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A Wide Input Voltage And Output Load Range LLC Resonant Converter
with Two Resonant Tanks

Kwang-Ho Yoon, Bong-Gun Chung, Sang-Ho Jang, Seung-Min Lee, and Eun-Soo Kim
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ABSTRACT

In this paper, for the notebook adapter with power level below approximately 60W, a novel LLC resonant
converter preceded by diode rectifier with a capacitor filter is presented. Due to the switching operation of the
auxiliary switching device, the proposed LLC resonant converter can deliver power with the high efficiency
characteristics from the universal line(110VAC/220VAC) and load conditions. The operating schemes on the
proposed converter are analyzed and described. A 60W prototype product is built, tested and verified.

Key Words : Adaptor, Wide input voltage, Two resonant tanks, LLC resonant converter

.M B S A7) =& GE&54S e 1EE olfEs}

277 Ha g, Y
HT RER ASZTM] wel =ES Aol gy A RE o Qi = Wy Fxoly] wfiel TEEA
aem WEA Al dgeR QE =2 FE = A5 Jaide =S Z8EAS A= AdH
g 7HHA 7P S93tE mERo] SAHIL 3l E A&3to] dAA2"S FAstooF gt Wk o}
= Folt}h yeh, 1% 1a) 2ol JEFady BW ot &
olgigt FHstE wER| FHdte o 9E HEg 2 FS HAE of¥EHe AS nxy Al IEC
61000-3-292 w=EA17]7] 918 Qo] PRC(Power
AZstE B Factor Correction Circuit) 324 A&3 ddd v

TRAXK : Ha|g MED HMI|MANEES
E-mail : eskim@j.ac kr Z9H%S Aldfsly] fgt ddE¥ DC/DC AWEHE

o Ea Sar oK H e gets sty Ao olel wre] F32 A gl o3 o)
= eSS T HT LS

Haolxf - 2010, 8. 30 1 AlAF: 2010, 9. 10 7178 F7keAl fnk shAIWE ¥ frEdE HBWel
HARRIZ 2010, 10. 15 3h ofWE Y] 49 17 1(b)7 o] Y PRC 3=



7ot AolEAE 7HAE LLC X78E 467

DC/DC

AC Filter Rectifier Converter  Rectifil Load
90Vac ~ >
260V, =
- 1}_ "é L PFC | | 19v/
'[ i i Stage shl
¥

PFC
Control IC

Dc/DC PWM
Control IC

(a) 70W O|Ar wh 2ckrM ol O{RHE]
(a) Adapter with two-stage configuration above 70W

DC/DC
AC Filter Rectifier Converter  Rectifier Load

IR i

| DC/IDG PWM |
Control IC
(b) 70w o5t mf 1=hrAd el OfHE

(b) Adapter with single-stage configuration below 70W

a2l

= Z2|EE(110Vae/220Vi) & 7HK= O{R{E{e] 74
Fig.

1
1 Configurations of the universal-line adapter
(110Vac/220V,c)

FE5 ARstA] ol ol fiH 9 Alo]l2E &Y F QX
T He ACHAY HAOVaAcT260Vac) A AHE 75
SH=E AlAtstojof 3l7] wjite] dntygog Zalolw)
(Flyback) 7WEle} 22 PWM (Pulse Width
Modulation) AoBA& 7= F J&2E A&t
oAHE S skl drk ARt ol2lgk PWM Aol
2o AWE = 290A Furrt S HE 293
S o3 xhﬂi o] FAsHA o] A9HFu
= #7“17] g = I HEE dYa] A" B
=d AE 7HA Ak
olgfdt ~9AEA A 9 uYAIE 98 LLC
2 Heto] PFC 3] 23

A

ok
N,
N
I
)

(il

2
oo
sk
4
4o
X
rﬂ
o

457 ARAE 2 Zd%‘(ﬂ%—f—* 2 1A LLC #

Bl Ae gl A2
bl Azwe AR
]_ =)

5
0 W AR sEdZE S BAde] wAH
[e]

i E =

ooEd Be AUAY TE ARGl APEEY
G Aoje] A o5 UFES 290YEH T
S FAE £BAF 2 Rl we 9
A% WelolA A8HE LLC 218 AvEe] 58L
PWMACIE 2§38 Eebols AMenct s G5

e THAA Edh uEbA B oE=foAe dEdel
PFC 3235 ¥l o= 70W u|gke] o e o

Hgol V5w
o4 R 5
g HEsg

wHo AHACHAHA(OVac 260V ac)
Qe LLC FAAMEE Altste] A

2. MotEl LLC SXZHH S2talE

W ACHSE

H
"1 LLC &

110Vac(132Vpe ~ 178Vpo)ell A= el gho] w7

rl

9 (0Vac260Vac) ol M &2 = At
S

1AM e A " ACHYo

S &

ol %o ABIEEHL o) 3 29 Ay 2]

B A2 QE H-(Tum-On) AA F 79
T3 =7} EX—}ElEi st oM 1452 F Al
598 9 Q8 TAHz TAu0 YN AF
el met e A R e[ sERR
<R3 o Ed 9,
Ll Aal 2 gl g
A3 Nel E5HE eI
° AT A7
A Adstr] wleel =
= 7] E et
g e e

4z X of mY [ mly for do o

-9 X (Turn-Off) o] AaF FH
]74341/\]51 (Cn)oﬂb RE=RIbIls

_V.L
9
02,
£
Lo r
5.:
E
i
o

7
Il
r

Co

:
LR 3 D De

(a) e olaimot

H=—d

(a) Main circuit
110VAC

—Ir>> D7

Lo

HOVoll A 2] =32 74
configuration in the low input voltage

Vo



468 HENE e HisGE 154 F6YE 20104 12H

[ AT >_

—
TN TN TN

oty t tz tts te 7 g

(b) 2 UMY Q| 110Vye(132Vpe~178Vic) M 2| SRk}
(b) Operation waveforms in the low input voltage 110Vx

L Dy

Co |Vo

vcd

I _[[ T

lm2 —H]

m2 —— ||

] =
TN TN

Ht: t s tts ts 7 g

(d) =2 LTI HL220V,c(265Vne~357V) Ol A 2| SEfitE
(d) Operation waveforms in the high input voltage 220Vy

a8 2 QMY Hel Hsjol uE Filz o Sakak
Fig. 2 Main circuits and operation modes in the wide
input voltage range (90Vi~260Vyc)

o ole ACHY 110Vac(132Vpe 178Vie)

Aotd LLC FXAHE Y REAA Qs

e a3 27} 52ks)
[e)

g

Ir

5 (R
B T

3
[ /A

ACHY 220Vac (265Vpc™357Vie)§l 7ol

9% Q7} ©-9.3% wo] sh}e] FHEAS
o
155

fl N

SIS DY

Ashe Ak

LLC sdHE e 45 2 &

+
32

S lo

TN
o

R

f""EQ‘

2 N

(AN [ fuopur

r&ﬁ}l

=

=

@!

rir

ol
o

P 1 e
oX
tlo
P
rir

3,
>
ol
=)
N
i)
>
N

110Vac/220V ac

21X etE LLC SXAYEH SEDE
2.1.1 Y Felol 110Vacd B2
(EZ=ALX Qu7F ©H-2(Turn-on) =HAAS)

(@) Model (o <t <ty

RE 17l E FA98A Qo] '-0X Hu
ATy, To) 145 ASRIYE 2 (L, Lol 417
HAG A= =294 A2 Qe iy ARAEE
QHAGG wF FAAI L F2YH 22 Qo WR
ANAEE G} (Zero Voltage)7H4] W731-& Al7]aL
F2A 27 Qo v tele=s F HAF7E 5

2A Ho] F29H 2 Q7 AU (Zero Voltage)
29 xA0A H-2 Hr FAA[77E 527] A2t

= Fareln,

(b) Mode2 (ty < t < t3)
BT 277 e IXERE=
Z

Qo HA7U(Ty, To)E F3l

I7h B8t Aur FA8ze FAARInE 34
ARAEC), AINTYE T - AL A3

& zEY Fdsl HaL, shay xR 31
Frlm)= SAAAAECr), HA7NT)E] T
b

2 .
HEo] 2 AGFHOR HAAA Holglo] Hahof
FAARE ALT 5 7] ol e 9 ACAY

(c) Mode3 (t3 <t < ty)



& W EAs % Fak Aol /A LLC #XAME 469

BT 377Et B 249 FAYALA Qe A
& H-2 ¥ AHE $28he Rt ARE o] REof A
T FoRAFE 9 o) m2X ¥gu AR I3
3|2 T FAAHAIE(C)S HA7I(T)E A8l
a2 (Lol 2ste] F37& o] Fm AR F ()T
s2A Hi, s TR T2 FXATAH
(C)t W] (To)o] AsRIYHA (L)l o3kl 2
A& o]FH ARAFLp)RF E2A HE= Firoltt
meba EFEAFTY] MY7I(T, Ty 2245 dAAdd=

™77 322 i, @A FHAHAHC,) Ol A

(d) Mode4 (t4 < t < ts)

RE 477 E FAARA QF ©-932 H 4
HA7I(Ty, To) 1245 ASIYE 2~ (L, Lol #1%
HAG o A]ol ofsf FAA Qo] W A
He Qd9os By F29934 02 Qo i 7
PAHE GV E T8 F FaAHLA
Q¢ UHtele=s B3 FHAF/ T2A Ho F4
A2 Qo] A AU (Zero Voltage)oll =9 A S
A He ARelrh olw EYAFHoIA AEdA
%?}7](’1‘1, T)) 274'2 /}j/] ;ﬁ?ﬂlﬁ}‘ool 1:]]-1,7]0%/\1 =
HAFE ole=(D)E S AR 327 Al

A,

N'r&ﬂﬁhl

2

Colfva

r

If'f1 Vo

(b) Mode2 (t; < t < t3)

»

L4
Pl

o+

(c) Mode3 (tz <t < t4)

Loz DI I‘

—r] g 2

(d) Mode4 (t4 <t< t5)

T8 3 R2 AHTL 110Vie(132Vpc~178Vie) Ol M 2] SETZE=
Fig. 3 Operation modes in the low input voltage 110Vxc
(132Vpe~178Vc)

2.1.2 LH M0 220Vacd AT
(HZ=AQX Q7F H-2=(Turn-off) =HHYS)

(a) Model (to <t < ty)

AR Eol 220Vac(265Vne 357Voe) 7k 1718 7
HEA9A Qy7t 8- 7 A glomz At
SHAEAN R FAHA ¥ @A e Fx
Az zg FHstn ok wEl RE e F
A2 Qo wAIHAAN H-232 ¥ sty ¥
7(T2)9) 1215 ABFIHE A (Lol A=A o
A F2AA324 Qo Uiy AAEE g At
(Vi) ik SA4A 71 F2 Hﬂ*z} QA Ul 71#1*1



Lz ARG E ALy E S8 Wy T332
7h EAE A dok ol Bas9A 7t H-9x ¥
of 917] wiiEel Ay FREAZ R FAAFI}
527 oA FHAFHO WHI(TY) 225 dAol
Aol FE¥A &y, ©@A SR SR A 2
HF7|(Ty) 2215 A ko] A7txo] FHAF
7} 27 "}

(c) Mode3 (13 <t < t4)

BE 3PN E RE 29 nRVIA R FAAA
A Qe AE "2 AL AN o] REdAE

S BRI R) W) 24 AM
S

(d) Mode4 (ts <t < ts)

RE 47 M e FAAARA Q7 H-02 H=
Ao R WSH(T,) 125 ARsilgy s A9l
oy AE F29A Qe U ASAEHE S
AlZIaL F229A Qe W AfAEE S-S ARl
T F2AALA QY Uit =E B SR
b zE2A HH F 2L Qo] 9% (Zero

A 527
Ak, olu WRHI(Ty) 242 ARALE =4o] v}
Hol FHARE Tolo=(DYE Ed BAAFI
s27] Ag.

3. MAo|SEHEY

3.1 T A0 110VacY B2
HEALAR Q37 E©-2(Turn-on) =HOo{AS)
oA Aotd LLC FXHEHE 98 ACH
o wet F A9 T JHE ol
Ay ACHS 110VaAc(132Vpe 178Vie)
22934 2A Q7F ©-& Hol T Ul &+
25 A "k FIEe= Hdr] (T
18 (CHE TR Jay T3z} ¥t
7] (To)¢h THAAHWAE (Co)E T4E stdy 2313
22 P gty me Auy I 2] Rty
(Ty¥} sk TR 2] WS7] (Ty)el 22k A4
Wo] ZAEE AR Q7] wjiol W97

0

[

o

lo
o X

[

—r
=
lo

sy
At

‘o Yvae

Ly L

(b) Mode2 (ty < t < t3)

Layzy 0,

Cafva

rn

[Co Vo

e

1§ L DI l

-

Lyaz—3
Lagase Dk

(d) Moded (ts <t < ts)

O824 =2 AR 220V 265Ve~357Vie) M 2| S22 E
Fig. 4 Operation modes in the high input voltage
220Vc( 265Vne~357Vinc)

a & MAE A= agsop g T4 ¥
332 2 Al 2719 ALl EA5H7] wit



F 9 FAYAE A4 W dFAY 2 R} A E /N E LLC FAANE 471
"_/va'L% ol = T )C' ———+jwl,, 5wk, //(Z,+N°R,,) (3)
V- &) | |
> | [712 +]w‘LIIZ+]’U“ mZ//(Z +N Ru(z) (4)
2 LI]Z [gknr ]u’c
Ke] Zg1 :szwlm-i']w mZ//( +JWL712) )
LlZZ
(a) = 7HO| X1°J§ gcl‘:: ‘:7|“-9—|§—I— Z321:N2ij121+jw 7n1//( +-7lell) <6>
(a) Equivalent circuit with two sources
< L BB ABZUY] (TN 145 FAALE ALy T A
TN P SALE ALyl W ACE e, s
| e | A7) (TPl 1232 FAQEE AL} Aglges
S - Mo (Lo ulE AR et £E AREEs)
[ ol (Toe 225 FAIYE 2 (L) A8 E 2 (L)
(b) Ml (Vy)oll T S7t52 o] HlE B2 YeRaL, staERAT] (Ty)e] 24
(b) Equivalent circuit due to an independent Z FAOYE A (L9 AsFldE A~ (Lyp)e HE By
source(Va) 2 A (710022 et
| Vn! Ll
_ m
\;w @ Iim‘ NZRMZ: Al - Lm] (7)
| > T J B = NLy, ®)
A L e
th C,y L A :ﬁ ©)
(C) B%F%(Vcd)oﬂ EH?_I' %7|'§|§ : Lm?
(c) Equivalent circuit due to an independent 5 N’L,, 10
source(Veg) * L,
J8 5 F e SXH3 5782 ]
= (3] o]
Fig. 5 Equivalent circuits with two resonant tanks 1 59 s7sl AN dojrl i Vab, Vea 9} =
Vo, Vol ot °U4‘di A 2 919 F2(1)7(6)
of  F/HIEE ushiyl  SedE FEde F TEOR 0l 98 Vst &9 Vad ‘HL s
(Superposition Theory)E #§3to] 5713} dhet, 3 55 (i *‘<11M a2, A% Vst =9 Vil
o QaE= = A9 Wre AA(V,, Vo) 7HA 1 ek Aol 5E5EAY Gee A12)% 2t wekA 7 i
9= Aokd IR TY Srlgnz Waksis wo o 3xE2E zhe LLC FxxHEe Agtel 554
2 o2 Hgstd Uehd TH Srtszs= a9 59 Gre Gt GOl ez 4(13)3 o] vehd & glrk
2t
o QIEACHY 110Vac(132Vne178Vpe) ol A9 G~ A o o an
%) 24 927 SAHE 7 ez oa Aol R, R A g
5 E4S FHstolol B EF £ A9 WI(T,
To)2l 221= AxHo] Ao zd dAdd e o] 55 ) ) 12
Qo FaB ABe WAL AZLRA g JoH N e o me
2 AAE A (DAAFE 216) e A, el A e
G, =G+ G, (13)
Zg, 7]\/2711/[,2214»]\/ Jwly, + jwl, mz//( +]wL,u) )
3.2 UHX A0 220Vac B2
Z —Njw[,m+N Jwly, + jw ml//( +]wLm) 2) (Ex=AL X Q37|' -2 Z(Turn-off) EHAS)



472 EPE EE SOGE 158 6T 20104 12H

S ACH ¢Fol =2 745 220VAC
(266VDC™3H7VDC) HEAA LA Qs H-22% &
i et X3 RV sA e Flrh ol SR

AAH, Lig, Lz

= 1" 69 HERIT Co $3
v 12, 2245 FARQIYYH A, Lpe ASRIYHAE
et AT 78 AFS R, =88R,/ E YEA
i, AEs SFITE X—leﬂJﬂ/‘]EﬂCrz)@r s7HF
Adolgd® A (L, Equivalent leakage inductance)’} &
g o] Fugr gAFRFE A (14)d vEbd
R, 1H6)9] TR A7t Aatstd dES
2 (157202 JeRIQE A (159 f,= 29" F3
T ¢ sXFI fr«] HI 22X giEste 31504
5 YERd Aol 2 (18)H2 AsIgH A (L) ok 1
A5 FARYH AL e HlEE YERE Zlolal, 4
(192 AsRRIgE A (L)%t 225 FAIYE~
(NLip)®] H]&S e Aotk ®d 2 (20)914
Leqe Fsb7b @=ESls o 571 74 dYdas
ekl Zola, 4 (2109 Q& 3} Quality factorE
ERd ﬁol‘?} a8 6 9 SRS 4 (142D
oJgte] A2 HFe|S5(Q)EA A2 A(22)7 2}
a9 7& *—1 ( ) A (22)¢] Hgels FAI F 1
Al dERd AAE @?ﬂ 715 AFFste] AAtE W7
g3t TO]'NRac 1 8o u}
17] 98] Math-CAD
P A wistol| e}

rN

21/ Loy » Gy

Iy - 229359 (Switching Frequency)

fo = ]Tr " FXFI4(Resonant Frequency) (15

Z, = ZerZM// (Z,+2,) : hput Inpedance (16)

Z,= R : Output Inpedance 17)
Ly,

A= I (18)
_ N2L122 (19)
L

Ly =1Lyt (Lyna/ / L) (20)

27rf7 qu
v, (21)
1 1
G= =
N 12 B 1 B 1
e[| - (e Nz)(f"‘fn)’
(22)

I
I_|_m+ — gz Vaez
I*mz ‘ IRncz

J8 6 si-tel 3T™-3 S7tsl2
Fig. 6 Equivalent circuit with one resonant tank

¥ 1 BFE HYY| mejolg
Table 1 Measured parameters in Ty and Tz

Ak HHE
M7l T B Ty

1S FAJQEE 2 | Ly | 9.365uH | Ly 100.9uH
ARSI 2 | Ly | 1.293uH | Ly, 1.264uH
28}l e el A~ L, | 5426uH | L, 545uH
S/RFARIEE A | L, | 19067uH | L, | 189.98uH
N(ny'n2) 9.1(55/6) 9.1(55/6)
ALFAAHAE | Gy | 680F Gy 6.3nF
-850} o} EFD2025

0.417

0033

8 7 S5} Histol| o2 Meo|S EA
Fig. 7 Voltage gain characteristics due to the load
variations

O o]

Y ACH

ANowE FAH o]ESI:He o
10VAc(132V T 178Vie) 2 1 gk 2 shekpe) &

B

0

BAHNA B4R @S ISEARH Grd vERi
1; Tol—7]' D q—a<N2Rad: d2 O)O] U:H‘/] T‘L}"I—

S e erisls oluhe] AR 1U0kHze]
_/_E—‘H%] TIE 7 FePEEW, 60W) = 140.7kHz
2 %4 U, BHew T

O)5FAL =2 UHACHY 220Vac(265Vne357Vine)
A wle] W) 55 G

%%(N Rdc2 0) ‘r‘ _f_\_-



fo2 Yepieh oluel
=9 FAEE A FIACW, 60W)R 1439KHz
1405KHZON A EAES o 4

2 LLCEZRAAWEES AH4ste] 9FAY  110Va
& 6OW(I9V/
A e 3 ARk A E
3 F2 AAel tis & 20 e

E 2 HeotE LLC 37 AMH Fe A
Table 2 Specifications of the proposed LLC resonant

conver ter
4 AL (Vi) 110Vac~220Vac
=79 2 AE 19V/3.15A
=9 83 P) 60W
294 F A4 (L) 132Ktz ~ 148 9kHz
FRAFIE(L) 140kHz
32 ATAE(C) 6.8nF
320uF (450V),

dg/29 AAWAHG/Co)
293 22HQ, Q)

470uF X 2 (25V)
IRFP460 500V, 20A

- MBRF2080CT

Z=HAE (o= .

8947 tho] LE=(Ds-De) 100V, 20A
&8 LLCEXAME Ao IC 16599

a9 83 19 9% AtE ZAWEHe Ao
AHAGI0VAc/220Vac] F 79 A8 A sl
st AESH19V/ 01A)Y  we}  50%6H-SH19V/
L58A), FHHAARSHAIV/ 3150 o] zhzte) 13
D}X]Jq H(Van, Ve)? AF0r, Io)E
o AEAI 2§ 79 Fspdste w H
3 AlEgold AFel vt o] 554 B F3
AT 7 AR AS gl 19
a9 994 yot e AAYE Re FatxydA

AT, Irp) = ARV, Vel diste] &4 A

é“.:

i e
o T

Qe

o, &

_11m o, JIN

AAF7E 323 Q7] wjEel 29 AAE HUA A
HH19V/ 315A)AM = & FdHd 2HZVS:
Zero Voltage Switching) &2HdS &3 4 Ath
3 19 109 ursﬂr Je A o TR
HA7(Ty P sl 529 WA7(Ty)e 233
AAE st oilleé_i o2 AR & H

¥ Vl:d

lg—
T2

. i
| It \

|

| Vo=19Voc Po=2W  f,=140.7kHz  2us/Div.
:100V/div “1A/Mdiv - CH3:100V/div  CH4:1A/div
(a) 19V/ 0.1A (2W) Lo kRt Mt/ M&F
(a) Experimental waveforms of the terminal voltage and
current in the load condition (19V/0.52A(2W)) .
(100V/Div., 1A/Div., 2us/Div.)

¥ Vcd

0

N
IT2

Il ¥ Va b w
/ |

Vo=19Vpc  Po=30W  f=136.2kHz _ 2us/Div. |
:100V/div :1A/Mdiv CH3:100V/div  CH4:1A/div

(b) 19v/ 1.58A (30W) Lmfe| CERF MU/ HF

(b) Experimental waveforms of the terminal voltage and

current in the load condition (19V/2.1A(30W)).
(100v/Div., 1A/Div., 2us/Div.)

VA Vcd
¢/ 7
e Iz
i *Va ly
f-——-—o\ ﬂf;vf\ﬂ‘ b WWW
MN Ir1 \
'3
Vo =19Vpe Po=60W f.=132.1kHz 2us/Div.

:100V/div 1A/div. CH3:100V/div. - CH4:1A/Miv

(c) 19v/ 3.15A (60W) Lmje| THRb Mot/ HMF
(c) Experimental waveforms of the terminal voltage and
current in the load condition (19V/3.15A(60W)) .
(100V/Div., 1A/Div., 2us/Div.)
a8 8 LMY 10V L mhel BHR He/HF
Fig. 8 Experimental waveforms of the terminal voltage
and current in the input voltage 110Vy



474 EPE EE SOGE 155 6YE 20104 12H

—Vea
&
Itz
e —V
e Pty ey
. | / /‘SF Irq / |
| Vo=19Vpe  Po=2W  f=148.7kHz _  2us/Div.

:200V/div AAdiv - CH3:200V/div  CH4:1A/div

(a) 19v/ 0.1A (2W) Yufe| =Hxf Meb/M&F

(a) Experimental waveforms of the terminal voltage and
current in the load condition (19V/0.52A(2W)) .
(200V/Div., 1A/Div., 2us/Div.)

¥ Vcd

o

™
Iz

vab

b P
, 1 / ot

L 2

/WWM‘.\\

Vo=19Vpc Po=30W  f=142.8kHz  2us/Div. |
:200V/div AA/div  CH3:200V/div  CH4:1A/div

(b) 19v/ 1.58A (30W) Hmje| EERF MQH/HF

(b) Experimental waveforms of the terminal voltage and
current in the load condition (19V/2.1A(30W)).
(200V/Div., 1A/Div., 2us/Div.)

¥ Vcd

ITZ

Vab

m«—.—.—.\ me.ﬁ:..\ ﬁw«m
i . / Iy / : \

P

Vo - 19VDC
:200V/div

(c) 19v/ 3.15A (60W) Lmfe| =HRF Mt/ M7

(c) Experimental waveforms of the terminal voltage and
current in the load condition (19V/3.15A(60W)).
(200V/Div., 1A/Div., 2us/Div.)

Po=60W  f.=140.5kHz
“AA/div  CH3:200V/div

2us/Div.
CH4:1A/div

T8 9 UM 220V Y whel BIRE Meh/HF
Fig. 9 Experimental waveforms of the terminal voltage
and current in the input voltage 220Vx

Vo=19Vpe Po=60W f.=132kHz 2us/Div.
:100V/div AAMdiv CH4:2A/iv
(a) LML 110V mHe| SHAF MU/MF 2 FoiMF
(a) Experimental waveform of the terminal voltage,

current and output current in the input voltage 110Vx
(100V/Div., 1A/Div. 2A/Div., 2us/Div.)

¥ Ve

N\ % £ / : /

EX. # f["‘ ’,'4 ’,/ \ /.'/ /

% Vo=19Voe  Po= 60W f,=140.5kHz 2us /Div.
200Vidiv CHoAAMdIV  CHA2ANY

(b) ALt 200V, [o| THAt FE/MF U HEHF

H=—H

(b) Experimental waveform of the terminal voltage, current
and output current in the input voltage 220Vy;,
(200V/Div., 1A/Div. 2A/Div., 2us/Div.)

Fig. 10 Experimental waveforms of the terminal voltage,
current and output current in the wide input
voltage range
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Fig. 11 Experimental waveforms of the terminal voltage,
current under the standby mode operation(19V,
3mA) in the wide input voltage range
(110Vac/220Vyc)
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