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STRACT
The purpose of this thesis is to present the test of capacity rating of battery. The principle
of this thesis is constant current load , it rated 200 volts and 50 amps. This load can choosen
range of voltage . The data from the test can also utilized in calculating the capacity rating of
battery . The load is taked constant current until the voltage of battery is droped , instantly current
and time is amps-hour of battery



o T -

— g e PRI

e s mge g

e o TE———rTp T ©

i

w151y

unfinte
ABSTRACT
msgg
a150YRA1519
uni 1unih
unit 2ms M udamedduadad
i 3nsudaaeifide
3 myameiiduaznisaduguases v
3.2msaruguus i INd1 8.3,
32.1 399580 Wfann1as
9
3.22 29956 WWiona i
A o oo d I8
unil 4 NadIndengady
o da o &
4.1 WadInlleng@iy
as X ot o 2
4.2 SnytzAduiauud b
43msadginduisuuddy
i 4 a. ; y
44 gilndufisd1dui 1 lunsneasaproject i
uni 5 msudasdf de dlu de n5e vetuley de
5.1 msutlasus i lanas
5.2 ernleswlausdulanas Ingli Tnan R-L
o v ay 3
5.3 wanmswlasusadutng iy
unii 6 tledf Waddyauaiadda
ar j’ o
6.1 wdnmsanuilesduvesnisalugulu hrunaiugy us iy
6.2 loFues TL-494 1My TrunmIuRuINUT AU
6.3 MIMHuUAAIUAINSTHIIY
64 msninuyel ledlunisaniusius Ui wes
’ &
6.5 MSHINUARIAUNB(TD)

6.6 ns@enld Q1uaz Q2 wyNvesled

32

6

37
38
38
39
40



I I e

Tewme erom m echiRton e b b

T Tk g TRs e e T

[ R— ey e e TR wn e Bmam e T oo o om S
B

. e -

wnfl 7 339N s assan sMRae
7.1 Yadend1uve sy
7.2 MANNIST191UYB 995 Feed back
7.3 Nsadedygu pwm
74 1wseddyanuli A g,
7.5 1asgaulSoufiey
7.6 NITYRFUIIE
7.7 NISYRLIY
7.8 NIINAABIUATHANIINNGDY
7.9 ANYOZ Wave From
7.10 Funsun1slgamy

unii 8 agiluauas3usd

MANUIN

AaAnssasen

BNE15913

41
41
43
45
46
46
47
48
54
64
67
70



R SR TICRTI WX W STTRTER W

- e e wwn omEwE Tm g - =

-

T T e

-

B M ww RN D EASM e T

mslggl

71t 21 nsfifie3nd ON-OFF vesrsnsdiinmedsan
il 22 nsmidn¥nemuiRve msuSamed
{1l 23 Andaniusveadygutunn uaze W bnmsdamese Indds
11 2.4 urmsnaduRuFve g AU NUA B N
71 3.1 (0) nywSmme S uR S uua=dydnud
@) ny uFawmes uuuRSuRuasdoydnu
1 3.2 3vms S mnesBuREvRBLILETReTi
@) R sdnyazaui@s :ndraussfuuasns sue
71 3.3 @) du Radnumeanidd msn sl iR mnlesasmve musmaes
™ dudnyusamninwinzghmsmudames
717 34 22esfleaiuns udmaes
717 3.5 glnduus it Ramnstiadla RS S Seveansasdar il
7 3.6 M) 29938 If rapr1as Ins s S medmid s lu Tnand
@) e8I ana1a lnsldHfad 1 dinduee

P ] o
@) galmauus Wuuasnssue

] »
311 3.7 () 203sdu I 1ond ¥y Inoldns uSamesiideriin lu Tnand

@) 299380 feneu noWiflniidiinuee
() NNy U LA IS W
Ui 4.1 usAsdnuulAdn PWM
711 4.2 urmaaduun PwM
31 4.3 Mamdranisadragilndu pwu TnemisWasssuloudiion
7U 4.4 nsedradoe I PWM iy Equal PWM
a1l 5.0 stmﬂtﬂaﬁfugmuﬂmusaﬁ'u'lﬁaﬂm
qUft 52 30es9@lnlefinlasus i dind us i
71 5.3 ugmIdnuB ON-OFF %8329
71t 54 aaiswaﬂtﬂai'v{ugm'lumsuﬂaausaﬁ'u'lﬁqaé’u

] : - @
17 6.1 ummaasAug g un 3R Iugu Ty MuAAIUAUINUS 3N

11
12
13
15
15
15
19

H BB 8B R B N

&8 N8 R

30
32
33

36



o s ey Ty T - o s - omy e W

e By

Tpen e e AR, W T TRTU TTTT el vt Cewe O e b wmew cww E TET M W

M % womwne T - e

= S

e e o

.

17 62 uansdnuaizaniundia widiymiadves PwM Fadhusaansinnisuengn

dygnadleundu uasituidesmmgli 6.1 36
71 6.3 urnsmisin Tassadrameluuaznissnvivesled TL-494 37
gajﬁ 6.4 urmnNuduiuiYe i1 R, , C_ tunsiimunn s 38
711 6.5 urmagndudnynzn13hYe3 TL-494 39
317 6.6 uamsdnumnsidionfiorwunues TL-494 | 40
317 7.1 urmaasesgAmsdensnus du 42
317 7.2 uamavesmst$ushsnsvereve sy Tnoldeelusxil 43
7171 7.3 uGA33995 Feed Back Control 44
31 7.4 vomansedh ey PwM RuloFed TL-494 45
71 7.5 urmansodadyanaAsRaeledmes casio \ 46
71t 7.6 uamaases S rufvuus wwudasloSued Lm710 46
Uit 7.7 . L RP T LT LTI TN 47
711l 7.8 23359n Control 49
7117 7.9 2995 Feed Back 50
317 7.10 usmeaeesdenduus e 51
71t 7.11 2eesdue 52
7lft 7.12 2995 gmary 53

317 7.13 s urmsaanamsAns sunfuunmedun 12 Tavf 24 weuil-912§ s
31 7.14 nsuamaanamsAnssuefivuameiang 12 Taak 2QnevaynsuiY

24 Taan) 24 uowdl - 319§ 57
317 7.15 929msfans sugreenInUREIYINA 38 WBwTl-812 2 an 12 Taant
BYNTUNU 59
17 7.16 na eI s InsAans suaeens nuuRRed 38 wouil-s127 12 Taart
5 gneynIuny 61

§f 717 nsmluemsdasnamsfns suaeenvinuuames 24 weudl-a12 12 Thayl

3gnsunsuny 63
7171 7.18 uaRdnYE Wave from 31N Control 64
71 7.19 unsdnwaIy Wave from Yo ansuem3nys udmaeinysugum) 64
3171 7.20 urRIER VI Wave from n1sfamTavesnssusuunned 65
gﬂﬁ_?.z'l UaRIAN UM Wave from 91n9A Control 65
11 7.22 uanadnunis Wave from T8 n3tEnInns WSamad (s zuertuer) 66



Vit

e s e o g Cag, . S

66

FIUDIUARDT

&

1l 7.23 usAdn YU Wave from 1sfTmn

S e dee s e

——

s A WD A

an G aeek & o W am M &

= m o

e amm b



mw  emm moam e e

-

T T ey AT

ot —" ——

T e o R me=

%

Sty B s Phomoliee okt e m mwwm e e

o

o= o e

-

A iy T wn W @ gw  een e Ep o e ® %

vl

CERRTLTEREA ]

MIIN 781  upAwanIsnRgeuuuRmeS v 12 Taar 24 wenil-g13f

A151971 782 uaRa1IHanIIATBILIARES Yuin 12 TaaR 2gnayunsuiu

A13197 7.8.3

A15137 7.8.4

A15197 7.8.5

24 upuil-g12§

LEAIAITININATBLLIAWES TR 12 Taa] 3 an eynsufu
wn 38 usuil- g175§

UEAIAITNAINATBLLURABIVIN 12 T3a%] 5 gn eynsui
¥11n 38 wonil- a13§

UEALAIT1ININATBULNRRBIYIA 12 Taa] 3 Qn ByYnsuUMY
¥R 24 usnil-g1a§

56

58

60

62



-~

=
3
=,
[y

=
Lo

a113dlmn

Ghufinsududegiunas e AASOC Source) fianudhdgnnluanisgaeay
a e ] v aa do A o & a - o ¢ qy
33 AIImIsoRSeRnAve U WA HuGed iy TavhulSyaniinufiduiisey
ﬁluﬂ1Sﬁ§'mﬂ§mmtraummmu1sn‘uaamﬁiaﬂ'1u“lﬂ‘ﬂ‘=‘§ﬂs~mnunmﬂa§ TnsnnAYsa
uumnanﬂjanm'luaﬂym~ weni-8135 (Amp-hour) msuxxmumﬂunmmmﬂsmrm
fnufidud Thsssiimsnaeeui i suunmes AR mumn w9 QName Plate) 1
argndesmnfitmunuinde ma'lunsmnm'ln'lﬁfwﬂmmLmﬁmaswmmmmﬁaz
NATOUN INAAAITUTINTDO8NI A Ui
a o - d o W o a ° o
myzmaMihidiounasdnvasensdhdnmy - Mwisiiesssy
3 v D .

Urquants =M IHAS Ao dadnmu  mnseiuid i duginsoiviianisi

° 1 " A
ONNINIAIMATOUAIATINIIVVBIUVAASS INUALIBININ  NITNABBURITUTINISOUDY

Ao o ) o - ' o Yo ¥ a a
wuames § 1l ua ssfunmresudivnudumgi @R mmfnnnaeeudann
Foun 11 d 1m0 wnudin1sld swuda s Wuasdlueay W nszuafi s 199enu101n
u:lmma?’ﬁfh‘himﬁﬁ111?'ﬂaﬁ'l¢7amn1snﬂtram‘i‘lﬁ‘i’x'auaﬁ'hiuﬂﬁ§a msunmuﬂsq;tm
fnwufid uf vend 128 8 amszmia I 17 190 8 masl 1 8n13d o u Tnsns suai 3 1ween1In
T R pag—— ikymag'n31avmﬂssu'zs'lwumﬂ’h'hfmvuﬁn
3 10BN W INLUAWES AR W Euulas mmﬂ1suﬁ'aaa1ﬂmawamnnsauﬂm%m

J «a ’ y
‘numeﬂwqu'lwns:uuiﬂmaﬁuazﬁﬁanmmaaﬂ?q;tmﬁwuﬁmuﬁ

nanms

»
o

VT {1 il and nnasi s ‘I nszuodi A 1ae § 98 o8 1o es
- o - U
glannselnd i vy qﬂﬂsum1aamﬂnsauﬂmtawﬂs~mnne1ﬁamsmuﬁuma'lw
nsvuﬁn'lwamuummnﬂwmsmuqu'luaﬂvmvmaq uaﬁmsn'luﬂsmtymwumammv

81ffonannisve mﬂuqumasnmmsnﬂ fUNT zumu:rmamnuns zugnsalan meﬂﬁ



T . o mow e

[a—

e SR

mtten

B

f1mufi mnnde Widelsesddnnsedndiennsontugunszusidasi i tnoli
“fuagiﬁumm%au fim 2393 Iy Mwednls  erondnnista 'luﬂ‘s‘ugtmﬁwuﬁldn?ra:
o1 smstlounduvssnyzuafidenisaiugWasiindumiidauasuquuesns suauewes
nudmned nedlszneutunisetmiemeneud

ensawtiseen Wil 2 daulnglqde

1.8 IUATURY
28UM183

L d L b 4
fauilszneuveslesiIeesdiuiiwrasenals=neud 102319998

daurlszneuvesdaesnIun )
1295 13edPwM

2205051905 W URT

3. sdunavs msusomes

4. 2vsufSoudioy

5. 2vstleundu

6. 293IYAEDONTIIUUT Y

7. 395 USUBRTINIT VBB I AU

msiinwrermvguezldinsefafadewM A (fRn IC TL-494 Mdaf
aad > A o _ a . -
Waghodvumietlenlfwave msusmwes drunssalSsudeuezrimisuliey
¥ ]
wsusznInamal wasnnnushmssiu B asfinaen lnse o sss leunduuida

YIUVOUBINT IUTTIRBT

galssneumndumidilseneudae
1. POWER TRANSISTOR
290 raadadunu
o Y A o ' o
3asumamsiMMmmn@sndiudadiuniy
o & - &
48uinmesuaranhidwmes et o ins suguasus wWadinouaeiies



& o a o, A
Tunised13nT sanareua 1w mNsave wnames lymnnylunsiinivau
[} v ‘e ar as 1 [l L] b 4
& 1NAT AR AIANIA 1123051181 Tnsta e Tvasdad i hisnnsodendiu v
W zrafud A aus g ure awuawe s Rwshumegsumsizmndnud nmidis b
. 1 1 I e ! L XY
ey @u Simaanvdnmdinididiulvedluwaiiid? POWER TRANSISTOR
ar Py ' a o ] a3
Wiuanudoms  mndwadmudiaigais blsahd himnsealuguldeies
1 1 4 ] 1
nagsufnszua ddud hulSygivaslt  Twasfhinldduvaainanudsuiiinde
Y | 3 o o <
awnuduive W Ra e seuduus wWwuwinnes
4 b 4
Tneassduuignalugu Instuuasiu Tnseremsileundy  wanmsnaaeuds
. 4 .o B 4 :
D1ionszuannuusmes i lWidiumidwesniemaneuiignasugu lnsdiuaiugy
b4 1 [}
miseunsuguass wWususimisutuivnaillde  Minsnaceusuns oI un
- 4 4 > & Ao o -
TIuunmeiSuanay nawasns suavnsusziluiin ueril-s12f veuunwes
s o
yauAYBIIAAN IS
E] a p 4 aae 1e o
wiswnaasufiad ¥ umnfivelindannuensosgl 200 Taadl 50 wewdl
a 1 a a o o 1q °
Tavimansadeninuwe ws wuie It eaiun us Wiws wuAwes nvhmage
15 1A 18 AR 2 1UFINIS0YB UAT BINAEB U 1INS 0 I Tasmsuvan ad 1SS
Y A o la‘?’
Twannia tvgjau
fgmindrdgreunsomageude  nis@ena1uBIA1ARIUNIMIIRIUIAIAIE]
weansemagsu W zautuvnaus AR ILIRmeT I i MATeY  Windendiu

a ) « 9 o A < <
‘Bﬂﬂﬁ']]ll%’lﬁﬂ]ﬁﬂmiﬂxﬂ'lmHflﬁ11‘}‘73%i’!iﬁ133‘50%!&\38Qﬂﬂﬁ’ﬂﬂlﬂﬂﬂ')]‘mﬁmﬂB\Iﬁ



e ww— w4 L — [ — [ e -

—ra

.

e e

Ny s w6 v o

B . T ]

e Y e mw mARGT M v W

Tt

T oem

= e =

dongzsilyyel FLOW

{  Bign )

P
NITUANAINIT

r

afeiedaruny

Fapenszua

e X
NRANTNIU

I Aedunues

current sink

FARY nTsua rﬂuﬂu

Ry

END

s1nseesemsiiaTsidnyazgltuuves Block Disgram flfus lunsiifisasuny
ligiluruves Flow Chart e WisirnsorsadumsmanWanaslisn dgidu
1 Fwmefezefmonmiandde ynusndeyndadn  udrsresiiinsuafidems
121 AezSulsumns s W idmufidens (Stage 71 3) wdranitut Stage 748 amh
nISRINTIUERMIAE MBIt daustagedi 5 Glunassasuns s lanmie 1
aldewlilssmsasgeudt tiudunde anas lneashhlivaandhe aaunudienad ud

] . . ] s ¥
dadyanahl A Stage 1 2 WiinsUSuRWad I Wnssuafinafin1iina e T



- wmowm

o mmwm mmm rmw em e

jagilszasdnaimsish

a S e o p. | aa o 1
3 ﬂQﬂizﬁ’Qﬂﬂﬁﬂ'h«lﬂ ﬁnauam%amsamncramammmsu‘uaummaasuﬂma

q”
"l
p 4 ad o
1. serd1uaismage IR I ITIOVBIMIARES Ao T IReS Ty
malia
& 4 o
2. e nuiunImanisdssynd 1 vesins o amareuiuginssinaeey
a
sziandu

A ary - $ ﬂ' 4 ™
3.vefinygueniuasdnyaznissiens suaFudunawesuunmes
& o o ’ i
s.wenesoihnaudanudilimaensumaiindng  AldGeudin i
Wszgnd W lumsedis Tassaufindasa



-~ - e w

L

s e o e

[EREpEp———

Ll

msEnnudmassiluaing

uni
nsdm@etanyuzautan s dmngoiusie uenin fneeW wasdudn
v
71519 1unsug awed luasnzuendadis11dna 198 wunudrluuniiss1ae 197
a o« ' -~ A o e da4 ¥ ) a L
niuFwmesiiusgluanizAnesduazduda Muhfedenishinsusmmeiligu
suliaduainybace finsusamesinsorsdinysuas Inal¥Rsudndlosrweiion’l
* L] Q‘ ar
inszua’lva wiedhaIndluanizdingts (off) waxdiensmdmaesegluenidzduda
vl nssue lwad 1ud msmsawes Wun  misuduimsndameiegluaniazeoniln

2335 (on)

aislnnuBomesiluainluonund

110 10 1l w3vsms 1w maes vl ad A awes § aui mihfdl a3 nd Tnods
a s Ao a 8 o ) ; o s o,
nindmeeioioudiuaindlituvan R, fidesewin v, funneawnmeivess
S o ¢ aQa o 1 e =5 4 Py o a o &
nindamestiundiinmeineansnud nudomeiinsviwndetuduaing &
a _dy o ' . fo an P « a a ¥ a
wainiiln-daszninvinsanamesiudlinweidvve s wusuyniiflewdfie
o o ¢ ) a < < (]
Adlugiunuqumsiinesedng  Svsanaunguesfivylansvsnuiidiuves
us e v, esamidan
Ver = Vee TR, (2.1
4 o aa gy 1 A | o .’1 aa g
dious wuiiwe - dlameslindugud #isluusanduiivawedinmes diuwss
nyzue I 3:disuihuguidae nizunnsannmesssnassiinnls anamiwugitdauluna:
1 4 Jd o o o a 4 J
wuiinsudameiogluannisines dudsussiuiinnasen Inansfididhgud (e

nssue I, =0)



wnansiiduenansianubidniunislynuiionisfnewniiu lueygsinillydsslesuaunisan

lunsdllag vsdu Bnvanuiilusaudadlienuasnasedaiuaivetenarsynasminisinltuly



dy a N o [ N ~ = ' 5 ' N ) N o -
wnansiiduenarsianubidniunislynuiienisfnemntiu lueygslnilulsdsslesuaunisan

. = S a &Y a9 & YoV oax ¥ & aa ° -
VLM’Nﬂiﬂﬂ@‘] NG @m/lfl%’]lllliﬂﬂﬂLLU@QL‘UEJVI’]LL@%WENEJNENQQL"i]’]GUENLEJﬂﬁ?inﬂﬂiﬂwmﬂ’lﬁuqiﬂiﬂj



dy a N o [ N ~ = ' 5 ' N ) N o -
wnansiiduenarsianubidniunislynuiienisfnemntiu lueygslnilulsdsslesuaunisan

. = S a &Y a9 & YoV oax ¥ & aa ° -
VLM’Nﬂiﬂﬂ@‘] NG @m/lfl%’]lllliﬂﬂﬂLLU@QL‘UEJVI’]LL@%WENEJNENQQL"i]’]GUENLEJﬂﬁ?inﬂﬂiﬂwmﬂ’lﬁuqiﬂiﬂj



dy P N o [ N = = . gj ' N ) N o N
wnansiliduenarsianubidniunislynuiiensfnwmniu lueygsinilulsdsslesuaunisan

. = S a &Y 9P & YoV o a= ¥ & aa ° N
111’3’1?13@]41@"] NG @ﬂﬂ/lﬂﬁ’]lllli%@@LL‘U@QLU@%’]LL@%@@Q@N@QQQL"i]'WGUENL’EJﬂﬁ'ﬁ‘l/!ﬂﬂiflﬂ/lllﬂ'ﬁuqiﬂi“lj



dy P N o [ N = = . gj ' N ) N o N
wnansiliduenarsianubidniunislynuiiensfnwmniu lueygsinilulsdsslesuaunisan

. = S a &Y 9P & YoV o a= ¥ & aa ° N
111’3’1?13@]41@"] NG @ﬂﬂ/lﬂﬁ’]lllli%@@LL‘U@QLU@%’]LL@%@@Q@N@QQQL"i]'WGUENL’EJﬂﬁ'ﬁ‘l/!ﬂﬂiflﬂ/lllﬂ'ﬁuqiﬂi“lj



1 a ) [y - Al = ) ' ) - o N
wnansiiduenarsianubidniunislynuiienisfnemntiu lueygslnilulydssleguaunisan

luansalla viedu Bnnsnuilndauasilonuavnesesdedaaivedenarsynasaninisiluly



& a Yo [ N ~ =2 ' ' Y o N o -
wnanstiuenansianubidmsunmslynuiionsfinviniu lueygralmilulyysslesuaunism

lunnsalla viedu Bnnanuivdauasiloniavnesesddiaaivedenarsynasaninisiiluly



& a Yo [ N ~ =2 ' ' Y o N o -
wnanstiuenansianubidmsunmslynuiionsfinviniu lueygralmilulyysslesuaunism

lunnsalla viedu Bnnanuivdauasiloniavnesesddiaaivedenarsynasaninisiiluly



wnansiiduenarsianubidnsunislynuiionsfnwmntiu lueygsinilulsdsslesuaunisan

luansdllag vedu Bnnsnuilndnuadlionuasaesesdadiaaivedenarsynasaninisiiluly



e

16

r % o H A I i
O owmsug I : ‘cunusuudana” Fuudsdudie $irelnsisesdess
L d
] o 3 i o ar b Y 9/
nindlinwmei fue  uazseweszninnsadamesfummisdgn luusandui

: > Py ]
nszue lnasinaeaid awmes W1gs 1 awes Wilsouniviis v msengeit i Tnofon

auns 18Rt
o = B/apP 3.1)

» . ¥
uazfousunafiavens suatiaund 13 huzali 3.2 (n) Wit

L = -00 + L, (3.2)
waslnnuduiusg
L, = -G + L) (3.3)

s ensatgeldi

L = B +aPu,, (3.4)

4. ; . 4
disdnli L= 0 pinaunisii (3.4) snnsoRgeimassuesi lureaidawmesle

[ 4
ABIBIULLBARWBST I I Al
Imo = W0 = P, (33)

Faiindudleisdnions susrgesn (I, = 0) UazSBEABI LN I1IABABAABS ALY
segnluusandui 1 Whidnding suasa randududa 1 nyzuadidnissunuaddivuin
nginit 1, uansiudy Wednvuzouid 18 lnodhudu Wediigavesgili 32 @) uas
dufunisernnwasmitemnuion 1 fewnioy T w‘;'ai‘hsnzﬁflﬂag"lua1m1

vt Isdnruysd sdenduimemszusiug s8R 153n I, = 0 Ml

W8

= I : (3.6)

‘ 3 -} 1]
Fusreaiuidisdeanism Wnszuansannmeianasn 5190 1A Tnods W18

\J 1 - .’I
seorsdinmeiunzsesiensaiinmesgn luusandummag



1?7

'luﬂﬁ?'lsaaﬁav‘l"yaﬂaagn'luueﬁﬂﬁu anun weinlasan MBI IgBIseY
# ez 1500nA nd i ersas T linmetialeslradatufRin R s e
fruseonsaldTundaauunwe aadie hlvutu Tassedreuswwdndasnssunn Wuan
eermnmmﬂuﬂmsﬁ'nﬁaauammz‘iﬁammﬁuimwmnéuﬁ11ﬁ’1ﬁnﬂsm;]mm‘f “W3
nater §udludiiriawsdugegaiiflenlineannne;  Sdumlaeanimentisensy
nssnadiAnfuluenuSnawauazdinesmouen Woeulns susneadnmes nadu

nidaeiimg i binsudawesigadone

ar  er 2 o 4 r) ’ ’
@envine O caanuinufehsrinainiudssidelesisemess
nindlinmes Nuwagnvesi3in luueauazsesessnitmsaidnmesiuwagn luues

ndu Tnesiesfouaunisi@

L = OL/(1-0)+I./ (-0 <X)

» . .
run1siidAnd waveanszuasy I wennuSou 1 Bde winszuasa 1 d
y . b4
Asudaternindismnsauadl I, 1 s1exiuld nszuoneanamesdiludadiulng
» ]
asfunszueue msizeiiuusWuntsy LR (il 32 @) dnudludadiulaensady
nszumiuad 2 wezsie1endnRenedinilin nszusnsaldawe’ (uosussiundey
s v 1 o ’ as [ q" < ‘a a 3
a5y inthudrdiudvduiunssurue Tnomauuiis S enomnuSon T 31 e

4. 4
vinmFudy WWon¥enila

TunslfiRanmnind aszumue 1, dunszueluueedd  Falinssuadyaud
o - a a <t a e <& o Pd '
Wudeuiund nssuadyanafinoud gad wanddunil nszurreadamedezh
gansowlsmmuns uadygoue iWiisnddnaseuniad T luweadesnisaisu

% ' o 4 a ' v e

niliszunsnssnghhiane  disSilnaseuuninssnisliiuns suadygadahihins:
urneadawesulsanhinulidas  dulsxAvguaiinauniaavaiszannaiily

' - 3 ad <& ’
nsunsnszsaatilims udrwmeinu s asndizguihbid o anasds 3 B

] 1

1A O finnuddiSendt “aauddnwin O ( Ol-cutoff frequency)

. o [} - » * , '
MUV I “auSnudud’” Fuuiatuiosiaelisshisesms 5o
ninsliawesiune  uamesesznitneadawmesie Wignnes 35 luueeii
asald aaed i 3 Aand ShameIdN Husalinisnld
w83 LITNNSETUMNINNRREIINIINglawes Innyadiusalinsuldsuwla

Y8303 sug @ n 0 ol us i uneaid awwes a1 hidummg Wns suareadnmes



18

1 . b 4
lasunlassinnhilds Tneigll s oqueriBves s uaifisnnudnmi
gud 218 suunud sodggdnut R, §381u0mmd IR vinanusuwens sumueasi
dwmiuwsnilisunsudawesia q Tl R, Jawlesndn 20 Tevu dnsuddnew

ns1ugowmes R, linimarsies ey

w

niusrmeimasliguasiaadie q nsmwmasn'lwawﬁtytmmm 9 1l Weaua
'luiiwuumﬂs-ﬂ‘ug"luueﬁsmsmuﬂnnuﬁmaw%’eahaﬂ @it Ingjlicns s
Undlirteonii100 Taad) Tndnmdsavinlysany 30kEA: 10kHzA UNUAFA IS TAIGAUN
i 91 VIR il e aninidl e nszuarlug Tnasguadewnst 1d sl sud igad el
UssAnEamussiziionay  uaiudin v, deslimgameisfiazannsonumivssuse
A uqaqﬂﬁmn3'16naztﬁﬂ‘?ummwswwaanuﬁwamaausaﬁu%ﬂg’?’uﬁn“ugumnnﬁ?lﬂ
dlnedadfas dmiumsmdmmesilfidhueiadnisiadndilerfigauifiesi Wilesan
ﬁnaw?w%af?a:ﬁﬁﬁaqmunszmaqaqmﬁnﬁfyumn wisiimesiidesldlunseonuuules
NSRS H1de Ao ﬁuﬁﬂﬁﬁﬁamﬂaaﬂﬁﬂ (SOA=Safc Operating Area) tlugnvsudu
Wadnuuranidve s udomes uwnidoyaiusimiudat muniuifuan lugalii
33 (n) Fudhudu Wednumzauindrewemsudamesiisas s 100 Tad was
8RsINTzuy 10 wemwly T,nmswvtﬁm'msmq?crmas“n"ai‘r'bitrmﬁnﬂJuﬂuns:uﬁ 10
wonulsH 100 Taad'I4 maamﬂnusanuwﬁmaﬁtyﬂsvmwm Suwari ins mdaned
dflanrmmnselumsuunnssusaundoion 1 uouwld fiduTRadulugildi 23 @) #
smilodu 7% dhuduWrdnuuzamidmsunmhandiuiiig q Guonbeiadsui)

. T R I
Funezdunaiiudl nsudmmeimuudasiginsnihfindduiurile  nusawmess

Seennsauunns zue iy diimuaWiidgynssnslsinudunissns
1 iR mmemsudmassifesmnegmehiuifinanloends  Saciussiinsma
nawtﬁn“tfuu.azm'h?'nsm%ﬁma{*h;ﬂﬁmw‘lﬁ wirnsessnnlsingmsainigia
na1wldkasnsAnsan Wiinssusnifleudiiuave msmdamesua s us sudon
aws‘lﬁqa‘fmmﬂﬁﬂs:uﬁﬁamﬁﬁmaﬁﬁuﬁma‘ﬁmmﬁ’u AB hgilfi 33 () St
Imswdamed Wdgaazdudafiye B v Winszurneadnines bivtumigs¥udns
ufiesRuannnu s i nreadnmestudinmed VoWt wilnlfid fusady
9 9 nszusmsdmme v Ig T uEniEnties tﬂaamﬂi‘:ns:uﬁs'"aﬁauum'lugﬂﬁ 33
@gnc



S

{
1
lc } I(‘
usuuys 0.1 ms | usuuyy

2071 7 \E

[ (n) 10(3 A ('U) Vee (I?ﬂq‘;)

711 33 (n) Wu Wadnsuzouiddmsunmsi fidmnleeadmemsusmmef

oy ar

@) Wudnyazmniivmeglunsudewsy

ns1ud awes 14 een 'l Nma;iruamﬁuﬁ djiAvmleenss  Tnod anseuly
ns1ud smefindamunnnefstithiianswmarstulue st shmudadueaWus
Aussninasail amesius dnmesanmawes Wvnsiniunssusneama@ss ssma
surduessnEIFadhllnududs op Fusiernitans ueftuddui 8 o8uR
uaud we32995nvuenmmiutazd 151 mu159fﬂ'mﬂSzutrTﬁﬁaé'lumﬁﬂaanﬁu
nyzuadl sxrad Thlegtussiunududuganniidauladumijsvesasiwan
mmaﬂﬂﬁtﬁﬂmw?awfuﬁlun dou q Fudlumari e s niniunosyazas uasas

aa

v
HANMTARIINSTUS 2 1B adRmss Nudinwmes

nisseiaseidlsamums udamesaiiIdadienunmssainslleaiu s awmed
. 4 4 dx o e s
Aauanalugifl 3.4(n) uax@) ¥:1¢1a Ten D, uaz D, iimdiiflesiuus wWundunisuas b,
. - d 4 4 . o 4 4
gahmihndludidadylaten wedhuduniaWinszuafidieenddamiionn L ailean

“vinndsanwivdnTufamiionhy) Tradmu i Taobide s i unsudewme? T, ud

. | 038674



20

Tnaaud R, Mldndamggnszaemell dwsy 1, suhmdhiinasasinisaldou

wilasveanszun (dvdt) Witinniesas Fweilalen z wxvrviiiauswunldounlasiangii

finnseu T, dwmiussaduwsf CR, uaxc, luzilii 34 @) sviminfflesiuus sy

<& -~ 1 a o o a2 4
nszland T, FufluwdnmssunnunisiiesiulsSanes

E D, G

R

1 - TR
TR z 1 D‘ 2
G

]

.||_a

. g1t 34 2astlesiunsudames
®) Tnyldn53adslnTen

@) Tnsldresafuief

32. nesnuguusRHhvbthas

diervmnadadinuft 3 ensohnsdianszusuasiimsTanszun Witaeteds
vernnsoh i ¥aouguuswn iag 8dmstindnedadi q fuduiosione
o1 wundeu IfAdids hisimssesmneenidutas Aauanlugilii 3.5 Fasmse
ﬁmqufhmémaausaﬁmﬁ"anais'lﬁqa‘?’w%'avimaﬁ’aamsmuqunau‘a‘]n =), tailn
Gt MIemuvenmladla (Tt +t,) MWulsimng dhusmiadwnsodoush
qun1s 18R e



e e wn v o ow

- m rew  we

21

N

7
////

NN
NN
N \\\

C)\
\\\\
O\

Loy —> o 1, ——

1 A as ﬂ' < =4 o [
11i 35 jilRduus wui Wonmsillndle WWhAgdusmazuSeveasesdu I
< : Y- 33 2O
Famennsad oA s wuedsldnal
V=t E/T=tE/, +t,) (3.3)

'stﬁazmmmlﬁ uswummnBudiutaa 9 ﬁmu1smﬂ‘éauﬁ1usaﬁumén'lﬁ’ﬁqﬂ
aduiuonahigilit 513 SuasesiiGends <aesduifi chopper) Faiduidnatow
avsuviidonhilgiudhnsi s amesdudamlssneuddy  uiluiadeiies
nd 138 1299500 W¥ns ud mned 18 suun'l Tarfuasfaddwindueadludu
sy Faannsandreiniddlinwsasun fe 2essduhifansag (step-down
chopper) uazawsﬁ’n'lﬂﬁwﬂfh‘fu (step-up chopper)

321 nwsdvhbheamar  Tnomishwemsnidmmesiduylu hlafnedia
18 sl adveai e luavesdiueynsudunass s nnundesiebifhdunis siandin
717l 3.6 () uax @) mud 1Ay Fadlens udmmesdmIsdamdvinnadlndlans susres
MR wWwuasms uedipladudansuglit 36 @ nsunEousdundond
A 2on 1R ugINs e M IS ameshidinTeass yannaunaveitamid s iy
Tadaassdiudmazlasnisulsnaiia warin ngaﬁ’yaq' usafumen Wsussdinwind:
Aussfudesaassime S35oneesiid <essdu R anar



e

. VMOS
N n fo-c\ — FET _ /W

14 .
) T - W7 P Y v'i .
' T

7
AR

i 611'- ﬂﬂ-{-nﬂa-} Un-+ e +—ﬂﬂ-+—fﬂﬂ—:— Ja

yvyy

WIT
ﬂ'JUf]‘U

——Tlmi—l
w
N
.]]_4__‘_%_____‘
ml
I+
|

tem
i . - luve =
1, L=am |" e + toy

S SN o ——
/%// _____ ,éi/////

I,

ji3s () resdubidhand s TnslinsusewesmidamyluTnar§
@) 299580 Wi anm s Ino [ dlasdarindves
& o ‘
() gunduusWuuasnI Il

Tugil 3.6 ) uaz @) famdioah L Ahiisaginduus wewyalds S ovas
W$3adslnlen D MndhiidhudumisWinszuanssmalusswd1afiadndd 3 Minngsue
Saudinsiiah bius sWundrann o waundas i essons sus 1, fisivengagad
Awhfunszuanse I Fufuns susnedoninumdasio i L,,, sdinnfesndiinssue

‘i < o -~ 3
5 EdiAEARUSR U 15N (3.9)

Live = t. 1 (3.9)




23

] ' ] ‘& z .
Tnefinszuanisy Limasi deswalsnaida naille wiedyg Mldsmnse

a 4 & 4 o 4 s
ﬂ'snmﬂs:.:umﬂaa'lﬁqunmznuiaﬂumaaaﬂmaa

322 st bhaeadin Taemsnlfnunloaasugilii 3.6 @) waz @) dons
e datiieni L mdeAntuumdsss Wi anieynsy taminemsnFsmedmidan
whlafnfedatdwindueadvimhiidueiaduuui 3 wdsaslussssuumaugs
uematugalf 3.7 () uax @) andiy dieadaduuil 3 Swhitindlens suadianaz
i..'lngﬂﬂaunsvuuua usaiufuanlugilii 3.7 (ﬂ) TnvaisAiadnduuui 3 dlanszug #a
i L esfindiundsane 3 luglenniondn adudeasadi 2 Tanssug damiteah
vzl mmi\"aamﬁﬁmﬁu‘lﬁe_ﬁﬂuﬁuﬁﬂﬁtﬁﬂﬁusaﬁu%un:mﬁuL%ﬁ"ljusaﬁm?:m:wsﬂau
dagnszinlalen Taofinszue 1 vinundasioWfhiisined wasndradidnafionsi

L) o -a' .Y - .’f «a - .
FInFuuun 3 danssug Aiusieansolouaunis Wadi3ais

LI _‘_ A Lo 1D L.
T Pl T >
: ‘ ‘ VAOS
4 | " FET
ey — |__
V.=E = | o0 VoocZ vRR veE= ] w | Jleq ¥V = v
T- M i I . T- | avuau —
;
'
14
-+ L
) ()
v No=(l - Z)E
. CE ; L,
[N P I % .
v 4/-";;‘ .’,‘./ /,/42‘ ’7 ' V, = Am -
* f///, s //’," V77
: /// 1" /

}— m—J— (o< ﬂﬂ—‘-LlJﬂ-——Uﬂ--—L‘.Jﬂ-Uﬂ--—l‘Jﬂal !

(%)

1,

/l-=

I, = fen

] —

—{

laa + Ly

s

<Y
N

NN
N

NRY

P

. (4

= =1

7.17-

(n)

] ¥
11 3.7 () 299sdu i onaFuTnoldnsudewmeSmdwuy Ty Twar§

@) 299380 WM enddu TneSifaidyin e

) A .
() AU zuaUA U I



-

24

Vi =E@, + ) (3.10)
t 4
mssnatumh s e udurug

Vo =1+t /t,)E (3.11)

A 3 o’ J -~ G{ : J ‘: < 1
Faurad wemilfurius e dnandsiganid winszuanszadsliaanawmm

b4 J dy
TANITFIIANNU

L = tL/(t, +t,) : (3.12)

vo W5 1danad L iindifimdonius wu sush cimhnwamssug dimadiL
a ot [} 3 1 9 & a o o e ) < 1 o
wax ¢ i Ingisgeh Ifguedud Wsulidnyuss S susthaauyse 518 19anvu1Rv8:
’ ] L 4
L uaz ¢ Wanad I8 lnemisuasnd lunsilfidvesasesdu i Iifisigadiu i 3sns
1 4 . L4 . ¥ .
o 1L adi A 1d ag g 13 wlunistndlnvesedaduuun 3 msrvasiusideseen

[ ) k4
wwu3es i Wasmdgawerdszanui hitiid gy deduanndiu

1 4 3
Tavd 188 ot 130wl 29esduMiesihwihiiade q sudundewlasivh
] . ¥ )
nszuams M nanusRNaInTesnus Wi ligadu Arsmsliunldou narila nadls

¥ [] ] ' []
nienag Futlumsisualfeuiidiondinsaldousmuauseu (um ratio) weandewlas I
naq

. y_ [
it eu 19 2985 v W 1l lunsnauqueas 1§ 1ve e mefAFH I EuAuid s Tn

- 5 : ' e H '
MsTuRGBUTB UMM UzEIAGRN WU sooud iR 5o TR unsiduned soon
yoaunvudeu dludu



41vidInTioaqgiad WPULSE WIDTH MODULATION :PWM)

ﬁa&'iﬂﬁ'ﬁaﬂﬂta%’un?amsﬁaﬂgmnmmni’nﬁ’aéﬁ‘]umsaﬁaﬁ’tgq;m
o InFaGswitchingie Wlun1sm3nrigms S eme uaasstun (main) Ineldmadianisus
adunteenihiad Fausaziaderiinaunirswesiad bivhaui Wuasgilady p.wm
ansoad 1a“$u1ﬁiﬂﬂl°§§ﬂuttuu waznAlan1Sa31aMa1sTBU  equal pulse width
modulation, sinusoidal pulse width modulation ,inverted sine modulation trapzoidal modulation

,Square wave modulation and delta modulation

g 28nma=yiladoiabuda (pwm)
A aw o & oa o '
ginaunfdaduliog 2 dnwus ¥ ud
P a o - A Aa - o) ar -
Ladufinuudidunuy 2 sy Augilrduiitieg e Aud 198 25:4 Ao +A uay
-Afgildas
4 auw a g w o A4 da a o ' o a w a
2ndunAUUdEY 3 seiy dundunlinaindssndisAudaty 3sedufle +A

waz -A,Aslugidaai

1 a § 4 o o
i 4auma dnvusgilnduRnuud sy



26

. L

71 42 uarnaaduun PwM

.
43 myadapiameiauudam (pwm)

4 ¥ aa o '
nsed1agladu pwm eansead1adun TasitaaqsulRus
a3alams W lalasTliwawed (microprocesson¥rar1u1sons =118 Tnen1s Waunsy
1l Tas Waiweies dsdggpuvaenndestuyueindiiunusifymmnen out put
port) FyzAvslinsAnnAyueIndFnngesnuudereuudaSudiu B humionau
. 4
T Tas Wsweaesaversdeyannmizsnamswieadaiumnmes ( pattern ) doyont
-;’ <® 1 e o
pwm Fund I3 sgdue i nenseni
3 4 a
132lnemsKasesdmanseliad rezasnannindlel$assulSoudion (comparator)
wu o3 LM 339 HuduTasmssaihnsflendyonusuyn Gopu) 2 foyonandgases
ulSsuiisufiedyn e 198(reference) nTodnyguiong@Asimodulating signalFasinay
a1 . & =t Y a o < ' a_ o« & [
foidugiladu pwm né’aanﬁﬂuaq;tmmumsssnﬁ'Jwaqamwumnwaa;ﬂﬂau pwm fi
» » )
Aeyadnve g o aﬁaanmﬁﬁaTnsa1ﬁmnsuﬁa‘umanﬁmmsmé'am?’ogapmﬁﬁ
afSsudisudwarsdnuusAsTugii 43






28

4.4 pindwie s it lumsnaons ¥ol project
32 1ndnn15983an158313 pwm UL equal pulse width modulation s ¥fSeuifiou

' o aac 4 i a a 4 < a
sy sAudyRuRdnunausmany lasadumumasdludygnan

und efFada L s nuanudfivivenudisnaas s ¥iufina g 1.1 ka2

il

MODULATION RATIO:Y = V.o / Vi

II

’ !

sll
i

[

LT

71 44 nisedadyguRfuudausiuny equal pwm

s A 1 o o o g .J 1
vingileziiud dienldouwlasssAudnygudd yadnssninnranesnidouudashim
WidamsaSoufiounninsaBoudion  Wanunhaiadiia i ludayasfidimany
1 4

nd 1afadlidmannrnnh W d immsanases naafidnndudasuaznisilsus siu

saany X 4 i g ' o o oA fo o a

wun banadigadunSeanpsiiSen 1 1dlunisiienganaiunhaadme sus ivd

oiynhanimlaszlirt v dudaiimuremavesdasidiussninuenldgaues

ar I H é [ .‘.l 3 -t 1 .

fynufSdedygumumasn¥iSendifiengasus 1y  (modulation ratic) FeasdiAr i
Y 1



-

—

- T

— -

29

M s

msinlaiu de iy de nissarlules de

(DCTO DC CONVERTERS OR DC CHOPPERS)

asutlasdu de Gl de wieweunled dunisaldnunlasunasiie de Ailus sy’

. 3 . aaa
vha i W duus wu Wi Bnanis .

yaUnle Uszneudas ginsalddnnsedindrids (¥ BIT, sScR ¥de 6TO fludu)
qqﬁmumLﬂummmuﬂumﬂ'lmﬂa Duty  Cyele ; k) ‘wagﬂﬂaummﬂ Alupald
mmsnﬁmﬂummawmuﬂﬂummﬁnlﬁ

yorlules Fashinsarugudasiss Grewmes do ) MaSon, ilszansamga uaz
] ¥
inismiugumisnsurusslumisindeulnaWedisomds  vinmgramariivemhy

- o ' . - .
yernleStnnasduaunainlszan @ nisnIuguIRWeTAINGY (Tracon Motor) Tu

solifimiesoon, niswsnwswewed do (Werhldwdsnmnduhigunashioht

Ussndandaau  Tnowwmizensdalussuuvudiidinsngmios q JuasdnlSuudus iy
de Gludu

srewAnsanhwelnlesdundemlar de W tude welulesererimidimidiy
1 s ar . 0 c{ o .3'
undaviofitilasusaiu do Tanas wFeersmimhiidluundssionnlaus siu de Higaa

(Step up) FuRoINunTewlas If1d e sus sdu

5.1 mymlasussdiliianas
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Vo = k"', (5.2)
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Pi = kV'/R (5.3)
a o A a [ - Vo
AR musuyresretulesdiewisanvinunasie fadly
Ri'= V/I, = Rk (5.4)
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(Constant Frequency Operation)
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(Variable Frequency Operation)
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Step Taarime NTsUm(A) £3010017)

1 4.6 "31 0
2 364 31 5
3 36.4 30.5 10
4 36.4 30.5 15
5 322 30 20
6 35.9 29.9 25
7 35.6 30.1 30
8 35 30 35
9 34.5 30.1 40

' 10 33.8 30 45
11 327, 29.8 50
12 30.8 29.8 55
13 216 28.8 60
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£ National Semiconductor

LM716 Voltage Comparator

General Description

The LM710 series are high-speed voltage comparatcrs in-
tended for use as an accurate, low-level digital level sensor
or as a replacement for operational amplifiers in comparator
applications where speed is of prime importance. The circuit
has a differential input and a single-endad output, with satu-
rated output levels compatitle with practically alf types of_'
integrated logic. - -

The device is built on a single silicon chip which insures low
offset and thermal drift. The use of a minimum number of
stages along with minority-carrier lifetime control (goid doo-
ing) makes the circuit much faster than operational amplifi-
ers in saturating ccmparaior agplications. In fact, the low

stray and wiring capacitances that can be realized with
monolithic censtruction make the cevice difficult o dupti-
cate with discrete comoonents operating at 2quivalent pow-
er levels.

The LM710 series are useful as pulse height discsiminators,
voltage comparators in high-speed A/D converters or go,
no-go detectors in automatic test equipment. They also
have appiications in digital systems as an adjustable-thresh-
old line receiver or an interface between logic types. In addi-
tion, the low cost of the units suggests them for applications
replacing relatively simple ciscrete comoonent circuitry.

Schematic and Connection Diagrams

v
S 2 s
> 1.9%
P4 23
< ~cag <
$ 1500 7500 &
Q3 P—Ql
=
N rell] AL 2y
3 Q2 A §IY  ——ouTruT
NPUTS J
- Q1
GROUND

. . TU/H/10410-1
Ceramic Flatpak Package
— =
eyt :_:nr.
HPUTC L MT10AMW —
T w—" "7 T ™ 7T
| B mm——  m— T
—_ el b IS - e e TUH/C410-9
Order Number LM710AMW/883°
See NS Package Number W10A

*Also available per JM38510/10301

Metal Can Package

TL/H/10410-2
Top View
Note: Pin 4 is cannected to case.

Order Number LM710AMH/883", LM710H,

- LM710H/883 or LM710CH
See NS Package Number HOBC

Duakin-Line Package

NC—L U lNC
GND-g' -‘-S-NC
- NS + H 2 ne
VI U LR
I R 10 e -
-4 3 qur :
NC-—7' P—NC
i . TU/H/10410-3
.t Top View
i Order Number 7

LM710AMJ/883° or LM710CN
See NS Package Number N14A or J14A
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LM710

Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Ottice/Distributors for availabliity and specitications.

Fower Disslpau:)n
TO-99 (Note 1)

Plastic DuakIn-Line Fackage (Note 2)

700 my
950 mw

Pesitive Supply Voltage +14V Operating Temperature Range
Negative Supply Voltage -7v L::710 - 55'?:? +1258°¢
Peak Output Current 10 mA S L 710_‘_0 vio +7¢'C
- 9 -
Qutput Short Circuit Duration 10 seconds torage emperaturse Hange 85°Cto +150°¢ \
Ditferential Input Voltage 5V Lead Temperature (Soidering, 10 sec.) 260°C
Input Voltage 7V i
Electrical Characteristics note 3)
Parameter Conditions LM710 LM710C Units
. ) Min Typ | Max | Min Typ | Max.
Input Ctfset Voitage As £ 2000, Yoy = OV, T4 = 25'C 0.6 | 20 16 | 50 | my
Input Cffset Current Vout = 1.4V, Ty = 25'C 075 | 30 18 | 50 | uA
Input Bias Current Ta = 25°C 13 20 16 25 HA
Voltage Gain Ta = 25°C 1250 | 1700 1000 | 1500
Cutout Resistance Ta = 25°C 200 200 0
Cutput Sink Current Vout = 0, ]‘A = 25°C
AViy 2 5mVv 2.0 2.5 mA
AViN 2 10mV 1.6 2.3 mA
Response Time Ta = 25°C (Note 4) 40 40 ns
Inout Offset Veitage Rg < 2000, Vey = 0V 3.0 f 6.5 mv
Average Temperature Coefficient | Tyyy < Ta S Tiax .
of Input Cffset Voltage Rs < 500 30 4 10 50 | 20 | pvrC
input Offset Current Ta = TaMax 025 | 3.0 75 HA
Ta = TamMN 1.8 7.0 75 HA
Average Temperature Coefficient | 25°C < Ta S Tuax 5.0 25 15 50 | nA/C
of Input Otfset Current Tmin € Ta € 25°C 15 75 24 100 | nA/*C
Input Bias Current Ta = Tmin 27 45 25 40 HA
input Yoltage Range V= = -7V *5.0 - *=5.0 v
Common-Mode Rejection Ratio Rs < 2000 80 100 70 98 d8
Ditferential input Voltage Range +5.0 +5.0 v
Voltage Gain 1000. |8 800 VIV
Positive Output Level =S5mMA<igyT<0
ViN2 5mV 25 3.2 4.0 A
ViN 2 10mV 25 | 32 | 40 v
Negative Output Level VIN2 5mV —1.0| -05 0 \"
ViN2 10mV ‘ -1.0.] =05 0 \'
Qutput Sink Current ViN25mV,Vour =0 - L
Ta = 125°C 0.5 1.7 e mA
Ta = -55°C 1.0 23 - mA
VIN210mV,Voyr = 0
0°C < Tp < +70°C .08 mA
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Electrical Characteristics (Note 3) (Continued)

—
Parameter Conditions LM710 l - LM710C Units
- Min Typ “Max | Min Typ Max
Fositive Supply Current Vin2 5mY 52 9.0 mA
ViN 2 10mV 52 | 20 mA
o

Megative Supply Current Viy25mv 4.6 7.0 mA
Vin 2 10mV 46 7.0 mA

Fower Consumption louT=0
VN2 5mV 90 150 mw
ViN 2 10mVY 150 mw

note 12 Rating acpiies for ambiant temoeratires of 25°C; cerats linearty at 5.6 mwW/"C for amzient temoeratures above 25°C.
sote 2 Derate sinearty at 9.5 mW/°C {or ambient temoperatures above 25°C.
sote 3: These soecificavons agpy for V™ = 12V, V= = =gV, =55°C £ Ty £ ~125°C for LM710 and 0°C < T4 < —73°C for LM710C uniess otnerwise
soucified: The input offsat vorage and ingut offset current (see Cefinticns) are specifiad for a logic thresncld voltage of 1.8V at - 35°C, 1.4V at 25°C, and 1V at
+25%C for LM710 and 1.5V at 0°C, 1.4V at 25°C, and 1.2V at 7C°C for LM710C.
Xote 4: The resoonse time specrfied (see definrbons) s {or a 100 mV input step with 5 MV overcrive (LM710) or a 10 mV cverdrive (LM710C).

Typical Applica
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LM710

Typical Performance Characteri
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i_ow Pewer Quad Operational

Generai Description

The LM12¢ series consists of four independent, high gain,
internally frequency compensated operational ampiifiers
which were designed specifically to operate from a single
power suppiv over a wide range of voltages. Operation from’
split power supplies is also possible and the low power sup-
ply current drain is incependent of the magnitude of the
power supply velitage.

Appiication areas include transducer amplifiers, OC gain
biocks and all the conventional op amp circuits which now
can be mere easly implemented in single power supply sys-
tems. For examgle, the LM 124 series can be diractly operat-
ed cit of tha standard +5V, power supply voitage which is
used in cigital systems and will easily provide the required
interfoce electronics without requiring the additional * 15V

power supplies.

Unique Characteristics

® la the linesr mode the input common-mode voltage
range includes ground and the output voitage can also
swing tc ground, even though operated from only a sin-
gie power supply voltage

m The unity gain cross frequency is temperature
compensated

© The input bias current is also temperature
compensated

Amplifiers
Advantages

m Eliminates neeo for dual supplies

‘m Four internally comgensated op amps in a single

package

m Allows directly sensing near GND and Voyr also goes
to GND

» Compatible with ail forms of logic

B Power drain suitable for battery operation

Features

n lnternaliy frequency compensated for unity gain

& Larga DC voltage gain 100 d8
% Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
= Widg power supply range:
3V to 32V

Single supply
or dual supplies =1.5Vto 16V
B Very low supply current drain (700 pA)—essentially in-
dependent of supply voitage
= Low input biasing current
(temperature compensated)
u Low input oftset voitage 2mv
and offset current 5 nA
® Input common-mode voltage range includes ground
1 Differential input voltage range equal to the pewer sup-
ply voltage
m Large output voitage swing

45 nA

OV to V¥ — 1.5V

Connection Diagram

Dual-In-Line Package

WPUTI® INPUTI™ QUTPUTI
[}
12 1 10 |2 [

ouUtPUT 4 INPUTA™ (NPUTE'  GHO

" 13

D

1 2 1 4 1] 13 ?

QUTPUT & aNPUTI® NPT 1Y v INPUT 2 INPUT - OUTPUTZ
TL/H/8299-1

Top View

Order Number LM124J, LM124AJ, LM124.J/883°",
LM124AJ/883°, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

*LM124A available per JM38510/11006
**| M124 available per JM38510/11005

ot
L RN

wiv
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L3

n2-

our2 wrs

TL/H/9299-32
Order Number LM124AE/883 or LM124E/883
See NS Package Number E20A°
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weuT 1e 1 — U T
e Mizaw P
INPUT 2+ d Q: INPUT 3
InPyT 2= t:: ::mrul 3-
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Order Number LM124AW/883 or LM124W/883
See NS Package Number W14B
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mypical Periormance Characteristics
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Typical Performance Characteristics (2002 oniy)
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Application Hints

The LM124 series are op amps which operate with only a
singie power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpg. These amplifiers operate over a wide
range of power supply voitage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpc.

The pinouts of the package have been designed to simplity
PC board layouts. Inverting inputs are adjacent to outputs
for all of the ampiifiers and the outputs have also been
placed at the corners of the package (pins 1, 7, 8, and 14).

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertentty installed backwards in a
test socket as an unlimited current surge through the resuit-
ing forward diode within the IC could cause fusing of the
intemal conductors arid result in a destroyed unit.

Large difterential input voltages can be easily accommo-
dated and, as input ditterential voltage protection diodes are
not needed, no large inaut currents result from large ciffer-
ential input voltages. The difterential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voitages from going
negative more than —0.3 Vpg (at 25°C). An input clamp
diode with a resistor to the IC input terminal can be used.

To reduce the power supply drain, the amplifiers have a
class A output stage for smalil signal levels which converts
to class B in a large signal mode. This allows the amplifiers
to both source and sink large output currents. Therefore
both NPN and PNP extemal current boost transistors can
be used to extend the power capability of the basic ampiifi-
ers. The output voltage needs to raise approximately 1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the ampilifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.

Voltage Gain
165

AyoL~ VOLTAGE GAIN (<D)
8

0 10 2 kel

V*= SUPPLY VOLTAGE (¥pe)
TUH/9299-4

‘Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive loads which are applied directly to the output of
the ampiifier reduce the loop stabiiity margin. Valuss of
50 pF can be accommodated using the worst-case non-in-
verting urity gain connection. Large closed loop gains or
resistive isolation should be used if larger load capacitance
must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is indspendent of the magnitude of the power supply
voltage over the range of from 3 Vpc to 30 Vpe.

Qutput short circuits either to ground or to the positive pow-
er supply should be cf short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output ieads of the ampiifiers. The iarger value cof
output source current whicn is available at 25°C provides a
larger output current capability at elevated temperatures
(ses typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section cn typical applications
emphasize operation on only a single power supply voliage.
It complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voitage reference of V¥ /2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing Is
not required and input voltages which range to ground can
easily be accommodated.
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National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input coerational

amplifier with an intemally trimmed input offset voitage

(81.-FET ™ technology). The davice requires a low supply

current and yet maintains a large gain bandwicth product

and a fast slew rate. In addition, weil matched high voltage -
JFTT input devices provide very low input tias and offset

currents. The LF351 is pin compatible win the standard

L3741 and uses the same offset voltage 2cjusiment circuit-

r4. This fezture allows designers to immedizately upgrade the

overall periormance of existing LM741 dasigns.

Trie LF351 may be used in applications such as high spesd-
intagrators, fasi D/A converters, sampie-and-hoid circuits
and many other circuits requiring low ingut offset voltage,

low input bias current, high input impedance, high siew rate

and wide bandwidth. The device has low noise and offset

voltage drift, but for agglications where these requirements,
are critical, the LF356 is recommended. If maximum supply

current is important, however, the LF351 is the bstter
choice.

Features

u Internally trimmed ofiset voitage i0mv
u Low input bias current 50 pA
a Low input noise voltage 25 nv/yHz
u Low input noise current 0.01 pA/yHz
" Wice gain bandwidth 4 MHz
a High slew rate 13 V/us
n Low supply current 1.8 mA
= High inout impedance 10120
® Low total harmonic distoriion Ay= 10, <0.02%

Ry = 1Ck, Vo =20 Vp-p, 3W =20 Hz~20 khz

au Low 1/f ncise corner 50 Hz
3 Fast sertiing time to 0.01% 2 us

Typical Connection

‘f
AV

Ynp

TL/H/%648-11

Connection Diagrams

Simplified Schematic

0 O

INTERMALLY INTERNALLY
TRIMRED TRIMMED

Aoz O

TL/H/5848~12

Dual-in-Line Package

1 N/ g
JALANCE — — HC
2 7.
INPUT ==} —
3 6
INPUT — b QUT®UT
4 5
V" — —— BALANCE

TL/H/5648-13

Order Number LF351M or LF351N
See NS Package Number MOBA or NOSE
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Absolute Maximum Ratings

it Military/Aerospace specified devices are required,
please contact.the _Natlonal . Semiconductor Sales
Office/Distributors for availability and specifications.

Suppty Voitags =18V
Power Dissipation (Notes 1 and6) 670 mW
Operating Temperature Range 0°Cto +70°C
TiMAX) -115°C
Ditferential Input Voltags =30V

Input Voltage Range (Note 2) =15V
Continuous

Output Short Circuit Ouration
Storage Temperature Range
iead Temp. (Soldering, 10 sec.)

-65'Cto +150°C

| |

Bia . .-
120°C/W |

"N Package’
M Package TED

Soldering Information”

Dual-In-Line Package
Soldering (10 sec.) 260°C
Smail Outline Package
Vapor Phase {60 sec.) 215°C
220°C

Infrared (15 sec.)
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-

face mount devices.

* ESD rating to be determined.

15€d47

Metal Can 300°C
plig 260°C
DC Electrical Characteristics (ote3)
Symbol Parameter Conditions LF3st Units
Min Typ I Max
Vos Input Offset Voitage Rg = 10k, Ta = 25°C 5 \ 10 mv
Over Temperature [ mVv
T = !
AVos/aT Average TC of Input Offset Rg=10kQ 10 i VG
Voltage |
las Input Ctfset Current T; = 26°C, (Notes 3. 4) 25 100 pA
T < 70°C 4 nA
I3 Input Bias Current Tj = 26°C, (Notes 3.4) 50 200 pA
Tis £70°C 8 nA
AN Input Resistance T;=25'C 1012 0
AvoL Large Signal Voltage Gain Vg= =15V, Tao=25"C 25 100 v/mV
Vo==10V,R =2k
Over Temperature 15 VimV
Vo Output Volitage Swing Vg= =15V, R =10k 12 =12.5 v
Ve input Common-Made Voltage +15 v
Range Vg= =15V =11
-12 \
CMRR Common-Mode Rejection Ratio Rg< 10k 70 100 dB
PSRR Supply Voitage Rejection Ratio (Note 5) 70 100 d8
Ig Supply Current 1.8 3.4 mA




LF351

AC Electrical Characteristics (Note )

Symbol Parameter Conditions LF3s1 Units
Min Typ ] Max

SR Siew Rate Vg= 18V, To=25C | 13 Vips

GBW Gain Bandwidth Product Vg= 215V, Ta=25"C C 4 MHz.

en Equivalent Input Noise Voitage | (1 : 102050 (:;ZRS 100Q, 25 VI

in Equivalent Input Noise Current Ti= 25°C,{=1000Hz . 0.01 l pA/-JFi_z'

Note 1: For coerating at elevated ‘emoeraiure, e device must ba derated basea on the thermal resistance, 8 a.

Note 2 Unless otherwise soecified the 25sofute maximum negauve input voltage is aqual 10 the negative power Succly vottage.

Note 3: Thase specrficauons acoiy for Ve = = 15V and 0°CSTo < +70°C. Vos, lg and lgg are measured at Veu=0.

Nota 4; The input bras currents are juncton leakage currents which acoroxmataty douole for every 10°C increasa in the junction temoserature, Tj. Oue to the timited

groducton test dme. the incut bias currents measured are correlated to juncton temosrature, In normal operaton tne juncion temperarure nses acove e amtient
:amparatura as a resuit of intemal power dissioaton, Pp. Tj=Ta™ 8 P where 8:a i the thermal resistance from junction to ambient. Usa of a heat sink 1s

recommended i input bias current is to be kept to a minimum.

Note 5: Supply volage rejection ratio is measured for both supply magmitudas in
=15Vt =5V.

Note 6: Max, Power Ofssipaton is defined by (e package characteristcs. Oparating the part 2
outside guarantsed limits.

creasing or decreasing simultanecusly in accordance with common practice. From

ear the Max, Power Dissipation may cause the part to operats
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Typical Performance Characteristics
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pical Performance Characteristics (Continued)
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Nofes:  The tempémmre of the primary conductor shouid not exceed 90°C.
1) The result of the coercive fieid of the magnetic circuit.
2) Dynamic performance (di/dt and response gme) is best with a singie bar completely fiiling the primary |
3) In ordex to achieve the best magnetic coupling, the prmary vindings have to pass over the top side of ¢
device.

Dimensions LA 100-P
. Gereral tolerance =0,2 mm

} Recommended hole dia. 0.9 mm
&l
i <i [
i . i . t i
1 . : ; il b } s R )
|| o | e J
!.'.I ! i ! !I‘. ‘:: ~ry | Py ~t
; ;:IF‘ I ”‘7] S T | L T
! U Lo iy . '; a P 1o o
! ! ’ 3 : H I
| i i | ‘
] i 24S ! ! 373 L5 -3
4
? N
. - . 2.7 . -
| | |
! ! i
1 | f i f
i ‘ ; | ! ‘ '
b ; l ! i m ' @ . . .
' . | 3 i Secondary terminais :
3 H H .
. . ! : ! l .
: ! i v Terminal + @ supply voltage + 12 © |
- ; N ; ! ~o Temmmal M @ measure
=t f : ' Termuinai - :supply voitage - 12 0 |
= M — +~ | % ;
: P 00-3000 T ! R
T - . ! i 1 Ll ! ! ~
¥ ) B . i Fi ‘ 1
: e \ N g .
= .08 22.38 | -

\
7

Y4

/

Sld:hdu:: Q9 wesk yecs
E

o NT 32, Care czze
E

Connection ¢

- C -
=M (™M
oV o— - @ Mo LA 100-P
e P

«This data sheet is 2 transiation of the Freach version which is deemed authentic.»
We reserve the right to carry out modificadons on cur mansducess. in order o unprove them. without pravious notice.
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4 B Bistable Latch (Flat Pack Only)
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