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DC-DC CONVERTER 12V. - 50V.

By Mr. VEERAVAT  NAEMKET
Mr. UPPADIT THONGCHUENIJIT

Advisor ASSOCIATE VICHAI SURAPAT

ABSTRACT

This project is the studying of DC to DC CONVERTER using the principle of
Switching technique and Pulse Width Modulation (PWM) for voltage regulation. In this
project the DC voltage from 12V. Battery is step up to 50 V.DC by high current power
MOSFET. This high current pulses are drived to the ferite core transformer. The filter
section is LC pi connection for better ripple regulation. This converter including with

the circuit of themal protection, low or high voltage protection,etc.
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n’jmmnm'iﬁmiuﬁy%ﬁﬂﬁ'ﬁgﬂﬁiasum c, uaz ¢, Tuswiuhimiuou Sefoslddumionh
L swimmf?ﬁ’unsnﬁé’agﬂﬁ 225 () idleneasely Limmnnaunszuai inarus iy
ﬂ§$‘Q‘V{i’dEN&ﬁﬂﬂ”liLﬁmmmﬁmLﬁﬂ‘l-’&‘EJﬂ‘hl'ﬂizﬂﬂﬂixlﬁﬂuﬂﬁﬁN?u‘Uﬂﬂ’N%ﬂtﬁiﬂﬁwiﬂ A9
Fudrezneudaunionh Liddumdemlas ;] Lﬁ'mwﬂsmﬁume‘Mﬂwﬁﬂugﬂﬁ 2.25 (A)

IR} 9/ wva ~ ' v a Qs
ndee IqueuiAes 1sh luuandennises@unin
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{ o s % Y &4
}"ﬂﬁ 2.25 ﬂ']il]ﬁ‘]_]ﬂi\ﬂﬂi\iﬁ%HQ'Nﬁ]iﬂl@\iﬂaunaiLﬁ@itlﬂﬂ%ﬂiﬁﬁﬂ?'mﬂaﬂﬂﬂEJiJ"Iﬂ‘Uu

] [ v
lugin 226 Wureunesimefuuudaiildaneis sdunaldineesiiozée c,
= & & y o . °
uag C, w1 Bndunilsveandeutias Femennlugalil 225 (a) ualiinadenmsiiauyes
< 4
ABUNBSLADS
v (] (] & P g 1d o Y a Y a
whmsld L uag L, szdavnansziuansziioniiondya uafm¥ifanad efio
a [ (] = o A A A 1 9/ o o o s Q’I‘ [ & o
nhiRegmieufufedioFudelnidnasusdunodnezndudatuiifoasurian aang
y

=1 a 4!' 1 &l v kY Pt [ da d a  gdaa
u%zmmuiumﬁzﬂznmﬁuq LlﬁﬂB'lﬂ‘i]ZfTiNﬂ’)”liJLETU‘H'lEJﬂUQ'ﬂﬂ'imﬂLﬂﬂ‘i’liﬁluﬂﬂ"’v’mﬂ’z‘lu

» 9
hldwdlyTnomsldlalean, moidausedui lilditu 0.7 Taad

171 226 2sneupfinesuuugaildounde uesginAunszuadiumaie1dna
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2.6.2.4 ADUIDIAD FUVUAILAUA TN
s 2 et o 4 ' ¢ 2y (dg -
AounRswesILUTTGnyuziuand1901n Aounesiaesi 1Rl PwM fie aou
qy M & U ‘:' v d‘ . 7
nesmesuuuilerlddiunils  vesdaapaiierdyadounduinaiuguaszuai lnaruds
v i 4 v
miloah L Tavase e lildmenruguini lefamuluneunesinesild pwM de'ly

ugdf 227 wemsudenlaezunsuvesneuneswesivuniugunszuasiiavied

J Aa

. . j - = r G
Isanlanudash Tasinevnennudawais szshmsalSsuisusavesnsuaeidyai
a % [ 9/ a 9/ o 4'.'1 a 4 é [ v Q
Aawae lalfuuseiudeds ez dusediu v iemnmiuqunssueraiaggage Fufudadudy

o a a [] o ~ o
nsEUAEIANARALT Inaruduniisnii L

E4 v
- AeunesnesuuuiiidoAninounesinesiuy PWM vialufe
o o o va <
- munsoud lvdSudquspadululad1d TaedaludGuazsandy
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- snsavaregy 1dde
ussiudoundy
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«“ryxywmmﬁrﬁ
) utasu Ve : i
o wWivuiioy
Sy Vs
ussfudegy - ) :
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P o o s A sad
Eﬂ‘ﬂ 2.27 Uﬂﬂﬂiﬂﬁ)&iﬂiﬁ‘lﬁNﬂﬂuL?Bilﬁﬂﬁblﬂﬁﬂ?'ﬂﬂnﬂiz&LﬁWﬂlﬂainﬁﬂ
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a v J Ad'dz
- IMIABUAUBIABANIZ NI TUTIUTNAYY
-dsaiuedyeveneunesiaeivat 9 dandeviuiuieieisee
3 v Y] 9/ 1 d”ddy A Ao w [ Ay
Aszuaun Inaawineg fulddeudsssuuuiinfidedeidvauinasi
s A 4 a o a A v o
- yuleg lifiirfesnwdiodad lanfafinnadt 50 nlesidud
- msaoumusslugifiosnhidlues
a a 9/ o a gt
- 1faMIeBaFamas Nesuotnddoy 1§
- haedganmsuniu
' g o o A Y s )
pgnelsfiann freenuuy Tasanussiaseluayidonldgniaing Jaymidanain
= A vl g 9/ [ 4 =2 A a
amanaamaense Wilmenld_msldneunesimesuuumuguassua Tauflumadondania

4 d By £73
nilsieg luanuaulsvesdesnuuuuvassieTiuuudiage

2. 7ndieudasmaaniuressv (Ferrite core power transfermer)
dy o Qs ~ g 4 Q' o/
Tumseonuuylld Power outputgagatisilddenutaiuiisnnmsduda
. {a & =) Wi
(saturation) 3o 15 ouAadu LAY (core) M5B TUwARIA (winding) Aoy Feilunsh
A Y M IRy & v ¥ S 1m P
rinsuaen lunues lsnae lamwizanuige q mniu unuans Idunuman (iron core) @4
Taona 9 limsmilenihldine emf (electromotive force) UHUARIANWUBETOUUAU (core)

9/
W aansounuldn

dB
e = -10°NA, —
dt

W) N number of Turn
By & cross sectionaal area of core (cm)’
: the flux density in line per cm’
t ; time (second)

v
85351097 B i1y sinsoidal §atiu
E = [10°/2] ® B, AN Volt.

139 E A induced voltage



o ; angular frequency

B ; maximum flux density (line per cm’)

(S UUAT transformer MHnsga@ehddoiala ez ld s dnunediu

Ugugiiszalszmnarhiufidsnumedunfond dufe

N, I, = Ng I
IV, = LV,
Li‘jﬂ N, primary truns

N 3 secondary turns
B o~ primary current
Is secondary current
Y primary voltage
\i—I secondary voltage

a wva o =3

uelumal §i@Iu power transformer wuaidniinzgniunlas¥an (material)

ﬂ @ A 47 a P '3 . dy a Y o A:y
) uﬂ?mPJﬂﬂlu’m&&azwuﬂﬁu']ﬁﬂi}i’]\ulﬂulﬂﬂﬂiﬂ (Ferrite core) #agWUNHUIRAVDILAULIE
L4

S a . ) < a o o
AounnnefiezildifaFixed Flux Density B. lddlasun@iuisismunanyduiug

PEAO BT parameter QS primary voltage T
[10°/ /2] ® B, AN, 2V, Volt.

1D B_ maximum flux density (line per cm’)

A cross sectional area of ferrite core (cm’)
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k4
lwihesfsafiunid A,  vemewadlidunnne vaasanewasimuazgn
o A A _ a o o s € d‘
fmualas ajwmilsvesvaniamalsugiiuazvaaiameydogll dmsumnsfivesnnumn

. | a v o
UUUNTSLLE (Fixed current density) cml.m%unizuﬁmﬁmﬂguqmﬂu I, AdUU

A )/ 2N, 2 Iy Amp.
& .
e J : current density
A, cross sectional area of cupper

1 B JJu sinusoidal 92183
B = B sint

m

ust B 1flu square wave szsi I aunns (1.8) ganfduwiihy

B, JAA /(2100 >

Il
g~

R} watt.
SelavndhinSiasveamumoslsd unsSuinsvoameainssdes Tosiign
siiiezilila)1g TaeR flux density uag current density 92AD3 Tfnne udeeielsAnus
V99 flux density 'lu'mmmLﬁuﬁuiﬁmnﬂiwﬂéuﬁac‘f&qﬂszmm 3000 line per “HALAINTZUE
ﬂzu‘lﬁmmmﬁmqq%uﬂizﬂ&qL“i‘lummq’lﬁqmﬂqﬁtﬁumammﬁmmsmzﬁmuiﬁ«?amﬁﬁf
sifufafimunn N MYBY forrite material 31 REAN ferrite material Algunmgs szild
gﬂénﬁwmuﬂuﬁﬁmmxﬁiuﬁu
TunstifiunumeFind Ferrite core) HnsgaFonisiudae 92 lahmsgapdoves

LMAN (magnetic loss) 910 impedance e uAs AR MUA TRTI
Z = JwL 4R,

z :impedance
j  :index of imaginary part =
Ls : series loss of inductance

Rs :series loss of resistance
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I

-
i

B AT o T
Y A. | '

IA
%

Im 4

I LS c——- V = 12

S,

Vs

}
|
|
|
|
|
ﬁs P-Tleal

g‘ﬂﬁ 2.29 Vactor diagram of magnetic loss

z 9t
wzngiuey 1da

A\ = 1OL, +1/R,
Tan dm= " R/OL, = OL/R,
1o 6m : loss angle
L, = HpUN'A/I
K, : permebillity of air (Henry per )
|33 permebillity of ferrite material
N : number of turn

le : effective length of the magnetic circuit
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AU
tan O m = (D},LOMNz A /R:le
R, = @ oUN’ A, /le tanm
B = [B® mA, Ie/[lo] * [tanOm/ Ml
1349 P, ¢ core loss

m

~ 3 t o y 3 t
‘lumm cupper loss HUA1 ohmic loss mmsmmu‘lﬂ AWNBUYBIAITUNTUNIUU

AL (current_density ; J), resistivity wazlSunsnoauns Vw(cmz) 15792 18

9/
L [=4 U L . . A
sz Heziludatisiuldaumidosld high frequency ferrite transformer #4910

b
msuaasan 1 agnswidn

M- 3 -

ot —2 6 -]

—‘~.Ql~—-

31U 2.30 weraIvLIAYBILNY

9 ]
AUANTNIAAYD AU Ferrite ; A, N ab (cm”)
total area of the window ; A, =cd(cm”)
1 dv P ¥ w a v @ q‘/’ ¥
meuqﬂﬁuﬂlﬂﬂﬂl8\37\8\3“?\\331?11‘1_'53”1@! AL PRUULIEE VLﬂ

A = cd (sz)

cu



YTnasvewnumleslsi; v, = LA, (em?)

L, = 2(c+d +2a)(cm)

Ay : cross sectional area offerrite core

VCH = LCU AC“ (sz)

L., : cupper wire length
L, =27T(2a+c) (cm")

1 g
1Az lUNIBIVOY transformer loss U parameter §7i9zToninademnaaulely

{ o U \ i d M .
nueenuuuiiszifiavuiayemlieuns (ransformer size) Mazfivutadniiqafidiuly 14 ©

Yawinls

Lag

e

v
WIERSUUANMS (1.9) awsmeu v 1ditlu

@ B, Jahcd /(2 * 10" > Pmax

Il
g~

2B, (c+d+2a) ab tan Om/ [LOLLI0"
208’ (c+d+2a) abtan & m/plop10® < p
Pnax-Maximum power require
Pn, - core loss

P,. : a guarantee core loss

P. = 203" cdTt (2a + ¢)
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PR ¢ 2 ' . .
Tae# P 115 lumsesnuuui 92 Apalif1gendINIAlue3 guarantee design case

P, : guarantee copper loss
4 .
Ugymvesmseenuuuivess Tuavesun (core size) HazAANDIAY (cupper
. 14 } J
size)  Tvwnadndiqaldiusld  weighting factor  WudvdatlymumariiluTusunsy

ABURUADSUUY geometric programming IABTiAYD K, waz K, Humyuanuaziidmnn

4 & ’ voaa ~
HIRFINasWVDIA Al 5@ suunu 185y
optimize Z =K,V _+K,V,

LA INT LN

@ B, Jabcd /(2 *10%) A \ P
Atiuee 18
20B’, (c+d+2a) abtan O m/LUOJL = P,
AR @+ o7 ) A\ (8
&
SN )3
K, & K, = weighting factor
Tagisim

B, ®, P, tanOm, |4 and |1,



2.7.1 Mmsvenuuurdoutlaaunumes 139 (Ferrite Transformer Design)

Ae

JUi 2.3 1uansdnuazvosunumes 15visia B

Aw

Model Aw (cm’) Ae (cm’) P(VA) po(w)
EI22 0.72 0.42 31 5

EI30 1.44 1.11 161 20 30
El40 3.10 1.48 463 40 60
EI50 4.78 2.30 1110 100 150

A9 2.20FAID9UUIALDY power YBILAULATE Model

o 1 ° d g d
masmmimmmua::aammunimgﬂasmamnmﬂaﬂm

Meeshi 23 eonuuunouawnuneslsv lasldmiudanes 2 fadodnume push- pul

A9NDT
Vin
f
B

Vout

Fulx Density ADUIAANTS (Saturation)

Iout

= 12 VvDC

= 20Khz(mwdnFlumshanesmsuGmans)

= 1500 Gause

7 0Ny Aigllys

L a A
5 V(pﬂk) (Fulx Density) 9AQN 70% YD



317 2.32 uaReinY QL1995 push-pull

o o J o
AMATIUMIANUIULALNITBDALILY

1. 111 Model vaiuniuvloslsiinly

P, =fEL
=5x0.1
Py, Fl O3 w,

é S =)
1Funu E1-22 &9¥ian PO = Sw. Tvine
A = 042 cm

a

A, = 072 cm’

2. MOINIUIBUYDIAIANDIAINYA primary 1690

V,=4fB.A N, 10"

g
(o

V., = voltage DC

£ =anudnld

B = flux Density

4 4 9o o

A, =Nunnthanvesuaumes 151

N, = 11U UNWAIU primary
unuAIgas

N, =V, *10°/4*PB*A_ =12*10"/4*20%10°*1500*0.42

YA primary 9LADINY 24 SOU

47



. d y

3. MIIUIUIBUVBIVANDIUIRINYA Secondary 1ﬂﬂ1ﬂ
N=N*V/vp = 245tz
N,=10 501

1A secondary 92AB9WY 10 50U

4mvinavesmanswasililasgoinmnuveialatuvnavesnseuaivaain
by v
Huq munsonula
v = A ¥ dad d vy o
ABIMINIZUA Output 0.1 A iieguInasILdenlFalaRiiNuimida
D,=D, =023 ) (mm)
2 Y
FITWITONUNILLA 1R 0.106 A
9
vInmsaus ez ey 1dded
N, =24 50U
N, =10 30U

D, =D, =0.23 { (mm)

. < ['4
mashaﬁ 2.4 91019 ﬂ‘i'e')amm'um1uMa§ma§unuMaﬂm

P |\
DC10aV- ) g

T, . :

v _JT

:3 czt oaevaA
A He e
] a4 .

Dy

-
n

PI
f\Ael{

V,=DC100V.
f=20Kh,
B = 1500 Gauss
VO=15V.
10=33A.
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1. 1 Model vaaunilos1snnly

By = Bl
= 15x33
= 495w.
14un1 EI-40
& a
BIWVUTIA

A, = 148 cm’
A, = 310 cm’

2. MENNUIOVVRIAIANBAAITHYA primary 13910
V,=4fB.AN_10"

N, =V, * 10 /4*/*B*A_  =100%10"/4*20*10"*1500%1.48
N, =56.3501

N, =56 301

Y primary 9 ADINY 56 701

3. 1 Voltage N1YA secondary (V) 9zABINU1AIDI Volt age finnnsouga

rectifier 1@ filter ¥4 921a

ENUAT

Ve+1 * 1, + tne(drop) = 1.6 v

o

V, = Vs*Y/(RI2)—19 [Y=TR2 80%]

20

15= Vv, +—-18
25

vV =21 V

4. MAUIUTDUVBIAIANDIAINIIAIY secondary

N=N*Vjip = 56*21/100  =11.76
N=12 50U

92 ABINUAIANIUA secondary U 12 50U
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5. MIUHIAYRIAIANDIUAINIYA primary (D)) AOHBMABINTILATLUAMIYA
primary NOUF 0z 14010

L

in(av)

Vo*Io/Vin*n

15*3.3/100%0.9 =0.55 A

4
1iiog91nmINmIAen1d D, = 0.550 Gimm)

6. MYHIAVBINIANDWAINNAIUYA secondary YA secondary (D) Taefitsrim
P Yy ay
Io =33 A 1118Q01nMINAIANDIANTIDzABIITAIA NN

Ds = 1.4 ()(mm)

n501d  Ds = 0.55 (mm) x 3 1&u

b 4
nnmsianezagll 1adadl
unumles 159l Er-40
N, =569501

P

D, =D,=023( (mm)

P

N, =1230U

Ds =1.4(mm) x 1 159 0.55 (mm) x 3

o 1 «d' 4 o
AV 2.5 91NNITVOAUVUNT BT INDS

D10V TR ¥ oin =

+
C, SVI0A

V.=DC 95 V. (An¥i 95%)

f=20Khz
B = 1500 Gauss
Vo=5V.

Io=10 A.
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1. ¥ Model vaauntuloslsiinle
P, = E],

It

5x 10
= 50w.
-]
19unu BI-40 Seerunso 1y Power 18 40-60 W.
&
Fatluuaa
A, = 148 cm’

A, = 310 cm”

2. MNNUIBUYOIYA primary (N,) Ida1n
V,=4fB.AN_10°

N, =V, *10°/4**B*A_~ =05¢10%4*20%10°*1500*1 48
N, =53.4501

. Y o
YA primary 9ADINU 53 501

3. M Veltage DA secondary ABHAZAINIINS rectifier U1z filter RARATOUAA

rectifier 41a filter ‘Mlmﬂ

V, *losr+line , = | % A%

vo =\X Pl-T5 mlannv, 2)
T
20

S = V. SO
25

\Y% = 1625 V

4. MIMIUTDUNINYA secondary

Vs
N, = Np & i
Vp
16.25
N, = 53X —— = 9.066 991l
95

YA secondary 9 ADINU 9 FO1



52

5. MIYUIAYDIAIANBIUAINIIYA primary AOUBUABIM I |, AOU

. Vo —lo
in(av) Vin
5—10
: = 0.585 A.
95*0.9

A
1999115 19AAABN 14 D, = 0.550 Gmm)

6. MVMAYRINIANOIAINIAHYA secondary TR0 nunMnszua output =
10A
A Y v
Wegmseadn wzdesldarnving

Ds

2.3 /(mm)

wisl¥ Ds 0.55 (mm) x 12 & vinufunaziu ldndousu

I

s/
vInmsfuIneg gl 14l

LNy EI-40
N, =53301
D, =0.550
N, =9991

S

Ds =2.3 (mm) %159 0.55 (mm) x 12 &4

2.7.2 I5MINu Transformer

Taovialuqunsalfl9fu driver wes pulse transformer NS@TAIAT Impedance qs
MilBUBE1s Vacuum (gaygyinie) v sxdoantu vl equivalent capacitance 1188 #7191
equivalent capacitance 5IUUB4 adjacent capacitance terminal capacitance (zﬂ‘ﬁ 2.33) , layer

capacitance (3UN 2.34) ua capacitance SEMMNUTUNIATRUVDINISEIY primary U
secondary
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\

Casm. .

lecctme oeee

"
Bl
O

C. I RIREM

Co :umFREU :3

{ 1 . { a J v
31 2.33 uaAeA capacitance MiAATUIZN VAN

SR

. k4
31U 2.34 uerned capacitance ¥ HIN9TU

dM5Y  pluse  transformer gugﬁmmﬂmﬁﬁmﬁumﬂudﬂzsami‘lu?'mﬁﬁqmﬂ
(uazez ludmsiuludnyasiunduldnduumane 9 ﬁ'?u) 1 equivalent capacitance @31
Tng) ﬂzﬁuaejﬁuﬁw capacitance S¥¥3199A primary fUYA secondary M1 capacitance S¥HI19UA
primary AR secondary d5unth capacitance 52 HudUAMN

114'731‘5%‘ YBNA1IN capacitance ‘uﬁiﬁz‘ifﬁﬂiﬂﬂéeﬁﬂﬁ adjacent capacitance (C,_) LﬁEN
nahiudeiuegedeynsy Sellnamitiisdudiunusuimiusenuasiisies Saty
N38IYD4 pulse transformer veiAnioomnauannsasadanalylld Terminal capacitance (C,) i
Atooundons sudeusus capacitance 3N T1UdUAIR UAAT capacitance STHAN layer
() fifwun dondfeurlasiilassadranuiundy Tundun faqil 2.35 Teliemnsngans
faru dmnlufinsfundulunduuuds aunsedad ¢, R woreney equivalent

capacitance J9RAAINNITUAR capacitance SEMANAUFUAINTEN 19U primary filiYfsecondary
fag1l 2.36
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= 1 A a J ) 4 LY
zﬂﬂ 2.36 Lamem Con MNAYUTENINYA primary AUUYA secondary

~ A a oty o o
N3N driver Y99 transformer HUNTIUTAIADS 1 impedance 9¢@1 MM leak
inductance Ifntoevzifludadiinuinadn nsvhld equivatent capacitance ieloe

fi1 leak inductance LErAIATEY equivalent capacitance Hﬁ'wgﬂ 237

(a) Basic Circuit (b) equivalent capacitance 1¥11n131a8u (@) Wdludu primary
7N 2.37
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9
leak inductance L1 81v1ndaunifiy 0 921ums® a1 leak inductance L1 9z

Qe

1¥iAa back swing WuReINUAL equivalent capacitance C ;ﬂﬂﬁu spike "Uﬂ\igﬂ 2.38,2.39 Uu

4 S 3
1fn910 leak inductance 11104 leak inductance L1 91811 0 fmndnduuss
I (a) ‘“‘J' .

v | — ,'ILUJ_L‘J -

]

I (e) L. a3

ot = W PR

9107 238

*s /.

N

31091 2.39

wiimanfiAnend s primary dely1d secondary 100% ualumsdfiaugr0nimg
naw 9 9679 liaNINIIMS coupling 14 100% daiimolysifhuduusfisieenly du
Lmﬁgfmaﬂ"lﬂﬁuﬁwamﬂumﬂmj 718 2 wan &afh

1. @uns AT 919521 9UARIR primary f1 secondary 1da lilieudotun

2724 secondary uAvEfRUNGUMULAUVDINTIBMNU A
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2. ifunsefirugesnessning primary $U secondary 1daluideudetuvanna
secondary LLAILHOUATUAIUTBITI

ﬁ’ﬁlfuﬂddﬁj‘lﬂﬁ”i’l leak inductance L1 ﬂéi}uagjﬁu JLELHNYDIUARIA primary AL
secondary ©IMINTTETHIUDIVATIA primary AU secondary ¥191NAWlA AWBY leak
inductance A9LINLNNTY MINUVARIAVOS pulse transformer o1 leak inductance 1io8
Tuszdowilfszesnhaves primary I secondary Tifiiosinniiga mswezdiumsiily

iansyudeBUd UL 3T msHuEasiagl 2.40 uag 2.41

(N)F9819 1A (¥W)AIDeNA

31240

21 (M) ve331 2.40 egifivirszezvig primary M secondary Wafvunn Sumg 1
leak inductance LAWN (1) ¥943 34 primary 11 secondary ﬁufjﬁ'u"lﬂ L‘ﬂum@iﬁ'

leak inductance ﬁﬂ'“lffﬂfj
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31 2.41 uaaad T nsRuN 1Y leak inductance Tanion

daiw 1

1Y 241 uanddEmIuvAnInYBINIENERsIFILYEISMIUTBY n Y9 primary
yact

A secondary A0 n3diAaT n Bwn $uTuA0e1955 919 Teak inductance Yoo Iagms

@ Aa A o o Y o ' Y
WU secondary WUIﬂiqﬁ%"N AUBUNUNAY ] DULAIUIVIADUHIUAU

2.8 nHﬂ"mmm'uﬂf;ﬂJﬂﬁﬁaﬁm%’mmﬁv}m (output power inducter design)

switching power supply @ ngjez 9w amisanidudunituesiesnsesly
s manalumsldiumieniifl 2 Yszms Ysemsusnfusfvezaundenu 138 miy
SroliunTvan dszashi 2 ﬁuahﬂﬂsm”Msmﬁwﬁiﬁﬁammzmﬁ'ﬂusaﬁmmﬁvjﬂi%glu
szniuiioeniuld Seligastunsdnnndede i

ATUNNALIANAYDY pwm half converter 71l weiidnuaizadiiendia B, uas

Q X A L) v
E,, Audnalugy TnstinszusIvaamde 1, Imsnsiion Al menguimaludh fnaan

ATONAUM T
Ldi
v, = —
dt
u’?; Vl —Em-Eout
way dal =A1

Y ¥ a K
UAZABDIDINBINITUAS
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~d
I

Vex I, xI_

out

Ein — Eout)
L = {En—" Eout ) At

I

lunsfives pwm half bridge #3® full bridee converter finen E_ eiisnlsezunm 2
] k4
wiwes E,, ifneagagamedgugil v, (mngal) feiudinlunan t i dead time LG
4 o & ' v 4 & - s BNL o o
Tor FUNAYUTTHINMTTLIOURT A0BS cycle THNT switch T, ugaifaiiuiiofnaduna

ﬂ'd T 4‘ ©
NUMNYIGA Lummnnmiumsmnizuﬂ

toff
SR
A
A
Elﬂ
3 EQU[ l
0 1
|
IL/ Tv ‘ p>
:‘];Ul 'ou(
ol j'
(b)
- I
N\ P
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210 29 smavqumsiauuad Jadueacadi (Pulse Width Modulator)
Basic PWM

1umu«u@wﬂmnquuﬂa'mﬂumlwaeu%smnnmwsuﬁmmmm gril
324U Power trans1$tor uuﬁm‘lwiamﬁm gy limudmeesideld uazmsiamvess

¥y 9

(Y Y > 2
wazAnse 'l A ﬂvuagﬂmgﬂmuauumuu 15799 199ARIUAY UL Pulse Width Modulator &4
ueraslugii 37

MITNUYBINITAWAY (PWM) muﬁmmgﬂ wilszneudly yardudyaw
uidios (saw tooth wave form) cmwmcmfmmm saw tooth 11 MsulS sufeusy error
voltage m"lﬂmmma%smﬂwmmmwmﬂ (Error amplifier) ﬁq;sywmmmvmﬁ“lﬁmﬂ PWM
Comparator 92U Square wave ﬁﬁmmn”fw%aeﬁ’aﬁ’tﬂﬁﬂuuﬂm"lﬂmnﬁﬁgnpﬂmfmﬂn
(control signal)

Error Amplifier 149995 PWM 98¥mefimiiousu1993 emor amplifier 11 linear
regulator power  supply ﬁmmmaé’uﬁ;mﬁmm Lﬂ?ﬂmﬁﬂnﬁmmﬁué’nﬁa (reference
voltage) 92114 14 error voltage "Uumﬂuﬂ “N error voltage ‘Ll‘i)“’gﬂﬂumtliﬂﬂ error amplifier
sozfisedu IWasalfouulasldayse ﬂmmﬂmmmﬂmmmsﬂnmﬂnu1s°'ﬂmmﬁmm1iu
1?1@56“1!1)5 EJTJL‘HEJSUﬂ‘U?IiUm1m saw tooth 114 PWM comparator maﬂmmm saw tooth U521

- QA error amplifier NS UFARBSHIZ ON uaz"lummsaﬂummwaszﬂumaaﬁ'ﬂgtym error

v o

. D 4 Q.
amplifier fiszAufyaagenimnudmansfioz OFF 4918910 Timing Diagram

——,:D_.*Chanuel A
ref O +|Error Error =
amp signal Fa
- _D——»—Channel B
J: QJv
Feedback A FIF |g
signal
ar
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i 2.43 (a)
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Error signal V, / = /
CX ] _\;
~ L -4 A 1
Oscillator voltage Vg -]

Comparator 1 | |
output

F/FQ

F/F T

Chanpel A ! !

Channel B 1

(b)

U7 2.43 (b) PWM Control Cirenit

TL 494CN PWM Control Circuit

IC wef TL 494 gnadiiuuiiieldmis PWM Tnsmwiggilit 244 wwuamsdau
szneumeluuaz udenlaezunsuvos TL 494 msnauguanyi pwM s ldmmquanud
asil Taordan1ud saw tooth Sun el IC ﬂ'Jmﬁ'%z%uaéﬁnﬂ'auﬂs:ﬂa‘umauan 2

A T T Q 1 dy
ABR, uaz C, F9ezAvadfum 6 unzyn s nvwana o' iden

OEC
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3
1
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|

10 02
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50V
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usduanagew C, wwiliudnunzunsgll saw tooth n3o1NRE snI Ty 08TNT]

(repm) ey etz Qninls suieunuS e 9N error amplifier HAZTQ NN dead time
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& ¥ v v
nuisresiwihldanuniweesindiodrranas dauaaslugai 2.45
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E‘ﬂﬁ 2.45 Timing diagram waveform 984 TL 494
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. 1 4 .
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e IlasafiFuaeess od ueesuudqesda lidu llnsefiudese  &atinad
& o v 9/ 4:4 o v & (Y "
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Huie 19 ldus e Ivasaaiiaus  Fedeaiineesnseenseua (Filter) indnn 1ae299350584
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2.11.1 M33 105112995 Output Filter
AIIIUYUBY switching power supply H4816EATT on-off yeaginsaiaings fou
Fognu Wiunsuvlesiuesadngs med1 primary uae induce 1WSsva sccondary fatiu
Foyae1via 79 secondary 3 9EMMLEIL pulsen S aNaEnIs omoff Y94 gilnsalain
34 MITITUYB9997 rectifier s filter ﬁﬁuag}ﬁnﬁ'ﬂgmm pulse input SdudalSouaiion
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z‘ﬂ‘ﬁ 2.48 ¥9NAINYG on

12915 pulse 18107 diodeyindamiionidaaees

MNFUNISH (1)

NNTUNITA (2)

di
L —+Eout
dt

Ein =

input voltage
inductance filter
current in circuit at SW. on

do output voltage

di Ein — Eout
dt L

Ein — Eout
*

L

t

on
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a ] A a 4
NWITUIBTINNTING off

U 2.49 Fr9aIng off

(] Y v . L o w @
ABF29N 10T pulse 19111 diode Feviduaiioudniins

di
L — + Eout - 0 4
dt
di FEout
- = A €)]
dt t
Eout
I = - &t (6)
t
ATHIAT L

’ 1/P PULS
a) l I IP PULSE
on ff :

3UM 2,50 uerAs wave form voIFygR output
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gl 2.50 (b) uazaumsh (3)

Ein — Eout
Ipk = e—— W
L
& g
U Ipk ; peak current INIU L,
F1ONAING on

on *

Iul = lﬂ (=lo)

2

A
149 Irpl ; peak ripple current
Tul ; average peak ripple current

Io ; output current

N3 2.51

{rpl
[0 ) = — (=Iul), Ipk = Irpl
2

N\
MDA N~
/ I}o NN Y

gﬂﬁ 2.51 uern3 wave form 9489 ripple filter
INTUNTT (8) LaE (9)

Ipk = Ipl = 2Iul
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(7

(®

®

(10)
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NNAUNTT (7) waz (10)

Ein — Eout
s e TR

2lul = t, (11)
L
' Ein — Eout
vz lah Il = — ¥t
L
A l =® l
n3o Iul = A — 10,5 (12)
S 20

NAUNT (11) thag (12)

Ein — Eout
*

. > (2.5-10) e (13)
lo(max)
Lﬁ@ Eout = (ton/T) * Ein (14)
1
Te" € + (15)

NNAUNT (13) sag (14) ;

Ein — Eout Eout
%k *

L = (2.5-10) t (16)

lo(max) i

-NSHIAN C

15921781 C 1A15192 @04 ripple voltage peak to peak (4Eo) o NNGAT

Eo

I

ljidt (17)
C

(18)

el



& o &
1511 Irpl = Ipk ANUY
Ipk
Eo = — * toff
c
Ipk
C = _p— * toff
Eo

INAUNTT (10) 1ag (20)

(Ein— Eout toff
C A —————*toff) ¥ —
4 Eo

MNTTUNTT (9) Lag (14)

ton : toff
I = (— *Ein) * —
W L
ton
910 Y = — 1Aaums (22)
%
. \ , En*T(=7)
L
. 1 1
a ¥ = —, ton = toff = —T
2 2
unulumunis (22)
Ein — Epit
C - il . T

4Eo*L

(19)

(20)

2D

(22)

(23)

(24)
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ATATUINTIVIUIUTOUYBS inductor filter

INYAT L = AL *N* * 10° (25)
_9
L*10
N = ) (26)
AL
& °
58)3) N ; NUIUTOU (T)

AL;  dTmnasvesvaain (/T
L ; inductance (H)
2.11.2 N1599ALLILIINDT filter

lumseonuuaees filter 11 AeRidBaMILAD Eout UIRUNRATUIB IR (DC
output voltage) Io(max) ﬂizuﬁqaqamaﬁmzmﬁww (maximum output current) Ein L5AUg4
quﬁ"mﬁuvgw (input voltage peak to peak) Lmﬁuﬂmﬁﬂnqmﬂﬁmﬁwﬁ (ripple voltage

peak to peak) tag £ A1 UMSEAING (switching frequency)

A998 2.6 1umsaammmws filter

- ATNE 20 kHz

- USRI WIRN 5 V

- UIAUBURN 7.5V

- NITUALIVHN 30 A

- LU59AU ripple 50 mV_,

Io
Ly
>
| EhE——
+ C1 + LF
Cy out
—0

gﬂﬁ 2.52 full wave filter
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1. vA1 L1
Ein—Eout Eout
L - (2.5-10) i
lo(max) Ein
I N
30 7.5  40*1000
= 14 Hw
2. 181 Cl
Ein — Eout
C - — %7
4Eo*L
2
/ 7.5—5 o\
4*50%10 °*14*10"°  40*10°
= 558 WUF
3. ¥WIA1C2
C2 = Cl1
- 558 UF
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N o { ﬂ‘ G’I’ 3 { 4' QU .3 a
quamsienfianuige 9 T suiludesdimseenuuuii nernavu lasmmizamsfa

Ed ]
soawaian gulde llilurasmsdumnesueama 11 9 19 JuTvus common source

Ferrite bead

%

10 2.53 uansmsdiwesueamladiuaind s nuns common source

¥ ¥ g; d' ] [ o 3 4‘
nngUAMNAMIL RL Mid 9 Tdesynsufuimnesueamatiauiiodiumsdo
fumsesadaan dw R2 § 13§ mTuselums am-off youmesuama tazeaiuly

@ a o 4 a
Tiussdunszanlaiansninm voummesus e (194910 stray inductance
. [ 4
2.12.2 1 snlg Ve suemna

MITumesusaman TTL Taoldsmiuaees complementary emitter follower

seraslugai 2.54. Vo ; Vs

out

\

=t aa LY ] s o a c’&l
1 2.54 BilamesvloaTanestimes 19y TTL uesmnesueamai Iias asnaay
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[ 3
nIudaans Q1 unz Q2 AeudenidiaunuunzSunseualdqe dumsde Tl g

o $ a H a I'd H
lumsdnanszuannalunsmGamessi on Q1) waensuGman o (Q2)nFEuamIN

t4

A ldaail
Cgs * Vgs
Ichn‘ge -
tr
iag Cgs = Ciss —Crss
Tagh
Cgs ; fanmnulsesnhunnfiused, pF
Ciss Anhutlse 9o unm, pF
Crss : ﬁwmwmﬁuﬂizqﬁmﬁu (reverse tarnsfer capacitance; pF)
Vs : MAnASEH NS UYeR, V
tr ; rise time YBIWTTOUNN, ns
a oy ~ 1 o o/ dv
SusaUNAD rise time UANNNAY fall time NS discharge 92151 At
\ Crss * Vds
Idis = Vo R\ P
fr
o Vds Fusnannesuliyed, v |
|
o Y S 1 w o a Qo ;
MIAMIUNANUGYLTEIU buffer transistor uAazAIgATAIT]
P = Vee*Ic*tr* f
Taei Vee : ANADUAIVEY buffer, V
Ic : AILUAADAAADSYDY buffer transistor, A
F ; AMUDN transistor aInd kHz
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MOTOROLA

TL494

\ SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for Switchmode power supply control.
This device features:

e Complete Pulse Width Modulation Control Circuitry

On-Chip Oscillator With Master Or Slave Operation

On-Chip Errar Amplifiers

On-Chip 5 Volt Reference

Adjustable Dead-Time Control

® Uncommitted Output Transistors Rated to 500 mA Source Or
Sink

Output Control For Push-Pull Or Single-Ended Operation

e Undervoltage Lockout

e © o o

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

Non-fnv 3 16 |Nomtny
input input
lnv '
l B s '
tnput taput

p e

Compen/
PWM Comp| 3 14 |VReF
Input
Dead ~0.1 Vv
aa
Oumut
T i
i, 19 Control
Control

Cy|s A

Oscillator

“r(e]
Grouna | 7

e (o] < _—’_—E]E

(100 view)

J SUFFIX
CERAMIC PACKAGE
CASE 620-10

N SUFFIX
PLASTIC PACKAGE
CASE 648-08

ORDERING INFORMATION

T
i Temperature

The TL494C is specified over the commercial operating range
of 0°C to 70°C. The TL494l is specified over the industrial range
of -25°C to 85°C. The TL434M is specified over the full military
range of —-55°C to 125°C.

Device ‘ Range i Package
TLAS4CN 10 to -70°C i Plastic DIP
TL494CJ 0°to «70°C i Ceramic DIP
TLA94IN -25710 +85°C_:Plastic DIP
TL4S41 -25°to - 85°C ! Ceramic DIP
TL434M Y ~55°to +125°C |Ceramic D!P
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FIGURE 1 — BLOCK DIAGRAM
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FIGURE 2 — TIMING DIAGRAM
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MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted)

Rating Symbol TL494C TL434l TL434M Unit
Power Supply Voltage Vee 42 42 42 \
Collector Output Voltage Ver. Vo2 42 42 42 \
Collector Output Current (each transistor) (1) + et lc2 500 500 500 mA
Amplifier Input Voltage Range VIR -0.3 to 42 —0.3 to 42 -0.31t042 v
Power Dissipation @ Tp < 45°C Pp 1000 1000 1000 mwW
Operating Junction Temperature Ty
Plastic Package 125 125 - °C
Ceramic Package 150 150 150 °C
Operating Ambient Temperature Range Ta 0to 70 -25 to 85 -55to 125 €
Storage Temperature Range Tsig €
Plastic Package : -55to0 125 -551t0 125 —
Ceramic Package - 65 to 150 -65to 150 - 65 to 150
NOTE 1: Maximum thermal limits must be observed.
THERMAL CHARACTERISTICS
Characteristics Symbol N Suffix Plastic Package J Suffix Ceramic Package Unit
Thermal Resistance, Junction to Ambient R.JA 80 ! 100 °CW
Oerating Ambient Temperature Ta i 45 50 *C
RECOMMENDED OPERATING CONDITIONS
TL494
Condition/Value Symbol , Unit
Min Typ Max
Power Supply Voltage Vee 7.0 15 40
Collector Output Voltage Ve Ve2 — 30 40
Collector Output Current (each transistor) Icy. Ic2 N — 200 mA
Amplifier Input Voltage Vin g =@3 — Vee - 120 "
Current Into Feedback Terminal Ity i r v >, 0.3 mA
Reference Qutput Current lref i a2 - 10 mA
Timing Resistor ARY | 1.8 30 500 ki)
Timing Capacitor CT- i 00047 0.001 10 uF
Oscillator Frequency fosc i 10 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vee =

15 V. Cr = 0.01 uF. Ry = 12 k{1 unless otherwise noted.)

For typical values Ta = 25°C, for min:max values Ta ts the operating ambient temperature range that applies unless otherwise

noted.
\ TL494C TL434M | I
“Chacacteristic Symbol —  Unit |
Min Typ | Max Min f Typ | Max I
REFERENCE SECTION

Reference Voltage Vief 475 | 350 ! 8§75 a75 | so 525 | v
(lg = 1.0 mA) ! . | ; :
1 i :
Line Regulation Regline | — ' 20 : 25 — 20 125 i mv |
(Ve = 7.0 Vto 40 V) i ! i | !
Load Regulation Regipag - 30 ! 15 = 3.0 15 | mvV I

(lg = 1.0 mA to 10 mA) i |
Short-Circuit Output Current IscC 15 3% ! 75 15 3% ¢+ 75 ! ma |
; i i i i
(Veet = 0V) ! i i { |




TL494

ELECTRICAL CHARACTERISTICS (Vce = 15V, CT = 0.01 uF, RT = 12 kQ unless otherwise noted.)
_For typical values i'A = 25°C, for min/max values Ty is the operating ambient temperature range that applies unless otherwise
noted.

TL494C.1 TL494M
2 Characteristic Symbol - = Unit
) Min ' Typ I Max Min I Typ l Max
-OUTPUT SECTION
Collector Off-State Current IC(off) — 20 100 — 2.0 100 A
(Ve = 40V, Vcg = 40! :
Emitter Off-State Current lE(off) — = - 100 - - -150 rA
(Vcc =40V, Ve = 40V, VE = 0V)
Collector-Emitter Saturation Voltage (2) VsAT(C) &= 11 1.3 '~ 11 1.5 v
Common-Emitter
(Ve =0 V.Ic = 200 mA) .
Emitter-Follower VSATIE) —~ 1.5 2.5 - 1.5 2.5 \
(Ve = 1SV, g = -200 mAL-~
Output Control Pin Current tocL — 10 — — 10 — rA
Low State |
Voc < 0.4V) b
High State 10CH X 02 35 — 0.2 35 mA
(VOC = Vref)
Output Voltage Rise Time t — 100 200 —_ 100 200 ns
Common-Emitter (See Figure 13) Y :
Emitter-Follower (See Figure 14) — 100 200 — 100 ¢ 200 ns
Output Voltage Fall Time tf — 25 100 —_ 25 ’ 100 ns
Common-Emitter (See Figure 131 -
Emitter-Follower (See Figure 14) o~ 40 100 — 40 | 100 I ns
TL494 |
Chacracteristic Symbol ) 7 Unit |
Mia Typ ' Max t
ERROR AMPLIFIER SECTIONS
Input Offset Voltage Vio — 2.0 10 ! mvoo;
(VO (Pin 3) = 25 V) - Y ! ; i :
Input Offset Current 7S - 5.0 : 250 i ona i
VO (Pin 3) = 25V) [ ;
T :
Input Bias Current g — ol J8! : -10 Y-
VO (Pin 3) = 2.5 V) : H
Input Common-Mode Voltage Range VICR -03 10 : — — tV
(Ve = 40 V. Tp = 25°C) Vee - 2.0 ;
Open-Loop Voltage Gain AvoL i 70 i 95 ' - o1}
dVQ = 3.0V. Vg = 051035 V. i : " :
R = 2.0 ki) i ] :
Unity-Gain Crossover Frequency fc - . 350 : - : kHz
(Vo = 0.5103.5V, R = 2.0 k() : i ! i
Phase Margin at Unity-Gain i Om i a : 55 = { deg. !
(Vo = 0.510 3.5V, R = 2.0 k(1) ! : ! ; | :
+ > : H —
Common-Mode Rejection Ratio i CMRR : 65 30 § ;o d8
Voe = 40 V) ! ; ; :
Power Supply Rejection Ratio I PSRR i — i 100 : — d8
(AVee = 33V, Vg = 25V, Ry = 2.0 kil :
Qutput Sink Current o - 0.3 i 0.7 : — mA
(VO (Pin3) = 0.7V} * !
Output Source Current o - i 20 - 4.0 — mA
Vo (Pin3) = 35V i i

NOTE 2: Low duty cycle pulse techniques are used during test 10 mantain juncticn temperature as close 10 ambient temperatuces as possle
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1

ELECTRICAL CHARACTERISTICS (Ve = 15 V. Cr = 0.01 pF, RT = 12 kQ unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Tp is the operating ambient temperature range that applies unless otherwise
noted.

TL4s4 Unit
Characteristic Symbol -
Min Typ Max
PWM COMPARATOR SECTION (Test Circuit Figure 12)
Input Threshold Voltage ) VTH - 35 4.5 v
(Zero duty cycle) .
Input Sink Current If— 0.3 0.7 —_ mA
V(pin3) =07V
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)
Input Bias Current {Pin 4} g (0T — -2.0 -10 pA
(Vpin 4} = 0to 5.25 V)
Maximum Duty Cycle, Each Output, Push-Pull Mode OCrmax %
(VPin 4 = 0V, CT = 0.01 uF, RT = 12 kQ) g 45 48 50
(VPin 4 = OV, CT = 0.001 uF, Ry = 30 kQ) X 45 50
Input Threshold Voltage (Pin 4) VTH i \
(Zero Duty Cycle) — 2.8 33
(Maximum Duty Cycle) 0 — —
OSCILLATOR SECTION
Frequency fosc — 40 —_ kHz
(CT = 0.001 wF, RT = 30 k1)
Standard Deviation of Frequency* ofose — 3.0 — %
(CT = 0.001 «F, Ry = 30 k)
Frequency Change with Voltage &fgsc (aV) — 0.1 — %
(Ve = 7.0V 1040V, Ta = 25°C)
Frequency Change with Temperature Afosc (AT) — — 12 %
(ATA = Tiow to Thigh!
(CT = 0.01 uF, RT = 12 k)
UNDERVOLTAGE LOCKOUT SECTION
Turn-On Threshold (Vo Increasiag, legf = 1.0 mA) 2 Vih 5.5 i 6.43 7.0 l \
TOTAL DEVICE
Standby Supply Current Icc T mA
(Pin 6 at V(gf, All Other Inputs and Outputs Oper) !
(Vee = 15V) ~ B\ s 10
(Voo = 40 V) - i 7.0 15
Average Supply Current — — : 7.0 — mA
(V(Pin 4) = 2.0 V) (See Figure 12) 5 ;
(CT = 0.01 uF, R = 12k, Vg = 15 V) | !
Standard deviauon 1s 3 measuce of the statistca! TisinLul0n 25001 the mean 3s Jerved from the formuia, « - N -
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FIGURE 4 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE

FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE
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FIGURE 6 — PERCENT DEAD-TIME versus
OSCILLATOR FREQUENCY
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FIGURE 8 — EMITTER FOLLOWER CONFIGURATION
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FIGURE 9 — COMMON EMITTER CONFIGURATION
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FIGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS
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FIGURE 13 — COMMON-EMITTER CONFIGURATION
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FIGURE 12 — DEAD-TIME AND FEEDBACK CCNTROL
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FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES
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RGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUITS
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FRGURE 20 — OPERATION WITH Vi > 40 V USING
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FAGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
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O ‘.L +— L O
All capacitors (n uf
L1 —35mH@03A
Ti — Primary: 20T C.T. #28 AWG
Secondary: 1207 C.T. #35 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST CONDITIONS : RESULTS |
Line Regulation Vin = 10V 1040V 14 MV 0.28%
Load Regulation Vin = 28V.l0 = 1mAto 1 A ! 3.0mV  906%
Output Ripple Vin = 28V, 10 = 1.0 A ! €5 mv A7 PARD. :
Shoe Circuit Current Vin = 28 V. R = 0.1 0 ! 16 amps
1
Efficiency Vin =28V.Ig = 1A t VAR
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER
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TEST CONDITIONS RESULTS
Line Reguiation Vin = 8.0to 40V 3.0 mv 0.01%
Load Regulation Vig = 126 V.19 = 0.2 t0 200 mA - 5.0 mVv 0.02%
Output Ripple Vin = 126 V. lg = 200 mA | 40 mV p-P P ARD.
Short Circuit Cucrent Vin = 126 V. R = 0.1 11 H 250 mA
Efficiency | Vin = 126 V.10 = 200 mA i |
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Description

The TL434 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. (See Figure 1.) An internal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, RT and Ct. The approximate oscillator fre-
quency is determined by:

SR
osc = Rle Cr

For more information refer to Figure 4.

Qutput pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cy to either of two control signals. The NOR
gates, which drive output transistors 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 control
signals. Therefare, an increase in control-signal ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time contral, the error amplifier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which limits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in @ maximum duty cycle on a given output of 36% with
the output control grounded, and 48% with it connected
to the reference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.

The pulse width modulator comparator provides a
meaans for the errar amplifiers to adjust the output pulse
width from the maximum percent on-time, established
by the dead time control input, down to zero, as the
voltage at the feedback pin varies from 0.5 t0 3.5 V. Both
error amplifiers have a common-mode input range from
-03Vto(Vee —-2V). and may be used to sense power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates control of
the loop.

When capacitor C is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to each of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the oscil-
lator. Output drive can also be taken from Q1 or Q2,
when single-ended operation with a maximum on-time
of less than 50% is required. This is desirable when the
output transformer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
cents are required for single-ended operation, Q1 and
Q2 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the flip-flop. The
output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
+1.5% with a typical thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

fnput 1 ! fout i
/ . 1 == :
Output i Output Function I fosc i
Coatrol i | |
Grounded . Single-ended P.W.M. at Q1 and Q2 ; 1
{ At Veef 1 Push-pull operation i 2.5
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{ DESCRIPTION

The uA741is2 high zerfcrmance cperation-
al amplifier with hugh ccen ioop.gain, inter-
nzl compensation, tigh common moce
range and exceptional temgerature stabili-
ty. The yA74%is short-c:rcurt pretected and
allows for nuiling of offset voltage.

The MC1558/MCi458/SA145¢8 consist of a
pairof 741 operaticnalamplifiers on a single
chup.

. FEATURES

. ¢ lInternal {requency ccmpensalion
s Short circuit profection

¢ Excellent temperzture stabillty

« -ighinput voltage range

¢ No lutlch-up

¢ °558/1458 are 2 “op amps” In space of
ne 741 package

e "'C1L58 Mil std BE3A.B,C availsble

« L7411 MIistd EE34 B,C available

PIN CONFIGURATIONS
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F.N-14 PACKAGE

F.N-14 PACKAGE

-<[j (=1 ~C w 11 "Yec
= —
*d 3-< ouTPUT 1 (: 3] wc
....-ﬂ.....E oy Y oFFsET 1 1] 55 cutein 2
5= —_ _‘—‘
= i l‘_.—"' =]~ orfsgr e {4 \ ofrser s
g E’—" Ly outevr SiNPUT '5_J Slcrrser s
—~ . =
- ‘L; :c\-'"' ~ult AT VAM] m B l SPyUT 2
.—(q ~Vige (7 €] - Ut 2
“ T—
ORDER PART NO. ORDER FART NO.
MCI2LTF
MZ“F JACIESEE
PATLIN-TL e
yh - A MCiLseN-14
PATLICN-14
H PACKAGE H PACKAGE
v @
'
ouTruT 8
INVERTING
1~euT B

ORDER PART NO.

MONMVERTING T

U A (LIS

ORDER PART NO.

SATAIH uCrasEn
AATLICH MCrsseN
N PACKAGE N PACKAGE

ovezer muen [T

(=
— E
= -
—om muie—y [} >L. P
B ].;.--uv-vu

ORDER PART NO.

AATLIN
AATOCN

cuUTHSUT & E%—] —— £

v

]
1

mYERTING Ty out
eyt 4 .I ‘nLJ, SuTteUT B8

NO~-tnv€RATING — LS

—— MVERTING

meut 4 L2 ] 1€ eyt s
et F— ~OM.INvEATING

¥ lid ) 12 i out 8

ORDER PART NO.

HMCTas8N
MTIESSN

a8




uATL1/741C,
C1458/1556-F N.H

EQUIVALENT SCHEMATIC -
e
LATA1, A741C \
ONE AMPLIFIER CF MC1558, MC1458
~o~|~v(-n~.c
INFUT
1a
|
|
OFFSET MULL ; f—os l C:: l
1
o). 4 . . . |
o i o T & g.; {0
! ) ! H v .
ABSOLUTE MAXIMUL RATINGS
FPARAMETER RATING UNIT
Supply voltage
pAT41C =18 v
MC1458
wAT41, MC15E2 =22 v
Internal power cissipation, N-14 €20 nind
N package “SHE09 TV
H package! 809 mW
F package 1020 mW
Ditferential input volizage =) b 4
Igput voltagez =8 v
Qutput short-cirzult curetion Continuous
Operaling temperature range
pAT41C, MC14S38 015 +70 oC
: 40 10 &5 ‘C
wAT41, MC1552 -55t0+125 ‘C
Storage temperziurerange -65tc+150 °C
Lead temperzture (scicering 62sec) 220 ‘C

QTES
Ralings Disec 0 thema! resunces. [unChion (S ambieal, of 208° C.W, 248 CW,
IS CW. 11CCW for N-14. N, H anc F patrages respeclively. 20C & maxsmum
Jocton tempecature of 15" C
For suDply voilages kess than 215V the 8030l ule MaxiMum NPt vO!ia ¢ i3 €Quailo he
100ty vollage ¢



MC1458/HC1558 /LA ATAI

pAT21/741C,
MC1458/1558-F N.H

GENERAIZPURPOSECPERATIONAIEAMPLIFIER:

g

\

"DC ELECTRICAL CHARACTERISTICS Ta =25°C. Vs = ~15V. unlezs cthenwise soecified.

pATAT LA741C |
PARAMETER TEST CONDITIONS UNIT
Min T Typ ] Max Min Typ l Max

-;rvos Oifset volizge - ‘Rs = 10kQ1 TN NS0 20 ] 60 | mv
ol . Rs = i0kQ. over temp. 1.0 6.0 7.5 mV
i tos Offset current 20 | 260 20 | 200 | PA "

Over temp. 300 nA

Ta=+125°C 7.0 1200 nA

Ta =-55°C 20 00 nA

lzias input bias current ) 9 80 $453 nA

Over temp. 500 nA

Ta =+4725°C 51 )] SO0 nA

I % =-S5 203 1 1509 nA

Vout  Cutput voiizge swing R =10k ot P e =12 | =14 v

RL = 2k(1, over temp. *10 | *13 =10 | =13 | v
AvoL Large sicnal voitace gain Ry = 2k, Vo = =10V e 200 20 200 VimVv
Ry =2%Q, Vo = %10V, over temp. 2 15 V/mV

Offset voriage zzjustment =37 ‘ =30 l l mv

range x ! | |

PsrA Susply velizee re;eclicn rat:o Rs < 10k} | 10 150 | pV/V
Rs < 10%(1. over temp. 10 | 150 | BVIV

CttRR Common moce rejection ratio i c8

| Over temp. 70 Q9 cB

Icc Supply current v 114 2.8 1.4 2.8 mA
Ta = +125°C DS 2.5 mA

Ta=-55C 2071733 | mA

Vin incut voitzce rarce i (uA747, over iemp.) =12 o8 =12 =13 | \Y
Fin Input resisiznce i 0.3 2.0 3 2.0 l un
P¢ . Power consumzuon 50 &5 | 50 es m\y
Ta = +125°C 45 175 l e

, A Th=-55°C e5 | 100 | mw

RouTt  Outsut resistence 75 i 7 l 1 0
isc Cu:put shon-circuit current 25 ’ 25 i mA




TENERALJ?URPOSEQOPERATIONAL MPLIF

c ELECTRICAL CHARACTERISTICS

{Cont'd) Ta = 25°C, Vg =

=15V, unless otherwise specified.

wAT417741C,
MC1458/1558-F N.H

MC1558
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Offset voiiage Rs = 10k} 1.0 £0 mvV
Rs = 10xN. over temp. * 6.0 v
les Offset current 20 200 nA
Over temp. 509 nA
laias Input bias current 80 S00 nA
Over temp. 1500 rA
VouTt Outzut voliage swing Ry = 10k} =12 =14 v
RL = 2k{), cver temp. =10 =18 Vv
AvOL Large signal voliage gain Ry = 2k, Vo = =10V H G, 100 V/mV
R =2kN. Vo ==1CV. over temp. l 28 V/mV
Cifset voltage adjustment =30 mV
rznge
Pc<pn Supoly voltage rejection ratio As < 10xN | A Y 150 | awv
CMRR Common mode rejection ratio i |70 S0 | «cB
leo Supply current ! | =29 £5 | mA
it Input voriage range (WAT21, over temp.) =1 = 13) v
Ry Input resistance N
P Power censumption | t .70 156 | =W
Channel separation 120 cB
Rourt Output resistance a.
Isc Cutput short-circuit current 25 mA
SELECTRICAL CHARACTEPRISTICS (Cont'¢) Ta= 25°C. Vs = =15V. unless otherw:se spec:fied.
MC14S8
PARAMETER TEST CONDITIONS — UNIT
Mlin Typ Max
Vos Oliset vetiage Rs = 10k l 2.0 6.0 mV
RAs = 1CkN. over lemp. ! 7.5 mV
fos Olfset current 20 200 nA
Over temp. 200 . nA
laus Input bias current f 80 500 nA
Over temp. | 800 nA
Vour  Oitput voltage swing RL = 1CkN i =12 =14 v
Ry = 2k, over temp. =10 +13 Y
AvoL Large signal voltage gain Re = 2kQ1. Vo = =10V 25 20 v/mV
: RL =2kN. Vo =2%10V, cver temp. 15 V/mV
Cliset voltage 2cjustment =30 mV
franqge :
Psar Supply voltage rejection ratio Rs < 10k ! ! 30 170 Vo
CMRR  Common moce rejection ratio | I 70 0 a8
Icc Suopty current | 23 5.0 mA
Vin Input voliage range (pAT41, over templ) *+12 =13 \
Rin incut resistance MO
Pe Power consumption - | | 70 170 mw
Channel separztion 120 cB
Isc Culput shont-circuil current 25 mA




——— 1101458/MC1558/ R A/AT /R ATAL G
- ,,;JA/T: 1C,
14C145871553-F.N.H

LECTRICAL CHARACTERISTICS Ta=25°C.Ys = 215V, unless otherwise soec:lied.

PARAMETER TEST CONDITIONS WATAT, LATGIC | MCISSE.MCI4SB | gy
Min | Typ l thax | Min ! Typ | Max
silel input resistance - ° Open loop. { = 20Hz { 03 1A
allel input capacitance Open lcop, { = 20Hz 1.4 pF
. ~mon moce input impedance { = 20Hz 200 Ml
gvelentinput noise voitage Ay = 160, Rs = 10kNl. Bw ="1.CkHz 45 AVYFz
{=1.CxHz
wef tancwidth Av = 1, R_ = 2.CkN. THD < 5% 14 kHz
Vourt = 20Vp-p
1se margin 65 becreey
w1 margin - 11 c3
sty gain crossover {recuency Openiosp 1.0 1.0 MHz
:sient response unily gain " Vin = 20mV, Ry = 2k, C £ 100pf
sise lime 0.3 g 0.3 us
vershoct 5.0 s.0 %
Slew rate C < 100pf, RL = 2k. Vin = =10V 0.5 G.8 V/:s
*
{CAL PERFORMANCE CHARACTERISTICS
CUTPUT VOLTAGE SWING INPUT COMMCN MTDE VOLTAGE PCWER CONSUMPTION
AS A FUNCTICN OF RANGE AS A FUNCTION OF AS A FUNCTION OF
SUPPLY VOLTAGE SUPPLY VOLTAGE SUPPLY VOLTAGE
o - : )
1356 Ta povmic A0 /
B = IRy
| N T 7S \
|
- [ i
: ; :
1 1
!
X3
LY VOLTACT tY T Y vOLTACE 2V
INPUT BIAS CURRENT INPUT RESISTANCE INPUT OFFSET CURRENT
25 AS A FUNCTICN OF AS A FUNCTION OF AS A FUNCTION OF
ANMBIENT TEMPERATURE AMBIENT TEMPERATURE SUPPLY VOLTAGE
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1C1458/NC1558/LhIAT/ ;ATALC

LT

wATé1/781C,
MC1458/1558-F N.H

PICAL PERFORMANCE CHARACTERISTICS Contc

INPUT OFFSET CURREN POW'ER CCONSUMPTION QUTPUT VOLTAGE SWING
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF

AMBIENT TEMPERATURE AMBIENT TEMPERATURE LOAD RESISTANCE
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SUTPUT SHORT-CIRCUIT CURRENT INPUT NOISE VOLTAGE INPUT NOISE CURRENT
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NERM’PURPOSE{}PE R ATI0F AL*«L‘EPL!HER—————MC11358??'581558,*‘:%?41?@; 41C=

TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'al

LATA/T41C,
MC1458/1558-F N.H

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
FREQUENCY
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TIMER

NE/SES55

[SES55CE

SESSS5F H.N,N-14 o SESS5C.F HN.N-14 » NESSSF H.N.N-14

F,N-14 PACKAGE
crxo [T (7] vec
NC L 32 ~C
tmccen [} 3 Di1STHARCE
cutrut (o ] mc
ne E 12| THagsHOLD
aeser (e | 9] ~c
— conTROL
LS L7_1 =] VOLTAGE
H PACKAGE
¥ee
CROU~D DISCHARCE
ThCSER THAESHOLD
ouTrn CShTROL

YQuLTACE

nESCY

BLOCK DIAGRAM

tATURES PIN CONFIGURATIONS
Turn off time less than 2us
Maximum operating frequency greater Bi FICR AR
than S00kHz ’
Timing from microseconds to hours caouno (1] "1 ovee
Operates In both astable and monostable ceen [T T i et
modes tends
High output current outrur (3] [€] mencsmowo
Adjustable d.uly cycle neser ) B ominoL
TTL compalible
Temperature stabllity of 0.035% per *C
SES55 Ml stc 863 A,B,Cavailable M35510
(JAN) approved, M2£510 processing
avtilable. APPLICATIONS
* Precision timing
¢ Pulse generatlon
* Sequentlal liming
e Time delay generation
* Pulie wicth modulzation
R ¢ Pulse positlon modulation
* Missing pulse delector
2SOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
lugptly vollage
SEsSS =18 \%
NEZES, SESSEC, +16 %
“ower cissipation €00 mw
Cperating temperzture rance
NESSS 0 to +70 “€
SEZS5,.SE555 <65 to 88 °C
Storzge temperature range =65 10+159 °C
-230 temperature (soldering, E0sec! 300 °C
QUIVALENT SCHERMATIC
Vit Qs
t 0— - v
L3 L4 }ﬁl a4 %I]Z
«rx e 5 RIS = Qtax
\( L\J k’ vy
ot N
Qs (= 4 - on
LT L3 7 e
— 3x 3 (O
- I x13
] _j e
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: ot o4
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c2 o3 —O 3
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NE/SESF)S/SESS.‘")C=

=1

SESS55F H.N.N-14 o SE555C,F,H.N.N-14 « NE555F H.N.N-14

LECTRICAL CHARACTERISTICS Ta=25°C, Vce = +5V 10 +15 unless otherwise specified.

' i SESSS | NEsss/sesssc |
PARAMETER TEST CONDITIONS g uNIT
I l Min ' Typ | Max Min ' Typ Ma?’
sucoly voltage I ‘ 45 | |18 4.5 l 16 v
522ply current tlow siater! I Vec =SV R == | | 3 1 5§ ‘ i 3 6 mA
Voo = 15V R = = i | 10} 12 ’ 50 15 mA
Timing error Imeonostable) Aa = 2KN 12 100KN .
{ntial accuracy? C=0.14F 0.5 2.0 1.0 3.0 %
Onft with temperature 2 100 } 50 ppm/°C
Orift with supply voliage | 005 1 02 | 0.1 0.5 <N
Timing error (astzble) | Ra. Rg =1k to 100kN i
initia! accuracy? ‘ C=0.1uF ™y 2.25 %
Soift with temperature | Vee S5V o0 150 ppm/°C
Coilt with susply voltage ] 0.35 | 0.3 | sV
2oatrol volizge level H Voo = 1SV Q& 390" 0.4 S.0 1C.0 11.0 v
. ‘ Vece = 5V 2-8 323 ! 3-8 R 3.33 4. v
Threshold volizge i Vee = 18V 94 300 , 106 | 88 | 160 | 11.2 v
i ¥co = 2V 270418230 0 245 N33 4.2 v
Threshcot!d currentd j | [0 .Y Czs_ ! 01 1025 1 A
Trigger voltage ; Vce = 15V g |50 ’ s2 | <550 | s6 v
: ; Voo = 5V 15 18 57 ! 1.9 1.1 167 | 22 %
Thigger current 5 Virig = 0V ! OSememlS 95 | 20 | pA
! o
teset voltages | [\ [osg{peisistodi(c4 Ty azl | 10 | v
1 ' i
Zeset current i A\ 06) £Y 53] 1 0.1 04 | mA
ceset current ! Vae s=27 /=N | ¢ 041,15 ! ‘ i 1.5 l mA
Zutput voltage llcws ! ¥ce =15V i [ i | ‘
| Isink = ICMmA ! % 0.1 ; o35 } 0.1 0.25 Y
i Isine = 50mA } e AON | I 64 |o075 v
‘ Isiux = 102mA ; | pR Y A | 2. 2.5 Y
| lsirik = 2C0mMA { 2.5 QS % 2’5 %
} Neli=ZEM { 1 : i
| Isik = 8mA i { 01 . ozs [ 0.3 0.4 v
| - Isick = SMA | vy iaflDF C.a8 0.25 | 0.35 Vv
Cutput voliage thigh! 1 Vag, = _Ja ‘ ' ' i ; ’
| lcouace = 200mA t [ 12.5a1 i I s - v
. : I :
i leoyace = iC0mA | 13071 i3 B % i12.75 i3 v
| Y3V, ! ] ! I
: (ausce =1 00mA N 20 | el | 275 | 33 | v
Turn o!f timeS ; Veeser = Ve | 05 1 20 | | 0s | | s
Zise time of output | i 103 G 200 | 100 | 200 ns
Fal: time of cutput , ! 00 ¢z | | 100 | 300 ns
Cischarge iezkage current I 2 | o5 1 20 100 na
| ; '
, | -
| I R
Dy cuTrent whan ouln Ut Nigm fypcatly 1MA less
Lo at Vce = SV 8ang Vo = 15V
1wl Cetermine e maximi— valoe Of B4 = Re 107 1SV Opecai.0n_1Ne max total
CTImegchmlanc foc SV coeceiion, the mec (Sl Rox 34 mezanm
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