An Efficiency Improvement Method for Single-phase
Boost Converter by Reducing Switching Loss
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ABSTRACT

This paper proposes a new technique for improving the efficiency of single phase high frequency switch mode boost converter. This
converter includes an additional boost converter that follows the main high frequency switching device. The additional converter, which is
controlled at lower frequencies, bypasses almost all the current in the main switch and the high frequency switching loss is greatly reduced.
Both switching devices are controlled by a simple method; each controller consists of a one-shot multivibrator, a comparator and an AND gate,
and the maximum switching frequency can be limited without any clock generator. The converter works cooperatively in high efficiency and
acts as though it were a conventional high frequency switch mode converter with one switching device. This paper describes the proposed
converter configuration, design, and discusses the steady state performance concerning the switching loss reduction and efficiency
improvement. and the proposed method is verified by computer simulation.
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Fig. 1 Switching characteristics of a switch
(a) switching circuit,
(b) switching waveform, (c) switching loss
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Fig. 2 The conventional single-phase boost converter
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Fig. 3 The proposed boost converter
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Fig. 4 Current reference and reactor current waveform

utE

o] % 294 FHFE 0, 7t AP =287
v, o HUigk 5, AC Akl XA Hoj7} Ak 2
A4 F7 5 v, 7 AL F

vatnetd T, ANEFEH d& 5 ok

V2v,

Tor= V7 ™

A7VA, V, £ ACE B} 1) BEGOVT, /
= A gl N el Aoh 2917 Faol .

AFHF B E LS Wehetd A9 Ay
Bl 2(8)el 98] 9L 4 Qe
V-V2v.
L=—" Ty ®)

A3 A®NA &5 AKXl £ S W AHA
¥ T,% LeFeFUt L, S, R D, 274

F7rE 294 FHEAA Ay AR wEX
dip_/dt= 29k 2ot

dlst—a — Lva (Sa: on)

dai; _ —

za’sz = (UL = (S, 0ff) ©

AN i, T AN AR, 0
£ eoe gzt

=&AL L,

44 v A BTRE |

2917 $ ) el W} o, o7} Fo] HolE 2
943 S, 7k 2ols@ ¢ vl gke] WS oxw
2ol )R gkel WAEh AEHOE AT i, L AF
i B bR R 2913 5, 9 29139 met Al e,
NEAF iy, & 0,9 AR s FolAt
%ﬂ%ﬂszaﬂlp_Q°§W4“HH@%

i, A% ZES Ajahe 291K So
2o RS 294 5,502 $HNY S
A S, & AFRFE FASE ool 3F8
Aoy eet. weba 2917
AEVEEY ELEEE RPN
EEEPESREE ELE
F3be] BF 2917 AL

£ A4+

-~
t~

|
®

fu
il
o
T

e
o
o

a

s xF

Hr
£ o o
ol
rb Hu

B
5

4 2
i

oft fo,

N

L=

N

o Eorf 32 o

ot

. o fu
fru
rO
1
[>

>
do
M
(2
ol
°
i
[>
o
o}L

dig_, v, .
el (S,:on)
di;_, (v = 7v,)
p7 I (S;off) (0

2AA S, 29273l i 3 v, 7t AAR GO
2 A9 7HgEE B, E v, & 8E 5 A o
A 72 AYE L 4do] Y] goln Iy
B L,7} 571822 ol = D, o 42450 itk
AL on)gitt 2R m 2 A10) A6 2L FdoE

0:17;]7\1 Alv/\f]x] S _,]on)\]y].(T/f )34?_]‘;.]]
8 L,=0e402 ZA A2 5 Yok
vav
Top-a= V7 an
V-V2v,
Li= 75— To-a (12)
o714 W_, e ACHS Ao gy AE
ip-,% AF AEAND fo, T BT H)
297 Folt),

99



FRHGAR TN =EA 103 AL

3. 401719 43

Fig. 5% ZEjulo|Beo|H o} v 7] & Zheks] 7
Aol719 EEEE TAE L Ytk ASE I A
i S i AR Bt AR/ ABAE
g A @_EH%;E E5S B3 2AdT &9

Lo 71EAF i,
EE} A HE 9k

2 923y 93t
J}E}“lﬂ T 40 93)

Fr71ERRY 2A HE
u 293 %}ZI—E—AND Aol 4 g o} A
297 5,88 297 S 2EH EUA §

]

2y

‘

et du ox

B

>

Ae A

AE

M
>
Ru

=)
T\1 fr 12 s v
j=4

al
o

‘

¢ [ o =
i3

27 %
5o}

A

2

St

}
21=8
3},

r
o

¥
o

\r}-_l

P}
N
ol

o] g
2}

One-shot
multivibrator

1o

Comparator

Sinusoidal
current

reference b (= ta )

AND
a8 5 Hojziel 25 ciojotaM
Fig. 5 Block diagram of the controller
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Table 1 Specification of the swiiching devices
MOS-FETs( S, S,)

Drain-source voltage, Vg 500[V]
Drain current, I 5 . 50[A]
On-state tesistance, R pg( o) 0.11{Q}
Turn-on delay time, ¢ ;,,, 530[ns]
Turn-off delay time, £ ;) 700[ns]
Diedes( D, D,)
Reverse-bias voltage, V p_... 400{V]
Forward-bias current, / o _ ... 25[A]
Forward-bias voltage, V - 1.25[V]
Reverse-recovery time, ¢ ,, 60[ns]
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Table 2 Simulation parameters for the proposed
converter

Items Parameters
AC-side voltage, V, 120[v}], 60{Hz]
DC-side(output) voltage, V, 240[V]
O S T ol
e STy st
Current ripple tolerance of 7, W} 0.25[A]
Inductance of the reactor, L 1[mH]
Inductance of the reactor, L, 2[mH]
Off-state time, T, © 3.5{us]
Off-state time, T, , 47 us]
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Fig. 7 conventional boost converter
(a) source voltage (b) source current
(c) reactor current (d) switch current
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Fig. 8 proposed boost converter
(a) source voltage (b) source current
(c) reactor current (d) reactor current

(e) switch current () added switch current
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