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Abstract: A highly efficient and reliable topolog y- dual

buck half bridge inver ter ( DBI ) is int roduced. The

ex istence of discontinuous conduction mode ( DCM )

oper ation st ate r equir es the bias of inductor curr ent fo r

DBI implemented with linear contro ller s like ramp

compar ison SPWM ( RCSPWM ) contr ollers. A novel

oper ation scheme fo r DBI and a hy steresis cur rent

contr olled dual buck half bridge invert er ( HCDBI ) a re

propo sed. The bias curr ent required by RCSPWM DBI is

eliminated and conduction losses ar e dr amatically

reduced. HCDBI has gr eatly improved t he modulat ion

perfo rmance in DCM reg ion for the benefit o f its ex cellent

command tr acking capability . The oper ational scheme and

contr ol str ateg y are pr esented. Pow er losses of the

conventional half br idge inver ter ( CHBI ) and HCDBI a re

compared with mat hema tical computation, and

exper imental ver ificat ion is also executed. Both

calculational and exper imental results ver ify t ha t HCDBI

has a superior sw itching perfo rmance over CHBI. Its

ex cellent high fr equency oper ational capacit y pr ovides

another access to r ealize high fr equency oper ation of

inver ter s.
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INTRODUCTION

A key issue in pow er elect ronics is

at tainment of high ef f iciency for the conver ter

oper at ing at high sw itching frequency. Soft-

sw itching technique has demonst rated pr omise in

obtaining high f requency operation of converters,

and gr eat ef forts have been made to apply this

technique to inverters. Sof t-sw itching inverters

such as resonant po le inverter
[ 1]

, resonant DC

link inverter
[ 2] , resonant snubber inverter

[ 3] ,

etc. have found successful applicat ions in

part icular occasions. Whereas these solutions

suf fer from redundant circuit conf igurat ion and

contro l st rateg y, challenge of tuning , and

deteriment to the opt imum modulat ion of output

vo ltag e waveform . There are scarcit ies of

CONCISE sof t-sw itching inver ter techniques.

A highly reliable tw o-sw itch inverter ( Fig.

1( a) ) w as r eported in Ref. [ 4] . It is composed of

a buck converter and a boost one. Refs. [ 5, 6]

made their recent ef fo rts to apply an opposed

curr ent half bridge inverter ( OCHB) ( Fig. 1( b) )

to pow er ampl if ier s. Actually it is composed of

tw o buck converter s, w hich is refered as dual

buck converter ( DBI) in this paper. T he above

ment ioned inverter topolog ies can be classif ied

into DCDC-based inverter topolog ies
[ 7～9] . The

contro l st rateg y employed in Refs. [ 4～ 6] is

based on linear ramp comparison SPWM

( RCSPWM ) control . T he normal operat ion of

RCSPWM DBI r equires a bias current to ensure

the f ilter inductor wo rking at cont inuous

conduct ion mode ( CCM ) . In or der to further

reduce the pow er losses induced by the bias

curr ent , a novel hysteresis cur rent cont rolled

dual buck inverter ( HCDBI) is proposed in this

paper. It can w ork without any bias cur rent and

Jun. 2003 T ransactions o f Nanjing U niver sity of Aeronaut ics & Astronaut ics Vol. 20 No . 1



overcome the disto rt ion problem result ing fr om

discont inuous conduct ion mode ( DCM )

oper at ion. Comparative study betw een the

convent ional half bridge inverter ( CHBI ) ( Fig . 1

( b ) ) and HCDBI is also made. An inductor-

coupled dual buck inverter ( ICDBI ) is also

pr opo sed and the size of the inductor is great ly

reduced.

( a )　Buck-boost inv erter

( b)　Conventional ha lf br idge inver ter

( c)　Dual buck half br idge inverter

F ig . 1　Three types of inv erter topo lo gies

1　DUAL BUCK HALF BRIDGE

INVERTER

The DBI main stag e is composed of tw o

simple buck converters ( Fig . 1( c) ) . The shoot-

thr ough dI / dt is now lim ited by tw o larg e in-

series inducto rs ( L 1 + L 2 ) . T he availability o f

optimum design of pow er devices is another

superior feature o f DBI. For convent ional bridge

type inverter , when the freew heeling current

moves f rom the body diode of the sw itch into

ano ther sw itch in the same leg , there will o ccur a

large rever se recovery current in the non-ideal

diode. This increases the sw itching-on lo ss

dramat ically. The novel pow er stag e

configurat ion of DBI m itig ates the notorious

reverse recovery problem naturally .

2　HYSTERESIS CURRENT CON-

TROLLED DUAL BUCK INV-

ERTER

RCSPWM control is a popular linear

modulat ion scheme. While in case o f DBI, the

vo ltag e conversion rat io linearity will lose when

the inductor current becomes discont inuous like

the buck converter. T he linear controller like

RCSPWM cannot cor rect the output vo ltag e

distort ion in DCM operat ion, unless it is

equipped w ith a larg e f ilter inductor at high

sw itching f requency . A practical so lut ion is

biasing the inductor to keep the inverter

operating at CCM . But considerable conduct ion

lo sses in the sw itches and inductors exist , w hich

is not desirable. The DC component in load

vo ltag e also appear s and it requires laborious

design for elim inat ion.

T his paper pr opo ses a novel operat ion

scheme and current cont rol st rateg y for DBI.

T he basic operat ion scheme is that two sing le

buck conver ters oper ate alternat ively in each half

of the lo ad period. T he key current w avefo rms of

tw o inducto rs are shown in Fig . 2 ( a ) . No bias

curr ent pr esents in the inverter . Thus excessive

pow er lo sses and DC component problems

induced by the bias curr ent do not ex ist .

T he proposed cor e modulato r is show n in

Fig. 2( b) w ith an inner curr ent loop and an outer

vo ltag e loop. The f ilter inductor cur rents are fed

back and the voltage error output of the ampif ier

V e commands the tw o inductor currents

alternat ively in each half of the load period by

tw o hysteresis cont rollers. When inductor

curr ents approach zer o, the hysteresis modulator

adapt iv ely changes the sw itching frequency to

limit the high f requency current ripple in the

referr ed tolerance band. T he resultant DCM
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region is dr amatical ly r educed and its modulation

performance in DCM is g reat ly improved. Low

load vo ltag e disto rt ion is guar anteed.

( a)　Key inducto r curr ent w avefo rm

( b)　Core contro l scheme of HCDBI

F ig . 2　Key inducto r curr ent w avefo rm o f the contr ol

scheme and cor e modula tor

The hysteresis cont roller exhibits per fect

command tr acking up to the bandw idth limit o f

the vo ltag e modulator. It also has the advantages

of r obustness and high gain of voltage er ror

amplifier, which benef it s the instantaneous tight

regulat ion of output vo ltag e.

3　INDUCTOR COUPLED DUAL

BUCK INVERTER

Compared w ith CHBI, the obvious defect

seems to be that tw o f ilter inductors are needed.

Each of them leaves unused in half lo ad period.

An inductor coupled dual buck half bridge

inverter ( ICDBI) is pr opo sed ( F ig. 3( a) ) . T he

tw o f ilter inducto rs ar e coupled in one core and

the size o f the inductors is minimized. When the

control st rateg y proposed in Sect ion 2 is

implemented, the high operat ion reliability

featur e never lo ses. L 1 and L 2 ar e the parasit ic

inductors of the t ransfo rmer or the added discrete

inductors, w hose inductance has the same value

L .

When S1 is wo rking and no curr ents flow

through winding N 2, L 2 , S2 and D 2, w inding N 1

can be looked upon as an inducto r L m1 whose

value is L m. The vol tag e across L m1 is

V 1 = ( V d - V o)
L m

L + L m
( 1)

　 　 Optimum coupling o f Lm1 and L m2 is

assumed, so w e have

V 1 = - V 2 ( 2)

　　T he voltage V a o f point a to neutral point is

V a = V o + V 2 ( 3)

Based on Eqs. ( 1～3) , expr ession of V a is derived

V a = V o +
L m

L + L m
( V d - V o ) =

1 -
L m

L + L m
V o +

L m

L + Lm
V d ( 4)

Obviously , V a is low er than V d. Thus no

excessiv e voltage st ress is impo sed on S2 ( S1) . In

addit ion, D 2 ( D 1 ) w ill no t be fo rced to be

conducted when S1( S2 ) and D1 ( D2 ) are w or king.

T his is the result of theoret ical analy sis, and

experimental study is to be conducted.

( a)　ICDBI t opolog y

( b)　Com par ison o f power losses o f HCDBI and CHBI

F ig . 3　Inducto r-coupled dual buck half br idge invert er

and compa rison of power losses o f HCDBI and

CHBI
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4 　 COMPUTATION OF INVER-

TER POWER LOSSES

In this paper, the sw itching lo ss is the most

concer ned and core lo ss is not included. T he

total involved pow er loss of the inverter is

PT = P on + P off + P cds + Pdr + P f + P cm ( 5)

w here Pon , P off, Pcds, P dr , P f, P cm are g iv en in

Table 1.

The sw itching loss computation of the

hysteresis current cont ro lled inverter is the most

challenge for that the sw itching f requency is

variable o ver one load cycle. An assumption is

made that the sw itching f requency is constant

and is equal to the average sw itching f requency .

T he sw itching-on losses of the switches

consist of tw o main par ts. One part ( P ds) is due

to the dischar ging of drain to source parasit ical

capacitor Cds in every switching act ion, and the

other part ( Pon ) is the commutat ion loss due to

the overlap of sw itching voltage and current .

P ds, Pon , the sw itch conduct ion loss Pcm, the

sw itching-of f loss P off, the sw itching-of f loss of

diodes P dr , and the filter inductor′s conduct ion

lo ss P f are all g iv en in T able 1.

Table 1　Derived expressions of diff erent types of power losses

Pcds Pon Po ff Pdr Pcm P f

1
2
CdsV 2

dF s 2FoV dT on∑

1
4Fs

k= 1

( iLk + I rr ) 2FoV dT of f∑

1
4F s

k= 1

( iL k)
V dOrrF s I 2fRds I 2

fR f

　　Here V d, I f, Fs, F o, R f, T on , T off and Rds

signify DC input voltage, rm s value of inductor

current , average sw itching f requency , lo ad

fr equency, f ilter inductor resistance, and

sw itching-on t ime, sw itching-off time, on-

resistance o f the sw itch, respect ively. And i L k( k

= 1, 2, ⋯) r epresent the inductor current v alue

at the instant the sw itch turns on fo r the kth

t ime i Lk= I fsin
2k�Fo

F s
.

Power loss calculat ions o f CHBI and HCDBI

are made based on the obtained expressions

above. The r esults o f pow er loss dist ribution

and comparison are illustr ated in Fig . 3( b) . T he

Figure show s that HCDBI exhibits the prevailing

sw itching performance over CHBI. This superior

featur e of high f requency operation capacity

allow s HCDBI to exhibit the excellent

performance to supply nonlinear lo ad for it s

small filter inducto r, great system robustness,

high gain of voltage error amplif ier , w ide system

bandw idth and t ight instantaneous r egulat ion of

the output voltage. T he tested result o f HCDBI

supplying nonlinear load fo r verification is

show n in Section 5.

5　EXPERIMENTAL RESULTS

Experimental pro to types of CHBI and

HCDBI are built to verify the operat ion

perfo rmance o f the proposed control st rateg y.

Both inverters adopt tw o stage DC-DC-AC

configurat ions and each has the same DC-DC

pre-regulato r. T he input vo ltag e r ange is

18～32 V and the output is 21V rms/ 340 VA / 400

Hz. T he inverters are operat ing at tw o g roups of

parameters ( A , B ) listed in T able 2. MOSFET

FQA140N10 and diode MUR3020 are used.

Table 2　Two groups of operational parameters of HCDBI and CHBI

A B

L ( L 2, L 1 ) /�H C/ �F F s/ kHz L ( L 2, L 1) /�H C/�F F s / kHz

HCDBI 54 50 30 34 50 40

CHBI 54 50 30 34 50 35
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　　The tested eff iciencies are obtained at 28. 5

volts input and resist ive load condit ion ( F ig . 4) .

The Figure show s that HCDBI has 86%

eff iciency at full load, with 3% improvement

over CHBI. When the f ilter inducto r is reduced

fr om 54 �H to 34 �H, HCDBI operating at 40

kHz is only 1% low er in ef ficiency than HCDBI

oper at ing at parameters A under full load, w hile

exhibit ing 2% higher than CHBI operat ing at 35

kHz. The f ilter capacitor is to be dim inished for

optim ization w hen operat ing at higher

fr equency. The DC component of the lo ad

voltag e is low er than 0. 01 V.

F ig . 4 　 Tested efficiencies o f HCDBI and CHBI

operat ing at tw o gr oups of par ameter s

under r esistiv e lo ad

Fig . 5 show s w aveforms of f ilter inductor

current and load voltage of HCDBI at full

resist ive load. The Figure show s that HCDBI

pr esents minimum distort ion in DCM oper ation

intervals and produces nearly perfect sinusoidal

voltag e ( THD ≯ 0. 7% ) . A test has been

conducted connect ing a rect if ier w ith a capacit ive

filter to the inverter. Fig . 6 show s waveforms o f

voltag e signal of the sensed current of one filter

inductor ( u2 ) , lo ad current ( i ) and output

voltag e ( u1 ) o f HCDBI under full capacit ive

rect ifier load ( Po= 340 W) . T he measured T HD

of the output vol tag e is only 3%.

Fig . 5 show s one filter inducto r current “i”

and load voltage “u”of HCDBI at full resist ive

load. F ig. 6 show s sensed vo ltag e signal “u2”of

the current of one f ilter inductor, load current

“i”and output v oltage “u1”of HCDBI under full

capacit ive rect ifier lo ad: P o = 340 W , C rect =

18 800 �F ( C rect is the f ilter capacitor direct ly

behind the rectif ier bridge) , L 1= L 2= 34 �H, C

= 50 �F.

u: 20 V / div , i: 10 A / div, t: 500 �s/ div

F ig . 5　Cur rent ( i) and vo ltag e ( u)

waveforms of HCDBI

u1: 20 V / div, u2 : 2 V / div , i : 10 A / div

Fig . 6　u1, u2 and i waveforms of HCDBI

6　CONCLUSION

A novel operat ion scheme and hysteresis

current cont rol str ategy for DBI has been

proposed in this paper. HCDBI is capable of

producing nearly perfect sinusoidal vo ltag e

w ithout any bias current . Bo th computation and

experimental results verify the superior

sw itching perfo rmance of HCDBI over CHBI.

T his allow s it to operate at high f requency w ith

small f ilter inductor and possess w ide system

bandw idth. Excel lent capability to supply

nonlinear load is also obtained.
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一种可靠的滞环电流型双降压式半桥逆变电路

刘　军, 严仰光

(南京航空航天大学航空电源航空科技重点实验室, 南京, 210016, 中国)

摘要: 研究了一种新颖的双降压式半桥逆变电路 ( Dual

buck half bridge inver ter , DBI) ,该电路有无直通, 效率高

等特点。提出了一种 DBI 的无偏置电流运行方式和一种

滞环电流型双降压式半桥逆变电路 ( Hyster esis curr ent

contr olled dual buck half br idge inver ter , HCDBI ) , 消除

了采用载波交截 SPWM 控制 DBI 正常工作所必需的偏

置电流, 进一步提高了效率。对 HCDBI 和传统半桥逆变

器进行了理论上的损耗计算分析和实验验证, 证明了

HCBBI 可大幅降低开关损耗,开关频率高,滤波器小。为

实现逆变器的高频化提供了一种简洁的方法和新的途

径。

关键词:高频; 开关;逆变器; 滞环电流控制;半桥
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