTERNAL N-P-N PASS TRANSISTOR)

NOTE &: When 10-lead uA723U devices are used in applications requiring Vz, an external 6.2-V ragulator diode must be connected ir
seriegs with the QUT terminal.

2-216 Texas {9
INSTRUMENTS

v QST OFFICE BOX 895012 » DALLAS, TEXAS 752688



uA723M, uA723C

PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

POST CFFICE BOX 655012 + DALLAS, TEXAS 75288

Vi
igso e Vi
‘ 2N5001 a»—j
Vee+ Ve Vee+ Ve
out out Rsc REGULATED
0T QUTRUT, Vo
REF Vz b— REF Vzp— 283
cL
M cs b M . Sra
NON- <Rsc . CS <
‘m?/ NV L_L | REGULATED :&N NV B a
-
AY
vee- come OUTPUT. Yo Vec- comp 8
R2 A2 _L vo| '8 a)"-
o0 T 1/ tines
= = = = T = = ; T
° ©
FIGURE 5. POSITIVE-VOLTAGE REGULATOR FIGURE 6, FOLDBACK CURRENT LIMITING o)
{EXTERNAL P-N-P PASS TRANSISTOR)
vi
N N 2l | 10 ki Vl‘
l P 1 ] = |
: vee. Vo & 2N5241 Ve 10k
,j 1N1326 aur % {Sea Noze 61 A IN788 out b— |
! >— | v 2N5241
i [ REF V2 REF z L‘ {See Nota &1
R4 =2 CL 2 |R3 =~ cL
l 3w %"’ cs| 3a 1a R22 3w csb—
| NON- 3Rsc = 1@ NON-
‘ 33— INV INV 3 T v NV
I {R3 =g <os [VeC- come Vec - comp
i 1 k0 ¢ ! < ARG =
i ' < FT~500 oF RS 3k 7S 500 pF |
_ H REGULATED ¥ { REGULATED
] T | QUTPUT. Vg i QUTPUT, Vg
FIGURE 7. POSITIVE FLOATING REGULATOR FIGURE 8. NEGATIVE FLOATING REGULATOR
“.OTE 6: When 18-iead uA723U cevices are used in applications requiring %7, an axternat 6.2-V regulator diode must be connectad in
senes watn tne QUT terminal,
l TExas 2.217
NSTRUMENTS
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uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

vi
Iy
S T2N5006
3wng 2N5153
4
Vee+ Vg
N ouT | Lei12mH
. 2 REF vz q || (S9e Note 7
- | el e REGULATED
. R1 :: QUTRUT, Vg
4 Cs|
w) 1 k2 NON- l
> A INV NV -~
® 1N400S :{
y Rz $1me{Yec- come
0.1 uf 1 T
2 T '
— ;
- L L L
8 = = = =
a FIGURE 9. POSITIVE SWITCHING REGULATOR
Vi
{Sue Mote 3) i
T *
f I )
| ‘Sea More 5 “3 K/;k\ 3887
o> X3 2N3:
i
= E i 220 0 j
i |Veew« Ve
SR2 | 2N6002
0.1 4¢| 3 | ouT ,
L REF Vg 1 1
e | N\ !
1k Non.  CSI ,
oA ‘TT INV INV
x! | ¥ec- come i
3 S1ma . ;
Rz M 15 0F :
[N i 1 |
- § !
| < |
>~ °
1N4005@ ?L - 1.2 mH
{Sea Note 71
b 98— REGULATED
100 uf = OUTRUT-Vo
FIGURE 10. NEGATIVE SWITCHING REGULATOR
NOTES: 5. The device requires a minimum of 9 V between Voo . and Ve - when V(g s equal to or more positive than —~9 V.
8. When 10-leaa uA723U davi are used in ications r ing Vz, an external 6.2-V reguiator gicds must be connected
in series with the OUT terminai.
7. Lis 40 turns of No. 20 enameled copper wire wound on Farroxcuba P36/22-387 potted cora. or eauivaient, with an 0.008-inch
air gap.
2-218 TE: (AS i
. INSTRUMENTS

AOST CF#CE BOX 898012 « DALLAS, TEXAS 75285



uA723M, uA722
PRECISION VOLTAGE REGULATOR

TYPICAL APPLICATION DATA

Vi
. l
Ve« Ve
our B meguiaten
" b QUTPUT, Vg
~— per vzj—
i
L ct ||
]t _
non. S8 ?
——rIiNV INV
Vec - comp .

2 ki 2Na422

|
:[‘:moo of

NOTE A: Current tmit transistor may Je used ‘or snutdown if
currant limiting is not raquired.

FIGURE 11. REMOTE SHUTDOWN REGULATOR
'WITH CURRENT LIMITING

S
P
N

INPUT FROM
SERIES 54/74 LOGIC

|

i

REF Vg ) !
CLt— |
&1 ':% |

non.  ©S ¥ | REGULATED
NV INY +-0UTPUT. Vg
‘-— Voo~ comp l % { (Sea Nota 6)
R2
____ i . e

|
|

N
l
|
L

FIGURE 12. SHUNT REGULATOR

MOTE 6: When 10-leac 1A 723U devices are used in applicauons reguiring Vz, an axternar 6.2-V regulator ciode must be connected in
senes with the OUT terminal.

EXAS ‘Q‘ 2-219

INSTRUMENTS

POST OFFICE BOX 638012 « OALLAS. TEXAS 75285
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CAS

BiMCS Operational Ampiifier
1293 with MC‘ST:'T Input/Bipoiar Output
‘Fearures Description

,,40 MCSFET input Stage

{3 « Very High Input Impedance (Zy; -1.5TQ (Typ.)
r’f - Yory Low Incut Current {I)) -10pA (Typ.) at =15V
f»i_e ‘Nida Common Modae Input Voitage Range
YiCR) - Can 29 Swung 2.5V SBelow Negative
Suppiy Yoitags Rall

2usut Swing Complements
Yode Range

Dirsc‘!y Replaces industry Type 741 in Most
;Applic:sﬂr_\ns

Input Common

plications

;:' u.cund-ReterenCud Slncie Suppiy Amolifiers in
cmobile and Portable instrumentation

YS' Sample and Hold Amplifiers

);fo Lzng Duration Timers/Multivibrators
- (ussconds-Hinuta=-Hours)

'*{?ﬂofocurrem Instrumentation
;::M Detectors
;;-,’S:_Aqivo Fiitars
Comparators
.i ‘martaca in 5V TTL Systems and Otner Low
Supply Voltage Systems
g;‘ Stancard Operational Amplifler Applications
4;10,')-'1.ﬂc:!<:n Generators
~Tena Controis
{r Power Suppiles

¥
2. Foradie Instruments

Tha CAZ120A anc CA3120 arsintegrated Gircul ooerasonar amgitiers
:nat comoine e agvantagss cf nign voitage PMVCS transisiors with
TGN voitags Dipoiar ransisiers 2n a singla monaiithic cnio. 2acause of
RIS unique comaination af !SCNNGICGIas. this C8vica Can Now Crovide
Jesigners, for the rirst Ime, .4tN N8 speciai c2riomanca fatres cf
CA3130 CMOS ooerz ifiers anc Na varsatity of the 741

35nas Qf inQusiry stanaarc coeraugnal 2moeithi=rs.

amQo

The CA3140A and CA314Q 8108 ocerauora amoiiliers ieature jate
2rctscied MOSFET (PMCS) ransistors in w23 .nput sircuit 10 crovide
4ary nigh nout imescance, #&nv idw ingut current, and hisn sosed osi-
‘ormanca. The CA314CA ang CA2140 coerat2 2t suppry woitags fram
<Y 10 38V (aithsr single ¢r :.uocny) Thesa cperaucnal amoufiars
are intarnailv chasa comosnsaiad !0 achieve stacia cperauon in unity

sain icliower cperaton, 3nd agcitionaily, Nave access 'srminal for 3
suopiementary 2«arnai

tacacitor f acaiticral ‘reguency rcil-oif s
cgsired. T2rminais are aise JeC ‘or usa A aoplucasens fsquinng
ncui siiset voitage nuiling.

usa of PMCS faid sisct ransistors

16 INput StaGe rasuils in Common Mede inout +Oitag2 caoacility gown

9 C.3% helow 'na negatve succiy 'erminal, 20 MEorant anncita ior

ngle supply acpiicators. The Sulput stage Lses Sipciar ransistors

2nd inciudes Suilt-in orclscion 3canst famage rom load lsrminai
shon circuiting 0 y 7aii or 10 ground.

sitnNer sucpiy
The CAZ1<0 Sza(esnasme <
Jthsr .naustry stancarg

~i

T2 3-ead cinout usec or ihe T41° and
. The CTA3120A 3nd CA3:120 are

s

~tanced 'or cparation at < o1¢ 23V i=13V).
Ordering Information
i PART NUMBER |  TESMP. 2ANGE PACKAGE !
CA3120AE i d Plasce DiP :

L2aad SC.IC
Pin Can. Lead Formed

s

A3140AT ! {3 PinCan ]
CAZ1408T i3 Pin Can

w | w

[

CA3140M96 |
1 CA3140T |
* Cenotes Tapa and

[

CAZ130 (TO-5 STYLE CAN)
TCP VIEW

TAB

CA3140 (PDIP, SCIC)

Lot © Farms Co

TCP VIEW
OFFSET W (-
NULL LE ! 3! sTROBE
—_— —
INV. INPUT | 2 — 7! 7.
- =, —
“°’_‘;‘&‘T [ — — 5| SuTPUT
NG o 1 OFFSET
gt bl S o
2 Clow 2roper ¢ $, =~ancing Seacagurss. ZiaNgmoer 37

12}
{2 o
!
<

3
=
9
o
<
w
a
Q
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Specifications CA3140, CAS1404 :

|
i
i
i
1

Apsolute Maximum Ratings

piv Voitaga (Batwean V+ and V- Tarminais).

ual Mega irout Votaga. ... ...l

(DU SHott Clrouit DERHON ™ sosran s & e s 5 & waviais
CUNCHON TMPErAIUIS . . ..t e e iie e iee e +175°C
.unctien Tamoeeratura {Plastic Package) . . +150°C
_saa Tampaeratura (Sclcering 10 Sac.). .. +3C0°C

* Short circuit may e applied o ground or to aither supply.
24

3

JTION: Sirassas aoove nose iisted in "Absoluta Maxmum Ratngs”® may cause permansnt camage 10 (he Jéwncs. TS s a Sirass only rating and coen
31 M8 cevice at iNese or any oNar conctions adove these inaiceted in ihe coerational sections cf ths soecificabon is not imolied.

Operating Conditions

SparatingTamparaiurg Sange

Storage Tamparatura Aangs (

.2
)‘
w b
Mz
I S
S |

Electrical Spscifications Ve = +15V, Vo = 18V, T, = 2

5°C

FUSKIRY FIT Y

! H T 1 I H
; PARAMETERS ; SYMBOLUL | TEST CONOITIONS i CA3140A ! CA31%0 ‘ UNITS;
1
i H o i = ] a
| pat Cifset Voitaga Acjustment Rasistor ¢ : Typical Vaiue of Pasistor | '8 ! i7 Q3
i ! { 8atween Tam. $and50r 4 | | 3
| | ¢ : \ ! %
i i | and t to Acjust Max. ¥y | ! A2
, : 4
nput Rasisiancs | A i i 1.5 ! ] T
1 = i 2
Inout Capacitanca | Cy ; | 2 : <
! 1 1 !
(- - ' = 1 ~A A
i Cutout Sasistance | P | i d o
i 1 1} H
= ) ) T ] > <
| Squivalent ¥idsoand inout Neisa Voiage ! By | 3W = 140kHz ! =3 I
| (Sea Figura 35) k | Rg=1MQ ; i
| SQuivaient Inout Moise Voltage (Ses Figure 7) i ay 1 Ity ! 0 .,q
i |
i ! i - i -
i § i2 H 12 i VAR
g e T | ! | | a3
i Shart Circuit Currant o Cpposite Suppiy | | ! ! %
: | ‘ | i i3
| o ! i i i o 3
¢ Sourcs oM* I 5] ! 5 ! mAR
| ! i 1 -y
Qi | ! ! " . { 3
Sink | v i | 8 f 3 i T‘&g
i H v 1 i = NG
; Cain-8ancwicth Product, (See Figures 2 & 15) | I | ! <5 | 45 wu;’
| Sisw Ratz, (Ssa Figura 3) [ sA | ‘ 3 ! 9 H
‘ Sink Current From Tarminai 8 To Tsrminal 4 to Swing ! i i 229 229 ,1.(‘:%
Quizut Low i 54
| ::q
V- o i ~r i ! |
ransient Responsa: i i R =2xQ !
! Ci = 100pF ! e
Sica Tima 'q | 68 J.08 s
1 - )
| i
Cversnoct (Sze Figure 34) cs i 9 10 |
- | ~ - : i »
Settling Tma 2t 10 VY, , (SegFigure 14) ! ‘5 | R =2kQ ~ | i 17
! C, = 1000F ! i
‘mv | Voltaga Follower | &5 | 45
_— i | 1 a ] .
] omv 1 ' L ! < A
! |
2
i
Ay
A
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Soacifications CAJ3140, CA3140A4
Zlactrical Spacifications For Zquipmsnt Casign. At Ve = 13V, /-~ 153V, T, = +25°C, Uniass Ctharaisa Soucified

1 B Y
H LIMITS | ! |
| | i LiMIT | ; ‘
! | |
f ! S I Sy -
i | CAZI40A i CA3130 | i
‘
P T : T T
0 PARAMETERS | SYMBOL MIN G TYP | wAx MIN | TYP | MAX UNTTS
; t
inout Cifsat Voltage ! Vi - . 5 15 nv
] i
inout Cfsat Currant ! ol oo as | 20 - | as 30 2A
; | | i j
; ~ | ’ ! s i - = { H
ingut Cument | h - | S - ! 0 | 20 ] 3A |
! Sianai V. ~ ) = - an: | i !
Larga Signai Voitags Gain iNote 1) | AsL i 20 | 0 i - 20 | @0 | - l N
! (Se8 Figuras 1 i .
P i 3 | 00 - £ 0 | ot} |
Common Moca Resction Rato SMRR -0 o= 320 -] = 32 VIV
'Sea Fiqurs 5) i - !
! 00, 0 | - 0| 0| B | |
- | ' N P i .
Comman Moage Input Veitags Rangs | /ior -8 | 12 -5 | -155 i £ ! |
(Ses Figure 17 ! i 2 | o " | ; ,
! ~12.5 | 125 | i -
I i 2.5 Iori25 i i ! | i s g
S = i | ' ! 1 | l o4
-~ | Pewsr-Supoly Rejecton Ratio, ! PSAR 1] 120 i - | 20 ! S0 | VN i B = el
&V aY3 See Figurs 3) ! - : |23
-} ! 30 ~a i 3 | . - = =
i 78 | 3 & | 80 7y 28 TR
P g
H . o
Max. Cuut Voitaga iNota 2) lour -2 i3 -2 3 - ! i !
{Saa Fqures 10, 1T i 1 ‘
| Your -14 : SR ' Loetes - v | |
{ Suppry Curreni (Sea Fiqura <) - | boos 3 - ! < | 3 mA
Csvea Cissication ER | | 120 80 | | 120 120 ay |
_ | A ' : , i
‘nput Criset Voitage Tamp. Crift, - 1 3 | 30 - WPC ] i
AViyaT { i 1 i 1 |
: |
i NOTES i
i AV, =26V, -12V, 14V and R = 2KQ i
L2 AR =2xQ. !
i !
¥-, glectrical Specifications  =or Cesign Guicance. AtV=-=3V, V- =2V T, = -.3°C !

PARAMETERS

e Offsed Votags 5 Mol 2 ; : | mv

o ! o | . ; . ”
Oftsat Current i lai 1 ! 34 b

| ! 2 | 2 A

= ’ S5
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Specifications CA3140, CA3140A

s

Electrical Spacifications  For Casign Guidanca. AU'/+ = 5V, V- = 8V, Ty = +25°C (Continued)

PARAMETERS SYMBOL JAJ140A CA3140 UNITS
Large Slgrat Yataga Gain Aot 100 100 Vs
{Sse Flgures 1, 15)
130 100 a8
Comman Moda Hajaction Ratio, CMRAR 32 32 uvv
90 30 d8
Cumman Mods Input Voitage Range (See Figure 17) Vica 0.5 0.5 v
2.6 2.6 v
Pawer Suppiy fiajecton Ratio PSRR 1C0 100 wv
AV,yaVg
30 30 a8
Maximum Cutput Voitage (Sze Figures 10, 17} Vout 3 3 v
Your 2.13 2.13 v
Maximum Output Current
Source CM+ 12 50 mA
Sink TM- 1 1 mA
Slaw Rate iSea Fgure 2 SR 7 7 s
! Cain-8andwidth Proauct {See Figura 2) ‘r ! 3.7 3.7; ‘AHz
Suppiy Current (Sse Figure +4) [ : HE] 1.8 mA
Cevica Dissipation Py 7 3 3 mw
Sink Current from Tarm. 3 to Tarm. 4 to Swing Cutput Low i 23 200 A
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2mA

L
BIAS CIRCUIT

CA3140A, CA3140
| CURRENT SOUACES

®

-

SECONO STAGE OUTPUT STAGE OYNAMIC CURRENT SINK

AND REGULATCR

e DT R e et R Y

Block Diagram

wA
l—-ﬂ»
12pF
N A,
A (@) «—sTROBE

OFFSET
NULL

NPUT STAGE

®

STROBE

OFFSET NULL

8IAS CIRCUIT

.
’
.
[
1
.
'
’
.
]
.
‘
]
.
'
'
’
[
v
]
]
.
H
.
¢
’
H
M
'
1
'
H
.
’
’
‘
.
.
.
.

:z c1
Pt
ar ;

Tt

d —t

9 s

- F'—-T

INVERTING
weut @
INPUT d

NONJNVERTING

Schematic Diagram

ALL RESISTANCE VALUES AREINQ




CA3140A, CA3140

Circuit Description

As shown in tha bieck diagram, the input ‘erminals may 9
operatsd dewn o C.5V below the nagative supply rail. Two
class A ampiifier stages provide the voltage jain, and a
unique class AB ampiifier stage provides the current jain
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 sutficient for the unity gain voitage follower
configuration.

Input Stages

The schematic diagram consists of a differential input stage
using PMQCS field-affact transistors (Q9, Q10) working into a
mirrdr pair of bipoiar transistors (Q11, Q12) functioning as
‘oad resistors togather with resistors R2 through R5. Tne
mirror pair transistors also function as a differential-to-singla-
snded convertar to orovide base current drive to the second
stage bipolar transistor (Q13). Offset nuiling, when desiced,
zan be effacted witn a 10kQ) potentiomater conniectad across
torminals 1 and 3 and with its slider arm connected ‘o
:srminal 4. Casceda connacted bipolar transistors 32, G5
ire tha constant cu:rant source ior the input stage. The tase
viasing circuit ‘or 9@ constant currant source is sascriced
subsequently. Tha small diodes 03. D4, DS zrovida sate
axide protaction against high voitaga transients, 3.G., static
Factneity.

Second Stage

Most of tha voitags gain in the CA3140 is provided by the
second ampilifiar stage, consisting of bipolar transistor Q13
and its cascca2 connected load resistance provided Ly
bipoiar transistors Q3, Q4. On-chip phasa comoensation,
sufficient for a majority of the aoplications is provided by C1.
Additional Miller-2ifect compensation (roll off) can be
accomplished, when desirad, by simply connecting a smail
sapacitor batween tarminals 1 and 8. Tarminal 8 is also used
0 strobe the cutpul stage into quiescence. When terminal 8
is tied 10 the negative supply rail {terminal 4) by mechanical
or slectrical means, the output terminal & swings low, i.e.,
approximately 10 iarminal 4 cotential.

Qutput Stage

The CA3140 Sarnies circuits amploy 2 broad Sand output
stage ihat can sink loads o the negative suoply ‘o
scmpiemant the capaoility of the PMOS inout stage:wnen
oserating near :he negative raii. Quigscent current in the
smitter-follower cascads circuit (Q17, Q18) is 3stablished by
transistors {Q14, &15) whose base currents are “mirroreg” 1o
current flowing through diode 02 in the bias circuit section.

‘When 152 TA3140 is operatng such that output tarminal 8 1g
soureng surrent, Tansistor Q13 functions as an omittae
follower 0 source current from the Y+ bus {terminal 7), A
07, R9, and R11. Under thesa conditions, the ccliecor
potential of Q13 is sufficiently high to permit the necessary
flow of base current o emitter folower Q17 which, in um,-
drives Q18.

e

When the CA3140 is oparating such that output tarminal 88
sinking current to the V- bus, transistor Q16 is the curent
sinking element. Transistor Q16 is mirror connacted 0 04,
R7, with current fed by way of Q21, R12, and Q20. Transistor
QZ0, in turn, is biased by current {low through R13, zensf
08, and R14. The dynamic current sink is controlied by
voitage favel sensing. Sor purposes of explanation, 1t is
assumed that output tarminal 8 is Guiescently established &t
the potantial midpoint batween tha V+ and V- supply rais,
Whan output current sinking mode operation is required, the
ccltactor potential of transistor G13 is driven Delow 18
quiescent lavel, therasoy causing Q17, Q18 to decraasa the
autawt voltage at ‘erminai 6. Thus, the gate 2rminal of
PMCS transister Q21 is cisplaced toward the V- bus, therscy
reducing the cnannai resistance of C21. As a consequencs,
thera is an incramsnial increase in current flow througn C20,
R12, Q21, D6, A7, ard *he 2asa of Q16. As a resuit, Q18
sinks current from terminal 5 in cirect rasponse ‘o 8
incremental change in ~igut voltage caused by Q18. This
sink currant flows regarcisss of ‘cac: any sxcess current §
internally suapiied by tha smittar-iciower Q18. Short circuf
arotacion of g output circuit is providad by Q19, whicn s
Jriven into songucticn Ty the high voltage drop develoged
acress A1l under sutout short circuit concitions. Uncet
these conditions, the cchiactor of G139 diverts current fom
Q4 so as 0 racuce the tasa current crive from Q17, thereoy
limiting current fow n 318 'o e short circuited 'cad
@rminal.

Blas Clrcult

Quiescent current in all stagas {except the dynamic curment
sink) of the CA3140 i5 Jepenaent upen bias current flow o
R1. The function of tha bias circuit is 0 astaplish and
maintain constant current low through D1, Q6, Q8 and 02
01 is a dicce connacted transistor mirror connectee n
saratel with the base emitter junctions of Q1, Q2, and G
D1 may be considerad as a current sampling diode :nat
senses (he eminar current of Q6 and autornatically adjusts
the tase current of Q6 (via G1) 0 maintain a constaat
current srouch Q6, G8, 52, The tase currents in G2, C3
ard zalso detsrminsd Sy constant currant flow D1,
Furthermcre, curment in diode connected transistor Q2
astabiishias the currents 'n sransistors Q14 and Q15.

l)'
'\
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CA3140, CA3140A

A

i

i

o

1

:ég"-??-‘ ; ..,

— —~—— 10

{0.102-0.254)

A
.
-k

s27a 0000 !
(1.575-4.779)

N

3N
Jtwged
v 14

A

2SSy

M
Dok

Zimensions in parenthesis are in millimeters and ara derived
recm the basic incn dimensions as inaicated. Grid gracuations

=

g ars i muis (10~ ‘ncn),

el

.53 The photograpns and cimensions rapresent 3 tis

- cart of the walsr. \'hen the waler is cut 0s. iNe cieavags
angles are 37° insteaa of 30° with rescect 0 M8 face of e

chip. Thereiors, tha isolated cnig is actuady 7 miis (0.17mm)
21580 in Doth Cirnansions.
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Typical Performance Curves (Continued)
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Applications Considerations

8 dynamic ranga of nput and output characteristics with
most cesirable high input impedance characterisiics is
g unieved in the CA3140 hy the use of an unique design basad
supon the PMOS Bipalar procass. Input common mode voitage
£nrnge and output swing capabilites are complamentary,

#; he potential of terminal 4 and *he pnase senss of the outout
i signal must be maintained - a most important consideration
ncomgarator applications.

& Qutput Clrcult Conslderations

mum output signal swing will not go more positive than the
I} 2enef voltage minus two-tase-to-emitter voltage drops within
3 fie CA3140. These voltasjes are independent of the operat-

1§ g supply voltage.
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S ‘°°°§ SUPPLY YOLTASE (Y-} 5 0V Tt—+7—— i
i 3 Ty +259C T RS
fae T Wi
3 - i :

3 2s { ! !
T gg 2 ™1 lu T T i i
i - \ 5
1 34 ,m‘_supl.vvcx.r,fs(ﬁ..;v —msvf é |
4i y :
i 1< T 71 s Y
41z 4 +
4 iz = 4 j
Whorg 2 7 '
4 3% ! ]
N gz 1, v —
SR — 1
Hi 5 4 !

- i
“. ?‘h 2 .
43 BE
e 3 [0 T & 6 8
? 0.01 21 1.0 6
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* FIGURE 10, YOLTAGE ACROSS QUTPUT TRANSISTORS Q15
AND Q16 v3 LOAD CURRENT

NS e s ia g e

s

Figura 10 shows output current sinking capapiiities of the
CA3140 at various supply woltages. Qutout voltaga swing to
the negative supply rail parmits this Jdavice to ooarate botn
power transistors and thyristors girectly without the need for
lavei shifting cirCuitry usually associated with the 741 sarias
of onarational ampiifiers. _

Figure 13 shows some typicai configurations. Note that a
saries rasistor, Ry, is used n both cases to /imit the crive
available to the driven device. Moraover, it is recommended
that a senes dicds and shunt diode be used at the thyristor
input to prevent large negative fransient surges that can
appear at 'ne gate of ‘hyrstars, ‘rom damaging the inte-
grated circuit.

7

Ta = +126°C {

FOR TO.5 PACKAGES l
- 8 T T —t
z DIFFERENTIAL DC YOLTAGE
=  §5.}=(ACROSS TERMS 2 AND 3) = 2V
& OUTPUT STAGE TOGGLED
g j
<
3 3 4 2
g 1 ou
5 Z 1 =z
a2 7 =
& DIFFERENTIAL DC YOLTAGE =g
3, (ACROSS TERMS 2 AND 3) = 0¥ g 5

| OUTPUT VOLTAGE a V- /2 i a
. * T 1 1
9 500 1000 1500 2000 2500 3000 3500 4000 4500 x
"ME {HOURS)

FIGURE 11. TYPICAL INCREMENTAL CFFSETVOLTAGE SHIFT
vs OPERATING LIFE

Oftset Yoltage Nulllng

The input offset voltage can ce nuiled by cennecting a 10k
cotentiometer Setween ‘arminals * and S and returning s
~iper arm o terminal 4, see Figure 12(A). This technicue,
howaever, ives more adjusiment range than required and
therefore, a considerabie porticn of the potentiomaeter rota-
sion is not fully utitizec, Typical values of series resistors nat
may te placed at sither enc of the potantiometer, see Figure
12(B), to optimize its wtiiization range are given in the iacle
*Elactrical Specifications’ shown in this bulletin,

An alternate system is shown n Figure 1Z{(C). This circuit
uses only one additionai resistor of approximately the ‘aie
shown in the table. For potentiomaters, in which the rfesis-
tance aoes not drep to zaro 2 at either end of rotaticn, a
valus of resistance 10% 'Swer nan the vaiuas shown in :he
table shouid be usea.

Low Volitage Operation

Operation at total suopty voitages as iow as 4V is possible
with the CA3120. A current reguiator based upon the #*0OS
thresnold voitage mamntans raasonable constant cperating
current and hence consistent performance down (0 nesa
iowsr voitages.

The low voitage limitation coeurs winen the uppar exireme cf
the inout common moca voiage range extenas down 1o the
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INFUT VOLTAGE (V)

(A) BASIC (8) IMPROVED (C) SIMPLER
RESOLUTION IMPROVED
RESOLUTION

FIGURE 12. THREE OFFSET VOLTAGE NULLING METHOOS
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3 wfage at tarminal 4. This limit is reached at a lotai supply
?maqe just below 4V, Tha output voltage range aiso begins
. % axtend down o the negative suoply rail, but is sligntly
higner than that of the input. Figure 17 shows (nese
tnaractenistics and shows that with 2V dual supolies, ihe
lower extrama of the input common mods voitaga range is
; below ground potential,

¥ Bancwidth and Slew Rate

- For those cases where bandwidth reduction is desired, for
~ axample, brcacband noise reduction, an externaf capacitor
coinected oetween terminals 1 and 8 can raduce the ogen

© 000 -3d8 bandwidth. The slew rate will, however, aiso Se
© prooortionally reduced by using this additional capagcitor.

Thus, a 20% recuction in bandwidth by this technique will
3is0 raduce tna siaw rate by about 20%.

- Figure 14 shows :he typical settling time requirad ' r2ach

ImV or 1CmV of the final value for various ‘aveis of args

~ signal inputs for ine voltage follower and inverting unity gam

vkl i
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impufiers. Tha exceptionally fast settling time charactaristics
1re 'argely due to the high combination of high gain and wide
2anawicth of the CA3140; as snown in Figure 15,

input Clrcult Consliderations

As meantionad praviously, the ampiifier ‘nputs can be driven
elow the terminai’$ potential, but a series current limiting
-asistor is recommendad to limit the maximum input terminal
surrent to lass than 1mA to pravent damage to the input pro-
isction circuitry.

Mcreover, some current limiting resistance should be
Jrovidea Detwesn the inverting input and the output when
‘he CA3140 is used as a unity gain voitage follower. This
resistance prevents the possioility of sxtremely large input
signal transients from forcing a signal througn the input
rctection natwork and directly driving the intarnal constant
urrent source which could resuit in positive feecback via the
suiput terminal. A 3.9KQ resistor is sufficient.

11 SUPPLY VOLTAGE: Vs = 15V, V- =15V .
¢ v
2 ya
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“IGURE 16. INPUT CURRENT vs AMBIENT TEMPERATURE
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o) 2on e 2rcsr of 1C0A wnen na
senterad at nominal csvice aissipaticn. As ha
23 l0ad currant, deavica dissigation wiil incraase,

a cn:p ‘ernperature and resuiting in increased inout
current, Figura 13 snows iycical inout larminai current ver-
3uS amoien: 12mp&rature ior the CA3140.

It 's well xnown that MOSFET Zavices can axhibit slight
changas n characteristics (for axampie, small cnanges in
input offsat voltage) aue o the application of larga diferan-
tial inout voitages that are sustained over long ceriocs at eie-
vaied temparaturas.

3oth applied voitags and !emoerature zccalarate these
snanges. The process is reversidle and oifset voitage shiits
3f 98 2DpOsita@ colarity reverse ing ofniset. Figure 11 snows
‘ne typical oifsat veitage changs as a functicn of various
sirass woitages at the maximum rating ¢f +123°C {for TO-3);
at ‘ower ‘amcaratures (T7O-5 and piastic), ‘or axample, at
-35°C, this change in veltage is consideratiy less. In typical
linsar 2pplications, wnere the ciffersntial voitage is small and
symmatrical, (hese incremental cnanges are of accut the
same magnituce as :Ncsé snccuntared ‘n an sgerational
amoiifier emoloying 2 2iociar transistor input stage.

Super Sweep Functlon Generator

range is shown in
ranga s accom-
siished by a singis variadie ootsnticmatar 5r Sv an auxiliary
geping signal. Tha CA3140 functicns as a non-inverting
acout amopufier of the trianguiar signal develcped across
na intagraling caoacitor natwork ccnnected to the output of
:na CA3080A current scurca.

{zrac :r:an-;:.-iar Juiput signais ar2 then zcglisa 10 a sac-
CAZC50 iunctioning as a hign speed nysierasis swicn.
out from the swich (s raturned direcily cack o the input
e CA3CBO0A current scurce, therepy, completing the pos-
uva faedback 10Go

9

©ow

2
Q

O
&

O

Tha tnanguiar outcut isvei is Satermined Sy tne four 1NS14
evel imiting cicces of the seconad CA3080 ang ne resistor
civider network connected o tarminal No. 2 [input) ¢f the

CA3C80. These dicces estaslisn the incut trip 'svel 0 this
swiiching stage ancd, ‘hersiore. indirectly csisrmins the

amotituce of the outzut riangie.

Zcmeensation ior prooagation celays around the entira looo
is provided by one zdjustment on the input cf the CAGOED.
This acjustment, which orovicas' for a constant genarator
:molituga outout, is most asily mage wniie tne ganarater s
sweeping. Hign freguency ramp linearity is aciusiec oy e
single 7-t0-60F capacitor in the output cf the CA3CECA.

t must 2@ eoemenasized hat oniy ns CASCEO0A s
sharacienzed Sr maximum cutput ''neanty A e current

snara

2enerator function.

Meter Oriver and Butfer Amplifler *

n

iqure 19 sniows the CAS140 connected as & meter criver
and butier ameufier. Low criving impecence s raquired i
:na CAXCEC0A current source to assure smocth cosration of

L

g Fraguency -Agjusimant Zontrel.  This  aw-Grving
imcadancs recusament 3 sasiy met by using 3 CASIYT
sonnectad 2s 1 voiags ‘chowsr. Moreovar, a meter may 3
oiaced across the out 10 the CASCECA to give 2 icgamhme
anaicg incicaticn of ths funcion generators irequency.

accomglisteq of A

Analeg fraquency reaccut s readily

means descrioed acove tecause the output cumrant cf Te-
CAG308CA varies approximately one decacs for zacn &0mY

‘e

change in he appiied wvoitage, Y4 (voltags SatweT
terminals 3 and < cf the CA3CE0A of the functica genarial]

Tharafore, six cecades raprasant 360mV changs in ‘«’m.:‘l

4
Now, only the refarance vcitags must e astaClisnsd 1o s
‘he lower limit on the meater. The thrze remaining transiston§
‘rom ‘na CA3C26 Array us2d 0 ne sweep jeneralor @
used for this referenca -citace. 'n acdition, tnis raferenc
3enerater arrangsment 13nCs 10 T3CK AMTISNt SMCIRLN;
variations, and ius ccmoansates ior the affects of the o
mal negative tsmperature coerficiant of the CASCECA Vg
terminal voitage.

Another output voitags frcm tne raifarence generaicr is U
10 insura ‘smoerature ‘racking of ne ‘ower 2ng of AE
Frequency Adjustment arge

Potenidometer. A ;
resistance simuiates a current source, assunng simdss

iamperatura coeificients 3t 2oth snds f ‘he Fraqu
Agjustment Control.
To calibrata s circuik, &t M@ Frequancy ~dius

Potantiometer at its ow Then acjust “he Minm
Fraquency Calioration Control for ‘e lowast frequency T:.J
2staolish the uoger fraguency limit, set the Frequentys
Acjustm=ant Potentiometsr 10 s Lopar 2na 2nd then adies
‘he Maximum Sraguency Caiitraticn Control ‘or %3
maximum {requancy. 3eczuse Nere is ntaraction amonys
these controis, repetition of the adjustmant procedure mays
S8 necassary. Two acjusiments are used for the metar. T3
meter sensitivity coniroi Sets the mster scale w
1acade, whila the meier cosition control adjusts ©he cointa R
cn the scale mth "egigdls siect on ‘he zanstiviyd
acgjusiment. Thus, the meter sensitivity acjusiment contrd
caiibrales the mater 30 that t geflects /5 of full scald o'
sach cecags change in frecusncy. i3

Sine Wava Shacer

The circuit snown :n Figure 20
‘dllewer ‘n cemoiraticn with ciocss
irc

q typically isss than 2% THR
sicoe s estatlished ty the 10
Setween srminals 2 ana & of
rasisior 2nd 10kQ octentio

The tasic

z2r0 crossing
Jotentiomster connecisd
CA3140 and the 9.1xQ2
irom terminzi 2 to greund. Two Oreak paoints are estabi

2y cioges O, :nrougn .. Positive izectack via Dg and
3siaplisnes :ne zero sicce a3t N2 maximum 2nd MmN
2veis of the sine wave. This (8CnniQue IS Necsessary C3ca.
‘ne soitage foilowsr configuration 30proacnes uney Ga
ratner than (me Zero C2in raquired 10 SNacy the sine waw

the (wo exiremes.
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This circut can ce acjusted most zasily with a Zisiortion
nalyzer, but a jood first approximation can 2@ maca dy
comoanng ihe outcut signal with that of a sina wave
senerator.  Tha nitial sioce s agjusted with the
Jaenuomster R., ‘cilowed by an adjustment of R,. The final
siocd ‘s 9staolished 2y acgjusting R,, theregy 2cding
iccitional segmants that are contributed by tnase Zioces.
3ecause there is some interaction among these controls,
regstition of the adjustment procedure may be necessary.

Sweaping Ganerator

Figure 21 snows a sweaping ganerator. Tnree CA2120's are
us&d in this circuit. One CA3140 is used as an intsgrator, 2
38cona device is used as a nysteresis switch that <
mines ihe starting and stcecing goints of the sweep. A :nird
CA3140 is usaq as a logarthmic snaping Network ‘or ¢
function. Rates and siopss, as well as sawtocih,
and legarithmic sweeps ars generated by this circut.

Jn.

Widetand Output Amplifier

fgure 22 snows 2 nigh slew rate, wicdecand zmolifisr
suilacle ‘or use as a 30Q ‘ransmission line Zriver. This
circut, ¥#nen used in canjunction with the function jsnerator
ing sine wave shaoer circuits shown in Figures *3 znd 20
srovidas 18V peak-io-peax cutput dpen circuitec, or 3V
| Dsak-ic-peak outout when terminated in S0 The sisw ate
: required of this amgiifier is 28V/us {18V peak-t0-ceax < T X
: 0.5MHz).

i

i >

! oclsmlosey | 2.40F

1 AasnuenTl e | oF 315V

:,' z fi 2=

Y oeov i NOMINAL ANOWIOTH = 10

3 & 3 N = 10MHY

{ R RS * = 35na
FIGURE 22. '#IDESANO CUTPUT AMPLIFIER

;M Supplies

ccwn 0 (Ne

i@ve supply ana high cutcut crive current cacaciil
factore in the cesign of wide range oculcul wciags
; that use 2 sincie nout voltage ‘o crovice 2
output voitaga :mat can ze rom
. ov "~ AV
e
‘Many reguiator systems using comparatcrs Naving a

transistor input stage, a Nign impscancs ratsrence
‘givider. frcm a singie suoodly can te usad n
with the CA3140 (sas Figure 22).

Py

—— VOLTAGE

REFERENCE | ADJUSTMENT
vounce [

e s

FIGURE 22. BASIC SINGLE SUPPLY VOLTAGE REGULATOR
SHOWING VOLTAGE FOLLOWZER CONFIGURATION

Sssentially, the ragulaters, snown in Figuras 24 and 25, are
ccnneciad as nen inverting power ogperational amciifiers with
2 gain of 3.2. An 3V reference input yieids 3 maximum out-
cut veitags sligntly greater than 25V. As 2 voitage foliower,
wnsn e raferance input gces o GV the outout wiil ce V.
Secauss the offsat vonaga is also muitiptied cy tha 3.2 zain

2 potentiometer is neaded to auil tha ofiset voltags.

el
2CCr,

Series oass transistors with Righ ingg avsis will 2iso crevent
:ne outsut voitage from reecning zero Decause there s
nre .,,..age croo | Vezsat) across the cuinut of the CA314
2 Figure 10). This saturation voitage isvei may inceea sat
1S «2west vortage octainadis.

o
w

oo

%

The nigh mpedance prasented by :arminal 3 s advanta-
sous .o sffecting current iimiting. Thus, only a smail sig
fansister s requirad for the cuirent-imi sansing amciidier.

gnal

25Uy

Sesistive cacoucting is oroviced ‘or this transisior o mini-
mize gamags !c it or the CA3140 in the svent cf unusiai
nput of output transients on the supply rail.

Siguras 24 and 235, show circuits in wnich a C2201 =igh
sceed ciode is useq for tha cuirant ssnsor. Thxs Jiogs was
cnosen for its slightly higner fcrward voitage droo charac:er-
stic, thus giving ty. it must t6 empenasized
:nat neat sinking of this dicde is 2ssantial (o minimize varia-
son ct the current tnip coint dus 0 intarnal haating cf the

. That is, 1A at 1V ‘orward <rco recresents one watt
whicn can rasuit in significant regcenzrative cnanges in the
Jugrent irio poInt 2s ine cicaa temeerature rises. Placing the
:mail signal raferance amciifier .n the croximity of tha current
sensing cicde aiso relos minimize the variagility in s trip
L2 0 ha negative smceralure :cerr.c-=~m it the
'n spite of these limitations, the current fimiting pcint
an zasily 08 acdjustea over the rangs from 10MA o 1A with
2 singi@ acjusiment cctenticmater. if the tamperature s:abil-
ty of the current limiting sysiem is a Sericus censicaraiicn,
e mere usual current samoiing rasistor type Cf circuitry
INOUd be ampioyed.

greater saensit

4 gewer Darlinglon transisicr 'n a heat sink 70O-3 case), 35 usa
1S @ sSafies Cass aiemant or ‘ng conventional current .miting
system, Sigure 24, tecause nign cower Daningion cissicauon
~ti T3 2ncounterad at low cuLt voRage ang high currants.

A smai n2at sink VERSAWATT ‘ransistor is usad as ne
seri@s £ass slement in the icic zack current sysiem, .:Egure
25. since dissioation :svels wiil caly acorcach “CW. in thi
system, 'ne 022C1 cioge is Lsed ‘or current samoiing. —v*ld-

2
3
k

;
]
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CA3740, CA3140A

sack s

the 3
nected to tha nase of ths

proviced Dy

2MET3S CURRENT

POWER DARUNGTCN LUMITMING

mvo——&.—.—r

z

é
—
I
5

|
!i

ne 3kQ) and 1COkQ gividar natwork con-  3oth raguiatcrs, Figures 24 ana 235
- "

urrant sensing transist

or. '0ad raguiation. Secausa thars s Consiant 'cco gain 2t all ke 4
2 sattings, the raguiation 2iso ramzins constant. Une r:gkq

ags s 'ass vz
s read with a metar having a "CMHz cancwasth.

i

Figure 28 (a) snows the turn CN ana wrn CFF characiens3
tics of both regulators. The slow turn on risa is Jue 10 3
slew rate of rise of the reference vokags. Figure 26 By
snows the transient response of the reguiator wmth O
switching of a 20Q load at 20V cutput. 3

afﬂm

u,n?ﬂsbmm' ‘!&A“.“ m sk

! bl
WA vouTsGE| ||
| 2@ | F | soxn et weiBR K FE
' '~ - 1 100k | ' !
. &) i
y X P
' = { 1o
' 5) 7 0.01uF= | |
: 2 I . b
;¢ 5 |G| P i3
ix o3 | ] ¥ 1
" ~ v 1
SONNRO NN TR || 4
] K | 4
; = || N (A) SUPPLY TURN-ON AND TURNOFF CHARACTERISTICS
524 | | R
3V/Civ ana -1 Civ <3

UM AND NOISE CUTPUT Q00uVRMS
MEASUREMENT SANOWIDTH -10MHz)

LINE REGULATION 0.1%VOLT

FIGURE 24. REGULATED PC'WER SUPOLY

LOAD SESGULATION
NO LOAD TO FULL LOAD)
VLI

Mo 60, 3 DS il o

7 SSEER
o TR A QUTPYT = oV TO 25V I T
rousascx ST v o ¥ ENEELE
2N5254 :QG:;‘“SAEACK h 3 'E ‘
0V 2 P -»
| | ks o4 rall
| | I ! i
b ) i :
7N ! 3
L — | :
i '00&11;~ S i 3
| ; &
!
|
i | (B) TRANSIENT RESPONSE s
NPUT [ Top Trace: Cutpout voltage
i . T i 2C0mV/Civ ana Sus/Div i
i | ADGUST i AP
e = - 2F 3ottom Traca: Cailector of icad swiiching ransistor, 0ad = 1A
! P @ OF: ! @ ! i 5ViCiv and Sus Civ
Y 4 o %] : FIGURE 26. WAVEFORMS OF DYNAMIC CHARACTER
' ® @ ¥ i | cowe= || OF POWER SUPPLY CURRENTS SHOWN IN
[ Q7 9 | o= -5 URES 24 AND 25
i :_@ S ¥ | ; i Tone Control Clrcuits
| i \ ;
l 1 "‘.i’_j.’\ siew rale, wice bancwiain, nign cuipul ‘.'Cl!.'.’;E ca

32K

HUM AND NOISE OUTPLT <200uVAMS
(MEASUREMENT SANDWIOTH -~ 10MH2)

FIGURE 25. REGUILATEDPOWERSUPPLY WITH“FOLDBACK"™ e

NE REGULATION 0.1 VCLT

CURRENT LIMITING

_CAD REGULATION
(NO LOAD 7O FULL LOAD)

Iy anc hign input impeaance are ail charactansics ¢

ot toné conirol amoiifisrs. “wo tons contrct circuds ¢

Qm% 2xploit thess charactansucs of tne CA3140 are snown nf

irgs 27 anag 28.

S1na
2= 153
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CA3740A

" Tha first circuit, shown in Figure 23, is tha 3axandall ‘ons
sontrol Circuit whicn Srovidas unity gain at mictand ang usas
{ slancarg linsar potenticmatsrs. The nign input ‘meedance ©
i ne CA3140 maxas oossivie the use of 'ow-cost, iow-vaiua
| sma

| 3125 capacuers, 3s well as raguced !0ad of tha anv

st
s@aga.

ing

Jass rs01@ 000OSt and cut are =15¢8 at 1060Hz and ‘CkHz,
raspectively. Full ceak-io-ceak output is availlaole up 0 at
[ sest 20kHz que to the hign slew rate of the CA3140. The
- ampiifier gain is 308 cown irom its “Har® ocsition at 7CkHz.

FOR SINGLE supPPLY

NG

(N

1 = , 10KQ 1MQ 20k
- . CCW (LCG) :
¢ 300ST  3ass cuT :

&

Lo

L st

23 FOR SINGLE SUPPLY
15

£3% b = =

300ST 2ASS  CUT |

ks UNEAR)

2

i1 MO SMQ 240k

Figure 27 shows another tons contral circuit with similar
200st and cut specifications. The widetand gain of this cir-
zuit 1S aqual 10 tha ultimata poost or cut plus one, which in
this case s a gain of zleven. For 20c8 Soest and cut, the
agui icading of this Sircuit is essentiaily 2qual to the vaiue of
the rasistance from terminal No. 3 ‘0 ground. A cetaileg
analysis of this circuit is given ‘n "An IC Opseraticnai
TransconcuctanceAmpiifier (OTA) 'With Power Capabiiity” Sy
L. Xaplan ana H. ‘Wittlinger, IEEZE Transactions on 8rcadcast
and Television Receivers, Voi. 8TR-18, No. 3, August, 1972.

20cS Flat Position Gain
=15¢B Bass and Trebla Boost ang Cut at
10CHz angd :CkHz, raspecuvely

FOR DUAL SUPPUES

TONE CONTROL NETWORK

SIGURE 27. TONE CONTROL CIRCUIT USING CA3130 SERIES (2008 MIDS8AND GAIN)

FCR DUAL SUPPUES

Tt

TMQ

LINEAR) {
300ST TRE3LE CUT |
TONE CONTROL NETWORK |

S 31k

e
0.047:F l = ,\JC’“ 2
>4 TONE CONTROL ~u
NETWORK | et /3
Gl I xR ateF
s =
15V

FIGURE 23. SAXANDCALL TONE CONTROL CIRCUIT USING CA3140 SERIES
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Wlen 3ridge Oscillato~

Anotnar acoiication af the CA3140 that makes 3xceient usa
>t ks high :pout imosdance, hign stew rate, and nigh voitage
2uaiities is the Wien 3riag2 sine wave oscillator. A casic Wien
Sridge osciilator is shown in Figura 29. 'When R, =R, =R and
Cy =C4 = C, tne iraquency squation reduces 10 the famiiiar
i= ', x RC and the gain requirad for oscillation, Agsc is
aqual to 3. Noia that if C, is increased by a racter of four and
R, s reduced dy a factor of four, the gain required ‘or
csciilation tecemss 1.3, thus cermitting 2 cotenuaily higner
cperating frequency closar to the gain sancwictn orcduct of
the CA3140.

i

2x.,A1C1R2C2

~. 20
.. St A2
T e A
g | :l
c1 f
Ra
b

FIGURE 29. 3ASIC 'WM1EN 3BRIDGE OSCILLATOR CIRCUIT US-
ING AN CPERATIONAL AMPLIFIER

Qsciilator zizCiiization @kes 2n many forms. 1 must T
orecisely s&t. sthermse tne amolituce wiil ait

‘eacn soms iorm of limiting with leveis of cistorticr
aiemeant, Re, is zemmonty -2oizced with some ua
rasistance slement. TNUS, (Nrough some contrst mean
value of Rgq is agjusiad ‘0 mainiain consiant osciiator cutpy
A FET cnannel resisiance, a thermistor, a lamc cuid, or cther
Jdevice wnosa rasisianca is mace to increase (o]
ampiitude 's ncrzased are a ‘ew of e 3uements iksn

utilizea.
Figura 30 snows ancthar means of statiiizing :na os
with 2 zesner cicde snunting ne fsegback -asisior

Figure 29). As e cutout signal ampiituce ncrsases, e
Zener cioce mg=acance decreases resuiling in more
zeaback with conseguent recucticn in ¢ain; nLs slatiizing
:he amplitucs 2 Ne outout signai. ~urinermors,
comtinaiion ¢f a meonoiithic zener ciode 2na oricge raclifier
circuit tends to provida 2 Zsro temoeraturs coeificien: for s
requiating sysiem. 3acause (nis orcgs rectifier system ~2as
no time constant. i.2.. nermai tima constant ior :ne ‘amc
ouib. and RC time constant for filters often usec :n catacwor
networks. :here s N0 iower ‘raquency limil. TIr sxamcie.
with ‘uF polycarccnate capacitors ror

3.C07Hz.

As the frequency is increased, (ne ouiput ampolituce must 2e
‘scuced !0 grevent ne cuiput signai from ceccming siew-
rate limited. An cutput frequency of 1 2CkHz wiii rzacn a sisw
-ate of acproximateiy 3V/us wnen its amoiiiuce s 15V oeax-
‘0-p2ak.

SUTPUT
19¥5.5 TO 2Vp.5
THD <3.3%
[ caz00 3 37 ‘
S00e D I |
] ARRAY__A | Y|
[ PEy orcsmn| o 59
— PF T QwF 0] 5 S s @ .
= —10 || .
I 5 Fo.4uF ] el
sy = § | &1
7.5k
. 2 O—0|
Ry=Ry=A | |
»
S0Hz, R = 3.3MQ i
100Hz, A = 1.5MQ 3.sm§ i
tkHz, 3 = 180MQ <, !
10kHz, 3 = 16MQ 000X 5
30kHzZ, A = 5.1MQ = f

FIGURE 30. WIEN 3RIDGE CSCILLATOR CIRCUIT USING
CA3140 SERIES

Simpie Sample-and-Hold System

Figura 31 snows a vary simole samoie-and-hoid sysism
Jsing the CA3120 as ine rsacout ameiifisr for the sicrage
sacacitor. The CAGOE0A serves as toth input buider amete
fer and low ‘3ed-througn lransmission switcn.” System off
set nuiling is accomolisned with ‘n2 CA3140 via its ofisal
Auiling terminais. A typical simutatsa icaa of 2k ana 3CoF
S shown in he scnematic. i

SIMULATED LOAD
NOT REQUIRED

FIGURE 21. SAMPLE AND HOLD CIRCUIT

n this ¢i
iy 2CCof.
22nogs dut win

v

i
o1 4 :
* 'CAN-8568 “Aopiicatons cif ine CA3C8C anc CA 3080A High
‘crmancs Coaraticnal Transconauciance Amgiiers”,
Pulse “droco” zuring the hoid intarvai is 17CoA/2C00F
170cA2CC0CF). In mis case. W

ia PR =

L.eouyv/us;

s =
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CAG740, CA3140A

ine typical '9akage current of :ne CASCEQA wnsm Current Amplifler
2 if C, wers increased o 2000 oF, ne
sta will decreass ‘o 0.035uVius, Sut ne slew | e CA3140
| icrsase to 0.25V/us. The rcarailel diode nstwork tonnecied  MAaKas it iceal for use in 1 current amaifier applications sucn
etween terminal 3 of the CAS080A and :arminal 3 of the 28 N8 ON8 shown in Figura 33.° In this Sircuit, ‘ow current is
i CA3110 orevents ‘arge 'nput signal ‘eeathrough zcro ine ‘nout potential as the power supply to ioad |
| nout tarminals of the CASCEOA to the 200¢F sicrage capacitor  S5istar Ay, This load current is incrsasad by the muitiolica-
| «nen the CASCS0A is strocsd off. Figure 32 snows oynamic 10N factor RZ/R1, when the load current is monitored dy the
raracteristic waveforms of this sample-anc-nold system. oowaer supply metar M. Thus, if tha load current is 100nA,
] ’ ~ith values shown, the icad current ocresented o the supply

The 0w incut 'arminal ¢

ss the upphied at

#il 03 100uA; a mucnh sasier current 10 measurg in many |
systams. !
t
| i
! '
i
0 | —
m A
i Y DM | i
! | | =
- T . ~; POWER | |
i 20 Trace: Outout; 50mV/ 3 200ns/Oi : [ = g
| 0 Trace: Outout; 3CmV/Civ and 200ns/Div SUPBLY f I_(})\.{/ I = ; 5% : g a
{ mV/Oiv ana 200ns/ Civ | oo | | g o
! = b~ | : b= =%
| i N i { | < 3
i i < a
i s £2
3 | o«
! ] , . O
i
]

FIGURE 23. 3ASIC CURRENT AMPLIFIER FCR LCYW CURRENT

{

1

} MEASUREMENT SYSTEMS

i

. Note that the inout ana cuiput ve.i

{ samea potentiai and only the oupu

5 tha scaie factor.

} LARGE SIGNAL RESPONSE AND SETTLING TIME

: Too Trace: Cutout Signal; SV/Div and 2:ts/Div

‘; Canter Trace: Oitizrence of Inout ana Cutout Signals nrcugn secessary nign S proviced 2y ne
H “ekuonix Ameifier 7A13; SmVITiv 2nd Zus Civ apaciter wih na -asisicr zrovicing cac
g Scttomn Trace: Input Signal; $V/Civ ana 2-.'_5'Civ

?

3 vaue, ideal

i i . ms. Dunng cosiive
axcursions, e ‘now signal is ‘ad througn Ne icecback
network airectly to the ou put. Simuitaneously, the cositive
sxcursion of the inpout sigrai also drives the cutout terminal

No. 3) i ne ~nverung amoi na tive 3cing

314 cioge eriectively gisconnacts

2% & sigral path. During a negative geing
- ne CA3140 functicns as a
}_’;—5\ r ¢ vith a Gain qual to -R2YR1. Whan
f:f-i" ~gquations snown in Figure 34 s

~ave output 1s symmetrical.

SAMPLING RESPONSE

604 * *Cosratonal Am gn and Appiicatons”, J. G. Graeme,
1 - - . ol P ~ L F
12 : >0 Trace: Cutput: 1CCmV/Qiv anc S500ns.Civ UcGraw-rill Book Compan'.. paga 3C8 - Tleqauve immintance

ER

Zontom Tracs: !nout; 20V/Div and 500ns Civ Convertar Circuits”.

A

¥
7 PGURE 32. SAMPLE AND HOLD SYSTEM DYNAMIC CHARAC-
£~ TERISTICS WAVEFOAMS
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X=X _
33 = A1
1 =X
3xQ 32
FO = 2.5 = —
SR e Al
yre

A3 = 10kQ 2= = '5kQ
]

20Vp-p inout BWi-3d3)

INPUT

FIGURE 4. SINGLE SUPPLY, ABSOLUTE VALUE, 1DEAL FULL
HAVE RECTIFIER WITH ASSOCIATED YAVEFCRMS

NOISE YyOLTAGE

LomMa ——0
= - | ouTPUT
—2 |
—soiF SO0
svo T
3W (3dB) = 140kHz < oen

TCTAL NOISE VYOLTAGE P
(REFERRED TOWNPUT } m 484V TYP, —

FIGURE 35. TEST CIRCUIT AMPLIFIER (20a
WIDEBAND NOISE MEASUREMENT

3W (3d8) = 4.5MHz
—r—y VYV —————— SR = 3V/us

A) SMALL SIGNAL RESPONSE
30mV/Div ang 2C0ns/Div

a: Quoout; S0mV/Civ and 20Cns/Civ
ce: inout; SOmV/Div and 200ns/Oiv

Top Trace: Cutout Signal; 5V/Civ and Sus/Civ
enter Trace: Diffarence Signal: SmV/Div ana Sus/Div

7om Trace: input Signal; SV/Otv and Sus/Civ

LR LSS TENESS SOVOE TIPS EXT LN S D,

3) INPUT-OUTPUT DIFFEREMNCE SIGNAL
SHOWING SETTLING TIME 3
measurement mace wih Tekircnix 7A13 Ziffarential amptfizg

e

P

. SPLIT SUPPLY VOLTAGE FCLLOWER TESTC
CUIT AND ASSOCIATED WAVEFORMS

TRTYRCTI Spemrpaptey
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obitiveRegiilato

SG7800A/7800AC/7800/7800C/140/240/340

DESCRIPTION

.
The SG7800A/7800/14) senes of positive regulators oMer self
conlaned, hxed-voltage capabiity with up 10 1 5 amps of load cur-
rent and nput voltages up to 50 volts (SG7B00A senes only)

These units feature & umique on-chip trmming system 10 se! the
output voltages 10 within 21 5% ol nominal on the SG7800A senes.
22.0% on the SG140/240 senes, and *4 0% on the SG7800/340
senes The SG7BO0A versions also offer much improved hne and
load regulation charactenshcs

All protective features of thermal shutdown, current hmiting. and
safe-area control have been designed nto these units and since
these reguistors require only a small output capacitor for satsfac-
tory performance. ease of appiicator 18 assured

Although designed as fxed-voltage requiators. the output voltage
can be increased through the use of 8 simple voltage dvider The
low quisscent drain current of the device-Insures good regulation
when this method s used

Product 1s available in hermetically sealed TO-3, i0-39 and TO-66
power packages as well as the plastic TO-220 package

FEATURES

* Output voltage set internally to *1.5% on SG7800A
* Input voltage range to 50 volts max. on SG7800A
Two volt input-output differential

Excellent line and losd reguistion

© Foldback current limiting

* Thermal overiosd protection

* Vollages avallable — SV, 6V, 8V, 12V, 15V, 18V,
20V, 24V

SIMPLIFIED SCHEMATIC

ABSOLUTE WAXIMUM RATINGS

Device nput T00A Seres Input Vollage
Output Voltage input VoRtage (Output shorted
Vohege (opersting) (transient)® 10 ground)
sv BV Sov v
&V asv sov v
av AV sov asv
2v v sov asv
15v v sov asv
v s sov asv
20v v oV asv
24V Qv sov sy
“see note nert page
Operating Junction Tempersture Renge
SG7800A/7T800/140 ~85°C 1o +150°C
$G240 0°C 1o +150°C
SG7800AC/TR00C /340 0°C Yo +125°C

Storage Tempersture Range -85°C 10 +150°C

Typics! Power/Therma! Cheracterietics

Package {2103 jarroas) [» 10 2m [
25°C Case I
- S P 20w | 5w | sw | 2w
25°C Ambeent
! Rated 43W| J0W | 20W [row
= s
g | Desgn Current 1SA| 1SA | 10A |OSA
o :' Therm Res 8.C (/W) 30| so| 3o | 1s
i 1 0JA FCW) | e | s |12
CONNECTION DIAGRAMS Tor views CHIP LrYOUT
om0 O\ wmr — e
0-2%
@ D O FRONT ViEW
@ ouTRyT 1 - tapur
O @ 2 - Owwnt
. 3 - Grownd
—t O el Toh - Grownd
T Pemtage
103 & Pesnage .::.a-
03
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CHARACTERISTIC CURVES

PEAK OUTPUT CURRENT v WPUT-OUTPUT DIFFERENTIAL

= ==
s

8P My Oy

. =~ o= -
Nput-Outpest Volage DifterantiatVoits

RIPPLE REJECTION v FREQUENCY

1

Ripple Rejection d8

Dropewt Yolage - YoNe

Output YoRege Change - N

TEMPERATURE COEFRICIENT OF OUTPUT YOLTAGE

T

|
I

.
|
|

Lo i

Junction Tempersture - *C

Note Operation al high inpu! vollages 13 depandent upon 080 Current When load current 13 less than $ mA outpu! will rise oul of reqguls
hot as nput output dMerentsl ‘ncreases bayond 30 volts Note a/s0 OM curve above Mal maximum 1080 current 15 reduced 8! high vol

2ges The 50 vo!t inpul rating of e SG7B00A seres relers 10 abety 1o

ngh hne o

s withoul damage Snce

he reqgulalor s Maximum curren! CApabiity 1S reduced. the outpu! may 1all out of reguiation al high Npul voltages under nominal loadng

APPLICATIONS
FIXED OUTPUT REGULATOR

sarexs

_<

e AT ASING VALUL OF OuTEyT Carar 108
A EOVIEITETIW TR ang it n AL Ol

TRIOUIRID OmLY ¥ BIGULATOR 1 LOCATID an
ARAICIABLE DB ANCT § A0M SOws & SumeL v fu TIE

HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED

- T\

't

a e
. . ’
scCre

oureyr

, e

CIRCUIT FOR INCREASING OUTPUT VOLTAGE

—
o , "
© — ——d CTOEX

oureur

vo v :') 1o

ADJUSTABLE OUTPUT REGULATOR, 7 to 30 VOLTS

-y . ? oury
o s0Tees +—o°
’
o
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FEATURES

TIMING FROM MICROSECONDS
THROUGH HOURS

OPERATES «N BOTH ASTABLE AND
MONOSTABLE MODES

ADJUSTABLE DUTY CYCLE

HIGH CURRENT OUTPUT CAN SOURCE
OR SINK 200mA

OUTPUT CAN DRIVE TTL
TEMPERATURE STABILITY OF 0.005%
PER °C

NORMALLY ON AND NORMALLY OFF
ouTPUT

.

APPLICATIONS

PRECISION TIMING

PULSE GENERATION
SEQUENTIAL TIMING

TIME DELAY GENERATION
PULSE WIDTH MOOULATION
PULSE POSITION MODULATION
MISSING PULSE DETECTOR

EQUIVALENT CIRCUIT

71

PIN CONFIGURATION

F PACKAGE
~ [ ()
P |5 sacnancs
wmrvens (3] ) ~
e 3] (3] rersein
our ] o
=g Sheted

ABSOLUTE MAXIMUM RATINGS
Votage

+18V
NESSS +16V
Power Dasipation 800 mW
Operatng Tempersture
"nels
NESSS 0°C 1o +70°C
sSESSﬁT -55°C o +125°C
orsge Tempersture
~-85C o +15%0°C
Lead Temperature
(Soidenng, 80 seconds) +300°C

V PACKAGE
novmo ] [ vee
carcera(d] ) oacmsnes
svour 3] ) rmersone
avnes 3] W esssans

BLOCK DIAGRAM
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Operational AmplllumL,l

BiMOS

FEATURES:

SLEAD TOS8 A Types

with Dusi-in-Line S-LEAD YOS

Formed Leads (T sottix) negative supply rai

1S surtfix) RALEL] Be swin= D& v b
Swiis D8 Ea

LR 2

® COS/MOS oulput stage permits signal swing

CA3130, CA3130A, CA3130p

Operational Amplifiers

With MOS/FET Input/ COS/MOS Output

® MOS/FET input stage provides:
very highZi = 1.5 TQ (1.5 X 10'20Q)) typ.
very low Il = 5 pA typ. at 15-V operation
2 pA typ. st 5-V operation
® Common-mode input-voltage range includes

. inpul terminals can Ideal for
fve tuppiy reil single-supply
applications

fo either (or both) supply rails

RCA-CA3130T, CA3130E, CA3130S. CA-3130AT, CA
3130AS, CA3130AE, CA3130BT, and CA3130BS are
integrated-circuit operational amplifiers that combine the
wdvantages of both COS/MOS and bipolar transistors on a
monolithic chip.

Gate-protected p-channel MOS/FET (PMOS) transistors
are used in the Input circuit to provide very-high-input
impedance, very-low-input current, and exceptional speed
performance. The use of PMOS lield-effect transistors in
the Input sisge resuits in common-mode input-voltage
capability down to 0.5 volt below the negative-supply
terminal, an important attribute in single-supply applics-
tions.

A complementary-symmetry MOS (COS/MOS) transistor-
pair, capable of swinging the output voltage to within 10
millivolts of either supply-voltage terminal (at very high
values of load impedance), is employed as the output
circuit.

The CA3130 Series circuits operate a! supply voliages
ranging from 5 to 18 volts or 2.5 to +8 volts when using
split supplies. They can be phase compensated with a
single external capacitor, and have terminals for adjust-
ment of offset voitage for applications requiring offset-null
capabllity. Terminal provisions are aiso made to permit
strobing of the output stage.

The CA3130 Series ls suppliad in standard 8-lead TO-5 style
packages (T suffix), 8-lead dua.-in-line formed lead TO-5
style “DIL-CAN" packages (S suffix). The CA3130 is
avallable in chip form (H suffix). The CA3130 and CA3130A
are also availabie in the Mini-DIP 8-lead dual-in-| {

Low Vjo: 2 mV max. (CA31308)

Wide BW. 15 MHz typ. (unity-gain crossover)
High SR: 10 V/us typ. (unity-gain follower)
High output current (). 20 mA typ.

High Ap( 320,000 (110 dB) typ.
Compensation with single externs. capacitor

APPLICATIONS:

Ground-referenced single-supply amplifiers
Fast sample-hold ampliliers

Long-duration timers/monostables
High-input-impedance comparalors

(ideal interface with digital COS/MOS)
High-input-impedance wideband ampliiers
Voltage followers

(e.9., follower fo- single-supply D/IA
converter)

Voltage regulators

(permits control of output voltage

down (o zer0 volts)

w Peask deteciors

» Single-aupply full-wave precision rectifiers
® Photo-diode sensor amplifiers

package (E suffix). All types operate over the full military:
temperature range of -55°C to +125°C. The CAI1300 W
intended for applications requiring premium-grade
specifications. The CA3130A offers superior inpul

ol

Tor vigw
S and T Suffixes
Fig. 1 = Funcione dusgrams for the CA23130 series.

ch istics over thoss of the CA3130.

T0r vitw

wece rofes

E Suffix
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B-SUFFIX SERIES CMOS GATES

The B Series logic gates are constructed with P and N channel en-

hancement mode devices in a single monolithic structure (Comple-

mentary MOS) Thewr primary use 1s where low power dissipation

and/or high noise immunity is desired

® Supply Voltage Range = 3.0 Vdc to 18 Vdc

e All Ou!r.)uls Buffered

e Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range.

® Double Diode Protection on All Inputs

® PinforPin Replacements for Corresponding CD4000 Series B
Suftix Devices

1
L SUFFIX P SUFFIX
CERAMIC PACK AGE PLASTIC PACKAGE
CASL 632 ORDERING INFORMATION CASE 646

A Seres - 55°C 1o - "25°C
MC14xxXBAL (Cera~ ¢ Pacwage Only)

C Senes -40°C to = BL*C
MC1axxxBCP (Plast = Package)
MC1axxxBCL (Cera~™ic Package)

MAXIMUM RATINGS® (voltages Relerenced 1o Vgg)

Symbol Parameter Value Unit
VDD OC Supp'y Vo'tage -05tw0 -°EZ \
Vin Vout | I"put or Output Voltage (DC or Tra~sient) -05tVpy -5 ~
Lin lout | '"put or Output Current (DC or Transient) per Pin =10 ~Aa

L P P ows Uetipaton per Package* - i ~\
{ isig |Sicregs ferperalue -6510 - "<l C
[ T Lead Temperature (8-Second Solder~g) 260 °C

“Maximum Ratings are those values beyond whic™ damage 1o the device may cIcur
tTemperature Derating Plastic “P~ Package - 12mW"C from 65°C to 85°C
Ceramic "L~ Package - 12mw*C from 100°C to 125°C

MC14001B

Quad 2-Input NOR Gate

MC14002B

Dual 4-Input Nor Gate

MC14011B

Quad 2-Input NAND Gate

MC14012B

Dual 4-Input NAND Gate

MC14023B

Triple 3-Input NAND Gate

MC140258

Triple 3-Input NOR Gate

MC140688

8-Input NAND Gate

MC140718B

Quad 2-Input OR Gate

MC14072B

Dual 4-Input OR Gate

MC140738B

Triple 3-Input AND Gate

MC140758B

Triple 3-Input OR Gate

MC14078B

8-Input NOR Gate

MC14081B

Quad 2-Input AND Gate

MC140828B

Dual 4-Ir 50t AND Gatr

This device contains protection circuitry to guard against damage due to
high static voltages or electric lields. However, precautions must be
taken to avoid ap s of any ge higher than maximum rated
voltages to this high-impedance circuit. For proper operation, V,n and
Vout should be constrained to the range Vgg = (Vi O Vo 1) = Vpp

Unused inputs must always be tied to an appropriate logic voltage level
(e.g . either Vgg or Vpp). Unused outputs must be left open.

CMOS SsSli

(LOWPOWER COMPLEMENTARY MOSI

B-SERIES GATES




EY -5 F X ) “«COZ= N

“CwEZ~

“~Cv 2=

NOR

MC 140018
Quad 2-input NOR Gate

N DN
-
-]

-
-
-

ik

-
w

MC 140258
Triple 3-lnout NOR Gate

s W WM N -

-
-

10

~N

VoY

-
w

MC 140028
Dus! 4-Input NOR Gate

2
3§ ; >
1
4
]
9
10
1
12— s -6t
mC1a078R
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CMOS B-SERIES GATES

LOGIC DIAGRAMS

NAND

MC140118
Quad 2-Input NAND Gate

w

N D DR N -
-
-]

-
-
-

YOy

-
w

MC 140238
Triple 3-Input NAND Gete

AW DN .

-
-

0

-
~

09y

-
w

MC140128
Dual &-input NAND Gate

2
bJ
4

vy
[

- - -
N =-O0DOAUN

OR
MC 140718

Quad 2.Input OR Gate

- -
w N

-
-

O

MC 140758

Triple 3-Input OR Gate

s W BN -

- -
N -

| GOy

-
w

-
o

Duat 4.1nput OR Gate

Ak

AND

MC140818
Qusd 2 input AND Gste

=)

B @O N -
-
-]

-
~

puse

-

w
-
-

MC140738
Trpte 3.Input AND Gate

¢ bW DN e
o

-
-

-

o

ooy

- -
w N

MC14082B
Dua! & Input AND Gste
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vy

Vpp * Pin 14
vgs - Pn 7
for ANl Devices



MC140018
Quad 2-Input NOR Gate

1 é n1, Vpp o 14
1Jin 2, In 29 7
300ty  Intp Eu
‘d Outg Outp = 11
sC{in1g  Oute D10
e in2y L7y —1
1] ves nicfe
MC140238

Triple 3-Input NAND Gate

\J
1 n, Voo o 14
23 mm 2, Ind¢ 13
EE— RLRTY 'ﬂ?cE‘?
‘El'\?g LR P e B2
5] in3g Oute 4y 10
63 Ourg Outa 9
L e 133 n3pa 8
MC140728

Dual 4-Input OR Gste

A4
teeou,  vpp e
7cfin1y Oug 13
:H:ﬂmzn In 8 312
4T in 3, n3gfan
scdine, n2gF310
6 3 NC n1g e
’qus =N
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CMOS B-SERIES GATES

PIN ASSIGNMENTS

MC140028

MC140118B

Dual 4-input NOR Gats Quad 2-input NAND Gate

~
t =l out, Vop o 14
2c]in1,y  Ougpbo13
I N2, "“Bb"
a4t iInd, In3g 311
SCTIna, In2g 310
s —Inc m1g e
7 vgs nc[Se
Mc140258

Triple 3-Input NOR Gate

7
1c{"'a  Vpppo e
2c=]in2, nd¢ Lk ]
ac—{in g "‘h:z‘?
at—]In 2y ntefI N
sc=]'nJg Oute 20 10
6 T Outg Outa e
bl : Vgs n3ga 8
MC140738

Triple 3-Input AND Gete

~
A —— LI FY Voo 14
2¢=]1n 2, nicpm 1l
acding n2c by 12
a]in2g mickn
sC=]In Js Oute 3 10
6 ] Outg Outga Y9
73 vgs (LR Py =1
MC140818

Quad 2-Input AND Gats

A4
e, vop o 1e
Qd"l 2a n 2013
acqoun, migFIn
4T Outg Outg = 11
sc{in1g Outc =310
6Cin2g  m2cfe
13 vgg ntefe

A4
1 n i, Voo = 14
2cdin2, n 2 1
aow, mippot2
adom, Ougfm 1
s Twn 1g oug‘::'ﬂ
6T in 2y n2¢ =
"=Vss in |c;=0
MC140688
8-Input NAND Gate
Ao
1& NC Vpp b= 14
2 n Out o 13
Ic]in2 nd 312
atin3 mrEa N
sC3ine Ing =10
[ § = YT mspEo9
7 vge Nc D
MC14075B

Triple 3-Input OR Gate

14 (LRI Voo = 14
2] in2, n3c 13
3tdinig  tn2ebo2
et in2g [LRTS =21
S n g Outc 10
6C{ Outyg  Outa b9
1 — Vss (L PN e X Y
MC140828

Dual 4-Input AND Gate

A

1= oury Vob}=“
2]in1, Outg =312
IcYin 2, In 4g £=312
aCq 13, In3g N
SClinay n2g F10
6 Ine ‘n1ge
T3 vgs NC

MC140128
Dua! 4-Input NAND Gats

A Y
\J Outy Vpp o 14
2], Outg 13
3cjin2, n4g 12
ldlnﬂA tn3g Y
ﬁdlnlA n2g =10
1 — nig 9
1 vss NC L}
MC140718

Quad 2-input OR Gate

MC140788
B8-Input NOR Gate

A4
1 NC Voo o 4
2c]In Out =9 13
[X—IT¥] nB =212
aC={in3 n?Ea N
SClina Ing 310
e TIdnNC msf9
1dvss NC D e

NC = No Connection
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CMOS B-SERIES GATES

CIRCUIT SCHEMATIC
NOR, OR Gates
MC14001B
MC1407'B
One of Four
Gates Shown

Voo
1 e.a.no—-—ﬁ

2,50.12

3

—
=
TFeaatom

]

J_[_JH -l: }{_‘ MC140258
[ ] MC140258
gl s s BEE
Vss 70 Vss ) Voo
“inverter Oenitted in MCMW'Q 1.3.11 0 ﬂ
:.4_12? ?1 Taevpp
=AE L
:1—3 1#_?— =
MC 140020 s '}1‘{} e
MC140728 't %L-.EJ il
One of Two :
Voo Gates Shown ."'ﬂ,__ﬂj____l
3"°—_j
2.10 0 3] qus : Ve
|| °Inverter Omitted in MC140258
_‘—E} '.JVDD o
U =g =3
1] H '
pu=RN=iEg :15 E:‘”’
Vss w3
: | MR- 3 s
.1
L _:I
* tnverter Omitied 1n MC140028 T
. Yoo
MC1407
J53 =S
!
RS | g e
ﬁ ]_1 2 “_l J J :l
Vss =
. e
e M- I—C}—{]:.—ﬂ:m
enove. J
:‘:H Ssme as J y 1 j 1
12 above 10 vgg




CMOS B-SERIES GATES

_ CIRCUIT SCHEMATICS
_NAND, AND Gates

MC140118
One of Pour
°"'_'m e pvpo
E 8 @ e =
i 3 ﬂ:’-‘—ﬂ:’—g:}—iun.u
v Jil= .,
v oo sl 25912 'I'j'l i j 1
oo Gstes Shown vas3e . J—.l ” - ‘ g
' 1 1'-1 *Inverter Omitted in MC140978 4 88
242 rJ .
‘.3.‘10;—-J$

y "’°°‘ ;_:I ! et

‘ 78 vgg MC140128
*inverter Omitred in MC140238 : Voo :f:of Two
. Gates Shown
= nj '

’ 1 Vo\u
z;.s.JL_Ja _,—[ ‘
Voo '@‘m! . V8! j;-l PR
= ¥ uE TRy 5:__‘}; ,
'1_ Voo =] : !
3 izl 3 7

p= |

2 — 3 ol {

”J_—lg | ﬁ *Inverter Omitwed for MC140128 Tives
vge ] -L N

=g le




CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS

g ORAIN CURRENT (mA}

In DRAINCURRENT [mA}

10, DRAIN CUARENT (mA)

N-CHANNEL DRAIN CURRENT . P-CHANNEL DRAIN CURRENT
(SINK) (SOURCE)
FIGURE 2 - Vgg = 5.0 Vde FIGURE 3 - Vgg * -5.0 Vde
l -10
4 -30
1 _-80 - Tas -88°C
1 - T e
Ta:-%5'C S 6o A // -40°C
— - = w - >
A ¢ H e /
g S -8
' P e s P e
a5 ¢ g4 v/ — —
~ [ 10 / A / 1
E 7 =T
-20 - %
—L -10 -+
| Ny )

TSNS T T3 M 30 o 18 =T =Y =T 50
Vps. DRA'S T0 SOURCE VBLTAGE tvéa Vps. DAAIN 10 SOURCE VOLTAGE vee)
FIGURE 4 = Vgg = 10 Vic FIGURE 8 — Vgg = -10 Vde

H -4 ¢
H 4
-6 +—
Tae-8t C ’
A 0 C _ v
«
> B L £ -
v/ 4 Pl 5°L §-» Tas ssC
p (. £ L
g 1 3 - ~47°C
. A B z ~L 1 +28°C
A i 2 A e s
[ [—
) " ~ 15t
-1
et
_80 7 é
6 20 0 €0 S0 €0 O A% ST 00 10 <20 30 40 -50 68 70 -80 -89 -1
Vps. DRAIN T0 SOURCE VOLTAGE (vds Vps. ORAIN TD SDURCE VOLTAGE (Vex)
FIGURE 6 — Vgg = 15 Vée FIGURE 7 — Vgg ® -15 Vde
100
H i ] T
80 4
: _®
A s -S5°C T
JV T 13
7 30°C £ -«
a =
- S -n
e 43¢ .,
V7 “78°C H
4 S -n
L4
-0
-1
1 i
I Y I A % 25 0 60 B0 -0 - -W -8 -u -0
VD3, DRAIN TO SOURCE VOLTAGE (Véc) Vps. DRAIN-TOSOURCE VOLTAGE (Vae

These typical curves are not guaraniees, bul are design aids.
Caution: The maximum rating for outpul current is 10 mA per pin.



Vour, QUTPUT VOLTAGE (Vde}

Vout, OUTPUT VOLTAGE (véd)
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CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS {cont'd)

VOLTAGE TRANSFER CHARACTERISTICS ’

FIGURE 8 - Vpp = 5.0 Ve

Single Ingut NAND, AND
. Multiple Input NOR, OR
" - .
4“0 L7 [ Single Inpu1 NOR, OR
30 Mutuple input NAND, AND
29
-10
[}
[ e 20 30 a0 50

Ve INPUT VOLTAGE iVée)

FIGUAE 10 - Vpp = 18 Vde

" -
"
Songle Input NAND_ AND
" Multigle Input NOR, 0N — 1
§ —+—
20 -~ Sogle trput NOR.OR |
- Muhiple Ingut NAND, AND
80
"ﬁ
0
S T R Y S T R R s |

Vour. QUTPUT VOLTAGE (Vde}

[ 14
(1]
(X ]

10

'FIGURE 9 - Vpp = 10 Vde

Sirgle Inpvt NAND, AND
Mohigle Input KON, OR

pid

Single Ingut NOR, O
Muftiple Input NAND, AND

v

0 .0 .0 [X] 10
Vin. INPUT VOLTAGE {Véd)

DC NOISE MARGIN

The DC noise margin is defined as the input
voltage range from an ideal 1" or “0" input leve!
which does not produce output state change(s).
The typical and guaranteed limit values of the in-
put values Vi and V) tor the outpui(s) to be st
a fixed voltage Vg are given in the Electrical
Characteristics table. V) and V4 sre pressnied
graphically in Figure 11.

G for both

noise g
the 1" and “0" levels =
. 1.0 Vwitha 5.0V supply
2.0 V with 8 10.0 V supply
2.8 V with a 15.0 V supply

Vin, INPUT VOLTAGE (Vdc)

FIGURE 11 - DC NOISE IMMUNITY

(s} Inverting Function

(b} Non-Inverting Function

v,
ot __Jvoo VYour VoD
vo vo //
vo Vo
\\‘ Voo . Voo
° Vin ] Vin
viu T ViR ' v Vin

Vgs = O valts e



