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Abstract—The inverter used in the new energy power generation
system should have the ability to adapt a wide range of dc input
voltage. Based on the active buck–boost inverter, which consists of
a full bridge and boost ac/ac part, two modulation methods are
compared: constant boost ratio modulation and dual-mode modu-
lation. Along with the relationship of the input dc voltage and the
reference ac voltage, the converter completes buck or boost inver-
sion with different equivalent circuits and there are fewer switches
working at high frequency in dual-mode modulation, which is in
favor of the system with high efficiency. The current of the in-
ductor and the current stress of the switches are analyzed in this
paper. Experimental results are presented to verify that the pro-
posed topology can achieve the dual-mode operation with a wide
range of input voltage.

Index Terms—Buck–boost inverter, constant boost ratio modu-
lation, dual-mode modulation, wide input.

I. INTRODUCTION

W ITH the development of the new energy, more and more
attention is paid to inverters that can convert the dc

voltage into ac voltage. According to whether there is isolation,
the inverter can be divided into isolated and nonisolated type
[1]–[3].

The isolated type with a transformer has a bigger volume and
a higher cost, which is a disadvantage for the new energy power
generation system [4], [5]. Influenced by the light, temperature,
etc., the output voltage range of the PV cell is very wide [6], [7].
The output voltage of the single fuel cell is very low. If too many
cells are in series, the voltage sharing is difficult to realize. So
the inverters should have the ability to boost the input voltage
[8].

The nonisolated inverters also can be divided into single-stage
inverters and multistage inverters [9]–[11]. Boost cascaded in-
verters and buck–boost cascaded inverters are typical two-stage
inverters [12], [13]. The two-stage structure has many inductors
and capacitors, which are not suitable for integration. The dc
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Fig. 1. Topology of the proposed active buck–boost inverter.

bus needs a big electrolytic capacitor, which reduces the power
density, is aging easily, and has a short service life. On the other
hand, the cascaded structure which has poor stability and low
efficiency is unfavorable to the new energy power generation
system [14], [15]. The single-stage inverters, which have the
ability to boost the input voltage, may reduce the system vol-
ume and improve power density. 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 [16], [17]. But the drawbacks of high
Z-source capacitor voltage stress and huge inrush surge may in-
fluence the efficiency, and vast passive components will also go
against integration. Dual-boost inverter which has the advantage
such as simple structure was introduced in [18], and a half-cycle
modulation strategy was discussed. However, the efficiency of
a dual-boost inverter is still low. Wu et al. [19] present a family
of high-efficiency single-stage dc/ac inverter, only one power
stage works in high-frequency stage at any time, which can
reduce switching losses. Nonetheless, the passive components
still cannot be decreased.

As shown in Fig. 1, Tang et al. [20] proposed a novel active
buck–boost inverter. The converter is composed of a full bridge
and a boost ac/ac structure and two parts share an inductor and
a capacitor, which can boost the voltage, performs the volt-
age buck and boost conversion in a quasi-single-stage inverter,
and has the advantages of compact structure, improved power
density, and efficiency without utilization of a line-frequency
transformer and additional passive elements. The duty ratio of
the switches (T5 ∼ T8) is determined by the relationship be-
tween the input voltage and the peak value of the output voltage
reference to achieve a stable ac output. When the dc input volt-
age is stable, the duty ratio of the switches (T5 ∼ T8) is also
constant. In this paper, this modulation is called constant boost
ratio modulation. As the unipolar Sine wave pulse width mod-
ulation (SPWM) is applied to the full bridge, the full bridge
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Fig. 2. Equivalent circuit of the proposed active inverter.

works in the buck mode and the boost ac/ac part must achieve a
large boost ratio to maintain the output voltage when the input
voltage is low. So the inductor current and the switches current
stress are high. In addition, there are four switches working at
high frequency in this modulation mode. So the switching loss
is large and the efficiency of the inverter is low.

According to the relationship between the input voltage and
the reference of output voltage, the time-sharing dual-mode
modulation can help the inverter to work in different modes to
reduce the number of the switches which work in high frequency.
Thus, lower switching cost and higher efficiency can be obtained
[21], [22]. But this modulation method is applied in the boost
cascaded inverter which has the problems mentioned above. In
this paper, the dual-mode modulation is applied in the inverter
as shown in Fig. 1. Thus, the switching loss is reduced and the
efficiency of the inverter is improved.

This paper is organized as follows: Sections II and III give the
principle of constant boost ratio modulation and the dual-mode
modulation, respectively. Section IV analyzes the current stress
of inductor and power switches and gets a comparison between
the two modulations. Simulation and experimental results are
presented in Section V. Finally, Section VI concludes this paper.

II. PRINCIPLE OF CONSTANT BOOST RATIO MODULATION

From the point of view of voltage gain, the boost ac/ac part
can be treated as a “virtual transformer” whose boost ratio is
1/d2

′(d2
′ is the duty ratio of the switch T5 or T6 when they work

in high frequency)..The equivalent circuit is presented in Fig. 2.
The relationship between the dc input and the ac output voltage
of the converter is

Vop

vi
=

M

1 − d2
=

M

d′2
(1)

where vi is the input voltage, Vop is the peak value of the output
voltage vo , and M is the modulation ratio. d2 is the duty ratio of
the switch T7 or T8 when they work in high frequency. It is noted
that the active buck–boost inverter is a bidirectional converter,
the current can flow through the inductor bidirectionally in one
duty cycle, and the inverter will operates in CCM and never runs
into DCM.

When vi > Vop , the boost ac/ac part does not work, d′2 = 1.
When vi < Vop , the full bridge part works with full modulation
ratio (M = 1), and outputs the equivalent sine voltage whose

Fig. 3. Equivalent circuit under buck mode.

Fig. 4. Equivalent circuits under boost mode. (a) Positive period (vo > 0).
(b) Negative period (vo < 0).

peak value is vi (vAB = visin(ωt)) and the boost ac/ac part
works as a “virtual transformer” to boost the voltage

d′2 = 1 − d2 =

⎧
⎨

⎩

1, vi ≥ Vop

vi

Vop
, vi < Vop

. (2)

In this way, as the full bridge works under the unipolar SPWM
modulation, there are always two switches operating at high
frequency. For boost ac/ac part, if a pair of switches is always
ON, the other one pair is complementary ON at high frequency.
So there are four switches in total operating at high frequency
that are not conducive to improve the efficiency of the converter.

III. PRINCIPLE OF DUAL-MODE MODULATION

A. Buck Mode

When vi > vo , it will operate in buck mode in which T5 and
T6 will be always ON and T7 and T8 will be always OFF. The
equivalent circuit is shown in Fig. 3. Now, the whole circuit is
equivalent to a full-bridge inverter. The relationship between vi

and vo is

vo

vi
= M sin (ωt) (3)

where vo = Vop sin(ωt).
So the duty ratio of the switch T1 or T3 when they work in

high frequency is

Vop sin (ωt)
vi

= d1(t). (4)
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Fig. 5. Comparison of the modulation strategy. (a) Constant boost ratio. (b) Dual mode.

Fig. 6. Comparison of the duty ratio. (a) Duty ratio d1 . (b) Duty ratio d2 .

B. Boost Mode

When vi < vo , it will operate in boost mode in which the full
bridge operates at a constant output state. When the modulation
wave is higher than zero, T1 and T4 are always ON, and the
output of the full bridge is vi . Otherwise, T2 and T3 are always
ON, and the output is −vi . The boost ac/ac part works to boost
the output voltage of the full bridge with its switches, whose
duty ratio varies with the output voltage, operating in high fre-
quency. The equivalent circuits of the two states are shown in
Fig. 4.

In this mode, the duty ratio of the switch T5 or T6 is

d′2(t) =
vi

vo
=

vi

Vop sin (ωt)
. (5)

Fig. 7. Modulation waveforms. (a) vi > vo , (b) vi < vo .

So

d′2(t) = 1 − d2(t) =

⎧
⎨

⎩

1, vi ≥ vo

vi

vo
, vi < vo

. (6)
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Fig. 8. Inductor current ripple in constant boost ratio modulation.

Fig. 9. Waveforms of inductor current.

Fig. 10. Relationship between the rms value of the inductor current and the
load current.

Thus, if vi > Vop , the inverter will always work in buck mode.
If vi < Vop , the inverter will switch between buck mode and
boost mode depending on the instantaneous output reference
voltage.

Fig. 5 shows the comparison of the constant boost ratio mod-
ulation and the dual-mode modulation strategy. When vi < Vop ,
in constant boost ratio modulation, the boost ac/ac part always
works in high frequency and ensures a constant boost ratio of
the “virtual transformer,” the full bridge part also works in high
frequency and outputs an SPWM wave with full modulation
ratio (M = 1) as shown in Fig. 5(a); while in dual-mode modu-
lation, at any time, there is only one part works in high frequency
as shown in Fig. 5(b). Compared with the constant boost ratio
modulation, it can reduce switching loss. Fig. 6 shows the com-

TABLE I
INDUCTOR CURRENT RIPPLE UNDER TWO MODULATION MODE

Modulation
mode

vi < vo vo < vi < Vo p vi > Vo p

Constant
boost ratio
modulation

diL =
(vo − vi )vi Ts

LVo p

diL =
(vi − vo )vo Ts

LVo p

diL =
(vi − vo )vo Ts

Lvi

Dual-mode
modulation

diL =
(vo − vi )vi Ts

Lvo

diL =
(vi − vo )vo Ts

Lvi

diL =
(vi − vo )vo Ts

Lvi

Fig. 11. Inductor current ripple under dual-mode modulation.

Fig. 12. Inductor current ripple comparison.

parison of duty ratio d1 [see Fig. 6(a)] and d2 [see Fig. 6(b)] in
two modulation strategies when vi = 100 V and Vop = 155 V.
We can see that dual-mode modulation has larger d1 and smaller
d2 . The direct power transfer time of the buck converter and the
boost converter is d1Ts and (1 − d2)Ts , respectively; therefore,
dual-mode modulation has more direct power transfer time,
which can improve the system efficiency.

IV. COMPARISON OF TWO MODULATIONS

The operating modes of the switches are different due to
different modulation strategies. So the inductor current and the
current stress of the switches are not the same.

A. Inductor Current

Due to the different equivalent boost ratio, the inductor current
is also different.
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Fig. 13. Current rms value of switches. (a) T5 . (b) T7 .

Fig. 14. Simulation waveforms under buck mode (vi = 200 V).

1) Constant Boost Ratio Modulation: From the analysis
above, when vi > Vop , the current of the inductor is equal to
load current; whereas, when vi < Vop , the turns ratio of “the
virtual transformer” is d′2 , and the fundamental frequency com-
ponent (the current ripple of the inductor is neglected) of the
inductor current is equal to the current of the primary side of
the transformer. So the current of the inductor can be given as
follows:

iL =
io
d′2

=

⎧
⎪⎨

⎪⎩

io , vi ≥ Vop

io
vi/Vop

, vi < Vop
(7)

where io is the fundamental frequency component of the load
current.

The current ripple of the inductor is

ΔiL =
ULΔT

L
(8)

where uL = vAB − vCB .
When vi > Vop , the output of the full bridge uAB is vi and 0.

So the inductor voltage uL is vi − vo > 0 and−vo < 0, and each
action time is Ts × vo/vi and Ts × (1 − vo/vi), respectively. So

ΔiL =
(vi − vo)voTs

Lvi
. (9)

When vi < Vop , there are two cases as follows.

1) vi > vo : The modulation wave of the boost ac/ac part
(ud ) is higher than the full bridge’s (ur ) as shown in
Fig. 7(a). During time interval ta , vAB = vi and vCB =
vo , so uL = vi − vo > 0. During time interval tb − ta ,
vAB = 0, vCB = vo , so uL = −vo < 0. During time in-
terval Ts − tb , vAB = 0, vCB = 0, so uL = 0. So the in-
ductor current increases only in ta time period. As ta =
Ts × Msin(ωt) = Ts × sin(ωt) = Ts × vo/Vop , so

ΔiL =
(vi − vo)voTs

LVop
. (10)

2) vi < vo : The relationship of the modulation waves is
shown in Fig. 7(b). During time interval tb , vAB = vi

and vCB = vo , so uL = vi − vo < 0. During time interval
ta − tb , vAB = vi and vCB = 0, so uL = vi > 0. During
time interval Ts − ta , vAB = 0 and vCB = 0, so uL = 0.
Similarly, we can get

ΔiL =
(vo − vi)viTs

LVop
. (11)

Fig. 8 shows the relationship between the inductor current
ripple and the output voltage. We can see that the inductor
current ripple in buck mode is larger than in boost mode. The
ripple becomes larger as the input voltage becomes higher.

2) Dual-Mode Modulation: Due to different operation
modes, the equivalent circuits of the inverter are different, so
the inductor current ripple is also different.

When vi > vo , the boost ac/ac part does not work, the current
of the inductor is equal to load current. So

iL = io . (12)

When vi < vo , the boost ac/ac part work and can be treated
as a transformer whose turns ratio is vi/vo . So the current of
the inductor is equal to the current of the primary side of the
transformer

iL =
io

d′2(t)
=

io
vi/vo

. (13)

So

iL =
io

d′2(t)
=

⎧
⎪⎨

⎪⎩

io , vi ≥ vo

io
vi/vo

, vi < vo

. (14)
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Fig. 15. Simulation waveforms in dual-mode modulation (vi = 100 V). (a)
Input and output voltage and inductor current. (b) Driving signals. (c) Inductor
voltage.

Fig. 9 shows the relationship between the inductor current
and the load current in two modulation modes when the input
voltage is 100 V (the current ripple is neglected). We can see
that the inductor current in dual-mode modulation is lower than
in constant boost ratio modulation, which corresponds to the
comparison results of the formula (7) and (14).

The rms value of the inductor current is

IL =

√

1
2π

∫ 2π

0
i2Ldθ. (15)

So we can get the relationship between the rms value of in-
ductor current and the rms value of the load current (Io) in
different modulation as shown in Fig. 10. When the input volt-
age is lower than 155 V, the rms value of the inductor current
in dual-mode modulation is lower than in constant boost ratio
modulation. When the input voltage is higher than 155 V, they

Fig. 16. Experimental waveforms under buck mode when the input voltage is
200 V.

are equal to load current. Normally, we should put the minimum
input voltage in accordance with the maximum inductor current
into consideration when designing the inductor. So in dual-mode
modulation, thinner wires can be used. Thus, the volume of the
inductor can be reduced.

When the inverter works in buck mode (vi > vo ), the inductor
voltage is vi − vo and −vo and each action time is Ts × vo/vi

and Ts × (1 − vo/vi), respectively. So

ΔiL =
Ts(vi − vo)vo

Lvi
. (16)

When the inverter works in boost mode (vi < vo ), the inductor
voltage is vi and vi − vo and each action time is Ts(1 − vi/vo)
and Tsvi/vo , respectively. So

ΔiL =
Ts(vo − vi)vi

Lvo
. (17)

Fig. 11 shows the inductor current ripple under dual mode
modulation which is similar to Fig. 8. The Table. 1 displays a
comparison of the inductor current ripple equations in different
modulation modes.

As Table I shows when vi > Vop , the inductor has the same
ripple because the equivalent circuits are the same. When
vi < Vop , the ripple is larger in dual-mode modulation. Fig. 12
shows the comparison of the inductor current ripple in differ-
ent modulation modes when the input voltage is 100 V, which
corresponds to the theoretical analysis.

B. Current Stresses on Switches

The conduction time of each switch (T1 ∼ T4) in full bridge
part is half a line period. Once turned ON, the current of these
switches is the same as the inductor current. As the inductor
current in dual mode is lower, the current stress of these switches
is lower than in constant boost ratio modulation. Once turned
ON, the current of the switches (T5 − T8) is the same as the
inductor current. So in constant boost ratio modulation

IT 5 rms = IT 6 rms =

√
√
√
√ 1

π

∫ π

0

((
io
d′2

)2

× d′

)

dθ

=

√
1

πd′2

∫ π

0
i2odθ (18)
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Fig. 17. Comparison of input and output voltage and the output current in different modulations. (a) Constant boost ratio modulation. (b) Dual-mode modulation.

Fig. 18. Comparison of the driving signals in different modulations. (a) Constant boost ratio modulation. (b) Dual-mode modulation.

IT 7 rms = IT 8 rms

=

√
√
√
√ 1

π

∫ π

0

((
io
d′2

)2

× (1 − d′2)

)

dθ. (19)

In dual-mode modulation, we can get

IT 5 rms = IT 6 rms =

√
√
√
√ 1

π

∫ π

0

((
io

d′2(θ)

)2

× d′2(θ)

)

dθ

=

√
1
π

∫ π

0

i2o
d′2(θ)

dθ (20)

IT 7 rms = IT 8 rms

=

√
√
√
√ 1

π

∫ π−β

β

((
io

d′2(θ)

)2

× (1 − d′2(θ))

)

dθ (21)

where β = sin−1(vi/Vop).
Fig. 13 shows the comparison of the current stress of the

switches T5 and T7 in two different modulations. When the
input voltage is lower than 155 V, compared with constant boost
ratio modulation, the current stress of the switches (T5 − T8) is
lower in dual-mode modulation.

V. SIMULATION AND EXPERIMENTAL RESULTS

A. Simulation Results

The input voltage vi : 100 − 200 V . The output voltage vo is
110 V/50 Hz ac. The output load is pure resistive. The switching
frequency fs = 20 kHz, L = 1 mH, and C = 20 μF.

Fig. 14 shows the output voltage and the inductor current
waveforms under the condition vi = 200 V. When the input
voltage is high, the inductor has small current but large current
ripple. In Fig. 15, the input voltage is 100 V. The results show that
the inverter can achieve smooth switching between two modes
in dual-mode modulation, which corresponds to the theoretical
analysis.

B. Experimental Results

To verify the theoretical analysis of the proposed converter,
a 500-W prototype circuit is built in the laboratory. The system
parameters in the experiment are the same as in Section V-A.

Fig. 16 shows the waveforms of the buck mode when
vi = 200 V. The driving signal of the switch T5 is always ON,
which shows that the boost ac/ac part does not work. Figs. 17–
20 show the comparisons of the experimental waveforms in
constant boost ratio modulation and the dual-mode modulation
when the input voltage is 100 V. Fig. 17 illustrates the input
and output voltage and inductor current in two modulations.
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Fig. 19. Voltage and current of the inductor in constant boost ratio modulation. (a) Voltage and current of the inductor. (b) vi > vo . (c) vi < vo .

Fig. 20. Voltage and current of the inductor in dual-mode modulation. (a) Voltage and current of the inductor. (b) Buck mode (vi > vo ). (c) Boost mode
(vi < vo ).

Fig. 21. Efficiency comparison of two modulation strategies.

The inductor current in dual-mode modulation is lower than
in constant boost ratio modulation. Fig. 18 shows the driving
signals of the switches in two modulations. We can see that in
dual-mode modulation, the time when the switches operate in
high frequency is less than in constant boost ratio modulation.
Figs. 19 and 20 show that the inductor current is lower but the
ripple is larger in dual-mode modulation. Fig. 21 indicates the
efficiency comparison of two modulation strategies, and the pro-
totype picture is shown in Fig. 22. Obviously, when vi < Vop ,
the efficiency of the inverter in dual-mode modulation is higher

Fig. 22. Prototype picture.

than in constant boost ratio modulation and the efficiency curve
rise with the input voltage; when vi > Vop , the inverter is equiv-
alent to the conventional full-bridge inverter in two modulation
strategies. So they have the same efficiency, and the efficiency
curve drops when the input voltage becomes larger.
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VI. CONCLUSION

This paper has studied a novel inverter, which is suitable for
PV, achieving inversion and boosting with a wide range of input.
It can help in reducing the system volume and improving the
power density when the boost ac/ac structure takes the place of
the conventional transformer. Two different modulation strate-
gies can be applied to the inverter: constant boost ratio modula-
tion and the dual-mode modulation. Two modulation methods
are analyzed, respectively, and the comparison on the induc-
tor current and the current stress of the switches is made. The
result is that the dual-mode modulation can help in improving
the system efficiency and reducing the inductor current and the
current stress of the switches. Finally, a 100–200-V dc input,
110-V ac output, and 500-W rated power prototype is fabricated
and tested experimentally. The results show that the inverter can
operate in dual-mode modulation.
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