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Abstract

A method of solt switching in the half bridge converter using a small saturable core is presented.
For the soft switching, a small dead time of both switch off is made in a pair of MOSFET switch.
The saturable core is of rectangular magnetization characteristics and the core flux swings from
the minus to the plus saturation during ON time of the switch. The soft switching is realized in
dead time by a resonance between the saturating inductance of the core and the stray capacitance
of MOSFET. As an extension of this concept, instead of the saturable core, we propose a new soft
switching circuit using a linear inductance and two switches, which is especially suitable for
regulating the output and also for high frequency switching. A theoretical principle of soft
switching presented here was confirmed by experiments on a half bridge converter of 1.25 KW.

Keyword : Half bridge converter, Soft switching, Saturable core, Linear inductance and two
switches
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Fig. 1. Proposed converter circuit.

(414)

gk oA EHRE
Di
Cs
Ei2 == e ver
SR L" Cf
SR oW
72288 —*io Ri
’l’ D2

Ei2 —_[— Q2 % } Cs Tng

Mok A o] F7 2

EH
. Equivatent circuit of proposed converter.

2.
Fig. -2:

A
Ls

—

% 3. 3o iy
Fig. 3. Modeling of saturable core.

53] 19ER o848 EHog FAFugrt &
pel] Bl 77k 3¢S dEA sk
AR e 279 A5 MOSFETE ©]
L oi714 Z3}lede] SRE ol8sly AxmE A
J8E] fellde 293 Q, Q7F =
ol Fagt AL s ofF GE 1y}

<aE 2ol e ZhsAl Fslr) g)s)
<a¥g 1>9 AYAY FBE B2E Ze S22
o] Ao Ralsle] THskw Hsle] AFIeE: &
AglH3goZ g A' A~ Loz} 3-28] Zvhar
Vsl H3kAE Ros IfSel sl g
Ri(=n"Ro, n: E~2] A0 2 Jehdc],

F3}IHE] SR <23 3ol YRR A AT o)
A9l 7 EAS Zhertar 7PARick

o] I¥lellA zMle] T3 Foll= 3] 22 FA)
#o] Hof, SRE vlag A=A 3 LsE ZEct o
714 EFAELE Bsell slolAe 295 QF E= Q)
7b 2717k B9k Ao] - BsHE +BeR(EE g
) 2Bs = W3R o]8u) AaAistEAd(Normal

.
T

N

do
ol
_i

4

2o

A

o

L o
o

714

olo j&, oo |»

ot

gt

=N
L



20024 117 ETTHEHEE % 39 8 SCR 6 6 %

H2A5E

AR o)F

Excitation)& WHE3IEE } :
A%}t A nse oflAlE UEdlE

218 AP b=

2 Qe

o)

1 E
T,y 4nsABs (1)
M 2ZEAFS AH

<TE 4a), (b)>e <18 2>0 Zrs| 24 )
o] 7 AgE sl E33 el g R o9)e] nE
AE-E 022 7T A% Q, Q@ AlolEAE, 29
2] AU Vo, Voo, A5 i1 in, ZIAHE] o
SHAF 0 o=l 3L A%
t} o] A% 329 FAo] EHel Hale] Ao &}
7] el Aabadeel qleix Ao mbgr|e} weo) ul
F7lol = Q3 QE vt & Helolx] &
dgzto] RMEHL o] ¢ AxE ~QAle Aldsly)
AsiMe Q, Q7F 3 LZ=e d=el’ir|7r TdE
Erh Tde 583 &2 717e)A|wt o] 71zhje)] A
ExfR e o8l AR 7} ol FoixIch <y 2>¢]
3] REARE g0 350 neg ok

Al
A
A
o
(=)
=2

@
= AF isn 2

) 2=l (g~t, t1+Ts~to+Ts )

o] REE Q, Q8] AL IEF Aol Qe AS
ole}. ¥atAFel FUR AFIE A9 Q =y Qoll
BEck Qo] 211 A9 <a¥ 5>2] 1327} o]
Alek o] g 2=Akeel 9l Qele 3t Eivt Ze]
3 V=Ei7} St} o] o= ¥3}elele] SRe &
F3teo] Qe Fa7) HER jg-0e] =i
SRe] A2 Ei29] AJ7HAel] ofs -BsHE] +BsZ
3o}

i) T2 (o~13, b+ Ts~t3+Ts )

wrlo Fate] Frta Q, Q7F A S ZAE ) ¢
T FAll SRS A1) 2702 5E] Bsell Wale] £
Shedek SRel zalE RaElRe o A x3lql
SRl Leoll oaf =Ehso] Awiade] Alakel
thoo] A9 Wi ok rlel 0= Iy, D & wloled
Axjo] Apckitelr} ek o] mEo] Fhsl g <a1d
6>3} zo] vt

o] A% 2917 @, Q o oFol Hele Ayt

«“H

Var,

73

Gate Q1
Gate Q2 .
iz o
" s L
=ii-i2 s et
io 77777777
a 6 6
(a) Time chart
7
vox(t) Unsaturation area
Ei of core
Ls=0
N = t
Vait) /E'l“
Y.
T
t
bt //'f\\ b
iz“) / i /27,3 N\
| / t
A
A3
LN 4n/ms

{(b) Voltage and current waveforms in dead time
O 4. Akt ZAME 9] 2= 13

Fig. 4. Waveforms of proposed converter for each
mode.

Ei2 ‘,:

T Lr Cr
SR N
) e %R,»
Eii2— L, T Vor

gl 5. wele] ARz
Fig. b. Current route of model.



7 EAE o £ SFEpA AE ] 2LE Y BY AP 8 7
oAf TAF A Po] wFve) whHFIAYe] ek o]
Ty o A% A B daslel YRes Hsw A
Eil2 == v oLl ope )
Bsla] oderh of7)4 2913 Qo] ', ey
Ls o Ao g2Re] Qell XA oz ENi2 T4l @
YY"
. 27E Aoz e oA ENst gdshi
' A @), 6), (D, @
Eiz== | 2 16 TVQZ
S EN, =] Vipyic dt =—;—CSE,.2

08 6. RS AFAR
Fig. 6. Current route of mode?2.

Vipoll T8l et Al ek

E =V, +V), %)

E d?
—_t V
2 o) 3

=V, +L;Cs ?(VQ2 -

4

2@ 2 @e Valt+)=0, Vy(n+)=Eqo %
7|27 A

E.
Vor =-?’{1—c0sws (1=} )

E.
Vs =7‘{1+cosa)5 (r-1, )} )

o, o =1/2LC, ®)

7b dofRlel. <13 4(b)>ell vehd A 3ol

] 1=6=A2LCs +1, 6121 y=00]%c}, o17]4]

AN E s2= AF o, ieE=

Al (DR

d E
i, =C; EVQI =—2'-ZLsinws (r-1)=4 -
N

. . d -E, . .
I, =Cy—V,, =~’——1—s1na)5 (t—1,)=1,
dt 2 Z, &

e}

. L. 1.
i =14 i, =E, Z—smws (r-1,) ©
S

o, zZ,=2L/C, (10)

7} Hek Ls, Csx= o 2R ol it <2® 4>

=—[""Vyicrdt = EN, an

7 ey, 2 el W] Teoht Q3 Q2
W] g Aelely BUBge] WEHE AL 37
sl He, Rexdei QUEas a4 2D
diAE AUsh 29A7hE Susln, A9qENe
olgt o] Ho] 2ZEsglYo] o FolAE AL &

4 ik

i) =3, ~t, trTs~u+Ts)

t=t7} W i go] HT =0, F SR v}
B3} Ls — o) A7} "ok @b t=telld ice
dol HA 32r} sle] SH7| wlie] @S At
Al o] A= e mEb teteld Vg=00] =
o] JHFe- FAF <2 Ab)> oA HMoz 1}
ehd] 7 lo] AlEell o3t AY Vp(n9] e o
oAtz etk FAl Vard Va=EiZ A€} o]
#A$-9] E7} Hae <2y 7> vehigct

t=62] 711 Ve=07F fA1=7] g o] 7|7t
QE "l & A7Y Ay 'de] AmEsilel A
Hea Q = 2ol Ho AFER)7F hEHr] o7
A dlzely] Tde AF7I dAske Td=t-to}

Eil2 == —Ei TVQI

Eil2 —

a8l 7, RE3Y AFAR
Fig. 7. Current route of mode3.



002% 1A B+ 1 2e5H

t=u(=nrTs)e) ¥l Qi o8 wAsk 8

Fol (~u7|7ke] kel Bl Eabe] FEo)

=]

ot A A 9 X|of oSt MAMEM

H
lo

e}

}.ol-
1z

7
il

&

ZP‘H B¥3p7 |7kl ¢
Ha A A7) 34
24 ALY Bl wEshd a7lel WS84 Tong]
BAo] f7we] 25 e EH E(feed
EARE Aoz} HastA ol ool thale]
<17 8ol FAGE A o] ALY EAke whb g
2 tholoe 2 AY e Ag weldh= o] s
stk ol Ao ofs] amesgAle] AdglzTle] Al
2 FoiAls 243 g, Aedxistel HTe
WAIglo] Az E~9Ae] A3 & 4= glck

Hx

forward)-s-

==

=

A
T

D1

1 Cs TVQI

k
I Lr Cr
ML_[;\::}——JY_Y?M_{ }’_% .

D2
L
0 N Cs g

Eif2 ‘7'1.'._

Ei2 =

O 8. HhEAaglHel 4
3=

Fig. 8. Equivalent circuit with auxiliary
and linear inductance.

ol E
7w

20

o)y e

switches

Q!
Ton Td
Ts
0 14l 02
32 9, 24 Qi, Q, QO 2 QY AelE Eaky
Fig. 9. Gate drive waveforms of switch 1, Q, Q/

and Q.

39 ESCHR B 6K

(6]

1—-0

rgl Roollas 941 EERIEES] o158 tae)
01 FEsfelr] xIpRo] HEE AL BEA9A Q

c QR XA o)A BaEsafE] Q) Qs
L] el bl o] W] Tsuleld] s
A Qi Q7 Zh forEE Al o] vk Q
W7 & FHE AL 2o EFe) digdesle T2t
o] d3 QEEls [sBA] o] Bolzich (o1 [
(=t Ts| Ftel) Rpo] Efollq Lxstw %718}
7% tlo]|oE Di(EEE Dp el e A #
i W ie0] oW AFE Ak 08R £
T o7 gk ol Aol fls EalIHE e dHe
Ak Afske Zo] hssh Hiek e
Q7F &<l A+ Q, @ ol
Qv AF-Eake] Aol

H

arote or

o

¢
=

o] FFeNME= O
A3t L7 Ak deid Q.
= LHO}J' EI% -‘é_u_jl_ 217_]-1:]—

[
Y=

Al
=

V.

2o

ook

=] =
_a.ug &

-

o1 ARRE AXE 2913 2] ey

7] 9le <1 1>e) AwelE Axkslkic) o] A
sfeholefe] gk sf=dsh AC 200V
SV, FHEF 125KW, C=Co=470uF,

©

v 1o

R 33

3
473
Cr=1uF, Lr=
SAull, ~AFI fs68kHz ©la, AHERE MOS
FET, £33 2 A% e 52 Alfe
I>, <X 2> 8 <E 3>l vehdglch

<23 10@>y 291%] Qo) BlE o v, %3]l
HEE s2e AF wd 7 AR 2 AlgAdde|ct
<71% 10(b)>+= vi=Ael ok me] 3| 2ol tha) A

i

2t <E

It 1. MOSFET®] A}ef
Table 1. Electrical Characteristics of MOSFETSs.

Model 28K1522
Manufacture Hitachi

Vds 500V

Id 50A

tre 120nS
Ron 0.0850hm
Ciss 8700pF
Coss 2400pF
Crss 235pF
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Table 2. Characteristics of the Saturablecore.

Model MS9x7x4.5W
Manufacture Toshiba
Bm(T) 0.5
Hc(A/m) 2.1
Thickness(um) 5.0
Winding(T) 160
Material Co-based Amorphous

9.0mm
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Table 3. Characteristics of the linear inductance.

Model PC40EI12.5
Manufacture TDK
Al-Value 1200(uH/N  2)
Ae{mm ?) 14.4
Winding(T) 10
Material Ferrite
e
12.4mm
o
7.2mm
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