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This Project presents the principle and the design C’uk and Sepic Converter.lt is
presented in switching power supply , good efficiency and reduce disturbance. Switching
frequency is 80 kHz . Output DC voltage is about 40 volt and power output is 200 watt,

Operation-Control of Voltage mode can control it to maintain constant voltage.
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Fasfinszuey L, seiiunas wdamifazandu L, sxmondsay Taonszua 1 lnasush
fiutlszae ¢, uaylalen D, uazdaviolig Tnaamuuendndau vinlfifiaus sdufl output

¥INM3 On-Off veriudiinazua 1, 1, Inastndeniowaennm uazlndifvenszus
THass (fimansziomiloannms Swirch Hesnn ) szifudniees Cuk 12f Capacitor c, 1iu
#ana19lums Transfer WA991% ( A19910 Buck-Boost 715 Inductor Wudavnie ) Inszualu

} 4
1 . A
Inductor L, 53941 4448144 Linear 110 L, 91, , f381 ¢, (turn on )

I,—1 Al
VS:L], Li2 Lll:Ll 1 (21)
tl tl
« AL
Wit = I/l; (2.2)
2971 Charge C, (¥39 Tum Off) I¥nszualu Inductor L, Y3910y Lincar 910 1,81, f
Pt
Al
Vs“Vcl:_Ll_l (23)
t2
A[ -~
30 t, = _ A, (2.4)
Vi -V,

4 = o
die v, MuTadmasveadufiuilsey ¢ uae AL =1 1 vinaums 2.1), 2.3) 1€
— V4 — - =V

(2.5)
1
L, L,
t v e o =
UNUA t=aT Az t,= ( 1-a)T 92 1Rusediund waamxﬁuﬂszg C,fo
V
Voo =—— (26)
l1-a
- [] . dy < A
WUIRNYIINTEUA Filter U909 L, V19U (I, 091 ,,) M12a1 t,( Twn On )
Iy —1 Al
Va+V =L, 12 1] 1 (2.7)
tl t2
%30
AlLL
| = 22 ( 2.8)
Vo +V,
L] A
%390 5 YO9 L, Nad ( Linear ) 990 I, B4 1, AIA1 ¢, ( Turn OFF )
Al
vV =-L,—% (29)
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AlLL
%39 f, = ——22 (2.10)
Vo
Vo +V )t Vit
i AIZ:(C1 b _ Vol (2.11)
L, L,
WA t= oT 4B t=(1-00T AL UmALYea C,fio
Vv
Vo =—-2 (2.12)
a
MO TN UD A RARAAD
aV.
V, = -t (2.13)
-«
min laifia Loss Twaees VI= -V, = VIo/ (1-0) upznszucrduneniu fie
al,
I, =—2 (2.14)
-«
AYYBINTG Switch T HINNAUNTT (2.2), (2.4)
1 AlLL Al - V
T:-——:tl-i-tz: lLl—— lLl = “"Ll d (215)
f Vs Vs ‘Vd Vs(Vs _Vc1)
92 IdI N szuan s2foN B4 L ( peak to peak ) fie
vy, .-V
L =— s(s cl) (2.16)
Ve
%30
Va
Al === (2.17)
P2
ATUUBINT Switch (T ) #1910
1 AlLL AlLL -ALLYV
T:——:t1+t2: 22 22: 2727 1 (2.18)
S Va+V, ¥V,  (Va+V)V,
1 E 2
w18 nszuan szienaea L, (peak to peak ) o
Vi, +V
A[2 = _M (2.19)
.ﬂ-‘ZI/L‘I
30
V(l-a) al.
AL =- -a)_al (2.20)
L, JL,
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A { 1 o A o d
NIZUAIRALA Charge C, B I, = I, UnsAsR L szmenvesdunuilsyy C, fie
1 t2 1 t2 [ t
Ade——jlcldt:—jg:# (2.21)
Cl [¢] Cl [¢] Cl

VUM (2.13) I £ = VYI(V-V)I] uagerumis (2.21)
[le

AV, =— "1's (2.22)
W -V,
e
I (1-a)
AV =874 (2.23)
T

a 1 e ' . d 4 = 1
tiAind1 Inan lidin szue ripple AL =Al,, nszuamaoi Charge C, %1 Tnaluyas 12 fle

o 4 v o
I, = AL/4 unzus I unsziien ( peak to peak ) vosaunulszy C, A

T/2 Ti2
Al Al
AV, =L J.[czdtz—l— [=r==2 (2.24)
C, 3 C, s 4 8f,

Vo(lna) aVs
Na =g L7 "L (225)
2 Zf 2 Zf

o d 1 Qo <
C’uk Converter 9381810 Capacitor C, 1ug1nlunismisleundsnunaziinszuaduna
' v oA o a a d a o a o
BUNABIUDY ( I1 ) 'Nﬂﬁ%gﬁ Loss mmmmzﬂszﬂﬂﬁqua ‘Umz"nmﬂf On ﬂZTI]clﬁ’mﬂﬂ’]ﬁu'l
ad [ | a J A o
NIZUANIN L, Uaz L, wanfle nasue Peak 7 inaluadadorge uarmaft ¢, uda Transfer

L d L
WAIIIUNTTUA ripple YOI C, NIzFIRInHTDUAN
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T \V/ L Load
Sw ] " l L2 C2 7 V2=Vo
317 2.4 2393 Sepic Converter
HanmFTiY
sz Turn on N3zud I, szsinTuihuBudunn 1, fa1, Tusasnar g
V:Ll([[.l?.—[[.ll):L A[1 (2.26)
s t1 1 t1
#30P
Al L
t=—— (2.27)
Vs
YT um off 924ANT charge C, %2903 L, § I,,(V,=V,) lunmt,
I,—1 Al
Vs_(l'/c’._i_Va):_Vo:_Ll( 12 Lll)z__Ll 1 (228)
t2 t?.
Al
1% t, = Vllﬂ (2.29)

M ANMSIR Vi = Vi, sy =aT , t=(-o)T
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1

V, =
(1-a)

ATUNT switch (T)
1 _ NILI + NILI _ NILI(I/] + Va)

T=t+t,=—
I v, v, v,
___VF,
'L, +Y,)
NANMS (2.30) unuluaums (2.32)
vV
W A =22
v & vy
AIUU LI:.____LJL___
A[‘lf (I/s + Va)

- o 4 o 4 a o
Wnsanf L, luna ¢ disfindinszumedna AenszuaiiriulaTon
- LZ([LZZ +]L21) —_ LZAZZ
tl tl

t, t,
nie
A[2‘[‘2
t, =
7,
ALL V. +V
T:t1+t2:l:N2L2+A[2[q= 2L.(s+ a)
VA v, vy,
vy

(2.30)

(2.31)

(232)

(233)

(2.34)

(2.35)

(2.36)

(237)

(2.38)

(2.39)

(2.40)
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aV :
Al = =2 (2.41)
fL,
NNANNTS
I/stl = Votz
LV vV
Vv, = s _ %Y (2.42)
¥33913a1 Turn off
5] &
It
AVC]:-I—J'Iﬂdt:—l—J'I]dt: 12 (2.43)
C"l 0 Cl 0 Cl
NAANNTS
I.(1- IV
av, =182 — (2.44)
<, V. +V ) C,
Ti/2 TI2
A Al
AI/CZ:—E—J.ICZdt:—l——J.—z—dt:——L (2.45)
OPR C, 5 4 81C,
V - 14
Ay, = rd-a) __ ab, (2.46)

27 8f2C,L, 8f°C,L,

= ' : o 1 R 3 4 :
NNANATIVTNINUA I UI1I995 Sepic Converter 3¢ Iaeine I ifinseensivados
o o Qf 1 Q' o A A o 3
Aunudna #hnnad weransaianSoandnen ln#in1seen Iddiedivuiudne W
{ = ' ' =3 w1 o
amudh TaonsifRuuualase duty cycle #au Cuk Converter NilRnianTiAd199 Ad 18R Sepic

1 W A : Y o L A
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(3

a 4 45’ &
ANATBITTRITa $19TuAD

y o
anen Ifimadh v = 220 v

o o P
mdanulnthinisesn p,= 200 w

A
nszuer IWfimeeen 5 A

AUAIHN £ = 80 KHz

UsgdAnEnm 5 =0.70

dnen Ivfhiimseen v,= 40 v, , AV, ~0.87,

V2=Vo
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3.2.2 MIsdNUUURURUYINT L,

! : . 9. ¥ o @ A4 P '
Tusanan Switch (SW) Midaiinszua Indh wisauinuayan1dh L, (w) wilen

W—ILI2
2

L2 max

(3.1)

1 L4
wazluvaf SW nygaihnsyue fhaeunsimef bifimsaraundanu daiumdsnulndh

PR & ~ ] Y
@) ¢ 1 luw s T= 1f, Selinuiny

LIZ
- T2 L2ma (3.2)

P, =
°T T

Tuszwinad sw eglusaashnszua it (SwoN ) nszualeifhfinsense L, YL
Tuethadeniesdau di Jdt= (Ve + Vo) /L, ungiimgagadle SW Suvgainszue 14

o o 2 “
(SW OFF) it t=t = oT fanunszue Mihqagede

_Wa-voy,,

(3.3)
L2,max — Lz
A
e Vc1=V1+ Vo
fnen Idfhanasen Sw vair ON Sa1iouuin
ALY
(Ve
] - - 1,max fon (34)
L2, L2
10
:thjn I/l,max (1max an)z (35)
2T \ L, 27L, '

) uuﬂemaqam

0 man

a : ::l o 4 da 4
Ansandeulen Inandiga R, = R, . feteulviingaige (7, =

Inhiimsesndifige P, = P,

., min

Fomin = Voo min = (1;;0;:")— (3.6)
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Inductance 119414 Primary voaniuanoimes

Vo @
Vi f (37)
25 Vol o i
dvuald 7, =35% wes I, .
Iy = 0351, =035x5=1.754
V
e A = M (M =—2—)
M+1 Vo
= —3 115
0.13+1
2
vnums G wld L, = Bl0-02f 100 H

2x80x10° x40x2

o $ A El
frinszua WA RGN L, g0

I,=1,=5 A

@ONUUIAVBIVAANAUNIATFIU 400 cma/A IFadaiwes AWG24 $1u 5 duvuu
o 4 [ 4 4 Qy { @
fu Faldwihguinasauyadsi 4=0.049 41 aunghfarevatsduvinuiy e

4 4 da v o
d09n158ANAYBY Skin Effect 39dnurununm Insvmnudnimaadu
o« Y o o 4 °
futsvnaunumes lsdvesdamtiuain (AA)

vwl¥ B_ # 1500 gauss
_ 633L,1 ,6*(inch® 10"
"~ B.(gauss)

A4 (cm*) (3.8)
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_ 6.33x100x107° x0.11* x10°
- 1500

A,4,(em*) =051 om’

€

! A o o o
. funnThdnvesunumes 159, cm’
-

{UNTD91198 M FUAU VAR IR VDI Bobbin, om”

w > >

‘ [ @ &t <
;AN HHMNUAINHIHANG IR, gauss

max

. @urigquina1auesynaia, Inch

.

. . 4
nmsenvinauny T doadlfin A A 1nnd1 A A muaums 3.8) Tduniuned 159 E150 ¥4

1 A,=23 cm’, Ac=1.7 cm’,1 = 9.48 cm

waanuazanluuny W= J'idl = J'Hldgzﬁ - J'HMdB L -1(3.9)
1 2 1 2 -10
ELZILZ,max :EHmBmAe(cm )Vg(cm)XIO (3.10)
1 2 1 B:mx (gauss) 2 -10
Lol b = E—E;—Ae(cm ¥, (cm)x10 (3.11)
. 0.4n,1%, 10°
I {em)= = 3.12
g( ) B:u(gauss)/le(cnf) ( )
4 00x107% x 5% x10®
I, (om)= 27000300 X5 X0 _406 o
1500% x2.3
MUIUNIUIUTOUVOI L,
B 1)
NLZ — max( gauss)” g (on) (3.13)
0.4,
_1500x0.06 _ <o

ST 0 A xS



3.23 anhgwednuleundsa (C)

<4 o . da 4
nsiden C, NeAILAN Ripple voarna Ifhannion C, ffiadu (AV,,) AV, wil

d a ]
A0 f=f_ = 80 KHz W113a4191n31 3.1

o :
vaieh SW ogluaranz ON ( T<t<al) 1,=-1,,
iz SW ogluerniz OFF (af <t<7T) I=1,

SW
ON CFF
0 o, T: Tt
e AT
jC1A. : O .
- I ,=2MI}
0 >
t
'iLz
'S

A a o
71 3.2 weraagidrygaive snszua Ivhuasdna Iifhues ¢,

4 < a 4 o4 o s 4
Reulviia Av,, viniige dunafl ot=w2 , i, =i, =1, _ uaufiagie o= o,

P =P,= Pimex Limes =V,L=VI (3.14)
V2 V2
1, =Pl
’ Y,

1,max (315 )
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_igAf L e B 2M1,
YAV, AVLFM 1) f (M +DAY,

(3.18)

- 2x30.13><5x1 _ 0464 1F
80x10°(0.13+1) x31

wenlfc,=0.66 F 630V ,V, >V, =310V

— " lmax

@ o d
3.24 ﬂ1ﬂ1mﬂﬂ§ﬂ§®ﬁﬁﬂlﬁg1ﬂﬁ’ﬁ’ﬂﬁ80ﬂ (CZ)
4 . @ A a <
ﬂ-lilaaﬂ Cz MONIUAY Ripple 1]93ﬁﬂﬂ1l1ﬂ1%h1qla1ﬁwm (AI/O) Wﬂ1§m12ﬂﬂ 3.1

ip =gy +i, (3.19)

, V. I
amnsaugtaunsiyl Tavumu ‘—‘“‘”‘21—""1"— =V,

. v | 4 '
uazhas Infhmasimadh as nanle 4 Tuen T

P (ot) =V (ot)i(at)=V sin’®t

l,maxIl,max
fida Inifundofimeeen p,=p,

P(ot) =P (0t) =1 (ot)V,
wld & P,=P_(Noloss)

v, I sin’ ot
I, (o) = o Lo =21, sin* wt (3.20)

o

o <
wogli 3.4 (L, =1, vy iy, = i,-i)

iy =i—1;, +1y=2lysin® ot (3.21)
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D1
2 w2 T of
A
I
lO
0] >
ot
iC2 i
0 w2 x ot
: A,
at, o,
0 t, L t

. . : 4
U 34 uamsdygnawesnszualidhives D, ¢, uarfinssen

N @t = @ty,iq, = 0 VNAUNS (3.21)

@ty =sin™ \g =45° (3.22)

;,=45/@=45/2x180x50=2.5 mS

t,=n/@—1t =180/2x180x50~2.5x107° = 7.5 mS

o 4 -
auMIINIINHuAn C, Ao

_ Ach

CZ
AV,

AV, = AV, | (3.23)
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A . L]
NI 3.4 a1 AQ,, Turam ¢, <1<,

0ot

4

2

AQ ¢, = [ (21, sin? ot~ I, Jit

4

tz}_l l:z
ofn
L

AQe, = Io[tlilz - ism 2

N\
AQe, = 8-5(5 x107 + 6228 3 J— 8.5x5x107% =027

C. = _4_29_2_: @_21213,750#;:

NNANNIT 3.23 2
AV,  1.44

@en C, = 20000.F ¥,

Commx Vo =63 V

3.2.5 @undvniL,

SW

ON OFF

-~ Y

o
|1']L1 \ié]'—“max

tmax ;

~Y

710 3.5 uamsgdamvesnszue Iifives L,

3.24)

(3.25)

(3.26)
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A A o 1 . ° ¢
1Nz 3.5 AAMMUL Ot = 702,00 = Olmin AUNISFIITMYBI L, fiD

Y mmax Crind
b= (3.27)
A[l,max
i 2V, I 2P
muua Al =25% Y83 I, e [l.mzx — 00 _ 0 5.28)
| M ime MV
VAN
Al =0.257, . =0.25x _V_OL
e (3.29)
A[Ll'nmx - 0.25 X 2 X 40 X 5 _ 0‘46“4
0.7 x310
nnewuns 3.27 18 L =M—15—3=1
0.46 x80 X 10

d 4 ‘ o = | °
ﬂszuﬁllwﬂ“ﬂﬂUﬂll‘"aﬂ]uﬂjlﬁuﬂju] L1

211_,,,,, _ 2x2x200

I, = = =1.174 3.30
BTz 07xzx310 ©30)
nazua Infueriafind lnarudamilvan L,
o
I, =—"=1.34 (3.31)

L1 — ‘/5

. o 4
ABNYUIAVDIIAAINAANIATFIN 400 cna/A 1FvRaIn AWG24 $1uau 3 iduvwiusy Seiidy

. 2 o o4
Figuanateasyais s = 0.044 3 fwannumla Isvivesdamiluai 1,

_ 633L,1,4{inch? Ji0®
B (gauss)

AA, ((:m4 ) (3.32)
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=0.95¢cm*

44 = 5:33x1x107 x1.17 x(0.044)" x10°
e 1500

<4 ' 4
mudenvinaveauny L1 54l AA, 11nA A A_awauns (4.54) 1untuwes1sv E140 afi

A =148cm’, A =1.08cm’,1 = 7.69 cm MuIMANUNTI9UB Air-Gap (1) VOILnY

1 (om) 0.4nL, 1% 10° (3.33)
cm )= ; .
¢ B, (guass™ )4, (om*)
-3 2 8
1 (om)= 0.4x 7z x1x10 2 x(1.17)* x10 0057 om
(1500)* x1.48
YT TR SRR IO IRICRT PRty esty L, (N,) MNeUN15989 Ampare
B&
NI, ~H]I =—*=1I (3.34)
Ko
B .. (gauss)’g (cm)
n= (3.35)
0.47,
N, = 1500 x0.052 _ 53 101
047 x1.17

3.2.6 adafludenshids (SW)
. , d
Tuneuneiimed C'uk iion1d Power MOSFET msizamnsariaiulununamige14a

. P a P | ' o . Pl o o
ATURINIDINITIUBAADT ﬂnm'lﬂ%gaqmwnﬂsamwmamamvlﬂ (SW) YzNAoUIMes

Q =
NNU D

Vorme = Vimspes: +Va + Vopee = 358+ 40+ 50 = 448 v (3.36)

SW1,max spike

MAuR ¥, . =50 Vv
aumanszue W Ivariu SW uaiz ON davlimgegavns of = z/2

=] +1 (3.37)

I SW ,max L1,max L2 .max
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nn 1,_2:[01(&){):.3][2=2[°Si112a)t,IL2'm =2,
war I, =2MI sinwt, 1, . =2MI,
I g o = 2M1 o + 21 ' (3.38)
I e = 2Lo(M +1)=2x5x(0.13+1)=11.34 (3.39)

A ' A d . '
aunsnszue 1WA Inaru SW maslunmunal T (T = 16) Adwunis ot = z/2

Igp =1gp e ~al@t=m/2) (3.40)
M
Iy =21,(M +1)- 3.41)
gy = 2M1, (3.42)
Loy = [ 2M1, sin wrdar =2 x2mp, = 222X 013%5 _ g g34
0 T VA

|

2MI,

[

0 Tline:: 172 flir\e:

= = ' =) :
E):ﬂ‘ﬂ 3.6 LlaﬂQﬂ53“?\'11‘]{4“1131(1‘1?“1”1“ SW Gluﬂ §~1Qﬂﬂﬁu‘uﬂ\1 f= flme

o a Py s )
1ustiden e inemvinimuldunndr 144, v =500 v
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A
3.2.7 laleafimeeen (D)
" ow A U =\ =y 14 d o 2
mine i igegaiannsenla leafimeeen waizineuneime ey fie

v

1

14

Dlmax —

gt + V3 =(1x358)+ 40=398 v (3.44)
nssuer WA undon Inarula Tonfiniseen vaisfneune ima i e
I, =1,=5 A (3.45)
nazue Ithgagadl Inaru D, (eun1s 4.41) fle
I e =20 =2x5=10 A (3.46)

Tursvsiidoniflnleaninuld 15 A, 600 v donld MUR 1560
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nn 4

71590 HAZAT191905 Sepic Converter

4.1 1N

E 4
Tuuniitziuauensesnuuusianuswrinaeunsine’ lnvazidua

Tnuatiy

° 1 o o ¢ 1Y 4 °
msmmm“lmmazqﬂn JUVDIIING uazmmsaammununmwmauima L'ﬁﬂ‘ﬂ'lﬂ]ﬁ‘ﬂﬂﬁﬂﬂ

N1FAILANLIIA WO I

4.2 13931949

VL1 .
. ic1 D1
iL1 — i2
' 1< el >
. L1 T c1 I
i1 o
‘ VL2
A Vsw.
x IS e | ,
LR swW L2 Tan. Nsec C2T R2 ; V2=Vo

wey N

=)
3§19 4.1 48AI995  Sepic Converter

4.2.1 NFBONLUUINVIAIRG

< o = dg’ -
wiausavshvzairalune
o =l
dnen Ielfhimadi v =220 v
. o o
masnu Ivdifiniaesn p,= 200 W

dfnenIifhfimssen v,= 40V, , AV, ~ 0.8,

- dszdnimn g =0.70

nsvua IWfhfimeeen s A,

=
A 1% £, = 80 KHz
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'3 ° o @
mamusseziruavnavesgilnsaiinding

4.2.2 noaulasfiag

1 4 e & o 1Y dd o 1
Tusnaadadmduihnseue Ivfh wdsauitvazes 139 L, (w) awdim

=l

5 (4.1)

L2,max.

{ a ¢ 0 4 ' v v Q‘II o @
uaz luvae N dnsnyaihnszus Idfhneuneimed hilimsavaundany dniumidsauldh

d 4 A d - t . L%
@) A1 lundlsmuna T = vr (e fAenrudaiad Fadin unidy

LI}
= 2% L2,max (42)

P
° 2T

o d 44 ., 4
Tuszwdraf adad ON nszuIdifindenwn L, suiintuedisdediosdan di,/ dt

' F N o 4
=(V,-V_..)/L, uasﬁﬂ1qaqﬂmemﬁﬁquﬂmﬂ‘:zua'lﬂ'ﬁ1 (SW OFF)na t=t_=aT

sw,on

L4
astiunszua IMfqegede

I - (I/l - VSW,an }an (43)

£2,mex
LZ

P o [ a o P= SR T
WBLINAUR TN INYURLE ON UMUBININ

2 2
_ thazn (Vl_er,an ~ (Vlton) (4.4)
2T\ L, 2TL

2

a 4 P=| - 4 da d & o W
Anssndeulvilnandige R, = R, Aedeulviingafiqe (7, =7, ) dufedidsau

0,min

d : d
Iihaimseendifige P, = 2,

., min

. (I/lmax Cia )2

P o=
0,min Zﬂzz

o.min = Vol (4.5)
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fi1 Inductance N19A 14 Primary vasvdautlasiing

Vi o O
' L > (ﬁ‘&)z (4.6)
1 2.f]'/OIO,!mn
ruald Ly pin =35% 983 [,
i
Lo =0351 =035x5=1.754 (4.7)

’ e 1 o . A
b RBNAYDIBATINIUTINIUTOY VD4 Secondary Ul8¥ Primary % n=0.5

M 0.13
VINANNIG L = =
M+n 013+05

=0.21 (4.8)

(310 x 0.21)

nnewns @.6) el L, =
2x80x10° x40x 2

=331

; fnounszua Irfundsiive Primary vesndeurasiid gage
I,=nl,=05x5=25 A

= o W 4 aa
nszueneWidaiwi L, vesmdoutasdas vae Tnaaduinn fe

_ 3
In:rzlo\/%=0.SXSx1.2:3 A (49)

@BNUINATBIVARIAMNLIATFIN 400 cma/A Madauwed AWG32 S1uau 19 Wuvuy
& P ' Q” Iy I4
by Falidwihguinasenyadny 6=0.0427 11 sunsvwaunued lsdvesnteulas

My (AA)

' 4,4, (om* )= 2321 82 (inch? 10°

4.10
: B (gauss) ( )
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A Alem =3.08cm’

¢ 1500

( 4)_ 25.32x331x107° x 2.5x0.0427* x10°

¥
P ™)
: Nunnthanvesunumes 159, cm’
t 4
A ‘ v @ .
: WuRYe 99191 T U NIRR2A U8 Bobbin, cm’

ES

¢ [} 1% [ -4
;AR NLNUNENSUImMEng Iqe, gauss

o

;i uMgUINa19Y899RAIA, Inch

.

madeniuiauny T deosdlii AA i1 AA ameums 418 Runusled s

EESS/SSA %3] A, = 3.540m”, Ac = 3.54 o’ 1 = 12.3 om

° . a:* LY A 3 A N
MIMUIUAINIVBS Air-Gap (1) vewnuiden Tasldwdnmsfif Air-Gap 1T
. ] ¢ o ) A’/, o & oa .
MagneticReluctance %31 Ingjvosunuuasndsnuiiazaumomua lundoulnaiidsejfl AirGap
wasnuazayluuny

W:J'id)u:J'Hldqﬁ-l—-J'HMdB (4.11)

lL2]2 lH B A (cmzyg (cm)x 107 (4.12)

[.2,max: max "~ max<*e
2 2

1 1 B2, (gauss -
ELzlfz.m = 5———%47—[——)44‘,(cm2)g (em)x107°  (4.13)
0.4nL,1%, 10°
I (em)= —- o i ; (4.14)
B (gauss)Ae (cm )
1. ..2
P= L2 ] (4.15)
-6 2 8

lg(cm):0.4x7z:x33lx10 x5° x10 ~0.05 om

1500% x2.3x3.4
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14BN IUINTOY Primary U84 L,

N = BmaX(gwss}lg.(an)
pri
0.4 ,,
= —~——~15ng 0‘29 S22 sew (4.16)
AT X

4
&~ W

AIUUTIUIUTOY Secondary 494 L, 0

Nsec = 11 §BU

4.23 mhdwmesawleundau )
] 3 ¥
Msiden C, thenIunw Ripple vosdne Infhannsen C, (AV,,) fifadu AV, i
A1 £=1_, =80 KHz

P [ .
veh SW oy luan1iz ON ( T<t<al) i

<

=1

L2

v SW oflustn1ag OFF (af <t<T) i, =i,

SW=-

ON i  OFF
P Pe—

) " AT

et .
I,=2MI
0 >
t
'iLz

Vet \ iAvC1
ol :

310 4.2 ueasgildoyanavesnszua Infhuazdna Infves C,

4 d a 4 o =y ] . a 4 .
Nau‘l‘lﬁ’llﬂﬂ Avc] WNVIYR TANAN ot=7/2 , j, = I,= 1 LAZINAIY o0 = oimin

1,max

NAUNTT

max I v
o i oyl =V I (4.17)
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1,mex (4.18)

1 1 4
l1' 'L1

2M |o O S

0 n/2 nt ot

< o o ‘
U9 43 vamagaldgapaivesnszua Irfives L fidumis ar Ta q

ngld 43 At = (1_;‘”“): 7 (A; ) (4.19)
- +n
MY C, fip C, = 2]
AV,
11N AQ., =i,,A0t (4.20)

Mnum Avg, 111 10% ves Ve
Ave, =0.1x¥, . =0.1x310=31 V

. iclAt _ i[.l_maxn _ ZMIOH
YAV, AV f@M+n) QM +n)AY,

(4.21)

_ 2x013x5x0.5
80x10°(0.13+ 0.5) x 31

0.416 yF

1

Wenld €= 0.66 4F 630V ,V,, >V, =310V
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- @ o
4.2.4 amh¥imeinsesdyguhniesn (C,)

4 . o < - . :
nsdien C,HeAILAN Ripple vesdinat IMfhfintseen (AV,) Wviseniidumia output

wagUil 4.1
Ipy =gy +i (4.22)
vV, 1
Tauumny ’Lzl'“‘i =V,
(4.23)
I, (ot)=21I,sin* ax (4.24)

nngduerasdygnaves =1, uazi, =iy, ~i,

foy =iy —1y =21 sinot-1 (4.25)
;A
o1
0 n/2 13 (,;t
A
Iz
|O
0 >
ot
H b
c2
0 /2 T ot
. _lo
ot, wt,
0 ‘ -
t, L t

o o o
11 4.4 uemsdryoy v snszue Idfhues D, ¢, uazfimssen
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o .
N ot=awt,i, =0

wt, =sin™ \/I = 45°
2

t, =45/ =45/2x180%x50=2.5 mS
t,=ml/w—~1=180/2x180x50-25x10" = 7.5 mS

AQe,
AV,

auMsMsimuacn C,fe C, = AV, =AY,

nngdl i1 AQ,, Tuthna 7 <r <y,

&)

A, = [(2,sin® wx— 1, b

h
2]
1

3)— 5x5x107° = 0.016

t
t

t2
£

1 .
7 — ——sin @t

20

AQ, =1, (t

i 2
Ach = 5(5 x107° + 628

Yasi c, =2 _ 9916 _ 50500,5
AV, 08

@en C, =20000F V., . >V, =63 V

(4.26)

(4.27)

(4.28)

(4.29)
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o A ©
4.2.5 AunumIii L,

ON . OFF
t
A .
i ] fal
1L [T 15 max
l‘l.max
S T t
0 T

?

A Nl
3 4.5 uaasgldygaweanseualvfhues L,

nngldumis ot=m2 0= o, aumsssiives L fe

L>—=_
AIl,ma:x
: 2V I 2P
myua Al =25% 9091 woe [, =—%0 = 0
' Wimee 1Y,
AN
Al e = 0251, 0 =0.25x -0
N7 max
o = 0.25x2x40x%x5 — 0464
0.7x 310
nnewns 1 L, = _.M?:LW mH
0.46x80x10

i@on L, = 1.8 mH

1

(4.30)

(4.31)
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- voow A,
nszuer Ifunioh nashudamiloash L,

e 2x2x200

I, = = =1.174 4.32
" m 07xmx310 3D
nszuer Ifhuolisiadivift Inarudaumiloai L,
T Il,max
F=2tm= 3y (4.33)

V2

. I
AONVUIAUBIWAINMUNIATFIY 400 cma/A IHRadn AWG32 1191 7 iduvnudy Feiidu

. 2 v A
HiguinaEyadsaw = 0.0259 3 suaswnwme § Imivesdumiliah L,

_ 633L,1 ¢ (inch? J0°
B (gauss)

A A, (cm4 ) (4.34)

44 = 6:33x1.8x107 x1.17 x(0.0259) x10°

VA, = 0.596cm®
1500

4 : 4
Mafen VALY L, ¥l A A, 1nn11 A A aweunis  IRunued syl BESs Fef
A =354cm’, A =25cm’,1 =123 cm

AUIUAINYTIVBY Air-Gap (1) veaunuidenlny

0.42L, 1% 10°
VINAUMS 1 (cm)=— Tl e

B (evass o)

0.4x7x1.8x107 X(1.17)2 x10°

[ \em)= =0.039 cm
som) (1500) x3.54
fvimiuIuseyvesiauniivaih L, (N,,) MINUN15989 Ampare
Bﬂ
Npl,~H, 1, =-%] (4.35)

Ho
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B auss ¥_(cm
N, = o (855 ), (om) (4.36)
0.4,
n:1500><0.039:40 S8
047 x1.17

4.2.6 eia¥l11995/183 (SW)

Tunowanfine3 Sepic iionldgunsiadnd (sw) wilameiuesva msizaunse
° t o =y [ J a d @ = 1 J
Manlununadgaldandunneinnudames dnenlifhgagananaseamneiuediva

A o J o
(SW) VUENABUNIDIRB INIIU ﬁﬂ

V.
Vew mee = Vi peat + -2 4 Vopie =358+ g—(;+ 50=488 VvV (4.37)
n .
muwa v, =50 Vv

1 A 4
aumsnazue W nasy SW vaty ON Favefiegegavaie ot = z/2

L mex = 11max + P 13 (4.38)
1N I, =nl,(0t)=1,,=2nsin*ot], _=2nl,
NN I, =2MI |sinanl 1, .. =2MI,
! 7 e = 2MIy + 211l (4.39)
s e = 200 (M + 1)=2x5x(0.13+0.5)= 634 (4.40)

du . A d.
aunisnseue Wh# Tuarmu swmdslumuna T (T = vo) Adwumis or= z/2

Ig =1 a(wt =n/2) (4.41)

SW max
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I g =20,(M +n)- G+ ) (4.42)
I =2MI, (4.43)
1% . 2 2x2x0.13x5
1T =— [2MI, sinadr = =x2Mlo= 2222 = 0834
/A 0, /4 T
A
lSW1
2MI

d 4 . 4 4
3110 4.6 uemanszuer I Aundolnaru swW luaSegnaduves f=1£,_
& a k4 g
wssiidenlfimne fusannuld 144, so0v
4
42.7 laleafinieeen (D)
‘o o ‘ 4 4 e goo A
meina Ifhgeganannson laleafimesen vasneunesme iy fie

Vv,

DA, max =n

14

e peat + V2 = (0.5x358)+40=219 V (4.49)

4 4 1 = 4 A o -
nsmﬂ'lﬂﬁunauw'lwamu'lﬂiaﬂwnNeen VYUTABULIDIABINTINIU A

Iy =I,=5 A (4.45)



I

— T e

g e v mmer

37
= '
nszue Ifhgegedt Inamiu D, (aunis 4.41) fie

[ e =203 =2x5=10 A

Dl,max

= A 4 .
Tuaavsilideniflaleanmisesniues MUR1S60 I,,=15 4, V,, =600V

(4.46)
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mnmns

3997A70QY

o d d
M1388NUULIIIAILAN IR1F IC L4981A Yinthiilunansniunuans sepic
converter 1AYV1A19 4 114 IC L4981A ( AawuIn ) Wi szeenuuy 1dnadl
Pinl P-GND (Power Stage ground )

' 2 > ' ] ' 9/ A '
Wa‘umvﬁ'mn‘umsnﬂ UDIIITINIAY mﬂﬁ’mzuwnuemm 1 NIDUHUNDIURIDUY

urua1wI sl v Inguazduday

Pin2 I, (Overcurrent protection input )

Vi _ 5.1
Iaux - =7 3
R, 5.1x10

=1mA

Rsense 'Ipea.k _ 0.062 x 2
N 1x107?2

ip 1_, Aiv Maximum Peak Purrent AF1U R__ (R__ W158417111 8)

R, = =124Q

aux

I, A8 Auxiliary Current 1% R,,
V., fio Voltage Reference
Pin3 OVP ( Overvoltage protection input )
[ £y =1 o a < ° 9 o s -1 [~
Wunmsflearunsdlussdudunags aasyh Ifussdmednaisrgemu uazasiudn

o ' s yac ' o o
VINVIU INF1EED R9 . RIO ﬂ1ﬂla1ﬂ1’!ﬁiﬂu1ﬁjﬁﬂ15!1ﬁ31!53ﬂuﬂlﬂ‘|ﬁﬂﬂ

R Vit

‘RIO I/ref

@en R, =16 kQ aaiunyld

(40 + 0.8)
5.1

R, =] - 1]x16x10° =112kQ

Pin4 I, (AC Curent Input)
g 1 ) { 1 A o . .
nilwgdeadary Ry, 191110 rectifier ¥130 Hofive 102995 Multiplier #2tnszuet

- T a o da
L. Fulludadiuduussau Ifnsuna
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v o

¥
Taufvun R, =1MQ  ¥ilasduwusiy I

mult

Pin5 I, oy ( Current Amplifier Output )

Ty
¥

ciR %

18 19 15
CA OUT
— M
Rf Cr

Ri

00
VRs

1
-
P—= " .
Rs i

U7 5.1 umsdawasesaangunszue i i,

current [L1 downslope

A at the C/A output
ogcillator ramp A
slop% -
off on

P a .4 .
gﬂ'ﬂ 5.2 Uy Slope Tunsmisasues 1, MNN88nNUad Curent Amplifier

( Multiplier Output Current 193991 8)
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40

o [l A 1
{udoyasuerdyaversvsvnonssue uazidhg PWM Comparator tienaugyli
} 4 ‘ [
2993tliRamMseoawaEFy Maximum Inductor Current Slope 1189989 L (V, /A ) #83d1n11

Slop U89 Ramp Oscillator (V, .f )

6. =15 ¢
R3 out'Rser.:e

14 Ln
R, <[ "”];2 —~1JR,

out ** “sense

A L
Ja V=5 Volt fioA1 Oscillator Ramp peak-to-peak
G, f1® Current Amplifier Gain

f fi® Switch Frequency

’ y
FUIURITAUS Crossover Frequency (f,) vosgilmvgunszua i sumisvua
mikTaom =1

v o
AIUY

f 1
4r ~ 27C,R,

fen R=R;< 288k 1§ R =220k (1F R, dhnsfeziadios udd1ld C dmar,

1 4
19T SunY 288 kQ 1iAN1S Oscillation) 3¢ 1641

2 2
T R,f 220 x10°x80 x10° -

= 113 pF
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Pin6 L ( Load Feed-Forward input )

A
L} 1 L. A
i lily Jededhdy v Al 11

Pin7 V__( Voltage Input )

A y > [ A; 1 ;
nsnvguifgend Aeldussduluya 1555 v 2vsnsesndmdeie: ldneiga

- &
fie 3 Hz qeqaning 3Hz tean gain 71 -80dB 100 Hz

Vs = R 4 14
(Rg+ R, + Ry)

ms |, line

o 33x10°
™ (1.2x10% +360 x10° +33 x10%)

|
M1V, 220V, Vpin7=445 V_

= ————=3.79 Hz
S poe (R,.C.)
f -1 126
ple 27 (R,C,) '

Pin 8 Mult-Out ( Output of the Multiplier )

Faygunszun Ifhiignaaugu IWvinnseuelefhives L Gn) Alnary Sense

. ' A :7 A o o A
Resistor (R,) TauA1494 R, N1fvedmn eaahdsgayioh R,
el R, 910
R3

Lmax™vs mult , max’

IHUA R, = 2kQ

{ . g : 4 o o
NSz fingeenve39vs Multiplier (Tmult 11 8) ‘lnasiu R, efmuadudnm o

@ . b d 1 Qo A @
#idwsaldians oA Tasdndhsves R, dedhidudiuauaes R, wen/Svuivudoyaas

x220 =4.557V
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o [ LY 1 PR
LR Ay IR, wamaSoudivufie dnenIdfivesdygnumne1afivn Non Inverting ( 1

1) ¥993393 C/A
Vg —oe —1.28)

AC ,max VZ
’
ms

Imul.t ,max

v__ folimaeeenves Emor Amplifier M1 5.1 128 nszua I#191n2995 Rectifier

va-out

' A 4 o
Twaru R, 1 1, (1 4) MedU2995 Multiplier

_ 310 x10°(5.1-1.28) _

57 x10* 4
ol ma 4.557 *

7

Lt wax B3 57 x10 ° x2x10°

- 1.342

Rs = = 0.062 Q

Pn9 I ( Current Amplifier Inverting Input )
R, =R, wmilousumwnedum high impedance 1942393 feedback f1 R__ A0l

4 o Aad . o
wonus Idganuhan c/a msdnaadiadun 8)

Pin 10 SGND (Signal Ground)

= o
ADVIUAINI IR

Pin11 V.. ( Voltage Reference )

] | 4
@By Capacitor N589ANUANWUBN (C,,) ussaunifie 5.1 Volt 10 mA

Pin 12 SS( Soft Start )

-6
po= Sa e 1107 x5 g,
I 100 x 10

BN Cy=C,=1uF

Pin13 V__ ( Error Amplifier Output )

NsINNNSAN YYeIsrIaunusna Ifluedua (G, ) lifenann R (3]
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V., =0.025X3.82 = 0.095

.51 —»
= L
Cr | Rr R2 T TVZ
H Co Load
14 13| VA-OUT s

VREF

d . o
311 5.3 uermsdanasesnIvgudna i v,

% o) o/ A L4 }
dle v_ifluRtanisifasuudasvesdne Ifhansesn

G =

v

V 1

€qa —_

AV, sR,C

' { o P 4 ' LY
uar WA C, Menianeudgg s AV, innwd 2f, Tas R, uaz R, uliwssdunesud

2993 E/A (1 14)

o - 1 AV,
" 2x(2 f,. )R,G, 60 R,
C, = 0.8 = 0.196 uF

r

60 x 68 x 10 3

@en C.=C, = 0.22 uF

4 a = - a o
diefiam silasualasves 1, wvsamnsenvnulaslinde Av,

4 .
_enaunu ild

a4

¢ ' H Rad A 4
v, imsnAswnlasnnndt AV, fdesms difimsesndimanffoudasveanszualdd Ae

AL =1,

4 g : ° ' <
Moy R Jumsideudwmis Pole w03 G, 110 R C,[3]

Jo =

PO
\/VOAV x 27C, x 27RC.,

ea ,max

300

|

40 % 3.82x 2x 7 x 20000x 107® x 277 x 68x 10° x 0.22x 107
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f,= 1053 Hz

R, M11auf1¥undl 1403015 Phase margin 110191 22 9911

< 2.75 _ 2.75 _ 189 kO

" 2xf,Cy 2xmx10.53 x 0.22 x10 ~°

@en R = R, = 150 kQ

Pin 14 ( V_, Error Amplifier Input )

Rl - Vam 1
R, V

ref

finun R,=2kQ 1218 R,= 68kQ
Pin 15  P-UVOL (Programmable supply undervoltage threshold)
Pin 16  SYNC (In/Out synchronization)
Pin17 R_(Oscillator Resistor)
defl R_ IBMAUANISUR Charge L@y Discharge Mv1 18 ussrudreBeRiniine

1.28 V v ldmnuduiusfunssus Charge

Io~10 x 28
R

AF2Ue Discharge ¥11910

osc

I = 200 «x

<
orc

fMuANIzue Discharge gegafie I=12 mA wlde R_ d1ge

fenhl R =R, =30kQ

: A oo o
Pin18  C__ (Oscillator Capacitor) MAuaAnNNANIATH 80 kiz

1 2.44

f= —j”_= RDSCCOSC
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1 A o A .4
‘lﬁﬂ'l C IWWeMAUANNIUNINY 1 nF
Pin19 V_(Supply voltage input)
v 4 dyo P o
usanuRNitfiruad 18 1iad
Pin 20 GDRV(Gate driver output)

w 4 o a o
Li‘]uusaﬂu YVIDDNUND YU IAY
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d .
maefi 5.1 :10megUnsalluages Sepic Converter

Rs 0.062
R1 68K
R2 10K
R3 2K
R4 2K
RS 160K
R6 12M
R7 360K
R8 33K
R9 112K
R10 16K
R1l 124K
R12 120K
R13 27K
R14 M
R16 30K
R17 100
R21 5.1K
R22 220K
"R23 33K
Rd 82
Rn 25

Cin 0.47vF
C1 0.66uF
C2 20000uF
c3 150pF
C4 inF
C6 1uF
C7 220nF
C8 220nF
c9 0.22uF
C10 1uF
Cl1 10nF
Cd 1uF
Cn 4.nF
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VNN 6

MINANDIATHANIINAG D

NINANBIIIT Sepic Converter
o a =) 4 ' =) ' '
Gh«!fn571ﬂﬁ9~31]$°1’nﬂ1§Wﬂ1§m1ﬂ'§$uﬁ711'ﬂaﬂ lWﬂﬂ'ﬂfﬂ§Lﬂﬁﬂullﬂﬂ\1ﬂlﬂ\1ﬂ11'ﬂﬁﬂﬂ1qf]
‘as o (- o L% A 1 A W c{ I3
sedimnuduwustuiumdulsdusdnels Felduanimnanesdnenszli 5.4 Tavhms
@ o v ' a d = & 2 1 P
naaeuiy Tnaan sydueiag Aeh Inantssuat 1 89 5 uendl wastiuninmininmsnanes Fasy

A o ' a a 'Y
l'ﬂfn’nfﬂSﬂ'lujmﬁ'lﬂ'l‘ljﬁgﬁ'ﬂﬁﬂ'lw 175

Uszneyldfaemives v, 1,2,V ,,L,,P,,

in ?

uetes P luensne 6.1 ’
4 o
wsesienazginsginiflummanes

1. e9a¥a lag Inil

2. unaante WySuald (Vardac) 11 5 uewdl
3. AlmenadAimes ( Digtal VOM )

4. DC usuilines

5. Inaavana v

=)
A1919N 6.1 UAAIWAM INAABIVBIIINT Sepic Converter

! Vin 11 Pin Vout out Pout
% Load %Eff
(Volt) | (Amp) | (Watt) | (Volt) | (Amp) (Watt)

38 2235 | 06 130 42 1.9 79.8 61.38

78 223 1 220 41 3.9 159.9 | 72.68

80 223 1.1 225 41 4 164 72.89

84 222 1.2 245 41 4.2 172.2 70.29

100 ! 220 13 250 41 5.2 213.2 85.2
i V. sussdusunavessdasaninedsvmay widndu widniy v

: minszueduye wihodly A

: mfdadune miandy w
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: ahdeduws mihuily w
' o P 1 [~
AN WOIANA Huily V
: Ainszuse i niianiy A
t o W 4 v
. ifduedna wiody w

%Eff : UseANTMNUBII995

[% 4 1 ] 1 (Y 4 1
nmnaassfelinnunaamasuluuisgaegte  udvznuImssAweIANelnineudi
A A ) <y < .
adsemna 41 Tiad  daeiimsnlfouuasivan  uazwuidse@nEnImues  Sepic
4 4 4 ¢ g 3 d
Converter &iiuTU tenlesiudlvaauiniu  TavInandidlunmesszlfInanuaen

4
1H9In3191 6.1 6.6 LARINTIHHANITNARBINBY Sepic Converter

N15NARBII993 C’uk Converter
o W t:l o acy % :
Tumsnaassnsmamsenuuuieyiinisnaeeulasds Open Loop @91U
A o A o tY o 4 d‘ o o
wevihimsaldvustasinan ey ldussduedna/fvuntdas wihmsmaanslaoflouns i
a {a o ° daos 4 @ o
Aunanwnauazivun Ivaaifine elsua1 Duty Cyde W Idszanas 0.21 swenuisavild

Y 4 ! > o 4
usaduerdnai 40 Taad Huamam Iddunaly jUnsvnanmenssansld dagali 6.7

-6.13

ajUnanineasy
. a 1 o 1 {
A1m150651973935 Sepic Converter NNIMLTIRMBIANA A 1391 Inanvziinisnlfuy

' s 2 y 4 1
ulas  wazwuIlssAnENINUeIINT AT tie Tnandanszuaiudu msgapdululses
[l [ a 4? P ) 4
mu‘lﬁmzmmuwﬁunmm

@21 C’uk Converter 1S1RIU1I0BBALLUIINTMAT UaznaaeuTAuIF Open Loop 14



Do v e

- = wm

50

CHI=2V CHZ=5V Sus7div
DC 111 DC 11 L (Bus/div)
: ' NORM:100MS /s

------------------------

1.840v 1  Fréq 11:11Hz

4 o
U 61 usrmasIRURTONYLNA

CH1 X 10, CH2 X 100

PO (UU) UTIAUATUBO (819)

CHIR1.00V :  CH2=1.00V : 7 ms/div
oC 11 oc 11 1 ! (1msydiv)
‘ : : : + ) . : NORM:IMS /s
I :

H
i
T
-
i
i

....................... 320.0m¥ - Max  320.0mV - Min 0000V
L : Freq 25;00kHz: i :
=Trace2= P-Pp 1.280V Max  4.720v Mih  3.440v
:, Freq 25:00kHz:  + :

A ar t
3Un 6.2 Lmﬂmsaﬂmmémﬂ(uu) ﬂszummﬁmﬂ(ma)

CH1 X 10, CH2 X 10
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CHZ=1.00V :
DC 1:1

=Trace2= pP-P 1.920v :
... Freq 85.47kHz:

T
¢
!
I
b
1
i
i
$
i
i

oaefpieefpoosrs oo

e

—1-|—-1-|~»~§-—-¢«~4§~+-
oud
-2}
L~}
o
S

: Susfdiv
P (Susidiv)
NORM: 100MS /s

51 6.3 wamanssrunsonlalen

CH2 X 100

CH2=1.00V :
pC 11

: : : Bus ¥ div
: : : (Busydiv)
NORM:100MS /s

e

4.560V

=Tr act-.@2= P—P .
84,75kHz '

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

a @ 1 o =
gﬂ'ﬂ 6.4 LAALIIAUATINANNUIUIL,

CH2 X 100
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Bl CRICIC AP [P B AR A

(TR RN Y NI S SO S #0

L I I SRUSTRSE 1 WA

CHi=200mV: : } Sus/div
pc 11 : 3 I (suszdiv)
o S T NORM:200MS /5|
dATracel= P-P |[1.%84v Majk  G8Q.0mv Mip —904.0mV
.............. Freq 113S5.1kHz: 1 i
I
P . Er
UM 6.5 usrmanszud rpple AWML,
CH1 X 10
CH1=500mV 2msy/div
Dc 11 o (2msy div)
s S OOt OO U UROE UURPUURUS ORTUROU SURURUUOE SO NORM:SO0KS /5

' d.
jUN 6.6 uamanszuau L, imlag

CH1 X

10
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‘CH1=5v CH2=1V Sus /div
DC 11 0C 1:1 . (Suszdiv)
: : NORM:100MS /s

d‘ % L $
gﬂ'ﬂ 6.7 UDAIUIIAUA TN VUNAYB (D TOUAYIATUYDT(UH)

CH1 X 100, CH2 X 10
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CH1=1V CH2=500mV: Smsydiv
DC 11 DC 11 : (Smsydiv)
: S NORM:200kS /s

=Tracel= Mak 5.880v @  Mi
=Trace2= Max 2.320y Mi

T 5.760V

fn 2.300v

;A 6.8 ummausamuedya (guuu) uaznsvinszumedna (gUae)

CH1 X 10, CH2 X 10
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CHI=179mV:

DC 1:1

CH2=2.00V

DC 11

Sus/div
: (Busydiv]
NORM:100MS /s

&un

A { ) ¥ ’ 1
N 6.9 umasnIzuersiu L, (§lun) uazussdunson L, (3uds)

CHI1 X 10, CH2 X 100



CHI=5V  :  CH2=5V Sus /div
pc 111 .  DC 11 . (Susdiv)
1 : : NORM:100MS /s

3119 6.10 uamanssanddhaden c, (

CH1 X 100, CH2 X 100

sUuu) wazussau i lalen
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CH1=500mV:
DC 11

8q 80 00kHz§

Sus/div
: (Bus{div)
NORM ZODMS /s

Duty 35 2%

o . '
317 6.11 warmsusean lfhiina-vou

CH1 X 10



S B

PR

wo Eme ewe AW

58

CHI=2v “Sus7div
DC 11 . (busydiv)-
: NORM:200MS /s

il 6.12 uemansau vfhnden L,

CH1 X 100
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MICROELECTRONICS

L4981A
L4981B

1S72 SGS-THOMSON
|

POWER FACTOR CORRECTOR

a - CONTROL BOOST PWM UP TO 0.99P.F."
x LIMITLINE CURRENT DISTORTIONTO < 5%
= UNIVERSAL INPUT MAINS
« FEED FORWARD LINE AND LOAD REGULA-
TION
x, AVERAGE CURRENT MODE PWM FOR
" MINIMUMNOISE SENSITIVITY
«; HIGH CURRENT BIPOLAR AND DMOS TO-
TEM POLE OUTPUT
« LOW START-UP CURRENT (0.3mA TYP.)
«!| UNDER VOLTAGE LOCKOUT WITH HYS
-} TERESIS AND PROGRAMMABLE TURN ON
THRESHOLD _
. ol\(/)%RVOLTAGE, OVERCURRENT PROTEC-
T .
.! PRECISE 2% ON CHIP REFERENCE EX-
TERNALLY AVAILABLE
x - SOFT START SR

DESCRIPTION hd

ihe L4981 1.C. provides the necessary features
d.achieve a very high power factor up t00.99. '

Realized in BCD 60Il technology this power factor
:c}r;ectqr (PFC) pre-regulator contains all the con-

ADVANCE DATA

MULTIPOWER BCD TECHNDLOGY

DiP 20

S0 20

ORDERING NUMBERS: L4981X (DIP 20)
L4981XD (SO 20)

trol functions for designing a high efficiency-mode
power supply with sinusoidal line current con-
sumption. :

The L4981 can be easily used in systems with
mains voltages between 85V to 265V without any

line switch. This new PFC offers the possibility to .

work_at fixed frequency (L4981A) or modulated
tzeqqg(lg:y (L4981B) optimizing the size of the in-

L3 ! ,'
BLOCK DIAGRAM - . é ——— )
LFF MULT-OUT IGENSE CA-OUT TUSC RASC  SYHC
3 ol VaX Y oV i
I ;8 (8 5] 18 |
B ‘ I L - E—E; , vee
e ¢ . E<>—- curR ~ Pun
{ . | B Lps ] O P-yuLD
B 4 2 .
P @9 2 ) ) ‘
13 ‘ D)
VR-0UT ..
. yref
"’ -
wrem o5} - ‘ .
*
A Vel 3@Eey  uaa uuln.u ) Y SR
3 )
1
% NS (') — SUPPLY | Yref E}
val — &7 YREF . 4
) [Uat.s.5u14
i s YaZ-168.5V
? }— g Uraf ]
I
12} 2] 3. tED k1 1}
{ BBV i1 A-84C 49 . 1PK aue UREF 8-GND B-GHD
A
viarch 1995 117

h!s is advanced information on a new productnow in development or undérgoing evaluation. Details are subjectto change wiicut notice.
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L'4981A - L4981B

put filter; both the operating frequency modes
working with an average current mode PWM con-
trofler, maintaining sinusoidal line current without
glope compensation.

Besides power MOSFET gate driver, precise volt-
age reference (externally available), error ampli-
fier, undervoltage lockout, current sense and the

soft start are included. To limit the number of the
extemal components, the device integrates pro-
tections as overvoltage and overcumrent. The
overcurrent level can be programmed using a
simpleesistor for L4981A. For a better precision-
and for L4981B an extemal divider must be used.

ABSOLUTE MAXIMUM RATINGS *
Symbol Pin Parameter Value Unit
Vee 19 Supply Voltage (lcc <50mA) (%) selflimit . * \
| leoAv 20 Gate driv. output peak current (t = ps) SINK 2 A
i SOURCE 1.5 A
Veoav Gate driv. output voltage t = 0.1us - -1 "V
Voltages at pins 3, 14, 7, 6, 12, 15 03t09 \
Vvaour 13 | Error Amplifier Voltage 031085 v
1. lac 4 AC Input Current 5 mA
Voltages at pin 8, 9 05107 v
Vea-out 5 Current Amplifier Volt. (Isource = -20mA; Isink = 20mA) -0.310 8.5 Vv
" VRosc 17__| Voitage at pin 17 0.3t03 Vv
) 11, 18 | Voltage at pin 11, 18 0.3t07 v
" _lcosc 18__{ input Sink Current 15 mA
! IrneomoD 16__| Frequency Modulation Sink Current (L4981B) 5 mA
Vsyne 16 Sync. Voltage (L4981A) 03t07 \i
Viex - 2 Voltage at pin 2 03t 5.5 \
i Voitage at Pin2 t = tus -2 \
| Pm Power Dissipation at Tamb = 70°C___ (DIP20) ‘ 1 w
A Power Dissipation at Tamb=70°C  (SO20) 0.6 w
" Tag StorageTemperature -55 10 150 °C
(-;) Maximum package power dissipation imits mustbe observed.
PiN CONNECTIONS (Top views)
. LAS81A 1L4981B
P-ND 1 28 [ GORY p-sho 1~ 28 [ GoRY
KO 2 19 [Jvcc Ik g2 18 g uce
: our []s 18 |1 cosc ovP s 18 [J cosc
: 1ac ] 4 12 1 ROSC 1aC [ 4 17 QRosC . .. |
' CA-0UT [ 5 16 |1 SYNC CA-OUT O 5 16 [J FREQ-NDD
| LFF 6 15 |1 p-uULO LFF O 6 15 O P-UULD
i URHS [ 7 14 [ UFEED URHS 0~z 14 [1 UFEED
) HULT-OUT [ 8 13 |1 vA-0UT HULT-0UT ] 8 13 [0 va-0uT
! ISENSE [] 9 12 [ ss ISENSE [] 9 12 [ ss
! S-6ND [] 14 11 [J VUREF i-GND d 16 11 J UREF
' HIIL4981-82R NS3L4981-838

2117

ﬁscs-mom
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L4981A - L4981B

THERMAL DATA
Symbol Parameter DIP 20 SO 20 Unit
L Rnhjamo Thermal Resistance Junction-ambient 80 120 °C/W
PIN FUNCTIONS
LN Name - Description
i1 P-GND Powerground.
2 1PK L4881A peak current limiting. A current fimitation is obtained using a single resistor connected
1 between Pin 2 and the sense resistor. To have a better precision another resistor between Pin
F 2 and a reference voltage (Pin 11) must be added.
A 149818 peak current limiting. A precise current limitation is obtained using two external
resistor only. These resistors must be connected between the sense resitor, Pin 2 and the
reference voltage. B
E 3 " oove Overvoltage protection. At this input are compared an intemal precise 5.1V (typ) voltage
reference with a sample of the boost output voltage obtained viaa resistive voltage divider in
: order to limit the maximum output peak voltage.
4 IAC Input for the AC current. An input current proportiond to the rectified mains voltage generates,
' . via a multiplier, the current reference for the current amplifier.
i 5 CA-OUT _| Current amplifier output. An extemal RC network determinates the loop gain.
6 LFF Load feedforward; this voltage input pin allows to modify the muttiplier output current

o~

proportionally to the foad, in order to give a faster response versus load transient. The best
control is obtained working between 1.5V and 5.3V. If this function is not used, connect this pin
to the voltage reference (pin = 11).

V7 VRMS Input for proportional RMS Tine voltage. the VRMS input compesates the fine voltage changes.
Connecting a low pass filter betw e rectified line and the pin 7, a DC voltage proportional
i Mu%gt’?ﬂ%m_ge is obtained. The best control is reached USing Nput voltage
L between 1.5V'and 6.5V. If this fuiiction is not used connect this pin to the voltage reference
(pin = 11).
) MULT-OUT | Muttiplier output. This pin common to the multiplier output and the current amplifier N.L. input is
an high impedence input like Isense. The MULT-OUT pin must be taken not below -0.5V.
9 ISENSE Current amplifier inverting input. Care must be taken to avoid this pin goes down -0.5V.
10 S-GND | Signal ground. . ;’
T 1 VRer Output reference voltage (typ = 5.1V).Voltage refence at + 2% of accuracy extemnally
: available, it's intemally current limited and can deliver an output current up to 10mA.
12 SS A capacitor connected to ground defines the soft start time. An intemal current generator
i delivering 100ptA (typ) charges the extemal capacitor defining the soft start time constant. An
4 internal MOS discharge, the extemal soit start capacitor bothin overvoltage and UVLO
conditions.
i 13 VA-QUT | Error amplifier output, an RC network fixes the voltage loop gain characteristics.
14 VFEED | Voltage emror amplifier inverting input. This feedback input is connected via a voltage divider to
the boost output vottage. . N
15 P-UVLO |} Programmable under voltage lock out threshold input. A voltage divider between supply
voitage and GND can be connected in order to program the tum on threshold,
16 SYNC This synchronization input/output pin is CMOS logic compatible.-Operating as SYNC in, a
(L4981A) | rectangular wave must be applied at this pin. Opearting as SYNC out, a rectangular clock
pulse trainis available to synchronize other devices.
FREQ-MOD| Frequency modulation current input. An extemal resistor must be connected between pin 16
J (L4981B) | and the rectified line voltage in order to modulate the oscillator frequency. Connecting pin 16 to
i ground a fixed frequency imposed by Rosc and Cosc is obtained.
17 Rosc An external resistor connected to ground fixes the constant charging current of Cosc.
18 Cosc An extemal capacitor connected to GND fixes the switching frequency.
19 Vee Supply input voltage.
20 GDRV Output gate driver. Bipolar and DMOS transistors totem pole output stage can deliver peak

current in excess 1A useful to drive MOSFET or {GBT power stages.
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|4981A - L4981B

=LECTRICAL CHARACTERISTICS (Unless otherwise specified Vcec = 18V, Cosc = 1nF,

osc = 24KQ, Css = 1uF, Vca-our = 3.5V, Visense =0V, Virr = VRer, lac = 100pA, Vams =1V,
/eeep = GND, Vipk =1V, Vovp =1V, Ty =25°C

Symbo! | Prameter | Test Condition | Min. | Typ. | Max. | unit
ERROR AMPLIFIER SECTION g
' Vio Input Ofiset Voltage —25°C < T35 < 85°C 8 | mv
'l Input Bias Current . VEeep = OV -500 { -50 | 500 | nA
_ Open Loop Gain 70 100 | dB
Vi Output High voltage " Vreep = 4.7V 55 6.5 75 v
. lva.out = -0.5mA
» Vi Output Low Voltage Vreeo = 5.5V 04 1 v
lva-our = 0.5mA
. -ha Output Source Current Vreep = 4.7V; Wa.our = 3.5V 2 10 mA
__ha Output Sink Current Vreep = 5.5V; Wa.our = 3.5V 4 20 mA
REFERENCE SECTION -
Viet Reference Output Voltage —25°C < T3< 85°C 497 | 5.1 5.23 \J
T =25°C let=0 5.01 5.1 5.19 Vv
AViret Load Regulation 1MA S et <10mMA 3 i5 mv
-25°C < T3 < 85°C
AViet Line Regulation 12VL Veo <19V 3 10 mVv
~25°C < T3 < 85°C
t drofec Short Circuit Current Vet = OV 20 30 50 mA
OSCHLLATOR SECTION
fosc Initial Accuracy T =256°C 85 100 115 | KHz
Frequency Stability 12V< Ve S19V 80 100 120 | KHz
_ —25°C < Ty< 85°C
. Vep | Ramp Valleyto Peak . 47 | 5 { s3] v
hasc Charge Curmrent Veosc = 3.5V 045 | 0551 065 { mA
heo | Discharge Current Veosc = 35V 115 mA
Vs Ramp Valley Voltage 09 | 1.15 14 v
'SYNC SECTION (Ony for L4981A) =)
tw Output Pulse Width 50% Amplitude 0.3 0.8 us
lie Sink Current with Low Output Vswe= 04V - 04 0.8 mA
Voltage Veosc = OV .
-he Source Current with High Output | Vswc = 4.5V 1 6 mA
. Voitage Vecosc = 6.7V
Vig Low Input Voltage 0.9 Vv
Vi High Input Voltage X ) 3.5 \
| Ly Pulse for Synchronization 800 ns
FREQUENCY MODULATION FUNCTION (Only for L49818) ‘
f1omax Maximum Oscillation Frequency | Vrreaomoo =0V (Pin16) kmq=0] 85 100 | 115 | KHz
"18min Minimum Oscillator Frequency Irreamoo = 3601A (Pin 16) L s T4 " KHz
Vvams = 4V (Pin 7)
lrreQMmoD = 180pA (Pin 16) 76 KHz
Vvaws = 2V (Pin 7)
SOFT START SECTION -
. lss Soft Start Source Current Vss = 3V 60 100 140 HA
' Vizsw | Output Saturation Voltage V3= 6V, Iss = 2mA 01 025 Vv
-
'
/17
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L4981A - 1L 4981B

ELECTRICAL CHARACTERISTICS (continued)

_. Symbol | Parameter 1 Test Condition l Min. l Typ. ] Max. ] Unit
SUPPLY VOLTAGE )
__Vec__| Operating Supply Voltage | P- 1 f1wes] v
bVER VOLTAGE PROTECTION COMPARATOR
Vire Rising Threshold Voltage Vret 5.1 Viet \
) -20mV +20mV
. Varys Hysteresis 180 250 320 mV
Is Input Bias Current 0.05 1 pA
g Propagation delay to output Vove = Vi +100mV 1 2 us
OVER CURRENT PROTECTION COMPARATOR
o Vi Threshold Voltage 30 | mV
I Propagation delay to Output Voce = Vie' -0.2V 0.4 0.9 us
bipk Current Source Generator Viex = -0.1V _only for L4981A 65 { 85 105 | uA
P Leakage Current Viek = -0.1V__only for L4981B 5 pA
_CURRENT AMPLUIFIER SECTION
Vottet Input Offset Voltage Vst our = Vsense = 3.5V +2 mVv
Iobias Input Bias Current Vsense = 0V 500 | 50 | 500 | nA
. Open Loop Gain 1.1V< Veaour<6V 70 100 dB8
SVR Supply Voltage Rejection 12V<€ Vo S 19V 68 90 ds
VM_ULTOUT = 3.5V Vsense = 3.5V
Vsu Output High Voltage VauLt out = 200mV 6.2 v
ica our = -0.5mA, Viac = 0V
Vs Qutput Low Voltage Vet out = -200mV 0.9 A"
{ca out = 0.5MA, Viac = OV
-Is Qutput Source Current VamuLT out = 200mV, 2 10 mA
Is Output Sink Current Viac =0V, Veaour = 3.5V 2 | 10 mA
OUTPUT SECTION
Vzo, | Output Voltage Low Isin = 250mA 05 | 08 \J
Vaou Output Voltage High Isource = 250mA 115 | 125 \'
Vee = 15V
B Output Voltage Rise Time Cour = InF 50 | 150 ns
| 1 Output Voltage Fall Time Cour = 1nF 30 | 100 ns
___Vaorv | Vottage Clamp Isounce = OmMA 13 16 19 v
TOTAL STANDBY CURRENT SECTION
H1ostact Supply Current before start up Vee = 14V 03.1 05 mA
¢ lgen Supply Current after tum on Ve = 0V, Veose =0, 8 .12 mA
Pin17 = Open
| l1g Operating Supply Current Pin20 = 1nF 12 16 mA
- Vce Zener Voltage *) N 20 25 30 \'/
UNDER VOLTAGE LOCKOUT SECTION. ‘
- Vimon Tum on Threshold 145 | 155 | 165 \
. Vinoer Tum off Threshold ] 10 11 \'/
Programmable Tum-on Threshold | Pin 15 to Ve = 220K 10.6 12 13.4 \
Pin15 to GND = 33K
LOAD FEED FORWARD
ke Bias Current Ve = 1.6V 70 140 pA
Ve = 5.3V - 200 300 uA
Vi input Voltage Range - 1.6 5.3 \4
(") Maximum package power dissipation lifnits mustbe observed.
SM7
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981A - L4981B

;EECTRICAL CHARACTERISTICS (continued)

- L]
Symbol | Prameter 1 Test Condition | min. | Typ. | Max. | unit

ULTIPUER SECTION

Muttipler Output Current Vvaour =4V, Vams =2V, 20 35 52 HA
) Vimuerout = 0, Vier = 5.1V
) Iac = S0pA, Cosc =0V

Vva-out = 4V, Vams =2V, 100 135 170 HA
r v Vmtout = 0, Ve = 5.1V .
fac = 200uA, Cosc = OV

" Vvaour =2V, Vams =2V, 10 20 | 30
- Vmutout = 0, Ve = 5.1V
Iac = 1004A, Cosc = 0V

Vvaoutr =2V, Vaus =4V, 2 5.5 1
Vuuirout = 0, Vire = 5.1V
fac = 100pA, Cosc = 0V

Vva-our =4V, Vaus =4V, 10 22 34
Vumurout =0, Virr= 5.1V
{ac = 100uA, Cosc = OV

BRI

Vvaour =4V, Vaus =2V, 20 37 54
Vuuerour = 0, Vieer = 2.5V
Cosc =0V, lac = 200pA

Vva-our =4V, Vamns =4V 20 39 54 pA
Vauwtout = 0, VLer= 5.1V
Iac = 200uA, Cosc = 0V
i Vvaout =2V, Vems =4V, 2 0 2 HA
Vmrour= 0, Visr= 5.1V
. lac =0, Cosc =0V
;ﬁ'K Multiplier Gain . 0.37
asouT = 1.28)- (0.8 - Ve £ 1.28
ni'r;_our= K- lac Vv, 8)- ( LFF )
i (Vvams)?
1 . i
VUF =VREFR:  rsour= lag IASTE 1) 4 : -
: . (Vvams)
ere: Ki=1V
gure 1: MULTI-OUT vs. ac (Vrms = 1.7V; Figure 2: MULTI-OUT vs. lac (Vrms =2.2V;
| Virrp =5.1V) VirFp =5.1V) -
IHULT-OUT 191 JSSIA- 250 Im:;;r'm n33t 43818- 268
{wh) [ = uA)
bpine.a) | / Uping.-83 J/
VA-QUT=5.5U 4ag TN
588
! 4.5 e | 1 4.5y
, 88 ‘ - /
- 2.5y »u8 A 7T 3-89
4 /
288 / ‘/z.su — //4//-4[@
] e 188 . D
1.5V 1 1.5V
& g :
8 488 289 268 488 IACIA) - 8 188 208 398 469 Ifﬂ,ﬁ’

{pind)
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L4981A - L49818B

!
igure 3: MULTI-OUT vs. lac (Vaus =4.4V;

Virrp =5.1V)
1ruLT-0UT HI2L 4982R-378
WA
fupine.a) i
VA-QUT-S.5U //
8a - 17 ("
g : - i
¢ am A~ 2. 50—
A P
20 | ="
H 1.5V
®

8 468 208 380 488 IACLA)
tpind}

jgure 5: MULTI-OUT vs. lac (Vams = 1.7V,

' VirFo =2.5V)

JruLY-outT
Lnl

1013108-!) : /

168

un—nur-s.s:.l/’
!_ M asy

128 7
/ 3.51;_/
]

&
NIIL 4983722

.
! 88

' 48

AN

- 1.5¥
-] 1

i @ 188 209 388 488 I1ACIuA)

tpind)

figure 7: MULTI-OUT vs. lac (Vrums = 4.4V,

. Virro =2.5V)
'1 MULT-OUT 1193L 498 IR~ 28R
YY)
{Up1nB.a) / ’
UA-OUT 5.5V
7
28 : a.5u”
28 pld
/ 13,58~
12 /2.5 -
//' L~ 2:5Y
] 5 1 / //
- 1.5y
: 8
8 184 288 388 488 IACLLAY
! tpind)

[O7 -t

Figure 4: MULTI-OUT vs. lac (Vams = 5.3V,
Visep =5.1V)
IMULT-OUT
{unl
{Uping.R)

8
8 un-mrr-s.sy
AV

68

o A
/’ﬁ 1 2.s.u
. L
V.. -

NA3L4342A- 244

28

2
8 188 200 38a 488 IACLAA)
tpind)

Figure 6: MULTI-OUT vs. iac (VRmus =2.2V,

Virrp =2.5V)
THULT-OUT 193149038210
{uh)
tuping.n)
1aa UA-OUT.5.5V /
83 4.507
&9 15 /2
' 1.8y
48 1// 1/ ‘
L
/ A s
* 29 1 M A I/
a e .

8 188 288 388 48a IACLA)
(pind]

Figure 8: MULTI-OUT vs. lac (VrRms =5.3V;
Virrp =2.5V)
ITMULT-OUT
E3TLY]
tUping.8)
28

1331 49434~ 1902
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Figure 9A: 1.4981A Power Factor Corrector (200W)

T

®

WAAAS

D1 Vo=400V
e T cr2m o
e fIrefe
cs 03 cs -9
L — § ¥q - L '
e R | 4 lr
; ) 13 % . !
L T‘?r 3 " J ’-‘ 'c—“"\AT Qo=
15 Y ) !
~ L4981A - » 4
€ 2 & 48] y E:}ms
N
L 2 18 10 17 12y .J’ 1.}
i = R O A
i RS < " . ’s‘.
(auf] [jro = d’l J'Ol R16 -I-cs J-@cw
/ .
\ [Fe T : T R T °-
% ‘—"\, [~ 4 7~'I 7 DENNCROD
— VA =
PART LIST .
L. Rs__ |oor@x 22| 1w 5% c1 4700F 400V
&t 820kQ 14W 1% C2- 100uF 450V
___R2 10k - 1/4W 1% c3. - 2.20F
ii R3 1.8kQ 1/4W 5% c4 inF :
. ‘R4 1.8kQ - 1/4W 5% . c5 100uF 25V
i Bs 18k 1/4W 5% C6 1uF 16V
" A6 12M0- | 14w 5% c7 . 220nF 63V
' RY 360kQ 1/4W 5% cs 220nF 63V
f _R8 33kQ 1/4W . 5% [ 330nF
~ R9 1.8MQ 1/4W 1% c10 1pF 16V
T R10 -21kQ 1/4W 1% , c1t 270pF 400V
. Ri1 . 4020 1/4W 1% c12 +  82nF 100V
R12 120kQ 1/4W 5% " D1 STTA506D
. RIS~ 279 1/4W 5% D2, 03 1N4148
Ri4 1MQ - 1/4W 1% D4 18V 1/2W
L R~ | ook | 1w 5% D5 BYT11-600
© _R16___[. 30kQ 1/4W 5% MOS STH15NAS0
1 R17 T 1.8kQ 4W 1% FUSE = 4A/250V
. Rt 5.1kQ 1/4W 1%
! BRIDGE = 4 x P60OM

T= primary: 88 tums of 12 x 32 AWG (0.2mm)
+  secondary: 9 tums of # 27AWG (0.15mm)
core: BIET3411ATHOMSON - CSF
8a9p:'h6mm for a total primary inductance of
.9m

[y_l' SGS-THOMSON

fsw = 80kHz Po =200W
VQUT = 400V lrms max = 2.53A
Vovp =442V lpk max =6.2A




' ‘ . L4981A - L4981B

Figure 9B: L4981B Power Factor Corrector (200W)

=

. ‘Rs 0.07(3x.22)| 12w 5% c1 470nF 400V
_Ri 820kQ 1/4W 1% c2 100pF 450V
L R2 10kQ 14W L 1% c3 2.2nF
. ‘R3 1.8kQ 1/4W 5% c4 1.10F _
R4 1.8kQ 1/4W 5% cs  100uF 25y
RS 18kQ 1/4W | 5% cs 1uF 16V
R6 1.2MQ 1/4W 5% c7 220nF 63V
R7 360kQ 1/4W 5% cs 220nF 63V
RS 33k 1/4W 5% co 330nF
_R9 1.8MQ VaW b 1% Ft T gl | T e 16V
i R10 21kQ 1/4W 1% Cc11 270pF 400V
R11 402Q 1/4W 1% ci2 8.2nF 100V
R12 120kQ 1/4W 5% D1 STTA506D
R13 270 1/4W 5% 02, D3 IN4148
'R14 1MQ 1/4W 1% D4 ppey ——
L Ri5 120kQ 112w 5% D5 BYT11-600
_R16 24kQ 1/4W 5% MOS STH15NAS0
R17 T.BkQ AW 1% FUSE = 4A/250V
R21 5.1k 1/4W 1%
"R22 1.1MQ 1/4W 1%
’ BRIDGE = 4 x P600M

= primarg: 88 tumns of 1f 2 >:<2 Sﬁ V/:)\(/;V%‘. (0.2mrr)1) fsw =80 to 92kHz Po = 200W
' secondary: 9 tums of # 27 0.15mm = =
core: BIET3411ATHOMSON - CSF VQur =400V lms max =2.53A
gap: 1,6mm for a total primary inductance of Vovp =442V IpK max = 6.2A
* 0.9mH

M7
i [’7 SGS-THOMSON




L4981A - L4981B

Figure 10: Reference Voltage vs. Source Refer-

ence Current
[
Vref (V)
5.{02
5.0
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5.1 e T=2BC —]
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Figure 12: Reference Voltage vs. Junction Tem-
. perature
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1 f el B
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Figure 14: Gate Driver Rise and Fall Time

3

t (nesg)
400

B | fise time ?’ Voo =18y
L 4’/ T} =25°C
L /; fall tme

Figure 11: Reference Voltage vs. Supply Voltage
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Figure 13: Switching Frequency vs. Junction
Temperature
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105 '
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3 \
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e
Figure 15: Operating Supply Current vs. Supply
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L4981A - L4981B

E

Figure 16: Programmable Under Voltage Lock-

out Thresholds

Figure 17: Modulation Frequency Normalized in
an Half Cycle of the Mains Voltage

v fow
chc v 1
3 ] !
; Vee on L |-t
14} pd 075 V N
Rl oo / \
ol ¢ R22 =R23-6.8 05
10 ,/ s Yos of 025
y-‘
8 C 0 0
o 50 100 150 200 250 9300 350 400 Q 45 90 138 180
R23 (Kohm) Bechrical degrees
Table 1: Programmable Under Voltage Lockout Thresholds. /
Vee on Vce oFf R22 R23
P 11V 10V 82kQ 12kQ
. 12v 10.1V 220kQ 33kQ
] 13V 10.5V 430kQ 62kQ
14V 10.8V 909k2 133kQ
14.5V 10.9V 1.36MQ 200kQ
15V 11V 2.7MQ 390kQ

Figyire 18: Oscillator Diagram / '

KHz
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Figure 19: 200W Evaluation Board Circuit.

'
H
f +
T .
o1 —
t Rz STTAS080 Vo
a1 A
t 1% a1z 83c
1% 1%
‘ Baox At
ag
' x SoondS%, JE20ar 412 aick
: 100V (ax 100v 13
rUSE
aA106E
ax BY214
7
i 4
{BBv tu 2G4AV) c1
s A2
Eggvr 13 ez
L4981A 3 Toour
450V
2 20
{ 85 S 18 171211 3 10 1
—
| =2
2Ixinf
o5z 700H
~ Ce _ICo 30v
R os
5 Sy il 13,302, 8010
e\ P . 4k 1.8k Q116021
\Pox 5\‘?(5" 24 a-fi160041, 8k 11Kk
\/{ }g; \\ \\/ . —*
\
1
3

T='primary: 75 turns of litz wire 20 x 32 AWG (0.2mm)
secandary: 8 tums of # 27AWG (0.15mm)

core; BIET341tA THOMSON - CSF

gsap: 1.4mm for a total primary inductance of 6.7mH
fow = 100kHZ; Vo = 400V; Po = 200W

¢
NOTE: voltage available at pin 6 by R20 and Q3, ensures Q2 to be tumed
Start Up Circutlt off.
Usually the Vee capacitor (C11infig. 19) canbecharged by a resistor
drawing current from the rectified mains. In the evaluation board Programmable Under voitage Lockout

instead the start up circuit composed by (Q2+R19+R15+Dz) has The PCB allows to insert a couple of resistor (R22, R23) to modify
been designed to perform a fast and effective supply in all the the threshold input voltage. Please refer to fig. 16 and table1.
mndéﬁom. Once that the L4981A/B has started, the reference .

Y

13
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¥

$
The evaluation board has been designed using: a
faster not dissipative start-up circuit, a diode (D2)
to speed-up the MOS start-off time and (eveniif a
single resistor can be used) an extemnal divider to
ir;ldprove the precision of the overcurrent thresh-
ofd.

FEmher there is a possibility to change the input
threshold voltage using an external divider (R23

and R22) and if an inrush current problem arises
3

b

a NTC resistor can be used.

The PFC demoboard perforrnancesA has been
evaluatedtesting the following parameters:

PF (power factor), A-THD (percentage of current
total harmolnic distortion), H3..HS (percentage of
current's n™' harmonic amplitude), AV, (output
voltage ripple), Vo (output voltage), n (efficiency).

The test configuration, equipments and results
are:

| AC POWER PM1200 EMI PFC
t SOURCE AC POWER FILTER 1.4981 LOAD
LARCET /3KW ANAl._YiIS I‘E? DEMO
D94INO57
. Vi f P PF | A-THD| H3 Hs H7 H9 Vo AVo PO n
('Vrms) (Hz) W) (%) (%) (%) (%) (%) V) W (W) (%)
88 60 222 | 0999 | 294 | 1.98 | 0.61 055 | 070 | 3%0 8 200 80.2
:1 10 60 220 j 0999 | 179 | 140 | 040 | 0.31 028 | 392 8 201 91.6
132 60 218 ] 0.999 | 1.71 116 | 040 | 035 | 0.31 394 8 202 g92.8
180 50 217 10999 | 188 | 152 | 065 | 040 | 0.34 | 396 8 203 { 938
220 50 217 (0997 | 225 | 168 | 0.83 | 057 | 0.48 398 8 204 94.2
260 50 216 ;0995 | 330 | 184 | 130 | 039 | 073 | 400 8 205 95.2
N
EMURFIFILTER- the AC source.and the demoboard under test,.

The harmonic content measurement has been
done using an EMI/RFI filter interposed between

34

while the efficiency has been calculated without
the filter contribution.

LINE PFC

§

i

] EARTH

N D94INOSs2
where:
T1=1mH C1=0.33yF, 630V
T2 =27mH C2=2.2nF, 630V

-

¥

1417

by S5550a
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7 L4981A -1.4981B

i
S$020 PACKAGE MECHANICAL DATA

E DIM. mm inch
h MIN. TYP. MAX. MIN. - TYP. MAX.
1 A ‘ 2.65 0.104
3 al 0.1 ' 0.2 0.004 0.008
a2 245 0.096 -
E b 0.35 0.49 0.014 0.019
l bt 0.23 0.32 0.009 i ~0.013
c ’ 0.5 0.020
. cl 45° (typ.)
' D 12.6 ' - " 130 0.496 0510
E 10 10.65 0.394 . 0.419
e 1.27 0.050
e3 11.43 0.450
F 7.4 7.6 0.291 0.300
L 0.5 1.27 - 0.020 0.050
M i 0.75 . 0.030
S 8° (max.)
;
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L4981A - 1.4981B

DIP20 PACKAGE MECHANICAL DATA

¥ DIM mm inCh
E . T
g MIN. TYP. MAX. MIN. TYP. MAX.
' al 0.254 0.010
B 1.39 1.65 0.055 0:065
b 0.45 0.018
I 0.25 0.010
D 25.4 1.000
E 8.5 0.335
e . 254 0.100
e3 22.86 0.900
. F 7.1 0.280
: I 3.93 0.155
i
X L 33 0.130
N 1.34 0.053
| -
= ‘
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AN Lo . |
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3
D
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HEXFET® Power MOSFET

e Dynamic dv/dt Rating

e Repetitive Avalanche Rated D _

e |solated Central Mounting Hole Vpss = 500V

e Fast Switching ‘

e Easé of Paralleling , e Rpg(on) = 0409
e Simple Drive Requirements

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-éffectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings ]
Parameter Max. Units
Ip @ Tc=25°C Continuous Drain Current, Vas @ 10V 14 .
Ib @ Tc=100°C | Continuous Drain Current, Vas @ 10V 8.7 A
fom Pulsed Drain Current ©® P 56
P @ Tc=25°C | Power Dissipation 190 W
. Linear Derating Factor 1.5 W/eC
Vas Gate-to-Source Voltage 120 \'
Eas Single Pulse Avalanche Energy @ 760 - mJ
IaR Avalanche Current @ . - 87 ° A
Ear Repetitive Avalanche Energy ® ' 19 mJ
dv/dt Peak Diode Recovety dv/dt ® 3.5 . | Vins
Ty Operating Junction and 5510 +150 !
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rasc Junction-to-Case — — 0.65
Rocs Case-to-Sink, Flat, Greased Surface e 0.24 e °C/W
Rasa Junction-to-Ambient — — 40

e esanene live e wnbi e AR A PSR G WAL AR R Aatd o o v s e S BB ANT I Bha s
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Electrlcal Characteristics @ Ty=25°C (unless otherwise specified)

® Repetitive rating; pulse width limited by
ma)E. junction temperature (See Figure 11)-

@ Vpo=50V, starting Ty=25°C, [=7.0mH-

Ra=25Q, Ias=14A (See Figure 12)

@ Pulse width < 300 ps; duty cycle <2%,

Parameter Min. | Typ. | Max. | Units Test Conditions
VBR)dSs Drain-to-Source Breakdown Voltage 500 | — — V| Vaes=0V, Ip= 250pA
AV(BR')[)SS/ATJ Breakdown Voltage Temp. Coefficient — [ 0.63| — | V/°C |Reference to 25°C, Ip= 1mA
Ros(dh) Static Drain-to-Source On-Resistance — — 1040 | Q [Vgs=10V, Ip=8.4A ®
Vs Gate Threshold Voltage 20 | — | 40 | V |Vps=Vas, lo= 2504A
Os Forward Transconductance 93 | — | — S [Vps=50V, [p=8.4A @
Ipss ! Drain-to-Source Leakage Current — — 25 nA V05500V, Vas=0V
— 250 Vps=400V, Vgs=0V, Ty=125°C
loss Gate-to-Source Forward Leakage — — | 100 nA Vas=20V
Gate-to-Source’ Reverse Leakage — — | -100 Vas=-20V
Qq Total Gate Charge — — | 150 lo=14A
Qgs Gate-to-Source Charge, — | — | 2 ] nC J| Vos=400V '
Qga 1 Gate-to-Drain (*Miller") Charge — — 80 Vas=10V See Fig. 6 and 13 ®
taton) | Turn-On Delay Time — 17 — Vpp=250V
tr Rise Time — 47 — ns lp=14A
ooty + Tum-Off Delay Time — | 92 | — Re=6.2Q
b, Fall Time ' — 44 — Ro=17Q See Figure 10 @
Lp Internal Drain Inductance — 5.0 — 2 igme(eg ?E%Ia: ) E
—_ nH | from package o
Ls internal Source Inductance — 13 | — and center of
K N die contact 8
Ciss Input Capacitance — [ 2600 — Vas=0V
Coss ! Output Capacitance — | 720 | — | pF |vpg=25V
Crss Reverse Transfer Capacitance — | 340 | — f=1.0MHz See Figure 5
- Source-Drain Ratings‘and.Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ _ 14 MOSFET symbol o
(Body Diode) A |showing the I_—ii
Ism ! Pulsed Source Current — | — | s integral reverse. ¢ }"—-L
(Body Diode) @ p-n junction diode. 1S
Vsp |, Diode Forward Voltage — — | 14 V | Ty=25°C, ls=14A, Vgs=0V @
ter Reverse Recovery Time —_ 540 | 810 " ns Ty=25°C, Ig=14A
Qr .| Reverse Recovery Charge — [ 48 | 72 | uC |di/di=1 00A/us @
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Lg+Lp)
Notes:,

Q@ Isp<14A, di/dt<130A/us, VbpsV(sR)pss,
Tug150°C
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5000 Vos = OV, f = iMHz i T NN
\\ giss - ggs' + Cgg. Cgg SHORTED ) 0 XDS - ;ggz =
5000 rss = ‘“gd e} ps = _
\ \\Coss' = Cgs * Cgd % 16 Vpg = 100V &
N o) 2>
L 4000 \ N & /
& N « 1.Css | | |- : S p.
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. > FOR TEST CIRCUIT
0 T 0 SEE FIGURE 13
100 101 0 20 40 60 80  100° 120 140
Vps, Drain-to-Source:Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. ) Fig 6. Typical Gate Charge Vs.
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Vsp, Source-to-Drain-Voltage (volts) " Vps, Drain-to-Source Voltage (volts)
o LTI ., . . . o L . B .
Fig 7. Typical:Source=Drain Diode Fig 8. Maximum Safe Operating Area
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- Tc, Case Temperature (°C)

Maximum.Drain:Current Vs.
Case Temperature

‘Thermal Response (Zg;c)

10°

Fig 11.

Putse Width s 1ps
Duty Factor 5 0.1%

Fig 10a. Switching
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Vary tp to obtain Vos> T
required las R S

D.UT. 1600 - - —r———y
'_%, 7 . \ ‘ -~ Ip
J TOP 613A
:!I ___+v ) 8.9A
+ VDD V . BOTTOM 14A

1200 \
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=

0.01Q

Fig 12a.” Unclamped Inductive Test Circuit
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Eas, Single Pulse Energy (mJ)
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‘: . ' ‘1. . A, 406 e NG h SO K] § .,.* PP ,".},,,...i I3 .'..
. r—p—-(. \\, T “
Al Voo \>§ r
R N dote [ [ TISSET
l / \ . | 25 50 75 100 125 150 .
/ \\ Starting T, Junction Temperature(°C)
s — — —— - Fig 12c. Maximum Avalanche Energy
Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current .
; Current Regulator ;
oV - —— 8 T — iy
' DUT T-'0S
T + Qgs QgD >
Va ﬂ
Crmarge e , :. o
1 ; .Current Sampllng Resistors
Fig 13a Basic Gate Charge Waveform e Fig 13b.t§*Gate Charge Test Circuit
fomit .

Appendlx A Figure 14 Peak Diode Recovery dv/dt Test Crrcurt - See page 1505
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Appendix B P,QEK?Q‘?,QHE“”G, l}/lechamcal' Drawrng See page 1511

Appel;rdlx C Part Marking lnformatron See page 151 7

A TR TRV




- o
Aadnssfszma

o A .
“1‘umwﬂﬂNamnemwmmmzwﬁﬂﬂeune§me§ (C'uk and Sepic Converter )
natzdierin liensavhagaa 1y 1ddaed tﬁ’mm'ln'lﬁ'i‘famuauuxuaWWﬂ1ﬂSﬂmmms

oYATIERTIUNRABINYARAAT 9 maﬂmwﬁvﬂmmaﬂﬂmxauqumﬁluamamn'lﬁ’ udi

fuie fuusivesranmmaauiiidnnuin anueuguuAnInTIYNAY
o = = A o o

pwisfoyiant nulwde emsiilinm Flklena awd AnlSnn wasiwue
o 1 Aﬂ s 1A ' Yo o
e q Adludse Toyietnadaunnuegian

omstgiuni  fiwley franmAstudumami MWiwTnu uasyn 4 edw

A L4 o Y .

filaler  gl¥dfTnn Fuuzuuimaae g

o ' Y & ' 4 o o o o
vounn AuinTis mawanady uasiew 9 FiumAsniesneuunes uasiuuIn
d o 4 o o
vounuunauiegiiionds fadunnwaynauy wazneuiluiidaly

A o o U L4 L} o o d
uazﬂanﬂmmausﬂﬂmamsmnuemwummwa



Y a
19Na13v148Y

[1] N. Mohan , T.M. Undeland and W.P.Robbins , Power Electronics , Converters Applications

and design |, second edition, John Wiley and Sons,1995.

[2] il A, MATALEYNSDRNLILAIAY IR THNA1Y |, uma Tny , Wuw
A5IN 1, NNTIAY 2537
Blygde 90d3 , uundan! Yoy , (Mdnmssenuuuneuneime’ SEPIC meud lumied

° ! A a CY c! o 4
uawed Tulvnuemsiinszua lWfwuudeties)” Jsamsswenszds 39 14 wifuf 2

UQuInu 2541.

[4]Bo-Tao Lin, Yim-Shu Lee , (Power factor correction using ¢’uk converters in discontinuous
capacitor voltage mode operation) , IEEE Transactions of industrial electronics , vol 44 no5
october 1997.

[5]D.S.L. Simonetti, J. Sebastian, F.S. dos Reis and J. Uceda ,(Design criteria for sepic and ¢’uk
converters as power factor preregulators in Discontinous Conduction mode) , E.T.S.I. Industriales
Unversidad Politecnica de Madrid , 1992.

J

P4 4 a aa a 4do « s a a a g )
[6leruysal WA, aufin Asulsed@nivo , unasne Iuuvadays , Nanguees

W.H. 2537

[7]G.Comandatore and U.Moriconi, Designing a High Power Factor Switching Preregulator with the
L4981 Continuous Mode, SGS-THOMSON Microelectronics Application note, AN628/0397, 1997.
[8]L4981A/B Power Factor Corrector, SGS-THOMSON Microelectronic Advance Data, March

1995.





