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A Study on the characteristics improvement of LLC resonant half—bridge DC—DC converter with
synchronous rectifier
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Abstract - This paper presents a synchronous rectifier in a
LLC half bridge topology. The proposed synchronous
rectifier is used to a cumrent driven synchronous
rectifier(SR). If FET is driven without dead times. Voltage
driven synchronous rectifier may introduce voltage and
current surge during the zero dead times. To solve this
problem, we propose to use modified current driven
synchronous rectifier.  Finally, the prototype is built and
comparison on the current and voltage driven synchronous
rectifier(SR). 19 1 LLC 338 Half Bridge DC DC @WH

Fig. 1 LLC resonant Haif Bridge DC -DC converter

Nst Cr 7

Py

Vo

.M B
H2 B2 2 TN 208 Fol7l A e T3 T e ‘
2 AUFAY AWYL AR Y B4 aTsn don, w1 - 1]

o} WEA 7 UM Te|2= FFWY ulalel FVHR
71% ol§% F=Ao] ZFxstn Ut ,
TP TAY Al dgdHoz 2gF £40] ¢Y) WE
of ¥& A B FH59 mo AEURE 2E AvHS

A & 4 oA AA A FEwa Yo 53 H2de A
AGA e AZNALE 2Y 5 ASHA viwH FuUF o|4e
F9ojA EgH g£do 7H5Y LY He] Sl LLC .
2% Half Bridge AWEE £XE A3 742 Algs) 3
of 2914 4ol Mz, W7} FR 29 s

+9) Hagho] A7) W) LA o] STy

Y} LLC ¥3% Half Bridge H®lE|9] 75 A % ,
S A& 2o RN gt olzriztx 7Y a
)R] e WY2Ed s SHAFNN AAFY ol

vehde

E =EdNE B7AR/NE 8% 200WE LLC
Half Bridge ZHE0] A} TFW2 ALgate A<
Z 28] ol UlEEbdo] ZAEA Wb Ut
98 AY2EHYAE vcEgo) A AR T

AggozH Astyc)

T

Mos:

[RIRRCH
1St}

n

3

A e % SRS S SUNEEN I

oy i

T

o |4 rjr X ok

<
~N

:

)
3

N

1© of

E

o A (o X
X St Ok oft
-
£

offt 18

>

tlo 2, 4

Tol

To Ty T Ts T4 To Ts t

B ) 2% 2. zH e o8 3 9y
2. LLC 3%¥ half-bridge ZHE{ Fig. 2 Theoretical waveform for the states

a3 18 71487718 AHE4E LLC ¥X% Hall Bridge
DC-DC ZwE e 718 32 F vepdo 2¢ 28 327 A
el A A Faiae] Aqkd AFo o2y
BE Jehx, 13% zhzhe] Vs Vs, Vp, Vool Zee
AU Lok Lyl 528 AFsh 20| e 24935 2E9F
L& Holx 9ok 28 3¢ 29 20 SN2 B4 el :
A EAUGE 4 S Q St Dy, Dol BHE 7 Ay I

W2 vebd et a0l Mode 1 (To~T))

- 178 -



C

Mode 3 (Ta~T)

a9 3. 7 e Erkele
Fig. 3 Equivalent circuit for states of behavior

a9 28 Hz7 AdEA BAsle A% F8 249
B dHo olgntd s Jebd Aol IyelA 1% 7t
Zhe] Ves®t Vos, Vool dele Ay L Lu 32%
AHRY 2o g 23F FHARF LE JdehiAd. 29 39)
AMe 29 29 $7hgEs A4 Ao gRdde Y e
o Q. Q% Dy, Dol 2% 7 deds deld dEd F
7}3 2 ofct.

Mode 1 (To~T1)

o] FHE TeollA Qo] X Hot o] m FW QHE Lol
qARV 524 Hi o] AFE Qo 7N "ole=E
52 ¢ Qv ZVSd EYstA "o g Mg |
25 Abv, e JE G V.o ZolAA Hm, 221 FASH
o] f71gel wet Dol © & Hol ARE E=FA7A "k
Dy o wlololz A7} =) wiiEe] o3 A7} ®oh
Mode 2 (T1~T2)

o] T7HE Qb ¥ € Ha 2 2 AHolth A 99
B Lro] 328 AF Ipe Aol Ha ARIFHL JHAH
Z716HA €k Adh AF7 He Ade 2gEA 2 3 T
AA Lyt Leoll 2% AF Lg, Luol AL ZopAr)

Mode 3 (Te~Ts)

e Tvol ZolXdAM Wdrld] 22 AFE 00 ok
webd 22t&9] Dy Dee 2E Adolth of Fre] BuE
Taot= AolA Qe =5 i 2xHe 9
Hebelo] EAstA doh UrA wEv] e 99 F714
Wi go] 4T + Uk

3. dgt #88 S8R

T
o
L]l
&

*RL

194 A% P3Y 571457
Fig 4 Voltage driven synchronous rectifier
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Table 1. Specifications

Parameters Name Value | Unit
Input voltage Vs 380 [vi
Output voltage Vo 12 vl
Maximum load current To 17 [A]
Maximum power Po 200 W]
Resonant inductor | BY 730 [uH]
Magnetizing inductor Le 170 [nH]
Resonant capacitor Cr 32 [nF]

=Ny/Nay,

Turns ratio of transformer n§<l:£’ 18 -
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