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A New Half-Bridge Impedance Source Inverter With High Voltage Gain

Xiaoquan Zhu ¥, Bo Zhang

Abstract—In this letter, a new half-bridge impedance source in-
verter (HBISI) with high voltage conversion ratio is developed.
Compared with other well-known existed HBISIs (HB-qZSIs/HB-
qSBIs), the proposed HBI can increase the voltage boost factor sig-
nificantly. Only a very small shoot-through (ST) duty cycle (Dg},)
is required to produce a higher voltage gain. The upper and lower
switches of the inverter bridge can be turned ON simultaneously,
and no dead time is needed for the control scheme. So the re-
liability of the inverter system can be improved. The produced
square-waveform output voltage not only has positive and negative
voltage levels like the traditional HB-ZSI but also has a zero voltage
level, and the nth harmonic of the output voltage can be eliminated
by choosing D}, = 1/n, which implies that it would be applicable
for the electrochemical and electroplating applications. The topo-
logical configuration, operating principle, power loss analysis, and
performance comparison with other high-boost HBISIs are pre-
sented. Finally, both simulations and the experimental results are
presented to validate the effectiveness of the proposed topology.

Index Terms—Half-bridge inverter (HBI), high voltage gain,
impedance network, Z-source inverter (ZSI).

1. INTRODUCTION

HE two active power switches in the conventional half-

bridge inverters (HBIs) are connected in series, which may
cause mis-gating on at the same time due to the electromagnetic
interference (EMI). Then the inverter bridge is short-circuit and
operates in the shoot-through (ST) state, resulting in a high
current flow through the inverter bridge and breaking down
of the power switches. Moreover, the peak ac output voltage
of the conventional HBIs is limited to lower than the dc input
voltage, which is undesirable for many practical applications [1].
To overcome the ST problem and improve the limited output
voltage gain, a novel and efficient design of the impedance
source network, known as Z-network, was first proposed in [2].
The original Z-network is composed of one diode, two inductors,
and two capacitors. By cascading the Z-network between the dc
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input source and the traditional voltage source inverter bridge,
the classical Z-source inverter (ZSI) can not only operate in the
ST state but also enhance the output voltage gain. However, it
has a discontinuous input current, high capacitor voltage stress,
and no common ground between the input source and the bridge
inverter. Therefore, in order to address these drawbacks, a class
of quasi-ZSls are presented in [3] and [4]. But the output voltage
gain is still the same as that of the classical ZSI. By adding
additional active and passive elements (diodes, inductors, and
capacitors) into the impedance network, extended-boost qZSIs
(DA-gZSIs/CA- qZSIs) and switched-inductor ZSI (SL-ZSI)
have been introduced in [5] and [6] to further increase the output
voltage conversion ratio. In [7], by using less number of passive
components and one more power switch, a new switched-boost
inverter (SBI) topology was proposed. But its output voltage
boost factor is no higher than the traditional ZSI. In order to
improve the input and output characteristics of the presented
SBI, a current-fed switched inverter [8] and a new class of
quasi-switched boost inverters [9] are presented, respectively.
In addition, both the Z-source network and switched-boost
network can be connected to the half-bridge, full-bridge, and
multilevel inverters [10]-[20]. The half-bridge ZSIs (HB-ZSI)
were first proposed in [10] and [11]. For the proposed topology
in [10], it has two Z-source impedance networks. In [11], by
using one Z-impedance network, an asymmetrical half-bridge
Z-source converter (HBZSC) is constructed, which is suitable
for the electroplating and electrochemical industrial applica-
tions. However, the capacitor voltage stress of this HBZSC is
high, and its output voltage waveform is limited, only has one
positive voltage level and one negative voltage level. In [12],
a galvanically isolated qZS half-bridge dc—dc converter was
presented. By combining the single-switch qZSC topology with
the traditional half-bridge galvanically isolated dc—dc converter,
a new isolated asymmetrical HB-qZSC was proposed in [13].
However, these two HB-qZSCs use more passive and active
components and the produced output voltage gain is still the
same as the traditional ZSI topology when the transformer turn
ratiois set as 1:1. In [14], by cascading the qZS network into the
traditional qZSI, an isolated full-bridge high-step-up qZS dc—dc
converter was proposed, which draws continuous input current
and provides higher voltage boost factor and improved reliabil-
ity. In [15], by introducing two qZS networks into the traditional
HBI topology, an HB-qZSI is presented. Then, based on [15], by
using one Z-source network, a symmetrical HB-ZSI [16] is put
forward. And these two HB-(q)ZSIs produce the same output
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Fig. 1. Topological configuration of the proposed HBISI.

voltage gain, that is, 1/(1 — 2D). Similarly, by combining two
conventional quasi-switched-boost network with the traditional
HBI topology, two kinds of half-bridge quasi-SBIs (HB-qSBIs)
were proposed in [17] and [18], respectively. And both of them
have the same voltage boost factor (1 — D)/(1 — 3D), which
is higher than the HB-(q)ZSIs. In [19], another two new half-
bridge and full-bridge SBIs were presented, which can provide
continuous input current, use lower number of passive compo-
nents, and have a much higher voltage boost factor 1/(1 — 3D)
than those of the HB-(q)ZSIs and HB-(q)SBIs mentioned ear-
lier. In addition, these half-bridge and full-bridge (q)ZSIs and
(q)SBIs are also applicable for the photovoltaic applications and
the galvanically isolated dc/dc power conversion fields [20].

In this letter, a new half-bridge impedance source inverter
(HBISI) is proposed, which has a much higher voltage boost
factor than those of the existing HB-(q)ZSIs and HB-(q)SBIs.
The proposed method can not only output positive and nega-
tive voltages like the traditional HB-ZSI but also produces a
zero voltage level at the output. By controlling the switching
frequency and the shoot-through duty ratio for this HBI, the
amplitude and frequency of the output voltage can be low or
high. Then, the current densities and directions can be regulated
according to the electroplating technology; the metal ions in
the electrolyte can cover the negative electrode surface evenly
and smoothly. Therefore, the proposed HBI is suitable for the
electroplating and electrochemical power supply applications
[11].

In the following sections, the steady-state operating princi-
ple of the proposed HBI is analyzed. Then, the comprehensive
performance comparison between the proposed and the conven-
tional HBISISs is discussed. Finally, both simulation and experi-
mental results are conducted to verify the theoretical analysis.

II. OPERATING PRINCIPLE ANALYSIS OF THE PROPOSED HBI

Fig. 1 shows the topological configuration of the proposed
HBI, which has two improved quasi-Z-source networks. The
upper qZS network consists of inductors L; and L3, capacitors
C1 and Cs, and diodes D1, D3, and D, . The lower qZS network
consists of inductors Ly and L4, capacitors Cy and C}, and
diodes D5, Dy, and D,. Active power switches S; and S5,
output load, and two identical dc input sources with the same
amplitude of V. are the other components of the proposed half-
bridge inverter.

For the sake of analysis, all the components used in the pro-
posed circuit are considered to be lossless and ideal. In order to
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Fig.2. Equivalent circuit schematic diagrams of the proposed HBI in different
operating modes. (a) Operating mode 1 and operating mode 3. (b) Operating
mode 2. (c) Operating mode 4.

produce the symmetrical square-waveform voltage at the out-
put, the load type of the proposed inverter cannot be inductive
or capacitive. Thus, in the following steady-state analysis, the
output load is assumed to be resistive. In addition, due to the
symmetry of the proposed impedance network, all the induc-
tors and capacitors are assumed to have the same values, i.e.,
L1 :L2=L3 :L4,Cl :CQ 203204.

A. Operating Modes Analysis of the Proposed HBI

The operating modes of the proposed HBI during a switch-
ing period are determined by the ON and OFF states of diodes
(D1-Dy, D,, Dy) and switches (S, S2). Here, Dy, is the ST
duty ratio of the proposed inverter, which is defined as the ratio
of the ST time interval Dy, T to the switching period 7.

1) Operating Mode 1 (0 < t < 0.5Dg,Ty): The equivalent
circuit of this operating mode is shown in Fig. 2(a). Both of the
active switches .S and Ss are turned ON at the same time. Diodes
Ds, Dy, D,, and D, are OFF due to the reverse parallel con-
nection with capacitors. Inductors L, Lo, L3, L, are charged
by capacitors Cy, Csy, C3, Cy, respectively. The output voltage
is zero due to the output load is in the open-circuit situation.
Based on the Kirchhoff’s voltage law for the circuit in Fig. 2(a),
we have

ury = Vor + 2V
ury = Voz + 2V

ury = Voo + 2V,
urs = Vou + 2V

Voo = —Vae — Vo Vbs = —ur3 (D
Voo = —Vae — Vou Vs = —ury
101 = —ip1ice = —ir2 103 = —ir3%c4 = —lL4.

2) Operating Mode 2 (0.5Dg T, < t < 0.5T): During
this state, as shown in Fig. 2(b), switch S; is ON, Sy is OFF,
diodes D3, Dy, D,, and D, are turned ON, while D and D are
reverse blocking. Then the inductors discharge the stored energy
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and transfer it to the capacitors. Here, C is charged by L, and
Ly, Cy is charged by Ly and Ls; C is charged by Ly, Lo, and
L,;and Cj is charged by Ly, Lo, and L3. Due to the open circuit
of the lower dc input source, only the upper dc power supply
is involved in the whole circuit operation. Thus, the positive
output voltage can be produced at the load resistance, that is,
V., = Vge + Vor. Therefore

ury = Vo1 —Veoz upz =—Veor — Vea + Ve

Vb1 = —urs

ure = Voo —Vou  ups = Vo1 — Voo + Veu 2
Vpa = —ur4

101 =413 +ipa — i1 — % o3 =41 —1L3

102 =p3 +ip4 — L2 104 =1L2 —UL4-

3) Operating Mode 3 (0.5Ts < t < 0.5(1 4+ Dg)T;): In
this state, the equivalent circuit is same as that of operating
mode 1. Inductors (L;, Lo, L3, Ly) are charged by capaci-
tors (Cy, Cy, Cs, Cy), respectively. And they both have the
same voltage and current relationships of passive and active
components.

4) Operating Mode 4 (0.5(1 + Dg,)Ts < t < Ty): The
equivalent circuit of this operating state is shown in Fig. 2(c).
Switch Sy is turned OFF, while S5 is turned ON. Diodes D,,, Dy,
D3, and D, are forward biased, while D and D, are reverse
blocking. The inductors discharge and transfer the stored en-
ergy to capacitors. Therefore, inductor currents decrease from
their maximum value to the minimum value, respectively. And
the upper dc input source is shut down due to the open circuit.
The negative output voltage will be produced by the lower dc
power supply, which can be expressed as V, = —Vg. — Voo By
applying KVL, one can obtain

—Ves
Veu

101 =153 +ir4 —ir1

urz = —Vo1 — Voo + Ves
urs = —Ver — Voo + Veu

ur1 = Ve
urs = Voo —
103 =11 — 113

iog =113 +ipa — ir2+1, to4 =1ir2 — U4

3)

B. Derivation of Capacitor Voltages and Voltage Gain

According to the volt—second balance principle of inductors,
the steady-state average inductor voltage over one switching
period is zero. Thus, based on (1)—(3), the steady-state capacitor
voltages can be derived as

2Dy, (2 — D)
Vo = Voo = Ve
LT T Uy, 202,
2Dy, (3 — 2Dy;)
V 2 = V e V c- 4
C3 =T aD, 1207, d “4)

Therefore, the output voltage of the proposed HBI is

_V;),negative = Vi + VCl
1
_ Vie
~ 1-4Dy, +2D%,

Vz),postive =

= BVac )
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where B is the output voltage gain of the proposed inverter.
Then, the corresponding diode voltage stress and active switch-
ing voltage stress can be obtained as

2D:>h
Vp1 =V, Ve
PLE PR T T D, + 2D2,
2 (]- - Dsh)

Q = 4 = ¢ 6
Vb3 = Vpy 14D, +2D§th (6)
Voo =Vpy = ! Va

Da — VDb — 1_ 4D<h +2Dbh de
2
Vo1 = Vo = )

Vae.
1—4Dg, +2D2,

C. Harmonic Analysis of the Output Voltage

Considering the symmetrical output voltage waveform of the
proposed HBI, the corresponding Fourier series of the output
voltage can be expressed as

>

n=1,3,5

v, () = V,,sin (nwt). (8)

Due to the characteristic of half-wave symmetry of the
output voltage waveform, V,, in (8) can be calculated
by Vi, = [40, maxc0s (nmwDgp/2/)n /7], where vy max = BVae =
Vie/(1 =4D + 2D?). Then, the harmonic amplitude V;, can be
obtained as

4cos (0.5n7 Dy, )
V., = Vie. 9
nw(1—4D +2D?) % ©)
It can be found from (9) that the harmonic amplitude V,, canbe
controlled by the ST duty cycle Dg,. For example, the fourth and
fifth harmonic amplitude will be zero (V, = V5 = 0) when Dy,
equals 0.25 and 0.2, respectively. Therefore, the nth harmonic
will be eliminated by choosing Dy, = 1/n. Then, based on [19],
the total harmonic distortion (THD) for the proposed inverter
can be calculated by
V2B2V2 (1 - Dg,) 7 — 7TV12]
veas
~ /2(1 = Dg) 7% — 16c0s? (0.57 Dy, ) 10)
o 4cos (0.57Dgy,)

where V) is the amplitude of the fundamental harmonic, V; =
4BVjyecos (0.57 Dyp) /.

THD =

D. Passive Elements’ Design Guideline

In order to make the parameter design of inductance and ca-
pacitance values more appropriate, it is necessary to calculate
the inductor current ripple and capacitor voltage ripple in ad-

vance. Based on (2), (4), and the equation of uy = L(diy, /dt),
the inductor current ripples can be expressed as
|AZ | _ Dbh(l - sh) T‘/dc
M2 L (1= 4Dy, +2D2)
Db 1-— sh T V c
|Nips| = n (1= Da) TV (11)

Ly (1—4Dg, +2D2)
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Similarly, based on the Kirchhoff’s current law (KCL), (2),
and equation ic = C(duc /dt), the capacitor voltage ripples
can be obtained as follows:

(1 — Dsh) Ts‘

|Auct 2| = 50, ~ (213 — I11)
1- D51 T‘s
|[Aucs.a| = % (Ith —1Ip3). (12)

According to the ampere—second balance property of capac-
itors, the average capacitor current during a switching period is
zero. Thus, based on (1)—(3), the average inductor current can
be derived as

(]- - Dsh) V:ic
2(1 — 4Dy, +2D% )’ Ry,

sh
(1 - Dsh)Qv;lc

Ip34 = 7—- (13)
9(1— 4Dy, + 2D V°Ry,

sh

It =

Substituting the current and voltage expressions of Ai; =
xp %I and Auc = xc %V, where xp % and x¢ % is the per-
mitted fluctuation range of inductor current and capacitor volt-
age, into the (11) and (12). Then, the nominal value of induc-
tances and capacitances can be expressed as

2D, (1-Da) (1-4Dg +2D2 )Ry

Ly =1Ly = 2L %-fs 14
Ly =1, = 2D51x(1*4D5h+2D3h )R" "
3 =L, = xp %-(1=Dgy ) fs
_ (1-Dg)* (1-2D)T,
Cr=0Cy = 8D, (2—Dyy) (1—4Dww+2D2, o %Ry (15)
2
CB = C4 = Iy

8(3—2Dsn)(1-4Dgy +2D?

sh

)IL%RL :

In order to produce a symmetric output voltage waveform
for the proposed converter in the whole switching period, the
current flow through diode D, at the end of time interval 0.5(1 +
Dy,)Ts < t < Ty and the current flow through D, at the end
of 0.5D4 T, <t < 0.5T, should be greater than or equal to
zero. Then

ipa(t=Ts) = tr3 tir4 +1io >0

iDy(t=0.5Ts) = tL3 +ir4 — % = 0. (16)

Substituting (13) and the load current I, = BV /Ry into
(16), the critical inductance can be calculated as

(1-D)(1—-4D+2D*) R,
(2-D)fs '

Due to the symmetry of the impedance network, L, =
Lo = L3 = Ly is assumed in the proposed half-bridge con-
verter. Based on (17), the relationship between the normalized

critical inductance and the ST duty cycle Dy, is plotted and
shown in Fig. 3.

Ly =Ly >

a7

III. PERFORMANCE COMPARISON WITH OTHER
CONVENTIONAL HIGH-BOOSsT HBISIs

This section presents the performance comparison between
the proposed HBI and the other conventional high-boost HBIs
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Fig. 4.  Output voltage gain B comparison for these high-boost HBISIs.

[15]-[19]. The comparisons are mainly focused on the boost
abilities, power losses, inverters’ efficiency, volume size, and
voltage stresses of passive and active components.

A. Comparison of Boost Abilities

The expressions of the output voltage gains of these high-
boost HBIs are tabulated in Table I. The corresponding relation-
ship between the output voltage gain B and the ST duty ratio
Dy, is plotted and compared in Fig. 4. From this figure, it can be
seen that the proposed HBI has the strongest boost ability than
those of the other five topologies through the whole ST duty
ratio range.

B. Voltage Stresses Comparison of Passive and
Active Components

The voltage stresses of passive and active devices for these
six inverters have been tabulated in Table I and compared in
Fig. 5. From Fig. 5(a), although the capacitor voltage stresses
(Vs and Viy) of the proposed inverter is higher when B is
larger than 3, the capacitor voltage stresses of Voi (= Vig) is
same as the HB-ZSI [16] and HB-qSBI [18] and lower than the
HB-SBI [17], [19]. As shown in Fig. 5(b), although the diode
voltage stresses of V3 (= Vp4) is higher than those of the other
HBISs, the diode voltage stress of Vp1(= Vps) is much lower
than them. In addition, the diodes’ total peak switching device
power (SDP) [1] has been calculated and compared in Fig. 5(c).
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TABLE I
PERFORMANCE COMPARISON BETWEEN THE PROPOSED HBI AND THE OTHER CONVENTIONAL HBIS

HB-ZSI[16] | HB-SBI[17] | HB-qSBI[18] | HB-cSBI[19] HB-qZSI [15] | Proposed HBI
Output Voltage 1 1-D 1-D 1 1 1
Gain (B) 1-2D 1-3D 1-3 1-3D 1-2D 1-4D + 2D’
Inductor 2 2 2 1 4 4
Capacitor 2 2 2 2 4 4
Diode 2 4 4 4 2 6
Switch 2 4 4 4 2 2
. 2D(2-D)B
Capacitor 2DB B 2DB/(1-D) B DB Va=Ve)
Voltage Stresses
VelVao) Va=Ve) Vep=Ven) Vey=Ven) Vep=Ven) (Vep=Ven=Veyp=Ve)|  2D(3-2D)B
Ves=Vew)
B
. B B (Vpa=Vr)
D]Oéiters:\s/feliage B (Vp1=Vi2) (Vpp=Vpn) B B (Vleli )
SES _ V1 — _ p1=Vp2
VolV) (Vpa=Vp1) 2DBI(1-D) 2DB/(1-D) (Vo1=V2=Vpp=Vn) Vop=Vu) 2(1-D)B
Vop=Vpn) (Vp1=Vp2) (Vp3=Vpa)
Voltage Stress 2B 2B B
Vs =V, V1=V Vey=Vn
of switches (VzBV ) Z(D;‘/(ln[))) 2([);/(1321))) s v 2 ) ” 2 )
y s1=Vs2 - - 2B s1=Vs2 5=V
Vs/Vae) (Vs=Vsy) (Vp=Vs) (Vs1=Vs2)
R L e s T T T the amount of energy they stored in the converter, so the total
& | MBSBIITI yp_cspifio) S8 Sa HB-qZS1 [15] . . . 2 . s
: 214 e volume of inductors is proportional to [L X [1,~ X (inductors
S £\ Trropgreanint HBzSI16] number)] and the total volume of capacitors is proportional to
2 2 [C x Vc? x (capacitors’ number)]. Then, for the proposed
S0 HBZS 16 Proposed 11B1 | - 0. HBI, the total inductors’ volume and capacitors’ volume can be
e liel 208
3 404 expressed as
& HB-qZSI [15] 204 HB-SBI[17] HB-csBI[19] 'B-aSBILIE]
R e S o O3 S L
Output Voltage Gain, B Output Voltage Gain, B
2 . 2
(a) (b) I 4D(1 — D) Ry, +4DR;y, {(1 - D) BZVdC}
100 T T T T 2. T T T T T total — :
L0 s 5 HB-ZSI [16] HB-qZSI [15] xr % (1 — D) Bf, 2R,
280 g2
£ HB-gSBI [18] % 2D(1 — D)3B3 VdZC
E:g Proposed HBI HB-ZSI [16] gl HB-cSBI[19] Proposed HBI ~ HB-SBI[17] = fEL%f RL (18)
7] o S
§:g HB-cSBI [19] ‘—;1 ¥ 9 9 9 9
3 HB-qZSI [15] @ 2(1 — D) (1 — 2D) BV, 2(1 — D) BV, )
2 20| . Ct tal = Cy Cs
a 2 . otal —
10 E HB-aSBI[18] 8D (2—D)xzc%fsR 8(3—-2D)xzc%fsR
e e (2= D)zchf R ( Jze Rl R

2 . 34 5 67 8
Output Voltage Gain, B Output Voltage Gain, B

© (d)

Fig. 5. Voltage stress comparison between the proposed HBI and the other
conventional HBIs. (a) Capacitor voltage stress comparison. (b) Diode voltage
stress comparison. (c¢) Diodes’ total peak SDP comparison. (d) Active switching
voltage stress comparison.

It can be seen that the total diodes’ peak SDP of the proposed
HBI is only higher than the HB-qZSI [15] and the HB-ZSI [16]
but lower than that of the HB-SBI [17], HB-qSBI [18], and the
HB-cSBI [19]. As shown in Fig. 5(d), the total active MOSFETS’
voltage stresses of the proposed HBI is the same as that of the
HB-ZSI and HB-qZSI but lower than the HB-(q)SBIs due to
two less power switches used in the proposed topology.

C. Volume Size Comparison of Passive Components

Generally, the volume of a converter is determined by the size
of its passive components. Since the size and weight of inductors
and capacitors are directly proportional to their numbers and

_ (1-D)*(5-7D+2D*) BV}, (19)
B l‘c%stL .

Therefore, based on (18) and (19), by choosing the same
parameters of Vg =48V, f, = 10kHz, Ry, =50€) and the
permitted fluctuation range of the inductor current and capacitor
voltage x1 % = 40% and xc% = 1% for these six high-boost
HBIs, the relationship between the total inductors’/capacitors’
volume and the output voltage gain B has been plotted and
shown in Fig. 6.

From Fig. 6(a), it can be seen that the total inductors’ volume
of the proposed HBI is only higher than the HB-qZSI [15] and
the HB-ZSI [16] but lower than that of the HB-SBI [17], HB-
¢SBI [19], and HB-qSBI [18]. Meanwhile, it can be observed
from Fig. 6(b) the total capacitors’ volume of the proposed HBI
is only higher than the HB-qZSI [15] and HB-ZSI [16] but
much lower than those of the HB-cSBI [19], HB-qSBI [18], and
HB-SBI [17].
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Fig. 6. Volume size comparison. (a) Total inductors’ volume comparison.
(b) Total capacitors’ volume comparison.

D. Power Loss Analysis and Efficiency Comparison

In order to calculate the power losses of passive and active
components for these high boost HBIs. Inductors and capacitors
are represented by the ideal passive elements with their parasitic
resistances r, and ¢, respectively. MOSFETs are considered as
the ideal semiconductor switches in series with the equivalent
drain-to-source resistance rps. Diodes are represented by the
ideal diodes in series with the forward voltage drop Vp and the
parasitic resistance rp. Therefore, the inductor power loss of
the proposed inverter can be calculated by

P =21} rp +2I74r, =2(2-2D+ D?) I}rp. (20)

The capacitor power loss of the proposed inverter can be
expressed as

P.c = 21%14{1\157”0 + 21%34{1\157’0
= [4D —2D% + (1-D)(1- 2D)2} 1%17’0

BV

2
+(1-D)r¢ {(12D)IL1 - ] .Q@D

The total diode power loss of the proposed HBI can be cal-
culated by

PDfloss = PVF + PrD

- _ 2y, _ (1=D)BVa
=Vr [(6 8D +4D%) I, o }
+ [2 41— D)ﬂ 2
2
+(1-=D)rp [2(1 = D) I — BVdC} . (22)

The MOSFET power loss can be classified into switching power
loss during ON and OFF switching states and the ohmic conduc-
tion power loss. Then, the total MOSFET loss of the proposed
HBI can be derived as

BVi\?
Pyosrer=[1+2D (1 -D) @2 — D)QBQ} (RLdC> (1-=D)rps
+4(2 = D) BVae (ton + tot) 111 fs (23)

where %o, and tq are the turn-ON and turn-OFF delay times of

the power switches and f; is the switching frequency.
Similarly, the power losses of other conventional high-boost

HBIs can be calculated by using the same method. Based on
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TABLE II
PARAMETERS USED FOR POWER LOSS CALCULATION

Diode MOSFET ESR of inductors ESR of capacitors
RURG3060CC FCHO040N65S3 0.22Q 120mQ
(600V,30A, Virmax=1.3V) [ (650V,65A,rps=35.4mQ)| (core:KS300125A 142nH/N?) m
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Fig. 7. Power loss and efficiency comparison. (a) Inductor loss comparison.
(b) Capacitor loss comparison. (c) Diode loss comparison. (d) MOSFET loss com-
parison. (e) Loss distribution percentage of the proposed topology. (f) Efficiency
comparison for these six HBIs.
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Fig. 8. Nonideal voltage gain B’ versus the ST duty ratio Dyg.

(20)—(23), and the loss-related parameters in Table II. The power
loss comparison of passive and active components for these six
half-bridge inverters are shown in Fig. 7.

From Fig. 7(a), it can be found that the inductor power loss
of the proposed inverter is slightly higher than the HB-qZSI
[15] and HB-ZSI [16] but lower than that of the HB-cSBI [19],
HB-qSBI[18], and HB-SBI [17]. The capacitor power loss com-
parison is shown in Fig. 7(b). It can be seen from this figure that
the proposed HBI has the lowest capacitor loss than those of
the other five conventional topologies [15]-[19]. As shown in
Fig. 7(c), for obtaining the same output voltage gain B, the
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Simulation results of the proposed half-bridge inverter when V. = 48V, Dy, = 0.22. From top to bottom, (a) Inductor currents 77, and output voltage

V,, (b) Voltage stresses of switches S, So and diodes D, and D, (c) Diode voltage stress V1 ~ Vp 4, and capacitor voltage stress Vg ~ Vg
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Fig. 10.

Experimental results of the proposed half-bridge inverter when Vg, = 48V, Dy, = 0.22. From top to bottom, (a) Gate drive signals Gg; and G g2, (b)

output voltage V,,, (c) Inductor currents 77, and the output voltage V;,, (d) Capacitor voltages Vi1 ~ V4, (e) Active switching voltage stress of switches S, S2

and the output voltage V,,, (f) Diode voltage stress Vp,,Vpy and Vpi ~ Vpy.

proposed inverter has the highest diode power loss due to a little
bit more number of diodes used in the power circuit. The MOS-
FET power loss of the proposed HBI, which is shown in Fig. 7(d),
is higher than the HB-qZSI [15] and HB-ZSI [16] but lower than
that of the HB-SBI [17], HB-qSBI [18], and HB-cSBI [19].
Based on the earlier power loss analysis, the total power
loss in the proposed converter can be expressed as Pioglloss =
P + P.c + Pp_ioss + Pmoster- Then, the efficiency of the
proposed HBI can be calculated by
P

Pout -

- ]Dtotalfloss o -Ptotalfloss Ptotalfloss

= — =1
Rn Pout Pout
Pr Pr Pp_ 0SS Py
-1— L C D -1 MOSFET (24)
Pout Pout Pout Pout

where, in the ideal case, the input power is equal to the output
power P = Pou.

Therefore, based on (20)—(24), the relationship between effi-
ciency 7 and the output voltage gain B of the proposed inverter is
plotted and compared with other conventional HBIs in Fig. 7(f).
Although the inductor loss, the capacitor loss, and the MOSFET
loss of the proposed inverter are not very high, the diode power
loss is too much higher. And from the loss distribution percent-
age of the proposed HBI, as shown in Fig. 7(e), the power losses
are mainly contributed by diodes. As a result, the overall effi-
ciency of the proposed method, as shown in Fig. 7(f), is lower
than the HB-ZSI [16], HB-qZSI [15], and HB-cSBI [19] but

higher than that of the HB-SBI [17] and the HB-qSBI [18]. In
view of this, by selecting the high-performance diodes with low
forward voltage drop Vr and low conduction resistance rp in
the power circuit, the efficiency of the proposed inverter would
be further improved.

In addition, by taking the parasitic parameters into consider-
ation, the nonideal output voltage gain of the proposed HBI can

: ( )
Vd(‘, VdC
BR[

"R,—(1-D)B-P+(2-D)B-Q+M

B =

(25)

where P = 3(1 -
7D*)Brcl2, M =[(1-D)(1-2D)Br¢-2rc +2rpsl/2,
Q=0-D)r¢ +2DQ2-D)(1-D)Brps + (1-D)Brp/2
— (1= D)1 =5D + 3D?*)Brc/2. And B is the ideal output
voltage gain, B = 1/ (1 —=4D + 2D?).

From (25),itcanbe seenthatifr; = rc = rps = Vp = 0, B’
will become the ideal gain B. The relationship between the
nonideal gain B’ and the ST duty cycle Dy, is plotted in Fig. 8.
From this figure, it can be seen that the output voltage gain
will not be monotonically increasing when losses are taken into
consideration and will be reduced with increase in the parasitic
parameters.

D)re + D(1 -

D)Bry/2-(1-D)3-11D +
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IV. SIMULATION AND EXPERIMENTAL VERIFICATIONS
A. Simulation Results

To validate the features of the proposed half-bridge in-
verter, simulations based on MATLAB/Simulink software are
performed. And the simulation parameters are selected as
‘/(10:48\/, L1 :L2:L3:L4:1mH, 01202203:
Cy = 560 uF, the shoot-through duty ratio Dy, = 0.22, the
switching frequency f; = 10kHz, and the load resistance R; =
50€2. The simulation results are shown in Fig. 9. It can be
seen from Fig. 9(a) that the output voltage V, has three volt-
age levels—positive voltage 221 V, negative voltage —221 V,
and zero voltage 0 V. The capacitor voltages Vi1 (= Vo) and
Ves(= Vey) are pumped up to 173 and 249 V, respectively. In
addition, the active switching voltage stresses and diode voltage
stresses are presented in Fig. 9(b) and (c), respectively, which
has a good accordance with theoretical results.

B. Experimental Verifications

To verify the effectiveness of the aforementioned simulation
and theoretical analysis, a laboratory prototype of the proposed
HBI in Fig. 1 was built and tested. The experimental parameters
are same as that of the simulation part. Two FCHO40N65S3
power MOSFETSs are used for the active power switches, both
of them are driven by the 2BB0108T basic board with driver
2SCO108T. And all the diodes selected are of the RURG3060CC
type.

Fig. 10 shows the corresponding experimental results when
Vie =48V and Dy, = 0.22. The gate drive signals Gg; and
(g of these two MOSFETs are shown in Fig. 10(a). Fig. 10(b)
shows the output voltage of the proposed HBI, the positive and
negative output voltages are boosted from 48 V to 208 and
—208 V, which are slightly lower than the theoretical values. It
can be seen from Fig. 10(c) that the inductor currents increase
during ST state and decrease during non-ST state. As shown
in Fig. 10(d), the capacitor voltages Vi1 (= Vo) and Vo (=
Vo) are pumped up to 164 and 238 V, respectively, which
are less than the calculated values 173.4 and 249.4 V due to
the voltage reduction on passive/active elements. The active
switching voltage stress (Vpgs1, Vpgo) and the diode voltage
stresses are measured and presented in Fig. 10(e) and (f), which
also show a good agreement with the simulation results in Fig. 9.

V. CONCLUSION

In this letter, a new Z-source impedance network-based
half-bridge inverter is proposed, which can increase the output
voltage gain significantly by using a very small ST duty cycle.
Compared with other well-known existed HB-qZSIs/HB-qSBIs,
although the proposed topology has a little bit more number of
components, the total volume size of passive elements are no
higher than them. Moreover, the produced square-waveform
output voltage not only has positive and negative voltage levels
like traditional HB-ZSI but also has a zero voltage level, and
the nth harmonic of the output voltage can be eliminated by
choosing Dy, = 1/n, which makes it very suitable for the elec-
troplating and electrochemical power supply applications. Due
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to the high power loss of diodes, the efficiency of the proposed
HBI is limited to some extent and not very high, which can
be further improved by selecting high-performance diodes with
low forward voltage drop Vr and low parasitic resistance rp in
the power circuit. In addition, the operating principle, passive
elements’ design guideline, power loss analysis, and voltage
stresses comparison of passive/active components are also pre-
sented. Finally, both simulation and experimental results are
given to verify the features of the proposed topology.
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