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Design of Low Voltage High Current

LLC Resonant Converter for Green PC

Young Do Yoo

Department of Electrical Engineering, The Graduate School,

Pukyong National University

Abstract

Green PC is composed of a lot of blade PCs, andit is a centralized system to
manage them in computer center. Green PC should require that its' power supplies
have several characteristics such as low output voltage, high output current, and high
power conversion efficiency.

Conventional 'PSFB (Phase Shift Full Bridge) converter is usually used as DC/DC
converter for computer power supply because it has high power conversion efficiency
thanks to ZVS (Zero Voltage ~Switching) operation under middle and high load
conditions. However, this converter has some problems such as large switching
noise and limitation of ZVS operation under light load condition.

In order to improve the performance of power supply for Green PC, a new power
supply using popular high efficiency LLC resonant converter for low voltage and
high current application is proposed in this paper. The proposed power supply has
ZVS capability over the entire load range, thus resulting in good efficiency and high
switching frequency. Experimental results verify the performance of the proposed

power supply for Green PC using 2kW (19V, 105A) rated prototype converter



LA £

sl Azt 7h5E S, [T7) 0] skl mheh PHEE QA g4
QAL o HE BEAA ea2 A g3 Yok T F FEE AWE 3
FEE /M dolE AEY e A AAROR 371 sgon, d0 g
9 &ElPE 20008 ol F2 etk Fbshe Falol okl

FWAAE dolE] MY S7ksh I Sm A4 WA, AR, PO
8 pCEvle Uasl, wAREE stedole] Age] me MY vl
43 soluta itk

F§ PC AMEL ATl Wuk oyl dom, gk 36.[TWh] (299 24
% 05 [TWhidl) 7haFel A8 288 52 A8 LHge] & BAE
AL Yok

U FESE AY UL Aokehr] ST PUAOE M2 BAR
“20109 =492 FWAL? ol 1EPCE 100 54 7eFe] iz
Bk

a9 PCY etz TR-ReolE Wele] PCE shuel racke] Fol A
Aol BB SheBRY FY PF4 PCrack Aw Fajolt

a9 1-12 19 PCo Al 28l FA o]k

O
ol

k
i

rr

ol
x

ofy

a8 1-1. 38 PC A 2H A=



a9 1-19] 298 PC Az FAE9 o] 24|
AA DL BYE, up2, J|BERE YA AR AR
o] Aol PColl H&3le] PCE AES 4= QA Hoh
PCol BAE stite] Rackell A3} gt AHEstA] &= PCY &2 A
g g7} 7bssta, PCo B o= Q1g Wwbhgnzp Ak o
aga FoEth 9k PCo e 89 Power SupplyE & &8 EAY
72 RPSURack Power Supply Unit)2 thAldFo gx o] =

I-1& F3 &y PCol ®ls ¥ PCo] PC &% ¥

Z A B AE AL & Yo olE A¥ego= —?—’&‘3}‘3 B+ oF 37
T, AZF oF 4409HAS) 2 & HeFS 3 Zlo

& EAJo] RPSUSY A8l oz A7e 93 =93 gao|ttl

¥ 1-1 729 PC J9YA A7 &3 [1] ¥

T8 AH PC 14 PC A7 (%] H| 1
PC
PCH Y .7} 5 &,
2w 92 70 23.9
Gexd 59
[(kWhl
7=
- e =t
2mAY 38 30 91.2 PC wdx 24
27 130 100 231




==

[
T,

DC
/DC
3

=)| PFC |->

Server power supply

] et

e Clpe e el

EMI

filter

Server power supply stack

a9 1-2. RPSU 7] & +#

4
AC Line
50~60[Hz]
90~265[Vac]
AC Line
50~60[Hz]
90~265[Vac

RPSU¢] 7]

&

HE317] 98 PEC7F Hwholl. 9] %] &F

= 0
=

vzvet FEA

= Aol DCDC, AW E7F A

4

e}

)

F 57t kol

releh, 2917

2

27 FE. A

~H

o
od
)
)

oju

3o

°

i<k

Hol| A ZVS s2to] A3kd
2

A 2 FAZE ok mEbA w2

=
=

!
g 50|

a8

oA
ZNS FZFo] 713 DC/IDC BEE=A| 9] AdEo]

Feke] AuAE e WM

PSFB 71 E

°] 20~30 [%l<]
Jl

xal

=

]_

PSFB(Phase Shift Full Bridge) HAWEI7} A HYgoz
=

L —

)

;:-l_
3

5
_1_?1_

°©

=)
=R
o
) .

1}
~

+

Ao

4

L —

ZVS (Zero Voltage Switching) =%

19 o= ZVS Fzto] 7}
o]
o =

AW JPF 294

o5 ZVS E2e

L —

) .

(o]

A

al

A

=



He T35 AoE &3 £9& Alojst= DC/DC EER

Ao Al ZVS FZo] 7tsal, o Auuse 3=
b3k A" o] gtk PSFB AW ES] B3] g At Ao MYy F&
AT RPSUS] zgkell PFC7E 91X]3ted A FE DC link A< FA3}

meps 2 =FoAe LLC 333 AW EE 1™ PCE RPSUS DC/DC E
E2A2 AAstAT LLC 338 AWy A ¢dauglEs H 83t 20kW]
(19[V1, 105[ADF AFeke] Power StageE A 3t ow, At BA7] AA 7
HE AlRF AT 28la AlEold H AAES AlFste] AlQbE LLC F3
3 7HES 58 EA4S ASsATh



2. Full-Bridge LLC 3313 ¥ Power Stage AA|

g Fag EAIAY Jlevle 9EA YERU, ZVS(Zero Voltage
Switching) 993} ZCS(Zero Current Switching) ¥goz2 F& =Htoh 181
27 F35 AHS 71FC 2 Regionl, 22 YHAW WMYr] 23459 ~9H

£42 1#ste] Region2s] F9h5 JHolA LT & Y= Wk,

SR1

SR2

N:1:1

T I ] 1
Region 2 |

zvs g9
|
|

DC Gain




Vs
vgi 1

i

|

Pt

Vicy Fe. L
""'\-.___'___,-r/ P ____,/

iski

i -y ¢ *
i i 23 q i
Ll i Iy fe ty i

1% 2-3. Full-Bridge LLC 33 % W E &7 93

ik
Muode :

SR1
-
= Svout
vin - Vi
SR2 v
g
(@ )

©

19 2-4. Full-Bridge LLC 38 AWEHY &F E=
(a) mode 1. (b) mode 2. (c) mode 3.



2-2. A

J9 PCE LLC 33Xy 7AWHY dEde= 9E A4S fg 28
PFC(DC link : 380 [vD7} $1xlgtt}. 19 2-12 Al2=H 32 FA=o|t}
_______________ DCNk _ _ _ _ _ o _______
[ T
L, §o fod sw_%} sg_é] SH
IS | Lr +

galxl2lA PFC Full Bridge LLC 2Z/1& HHH
09 2-5 18 PCE ALFTFFAA A2y AR

1% PC& Full-Bridge LLC 3313 AHE Q] ALYGS & 2-13 2o

¥ 2-1. 219 PC& Full-Bridge LLC %18 AW H ALY

5 = & A AA AL

=9 et Voui 19[V]

= Fik L 105[A]
Ay =8 AY Py =V, <L, 1995[ ]
2% A &S Eff 94 %]
= ‘Pout
A e A P =t 2122 [ W]
49 Az At Vi 375 [V]
dg Hoj A Vi 395 [V]
A9 A Fop s 80 [k Hz]




LLC 228 AWEE Jdukxel PWM AmE s e F35r S o3
2eo] A4 B agw %?ﬂ

WESIY B2 o5 Fus WHEL ol
]

kl
)
ol
o
29
ol
at
=
(e
p)
N
S
r:i
Oll
A
O
ﬂ
o _a
1 L
>
il
p)
1o
B
»
o}:] o
)
i
o
fo
_>|1_:4

(Dcsign tool for LLC)

Choose a series resonant
freuquency

-

v Design of the secondary

rectifier network
Choose a ratio of Lm/Lr [«

7 1

m = | Calculation and selection
4 y A of the resonant capacitor
Calculating the voltage T
gain of resonant network

Calculating the primary
RMS current
m

M= T
m—1
v

Calculating the
transtormer turn ratios

Design of the transformer

7 3
o e PRp—
< Z¥o Calculating the magnetizing
Calculating the primary inductance
cquivalent load resistance 4+ 1
B e =
- ) =
R 8n’V,° A/ -C,
e a2 Pom Calculating the resonant
A inductance
Choose a quality factor 4+ 1
N C, =—
l 0 270 - R, - f,
Checked the max gain - Peak gain Y | Calculating the resonant

A

against graph cnough? i capacitance

4
ot
Do
&
=
[y
@)
A

¥ AWy AA <xEF



2-4. Power Stage 7

(D =8 A&
Edol= PCo| AL 19[V],105[A] o™, RPSU st 20oft)o] Edol=

PCol AL FF3t7] sl 28AF [, & "ES 18 & 105[4] o]tk

f
oH
N,

A E8xHdA 57 2HAT R, & Pspice AlEHIAES o] &3
a

T 54 gele Hagk AC 571 A% Adke S8l wg 4HA

® 2-2. Y9 AF

3 = - AAALEF
S84t - 19[V]
EHAF Lo 105[A]

g’]tﬁ %iﬂi Z(j‘_:’gi Pout i Vout ><Iout 1995[M
Ex A 58 Eff 94 [%]
P
Ho 944 ©A9 |l 2122
= n= gy (W]
= = v;-ll—d_ % V02ut
J/]EH E;a iio-;lyA—] 7]- RL _— P » 018 [Q]

QYE At HY
BElA g2 PFCY =9 DC Link AL 380[V] & FAHA N, &Bz=79

o WM F qormZ +15 —5[V] dEFHd HAE AT



® 2-3. 949 A H4

=)
% | E|E
R 5 g
sA
G|
| 2
o | R
q |
W |
o
™|
o8| 0

e
Ho
Ayl

—

~I
i

swnom

52 V1% FI5 OF,

& 3l

™

HAA B2 Fose

AT

3]

FIHF Fma o oGSl A

Pspice AlE&E#|o]%

5
T

Eewmin % :C]Z)l%_] 1"”5‘?42.7]' ):;_7:”% O]

% 2-4. 293 F35 We)

Tl T |3 3
S = =
T = = |5 2
| = < K i
< S K = — m
S g g %
A gl e < I
TS
4 F| 4 F
Tl W W N W
o N g N N =N
e I e
B | N | Mol Mo [ NF N
ol R TR
o W W bo

- 10 -



HEHAZ AA 2 A&l

]

e
Ho

2-5-1 33 Y EHYZ H&, AW o5 A

F71 18wt

S|

_?L

o
=

HEAS] Hi o5 M, AW °15 M, #

Gl

wlel A ol

b

S|

= A

=30

FE o, Hskrle] 7

Uit = m o] gko] &

ox

™
o)

.XL

N

oy

2-1, 2-29} 2t}

]

<

o
| S

Mm ax

=
=

M, 3+ At} o]

=
=

4z o

2-D

m—1

Mmin =

-11 -



1%

X M

inmazx min

V.

_ 395—1.110 _

375

inmin

=1.169

- 12 -

(2-2)



2-5-2 Wt7] AAdH] 43

2-3)

Fool AR =@ 29X 9] datasheet®  Fmatth

V.. =19[VI,I =105[4]%0 XS #3sle] International' Rectifier A}

[

IRFB3206PbE (Ve = 60 [V, 1, =210 [A], V,=0.3[VDE A3}t

j_g}tli :.L_]}\—]]:]] ﬂ o
— ) 1l N -

S

N, 395
p:— o . — Zl\_]: '] % _
N 2x(19+0.3) ML THE®

S

A ¥t Ha AAANE Faste] Wty] 231 mixle 13 AA E

%7l A48 n=24 2 FUT

-13 -



2-5-3 AC 57} 3k AZFk Ree 23

AC 57} Fst A R

S
ac ‘—]

=
oH

+ First harmonic Fundamental ol <]

ezl Aes AT 9Y Agte Aunz mdd st A

i

f

AC 57} ¥&F A R, o AAo] 753t

4
e V n
&

Fundamental component

V — " sin(wt)
T

ab, fundamental =

- 14 -



4

4+ _Vlr'z
T
VT2 P Fundamental component
/N I
/ A«*’/ T2
/ \
»
|
\ /
. \ /
V i L‘,_ v/
a9 2-8. AY7] 2= A Vi
4V, 1
VTz: - Esm(nwt) .........................................................................
n=13,5
4V, |
VTQ,fundamental = T Szn(wt)

2 [T2ENE 2
I = ?/0 I lsin (wt)|dt = —Ipy

Ip=751

T
2

-15 -



2 2-7o o] 4HAE FsbdE AC 571 HoF Adgh 2-59} 7t}
® 2-5. B3phd AC 23 57} 53 Az
K = ‘}F‘é] x—]z‘;]—g};
100 [%] H3F =7l A o
R (100%) * R, 84.57 [Q]
S7F F3F A = T

80 [%] X3 =7 0A e
R, (s0%) oy el 10571 [Q]

S7F Fst A% : 0.8

60 [%] X8} =710l Al B
Rocoony = 57 e 140.95 [Q]

57} 2ok A 9w 06

40 [9%] 3} 220l A vy
Ra(‘(40‘7) _Si ° =aw 211.43 [Q]

571 Bk A . T 04

20 [%] -3} 7ol A] ).
R0y = e 422.85 [Q]

57t B3 A P20 T 02

1 [%] B3} =794 > p
R s, 8457.02 [Q]

7t F3 A et T 001

- 16 -



2-5-4 FQ WEHA C; L; Ly, 23

X UESZY 74 17 2-103 2o

L}_
228 N
AR
|| _
. Ve =V,

48 29 3 HESI 7S

a9 2-109] a9 =zE FHi sle m=45.3,. M_. .=1169

Q=055 E AP

RN
VAN
L

Q‘ ]
NN
=
M

om

—

\

\
R
1.2 Q\E

n=9.0| m=4§.

Peak Gain
5 e L e

> [/l /

&

m=
=7 0

02 03 04 05 06 07 0B 09 1 1.1

Q

138 2-10. Peak Gain vs. for Different m Value



o159 ARKE marginM, . =5[% = HsH

HAe 1@

)
=1.22
100 1.228

DC gain=1.169 +1.169 -«
ot}
TR ANAE O o g A 2-97 LT

1
C.

! B 27TQ ® fsujmax ° Rac(lOO)

1
= = 42.8[nF]
21 » 0.55 » 80[kHz] » 84.57[Q] [nF]

ol o}.

- 18 -



ol
-,

- (2-10)

r

L

nF = 85[uH]

(27 » 80[kHZ])? « 42.8

(2-11)

= 447 [uH]

5.3 « 84[uH]

-19 -



2-5-5 &3 Y EY = Pspice A EH o)A

HgE T HESZ C, L, L o= Pspice AC Sweep AlE#H IS 3t

d 2-11= AEdelAd 3 =oln.

52
o
u

[} L
I 1 2
T47n

1
|
Sqll-l L.z ut
447y
111k bW
R
)
Ot IC {Rar}
o

N

713 2-11. Pspice AC Sweep Al EH oA 32

a9y 2-129) 3R YEYZ FH4 BEA AL Ed ) M, =1.110,
M, =1169 o] gtol| gk b Fu ¥lE W 65~80(kH:] & &< 3
At

1
1 )
sov | /ri—\_ model———— >

Z\VS Region

40V

1

27 L.C,

Lo =(M,,, = 1.169)]

_|ZCS Region fo= =M, . =1.11)

I
|
|
|
\
\

2.0v

1.0v

I
-——_ - ——==— ===

i . T T T T
20KHz 30KHz 40KHz 50KHz 60KHz 80KHz
o v V(R1:2,0)

Frequency

-2 -



2-5-6 WH<t7] 2AA

Holy) AAE 98 ISUANS PM7 A& 2] EE6565 CoreE A& 314t

—
2k
(i
2
P
1o
i
o
_E
H

EE6565 Core2] A =545[mm?] ©|th.

rr

ne(V +VF)

out
N —_ " AP o om

. Mmm - AB. A€

f swmin

24 « (19[V]40.3[V])
65kHz] » 1.11 » 0.5 « 545[mm?]

=23.8

122 AMF N =24 2 Fs3h

- 2] -

xS 1#HI AB=+0.23[7] & @At

2 2-129} 2



2% AN5 N A 2-13% 2

o},

- 22 -



2-5-7 &3 AIYAH C; 24

=

A AWAE C ol 2= I, 9 e 2] 2-157 Zo] & 4 Ut

1 ﬂ-I()’ll,f, 2 TL( ‘/U’ll,f, + VF)

Lypms = 5 [
rrms E}'f \/[ 2 \/571 4 \/Efsu'n()m o My, » (LP 7L7)

_ 1 = 10[4] Pyl 24(19[V]+0.3[V]) 2
T 0.94 \/ 2/2 « 24 4y/2 « 65kHz] « 1.11 « (447[uH]—87[uH])
=6.038[A]

olnE,

= /2 « 6.038[A]

=8.539[A]

- 93 -



ok
e
N
=)
>
o,
Q
2
i
o
rlr
>
2
5
flo
1>
DN
L
BN
o
.
iy

vV, = 5t T R
395[V] V2 « 6.038[A]

2 * 21 » 65[kHz| » 43[nF]

24 ANAY G o g

crms? Icr—peak” Vcr %’]\-% %j— 8}04, U]‘ﬁ—%

47[nF,1600[V] BA Y L& AFPAEHS AR skt

- 24 -

rok



571 ARG AA

N

2-6. &9

N

(2-18)

Vb

=2(19[V]+0.5[V])

=39[V]

20 E R

—

o}l

IDfrmS

o
vl

X
iin
—_

(2-19)

82.4[A]

- 925 -



=50.6[A]

2%105[,4] . 0.003[Q]

=0.495[V]

-2 -

T Trms



3. Full-Bridge LLC 3313 AWE At BA7] 2A

o
ayl
T

N

+
B
N

ol
H

)

of 2AE & % Ak

1

Y

3-1s}

—

<
iy

ol

!

=
|
N
@
)7 +
@ i
we
i 2572WO
=4
f.w Q
SERAE)
l_l
i
0
=
=
G

2 ECERT

|
| Y

AF3} o5 K,
AT,

5

)

MAFsh ST, AWE e

J)

B

AT 3wy & &

3-29} 2.

142

3|

2} Aol whel st

- (3-2)

f— 1 880 00 e e e s s sr e st seteeeet et setteteeeetetteteeeesetseteeteeeesessetessssesseteRtRRRRsRRRRERIIRRIETS
Y = oR

AWME Y T2 el wet 2k, o]

L —
) Y

B Q. w,

7w

o)

G

oy

o] Uehhs Fmrel )Xt

Ho

- 27 -



w,, & IAY FaFAA vehd, 8 AsAE 9 ESRel oA A

Foufer & AR 21 3-2, 2 3-39 o3} Z+2F 17.66 [Hz], 6.2 [kHz] ©lth.
f = : = 17.68[ Hz]

PL 2 o 50[mF] » 500 [ull]

fo= E — 6.2lkEE]

es ~ 9 « BO[mE] = 0.18[Q] L E

~1:-20dB / dec
-2 :—40dE / dec

|G, (s)| 17-68[ Hz]

DJBN

a8 3-1 Guls) Aol of E33<F< (open loop)
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o

o] 5

[kl

3-2. 2534 194 At BA7] 2AA
129 3-19) Gue(s) Aol B EYATFFE Fustel R T

A7) & AAY ebYe] Shunt regulator-type Error amplifiere} optocoupler
7F AYH 253 1949 A HATVIE AT 2" 3-22 253 194

At BAA7] FEo1H.

Rs
Ci

a9 3-2. 253 1943 A B3V

] W& A AIRAE AEow BE 10 [nF1Y e 712

i

o)
e
A

HE Ag 75 =god 1Ce]-Ho Fyk A A

=y
rr

gholth.

A Ao, R & A]HEHiA

R, &= optocouplere] #
CTR(Qurrent Transfer Ratio) 2 optocoupler?] A -F{Fxgn]o|t}
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90°_— e W)

E,(+=2)
E(S>— Z¢l ... SRR ..... . ... L (3-4)
5(1+ i )
W
_ CIR* Bs N ¥ Sk W i, (3-5)
! C+*R- R,
1
W, C - R (3-6)
1
Ww,. = CeR (3 7)
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a9 3-4E 234 1949 AY HAAVE L3 LLC 318 AwEe 2
Zo|lE T (s) olth
Aol w, & Fol AR~eHW Fug ool Yehte 4o gag

wpl c
=8 sgor, w, AMY w, B Fol LF kwolz AEL A% ¥ &
NE=F 5o

@;. 17.68[ HZ] —1:-20dB/ dec

—2 :—40dE / dec
| Gye(s)| -1
0ag L ®

&};sr
6.2/ kHz ]
1% 3-4. Tu(s) F2E9]5 (closed loop)

A BA7IE 743k #5224 3-5, 3-6, 3-72 o] &dte ofzfel o]

AlAFs AT

1
=35 17.68[Hz] » 8.2[kQ] = 1[uF]
R = 1 =5.134[k Q]
S 21 o 5[nk] « 6.2[kHz]
1.1 « 5.1[kQ] 3415

K, = 1[uF] « 82[kQ] « 4.7[kQ]
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3-3. PSM1735€ ©]&3% Loop Gain &34

a9 3-5% PSM1735 d¥dx BX7E F3 T, .(s) FZo|52 SAHF
Al 29 vV, oF AY BV 48 Afole R, (20~50[Q]) & F7F
gk 324 ot
PSM17352] OUT ©@At2 K- amplitute : 10{mV], sweep : 100 ~ 100[kHz] <]
HNAANZE Ry O 2ol Az e At BA71e] 48 CHIL, 93
3t CH2 (Vout)e] wWlE =43ty 19 3-6 3 2 T,(s) FZo|5 (closed
loop) = &2 & & I
!l

19 3-62 T3 f, wak F3< (crossover frequency) = 1.2 [kHz], Phase

J
ol

margin 2 80° <l Z1& &%l stAh AR Aofr] HAE Hd 29H F

Sel 1/10 AR f, & GXHEE_stAm,  ZPAR 29F Fige

1/10 A-ol siBete 6.4~6.7[kHz] BTk T 2o Fo<tiol £ 7F 9
Iy & 0
ol= YukA Rl Mt RAV|el= & shunt regulator 2} optocoupler 7} ZA

TE T2 HY HAVE AFEEo w2k CTR (Current Transfer Ratio),
- junction capacitance Soll 93] A% RF7E AAGl Qo] AAAH A<
o] W}E Zo7 B ¢

s1 53 SA Vout
E CHz
Vin ()

11
:’aliom
CH1

>

2R PSM 1735

18 3-5. Tu(s) FZo]E (closed loop)S &A%Y 93 F=2TAHE
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Gain (dB)

Gain[dBE]
30

20
i W Fc : 1.2[kHz]
‘_/'

st

.

0.1 0.4 1.6 6.4 23.6 102.4
Frequency[kHz]

sk ene.

(@

Phase(deg)

Phase[deg]
a0
40

S &&,
B
7}

-160 =802 P

-240
-280
-320
-360
-400 T T T T T
0.1 0.4 1.6 6.4 25.6 102.4
Frequency[kHz]

/]

(b)

a9 3-6. SAHF T(s) F=0|5 (closed loop). (@) =71, (b) A3
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4. Full-Bridge LLC 3X1% ZHE HEALZH Ao

Agste PCY Aol Adde 4l

felA 2E 27 ol el N+le] W edow

R2E7+9] load-share 7]%©°] <
=

-6 A¢t® Full-Bridge LLC 338 #AWE 2l =

N O{N
fo
ol
ol
v
2
ol
)
‘0
)
(o

) o} il
!
flo
do

Master/Master 2} e] HH o] & IC UCC39002 & AF-&3t3ATh

R,. 9 AFARZE Current Sense Amplifier & 53 A&Z FZ 3 ¢t
w, 429 IC= VAS #AE Fdll ARARE vustA doh vud dAFA
B7} 2 ICo ®EC] Master 7} =1, Um A7} Slave 7} o] Master & 71&
© 2 Slave 9] Adjust amplifier~& Sl QI LS AoJFozZH HE L7 o]

=S s gAY

E ‘U"‘V
o — Radij
Load share
LLC Resonant Controller
Converter 5 osAE LS
— |
= Rsense
2 LOAD
E
E Ava'nv_l
Radi
2KW Condidhae B
LLC Resonant i oo
Controller
Converter S osh + ws
o Land
= Rsense




5 Ad A%

5-1. @Y =&

13 5-1& A 18 PCE Full-bridge LLC E21& AvE Y 98 Azl
o]t

HEIX|2|A PFC Full- brldge LLC 2% Icg 7.-_]H1E-]

19 5-1. 1Y PCH Full-bridge LLC F3 38 ZAWHE <3

¥ 5-1. Full-bridge LLC &3 3 #A8E d4d=xA

Fd & 43
At vV, 380[ V]

238 0~ 100([%)]

2ElSo 20 —70[%)]
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0~ 100[%] -3}

-
STUHF (5A/div)

2usec/div

Mosfet SW T 2H(200V/div)

STUHE (5A/div)

2usec/div

@ ©

Mosfet SW % FH(200V/div)

THF (GA/div)

2usec/div

Mosfet SW F H(200V/div)

THF (GA/div)

2usec/div

0~ 100[%]
64 ~ 67 [kHz]

(b) @

% 5-2 Bohd Ahw 294, TUAR ¥
(@ 10 [%]). (®) 50 [%]. (© 70 [%]. (d) 100 [%]

o

k:

= 5L~

et E P

o g

R A PR [SECE

o

=

- 36 -

oL

f

rr



[
o
3
oo
rlr
-z
ol
o

4
£
[
au)
o
(@)
ofo
—
—
(@)
o
G
e
I
An)
1o
e
a1

=% ‘Lﬁ-{ Elm‘dwl

I |
I |
% |

= L e
| \ /—9 \\H

— o il

|
|
= g2 Mg 200mV/div) ]

i 2usec/div

e o o ot e ———— e e e —— e e e J

I3y 5-3. YA A=

EHAY HEE AV, £ 1%] oHYS &<l & + AUtk

5-4& k& 20 -70(%] o ~ESHE e =HAY, =dA 7

S 2T (200mV/div)
169mV $'—-qu“ -

|
|
=
|
|
|
¥
|
|
|
|

lmsec/dlv

a8 5-4, B3} 20 — 70[%] 2¥<
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5-5& A Z+d Full-Bridge LLC &%13% ZAWE e} 7]&9] PSFB 7 E 9
_]

20 ~40(%] o ¥-3}
PSFB (Phase Shift Full Bridge) ZAH €]l n
AT}

Ao A Aortd LLC ZX3& AvEe &Lo] 7|1&9
13}

-
AEEHel ST F 3

s X TVONA 7
94.5 // // \'\i

94.0 / =X grellic 2T E A g

93.5
o Lf 7| =2| psFa T Ef

mo [ot

]

'R

925

T T T T 1
10 20 30 40 50 60 70 80 90

E3HE [%]

13 5-5. 58 EA Hn

19 5-6< BElx g2 PFC$ Full-Bridge LLC %3 AWEY AA &8

=4 aefzolt,

ACDCEE

95.0
94.0
e /—4‘*__\

& 920 / +

£ 91.0 /
% 90.0 /
89.0 /
88.0
4
87.0 : : : - : - : .
10 20 30 a0 50 60 70 20 90

F3HE%]

19 5-6. AC-DC AA &
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a9 575 ¥EEHS 9% 13 PCE Full-bridge LLC 38 AWE 24
£ HE 74T ¥ ARRlela, 1 5-8 & WELA BAEE dHA F
S8 wEL 29) Z7te] AR HHL 24F Azolct

E
g 5
;" 2
| .
e 1 !
| S i
E o f % 7
| Tauts, Sl . i 1
| s e T A
| 251 : 30.98A (20A/div) o il || | 281: 50.49A(20A/div)
:_ " 50ms/div ca-7] 50ms/div
(a) (b)
B E1:78.94A (20A/div) B.E1:100.47A (20A/div)
50ms/div 50ms/div

©

(d

09 58 e ¥aE 2E 1, 2 A% B3,
(@ 30 [%]. () 50 [%]. (© 80 [%]. (d) 100 [%]
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-9, 5-10& HE A HAAEZ AHoA  36->76[4], 76—36[%] <

76A

36A

|
|
|
|
|
|
L
|
|

| BE1 (20A/div)

|
i ! !

50ms/div

18 5-9. A [ 36—76[Al

| )

.._.‘._-._._;ﬁ‘.““._“‘“.,‘;Z,._“,

|

|
o 36A
i

|

| BE1 (20A/div)

50ms/div

1% 5-10. 33 F{ 76—36[A]
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a9 5-11, 5-12& HE A A5 e A on/off F2HS A% A

A 3}oltt.

B E1 (20A/div)

1

50ms/div

1% 5-11. 38 F3F off. F3h& 40[%]

2=1.(20A/div)

50ms/div

a9 5-12. HEF3 on. F3h& 40[%]
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6. 2 &

B =FiAdE 19 PCE 537 9% MZL RPSU (Rack Power Supply
Uni)E A¢k3iet. A¢kgk RPSUE DC/DC W72 A W9 Fatg oA ZVS
(Zero Voltage Switching) 52t¢] 753k Full-Bridge LLC 3% AWEE A
830 w2} PSFB (Phase Shift Full Bridge) AW E]S AF&3 7]1&2] RPSUY

Aol Aush e T B4 S,

Flt

T3 B =20 Fotkdl RPSUS DC/DC WE7Z 2 [kWIF AHe, uds
Fel 9 Full-Bridge LLC 338 HAWHE HA 2 Agsta 43S T3 1
E4s #<l st 28] dEdo Ay =gl e A
E fal HAF B Y 254, 19389 Ak BAEVIE T35
margin, Phase marging &H3lgon AdS s o-4 3

A ST

e

3

i
ox,

rok

Gai

=

=
o

2+

¢

oft— &

e

o
=

Jm
o,
_‘ {

=3 13 PCE RPSUS &% Zi= 913 A8 2kW] LLC 38 711
e A g3k AKWIF

o,
DN
)
Ll
ok
-
oX,
rot
i
=
=)
D
.
=
&
@
=
&
)
r-]o
>

A gel BN ZVS BAE 3 SEL, A TS 40%

)=]
n
o 95.94[%] o)t} a8lar 7]&e] PSFB AWEIS & EA vl A
25 ~ 40 (%] o] FalFgHoNA 1[%] ¢1de] &5 MAES & ST

PSFB #AWE ¢} LLC 33 d #AWES &8 EA vlaE 53] Ast LLC
[e)
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