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ABSTRACT

Almost every electronic circuit have to use DC to supply for working.In mobile
devices as calculator radio receiver may use battery to supply energy for them.
However,in common, electronic-devices have to use DC which is supply by AC 220
V.,50 Hz from house. This project present DC power supply with switching regulator.

The efficiency is better and the circuit is simple.
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Wanadalaaladadn v, (V) AV, ., eiAtszin

Vv
r(Vpp) (2_9)

vr (rms) = 2 _Jé'
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dalToufieu |  Half Wave Full Wave Full Wave aql
Bridge
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g X
38 V.V
Vin&@ Vz\t ; RL
==L
GND.
1 3.2
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(3-1)

Vo = Vin - Rs(lo + l;:’)

Fradnsrasanlssaniildun snnsagasaldsasuniuseiufiueflatens 3

R, luhiifine sMafiueslaleauie

2.ASANLALARTULILAYNSH (Series Regulator)

Io

‘ R
[in » p >
Vin O —0 Vo

a O
517 3.3 uamuaudusANIaRSILLAYNTH
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pawsed wafsine 1 78XX waz 79XX uaziiu anuinune



L R

R

T S —

R B W e

e

T TR R e e Ay ae e

L

-

s —

B —

18

A d" 1
LAUNI99TAUSIUTBNIYAABTUNVNINBUNTN

+V +V W

error srmplifier
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> D
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4 as & 1 .
Ui 3.4 uruARTRUNTANSpIARSULLHTNA YN

o x ] : ' ' 1 v 1 o
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Tuz1/% 3.4 Ysznavgoy
D r O Jatm AA L
1. NTUTINUAINEY (voltage reference circuit) salludounidudaseians

9

grangiiuazussundnelifueniaaes
vt - ey o« o o
2. 9R7EBANNAANANA (error amplifier) i ires aueudtyynd
UsImY ?zndﬁouseﬁué'qoﬁauﬂzﬁ'ﬂs‘hmmusoﬁ'uzmﬁnﬂﬁﬁauné’umﬁmﬁumm'wﬁc

tavnatiuenl
3. 5 dnna nulanes(series pass transistors) Tantinfiatanseuaen -

wnliReangiuanusiaanisgasinan
-l or 2 o L] 'Y > o o or o
WatlauuseiuBunmliiulefisanianad usedwainnasgnileundusndaduwn
TaeriuR, uaz R, Tanmmihmidunasuiwsedu lasussduinnaden R, (VR,) aniluds-
dounuuaiuianiym WaesesenepNianainasiminninmandourausasugnda
v ) RuVR iiviniu dugadny VR 1nnd1 V _nanmeanisdianainasanszdunis
« o - a1 ar AJ ]
1enedtygrananinn Midnrulaneftanssuasnas uaaliussdiwaniynndne

Wanananat GILIRY VR, danndn Vo TNATWULANURN ARBIRRLIANITAUNS TR
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pannAnsndamemnandiannauasinliiia iaegnify neluaadu(power
o o ' 4 o - o o
dissipation,Pd) fndsgauidedoulngjazuisglilluasnferiulusonmdanef Inenia
: o o -~ i ] 1 o H
aquRetiutsilaemsaiunf uunszuaiivacin defiaunduliaileTasmaumanesd-
o  ar -

I J or 1] H ] H - H
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(3-3)

Pd '—‘VCE2 I

=(VIN“VO)

{
]

d-ll & - o c'r d' L3 2 - 10w -l AJ
Tunsdif Vo=0 %3 iNan15an09993iue S8z INAAINIAGQLAENINTIAR U5
&4 Vin aranasanlunsaudamedsanassionua A1 linsuiamedfanaauianonian
-3 - v Sad v o e -I' d‘ [ 4 1 - v 0 or -~
wndge 33 daviunae N178F1999TMATINANNIZ madlaiuldineaAnidegnidaunn
awin s ndame iy nezuafimunzaumidainnisinAnidsgoidagegm PA(MAX)

19N uT aAMaNsnRuls Iaglife shammefauzisuaume

B [ (34)
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aZlnszumenmaunniigatlinn Wmsuianedia aniufidwosieseasieq i
3.61nenile Q3hinnau QaaghiamuimAnszusaininugees Q1 iae uazile Q3
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q 23q9MANSZUA LUANBUENLUNAY (Foldback Current Limiting)
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3.4.1 la%wad LM317

ladief LM317duladisanainedd mAlirussdiuanimmasisnunsolFusa s

sous 1.2Ta89f e 37 Tasvildinszus 1.5 ueanalf FelinnusndRsoseluil Ae

Andninaslatiues LM 317

1. anunsndfuusduweninmidnigs 1.2 Taadd

2 Anengzudln iy 1.5 uanulf
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3. and xanxaf'u (Line regulation) 0.01%/taa%
4.vam Lanta-z';'u (Load regulation) 0.3 %
5 Aansvuanshdangmnd
6. dparunisfansasTianiim
7.5 Uas$ndu [Ripple rejection) 80 dB

8.100% electrical bum in
3.4.2 wannisvinuraddaflosnies wanuaiees 3 miluannision Aa

- - -~ : L ' J
faLAILsIsuAsT (Voltage regutator) WiF snadiauauinuniusaniiaiatunga

wRsuirldadredntuiRdeiinnaufouulastanszuaduantlugifi 3.11
0

R
5 ™" Regulator output voltage

<

Un regulated input voliage

af
319 3.11
° < el o e & ar 3 9
uﬂmmsmmw'miqammw ngm BIRTN LﬂNﬂHﬂ’)ﬂ']‘UW’Nﬂ?ﬂ ﬂ'ﬂﬂ

[ o - -l. -4 o L L4 d|
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ElaanisUfusasiumiuutasn lF(VR)
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LM 317

vxc Vn V-m
ADJ
o2
i _o1pF R1 2; Dt
- 200 ANAOC2
— ) . w2 ‘e
—_ 5K —
waF T T~ HF

L

91171 3.13 uamnsaTnIiuradlafiuas LM 317

Tasaafunehidedlediuef LM 317 sdauwuyuds waniamef (Series regulator) tne
ﬁﬂ'aﬂLmuﬂﬁiﬂﬂgjwugﬁémuﬁﬂmﬂs‘(unity gain buffer) faefumFaes (Darlington) W19
afnsuTamasd sendn9199n (non-inverting input) uazsLEadaLiut (adjustment)
1eteatuaniiussdinineds 1.2 iaviunenaguaziinszua 50 PA ldviannsludaundagng
Beuaz nezuaiinanumerusadatul maiReimesasaniuned A wsaiuges
pudadaiud +1.2 hak frudadauiufidunsaslatasinaiu 12 haisagamed
Aelhaniymiu 1.2 Taad dmsuussmeniymiigeniniunldaenslfusadumuuds

Al¥ (VR) 34 R, uax R, Aefuuuviusiusady (Voltage dividenanniamimnlildansudig
917 3.13 usedugnede 1.2 Haaisan R, 240 Taaf 1Wnszua 5 mA uaznszua 5 mA wla

tinms Ry 11 ad) lusediufingy Jaussduainnanunsouassldfaunissieldil

(3-5)

R
'/ =12V(1+E2—)+50/1A R,
}

L

nszualuda 50 PA fadifAmianuniianl? sudisudy smA uazinliusesiuant

- - s w
NNAJIALAQ/RULINFILANLAR
4
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UNA 4

21989 sAnames

Q' do w ‘
4.1 Bvsusaamasdnnedisls

a A 4 L. 49 a4 q 4
INITAIYPUTAYAADT (Switching regulators) U9 AV UBNIUTADALADT
A’ 1 Al e a A ] 9 = AQ d' d'
WUUBUINAEDYNN AD mJizﬂmquamammamsmwmmmaqa 10-40
° 9y g ] a 4 . a W g . =
kHz m"lwmmmqﬂﬂmmaq U Agaes (capacitor),d UANABT (inductor) &
o e a a a & Jog~o Y Qy
mmﬂmﬂmsqmul,ﬁamalummw‘mwsmcmmmmm”tﬁ%am (heat sink)TV1A

[
lanag
a a' J4 1 M:i
4.2 ﬁ'JﬁﬁNliﬂQLamBSWNﬁ]%ﬁ]NﬁQLL‘UQ‘lﬂﬂLL‘U‘U

MIrFusAg@mes asautlszanamdnyuzesens 13 3 oy fe
1.7 13AQIRIAB3 (Buck Regulator) 9%l V,, Wooni1 v,
[ -4 o ~ '
2.jan i3aiaines (Boost Regulator) 38UV, MIAN11 V,,
I 4 ¢ ' o o
3.UA-1ja 15AIIARS (Buck- Boost Regulator) v2di V,, minn3edesni1v, i'ld ta-

o & s M A A o i ~ 7\ < o s A
UfWI IAQIAIABT UTD LTUNBNDYT1IN Inverting sw1tchmg regulator TQlliQﬂﬂmTﬂﬂﬂﬂqﬁgﬂﬂ

yuduay
sliuMsuvesaivd ﬁﬂqmmaswseumnﬂﬂasu( wave form) Adaaely

51]‘/1 4.1 M3 Buck 1182 Boost Regulator %"ﬂﬁ'l]'lﬂlﬂﬂ'l:‘l’llﬂu?ﬂﬂ Hﬂﬁﬂmlﬂﬁli (width-

modulated Converter)
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&
w

¢
us 13nflalass

2 %~ £
i 17
i 0
T T .
E|.|=E°l°
E°=Ell|tﬂlr I
E"l
Eeda Azl Ll s 4
——tm———twl
I
L
= q
AN =
5 { I+
S‘] o] —I— LOAD
E 1= Egly
Eq= EAIL/T
E,_
Eln——-—-——' —
o _ —_
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Inverting switching regulator

E, s E, Cr 1 Eq
+.:.._J
rb' <
in ———— IO
+
Eoln=Edlg

EO= Eln (‘ur/T 'tor)

a a a d
310 4.1 299503933 1sAglames
e

LOAD
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a Y d ..
4.3 Favi-ueaguan mil-a12 aeunasines(Width-Modulated step-down

convertor :Buck)

(o]

O¢t—-

n 1

""""" Vin-Vee(sat)
T T
n. = )82 0-V_  Qemitter

> d 3 ) a a
7uil 4.3.Twavivlesu(wavetormyvesenditl i aduda sagiames
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. y @ - & , o
71 42 fuasesfiuguvesmdyl anadl a3 1sAgiRes( step-down switching
[} t d
regulator) 3141 4.3 flunwesu(wavetorm) 8Fu1n1sveuvedas9sil
1 a ° a o 1 [ a o .
fnamaudmassihnm (T,) a3an Q, sou Q aregluginizBud (saturation) i
o 1 I ' ) 4 v o
HTIAUANATEN V,, (sa) Uszananl Taast nszuariwmsudaines QuosL, liwse cuae
11e1iun Tnan "
4 a s o - a Yora ' - o
Wenamsmudmaesngasieu (T,,) adan Q, eevl lifinsvuarunsmSnae i
T L AannumiisniuozfaIussiiva A ifuau C, (discharge)Srwnszualdun Tnan uaz
D, Fwinszualdun Lyiufe D, shaouiiensudmasseevitiyies
s r r s é o ar ﬂl 3 Qs
UsIAUYA B NAWIAY VR /(R +R,) Fevz liSvuifiousufuus sdudidaSoudiou
o I'd o 1 & AA\ 9 a o
(159 U(Comparator ) BTWNVBIADNHUTIADT vz 0g IUFUYRsUAT 112997 Favi-uen
!
a ] 4 i { 4 &
qruaes 1 20uw Ao wuy fashl 1d T, nlRountas naznuudi T_asinda falfoundasie
a:i a dyl Qy dy dy‘g v as as @ et I'd
maidsuilasvesddn Twdadl (duty cycle)liuagiussaunsanuadonaeunusines
¥
dyananiniat-ueagmines (width modulator) Hvzii lverenas feulfunuawes Q,
#9m A 9xlusaduniy v,-v, (sa)) Tugae T gy -v_ (ussduanasey D,

vaznszu) Tushe T dleruilames L, o ¢, 0z ldussduiase v, iouivinaidiu

(fle luifia v (sat), V)

NI\ UL g [(Rl +R,)/ Rz]V'r (4-1)

-

Tuvaiz Q inuezliussduanasen L=v, -V uazen
V., =Ld, /d, 4-2)

o~ & i y oA
Asunszued Inad L A
- +AIL = (Vm - Vo )Ton / Ll (4-3)

L4
o o

Tuvue Qnyathay auy@inge A Tuseuiiugud faiy

-AL =V,(T-T,)/L, .. (4-4)
Taw AL, =AL
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a Ay P 4 ! o Ay [}
nszuanaeh (valu Laneamunaide I, Sumdunszumedof nalu Q, Tugas
T, uaz nari D, lugas T, Srauydussduanasonq,fie 1v(v_(sap)lugaa T, iazan

v
AT D A0 1V 1uga T, Aaiu

Pin = Po + Iload ce(sat)(Ton / T)+ Iload (VDI )(Tot}' / T)) (4'5)
P, =P, +2l,, (4-6)
Po = VoIload (4'7)

¥y [ v
datudr hifindiaTnanlugunsaidugdefiodntesnn v Iddsz@nnmaegaves

a1 advde i3 ﬂQlﬂ(ﬁE{(step-down switching regulator )AD
Emax oy Po / Pin T IloadVo / Iload (Vo i 2) T Vo /(Vo e 2) (4-8)

o 89 o L é 1 9 as :;
lumsmuinvaves L, JUaMrUAsg N U 1ﬂ5$ﬂﬂﬂ15lﬂﬁﬂu&!ﬂﬂ\3°ﬂﬂﬁ

nszuelu L, iy 40% ves I, Aavfunin (4-4) 921857
Al, = V,(T-T,)/L,=04l_, (4-9)
L, =25V,(T-T,)/1,., (4-10)
M3z V, =V, (T, /T) fafuaunsezld
L, =25V,T(V, ~V,)/ V.1, @11)

& ¢ vy o d < a < Y
1131 9 fie nWWeTuvenTzuaR Inaluda ¢, szimugiana T, 5 T, Aenarfigniszedae

AvsuailiAunde = I, /4 v 1ifiA ripple voltage (AV, )



T oM S e W wh e m s I

-

33

AV, =(1/C,)f idt
= (AL /4)(1/C,)(T/2)=Al, T/8C,
=V, T(T-T,)/8C,L, =(V,T/8C,L,(T-V,T/V,)
AV, =V, T (V, -V,)/8V, LAV, (4-12)

w1 C, 9z 1@
C, = V,T*(V, - V,)/ 8V, LAV, | @13)

nszud I, Hdedmuadnnzdeshiveofiull swildnssualy L, asvdidiiigaden

4 ) ° Yt
dugud nSermualddn

Iload (mln) > (\,m 0 Vo )Ton / 2L1 (4_14)

3 ¥ 3 = 117ty o s 1 3 : ¥
fuvou vl liidusss Ao nezuaTuaaduiu'ly sy Iduseiu Tagedu Felulaseauil

9 a d ° 9 o v Jda I'd M
w14 ledues TL 494 vinmdmitluad Jav ueARIaTU (PWM)

d Y] 4 J
4.4 IaN-ueaqian awilen newuIesnes ()

(Width- Modulated Step-up Convertor (Boost))
] ¥ v ]
U7 4.4 Whuasesiuguves mAdsw aduds sagaimes U0 4.5 Hundesy

vosaALen advFe sagained

6

o
0
3|
J1

!
|

04t

s v =

= P
‘ll‘ﬂ 4.4 INVITHUHIHUBY mailon 'ET'J‘U‘N asﬂgmmas
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J <> | > <> V__ = width modulated

b ‘_ wM
M — output from PWM
1
’r v :l_'
- : r N
H L Ip
c w— QlCurrent
<>

T

¢

] d 1Y) a a d
311 4.5 iunwlesuvesmdydn adaBs ssapames

e T, nuFaned Q eveylugiwduad ussduanasen v, (sapdszua 1 Taas

) o % T
assnarunsugmaes uaz L, TaolaTen D arinesa’luea Q, sxanilszylvunTnan
iWeonan T, nuanes Q, sweew lifinszuariumsmFaaes ualinszuarim L,

TdheldunTnan uazmnsalsey ¢, TamhnszuarulaTena D, uvuy Q, pou fusedu

aseu L, iy
Ldi/dt=V, (4-13)

[] v
naznszuad nardh L, e
A=A A=V, T, (4-14)
AI;: Vil /Ly
AL=(v V)T /L,
é d' =y v L {
°luvmam‘unmmixﬂﬂﬂuuﬂmﬂszummznﬂwmﬂe{ n:mmwmzﬁ"lﬂhﬂaau ‘ilzvlﬁsll

Tagh

Vo =Vin (1+Ton /Toﬂ')=Vin T/Toﬂ' (4- 15 )
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Assud I smvndy I dmsunszua [ sewidunszuasinlaTeauanfunszuavesdaanihd
4 a a 4 ) I'd * . ' o
wes Tuynziinsudmas? Q, oy sxiilinvimeanason’1 Taan uazvuzitlalea D,

° = 4 ' 7 P ) a o v
ezl Tavimvanasou 1 Taan vnNnanausanlszaninm n Vlﬂ

MN=P,/P,=V,I AV, I +_(1) (4-16)
Tay I,=1, (T, +T )T, (4-17)
unuaums @10 @-16)02 1@
N =V, (V,_ +]) (4-18)
ATUIMIVUIAYEN [ 1AL C, 910
NS Ton / Toff

T, =AL +L/V,
T AIL -LAV,-V,)

Tag AL =ArL

w8 L=V, (V,-V.)/V, T AL (4-19)
Tagdmuald K =AL /1 =04

oy L=V, L/V,

FA L=V, (V,-V,)/ 04V I, (4-20)

¥ T, @3 C, 9z91unszualiun Inan oz 1d
C,=1T,/AvV,
ug T, =T(V,-V,) IV, HazInaNMIsi (4-15) 9218
C,=I (V,-V,) /fV,AV, (4-21)

' y ’ . . '
Tagfmuas C, ninussdueinm v, iTUdaTaaias Av, srfeeiiaa finawd £
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a a a a d
4.5 aunasﬁa AIVHI xmgmmﬁs (Inverting Switching Regulator)

. % K]
+
v, Lo § Co /T~ Ro §
Vo Yo AF
@_. ¢ T

T
A/ g XS B
! : ; v
S BT
_I 4—. I -+ [ <> ] Ve
T“ T'_
Ip
.......... Q,

: ¢ a 2 a a 4
U7 4.7 avdvlesuves 13058 uesAs advFe saglaines

a a (Ay a a J dy g/
INNITN 4.61f]u’ad%iaunesﬂ\1 MY TANIAIRDT 1“3@%5“1‘51’]1’]}!

-~ r @ a o . ] q’;, < 1
f1® ‘nqygmsrrmnwamu‘lumﬂmumu1 (mductor)ill‘]f’N!li'ﬂ,!!ﬁ:‘:mﬂuuﬂ\‘l’d\iw

dv v [ ar s T
azauiionn 1§ Inaaludududas

3

a4
ANy

1MUY

1
os =4

A I1UN
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<t o o o * a 4 P ° v da
Wisufeusii 4.4 uaz 4.6 szituimaugmassiazmamisnihaduiiu uazla
Toaluzil 4.6 AeludnuaizSneda lurnzhzii 4.4 Aeunuresisa N
P A - s V ' - S M w 3
Tugi 4.6 WensuFmmes Qeoulalen D, agluannzinesalud uazdam
TnaveslaTeaiiusadumidu v, (@uudatmseiunseu Q, i o Taaduazuseiunsii v,
anasew L, nszummieniludas didt= v, L ndananm T,0é assualu L =

V, 1./ L, nozivazaundanuluglves E= 121, 1L,
) [] s ¥
dlonsudmaey Q00M aaamilyni L, iianrmimilsnindudinssdu tazie
1 & a o v & o Jd P
nszaru C, uag D, ¥ufausssuauanasen C, wieilunssiueninniild

- a’.: o a J::l a a o 1 o
Tﬂﬂi]Zi’]‘ﬁ'U'lﬂﬂJllﬁE]Uﬂ'l?‘)’l'l\i’lu‘lm\ﬂ\iﬂiﬂunﬂ?ﬂi WYY TAYUADT ’f']fJNﬂZlaUﬂﬂ\‘l

¥
a0 il

Dl
11 3¢
+ O O—>0
+ N
_T-,‘
% 1 ! c,r ™ V<O Anmt
B.
*—.—‘\'
—c wd
+ 0 oo —
C. Vde Lo R finm t,
+
-0
D
Lt}
1
+ O 0O sy N

— T

D. > A .
Vde Lo % : § R finm t,
- +

d' QvJ o a JC: [ Q' 3
31]7] 4.8 UHAIUNM TN INIUVYBIIIVIOULIBIAN TIVY BARAABS




L T A ey BN et 1 e e

T G W o

TV TE A Womm S v g v R W s R, e W e e

o

LR

38

a 4 a L4
8511031 B. ina ¢, (11ngy A) nsuFamesiosu laTea D, gninedaly

[y .’,' v < (9 ' o ar o 1 o, Y P
danaziam Inaves laTeatiussduminy (auuddmssdunseu Q, fu o Trasi) usedunsi
y ]
Vv, aveu L, ¥am InavedlaTeaidhuwan L miloninszualusas dide=v, /L, uas
gauwdsnuniAL E=12 L, 1 (ga)firvevesnszua Inamuiagnas 1iufenszualva
Hunswdmaes uaz L, naulddumm
a o a o W o1 v ] a
8511931 C. inat, (MNFUA) nauFamesoed lulinszud Ivarmunsuda

[ L4 [ 4
1wes L, ifannumilenindguda fefivaaInaves D, fluau L wnszuamse c i

as n’: < \ o a
Tnaauaz D, asiude l&ussduemiynidluay
afue3) D. ina e, (13l A) nsuFmasiesu finszua lvaaesdiu e 1, lua

Hunsugmaesuag L, ndudigiuwm uaz I, szumiann L 910152q (discharge)finy

Tvaauaz D, ndugBunm IRuseiueninnidiuay



R o

T
i e

P o m

s MW e T [ —

e

il —

i o S
Aan] - - e

"

R A

39

a
Unn s

N15N 1911V 99D TUHEIDE TN S uans

° d
5. L.o1sanuluaiuves ladiwues TL 494

Tumsvihuvesssesunassis lilnssuansa 0 8 +25 Taavl lueuudls Tavdszgnd
msveldndnmsadsFevealed TLa94 Favmifdh Wad v weqraime(pulse width
modulator) Tagiiuaunmarsviau iy "l‘wﬁfia‘lﬂazzmiu(Thninngiagram)‘lu%yﬁﬁayan?a
(DATA SHEET)Taon15¥191uved TL494 Sugail Wiy ad 3av ueagiasuEwMyia
91NN31SsuNBY (Comparison) Fryay 1 oo (sawtooth) AT uAFIAnATe NG Uiy
Uszy c, %"qmuﬂnﬁ'ﬂgmﬂfuE‘iuwm'ﬁaaaaﬁwmﬁ"num;muaﬁﬂﬂ (NOR GATE)¥4%u
nsUFAns Q, Uay Qzuam:‘ﬁmu"lﬁ'xf)'aﬁﬂgﬂpfu'uw?m(c1oqk)§uvmmaawﬁﬂﬂaanﬁ
yiedinnia 2 dfianmuziugui( Low state) miniu inzezifaduidoussduiiudenna

AI1AYYIUAILAN(control signdls) oz mamndyguaruguihinnuniuvesdyayin -

o« & ¢ ' a g . o Yy oA v A .
HATIBIMAHNAANID ﬂmﬂw‘mmu (lmear)ﬂdlmﬂsﬂu 1711]1)\1' lﬂ?JZ!!ﬂ'ﬁJ(Tlmmg Diagram)

5.2 E]g‘l]'lﬂﬂ'liﬁ'lﬂ1‘1‘!‘11@3’N‘i]ﬁuﬁddﬂ'w‘l‘ﬂﬂi&!ﬁﬂﬁﬂ

Tmﬁaflﬂxmdﬁiw‘lwﬂs:xmmwzﬂs:ﬂauﬁ’aadaunﬁ'ﬂq fin ndaudas i, 2905
wﬂﬁ"lvlma%’,awsﬁamas’,uamws%"nywzﬁnusqﬁu%”\ﬂuTﬂsmui’r‘lm‘i’uumﬁ‘u‘?}uiﬂQm
ine3 Tnol9Tediues TL494 Wudvind S veagmeu PWM) 11n31e9sumdese W
nIzuAATY AMNTARTIEASOIN dRail Tasmsfloudyana IWadunde Trfiw 20v,,
Wmawalgupdveanteudauftendaudivinadunadogidius wumudemsinud
gaesisnd iess TaslfusadlaToas senszunadulfidunssunasudiiiosninnszased
‘lﬁ'ﬁ'ﬁaﬁ?ﬂlﬁaafjmﬁw?\'awhmmsﬂamaf (C,) wionsesdane I¥Eeudhs vimiug
nszuansad e lodiues TLAo4 mewn 12 davan 4,13,7,9,10,6 AOAINTIAAINAIU

[] a : P d’é 1 [
MU R, 47K 191 6 azanhdimed C, vt 5 illussesesadaananuidaiiduiiy
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1.1 (5-1)

1913 AWAUMY IM TerevuIUAY 47K uazanhiaed 0.1LUF Mevawaa
L4 v 1
fleafiusesii hilWidansesadamdu vt 14 funsedudieds s Taavmoluases uaziia
P . o A, <t < v da o o
TYHWA1WARAIAADY (error amplifier) 2 AfievhimsilToudfioniad Jasi veagmiu
. . . . v & a .
Tageeueniu 15 (inverting) 11231 16 (non-inverting) i uANTUTUASITU (sensing
current) 10208 o411 (inverting) AL 2 (non-inverting) (HuAIFUFI Travinv(sensing
P o A o . J o a | - o s o
voltage) 1191511 adj. Armnnvduewiuniad vinundiga lusufegud eiymiin
ar o o 9 o - o ' K sd . 9
8,11 iWudygrafaddetwidiunsudaass Q, Aumearuduniu 150 Tonwaeimih
do o g/ d o 9y o o o o =
Nunszuasnunn uazaud i 47 Tewdsimihiiaanssuas lna wWaddvig 111
aasatwiuneeniinaesves Q, fivis, 11 nruFameszimluvneiadiaa iy
o ﬂ‘l’ I o o (Y n o o] ° o]
gud (Low) Mimiueminineaidninesves Qezdvdynnn lufvaniamiioni1 L, finm
Toy 030% Q, 1970 Q, 9z0gluennizdudiiussduanason Vee(sar) Uszana 11909
assuerunsuFaiees L, iozise C, nazswidivdurmyes lediues LM317 ven'lids
's 4'5 a o () u s Y ] o & o LY a
MY o T, a3ad Q, luvihaw hifinssua lnarumsudamef i i L | ifana
o o < q v v o g s @ v o a .
milsniwazdaussduiivinendnmesves Q, iuavsunszivlalen b, e
nvzualviun L, 9lid ledives LM317uazeen g Tuaauazussduiinnduwnvesled
wes LM317 vxannndussaueninm 3 Taaviiaue Asussdudunmutlsamussduoninm

1 d 4 ot =) ot < as '
424 LM317 8¢ 3 T2av sazteinm -5 Taandi 1de1nTed 7905 seeedaseduludiuves

o &£ o
feMNUee LM 317 annsudaatiguiFudiunsaduessesiues
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ol
UNN 6

ANSYAKBULRSHANISVNIAREY

— P v jl.hlﬁ’llﬂ Y1

1

‘ELV a0,

" -~ . o~ i -
Tuaﬁwgtanu dunimaaay ANATNITN IUNSINITEAL LN AUN RN

' T sdneiniTuanAtsingg
ATUIUWIAT %Load Regulation w78 %Voltage Reguiation

%VR = (V, -V, / V, *100% :

(6-1)

11 UL
N> ' 3
V, =315V, switching V, LM317 V. E;J;L
A1919H 6.1 Vyguouo =B V. WAS V, =315 V.

RUCY | Vou W) | loag (A) | Vi) | 1L (A) | Vi (V) | %EFE | Py, (w)
60 5.0 0.0833 | 6.68 0.06 31.5 | 22.037 | 0.1399
70 502 | 00717 | 670 0.06 315 | 19.044 | 0.1205
80 503 | 0.0629 | 6.71 0.05 315 | 20.088 | 0.1059
90 503 | 00559 | 6.71 0.05 31.5 | 17:853 | 0.0939
100 504 | 0.0504 | 6.71 0.05 315 | 16.128 | 0.0842
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A15199 8.2 Vygop =15 V. WAZ V, =315 V.

RID | Ve W) | b @ [ v, | 1080 [ Vo0 | %ER | Py )
50 1497 | 02994 | 1697 | 0.31 315 | 4589 | 05928
60 150 | 02500 | 17.2 0.28 315 | 4251 | 0.5500
70 152 | 02171 | 17.1 0.25 315 | 4191 | 0.4125
80 151 | 0.1888 | 17.2 0.23 | .315 -| 39.34 | 0.3960
90 151 | 01678 | 17.2 21 315 | 38.29 | 0.3520
100 152 | 01520 | 17.2 0.20 315 | 3667 | 0.3040

AN9R 6.3 Vygrop =25 V. WAE V, =315 V.

R | Vau V) |l ) [V, 00 | 1A | Vo (V) | %R | Py w)
50 250 | 05000 | 27.2 0.61 315 | 65.05 1.1
60 25.0 | 0.4167 | 27.1 0.52 | .31.5 | 63598 | 0875
70 25.1 | 03586 | 27.2 0.48 315 | 5953 | 0.753
80 251 | 03138 | 272 0.43 315 | 58.14 | 0659
90 25.1 | 02789 | 272 0.40 315 | 5556 | 0586
100 | 251 | 02510 | 27.2 0.38 315 | 5263 | 0527

6.1.299 % Eff 9894 LM 317

Vin=31.5 V. LM317 Vout

—




R W e

[ o S N

T e e e .

IR RV e 5 s e

43

819199 6.4 Vo000 =B V. BAZ V, =315 V.

R | Ve W) | 1 (A) ln (A Vi (V) %EFf | Py (w)
50 504 | 01008 | 011 | 315 | 1466 | 2.667
60 5.04 | 00840 | 009 | 31.5 | 1493 | 2223
70 508 | 00726 | 008 | 315 | 14629 | 1.918
80 509 | 0063 | 007 | 315 | 14687 | 1.679
90 512 | 0.0869 | 0.07 | 315 | 13209 | 1.501
100 | 514 | 0.0514 | 008 | 315 | 13978 | 1355

9197 B.5 Vyorom =15 V. WAE V,_ <315 V.

RUY | Voua W | LA | 1A | V(v | %EF | Py, (w)
50 5.0 0.3 031 | 315 | 46.083 | 495
60 5.0 025 | 026 | 315 | 45788 | 4.125
70 501 | 0.2144 | 028 | 315 | 44425 | 3.5359
80 | 501 | 01876 | 020 | 315 | 44.643 | 3.0919
90 501 | 01667 | 018 | 315 | 44.101 | 27502
100 | 501 | 01501 | 016 | 315 | 44.643 | 2.4735
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4
{

k

i

3

f

f -l

! 919299 B.6 Vyguopp =25 V.  UAZ V, =31.5 V.
¥

}

¥

B

RL(Q) Ve (V) i, (A) L, (A) V,, (V) %Eff Pyyy (W)

50 25.0 0.5 0.50 315 79.365 3.25
‘ 60 25.0 0.4167 0.42 31.5 78.735 | 2.7086
5 70 25.0 0.3570 0.37 31.5 76.607 2.3205
[ 80 25.02 0.3128 0.33 31.5 75.277 | 2.0268
E 80 25.03 0.2780 0.29 315 78.202 1.7987
100 25.04 0.2504 0.26 315 76.556 1.6201

] v <

Tawd wepiadis idummesauanuaunsnlunsneessnnsiuresieag

v ugerefileBunmulRauwiag
ATUATUMN %Line Regulation 1A]n

f % Line Regulation = (Ve ;. *Voc oud / Viein *100 %. {(6-2)
f

¥

‘ #9299 6.7 Vygropo =5 V- . I, =0.1 A, U8 R0, 5002 BW

VaenVo) | Ve W) | 1A | V(W) | Ve, W)

B

;

1

4

¥

; 205 5.0 0.1 6.8 31.5
' 210 5.0 0.1 6.8 32.5
f 215 5.0 0.1 6.8 33.5
}

;

'

i

]

220 5.0 0.1 6.8 34.5
225 5.0 0.1 6.8 36.2
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A9 6.8 Vyouon =15 V- . I, =0.3 A. UAE R, 50D 5W

Vicw | Ve | LA | V, (V) | Ve, (W)
(V)

206 15.0 0.3 17 30
210 15.0 0.3 17 31
216 15.0 0.3 17 31.5
220 15.0 0.3 17 32,5
225 15.0 0.3 17 33.5

A1929 6.8 Vyouon =25 V. . I, =0.5 A. UAZ Ry, 50SD W

Vaen | Vou W) | LA | ViV | Ve (V)
(V)

205 25.0 0.5 27 29.5
210 25.0 0.5 27 30
215 25.0 0.5 27 31
220 25.0 0.5 27 31.9
225 25.0 0.5 27 32.9

Fdillauaznerdns il adlunmmeseuusssiuln AC Miztusanui
W wazAuAIsnIsIRAnEpareflunsidaly AC aanldlfunntaaiedls
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MOTOROLA

SEMICONDUCTOR =
"{ECHNICAL DATA

R A AT I AT AN I

I
§Wi’tchmode Pulse Width

Modulation Control Circuit
:The TL494 is a fixed frequency, pulse width meculation control cireuit
dfsigned primarily for SYATCHMODE power supply cantrol.
This device feaiures;
®, Comglete Pulsa Width Mcduiation Contral Circuitry
* Qn-Chip Oscillater with iaster or Slave Cperziion
o On-Chip Error Amgiifiers
] On-Chip 5.0 V Referenca
* Adjustable Oead-Time Contre!
¢ Unccmmitted Output Transisters Rated to 560 mA Saourca or Sink
« Output Control for Push-Pull or Single-Ended Operation
-£ Undervoltage Lockout

PIN CONNECTIONS

f
r,
|

HNoninv Noninvy
Input | ! 18 | lnput
Inv . Inv
Input | 2 Voo 15 | lnput
; \|
i Cempen/PWM sSav
Camp laput l 3 Ree [0 Veet
=Q.1V I
Dead Time .. . | OQutsut
' Cantrcl l s | 13| Contral

E cr| s 2] vec
¥ ] Cscilater
t R

T 6 11 C2
! L_sz—
; Ground | 7 I\gE €2

[
[: of]

Ct| s 9 | Et

— g

(Top View)

T o —.

TL494

SWITCHMODE

PULSE WIDTH MODULATION

CONTROL CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUITS

J SUFFIX
CERALIC PACKAGE

CASz 520

e
e

1

N SUFFiX
PLASTIC PACKAGE
CASE 343

ORDERING INFORMATION

Temperature
Cevice Range Package
TL494CN - Plastic
0 -70°C
TL493CY Caramic
TL494IN . Plastic
~25"to +85°C
TL4941y Caramic
TL494My -55" 0 +125°C Ceramic

3-460

T

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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TL494

MAXIMUM RATINGS (Fut ccerating amolert lerzeratura range agclies, unless clitervise rotec.)

Rating ' Symbol | Tligsc | Tisedt | Tlisam | uni |
Power Supply Veltage l Ve | 42 i v
Callecter Outeut Veitage [ Voo vez | 22 Y
Collector Cutzut Current (Eacn transisicr) [Meta 1) | lneling | 3E0 I oma
Amplifier Ingut Votiage Range ViR 0310 »2 f v
Power Dissicaticn @ Ta £45'C 2] 16C0 bom
Cperating Juncien Temperawre T i
Plastic Package 125 = I
Caramic Package 120 |
Storage Temperature Range Tstg Lo
Plasiic Package ~5310 +125 —_— l
Caramic Package —£510 150 l
Operating Ambient Tamgperature Range TA Oto+70 | ~-2510-85 I-SS lp 125 f °C
NOTES: 1. Maximum thermal lirits must be obsaived.,
THERMAL CHARACTERISTICS
Characteristics Symbol | NSuffix | JSuttix | Unit
Thermal Resistance, Junciicn to Ambient RgJa 80 109 I oA
Derating Ambient Temperaiure Ta 45 50 I *C
RECOMMENDED OPERATING CONDITIONS
TL494
Conditlon/Value Symbol Min Typ Max Unit
Power Supply Voltage vVee 7.0 15 40 y
Collector Qutput Voltage Ve, Ves - 20 40 v
Collector Output Current (Each transistor) Ici.lc2 —_ —_ 200 mA
Amplified Input Voltage Vin -0.3 - Vee-20 v
Current Into Feedback Terminal Iip - - 03 mA
Reference Qutput Current . lrat - - 10 mA
Timing Resistar RT 1.8 30 500, , k0
Timing Capaciter cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 260 kHz

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
3-461



o

B N T T T T TS S I e w5 S vy

-

- T o, W iy, e

o

Ry T Y

R R .

ELECTRICAL CHARACTERICISTICS (Veo =15V, CT20.01 4F At = 1240 unless ¢

TL4g4

wneravse neted.)

For typical values Ty = 25°C, for min/max values Ta s ihe cperating abmient temceralure range that accies, unless ethervisa notad,

TL494C,! TL494M
Characteristics Symbol Min I Typ I Max Min | Typ | Max Unit
REFERENCE SECTION

Aeference Voliage (Ig = 1.0 mA) Vet | 475 | 50 | s2s | 475 | s0 | ses [ v

Line Regulation (Veg = 7.0 V 10 40 V) Regine - 20 | 25 — 20 | 25 v

Lozd Regulation (10 = 1.0 mA to 16 mA) Regload | — 0 ! s - 38 | s my

Shart Circuit Cuicut Currant (Vg = 0 V) Isc 15 | 3 | 73 15 | 35 | 75 | ma

QUTPUT SECTION

Callecter Off-State Current Ic(oin — 2.0 100 - 2.0 100
(Ve =40V, Yoz =40Y)

Emitter Oft-State Current I — - -100 | — - -150
VCC-“QV.VC-40V.VE-0V)

Ccllector-Emitter Saturation Voltage (Note 2)- v
Common-Emitter (Vg = 0V, Ic = 200 mA) Vsat(C) — 1.1 1.3 - 1.1 1.5
Emitter-Follower (V¢ = 15V, Ig = ~200 mA) Vsail£) — 1.5 2.5 - 1.5 2.5

Quiput Contral Pin Current
Low State (Vog 50.4 V) locL - 10 —_ - 10 —_ 2A

._-High State (Vog = Veet) 10CH - 0.2 35 — 0.2 35 mA

Qutput Voltage Rise Time - ns
Comman-Emitter (See Figure 12) — 100 200 F % 100 200
Emitter-Follawer (See Figure 13) - 100 200 - 100 200

Qutput Voltage Fall Time ts ns
Common-Emitter (See Figure 12) — 25 ico —_ 25 100
Emitter-Follower (See Figure 13) — 40 100 —_— 40 100

NOTE: 2.Low duty cycle pulse techniques are used during test to maintain junciisn temperature as closa to ambient temperaiure as possitle,
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TLass
Characteristics Symbel Min l /P ] Max Unit
ERROR AMPLIFIER SECTION
Irzut Cifset Veltage (Vg (Fin3) = 2.5 V) | wvio - i 20 | n mv
Irput Citsat Current (Vg (pin 2y = 2.5 V) | o — | s0 | e A
Input Bias Currant (Vo) (pin 2y = 2.5 V) | ng - (S R T s HA
Input Cemmen Mcde Vaitage Range (Ygg =40V, T = 25°C) { VicR =1.3.4c Ygg~2.0 v
Czen-Lecoo Yeltage Gain (Vo = 3.0V, Y0 =05V 3.5V, AL = 2.0 %) AyoL 70 HEE { - c3
Urity-CGain Crossaver Frecuzncy (Vo = 0.5V 0 3.5V, R = 2.0kQ) fc- i 2% I — kHz
Phase Margin at Unity-Gain (VQ = 0.3 V10 2.5 Y, A= 2.0 k0Y) om — | s | - cag. |
Cammon Mode Rejection Ratio (Vo =40 V) CMARR 85 ¢0 - c8
Power Supply Rejecticn Ratio (AVeG =33 V. V0 =2 2.5 V. R = 2.0kQ) PSAR - 1C0 - a8
Output Sink Currant (Vo (pin 3) = 0.7 V) lo- 0.3 07 | - mA
Qutput Source Current (VO (Pin 3) = 3.5 V) lo* 2.0 =4 I -_ mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Thresho!d Velitage (Zzro Duty Cycle) VTH — i 2.5 4.5 \Y
input Sink Current (Vipin 3) = 0.7 V) .. 03 | o7 - mA
DEAD-TIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpijq 4 =0V 10 5.25V) s (0T) — -2.0 -10 pA
Maximum Quty Cycte, Each Output, Push-Pull Mccz2 OCmax %
(Vpin 4 =0V, CT = 0.01 uF, Ry = 12k} 4§ 48 50
(VPin 4 = 0 Y, CT = 0.001 &F, AT = 30 k) - 45 50
Input Threshald Valtage (Pin ¢) VTH V'
(Zero Outy Cycle) - 2.8 33
(Maximum Duty Cycle) 0 — —
OSCILLATOR SECTION
Frequency (CT = 0.C01 pf, AT = 30 k) fasc o 40 - R"Hz
Standard Deviation of Frequency® (Ct = 0.001 puF, Ry = 30 k() olgse —_ 3.0 - %
Frequency Change with Volage (Vg g =,7.0 V 10 20 V, T = 25°C) Alosc (V) — 0.1 - %
Frequency Change with Temperature (ATA = Tiow 12 Thigh) algse (AT) o’ - 12 %
(CT =001 uF Ry = 12KkQ)° :
UNDERVOLTAGE LOCKOUT SECTION
Ffum-On Threshold (Vg increasing, Iegf = 1.0 mA) Vin l 5.5 6.43 7.0 \
TOTAL DEVICE
Standby Supgly Current {Pin 6 at Vrgy, All oiher inputs and outputs cpen) Ice ! mA
(Veg=15V) — 35 10
(Voo =40V) - 7.0 15
Average Supply Current - mA
(CT = 0.01 pF, Ry = 12 XL (V(Pin 4 = 2.0 V) - 7.0 —
Ve = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the lormula, @ _]
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APBLICATICNS INFCRMATION

Description

The TL4S4 is a fixed-frequency pulsz width meculation
contrel cireil, incsrperating the primary tuilding tlecks
required for the centrol ¢f a switching sower supply. (S22
Figure 1.) An internal-linear sawtceth osciiletor is frecuency-
grogrammable by two extarnal compenents, At and CT. The
agproximate oscillater frequency is determined by:

<
4

foso s ————
Ry «Ct

Fer mere information refer ic Figura 3.

Cutput pulse wicth medulation is zccomplished by
ccmparison cf the pesitive sawtooth waveform across
capacitor CT to aither of two control signals. The NOR gates,
which drive cutput ransisters Q1 and Q2, are enabled only
when the flip-flop clock-input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater ‘than the controt signals. Therefore, an
increase in control-signal amplituce causes a correspanding
linear decrease of autput pulse wicth. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the dead-time control, the error amplifier inputs, -or the
feedback input. The dead-time control comparator has an
effective 120 mV input offset which limits the minimum output
dead time to approximately the first 4% of the sawtcoth-cycle
time. This would result in a maximum duty cycle on a given
cutput of 96% with the output contro! grounded, and 48% with
itconnected to the reference line. Additional dead time may be
imposed on the output by setting the dead time-centrol input
to a fixed voltage, ranging between 0 Vio 3.3 V.

Functional Table

Input/Output tout
Qutput Function =
Controls , fosc
Grounded Single-enced PWM @ Q1 and Q2 1.0
@ Vyet Push-pull Cparation 0.5

The pulse width medulater comgarater provices a means
for the error amplifiers to adjust the cutput pulse width from the
maximum percent cn-time, esiablished by the dead time
control input, down 1o zero, as the voltage at the {eedback pin
varies from 0.5 V0 3.5 V. Both error amplifiers have acommon

medeinputrange frem 0.2V o (Voo ~-2Y), and may te used
10 sense pewer-sucply cutput veliage and current, The
errcr-amglifier cutouts are 2ctive high and are ORed icgsather
at the noninverting ingut of the pulse-width mcculator
camparaicr. With mis configuraticn, the amclifier that
damands mnimum cuipet ca time, deminates control of the
lecp.

Whean capaciter CT is discharged, a positive gulse is
genesrated cn he cutput ¢f the ceac-lime comparater, which
clocks the culse-sieering flig-flep and inhibits the cutput
trarsisiers. Q3 and C2, With the cutput-centrel connectad to
the refarence fine, the pulsa-steering lis-flcp diracis the
medulatad pulses to each cf ithe two cutput transisters
altarnately icr push-pull cperation. The output frequency is
ecual to half that of the cscillator. Output drive can also be
taken from Q1 or Q2. when single-ended cperation with a
maximum on-tme ¢f less than 50% is required. This is
desirable when the output transformer has a ringback winding
with a catch dicde used for snubbing. When higher
outcut-drive currents are required for single-ended operation,
Q1 and Q2 may be connected in parallel, and the output-mode
gin must be tied to grounc ta disable the flip-flop. The output
frequency will now be equal to that of the oscillator.

The TL494 has an intarnal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias circuits.
The reference has an internal accuracy of £3.0% with a typical
thermal crift of lass than E0 mV over an operating temgerature

range of 0°tc 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 14. Errar-Amplitier Sensing Technigues
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Figure 15. Dead-Time Control Circuit
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Figure 16. Soft-Start Circuit
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Figure 17. Qutput Connections for Single-Ended and Push-Puil Cenfigurations
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Figure 18. Slaving Two or Mcre Contrel Circuits Figure 1S. Operation with Vin > 40 V Using
External Zaner
Vref 2
l +
A ]
2 Ag veg | |
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Vig > 40V i : i
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Figure 20. Pulse Width Modulated Push-Pull Converter
+Vig = 8.0Vio 20V
c ‘
12? +Vg =23Y
o - 47 P 1N4G24 lg=02A
+ Vee FAAAA—memy T 1 P>t - 3
2 8 J)r, 2
» - c o}
1M . 32 1 Ly k
33' 3 « [ _— +
- (raa——= Comp TL494 —ot P
001 0017 4 " })n )5 1' 3V g
. s '\ag £ mT o
,;6 + O \AA—8 T gg‘/
OC Vpgr OT Cr Ry Gne &' E2 47 el 10 i
13 Nl 3]s s8] 7 9[10 P 4
A "}é_. ) 210 H
4.7« é 10 15;
A7k 3 odor §
c -0
- All capacitors in uF
Cpaciarsinp U—15mH@03A
T1 — Primary: 20T C.T. ¥28 AWG
3 1}
TEST CONDITIONS RESULTS Secordary: 120T C.T. 136 AVG

Care: Ferroxcute 1408P-100-3C3

Line Regulation Vin=10Vta 40V

14 mV 0.28% i

Load Regulation Vin=28V,lp=1.0mAto 1.0A

2.0 mV 0.06% ;

Qutput Ripple Vin=28V,io=1.0A 65 mV P-P P.A.R.D.
Short Circuit Current Vin=28V,RL=0.1Q 1.6A
Efficiency Vin=28V,10=1.0A 71%
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0.001 T % 47%
X . > —0
§ 0.4
os b
TEST CONDITIONS RESULTS
Line Regulation Vin=8.0Viod0V _ 30mV  0.01%
Load Reguiation Vin=12.6 V, Ig = 0.2 mA to 260 mA 5.0mY  0.02%
Output Ripple Vin = 12,6 V, Ig = 200 mA 40mVP-P  PARAD,
Shert Circuit Current Vin=1258V, R =0.10Q 250 mA
L
Efficiency Vin = 12,8 V, I = 200 mA 72% B

:
*
¥

%

s

o

MOTOROLA LlNEAR/lNTERFAC{E ICs DEVICE DATA

3470

i



e

TRT e bR TGS T S e

s g

o T m W mpn® MSrm en pwmmtn maw o oes me SR e © %D

e e o oor v mes  ofentroroy e WMt T T e

o Wt Wy, TR WY wER e

T TR m— Fm e

O -

LM7/LMITA/LM3T7

Y PR LI
Lt.l | l//._.\l
9 - § -
3-Termina
G

)
o]
M
n
)
®
n

'y
bs nEr
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istor pzohages wiich are sasily mountaed

L ’.he. .‘l verL..ad
encad pretecticn
digsiment tai-

Nz WF, 8% Lazizid rnzedad galess ine gEvicw i
s:: 2d more 'uan 5 inzhiss from the input filler capacitors
:.: st is needed. An optional output

atova transient response, The
); zssed o achieve very high
; action ratics which are citficull 1o achieve with stan-
card G-istminal ¢ gula:cr .
Beosidss rapla: »rg fixed rzgaiators, the LM117 is usefulin a
wida veristy of cther zppfizstions. Since the regulator is
ing" and ss2s coly the input-to-output differential vait-
a2, supplizs ¢f saveral hundred volis can be regulated as
feng 25 the maximum input to cutput differential is nat ex-
cesded, ie., zvoid shant-cirsuiting the output.
Also, it mezkes an sspasialh srrpls aZjusiable switzhing reg-
ulatsr, mmzble output reguletor, or by connecting a
fixed ras:-!: between t ment pin and output, the
LI117 can be used s & precision current regulator. Sup-
chigs with elecironiz shutdewn czn be achieved by clamping

2¥ whare mgsi ozes draw i

rmoi2mant,

U TS

maan ozl o ground whicn programs s ot

{, sea LM1S0
is. For the peg-

rNumb Rated Desiga
Ram e 8 | rackage Power Lgad
7 Dissipation | Current
K 70-3 20w 1.5A
H | 7032 2w C.3A
T | 70-223 20W 1.5A
£ =T oW .34
S | tc-z83 | &y 1.5A
Features
f‘u"a ead 1% cuizut voltage tolerance
(L2t )
u Jarar!eed max. 0.01%/V line reguiztion
(LMZ17A)
u Guaranizad max. C.3% lcad reguiction

Guearantaed 1.4 output current
Adiustzhle output down to 1.2V
Currant fimit constznt with temperaturs
P+ Praduct Enhansament tastag
80 dS ripple rejacticn

Output is shori-cirsuilt protecied

Typical Apphcatiohs
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ciease contact
(Note 2}
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sac

pacifizs, Vin ~ VouT
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M117 (Not
Farameter Conditians & ? {(Note 2) Uaits
Min ! Typ I Kax
Azizranca Vellage i l A
3 = ) & -‘~:V, 1
IV < (Uin = Vour) € N 1.20 | 1.25 .30 v
10mA € loyr € heaw, B < Py
Lins Raguletion 3V S (Vin = Vousi € 20V (Note 4) i 001 $.02 eV
| o.02 0.05 u/V
Lezs Aegutation 10mA € loyT € luayx {N3tE 4) [ 01 2.3 “
| o3 1 %
Therme! Regulation 20 ms Pulse { 2.03 .07 /W
Acjustment Pin Cutrent i 50 100 rA
Adiustment Pin Current Chznga 16 MA < lout € lusx |
| o2 5 A
3V € (Viy = Vour) < 20V .
Temgarature Stability Tiin € Ty € Tiwax ! 1 %
[
Minimum Load Currant (Vin = Vout) = 20V L 3.5 5 A
Currant Limit (Vin = Vout) < 5V
K Package 1.5 2.2 3.4 A
H, K Fackagas 0.5 0.8 1.8 A
Vin = Your) = 4V
K Packags C.3 0.4 A
H, K Packages 0.i3 0.2 A
3148 Ouiput Neise, % of Voyr 10 Hz gl < 10Kz {2203 ‘ %
Sipplz Rejection Ratio Vouyr = 10Y, ! = 120Hz, 65 &3
Capy = O uF
\ = = 1292
VouT 10V,—f 122 Hz, 68 30 3
Capy = 10 pF
Long-Term Stability Ty = 125°C, 1007 brs 0.3 1 %
Therma! Resistance, K Package 2.3 3 ‘C/W
Junction-to-Case H Package i 1€ ‘C/wW
€ Package ‘C/W
Thermal Resistance, Junction- K Package 35 ‘C/w
t2-Ambiant (N3 Heat Sink) S Package 120 ‘CIW
£ Package ‘CIW

1.21




T Tt gt DA S ATl

TR e e

THETE T B T e o e

T by Sty iy

T AT e w ar o

oy

Ll

— e -mum-.‘,._..,_w“_"_

LM117/LM317A/LM317

wih boldface type aozly over fuil Cperaling Temzears.
o= 10 mAL (Nete 3)

o LMI1TA . LM317 ;

Parzmeter f Canditions | Unizg

i Min | Typ | wax | Min | Typ | Mex :

Ralzrenzz Voltz-s i | 238 I 1250 | 252 | v ;
T Ve 2 o ~ :

P S M - Vo) 2 40V, | 1,228 1.250, 1 :70! 120 125130 v |
Pl mALlouT S haax P € Pray ] 1 18

Line Rzguiauza } 37 € (Vg = Veus) £ 40V (Notz 4) | ooos | cer | 3.01 | 0.6t | oyl

1

! [ 0.01 | 0.02 ! |o.02]0.07] niv:

L0 A L iour 2 tyax (Nt 4) [ ar | as | [ 01 ] ¢5 | = i

t )

) 03 | 1 | 0.3 | 1.5 [P

——

2% ms Puiss ! oc: | 007 | ¢.0¢ | 007 | ww-

Adiustiment Fin Current 50 ; 100 | 50 j 100 i ;

Adjusiment Pin Curreni Change | 10mA £ lout € huax 0.2 5 0.2 5 rA :
3V < (Vg ~ Vour) < 40V :
I-n.qg,g s TJ = T\,q;‘x 1 1 e ii
| (Vo = Yoot} = 40V 3.5 10 3.5 | 16 | ma
Cucrant Limit (Vin = Veur) < 18V ;
K, T Packeges 1.5 2.2 3.4 15 | 2.2 | 34| A |
H, P Packages 0.5 0.8 1.8 {05 | 02 | 18| A i
(Vi = Vour) = oV i
K. T Packages 0.15 0.4 0.15 | 0.4 A !
H, P Packagas C.075 0.2 0075 0.2 A |
AMS Outout Noiss, %2 ¢! Voyr | 10HZ < f € 10 kHz 0.003 0.003 %
Rigple Rejestion Rzt /\ = 10V, { = i
icp jection Ratio Veour 10:/_,! 120 Hz, 65 65 e
Cagy = 0uF :
=% = 12
vour = 10V, = 120 Hz, &5 eo 66 | go s
Capy = 10¢F
Long-Term Stzkit Tj = 125'C, 1990 hrs 0.3 1 2.3 1 %

Therma! Resistance, Junction- | K Package

2.3 3 ‘CHwv

to-Case H Fackzge 12 i3 12 15 {°C/W
T Fackaga 4 s 4 ‘Crw
F Package ‘C/w i

Tharmal Resistance, Junction. | K Fack aga

to-Ambignt (Vo Heat Sink) H Packags 140 140 GV ¢
T Pzchage 50 59 CHY
P Package (Note 6) 59 *Crw

Note 1: Atsalus M = Ratings indicats limits beyong which damage ts e davizs =% oscur. Operaling Ralings ndicais canditions for whish the davice is
intendes tc bs funztiz=al Sut do not guaranted spe=fis pefa~manza himns. For FaatzmaE? speciicaions and tast o 7S, S2§ the Biazinea’ Claractarisics.
The guaranteed speaticztions ansly cnly fer the tes: CIATLns Uistag,
Note 2: Refar 10 RETSI1TH Crawng for the LMITTH, or v RETSTITK for tha LV ~3 =ty spesfizatisns.
Note 3: Altheaugh pawer Lssization is internally limiad, these spazificatiang aca asaisiss 1oy
TO-3and T.220 tysy is 1.5A for the TO-5 anc 7C-22° 23202925 £n3 0.5A for ths TI-37 paskage. All imas (e, the n
Suai.ntzed 1 2 ‘ional's AODL (Average Outgsing Cuzly Level).
Note 4: Reg. c..ar is measured at 2 consiant junstion tamparatuce, Using palss 1asing T & fow duty eycle Changes in cutatvaltage due iu heating effez:s are
CIversd un.; the spestizasions for tharma! reuiaton. N
Note 5: Huma= 9% mezel, 100 pF escharged thraugh a 1.5 411 resistor.
Note 6: 1! the TC.282 - \age is usec, INa el resisianze can be reduse? &
05 square inches of zorper ared @, .5 STCIW, weih § scuare ineh of CRIR area €413 ITC/W, BnC wik 1.€ of mare s3Lare inchay of copDer wres, 8018
ArCIwW,

.

CI 2W for e TO-32 ang 25V for e
473 i the Min, g Mix, columas) xs

s TRENA; e OC Doard €oPR2r area 1Neemally connates 1= 1 sasnage. U'ang

G dh e b im ety o et . " s oo
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LM117/LM317A/LM317

Application Hints

In cparatizn, the LM117 daveloss 2 nzminal 1.25V refer-
20%e veilags, Viazz, batwean the oulsut and aZjusiment tar-
minal, The rg! ss pragram
Sior A1 and, sincs the vollags is consizat, 2 c3nsiant
wrrent Iy then flaws trough the output set resisior A2, giv-

ing an cutzui voltage of

2neg voltzgs is imprassed

RZY . .
Vour = Vazz |1+ Fq) T laniRz

M1}

Tu'A 3233-5

FIGURE 1

Since the 100 pA current from the adiusimen: terminal rep-
resents an eror term, the LM117 was designed lo minimize
'aps @and mzke it very constant with line and load changes,
To do this, zii quiascant oparating current is returned to the
output és:z:lishing a minimum lcad curent requirement. If
there is insutficient load on the outout, the output will rise,

Externa! Capacitors

An input bypass czpacitor is recammendad. A 0.1 pF disc
or 1 puF salid tantzium on the input is suitzSle input bypass-
ing for almast all zpplications. The davics is more sansitive
to the absence of input bypassing when acjustmant or out-
put capacitors are used but the 25ove values will eliminate
the possibility of problems. )

The adjuztment tesminal can be bypassadia ground on the
LM117 1o impreve rigple rejection. This bypass capacitor
prevents ripple from bzing amptified 25 the output voltage is
increasad. With a 10 uF bypass capacitor 80 ¢2 ripple re-
jsclion is obtainable at any output level. Increases over
10 uF do not appreciably improve the ripple rejection at
frequencies above 120 Hz. !f the bypass capacitor is used, it
is sometimes nacessary (o include protectisn dindes to pre-
vent the capzcilor from discharging through intemal low cur-
rent paths and dzmaging the davice.

In genéral. the best typs of cagacitors to use is solid tanta-

lum. Solid tantzlum c2pzcitors have low impedance even at
high fraquencies. Dapanding upon capacitor construction, it
takes about 25 uF in aluminum electrolytic to equal 1 uF
solid tan:afum at high frequencies. Ceramic capacitors are
2lso good at high frequencies; but some typas have a large
dacrease in capacitance at frequancies around 0.5 MMz,
For this reason, 0.01 pF disc may seem to work better than
3 0.1 uF disc as a bypass,

Although the LM117 is stablz with no output capacitors, like
eny feedback circuil, certain values of extzrnal capacitance
€3n cause excassive ringing. This occurs with values be.

i pF sehidtzntzlum (or 2

twaen 520 pF 2ng 5020 ¢oF.
a s aflectarg i

A
gluminum i thg culoul swamps §
EREhE R FLad

the ivcp sizzifiy,; ana sotsut
L 4

=34

Wy

igeald

han 10 uF wili
impedzncs.

\

Lcad Regul2tion ;

ThelMiiTice 5 exvemsly goddicad rag. !

E] ¥ g

~s are neasad io cb

oty to the output (cas2) of the
e load. This &
tegly in sarias with the 2
r zxamyple, & 15V reguizicr with
the regulator anc icad will ket
load regulatic sistance of 0.030 X . 1f5s
s2{ resisior is connaciad near the load the efective fina
resistance wili ba £.250 (1 = R2/R1) or in this cas2, 11.5
times worse.

Figure 2 shows the eflac: of resistance between ths ragula-
{or anc 2400 se! rasisicr.

w

LMY1?

Vip =

TUHRAI-6
FIGURE 2. Fegulztor with Line Resistance
in Qutput Lead

Y/ith the T7O-3 pachzge, itis ezsy lo minimize tha resistznce
from the casa 1o the sat resisior, by using two sszzezte
leads to the case. However, with the TO-5 packags, care
shouid bz fzken tz minimize the wire length of the cuput
lead. The ground i A2 czn ba returned near the cround of
the load to provids ramcte ground sensing and improve
lsad regutation.

Frotection Diodes

Whan externs! czpacitors :e2d with aay IC raguiator itis
sometimas nalessay to acd protection ciodas to praven:
the capacilers f20m cischarging through fow curent sointe
into the regulater. Mast 10 ufF casacitors bave low o en
intemnal series resistance to daliver 20A spikes whan shor-
ed. Alihcugh the surge is shart, there is engugh enersy to
camage pans of e IC.

Whaen an output cazacitor is connectzd o 2 ragulater and
the input is shoned, the output capacitar will Jischarge inte
the oulpul of the regulaior. The discharge current dnande
on the value of the capacitor, the outzut voltage of tha regu-
lator, and tha rats of dazrzase of Vin. In the LM1s , this
cischarge path ie through 3 large junclion that is abls to
sustain 12A surga with no proSiem, This is nct true of other
types of pesitive regulators. For cutput cagacitors of 25 pF
or less, there is nc need 1o usa diodes.

1.24
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Schematic Diagram

cr lass a:

than 2%

SV and Nign values of aut

FIGURE 3. Segulator with

r
=
iy
. —
urmenl. NG protection is aeadad far outout voltagas of 23V :l
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Typical Applications (Cantinuea)
SV Legie Regulator with Eiscironic Shuidown® Siow Turn-0r. 15V Aegulator
3V 11 iMI1?
. Yoyt ik Vi Vour — 73uT
Vi V-2 sV 42!
[
-I- 1L
[ - F————a—AAA
S4F -
AT f in
Min Syt = 12y TUH/3083-3 Tnys
Adlustable Regutater with Improved High Stakility 1oV regulator
Ripple Rejection LdI17
LM117 Your
12v
Vin=Cm——— Vg Veyr!
)
Rt e
a A 168002
— 0luF + 1.5k
= it
6.2 R? ’
t1o.f I =
L )
*Sahd tntalym -
"Diszharzes C1 if Bt is shonad 1o groung TUH/E3.10
TLHISNS-11
High Current Adjustatle Reguiator
3-LMI195°S IK PARALLEL
il
22338 520
- ——hm_*‘;
a2 '
S WMy
—
Viy — Vin Vour o 5 P Vour
201 {
R4 .
120 A 154062
+] .
i C1 — . (3]
10,77 TN a1
-+
[+
RS +
- :Sake taat,
Sof tantalum TLM8083-12

“Mhinimum 13ad curent = 32 mA
:0puanal—mproves nppie rajecton”
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0to 30V Regulater

Typical Applications (ceasmues

M
Vi Yiv  Vour b—o— vayur i

5V AT) —_— 1
Al —T_ U

150 —_

[%]

—_—1uf INUT A

Al

[F
- [OTIR]

Fall oo cuTent not svails
asis atl Nigh inpa-outpat von-
1508

TUH/22£5.12

£A Constant Yoltaga/Constant Current Regulator

MI4862

(S 4FH

ouTruT
b'—:J.SA

¥,
" veur

AUl

A2
4

TUAE3-14

o
X b ie

o OUTPUT

A1 LM 7%
B} -
33V —g Yin  Vaur
" 104
—_
tuf

14457

8o tantlum
“Lights in consin et made

I 12v-33y
+

3

1eF? /_‘l'-\

'

TR 3223418
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Typical Applications ot
ypica hpp ICAU0ONS (Contnuec)
1.2¥=22V Regulstor with High Gain Amplifier
1A Current Reguiator Minimum Fregram Current v
[ Bt !
v, Y, Yeur P . . A )
v 17 Your [ S S [ Yoyt ey Vaup
11 L] oy oV . l ey EXd] ’
[ - & A a7
L1f e - 12 H
= L —
1 ourryy
Loac az [————
= 3 /l
' -
- = U = AN — —LA gy
TLAe055-18 TURMI-IT . Vo
Badomaun T 4mA E
T Traislag
Low Cost 3A Switehlag Regulater
a1 jull, .
e e
5/ LKt —]
Al (8 25548 k2
-5y ——Wv—L Vix 2- VeV ES 22V
l LN Y]
2 +
artl_ e —
SLF! TN l ASIUST gy TS e F
-~ 0t
A irs
b Y |
|
1Solid antakum RIS 18
'Cere—Amald A.2841585.2 5C s
4A Switching Regulator with Overioad Pratection Presicion Current Limiter
3-LMIPE IR PARALLEL [0
N
¥
Vin Yin Yoo —-C:f o1~ 'ﬁ
\. a2 ! R i
[}] —_—
X204 gl “nom .
ﬁ AAA—y GLER A R1 <1200
"'[ TUnRis3-
é a1 !
r £ LX517 Al
v !—\’:’v—l—' ¥ XY ,
12 N ; A
(Rt Vour o M
+
—t=a 2 '2 — v
uF q p——— T
:_.r " ™ w o JU Bt v iaay
1 At
I
ver L,
[X- ] +
—
o1
R oL
Az
10
) .
= OrSSil aanalom
*Coro—Amold A-2£4168-2 53 tuma TUH 28~ 20
S
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| Typical Applications (centiaued)
|
! Tracking Preregulator
i a1
! 129
| . AN
I a1
| ue g
1
: AQJ
| Vi viv  Vour vin | Veur vour
i 10J
i (& 3804 Al
! 129
: +
[%] —_— 2 d
0147 TN Lf
|
1 ;’ ¢ >eursur
I VO azuust
| v Vv n" 2
S
- TW/H/5053-22

TRANSFCAMEAS,
RECTIFIERS,
AN0
FILTER
CAMALITOR

&

Adjustin

LMI17

Vig Vin

Vour v v v
: LLL our i PPy
i Rt
. { 120

Z T

!
!
l
|
I
Lo 000 3\

Curren! Limited Voltage Regulator

M

ACJUST

I,

|
| Rer 2R3 120

3]
-l.SV(lt—)+l».H
Yom = 12 (T s Ay

600 mV TLIHI3I5-
- Shant circut zuTsnt is appredimaisly —o—, of 122 mA LRS- T
(Comparad 13 LM117"s highar current lima)
~ AL 53 mA osout oaly 3, volt ¢f drop occurs ia Aj ang Py
g Multiple On-Card Feguiztors with Single Control”
y
Your—voyr?  vin—aVin | Vour f—voup!
Al
A/?
1%
*AL utputs within 2 100 mv
*Minimum I0a2—1C mA TL'M/3082-24
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Typical Applications centinzes

AC Voltage Ragulator
M7

—t i VouT
A0J

123

WV

5C mA Constant Current Satlary Charger

M

M

[

ViK——Vin  VOUT Ay A4
Aty
kalls

_.%._. Adjustabie 4A Regulater
92
vix N ——AAA—
02
—tVyy WM —AAA—S
LM37 ) I
TUrr9251-25 LM117
02
12V Battery Charger Yin ‘m"cur AAvA- 4
(M7 Rg*
32 9
ViR——Viy  Vour
ADJ 100 5k
282805
2
= 1 150 s
ad -
TUH/963-28 299 pF 1.5
R2
‘Rg—sels outputimpedznze of chargen Zoyt = Rs (1 + 'ﬁ) |
Use of Re aliows low charging rates with fully chaged batery. -_I_—
T
Current Umited 6V Charger
M7
0 10 49 Vi VouTk—:
A}
ADJ
19285
—— y
¢ —
*Sats pezk currant (9.6A for 10
**The 1000 uF is recommended to filtar outing
tansients
K222
1.
-~
SRI8063-29

YV TO2SY
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Connection Diagrams

(T0-3)
Metal Can Package

ASIUSTMENT

Sotlom View

Steel Package

(70-39)
Metal Can Packsge

INPUT

C——m A0JUSTMENT

aureur
CASZIS ZUTRUT TLEs2es
CASE IS CUTAUT Somom View
TOHIANE2L33 - -rera
* Crder Number LM117H, LM117H/833,

Crder Number LM117K STEEL

or LM317K STEEL

See NS Package Number K02A
Order Number LM117K/883
See NS Package Number K02C

(T0-220)
Plastic Package

ADJ Vin

Vour
TU/rr9263+352
Front View

Order Number LM317AT or LM317T
See NS Package Number TO3B

LM3I17TAH or LM31TH
See NS FPackage Number HOZA

(T0O-253) Surface-Mount Package

: | INPUT
TA5 1S
GND I cutput
TR
TLH/IE05)
Top View

W gV

TUHISIEL-35

Side View

Order Number LM317S
See NS Package Number TS3B

-35

TL/MI9CE2-54

Top View

Order Number LM1175/883
See NS Package Number E20A
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