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A Study on the Efficiency Improvement Method for
Single—phase

Boost Converter by Reducing Switching Loss

Keun—Oh Park

Department of Marine Engineering, Graduate School,

Korea Maritime University

Abstract

Switched mode converters have been widely employed to reduce the
harmonics of the input current and are increasingly focused on the
prevention of accidents and failure in the power system apparatuses.
It is desirable that the switching frequency of the switch mode
converters be set at a high frequency for effective harmonics
reduction. High frequency operation, however, causes large switching
power losses and degradation of the efficiency of the power
conversion. To improve the efficiency, circuit configurations that can
equivalently increase the switching frequency or use soft
commutation techniques have been discussed.

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
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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. 2.1 Basic circuit of buck converter
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Fig. 2.2 Operating circuit of buck converter
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Table 5.1 Specification of the switching devices

MOS-FETs( s 5,)

Drain-source voltage, pg 500[V]
Drain current, 7, 50[A]
On-state resistance, £ 4, 0.11[« ]
Turn-on delay time, 7, 530[ns]
Turn-off delay time, ¢, 700[ns]

Diodes( 2 2,)

Reverse-bias voltage, 17, 400[V]
Forward-bias current, /,.__ 25[A]
Forward-bias voltage, V. 1.25[V]
Reverse-recovery time, 7, 60[ns]
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5.2 Aord A E e A EHolA zau] g

Table 5.2 Simulation parameters for the proposed converter

Items Parameters
AC-side voltage, 7, 120[v], 60[Hz]
DC-side(output) voltage, p, 240[V]
Maximum switching—frequency
of switch g, /£ 200[kHz]
Maximum switching—frequency
of switch g, /. . 15[kHz]
Current ripple tolerance of /,, j; 0.25[A]
Inductance of the reactor, £ 1[mH]
Inductance of the reactor, 7, 2[mH]
Off-state time, 7, , 3.50ns]

47[U5]

Off-state time, 78
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a9 5.2(a) 71€9Y F2E 7AWEH AlEd ol 33 (600[W], A353})
(a) A9 (b) AYAF
Fig. 5.2(a) Simulation waveforms of the conventional boost converter
(600[W], resistive load)
(a) source voltage (b) source current
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1% 5.2(b) 71ES B2E 7AWE AlEd oA 33 (600[W], #aH3})
(c) JAEHAF (d) =9AAF
Fig. 5.2(b) Simulation waveforms of the conventional boost converter
(600[W], resistive load)

(c¢) reactor current (d) switch current
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Fig. 5.3(a) Simulation waveforms of the proposed boost converter
(600[W], resistive load)

(a) source voltage (b) source current (¢) reactor current
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Fig. 5.3(b) Simulation waveforms of the proposed boost converter
(600[W1, resistive load)

(d) reactor current (e) switch current (f) added switch current
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a9 5.4(a) 7€ F2E AWH AlEHolA 33 (1200[W],
A & 5-5})
(a) A9 (b) AYAF
Fig. 5.4(a) Simulation waveforms of the conventional boost converter
(1200[ W1, resistive load)
(a) source voltage (b) source current

_37_



1% 5.4(b) 71E9 B2E AWE AlEd ol 33 (1200[W],
A & 5-5})
(c) JAEHAF (d) =9AAF
Fig. 5.4(b) Simulation waveforms of the conventional boost converter
(1200[W], resistive load)

(c) reactor current (d) switch current
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Fig. 5.5(a) Simulation waveforms of the proposed boost converter
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(1200[W], resistive load)

(a) source voltage (b) source current (c¢) reactor current
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Fig. 5.5(b) Simulation waveforms of the proposed boost converter
(1200[W], resistive load)

(d) reactor current (e) switch current (f) added switch current
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Fig. 5.6(a) Simulation waveforms of the conventional boost converter
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(1200[W], resistive & inductive load)

(a) source voltage (b) source current

a9 5.6(b) 7€) HaE AME Agdeld H3(12000W], A,
Qe -al)
(c) BAEdF (d) =9AAF

Fig. 5.6(b) Simulation waveforms of the conventional boost converter
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(1200[W], resistive & inductive load)

(c¢) reactor current (d) switch current
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Fig. 5.7(a) Simulation waveforms of the proposed boost converter
(1200[W], resistive & inductive load)

(a) source voltage (b) source current (c¢) reactor current
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[<2)

a9 5.7(b) At F~E A
A E H-3h)
(d) FAEdF (e) =29AAF () 718 =29AAF
Fig. 5.7(b) Simulation waveforms of the proposed boost converter
(1200[W], resistive & inductive load)

(d) reactor current (e) switch current (f) added switch current
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Fig. 5.8 Efficiencies of the proposed and conventional converters
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