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DC TO DC CONVERTER

TAWEESAK PROMSORN
TANIN CHOMPUCOTR
MONTHOL TRAISAENG

SINGTONG PATANASETHANON ADVISOR
1994

ABSTRACT

"~ ADC to DC converter 1 kW is reported by this thesis. 48 DC voltage from battery is
stepped up to 310 DC voltage. System switching mod concepts consist of PWM techniques and
push-pull power drive. Maximum power output are shown by using 1 kKW incandescent lamp
on load. The power efficiency is 80% by experimental at 7 kH, switching frequency. '
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(Constant-potential. transformer)  fluanIANusgToy qununin 2 y» Troudnsyreteesdl
s fu wielivhiuiidiituegiugairzaeusamnilfoy  uny
mdmbuthusiumdnnefiudoswiugnindelifemmnesitidunuadnth il
e lilWidansgode (loss) swlunuminswiteannnuanamieatimi i

nifoutneildufuusandoums Inthiifiogian Teg 2 vitn Ao uvuusmfuld
dmfumusandounsinf  snusaedouma i WifurandoumaInthgaden
1 "Step-up transformer” ﬂ"zu‘t‘mu‘uu'nﬁufuﬁztﬂﬁuumnumﬂﬂau'lﬂﬂma'lﬁnnmsﬂmm
it InfduSenh “Step-down tansformer van2A I8FUME AU hFonhva

nnguqil (primary winding)  wAmIRRiwthdeenliniFenivanannfundl (secondary
inding)
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wioulasInfhuismueinlng q 18 3 v TesRomanvingnusisyssming
nfomasagUiuuvesunundn w1l Ae
1. "Core typefiuntniiiasenimdnifisssenion
2. "Shell type"iiuuuid nenuingdn 2 290
3. "Berry type"iuuniinesusiimdnnrzorecdistributed) senlyTnusen 1 3
tmniﬁé’uﬁm‘lﬂu:ﬂ 2.6 (a, b Uazc)

1une
1

iron /L.V.-lndlng

; 0 o 1LV winding -
% §HV winding ] -H.V. winding
h g

Nron

(e}

7 2.6 muniswiirveandeutlas Infhmusnyasmeasnunan

a) Core type b) Shell type c) Berry type.

| 4
L4 ‘ o«
WU Core type WnATanilavasvanIame primary UQY secondary Wi 1378Uv1V84
o ' » - Fy > 1 o o -
unuimanuEasd’ mavuuuuinhIesmsialnaveaduuseuiingn (fux leakage) Miifia
H 4 ' 4
nnvaaaeis 2 a3l FohiflAduuraniminindes (inkage fiux or mumal fixyvesyn
: A‘ ‘ ) o [} ]
QA 2 T1nB3Tu UASINUYA primary 102 secondary  usnfu T UNVIVBIUNUMENUADE
- > 4 )
faudresihifeamifaluoves mx  vndsdu Felinademathvvesndeudasni
L A. -~ 'U o J '
BEWEI (seriouly) UnAuduun Core type Ui dMunFeur/asiidvuinlng
o 3 o wyd
UUY Sheil type U¥ANIANA primary UBE secondary Wy I3RUnUARNYBILNMINEN
' o 4 P o
daufindevenumiingn 2 yniwhmibiiow retuctance fiux path 1fuisg
o S a o e 4 o P
fMIULLY Berry type WulunundnIegiaeseuq vanan unumdniiduilufies
P & od
doaliTnzendraifiuuuy smen Inefunuininnasnesenluseuq vamsmmaniu  wuudl
AW 1m A‘-n
dueuuilifsumaeii Tassndwiigaenn
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2.3.2 NMINUYATIA (Winding)

mynuvanavesndemlaownis1d 2 uuulng As

1. VY concentric HMIUUTUNTINTZVEN (concentric cylinder)Mg1l 2.6(a) wuyits
samusvhegnoly Midewnntlymmahauanfudusisil$Hheanimiuss a3n
#¥lumah coil futﬂumanmumﬁt{’unmu suiienieedainld  swdsan
91017 1 winding 191711/ 1u core aoviude I dmusedh (L.V. side = Low voltage side) BY
MaluFalasadoniuasdirsinonnudouléanhindae

2. wuuilysnudouiu(sandwich) Agl 2.6() il lumsaaduussuiming
#21n0 (leskage thx) Wasadl wamauseshidhuwy 2 dau udnzadevesvaniaus
ci1ﬁ’uﬂs:nnﬁ‘:ﬂwuawammmqwan'znﬁ'lfﬁ"«mqq un:tmoinfurhu'lnqitﬂwﬂmﬁ
neaunfie e i (vamish) Fausuanasiidudie otton) RUTBU DIANBIUA

o<
fnnnil

2.3.3 nguuazninariveantientosIni (Transformer Theory and Principle)

nﬁ'nmwpmﬁ'auﬂm (Transformer's Principle)

nioulnailszneudiovanin 2 qa Avusguuununingl 2.7-1nyaide T
undsduiialnthidonds yuyund @rimary winding) TeeitfusandeuInshannsoueq \2
(Vpvols  Bnyawiteiide ldanssnisIndh (oad) Sendwanfugdl (secondary winding)
TaofiusaundeuInthanadoud oadiffu v, (Vovolts $1MINYBIUARIAM primary uas
secondary I$1uaussuiiu Np (Np) U0z Ny (%) mudvudud 185udds Ifhevenily

4 5 -J X

FunssdmTeusaganld valifusgiumyidau
4 . 4 d
WendawlasldFuusunasumalifh v, voits (61 lilfiva primary pri) oziild

- o 4 4 ' '
Wismamilonimsundiou il v, mafu secondary (sec) (g1 2.7-1) Tu Dand ez il

s o sq q’
load WBNMY lunsdiiautl vV, =By =V,
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LAMINATED CORE

o T T I

IR ]| |
& i g ‘ NI 1
’ - :ﬂ? 5] f.‘ SEconoarY |¥, =
gpm.mr if ," ' )
J e
e 24

v &
7Y 2.7-1 wdnmudissduveandemlng

>
wuawumvnaqhum{
XZ R Iz

71l 27-1.1 Nesauyndvsandaurineeiaq Aoy Infhdsludedeiu
s 2711 i ifiesmmanihe i ladedatuoe  azduds
AoamsfuIam perameter e veandeuneiedafenddym Fufudehimidien
parameter AT 1 lSeduiifu InnTenrseznduiui1dfegy 27-12 Famsdreds

dnm‘fﬁz‘ldﬂﬂﬁqmﬁmﬁd‘m veandauanidow Ty

M

1

.
ah
O

l 2712 Nernuyndidenineg mandend M imedudgugd
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2.3.4 BNTINIUYOMIUATBUUBSNIZHT (Voltage and Current Ratio)

‘ 3 - 1
ningl 2.7-1 el Tnanumemetiu secilfifanssuer 1,1nasgnn sec. unsdl

A ' " e ’ . C da
usandeulnfmnaden load = vy (v litiniy By daumed pr dufilinsun i, uos

4 4 ; ¢ v ) v
uzundeulnth v, 88nuein sourcs iilethmadunasie lfinuhdandau vyv, i
J L) v & 1 a < - ¢ - [ 4 ! o o
sindifisaiudandiuves NN, unslifilndifsediudunduvesdanidiuves 1, vuf
g - 4 t " 4

fie Vi, fimIndifioeiy Vi1, delimanifiouuniaswea 1, fsTunn sec. duilnahld 1,

o o
nlaeunasdqe dude
Vol OV,

1 4 v
Wuusauiinitn () dulngjiindes gink) ¥ARIRYBY pri Uas sec. AaNU Tevhld
- . 4 4 2 4 4 dad
danmilenhusuniewlnfhiui 2ve @uos By FemwsasundenIndhilivaduil

o t L 3 J & o A
dudadunuhiuuseuvesvnntaudnzen  daldnnanuduniuimunguesmamilonh

A luaums

e = NP/Y....ooveorerereeeererns s AR AR (2.10)

e o= usunfoulnthitmivahiuluvas lavasnil
N = $1uaussuvesvanlnd I8Susannioulasveady
uIaitManAsnaLm
adat = Sarimanifouneseaduusaimdndeniaonm

- ] o
vufe Eq/E; = Ny/N; = a = Sanidaumanldswninsvesndoutlng

= (Transformation Ratio)

P) 4 dad - -
ie By ung By feusundsulnfhiiiaiuluvanin pr. uns sec. mutidy N, fu
[ L) . (Y o A o : .
N, M8 INIUTOUYBIVARIAN pri. UZ sec. (UMY dmFuusundoulnfndves pr

H 4 ' 4 d a o '
uone sec. M3 2 419 WU unnemnusaateu MfidannmnmiionhfiRoudndsom

» y . ,
1 aziuSe T Vector v8a vp oz vy Syuuansinlilon vector ves E; uns By

L4 o : -~ 3 J R =I3 * 5 [
winin. Aly  AimnesfinTendiwsundeu Idfhfidaceminal voitage) Wwitludagiau

TroaTe ﬁuﬁmnwanmvmuﬁn:ﬁw
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Trodysunauds fosldanudunusfeaums

Vp/V s = Np/Ns = Transformation ratio
, .
. v 4 ' v o d
Smnnmggdsthas Itthnamehmdauloaidddaudnles fdamd
: .' & -~ 1 L4 d e L4 o 4 1
@ouia g ufdessinsanldnddnldfy  ower oupu) umdalaidhld

(power input)iifiiifiu Wunde
2 Ao IR A R 0's S O —— @2.11)

»
1 o -~ ’ A )
i1 cos@y 1Wu w1 ldnnwilaved load UAINBINNIT Power factor YBINN pri.

-t [ Py a o : -y . )
Hae sec. Innuuansaisuinies aniusestnan1dn

2 A R —— (2.12)
nie  Vyv, = Is/xl; O — (2.13)
LT L TR 8. R . — (2.14)

wifoutlngi] sxhmiiifdeds Il imedm pri vt Inerfumde Indidl
manAounlnaiiudanazg puise) St InseiideaiuuuiimenlReumsnyndoudu
09 (fluctuating) wiefinsuAIMEmadatianasidaosarnidanuitinfenmedanild
ssemh Widamamilenhusandeulnthiun see.  Suidosnmntiman/douasves
PulI9(flux change) 1M afud Inarei et Tne pri. fidnefinneannifiesi s
INAATUNN sec.  Aaudaiiindounaiisnuazisu lumadousveusandew il

[ 4
uasnszue Inf lueernyzua Inerdumniu

2.8.5 NqUYNINNIY (Theory of Operation)

wernuth lsiwlumgugnmahanvemfeudnainfh alasfiesTudunnngy]
A8 UUIRA (concept) ﬁtﬂuv‘fupu‘l‘i’ﬁau anfuseszndndndouas i fmuany
finly (Ideal Transformer) nﬁ'auﬂm'sﬁm{'hiﬁnnnqq;tﬁmiwq (loss) Firatulunde
mas  Aohdufunmenmeiveandeuladnsiiafisuluanudnld  wlewlng

»
Y

Tn#h muanudsiunTemugaumyol Jdeal wansformer) M1 1diAnNndnmafail
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I'l.l 2.7-2 Flux distribution 1M transformer

4 ) - y - ' 4
inla v \2 Wl ifanTsue I, arzuativh Winaiduuruiivaniainua

4 o d - o - - 4
@) uuseil ezmilonhvameveuiusuazvaanusandugiifinausundeu Tfuily

£ v @ d o L
By uazEy Yundeuq fu wufle B; uaz B, mia¥uilulumungues Lenz uny Faraday
o« & 4 A. J :
mudidu iufie v, = By uns B = v, lunsdififundainlneItfhmugaumsel  winiu

4 -~ : o o & J ‘ [
tiaunileunladeden (Actual wensformer) Wy Gndnmamaumigl 272 fiil AsiileldIn

LT Wl fdundgugih Winazun I, TnaruvamanillUSieeTmeuen eerni

J o o - 1 ‘ P
usniifie MwinnTe Source vo9RINIUEY) M dlifAduLTILMAN (Fiox) ¢ YuF

¥YAN7A Primary
b, fil1zneudie murual Fux(@ygp) URTleakage Flux(Pyy) vaiz §; nidewuas

<t o - o P4
Tmumadtswdasveanssuani ifamaniiend em.f.(electromotive force) Yume
-~ o o 4 1 ’
usa pri. uazlinmmuearadudiy Vp (MUNQYUBY Lenz) W Insied lidlu simusoidat -

4 .
wave form INIIZRSUY ¢1 14 sine wave #10 (hlﬂﬂ loss AN€] 1IN 1ag impressed Voltage

vp Nl 90° y fudle

P1 = Dimax COS Ot = Py + Prpeveeeeeeeeneinerneerenressesssssssssssssssssssssseses (2.15)
AUNQUDY Lenz 18 ey = - Nyd{y/dt
e1 = Nj®OQP1m,:SIN Ot
Eimax = N1OQ1max
By = N2TED1ma/ V2

Bi mid A4 1P iaansdnuaimss e hsmnasiminubsusslemm (2.16)
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4 P e
By = effective vame %38 rm.s. vame woausundoulnfhimilenhiuly
primary uasiifemaazatududu V) (volt)

= back em.f. (TaV)
Np = $IUIUYABIANN primary (TOU)
“ [ 4 1 [ -~
£ = anudvesIaduiiswldiuvanin prizeuAurit=ces)

H d oL da s
¢1max = fhix THUANINAYUNN pﬁmaryﬂlm:nﬁmqaqa(nma'f)

(1 weber = 108 lines)
Oi = ufutmuﬁmﬁn:’wﬁvmjguqﬁ (Primary mutual fhix) (13U 9)

1 A ad L - - -
¢m = tﬁ’uuﬂlmm5n1’mmﬂﬂ'uuYNYI‘Nﬂjuqnun:nﬂﬂqu(mumal fhrx)(l’ll‘l.ltl'f)

= dim

4 s - - .
usandeuInfh g, flsvnendas By uas By Suiinnn ¢qy uns &gy 0 By
J v W *
uag Eq; U inphase AusegLl 2.7-3

s ‘fl
44

31, =I¢f 373

4

.......................................................................................

4 -
We By, = mawmilenhliiaen Mumal fix

- 4 s - ' >
Eqp = MImilgnhAAN Self inductancenInidunsausimanya

(leakage flux)
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N

o - -~ e : d a P 4
dmfunndunionll (secondary winding) Wuitanmmitenhusandou i E,

J o o« - ‘ -~ o« 13 -~ . 1
Wuluvazeadudy By fisdu uoslifimmelllumafaaiudae ud B, fifnen by 11
v 2 4 . 4 4
u faluvRYes By Susgiuiiuig Ny uas P umdesvanin secondary B,

- ‘ -~
[} ﬁ'ﬂu‘l‘{l ﬁéﬂﬂ'\ﬂﬂgﬁﬂi Faraday

e

=

By = 444N B ot seesss st snsssssesenssesssssnss e (2.18)

P
u‘}a B, = induce e.m.f.NN secondary = V(18 no load)
&
®m.max = maximum mutual fiux #130 link #ToRdBIYAGsec.)
= Oymax (13U Ideal transformer)

Ny = $14IUTBLYBIYARIANWAIY secondary

Y12 no load ez IdAnuFuRUTYBINTUARST

I, = I, (o load current) = I (magnetizing current) Tl 1 i‘fﬁqumunﬁa(mg) vp 1l
90° unz inphase M1 ¢ unz ¢y, aitedumdaurlnsmugaunaal) vairiime secondaryluid
badﬁ”ulp =1, usiled load Wudy 1, fozTuiniiy 1, udaus 1, Adensfiegansnnaudh
load YN secondary szildomnias Tty

umamaums  mamilenhusaadeuInfhiimedulundeuned murvonld
NnATANNYES Faraday 1diduideaty TreRvronmanifeuniowes mx fifsty
Aewilamiazam NNMIRNTANINGLUYEI sine wave M1 274 wudhilmynldewning

4
unzanitndnnn ofetgagefe Py meluam var mmzasiudindudnh 1 om i

AWML o (1/45)
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CYCLE ————ai

-4—’1_]

A ad - P
11274 uam fix wave ffdouuadlumumfalniidy sime wave mwlu

nifeuriaq

average e.m.f.Aiurn = 4f¢max
average em.f. for N tum = 4Nf¢’max

»
d1M9Y sine wave ﬁ'uﬁm form factor = 1.11
form factor = 1.11 = (RM.S. value)/(average valus)
| 4
IMTITRsUY

R.M.S. value of exn.f. for N tumn = 444N .0

2.3.6 ndemnsidnmmanndusia (Actual Transformer)

ieanuemeremnd longuimahoussandenindnth  Sahnsuenues
seniflusunousail

1. Aamagaidle (oss) MARINMIggdefiununin core loss) AMIgedeiia
nnMyFveaduusaniingn (magnetic leakage) unzdeInfide1ufvanan (copper loss)
Tuvananians

2. TufnamySavsaduusausiindn (magoetic leakage) 88191

3. AinsmaguiAntuianun(cors loss + copper loss + magnetic leakage)

v v

} 4
o o 1 - A §
n 3 dussudnuuiisnnesdsanosauisnsundeutod I lilin1rzmo 108

dw o 2 o
uozaoun 14TuN1IE (on load) Treusnitludunsusail
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n. Aamms delimiggydemacInlufumumdnmindu

iijel¥maz (NO - LOAD)

1ﬁaﬁ101ﬂ'lﬁ'f'\'umfauﬂmﬁ"um'l'rﬁﬁﬁmsqogxﬁu'luunumﬁn (core Toss) 1 udes
Titinye IMf1 o 1oad) ey

gl 2.8-2 Asfigeude T Iuunumnceore toss) veandeurlasInfie nysteresis
and eddy current losses 11184 1Y impedance drop MinaluvaaanRsuldidy Swilsan
nanudumuvesvanminieoun adevaiieln wvndln)  Talidunfa (1 #d0
2 - 10% 989 rated current) avUnTzuade il load Imo load current) NUTENBUATY
nTIUE 2 dau Fedmniu Ae  nsumswiiteanenmuiia hysteresis and eddy current
(pte) funssueriim AR uus i dn (magnetizing current) A 1)

i §, dozumdey (inphase) Mitsunitoulnfh Vp (Vp = By) et A
vanalgunll uA I 98 1ag By 1 90° sufoh 1, Aammnindagagnn E; N

Weauiiu 90° 1ude

S, (2.19)
nie I, = Vipe? + A 2 Y0y
iflely . = 1,008 O,
I = I,SIN O,
e O = TAN'I(EL) .................................................................................... (2.20)
Ihie

[ 4 [ 4
TavnAudavinaves 1 Hunnnd I, wmooh AaiSenhld 0, falndifies

4
[} 1 (% d + 3 [ 4 J [ 4
90° iny1eh I, fiddesun asiudeh Idyuiiuandussning vp i B Sanfesuin A

v
L4 -~ J ] « L J
HudhAn Inotzinamdaternnanldi 6, ifinds qag) v, Tlideviiu 90° gafiaas
[l & v AW J
sdunmregnTiaTs TaliAal
J U A L 4 J L
1. nysue I, ddianfesun denfFfeudvutunssun Idiindeuting Indessw ity
d
MIUAUN (full load current)
- d e - [ ] 3 ” [
2. NAANUITINT permesdility ~wsaununAniundownlas lufusweanTsue
N o dq o 4 4 <
NYsAU (exciting current) ¥avaisiiladill  snfupiafuveanszuenszdunie nyzuniivh
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4 v v o v & - . v od &

Junfouduiy 1, e  AniuSah I lduodndvssnesmanindniidnes TuRedy

ursutindniniy ¢y Switesnen %) by uhnssuemednduimfuindousn
. dad v 4

I, il I, Faviiy I, + @) # vector WuIBY nITET Mg RidAIuswdsamnen

ndautasldfumssinl ; ulduans ianuadluvuaeuudalugl 28-12 84 g

I, {";:- K >
i 174 9 YL ot ed, 7
v.% HP4 t@: KaY, 3 ;Jc’f ) i;’.ﬂ%‘ Yy ()
e T g (@) befir_{ |
I Rl ' =42 .
. Io F;—;ﬁ.—;'} __toap I, f‘“‘fr- e
' Ty | 1 2y
R r:._lw (&) A = S - o )
St gl & H I
:--: ﬁ‘::.)l | SR

71 2.8-1 uanalnngmrsiveudunauindn (magoetic fux) flfounlaglush
vazifien (transient) uvairitndeut/as145umssIn
(@) 1ilnda N85 unes N Resilud O ity
® il 185uneIn I, nedmswin ke ¢, Fumaumady Om
© vaz ¢y, anlyl X E; arnuing,) Inaudunieddyn ai
e (dy) dimmeasediiu ¢, urivwamiuTaeidad e
AuseIn

o " o [ K] A
@ O nduviegluanimforiu @) udhinszumiounn I, Tl

I Faviiy 1, + @) TevitmszIndlu 1, medusien

1 s L] J [ ] [ ] . 1]
satu 181 T Idnedwoe IMesaou e lafimy A luvdi e weadu
d ' i - 4 ) - - o
uran Tvormluununan vanusRaudanlusndensu 16185 un1ss Muanin wudle
: 1 1 - A 1 [ d o : L]
iuusananunet fiuxy dewidudioneulaldFun1se InTrodszuay muu‘ﬂ'mﬂﬁm

wesmagaduluunumdn (Core loss) drnsitnaenlufiminrs Insag difinne ¢p 1



26

. d
AN lnedysua

¢s = (¢s')
Noly = N1dy) = NiI;

I = NoIy/Np = I8 = (Iy)eeerceosemnnnsessssesmsnssssssesssmsssssssssesssssasseses (2.21)

1 4
studendeutias 8T umarInSe I nszuampd. § 2 daw e 1, uns @)@
: fod L L ] L z
a ) Hilfian19ves phase avaudwiy I, uas Jwwnmoindy I, misdae 2 nrzumisnus

maduiuln Afenauanmu vector ¥83 I, M @) Aueralugyl 2.8-2

I1==Ip
|

I=1y )

Ip_=- I¢ Iy =Inee

y " . : v 4wy
11 2.8-2 usAInULTZNBY (component) #144] voanTzutN AU A 1ile ATy

el

v. lidnsimafvsadunsauimdn(magnetic leakage) 881IAEY (AR core loss UL
ANUATUNTUYBIVARIARDY)

nﬁauﬂmmuqaumsaﬁfu Arvanaelifianudunu uazlilidauigyde
AN (osses) urdmdaunaeden Yudeadinnudumuguens 2 Auvessvania  aniy
i IAausundeunnassuamudumuyevaniai 2 Sudaldunaseil

4 4 < - ' ' 4 <
1) usuRABUNvI v, = v,  Anudumunamedisnlsoniusasdsumiionh B,
A - -~ o :’ ¢
Tifluduau LR, s R, Aeanudumumedundegll fniu v, Menasmamunn

mBiuBs B, U LR, Meg1l 2.83
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Tinaiduusauiindn (magnetizing current) 39111071 simsoidal wave athausTagnmzil
. - ; o P [} 5 - - P Py o -
hysteresis inAduluunumAn)  Waillwnniudaletsiorld vector Howumunszuaiioziin
4 - d < . o
il iMANANABLTIG vector MFdouilidiSouumumanBounineves simsoidat iniu

¥
uah lumalfifuda Tl difennuusnd lnmin . aniuSadeitoun 1, il

sinusoidal AW
) v 3 v do v 3
3. I I, desun  Antumggudoias IvesvananifuIntedansld dud

e s 4
Aalnnladh hihiu Bolisannmgodeluunumangon 1oss) vsandeuns Tunw
} 4
UfiRudninfieduthuyuil
4 '« - od s Py -+
4. Wesvnnhianggdoduingil  dumsgydslunumin  Fvi A current

4 - o 2 . .
vector 118U 1Ny (Ideal transformer) #YUU 90 JuTund "hysteresis angle of advance”

weiiancvivh (ON - LOAD)
4 ' ¥ Yo - 4
disnuduneidvemndeutadldiuns:  somldinamy Inavesnszue 1, du
2 4 . o 3 o

AT vinauasne(phase) v843 I, WenRouiisudy v, dumldninmiaveiniszIn

4 : [ 4 N [ . A 4
fnudeutoniulafy  nysuassumieucnphase) MunsandeulnfuionszIniiuanu
_ . . i 4 d
AunudIuq (pure resistance) uRTMUNAICag) urundewemss Iifunuumilonh
4 d
(inductive) uazezthuih gead) 1Won1ye Idiuuuuniinnug capacitive)

azue I, MAnduih WA d, Fu ffmmarafuduiraindnnsnmain mx)
soamednsui Futhuduussuiindniay oumat mxy  wieduussusiminades ¢y
(lmkage fix) SwiflBawInIn ) uusatiman @, i Seninduusaindnes
(demagnetising flux) asfudai i Om dnnnshifsssvasnianniy  Aoafudah iy
usundeunfliiaenmaniienh g, anaely deithusuildehdiausnsaszng Vp
fu By nndudedhunaWTnrzun Tnai vt umediudundh

Warzuamudmusunduiiug,) nysugilRrmaiidedy phase (anti phase) 11 I,

A ] ] 4 -
uasdivennysuadundunmeveaniz Itveaneduiuin goad component of primary

4 ¢ ; -~ [ 4 A -~
current) NyzuE @) Hadauduraiman @) Fulifiema lumafeady ¢, ualifien
[ [V < ' [ : d - ; ] o v 4
anstuduiy ¢, unzlivinaminiy ¢, A Anlunefifislunasesutindn suiiisaun

: -~ L - 4 -~
nnnszue I, vugnih Idozifiu (Neurralized) nisnualy llluiudidula Teua,) daia
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4 e da ’ & - A
2) ﬁwmmmnu Bl AASHARTNINNIIAIADTUDY VI = Vp Y IIRI (31, Rl lﬂu
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112(R9) = 12 Rguurnnnnnsnncnsssssssssimemmsmssssssmssssssssssssssssssssssssssassisssassssss s (2.24)
Ry’ = (/112 Rouinnesesssssssssssssssssissssssssssssssssssssseses (2.25)

e lufn 1,
T8 Ry = 82ZRguumeerenessermnsssmssssmss s (2.26)

Mussfenty anudununuyndvsssadyugi flothe 113 efer ) M1vUA

- -~
nAogiife R,
v v
ningyl 2.8-5 1 WermmudummanBmeduiuIn denuadonaaudumm
dw yod v Aady o
fRihamudmunuyadveandeulamai  Wednfiduiuln
Rop = Ry + Ry’ = Ry 4 8%Rgucnnnrnnnnsssnssssssssssssssssssesssssos (2.28)

»
L 4 v o A 1
Musudeatu anudumunuyadvemndenamisiuiiefirnisdueinfe Ry

(qU 28-6)
Rgp = Rg + R1/B2 o ssssssssssssesssssssssassssiens (2:29)

spimmAsarnsimmmmngod

4 ady.
1. sitovhunfAandusu'ln (refer to primary)

Ro; =Ry + Ry’
2. iilmhunAaidiudeIn (refer to secondary)
Roz =Rz +Ry’

e dedeenmanifous r Tufamedudu A a2 dhldqourdrdesnisfin
nudune Il a2 s
11“110 a = transformer ratio = V1/Vy = Io/f[} = /K

v. 2 myfvesmuiinan (Magnetic ieakage)
”* J J 9 ‘ o 1 z
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v ' 4
wundae uamuanuiiueiud lidhuswiy  Midesdmnundedunsanediui 4
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- 1 d - J : . .
fi. ﬂﬂﬂ‘m‘lﬁjﬂglﬂﬂmi‘] NINAVYUNINUA (core loss + copper loss + magnetic
leskage)

o + o [ - 3 - > 1
mufinaudalussu v.2 Anuhmdewlaeedeq Wudsslimsfveadunsai

4 v ¢ v

MAN (magnetic leakage)Auaziiudannuduiuiseg vsandeunisanui 1ddail
1) impedance Z; uaz Z, vemuAwmiuln  saflinuinunauinvesnnudu

YUUAS reactance YBILARSATUAMUIIARBTAITUMIT AN mudiAy

‘ 4 J «» » : 1 1 »
2)  uruadeu i Miumeduiuhiulisumsuearinmunane fysass

4 4 d y v 4 ' da L v
mdou Mimilenhivu B, fuussndsuldanasey impedance I;Z; fufinduluvaiyld

)
HUARD

Vl =By + 11Z4

Vi =Bl + [RIHX D e (2.36)

4 Jd d 2 "l e
3) urunfounntionhvunvasen By ﬁmtmnunnmnmunmmﬁi!Ntm

4 d3 v 4 ; da L ' S
ndouliiv v, Suusundioulianasey impedance I,Z, fiin¥uluvasiold ffude

By =Va+1)Zy
By = Vg + In(RyHXD) ettt sssssssesenas (237

2.3.7 nIinaveunemine (Transformer test)
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e P v A ) <& '
TumaRawmefindesiiilafanmeAunIzioy ( ripple voltage ) FITIWITAUIA

ripple factor U84 Rectifier 14910

4 « L/ d * L3
I = AWIAU ms nyzumaduiiiludwmlyzneuvesdygne
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AUNDGYDITY YN

< ' I - >
FiluguvessssunssuaaiulizneudiuIsiu de Ae
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L 1 J [
UTaNIAT ms vesaundlunssuaady Ae

2% 1/2 2R ] 12
2 2
vr(rms) =] 12T Vgc 40 = 127 V -Vg4 d0
L 0 . L 0 .
2 2 2 .12
= [ v(rms) -2V4c + Ve
2 2. 12

=[ V(Qms) -Vae |

#1150 Pull wave rectifier 9514

2 2 12
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2
v | - 12vm
V2 T

V¥ (172 - 47 ]

Vrems) = 0308 Vi
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V,(p-p)
V, (ms)=—————
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triangular
(calculation not shown) waveform
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I ‘——3‘

T —f p—T)— wt
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f— T —] A
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Tl‘!'vrz
S

L/\ /\ IS
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o
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Vr(ms) =V Q-Bz ...............................................................................
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] - v a
nngUil 212 sunsneinglddil

4Ty =TR-Ty =TR2- Vpp.p) (TH) = 2TVg- Vpp) T

Vi 4Vy



Ty = Ve T2 v, ST R R (245)

unusigtumy 245 lumums 240 old

Vg =lae (Veo T2)

C Vi

lﬁﬂ T =1/

Vr(p_p) = Igo Vo corerversimeminniniiniiniiiii e (246)
2ACVy,

' P P
InumIaunITh 246 lumumn 241 o214

\{Krma) = vl‘(p-p) = Ige Vo ceeemrmcseseniiiinninen, wreeeerertsesrasarrnrarennares (247)
2@ 44-3- fCVy

4 d d . d )
HnaumIn 246 wasaumin 247 et ldmar ¢ fAesl¥lunes

Rectifier 19
v o
gety thdeamInITUN ontput 4A, Vg = 310 V , Input rectifier 220 Vg ANND

50 Hz #ABIMIIAT Vg 15V

S.C 4,X 310 = 11,505.17 uF

4\3 x sox Y2 x220
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1. UNUZIUIN ( Positive Plate )
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4.4 WIIMUVAINGS ( Battery Voltage )
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Tusznn Ineuumasiog 2 uuy
1. WUUNTA Lead - Acid '
uuuf:'azﬁmuﬁ 2 V/cell
2. HUUFN NI - od
uuuffazr‘hﬂuﬁ 1.2 V/cell

I - AJ -~ - o -
Tunmstnussiitavesuumaeill  nrInnudndnssdiuddnuafitau  daes
1 - a & 1 Y -
aglugy A-h 130 I*hours nFenTsumgud1uIuFI U 194 100 A-h ARARezhinua

[ 4

20 hours ¥fiuToeusA

10 hours 1¥lum7 stand by

5 hours

1 hours

411 qanmﬁ'ﬁsmuunma’; ( Characteristic of Battery )

1. #1 b (hours) BauLUAATDI Apezy 1A High rate discharge

2. i1 h (hours) e‘fiqjmmmna%:ﬁfh Low rate dischargemnmsannﬂ\mmmmn‘i
M1 18%9 uummeTuuIA 100 A-h 20 hours 197 5 A 9:181&MM20 hours Anuda1R



68
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A-h= uﬂuﬂ - ‘U'JIIN NMIUNADNYBAULILAINGTY

n = nald @

P= V™
I = PV
A-h = I*

ez 1dRfAveILAAES = Ah = I*h

414 Snvaznmvionumne’
1. Floating charge
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Lead Acid 2 V/cell Floating charge ﬁ 2.15 V/eell
NI - od 1.2 V/cell Floating charge 1 1.35 V/cell
2. Bqualizing charge
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Lead-Acid 2 V/cell Bqualizing charge 2.3-2.35 V/cell
NI-cd 1.2 V/cell Equalizing charge 1.45-1.55 V/cell
91N W-H ¢ff.% = A-h eff.%*(V discharge)A(V charge)
Tun36i Equalizing charge 92v1 I W-H eff.(%) FOANTIT V charge 9

415 mden Charger
1. uumasdne8ueui f¥Tus
2. dpamrndelfidunieluiid Tuq
3. yilaveaumaeii 19iluriiala
4. RtamInuldvenTzuniiteduunned
9N W-H eff(%)= A-h eff(%)*(V discharge)(V charge)
NN TN A-h eff.(%) YI2110 90 (%)
fufu Wl eff.(%) = 90 %V discharge)/(V charge)
I = (A-h)A(W-H eff.(%))*h)

Ah = usutl - ¥ Tue
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W-H eff®) = Ussdininm ns - $2Tu9

n = s lnitdesmynde iy
¥ lumnaas
HUmABTYIIA 200 Ah 12 V 4 g AseynTuu
A eff (%) = 90(%)
Keamandaidunely 15 $2Tw

A

W-H eff(%) = A-h eff.(%)*(V discharge)/(V charge)
= 90%(1.8)K2.25)
= 72%

S16uTAR V discharge = 1.8 V/cell
V charge Equalize = 2.25 Vicell
Fufu Asando = (200)/(0.72)
= 277.78 A-h
dedpamyndelifiumelu 15 42T
ey deande = 777815
= 1852 A

v. 2 ©od 4y
AU TIADAUABNYUIAYBICharger NUYUIA 20 A NUTIAU 48 V
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EVL31-050(100A)

P

e AL LT

INT =P RFES2—I

M~ © Outline Drawings

POWER TRANSISTOR MODULE

WM& . Features

o KB High Current

e hre 5L High D.C. Current Gain

o8 Insulated Type

WA E . Applications
O XBN XA vF>¥ High Power Switching

o MR AR Uninterruptible Power Supply

oeDC E—4## D.C Motor Controls CASE

M203

¥  Welding Machines UL

E82988(M)

ME# & 454 . Maximum Ratings and Characteristics ~ IE{f B 2&
Equivalent Circuit Schematic

o B AEE | Absolute Maximum Ratings

Items Symbols Ratings Units i
U275 - X—AMBE | Voo 500 v Fla-c4 o
AL sy -y SHBIE Veeo 600 v B1 x
ILs9-TIvIMBE Veeorsus) 450 v
TIvy - R—-2MBE Veso 6 v £1
DC Ic 100 A 2
AL o s ims lep ’ 200 A
DC —Ic 100 A 82 k
. . DC Is 6 A
~-2RE Tms e 12 A £2
'Io':‘:nglggpr PC 500 W
Rl I g 1000 W
¥ & B B K Tj +150 °C
2 =F o 4 Tstg - —40~+125 °C
= B’ | m 450 P
# 3% ® E | AC.1min Viso 2500 v Note:
2 T S G Mounting 3 | 3% .| kgwem %1 43Rl Recommendable Vaiue;
Terminals 3 1 35 kg-cm MS: 25~ 30kg-cm

o WMALYFE | Electrical Characteristics {Tj=25"C)

Items Symboils Test Conditions Min Typ Max | Units
a9y - RN—-2MHBIE Vceo lceo=1mA 600 \
aLT 9 T3y IEBIE Veeo lceo=1mA 600 \Y

s Vceosus) k=1A 450 v

ALY « Ty 5HBE Veexsus) lo=100A, 181 =2A, —lg2=2A 500 — v

TIvd - RXR—2AMBE Veso leso=300mA 6 v
AL 25 L e TR lceo Vceo =600V 1.0 mA
T Iwvy L 2B leso Veso=6V 300 mA

aLsy -1y EBIE —Vce —Ilc=100A 1.25 15 \
[ - I T =3 hre lc=100A, Vce=5V 100 —

aLo 9. vy BAMBE VCESan _ 20 v

N—=2R T 39 PANBE VBE(Sa le=100A, lg=2A 25 \
ton lc=100A, ls1=2A, —lg2=2A 20 us

2 A4y F o 7N tsig RL=30Pw=50us 10.0 us
ts Duty =296 - 30 us

¥ B ¥ B M ter —lc=100A, Vee= —6V, —di/dt=100A/us 06 us

o MaY4&d: - Thermal Characteristics

Items Symbois Test Conditions Min Typ Max | Units
8 i in Rinj—c) Transistor 0.25 ‘C/W
) - n Rinj—c) Diode 060 | ‘C/wW
o ig i Ringe 1) Between case and cooling fin 0.03 ‘C/W




B+ —FZa—b - EVL31-050(100A)

W5tk gh£s - Characteristics

5000 - 30 I T
Vee=5Y T
3000 tu=2A Constant
> ~J
G N
ST T e
GLA7T
1000 ] A\ 5
| <~ z ™ ol
% G g 3 Vuksaty
x 500 (> i A T Tj =25°C -
g 300 L, o /I'LQ'S'/’F . Vce(Sa)
h yd 7 \W— vee(san 1 .
hee v A v) vV 3
— 05 cEtsat) o —
' E 1) = 150"
100 24 03 L1
- 4=t Tj =100"C
\ RN
50 \ T =25C
. il
1 3 5 10 30 50 100 1 3 5 10 30 50 100 300
av 2 aRiRIc [A] AL AR e [A)
BRI MEE— L 2 9 RiRSE BHHBE-IL 2 IRASE
DC Current Gain Base and Collector Saturation Voltage
10 300
g
- - ~
= ' TR B
5 |-Resistance Load F o 100 SN N2
2 -inductance Load === —— 3 N =
T} =25C N x4
3N 50

1, L +1s=—Is=2A Constant Wi Ny ;\

F LVc= 300V Constant a 30 Tc=25C \\ ™ B

> A t C-—‘ s - K

V4 < Z H®UMEL AN

BY te \

& = \\ 4 . 10 A y
ton <\ - A, lm — ‘\
' 3 V lc o 1:Pw=20us .

-‘l = 2Pw=50us

A 4
t 05 -~ T (A) 3 3:Pw=100us \ \-
7 4:Pw=500ss
belos . 5:Pw=1ms g
= - 6:Pw=10ms N
n 2= ] 1 7:0C B
-1 + N\
. 005 - : S
01 - 003 i1l
1 3. 5 10 30 S0 100 1 3 5 10 30 50 100 300 500 1000
AL 2agM o (A] AL 24Ty AMRBE Vee (V)
ALy FrIEM-aL s RHEHE RLWERKISE (WEL)

Switching Time Safe Operating Area
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EVL31-050(100A) 2L/ NT—EZa—-
200 1
0S
Ti=25'C \ 03 10-! ~ 10" sec
160 4 \ :
—Is=2A \ 1
=g i
3 \ 0.1
120 -~
4 B oo LA
2 % 00 A
x Rm(;-c) B
e 80 rem] 7 10-* ~10~" sec
(A) \ 001
40 \ 0.005 p~
\ 0.003
0 0.001
100 200 300 400 500 600 107 102 10 10
b4 . LD ]_0"‘ 10° 1 13
ALy IMRIE Ve (V) oM sec) 0 1
RLBHIERIK R/ <4 7 R) BEMBIR(FS X5 )44t
Reverse Biased Safe Operating Area Transient Thermal Resistance
{Transistor)
3 150
1 ]
107~10's 120
05 =
03 1] 73 "
o) : ] 15 {
= 15 Tj=150C [
T 1104 ~ 10" sec l@ 80 = H— :
Rng-o) 01 . l;g {fiTi=25C
. i
M) 508 - b ﬂ
003 < /
e [ I
(4) 40 }
{
0.01 7 /
0005 ,:A/
Y
0993, 0= 107 107 10! % 1.0 2.0 30
107 10 102 Iiyy-3L2 IMRE Vo (V)

0 10!
8% A [sec)
WIEMIEIT (51 A+ — F)idt%

Transient Thermal Resistance {Diode)
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BE7Y =R I 54+~ FRRE
Forward Voltage of Free Wheeling Diode
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National
Semiconductor
LM13600/LM13600A

General Description

The LM13600 series consists of two current controlied
ransconductance amplifiers each with differential inputs
and a push-pull output. The two amplifiers share common
supplies but otherwise operate independently. Linearizing
diodes are provided at the inputs to reduce distortion and
alfow higher input levels. The result is a 10 dB signal-to-
noise improvement referenced to 0.5 percent THD. Con-
trollad impedance buffers which are especially designed to
complement the dynamic range of the amptifiers are provid-
ed.

Features
B gm adjustable over 6 decades
8 Excellent gp, linearity

Dual Operational Transconductance Amplifiers
with Linearizing Diodes and Buffers

B Excellent matching bstween amplifiers

u Linearizing diodes

m Controlled impedance buffers

» High output signal-to-noise ratio
B Wide supply range +2V to +22v

Applications

& Current-controlled amplifiers

m Current-controlled impedances
m Current-controiled filters

® Current-controlied oscillators
®» Muitiplexers

m Timers

B Sample and hold circuits

GConnection Diagram

Dual-In-Line and'Small Qutline Packages

a’(gg.q.rr- DLt AcNa Bty VAN Db 11 B S-S et

ame ]
BAS.  OIODE  INPUT  tNRUT BUFFER SUFFER
INPUT BIAS ) (-} euTPUT V' pur . gureur
he hs i 3 12 n |10 9
i |
: ; | rg
! 4
|
! I |
1 ] 3 4 5 [u 7 |a
AMP  OIODE  INPUT  INPUT  OUTPUT VY-  BUFFER  BUFFER
BAS  3ias ) =) INPUT  QUTPUT
INPUT
Top View

Order Number LM13600M, LM13600N or LM13600AN
See NS Package Number M16A or N16A

TL/H/7980-2

V00981 WT1/009€1 N



LM13600/LM13600A

Absolute Maximum Ratings

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

Supply Voitage (Note 1)
LM13600
LM13600A

Power Dissipation (Note 2) Ta = 25°C

Differentiat Input Voitage
Diode Bias Current (Ip)

Amplifier Blas Current (Iagc)
Qutput Short Clrcuit Duration
Butfer Qutput Current (Note 3)

38 Vpgor £18V
44 Vpgor 22V
570mW

5V

2mA

2mA
Continuous

20 mA

Electrical Characteristics (Note 4)

Operating Temperature Range 0'Cto +7°C
DC Input Voltage +Vgty i
Storage Temperature Range ~65°Cto +1 “
Soldering Information R
Dual-in-Uine Package s
Soldering (10 seconds) .
Small Qutline Package -
Vapor Phase (60-seconds) 21

Infrared (15 seconds)
See AN-450 “Surface Mounting Methods and They
on Product Reliability” for other methods of soldsnm
tace mount devices.
i

%

Parameter Conditions LM12600 LM123600A .
Min Typ Max Min Typ Max
Input Offset Voltage (Vos) 0.4 4 0.4 1 is
Over Specified Tempsrature Range 2 *".
lagc = SpA 0.3 4 0.3 1 v
Vos Including Dicdes Diode Bias Current (Ip) = 500 pA 0.5 5 0.5 2 o
Input Offset Change 5 pA < lage < 500 pA 0.1 3 0.1 1 £
tnput Offset Current 0.1 0.6 0.1 08 |
Input Bias Current 04 5 0.4 5 |5
Over Specified Temperature Range 1 8 1 7 -
Forward . i
Transconductance (gm) ) 6700 | 9600 | 13000 | 7700 | 9600 | 12000 | ga
Over Specified Temperature Range 5400 4000 s
g Tracking ’ 0.3 0.3 tg
Peak Output Current AL = 0. lagc = 5 puA 5 3 5 7 I'h
AL = 0.lagc = 500 pA 350 | 500 650 | 350 | 500 | 650 fZW
Ry = 0, Over Specified Temp Range | 300 300 i
Peak Qutput Voitage :
Positive Ry = 0,5 pA < lage < 500 pA +12| +14.2 +12 | +142 i
Negative RL = ©,5 uA < Iagg < 500 pA —-12 | =144 ~12 | -144 B
Supply Current Iasc = 500 pA, Soth Channels 26 26 - i
Vos Sensitivity B
Positive AVos/AV+ 20 150 20 150 E
Negative AVps/AV— 20 150 20 160 .|
CMRR 80 110 80 110 =]
Common Mode Range +12 | =135 12 | *13.5 B
Crosstalk Referred to Input (Note ) 100 100 T
20 Hz <t < 20kHz ] 5
=
Differential Input Current | lagc = 0, Input = %4V 0.02 100 0.02 10 3
Leakage Current lagc = 0 (Refer to Test Circuit) | 02 100 0.2 5 - _




ﬂaectrical Characteristics (Note 4) (Continued)

pParameter Conditions LM13600 LM13600A Units
“ Min Typ Max Min Typ Max ~
]
Wance 10 | 26 10 | 2 kQ
b Loop Bandwith 2 2 MHz
W Unity Gain Compensated 50 50 V/ps
— )
,wmput Current (Note 5), Except lagg = O pA d.2 0.4 0.2 0.4 pA
Womput Voltage | (Note5) 10 10 v
W" a supply voltage above =22V, contact factory.
3=’.tfq perating at high the device must be derated based on a 150°C gt X and a of 175°C/W
xﬂwlmmdmmmhlmodmmeginsﬂhh

h:mamammﬁhmndwumnmucudpmedwm

:‘,emapodﬁumnpplylowg = 15V, Tp = 25'C, ampiifier bias currant (Iapc) = 500 A, pins 2 and 15 open uniess otheswise specified. The inputs

~'”Mfmarogwndodandwm

-“gmmspodﬁaﬁom apply for Vg = %15V, lapc = 500 pA, Royr = 5 ki1 connected from the buffer output to —Vg and the input of the butfer is

are open.

" ganacted 10 the transconductance ampiifier cutout.

j;éhematic Diagram

o One Operational Transconductance Ampliffer
M
e v
T [ ;
1"
i | o Y08
3
- as y an b aurfER
i INPUT
3 110
+ »——-[ a7 »—-—{ an Q12
a: a13
L_ 1
DIOCE BIAS
218
}[DZ o3 —-oQUTPUT
_InpuT _INPUT 5.2
41 14
AMP BIAS
nNeut

L e

.

AN A AN TS TR YT

’M : .'2: AN

a( 40 dgy ¥4

'

SUFFER
oUTPUT 8.

TU/H/T380-1
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Voitege vs Ampiifter Bizs Current Qutput Nolse vs Frequency
o *[IIMvs==w%v ™
@ 0 ! Ry > 500
=3
=% -9+ 3400 A
S me
-] 200
S BEl i
gS T 3200 iage = im
= 5" ot 100 LKL SRR T
AT B = A Uan = 10004
1 1 1 O 0 T T
! 10 108 1000 JuA 1gA  10uA  180uA 1000pA 10 100 1K 10K 100K
 NFFERENTIAL INPUT VOLTAGE (mpe) 1asC AMPLIFIER BIAS CURRENT (uA) FREQUENCY (Hz)
TU/H/T980~4
Unity Gain Follower
&
g
§
TL/H/7380-5

Leakage Current Test Clircuit
Qv

n( TR e

Ditferential Input-Current Test Clrcuit
Q stev

TL/H/T980-7
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LM111/LM211/LM311 Voitage Comparator

General Description

The LM111, LM211 and LM311 are voltage comparators
that have input currents nearly a thousand times lower than
devices like the LM106 or LM710. They are also designed
1o operate over a wider range of supply voltages: from stan-
dard £15V op amp supplies down to the single 5V supply
ysed for IC logic. Their output is compatible with RTL, DTL
and TTL as well as MOS circuits. Further, they can drive
lamps or relays, swilching voltages up to 50V at currents as

highas 50 mA. = .

Both the inputs and the outputs of the LM1 11, LM211 orthe
LM311 can be isolated from system ground, and the output
can drive loads referred to ground, the positive supply or the
negative supply. Offset balancing and strobe capability are
provided and outputs can be wire OR'ed. Although slower
than the LM106 and LM710 (200 ns response time vs

40 ns) the devices are also much less prone to spurious
oscillations. The LM111 has the same pin configuration as
the LM106 and LM710.

The LM211 is identical to the LM111, except that its-per-
tormancs is specified over a —25°C to +85°C temperature
range instead of —55°C to + 125°C. The LM311 has a tem-
perature range of 0°C to +70°C.

Features
» Operates from single S5V supply

A Input current: 150 nA max. over temperature
u Oftset.current: 20 nA max. over temperature
m Differential input voltage range: +30V

. m.Power consumption; 135 mW at £15V -

uem/uzmnilm

Typical Applications**
Offset Balangng

—— ¥ e bRy

™
ourryT

MAGRETIC
rneeye

Relay Driver with Strobe

v

*Absords inductive
kickback of relay and
protects IC from
severs voltage
translents on*
v+ + line.

Note: Do Not Ground Strobe Pin.

Strobing

**Note: Pin connections shown on schomatic
diagram and typical appiications are for
HOB metal can package.

Increasing input Stage Current®
v

*Increases typical common
curent is pulled mode glew from 7.0V/ps
trom Strobe Pin, 10 18V/ps.
Digital Transmission |soiator
’ v o LBV

"=

™m
ouTIT

=

Strobing off Both Input® and Output Stages

FADM I/A RITWOAR

ANALDG
eyt

*Typical input current is
50 pA with Inputs strobed off.

Note: Do Not Ground Strobe Pin.
TL/H/5704~1

.

.
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LM111/LM211/LM311
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Absolute Maximum Ratings for the LM111/LM211

If Military/Aerospace specified devices are required, Operating Temperature Range LM111 =55'Cto125C
please contact the National Semiconductor Sales LM211 —25°Cto 85°C
Office/Distributors for avallabillty and specifications. Storage Temperature Range —65°C 10 150°C
(Note 7) Lead Temperature (Soidering, 10 sec) 280°C
Total Supply Voitage (Vaa) 38V Voltage at Strobe Pin V4 -5y
Output to Negative Supply Voltage (V74) 50V Soldering Information

Ground to Negative Supply Voltage (Vq4) 30V Dual-In-Line Package

Differential input Voltage +30V Soldering (10 S6CONGS) .. vvuvrcorreerrereenns 260°C
input Voltage (Note 1) +15V Small Outline Package .

Power Disspation (Note ) 500 mW i o 4
Output Short Circuit Duration 10 sec

Sea AN-450 “Surface Mounting Methods and Their Etfect
on Product Reliability” for other methods of soldering sur-

{ace mount devices.

ESD Rating (Note 8) 300V
Electrical CharacteristiCs torthe LM111 and LM211 (Note 3)

Parameter Conditlons Min Typ Max Units
input Ofiset Voltage (Note 4) Tp=25'C, Rg<50k 0.7 3.0 my
input Offset Current (Note 4) Ta=25C 4.0 10 nA
Input Bias Current Ta=25'C 60 100 nA
Voltage Gain Ta=25'C 40 200 \ i
Response Time (Note 5) Ta=25C 200 ns 1
Saturation Vbltage ViNE—5 mV, louT=50 mA 0.75 15 v

Ta=25C
Strobe ON Current (Note 6) Tpo=25"C 2.0 3.0 50 . mA
Qutput Leakage Current ViNZ5 mV, Voyr =35V 0.2 10 oA
Ta=25C, IsTROBE =3 MA
input Offset Voltage (Note 4) Rg<50k 4.0 mv _
Input Otiset Current (Note 4) 20 M
Input Bias Current . 150 4
input Voltage Range V4 =15V,V= = ~15V,Pin7 —145 1384147 13.0 v
Pull-Up May Go To 5V ‘_/‘1
Saturation Voltage V+t24.5V,V-=0 023 0.4 v
VINS =6 mV, loyT<BmMA
Output Leakage Current Vin25 mV, Voyr=35V 0.1 0.5 pA
Positive Supply Current Ta=25'C 5.1 6.0 mA
Negative Supply Current Ta=25C ~ 4.1 5.0 mA

Note 1: This rating eppiias for =15 supplies. The positive input voriage kmit is 30V above the negative supply. The negetive input voltage mkt &5 oquet 0™
negative supply voitage or 30V below the

Note 2 The

P

d based on 8

positive supply, whichever is less.
of the LM111 is 150°C, while that of the LM211 Is 110°C. For

must be

package s 110°C/W, junction to ambient.
Nots 3: Thase specifications apply for Vg~
wmperature are limited 1o -3 25"
single 5V supply up to = 15V supplies.

Note 4: The offset voltages and offsst cuments givi

of 165°C/W, junction 1o ambisnt, or 20°C/W, junction to case.

£15V and Ground pin at ground, 8nd —55°CSTas +125°C, unless otherwise
C£Ta< +85°C. The cftset vohage, oftset current and bias

operating at slevated tempsratures, dovices Inthe bl
The thermal resistance of the dus

mnmmmﬂmumnmtromwbdmdﬁvomewwmminnvonoionhcuwp&ymthn1mAll;‘d'w

Mp.nmnmdomnnerrorundunduk-hloawoumthomt—uueﬂmoivulugcg&hnndhpulimpodnnca.
Not-ﬁ:mruponunnnspodﬂod(md-ﬁrdﬁons)lsml100kawnopM1h§;p\_/wgvﬂﬂJe. -

uouG:Thlslpodfaﬁmgivosmeru\gooiummlvmichms(badrmmmmbo

logrmmd:hlhu.ddbemnldrivann(:ﬂoSmA..
Nots 7: Reter 1o RETS111X tor the LM111H, LM111J and LM111J-8 military specifications.

s PRNSRE R

_Note 8: Human body model, 1.5 kf} in serles with 100 pF.

4 pde 33 bauciD Sulk 03 680K

pﬁ'ﬁ;rﬁxommnp\nhpmpo&ydiub!ad.bonmmﬂwlww

stated. With the LM211, ho""‘;ﬂ':
current speciiications apply

et e, L0

for any supply voisg®

tesr et

5.22




solute Maximum Ratings.torthe LMat1 -+

“lmrylerospm specified devices are nqulrod
contact ”the* National : Semiconductor’ Sales-:;
/Distributors {or avaliabliity and speclfications.

1 Supply Voltage (Vas) asv
to Negative Supply Voitage V74) - 40V

d to Negative Supply Voltage V14) 30V
wrontial Input Voltage -~ ; Z 230V
voltage (Note 1 ) - . xSV

- Lyer Dissipation (Note 2) - T 500 mwW
0 Rating (Note 7) 300V

‘iectrical Charécterisﬂcs for the LM311 (Note 3)

¢ . PR
RS N P TP (SRR Sty

Output Short Clrcuit Duration 10 sec
~ * “Operating Temperature Range " * “"~ " 0*to 70°C
Storage Temperature Range —65"Cto 150°C
Lead Temperature (soidering, 10 sec) 260°C
Voltage at Strobe Pin vt-sv
Soldering Information 3
Dual-In-Line Package
Soldering (10 SOCONAS) . vuvveanvreeerrneens 260°C
Small Outline Package -
Vapor Phase (60 seconds) ....................215°C
Infrared (15 seconds)

See AN-450 “Surface Mounung Methods and Their Effect
on Product Reliability" for other methods of soldering sur-
face mount devices.

Parameter ' Conditicns Min Typ Max Units
hset Voltage (Note 4) T, =25°C, Rg <50k 20 75 mv
@sat Current (Note 4) Ta=25C -6.0 50 nA
Bias Current Ta=25'C 100 250 nA
ge Gain Ta=25°C 40 200 V/mV
nse Time (Note 5) Ta=25C 200 ’ ns
wration Voltage . ¥:q :2—5 .1 g mV, loyT=50 mA 075 15 v
ON Current Ta=25C 1.5 ) 3.0 mA
Leakage Current ViNZ 10 mV, VouT =35V
Ta=25'C, lsTROBE=3 MA 0.2 50 nA
V- = Vgpnp = —5V
Ofset Voltage (Note 4) Rg <50K 10 mv
Ottset Current (Note 4) 70 nA
Bias Current 300 nA
Voltage Range . —145 13.8,~14.7 130 v
i + -=
kﬁve Supply Current Ta=25C 5.1 7.5 mA
ative Supply Current Ta=25C 4.1 5.0 mA

fve supply vottage or 30V below the positive supply, whichever is less.
2 The maxi |3

of the LM311 is 110°C, For operating at el

% This rating applies for £ 15V suppfies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the

hal reststance of 165‘CIW to or 20°C/W, |
8

"‘tkshouldbou.nanldrivonltalosm
7Hwn|nbocymodel 1.5 k0! in series with 100 pF.

d 8, devices in the HOB package must be derated basedona

to case. The lhermal resistance of the dual-in.line package is 100°C/W, junction to

% These specifications apply for Vg = % 15V and the Ground pin 8t ground, and 0°C < T, < +70°C, unless otherwise soecified. The oftset voltage, offset
Nt and bias current specifications apply for 2ny supply voltage from a single 5V supply up to =15V supplies.

’ & The offset voltages and offset curents given are the maximum values required to drive the cutput within 2 voit of either supply with 1 mA load. Thus, these
heters define an error band and take into account the worst-case effects of voitage gain and input impedancs.

% The response time specified (see dafinitions) s for a 100 mV input step with 5 mV overdrive.
& This specification gives the range of curent which must be drlwn from the strobe pin to ensure the output is property disabled. Do not short the strobe pin

HEW1/1HEZK/L LN
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TL/H/5704-5
Dual-in-Line Package Duak-in-Line Package
U NE 1 e U p— 14 NC
GAOUND | ——l v’
ND 2 v —13 NC
et 2 —l e 7 QUTPUT weut 3 " b 12 NC
MPYT 3 =] e § QALANCE meut 4 b 11V
STRGNE
LI R e 19 NC
V4 om— p—— 5 SALANCE
V™ e — qurrut
IALANCE 7 — - ;::::!“’
TOP VIEW
TOP VIEW
TL/H/5704-6
Order Number LM111J-8, LM211J-8, Order Number LM111J, LM211J,
LM311J-8, LM311M or LM311N LM311J or LM311N-14
See NS Package Number JOBA, See NS Number Package
MOBA or NOSE J14A or N14A

are for HO8 package.
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