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Design of High Power Density AC/DC Adapter
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ABSTRACT

The proposed method offers an improved control method for high power density AC/DC adapter by using
more energy efficient electrical equipments. Power factor corrector (PFC) topology is based on boost topology
with boundary conduction mode (BCM) and DC/DC topology is based on LLC resonant converter, which helps
to reduce size of the semiconductor and the magnetic devices. Test results with 85W AC/DC adapter
(18.5V/4.6A) design shows that the measured efficiency is 90% at 90V.us input voltage with power density of
36W/in®. It also shows low no load power consumption of about 0.5W.
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Fig. 1 High power density adaptor with Two-stage
structure comprised of buck converter and
hald-bridge converter
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Table 1 comparisons of PFC topology
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Fig. 2 Overall circuit of PFC stage
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Fig. 3 Power circuit of DC/DC stage
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Fig. 4 Control circuit of DC/DC stage

4. Adn

A7 AFFS v
® Input voltage : AC 90Vrms ~ 265Vrms
® OQutput voltage : 18.5V
® OQutput current : 07 4.6A
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Fig. 5 Switching waveforms of DC/DC stage
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Fig. 6 Switching waveforms of PFC stage

Sug/dv

HuE] B HE 3|27 5Ud &3] ~90A] 2=
Fag5le] o] o] A Aok Hort Link A
HAJE Q] FZolA Asymmetrical HB7F 7NSiAIEHE
Wol Apgalme *7}%‘(%_‘%7]- "Goj2 ] Flybacke] &
2 EfAA O] e 7oA = SlFlo] oy o
Al F7HA Q] Holl A EFJ ISR

LLC= 1709] Link 7QjAEfel 17]] 531 7Ho)ATE
2 7499 Two HHAIH F22A 7 Bootstrap2] 9]



FAHUE AC/DC oJFiE 9] A 263

T ' '
PFC gate FEROPONE=| S [/ N VS Sy 2
aovidv) |, 1 l

Lower side
DC/DC FET
gate (10V/div)

Carrier signal - i
(10V/div)

PFC gae

(10vAdiv)
Lower side B
DC/DC FET |
gate (10V/div) | | I
| S/
a8 7 FFs S%
Fig. 7 No-load operation
\Vo=18.5V | . .
2 10 Asymmetrical HB2F Two-switch flyback
95.00% Fig. 10 Asymmetrical HB and Two-switch flyback
90.00% ¢ ﬁ Device number Space availabllity
i
o ' N ']5 L
N 85.00% - /- i oue o Dasymmelrical HE ‘ ‘ E%bfé_wmhmbmmmnemua\ HB
ol / 115vims
8000% ko 220\ims 18
o &
75.00% |- 2 =
£ E
2 g
70.00% =
11%  22%  44%  65%  87% 100%
%o0ad
a2 s geiHel/Rod B8

DMagnetics ] Ic's Primary side Biottom side

Fig. 8 Efficiency plot according to input and load Capacitors ~ FETs Total Secondary side Total
conditions a2 11 TxE v|@
Fig. 11 Structural comparison

TEo 8 7P g =4 Flyback¥ frAbalt),
22152 25 B Asymmetrical HB= &3 Q19H
s A Qo] FHe=m By 59

Resonant
cantroller

R Asymmetrical HB= SR T& ICE AlEdof sl==
N $A e P woln gtk 2430 <le
w 7F f1= LLCS Flyback®] ++x%& W LLC7F SR}

7% ICE 171 o AR&SFA|RF Flybacke] SR #7]4]
To—220 typel® SO-8 typed SMD ICE A}g3tx
o] 7+ F8% WM F Topology:s LA =}
oi7F vt & 4 Adnk ¥ FxE HY

i Self—driving SRS A}&3}aL 9= Flybacke] 7H
8l 9 ZZEER ZE B8l 25 73 9t LLC9F Asymmetrical HB
Fig. 9 Prototype module = A9 vlsek 25 Helth FEAHoE HES v




264 ENE TG wOGE B156 H145% 2010%F 8)]

90 rms

Efficiency
Efficiency

Asymm.HB Twe-switch Flyback LLC
- -

Asymm HB Two-suritch Flyback LLC
- -

1% z2% 44% 6% 87%  100%
Load
Power consumption density at 90%m:

220%ms

Efficiency

T0% Asymm. HB Two-switch Flyback LLC
- ES -~

M% zz% Ad%  6SW  ETH 100% LG Asymim HE  Two-switch Fivback
Load

8 12 &8 H|l
Fig. 12 Efficiency comparison

2Ape] Sy FE-g% Wol M= Flybacko]l 7Hd $-
48 LLC, Asymmetrical HB s=o|th. 13 12% A
wAe]l Z&S vug otk Z&e Nk oR
LLC7} 7V =& S Hola 9o Asymmetrical
HB, Flyback <F=o|t}.

B Oz BTo] 7] ofHE A a&S
Ndste] AASAE 27 l8lA= Bridge type
topology7h - fF83-& & o Stk ZHAA BT
o] LLC7} v+EBridge HEj | 3]=ol H|a} a&0] £

& olfe Xl ARt DO/DCee] 2913 &4
S WF WdE Zlo] Fad acleln 1 oldjl= &
2 el o7k &4 Ao Aol V19lske W
A71e] Aol AztE How ddEn Hajel uf
2 &85 4 Flybacko] AF-slolM m&o] 7V %
& AR yepton ol Ao} ICoA 1Ac]ste] H-
sl R g FHToRN aEARE o
Alska 9ltk Topology & AR M2 Flyback

lem3 39 ¢F 0.106We] AH]|dHo] dAlate] Wy
of - ool 4™ HBE AMEdhs =% oF
0.09~0.095W =303 LLCE 0.076WHZ=20.= LLC7}
AU 7 7FeAdE Holal Qlth

5 8 B
85WH nHHELE AC/DC adapters T3] 9

gl PFC staget™= BCMATH21E A-83F Boost
topology$} DC/DC stage:= LLC 3218 Avg=E A

)
(e}
o

AT 85WHFo 2 AAE olgiEe] Ay 4
90.6% A%wo] Fed} 36W/in3e Addwr} =
3l DPMS 4] 0.5WE @A) o)zl uAd
% adapter=ZA9] 5 Wk TbsAdE HAE
Adaptorgs 9 LEslelr] feixeE asdel THE
8%k 9oy fFow 3= Fx9

I ARARZE I35 A5 v 7FeAel

Fojrjol sty Au7tA] A7HA] WAS AES A}
afellre LLCEAel 7P wrejskr geyze
Flyback 18]31 59| W= 7FeAdS Hks we A
IC7} EA181A] ¥+ Asymmetrical HBo] &0l =
7bsd ZoR Helth Fgk EskE fldlAe
spec.9] WFE7HsAol 7P Fagh Q4R o]
o= Flybacke] 7F¢ I8k LLC7F 1 th59] <&
Z z2tet ey FEHoR WekS ul LLCH
Q&= Aol LWL Adaptor2A4 ] AESE 75
ol 71 Erha & 4= 9tk

o 2 4o - 1 op
4y ooxt L b

2 =22 ANEY|Y NUoE HTHUS

0oL

gdnEH

[1] R. Ridley, "The Incredible Shrinking Power", Supply,
Switching Power Magazine, pp. 1—6, 2005.

[2] Y. K. Lo, S. C. Yen, and J. Y., "A High—Efficiency
AC—to—DC Adaptor with a Low Standby Power
Consumption", PESC '06, pp. 1—4, 2006.

[3] J. H. Choi and Y. S., "The Improved Burst Mode in
the Stand—by Operation of Power Supply", APEC '04,
pp. 426—432, 2004.

[4] J. M. Zhang, X. G. Xie, and Z. Qian, "A High
Efficiency Adaptor with Novel Current Driven
Synchronous Rectifier", INTELEC 03, pp. 205—210,
2003.

[5] 8, oA, sWdat, w119, “FENLE S8 2
ARFEER sl HEA|egls F2E 7AWE”, F
x5} =2, pp. 90—94. 2003.

[6] 37, A4t o|+9 "PDP fA AU 3t 14
% Single—stage PFC Flyback Converter", /& #/x}s}
3] =X/ pp. 34—38. 2006.

[7] AEY, G994, ot A4S, T4F AR, dE
A, s "200Ws 9149 Adapters 919 4
Topology®ll #gt A", AR} =72, pp.
378—-380. 2006.

4



AAEEE AC/DC oHE ] HA 265

N X A |

Ol =& (F#%)

1970 108 3244, 1993 aich M7|3
st £¢. 19964 s=1tef7|g@l M7] &
MRSt ER(MAD. 2001 S CHEH
SA(SHh). 20014 38 ~2005H 28 A
SDI PDP A&, 2005 38 ~2008' 3¢
Ct MARSsE Zug, #A YA Mo|Set mus 6

N st 22X BHELAY,




