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Improved Dual Boost Inverter With Half
Cycle Modulation

Yu Tang, Member, IEEE, Yang Bai, Jiarong Kan, Member, IEEE, and Fei Xu

Abstract—The output voltage of a traditional full-bridge inverter
is lower than the input dc voltage. In applications when the input
voltage is low, the front-end step-up converter is usually required,
presenting a two-stage power conversion. Dual boost inverter (DBI)
can realize single-stage conversion, which has the advantages of a
simple structure, less power devices, and buck–boost ability. The
traditional modulation strategy of DBI makes all power switches
operate in high frequency and sustain high voltage/current stress,
which leads to heavy conduction and switching loss. This paper
proposed a modulation strategy, namely, half cycle modulation
(HCM), which makes power switches work in high frequency just
in half cycle, and can greatly reduce the conduction and switching
loss of the power devices. Furthermore, to reduce the current cir-
culation loss in DBI, an improved DBI with two clamping switches
is proposed based on HCM, which can bypass the inductor current
with low stress switches; therefore, the loss caused by circulation
current can be greatly reduced. A detailed analysis and compari-
son between the traditional and HCM strategies are given in this
paper. Finally, a 500 VA DBI prototype is designed in the lab. The
advantages of the proposed HCM strategy and improved DBI with
two clamping switches are verified by experimental results.

Index Terms—Dual boost inverter (DBI), half cycle modulation
(HCM), voltage/current stress.

I. INTRODUCTION

A FULL-BRIDGE inverter is the mostly used topology to
realized dc–ac power conversion. It can be seen as a buck

inverter, and the output ac voltage is always lower than the input
dc voltage. In applications when the input voltage is low, an ad-
ditional front-end dc–dc converter is required to realize voltage
step-up conversion [1], [2]. The two-stage structure is complex
in system structure and controller design, and the efficiency is
influenced by two stages.

Although a line frequency transformer can be utilized to step
up the input voltage, it will be voluminous. In order to mini-
mize the power components, many single-stage inverters were
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proposed [3]–[9], which is beneficial to the improvement of
power density and efficiency due to its simple structure and less
power device. A Z-source inverter, which can be viewed as a
quasi-single-stage inverter, takes the advantage of the passive
network to boost voltage and allows shoot-through situation
in bridge legs [10], [11]. But the drawbacks of high Z-source
capacitor voltage stress and huge inrush surge may influence
the efficiency, and vast passive components will also go against
integration. Paper [12] has proposed a novel active buck–boost
inverter, which can boost the voltage and perform buck and boost
conversion in a quasi-single-stage inverter. But this single-stage
inverter has too many power switches.

Paper [3] proposed the dual boost inverter (DBI) based on
two symmetrical bidirectional boost dc–dc converters. The DBI
consists of two boost converters whose outputs are out-of-phase
sinusoidal voltages with the same dc bias. The output voltage of
DBI can be higher than the dc input voltage [13]–[15] based on
the step-up characteristic of a boost converter. To mitigate the
low-frequency ripple current, a waveform control was presented
in [16]. A dynamic linearizing modulator-based boost inverter
was proposed to improve its power bandwidth in [17]. Tradi-
tional modulation method makes each group of the bidirectional
boost dc/dc converters produce the sinusoidal ac voltage with
same dc bias [18]–[21]. However, all power switches of the
converter operate in high frequency under this modulation and
the power switches sustain high voltage/current stress, which
leads to a heavy conduction and switching loss. Meanwhile, a
circulation current will flow through the inductors, The output
current will flow through the inductor, and the loss of inductor
will decrease the whole efficiency.

This paper proposes the half cycle modulation (HCM) strat-
egy, which makes two boost groups operate by turns and each
group outputs a “half-steamed bread-wave” voltage with a dc
bias. The output side can get a pure sinusoidal ac voltage output
by differing the two outputs. HCM can reduce the number of
power switches working in high frequency and reduce the stress
of the switches and inductors. The switching and conduction
loss of switches can be greatly reduced, and the core loss and
the copper loss of inductors can be reduced. Furthermore, to re-
duce the current circulation loss in DBI, an improved DBI with
two clamping switches is proposed based on HCM. The im-
proved topology can achieve higher efficiency with low-stress
clamping switches operating in half cycle and line frequency.

This paper is organized as follows: circuit analysis of DBI
under HCM is shown in Section II; the detailed comparison
of the traditional and HCM schemes is given in Section III; in

See http://www.ieee.org/publications standards/publications/rights/index.html for more information.
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Fig. 1. Traditional modulation strategy and key waveforms. (a) Main circuit
and (b) key waveforms.

Section IV, the improved DBI with two clamping switches is
taken into analysis; experimental results are presented to verify
the improved methods in Section V; and finally, conclusions are
given in Section VI.

II. TRADITIONAL AND PROPOSED MODULATION STRATEGIES

Fig. 1(a) shows the main circuit of DBI, and Fig. 1(b) shows
the key waveforms under traditional modulation strategy. The
output of a boost converter is a sinusoidal ac voltage with the
same dc bias.

The operational principle of the DBI converter under tra-
ditional modulation strategy is given as follows. Four power
switches are all working in high frequency, as shown in
Fig. 1(b). Let us define vo1 and vo2 as the voltages of
C1 and C2 , respectively; Vdc the offset voltage; Vin the in-
put dc voltage; Vm the magnitude of the output ac voltage;
and d1 and d2 as the duty cycles of Q1 and Q2 , respectively.
Through the appropriate control logic, vo1 , vo2 can be obtained
as follows:

vo1(t) = Vdc +
1
2
· Vm · sin(ωt) (1)

vo2(t) = Vdc +
1
2
· Vm · sin(ωt − π) (2)

vo(t) = vo1(t) − vo2(t) =
Vin

1 − d1(t)
− Vin

1 − d2(t)
(3)

Fig. 2. HCM strategy and key waveforms.

Fig. 3. Control strategy under HCM.

where Vdc ≥ Vin + Vm

2 .
From (1) – (3)

d1(t) =
Vm

2 + Vm

2 · sin(ωt)
Vin + Vm

2 + Vm

2 · sin(ωt)
(4)

d2(t) =
Vm

2 − Vm

2 · sin(ωt)
Vin + Vm

2 − Vm

2 · sin(ωt)
. (5)

From (1) – (5)

vo(t) = vo1(t) − vo2(t) = Vm · sin(ωt). (6)

The waveforms of vo1 , vo2 , and vo are shown in Fig. 1(b);
the voltages vo1 , vo2 are sinusoidal with a dc bias. The output
voltage vo is sinusoidal by differing the vo1 , vo2 . The output
voltage vo is sinusoidal wave by differing.

The proposed HCM strategy is shown in Fig. 2. In the positive
half cycle of the output voltage, switches Q1 , Q3 worked in high
frequency, complementary to each other; Q2 is turned off; Q4 is
turned on; the output voltage of capacitance C1 can be obtained
as (7); and the voltage of C2 is Vin . In the negative period of
the output voltage, switches Q2 , Q4 worked in high frequency,
complementary to each other; Q1 is turned off; Q3 is turned on;
the output voltage of capacitance C2 can be obtained as (8); and
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Fig. 4. Equivalent circuits of switching modes. (a) [t0 , t1 ], (b) [t1 , t2 ] or [t3 , t4 ], (c) [t2 , t3 ], (d) [t6 , t7 ], (e) [t7 , t8 ] or [t9 , t10 ], and (f) [t8 , t9 ].

the voltage of C1 is Vin{
vo1(t) = Vm · sin(ωt) + Vin

vo2(t) = Vin
(7)

{
vo1(t) = Vin

vo2(t) = Vm · sin(ωt − π) + Vin
(8)

vo(t) = vo1(t) − vo2(t) =
Vin

1 − d(t)
− Vin . (9)

From (7) – (9)

d(t) =
Vm · sin(ωt)

Vin + Vm · sin(ωt)
(10)

where d(t) is the duty cycle of Q1 , Q2 . The output voltage can
be achieved by finding the difference between vo1 and vo2

vo(t) = vo1(t) − vo2(t) =
Vin

1 − d(t)
− Vin

= Vm · sin(ωt). (11)

In a switching cycle, the converter under HCM has four
switching modes. Fig. 3 shows the control strategy of HCM,
and Fig. 4 shows the equivalent circuits of the switching modes
in the switching cycle. Before the following analysis, the fol-
lowing are some assumptions: 1) all the switches and diodes
are ideal; 2) all the capacitors and inductors are ideal; and 3)
C1 = C2 , L1 = L2 .

In the period that the output voltage is positive:
1) Mode 1 [t0 , t1 ]: At t0 , Q1 , Q4 are turned on, the input

voltage is applied on L1 , and the input current charges L1 .
Load current io flows through Q4 (D4) to Vin , which is
supplied by C1 , as shown in Fig. 4(a).

2) Mode 2 [t1 , t2 ]: The period is dead time. At t1 , Q1 ,
Q2 , and Q3 are turned off, Q4 is turned on, and the cur-
rent iL1 flows through D3 or D1 (according to the current

direction), as shown in Fig. 4(b). Load current io flows
through Q4 (D4) to Vin .

3) Mode 3 [t2 , t3 ]: At t2 , Q3 is turned on and iL1 flows
through Q3(D3). Load current io flows through Q4(D4)
to Vin . The current-flow path is shown in Fig. 4(c).

4) Mode 4 [t3 , t4 ]: The period is also dead time, and the
operating mode is the same as that of mode 2.
In the period that the output voltage is negative:

5) Mode 5 [t6 , t7 ]: At t6 , Q2 , Q3 are turned on, the input
voltage is applied on L2 , and the input current charges
L2 . Load current io flows through Q3(D3) to Vin , which
is supplied by C2 , as shown in Fig. 4(d).

6) Mode 6 [t7 , t8 ]: The period is dead time. At t7 , Q1 , Q2 ,
and Q4 are turned off, Q3 is turned on, and the current iL2
flows through D4 or D2(according to the current direc-
tion), as shown in Fig. 4(e). Load current io flows through
Q3 (D3) to Vin .

7) Mode 7 [t8 , t9 ]: At t8 , Q4 is turned on and iL2 flows
through Q4(D4). Load current io flows through Q3(D3)
to Vin . The current-flow path is shown in Fig. 4(f).

8) Mode 8 [t9 , t10 ]: The period is also dead time, and the
operating mode is the same as that of mode 6.

III. COMPARISION OF TWO MODULATIONS

According to the analysis above, we can know that under
HCM, a sinusoidal output voltage can be generated by differ-
ing the voltages of C1 and C2 , as done in case of traditional
modulation. The detailed comparison between two modulation
strategies is given in the following. The traditional method is
called T-M here to simplify. Switches tubes are not entirely
working in high frequency under HCM. In the period that the
output voltage is positive, Q4 has no switching loss and Q2
has neither switching loss nor conduction loss compared with
T-M. In the period that the output voltage is negative, Q3 has no
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Fig. 5. Voltage stress of switches.

switching loss and Q1 has neither switching loss nor conduction
loss compared with T-M. In addition, the voltage/current stress
of the component under HCM is also lower. Due to the symmetry
of the circuit, we will make a comparison of the voltage/current
stress and the inductor current ripple between two modulation
strategies. The parameters of the inverter prototype are given
as follows: 1) Vin = 80 V dc and Vo = 110 V ac, and 2) L1 =
L2 = 500 μH and C1 = C2 = 20 μF.

We define vQ1 , vQ3 as the voltage stress sustained by Q1 , Q3
under HCM and vQ1

′, vQ3
′ are the voltage stress sustained by

Q1 , Q3 under T-M. In the period that the output voltage is
positive, the expressions of vQ1 , vQ3 , vQ1

′, vQ3
′ are shown

as (12). In the period that the output voltage is negative, the
expressions of vQ1 , vQ3 , vQ1

′, vQ3
′ are shown as (13). Fig. 5

shows the voltage stress of Q1 , Q3 during the period⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

vQ1 = Vin + Vm · sin(ωt)

vQ3 = Vin+Vm · sin(ωt)

vQ1
′ = Vin +

Vm

2
+

Vm

2
· sin(ωt)

vQ3
′ = Vin +

Vm

2
+

Vm

2
· sin(ωt)

(12)

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

vQ1 = Vin

vQ3 = 0

vQ1
′ = Vin +

Vm

2
+

Vm

2
· sin(ωt)

vQ3
′ = Vin +

Vm

2
+

Vm

2
· sin(ωt)

. (13)

Fig. 5 indicates that in the period that the output voltage is
positive, the voltage stress of Q1 , Q3 under HCM is obviously
lower than T-M, except the time that the output voltage getting
its maximum. In the period that the output voltage is negative,
the voltage stress of Q3 is zero and Q1 is equal to Vin , which is
also lower than T-M.

Fig. 6 shows the root-mean-square (rms) current of Q1 , Q3 .
We define IQ1 rms , IQ3 rms as the current stress of Q1 , Q3 under
H-M, IQ1 rms

′, IQ3 rms
′ is the current stress of Q1 , Q3 under

T-M. The expression of IQ1 rms , IQ3 rms , IQ1 rms
′, IQ3 rms

′ is

Fig. 6. Current stress of switches.

Fig. 7. Current stress of inductor.

given by⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

IQ1 rms
′ =

√√√√√√√√√
1
2π

[∫ π

0

(
io

1 − d1(t)

)2

d1(t)dθ

+
∫ 2π

π

(
io

1 − d2(t)

)2

d2(t)dθ

]

IQ3 rms
′ =

√√√√√√√√√
1
2π

[∫ π

0

(
io

1 − d1(t)

)2

(1 − d1(t))dθ

+
∫ 2π

π

(
io

1 − d2(t)

)2

(1 − d2(t))

]
dθ

IQ1 rms =

√
1
2π

∫ π

0

(
io

1 − d(t)

)2

d(t)dθ

IQ3 rms =

√
1
2π

∫ 2π

π

[
io

2

1 − d(t)
+ io

2
]

dθ

(14)

As shown in Fig. 6, the rms current of IQ1 rms , IQ3 rms is
lower than that of IQ1 rms

′, IQ3 rms
′ under different input volt-

ages. Besides, IQ1 rms is higher than IQ3 rms when the input
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Fig. 8. Fundamental current of inductor.

voltage is low and IQ1 rms is lower than IQ3 rms with the in-
crease in the input voltage. The relation of IQ1 rms

′ and IQ3 rms
′ is

similar to IQ1 rms and IQ3 rms , with the change in input voltage.
In order to compare the inductor current stress, we neglect

the current ripple in the analysis. Fundamental current of in-
ductor is defined as iL1(t) under HCM; iL1(t)′ belongs to T-
M. Fig. 7 shows the expressions of iL1(t) and iL1(t)′. In the
period that the output voltage is positive, the expressions of
iL1(t) and iL1(t)′ are given in (15). In the period that the output
voltage is negative, the expression of iL1(t), iL1(t)′ is shown as
(16). Fig. 8 shows the rms current of inductor. We define IL1 rms
as the current stress of inductor under HCM, and IL1 rms

′ is
the current stress of inductor under T-M. The expressions of
IL1 rms and IL1 rms

′ are given in (17) and (18)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

iL1(t) =
io(t)

1 − d(t)
= io(t)

+
Vm sin(ωt)

Vin
io(t)

iL1(t)′ =
io(t)

1 − d1(t)
= io(t)

+
Vm + Vm sin(ωt)

2Vin
io(t)

(15)

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

iL1(t) = io(t)

iL1(t)′ =
io(t)

1 − d2(t)
= io(t)

+
Vm − Vm sin(ωt)

2Vin
io(t)

(16)

IL1 rms =

√
1
2π

(∫ π

0
i2L1(t)dt +

∫ 2π

π

i2L1(t)dt

)
(17)

IL1 rms
′ =

√
1
2π

(∫ π

0
i
′2
L1(t)dt +

∫ 2π

π

i
′2
L1(t)dt

)
. (18)

Fig. 7 illustrates that iL1(t) is lower than iL1(t)′, which means
the core loss and the copper loss of the inductor under H-M is
lower than that under T-M, as shown in Fig. 8.

Fig. 9. HCM strategy with clamping switches. (a) Improved main circuit and
(b) key waveforms.

Fig. 10. Control logic under HCM with clamping switches.

According to the aforementioned analysis, some significant
results can be concluded. As shown in Fig. 5, voltage stress of
Q1 , Q3 under HCM is obvious lower than that of T-M during
the period. The condition is the same for Q2 , Q4 considering
the symmetrical operation of the two groups. Fig. 6 illustrates
that the current stress of Q1 , Q3 under HCM is also lower than
that of T-M under different input voltage. Fig. 7 indicates that
fundamental current and rms current of inductance under HCM
is also lower than that of T-M. That means the switching loss
and conduction loss of switches, and the copper loss of inductors
under HCM is always lower than that of T-M, which can greatly
improve the system overall efficiency.
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Fig. 11. Equivalent circuits with clamping switches of the switching modes. (a) [t0 , t1 ], (b) [t1 , t2 ] or [t3 , t4 ], (c) [t2 , t3 ], (d) [t6 , t7 ], (e) [t7 , t8 ] or [t9 , t10 ],
and (f) [t8 , t9 ].

IV. IMPROVED DBI WITH TWO CLAMPING SWITCHES

Whether traditional modulation method or HCM strategy is
utilized, current circulation of the converter still exists, which
means the core loss and the copper loss of inductors L1 , L2 will
exist all the time. In half line cycle, only one inductor is needed
to play a booster role under HCM strategy; the other output
side can be clamping to Vin by using a clamping switch. The
clamping switches operate in line frequency, and the voltage
stress is much lower. For low-voltage-stress applications, low-
cost MOSFET can be utilized, which means the conduction loss
is lower than IGBT in the same condition; therefore, low-cost
MOSFETs can be applied. The topology is shown in Fig. 9(a).
Fig. 9(b) shows the modulation strategy and the key waveforms.

The switching mode of the converter with clamping switches
is similar to HCM. In the period that the output voltage is posi-
tive, Q4 is turned off, voltage of C2 is clamped to Vin by clamp-
ing switch Q6 , and the load current io flows through Q6 to Vin ,
which is supplied by C1 . In the period that the output voltage is
negative, Q3 is turned off, voltage of C1 is clamped to Vin by
clamping switch Q5 , and the load current io flows through Q5
to Vin , which is supplied by C2 . Fig. 10 shows the control logic
under HCM with clamping switches. Fig. 11 shows the detail
modes of the improved converter with clamping switches.

The converter with clamping switch mode is the same as the
mode under HCM. The voltage/current stress is the same as
HCM, except clamping switches. The current stress of clamp-
ing switch is io , and the voltage stress of clamping switch is
(Vo − Vin), which is lower than both of T-M and HCM. The
clamping switches obviously have a further lower voltage stress,
leading to a lower conduction loss. Moreover, clamping switches

TABLE I
COMPARSION OF LOSS

P Loss Low-Frequency IGBT/MOSFET Inductor

300 W DBI 4.64 W 0.95 W
Improved DBI 0.11 W 0

500 W DBI 7.65 W 2.13 W
Improved DBI 0.3 W 0

TABLE II
PARAMETERS OF THE PROTOTYPE

Parameter Symbol Value

Input voltage V in 80 V
Output voltage VO 110 V
Rated capacity PO 500 VA
Fundamental Frequency fO 50 Hz
Switching frequency fsw 20 kHz
Inductance L1 , L2 500 μH
Capacitance C1 , C2 20 μF

reduce the inductor core loss and copper loss generated by cir-
culation current.

Because the operating states of high-frequency switches are
the same, the conduction loss of the line frequency conduction
path in the improved DBI and DBI with HCM is shown in
Table I. The loss calculation only include: 1) in the positive
cycle, the conduction loss of Q4 and the copper loss of L2 of
DBI and the conduction loss of Q6 of improved DBI; 2) in
the negative cycle, the conduction loss of Q3 and the copper
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Fig. 12. Key waveforms of the traditional modulation. (a) Driver waveforms, (b) voltage stress of switches waveforms, (c) output and input voltage key
waveforms, and (d) current waveforms of inductor.

loss of L1 of DBI and the conduction loss of Q5 of improved
DBI. Table I shows that when the output power is 300 W, the
efficiency increases by 1.83% and that when the output power
reaches the full load, the efficiency increases by 1.9%.

V. EXPERIMENTAL RESULTS

A 500 VA prototype was constructed to verify the HCM
strategy and the effectiveness of the improved topology with
clamping switches. The main switches were implemented us-
ing IGBT (IKW75T60) and clamping switches using MOS-
FET (IRFP4768PbF). The controller was implemented by DSP
(TMS320F2812). The detail parameters are shown in Table II.

Fig. 12 shows the experimental results of the traditional mod-
ulation strategy. As shown in Fig. 12(a), all switches are working
in high frequency, which will generate large switching loss.
Fig. 12(b) illustrates that all the switches sustained voltage
stress, as expressed in (12) and (13).

Fig. 13 shows the experimental results of the HCM strategy.
Fig. 13(a) illustrates that only half of the switches are working
in high frequency during the period under HCM strategy, which
can greatly reduce the switching loss. Fig. 13(b) shows that the
voltage stress of switches is lower compared with Fig. 12(b),
the same as the expression (12), (13).

Fig. 14 shows the experimental results of the HCM strategy
with clamping switches. Fig. 14(a) shows that Q1 and Q3 are
working in high frequency, Q2 and Q4 are turned off, and Q6 is
turned on, which will reduce the core loss and the copper loss of
inductance because of the current circulation in the period that
the output voltage is positive. Q2 and Q4 are working in high
frequency, Q1 , Q3 are turned off, and Q5 is turned on in the
period that the output voltage is negative. Fig. 14(b) shows that
the voltage stress of Q1 , Q3 is the same; as shown in Fig. 13(b),
the clamping switches sustain a further lower voltage stress,
which can reduce the conduction loss further.

The difference between Figs. 12(c) and 13(c) indicate
vC 1 , vC 2 is verified as expressed (1-2), (7-8). Figs. 12(d) and
13(d) illustrate that the fundamental current and the ripple cur-
rent of the inductor under HCM are obviously lower than tra-
ditional modulation. Fig. 14(c) illustrates that iO flows through
Q6 rather than inductor; as we can see, inductor L2 has no cur-
rent in the period that the output voltage is negative, which will
further reduce the inductor current.

Fig. 15 shows the efficiency of DBI prototype with three
methods at different output power. Fig. 15 shows that the HCM
strategy applied in DBI can raise the efficiency because of
lower voltage/current stress and that less switches worked in
high frequency. In addition, the efficiency of HCM with clamp-
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Fig. 13. Key waveforms of the HCM. (a) Driver waveforms, (b) voltage stress of switches waveforms, (c) output and input voltage key waveforms, and
(d) current waveforms of inductor.

Fig. 14. Key waveforms of the HCM with clamping switches. (a) Driver waveforms, (b) voltage stress of switches waveforms, and (c) output and input voltage
key waveforms.
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Fig. 15. Measured efficiency of DBI with three methods.

Fig. 16. Main circuit prototype of DBI.

ing switches was measured to be further higher, thanks to the
clamping MOSFETs with low conduction loss. Fig. 16 shows
the main circuit prototype of DBI.

VI. CONCLUSION

This paper proposed an improved DBI under HCM with
clamping switches. According to the analysis and experimental
results, the HCM strategy with clamping switches of DBI keeps
the advantage of buck–boost ability. Furthermore, it brings the
following advantages over the original one:

1) Only half of the switches are working in high frequency
under HCM compared with T-M, which obviously reduces
the switching loss of the DBI.

2) The voltage/current stress of the switches is lower with
HCM than T-M, which will further reduce the switching
loss and conduction loss of the power switches.

3) The inductor current is lower with HCM, which also re-
duces the magnetic loss.

4) Clamping switches is helpful to lower the current circula-
tion loss of inductor and IGBT. With low-stress MOSFET,
it can also reduce the conduction loss of circulation cur-
rent. The efficiency of DBI can be improved with HCM
because high-frequency switches is less than traditional
modulation, also the inductor current stress is lower; in

addition, the improved DBI can further improve the effi-
ciency because of the low conduction loss by introducing
low stress switches. The theoretical analysis and experi-
ment results have been given to verify the analysis.
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