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ABSTRACT

In this paper, a new mode changeable asymmetric full bridge dc/dc converter is proposed to solve the
freewheeling current problem of the conventional zero voltage switching(ZVS) phase shift full bridge(PSFB)
dc/dc converter of low output voltage and high output current applications. The proposed converter is operated
as an asymmetric full bridge converter when the duty cycle is less than 50% and active clamp full bridge
converter when the duty cycle is greater than 50%. As a result, since its freewheeling current is eliminated,
the conduction loss is lower than that of the conventional ZVS PSFB dc/dc converter. Moreover, ZVS of all
power switches can be ensured along a wide load ranges and output current ripple is very small. Therefore,
high efficiency of the proposed converter can be achieved. Especially since its operation mode is changed to the
active clamp full bridge converter during hold up time and can be operated with 507100% duty ratio, it can
produce the stable output voltage along wide input voltage range. The operational principles, theoretical analysis
and design considerations are presented. To confirm the operation, validity and features of the proposed
converter, experimental results from a 1.2kW(400V4/12V4.) prototype are presented.

Key Words : Asymmetric Full Bridge, Active Clamp Full Bridge, Mode Changable, Server Power Supply

LN =
TDAIR R} : Y3y, FU) IAYESMUIEE =05

E-mail : dihan@kookmin.ac.kr

= —QIOJ 2oit MXtZstn} gkAlobY _;‘éle_ ﬂ_cﬂﬂ_g %;‘ﬂjq_ Eﬂ% 4| ]_/\ HHZ m X]

X
o
“mEE, =oi0) MAREENBHE 50

T 21)3 ro B AR 5l TpAl o] =E
MUt 1 2010, 2 23 1% AAF: 2010, 2. 24 ToEdsteh 22 BATAG e o] SHAUA
MAleEZ : 2010. 3. 8 Gl &



104 EHE B FoGE 158 25% 20104 44

R R

&8, EMI EAlo] £ ZVS PSFB (Zero Voltage
Switching Phase Shift Full Bridge) ZAHE]7} @o] A}
g5z "Bl 1= 7vs PSFB 7AvEle 9&H
Agwsia] 2 2 AYE AF9 gZTES 4 (D~
4)9} Zom FEAH| & EL}E} 50% ol ol A= %
9l 71%7%50% ot = &9 714712 zheth
g EHAGE Aol Hd TEAH&e] 7
A= 0~50%=2 st Zo] gty oelr), H3t g
A=d AYg WY (hold_up time)dl w3t 2 WA}
71 M= HAF-EA] FEANES oF 0% AL
soR, I 20| M9} o] SFF3te] EAsta, 8
AYE AFe| @ ZFo] F7EHA "k o =
2 29HENS FUAA 8-S "o Byt ol
g, £ e ¥y Frtshes BAAES op)sih
B =Rl olejdt EAlES siAdsty] Sste] Af
= BT 7Y udd F BeA] AWEE Aorst
1%4.?47} 0~100
SolA gt =

Rl mo o o
2 0

2= e H]%"

Leadingleg  Lagging Leg

0 1 GNY A QIAMH0| E 22|X| ZuE
g. 1

Fi 2VS PSFB Conver ter
DTs Phase DTs Phase
Leading Leg M, Ms ] M,
Lagging Leg M, H M, l [ M,
. [V f
I \ v
o \*ﬁfcirculating Energy f/

e
7/”/ \"\/\/

tots bta  tts ttr

ito

T2l 2 GEQF AQIEl QJAKMO| ZEHE|X| HH{E|e| FQEXtul

TS

Fig. 2 Key operation waveforms of ZVS PSFB Conver ter

Voltage co
----- OutputIndh

)

o
o

=)
>

Operation point at
/ normal condition

=]
IS

Vontage conversion ratio [nV,{Vi,]

o
o

‘Qutput Inductor Current Ripple ratio r[%]

0 0.1 02 0.3 0.4 05 0.6 0.7 08 0.9 1
Duty ratio

J8 3 fIaEo] £ E2|X| Av{Eel Y& Mt HEt |
2 £ QldE MFe EI%%

Fig. 3 The Voltage conversion ratio and Qutput inductor
current ripple ratio of ZVS PSFB conver ter

%
i)D< 50% ; T 1)
1/7;77, ’n
ANiy, (1-2D)R,T,
r= 2
[L{) 2Lo
o 1_
)D=50% ; _2u-D) 3)
Vvin n
Ni,,  —(1—-2D)R,T,
r=—"0= @
[/:0 2L0

2. M2 ZE JIH & (Mode Changable)
HIcH& ZE Ha[X|(Asymmetric Full Bridge)
DC/DC ZiH{E

Iy 4% 2 E=3oA Aotsls BE ZMHY WA
= 71& ZVS PSFB
7431‘519} A 47le] i-ﬂ 7b o AREEM,
Blocking 7H3JAEl(Cg), Blocking T}e] 2 =(Dg), &%
B3 MNHAE(Cer), EHE ol =Dt F7Hd
Zolth, Aetdl 32E DTs F#Hset 2993 M
My} 2 5w, (1-D)Ts 73Ha<t 2902 M9t My
7R Ho FEdth Ads 2 FEANE] o
g 2719 %2R =(normal mode/hold up time mode)
£ 7FA™, normal mode Alell= HItHE & BA] A

K

E
5&
N
=
-3
ol
¢
i
o
=
kI
30,
-

WEZE 52352 hold up time mode Ao+ &% &
Az E vex Awgs AR o= 293
NIAAIE(Cer) B Blocking NIAIE(Cp) FEHLS
Belo] 49§ glom, ol Edagn FUA
% AT B o) 8ae] thew Po] T 4 Utk
~ (2Dp—-1)
VCL (1_D) in (5)
Vy=01-2D)V,, 6)



0 ~ 100 % A&

< e ARe = 7P Hgd £ 24 DC/DC A¥E 105

%, TEAINEe] 50% olstd Af-ols FHE )
A B (Cop) FHAe]l OV o]dl7h Hof 3 tho]
LEDc)7F BFska, 1 4b)et 22 vdd E B
A AWMEHR FaeA "oy BE fLEAN &)
50% o)A 7 $-ol= Blocking 7H=HAIE(Cp) Fe-d
Aol OV o]st7} o] Blocking thole=(Dp)7t =%
s, 9 40)9 22 5% FUE E Bx 7Ad
2 FsA Hh mEA AR 2= FEANE
o] & 7F 0~100% = Hlow, oF 50%2 AAAE T

FANES M 5 gl 54l dth

n=Np/Ns1=Np/Ns2

(b) Normal modeAl S7t&|Z(H|HE £ EHE[X| ZAHE SZ)

Ver

o
M %% i K . o .
"l ) " ‘ ™ c% Ré V
| N

(c) Hold-up time modeAl S7IEIZ2(5E U= & =22[X| S&)
T8 4 ZE JiHY HE E 22|X| ZHE
Fig. 4 Mode Changable Asymmetric Full Bridge Converter

21 SHEEHNY

ArE e Fo T2 HFe a7 5 a7 63 2
om, Al AelE flste] thadt 22 7HES drh

2 Z2HEAGLE Vi, 2 Vo2 dA

2817 7AHY A, F38% A9AEH
A9 0V, Blocking ¥ ATE(Cp) etk
[e)

=
- 5% FHE FrHA AwE A, 293 A9
AE(Cor) FHAS2 Ve, Blocking 713 A E (Cs)
drAte OVE I35t
- Ct 125 2994 =9 AHAEH 4709 FHCw +
Cwe + G + Cwu oIt

2.1.1 HlthE Boalx| Hule
BE (p~t) 294 M3t Myb BEeha g
FAORA, VitV Al EARE 13 S0 Ql7h
Hol ARTelLE Dy Bael ZHom oyA7}
Ausn Q= Feelth wekd AU Lyl A
FE (Vi V/Lool 719712 840 F7ha0.

e ol

+Vy

in

t+ig,, (t,) (7

¢

BE 20i~t) : t1 AFANA =9A My M7 ®©
ex HH EdAYY (2 Ho2 W3 Y AdY

] H
oA OV7HA] AgH oz Ast RE 27F FEHE
to AIFOA 2992 M), Mpe] st (VintVe)/2
olm, 2912 Ms, My ezt (Vin-Ve)/2 ]t

BE 3(ta~ts) o AFAAFE AR L= Dy,
Do 27 E53tH, 145 Mi~My 2=91x]¢] &9
HAHE A JIYH Lk 338 gt) o) 294
M, Myo] s =914 545 Adixde 29A M,
My FAASHs OVZEA] A o+ A& v, pAlA
ANA Lol AgE odA7E S8 Aokt

Vii =V, [1
Visaman = 2 = COS{ LC (tftz)} (10)
Cy
L, 1
i) 75m{1/7 ¢ }
P 2 Qq quq ( 2)

BE Alts~te) @ 6391 AFOIA 291 Mol 2914
My8] G V7t Hof 29%]¢] nirtio] e =7}
EoHA =M, o]F ~9A Mz¢t My 9d% 29

AE gtk BE 493bEctdl e (-VietVe) A

Edaxn (25 Q7bHo] FHTH|QE DeE
sto] EH o2 dquUAE s, ojuf zSRIEH L,

= (-VirtVe)/La®l 718712 AP 402 FhAsit)

{1

O

1o ot O o Hi

=
A5

B K'rz + VB .
=ty +ip,, (t) an

m

ilml (t) =



106 EHOE I SGE 158 25% 20104 44

iy () =iy, (1) — (8

T Hy, EdsTy 13 Zow Wiy Y QY
E1 ﬂvOﬂ oske 2914 Myt Meo] =9 HJH*]EVP
WAslrg ERHAYY (2} & %

A AHRE VA HPHoR F

= t5 AR 2912 M, Mol b o2 (Vm+VB>/2
ojuf, 2912 Ms, Myo] FHHULE (Vin-Vp)/2 oItk

BE B(ts~ts) : t5 AIHANAFH AFTIo] L= Dy,
Dot EF =7 =W, o] Fks<t 125 M,

~My 29129 &9 ARAEHE A JYH Lok ¥
g gk ojmf 2912 M, Mo 9 2913 &
2HS YA E 299A My, My ¥ AgS 0V7EA] 7

2A e wHE, AR A Lol A v A
8] 7]okgit}. = 62 2912 M, Mpd ¢

Al taoﬂf‘i 53&]@ o] % 29|

dead time dead time
DT, g (1-D)T -
M, Mz Ms, My M, M
Vo [viva
} VirVe
Vads1, Vas2 t Vin
Vds3, Vds4 ¥ Vin

pri

ids1, lds2

ids3, Ids4

The slope|of the i, in DT The slope of the i, in (1-D)Ts
Vo +Vy v, Vi=Vs v
n

n
L

ILo

s |
ips2 i lo

o tt b bt te

a8 5 D<5M o AP Fe =&

Fig. 5 Key waveforms when the duty ratio is less than 50%

o 1,
i (E) =1, (ts)cos{ Ao a. (t ts)} (13)
I/z"n + VB Qq . 1
_ 5 I s1n{’/m (t—t5)
V;n + Vb’ 1
Visanap = 2 COS{\/TQ(I(tftS)} (14)
t il

1 Mp7h E=gskal gle
,ﬂi 12+ 2ol Q17hx o]
gog ouA7t A
3 gl FRbelth wetA MWH Luf] A5

=

iLm (t) = - t+ ilm (t()) (15)

16)

2E 2t~td) 1t AR 292 M Mo ®©
Q¥ HH EWdAYY 1A o7 WilE &9 oY

Bl A5el ofate] 2912 Maék Myo] &9 sHafjAlE 7}
H]’X—]o]—t’i Edxs :lL-Ui 1i]' %‘ ;ﬂ?:}_ V . Vmoﬂ"i‘r

Bl OV7HA] Aoz tadth &
to Al OA 2914 My, My, M39] %h%ﬁ"& Vin/2 0]
o, 2914 Megl &

M~ My &=
AA e =4 AAANEHE 74 A9 Lt 33& g
o old 2913 My, Mie] FA% 294 FAS 9

12
A& v, pAFCAM Lol AdE A|ATE 78]
Aokgitt. obg A (17)~(19)2 1A= AFoF 2914

My, Meo] ebAsHe vehl Qi

il?rz‘ (t) = i}nw‘ (tZ)COS{ \ Lklc:w[ (t t?)} (17)

Vin Qq sin ! t t
2 Lk Lk Qq
Vin 1
Visos = 2 COS{ quq tz)} (18)

L, [ 1
Im a, sm{ (t—t )}



d v & 284 DC/DC 7AME 107

Vin [1
Vds,M4:(VCL+ 2 )COS{ LC (tft‘z)} (19)
L
=iy (ty) N n{ﬂLc (t— t)}

BE Ata~t) ¢ty RN 297 Mol I
£ 077} sfol, 29149 Hrigol s} 2560, ©
A BE 4045 295 My, Mol 2 slsiA el o}
w4 Q8 Lot §42 a4 9.

i (8) =1, (2 )cos{ﬂL a (t— 1‘)} (20)

2
Vigan :<VCL)COS{VZ%T (t*t:s)} (21)
) 2L, [ [ 2
_ zm(t3) Q: sm{ —quq (t*t3)}

2E 5(ta~ts) ¢ ] AFONM A9A Mee] e

—

o OV7} o] 29129 wirjrie) S =7t = H
W, o] F 2914 Maok M= A% 2914 g4& @
E]' SRS ?ZJ—EO]—OHL— (7Vm7VCL) Z‘]OLO] E%»}—\——‘Jj—tﬂ
1A=l Q7hs]o] AFTh] L& DeE 6t E3e=
AdAE s, ofuj Zs}elHE L,H A A9
Aoz Zhad (-Vi-Va)/Lndl 714715 Zhett,
i ()= % (t—t,)+ig, (t,) 22)
s (8=, (8) ”jf“ 23)

HE B(ts~te) : t5 ARl 1 2912 Mseh Myt ©
o% HW Eday 13 2oz Wiy &9 oy
Bl ZAFol ofste] 2914 Mlﬂr Mo =8 7| E 7t
WAsteg EAAYH 13 2 A VieE (- V,n Ver)
NAE] OV7HA] e oz Zret} RE o] £8
He ot AlFA 29X My, My, My9] b ghe
Vi/2 o], 292 Mz9] debat2 (Vw/2+Ve)olth

: t6 A A FE AFTHO] L= Dy,
7} =, o] F7kEet 145 My~
AHAHE 74 Jd9E Lot 34
AA M, Mool Ay =93 545
M, My SEAES OV7HA] ZarZ
Al A Lol A7 olviA7F S

%

dead time
T o -

Vpri

Vds3

Vds1

Vds4
Vds2

DT, -D)
M, Mz Ms, My M., M
Vo
I Vin+Ver
Vil2< )} Vi
I Vin+Ver o VeutVinl2

pri

idst, ds2

ids3, Idsa

Thel

slope of the i, in DTy

The slope of the i, in (1-:D)Ts

ILo

ips1

Ips2

a8 6 D =506 2
Fig. 6 Key waveforms when the duty ratio is greater
than 50%

A% 72

Y VotV
V n n -
L L,
T ———eeeead
[\
—
Lo
o ittt it tto

Q ==&} mlg

3| Aokstt), ol A (24)~(26)2 125 HAF9 29
2 My, Mp9] &b ers velga gl

2E 8(ty~1tg) :

& OV7} Hol, 2917e] njririo]

e mE gl
4 Qe Lot 7L

Mzg] oFchA oto

T H

G (tftﬁ)} (26)

tr ARNA 29120 Mye] At
27}

2294

2 g},
M, Myl %9 7oA e o
a7l . mE 8 29

] OV7F S AAQA ol A 55,

OF 2917 My, Mpt FAY 2914 42 3 @
o oA g AR B

el 4 A% EDHe,



108 TEHE I HGE A1 Z25% 20104 4H

2
Vison = ( VCL) COS{ i qu (t - t7)} (28)
. 2Lk: . 2
+7fpri(t-) Eq s Hm(t*t})
3. WA De AR
31 Y53 MorHa|(v) 2 &3 olde Mg
2 ELE()
ARME B2 FEAmEel wel vgy EHeA
WY 5 $5IFHUZ ZBA AWHZ T8
e 7247ke) A4 1Ed AghasDe £ Qe

Vv _
)D<50% ; M=-—" _400-D) (29)
‘/in TL
AZ‘/'o (1 2D)R¢77—:
r= . oL (30)
v
)D=50% ; M=-—2 _2 (3D
I/TlTL n
Ai,, —(1-2D)R T,
r= . oL (32)
A7) 49 dgwEn e 24 49y AR &
&g adzz =A8Y a8 79 2 %9 e
WA= FEAH & Zaglo]l 4o 71&71E 71K

Vontage conversion ratio [nV,/Vi.]

Asymmetrical Full

| | i | |
Active Clamp Full
6 Bridge Region > i i >
|

Bndge Regnon

Output Inductor Current Ripple ratio r[%]

Duty ratio
Hets|z2o| el&Ee MefHe| 2 &
Mol 2|28
The Voltage conversion ratio and Output inductor
current ripple ratio of proposed conver ter

=

(Hold—up time)E
< oF 0%® & F
%‘r%?ﬂoi O];H A He EEEdS

32 3ot 298

Aots| 2= AL 4 4 vF F e
AVE R e oo, wgy ¥ Helx Ady
F2 A9e] Qg 2917 Fo] $4H e 1Y
Hojof g}, HF B 29A(M;, MYHTH: F29)
A/(My, Mo)7b G2 2913 4l Belstuz, F2
I 9 GAY 294 AL 1ol ¥ AGHS

AA G0 gt
A7) A E A AMeel i AN A
QB A AUAE 4 (@9 Pol e %

FU

flor, GUAANY FAE A B2 A4

2 (343 2k (o714 PLE HujR-stel oigh
G csmel BAse Asnae ALY el
v )

, 1 ( PLXI \?
Eefnrﬁd EL Ir= 2 Lk ZLm(t5)+ n (33)
1,1 Vo, + V5V
Er'aqu['rcd - 301/2756211( 2 (34)
upebA At 29 TS AT HL v A

H
B A= O 7 71—1;],'

1 i=] E

[’kxmin = C:zq PLXT (35)

4. BolMY I A

l]9_

21

41 29| M

a9 82 F =wolA Alote Rerpid Wik &
Bl g 2edds eha gtk Zojdd
< PSIM tool< /\}%3}M ™, Uf’%"éﬁﬂiﬁ% E27%
% 7Fgk & 20msec A 4 ol A -
darzien, o Ads
kel Aot7h & o] o
H 8(a). HeiHstAl A
g A5 2Ee A7) o



0 ~ 100 % AJH]

&8 2t AR BE 7PE ngiY & B4 DC/DC AHE 109

I 2 x.||o|.2|§o| =0 7(-{71 E!I E}E|—EI|E-{
Table 2 The specifications and parameters of the
proposed conver ter

e Value g = Value
Vin 400 V turn ratio of trans. 30 :1:1
Vo 12V Magnetizing Inductance 1.2 mH
switching frequency 65kHz Leakage Inductance 22 WH
Clamping capacitor 2.20F Qutput Inductor 1.8 tH
Blocking capacitor 2.20F Qutput Capacitor 330 uF *5
MOSFET SPP20N60C3 Blocking Diode Cree CSD 06060
Syncronous Rectifier | IRFB3077 Clamping Diode Cree CSD 06060
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