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Single-Phase Inverter With Energy Buffer
and DC-DC Conversion Circuits
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Abstract—This paper proposes a new single-phase inverter
topology and describes the control method for the proposed in-
verter. The inverter consists of an energy buffer circuit, a de—dc
conversion circuit and an H-bridge circuit. The energy buffer cir-
cuit and H-bridge circuit enable the proposed inverter to output a
multilevel voltage according to the proposed pulse width modula-
tion (PWM) technique. The dc—dc conversion circuit can charge the
buffer capacitor continuously because the dc—dc conversion con-
trol cooperates with the PWM. Simulation results confirm that the
proposed inverter can reduce the voltage harmonics in the output
and the dc—dc conversion current in comparison to a conventional
inverter consisting of a de—dc conversion circuit and H-bridge cir-
cuit. Experiments demonstrate that the proposed inverter can out-
put currents of low total harmonic distortion and have higher ef-
ficiency than the conventional inverter. In addition, it is confirmed
that these features of the proposed inverter contribute to the sup-
pression of the circuit volume in spite of the increase in the number
of devices in the circuit.

Index Terms—DC-DC conversion, energy buffer circuit, pulse
width modulation (PWM), single-phase inverter.

1. INTRODUCTION

INGLE-PHASE inverters are commonly used in many
S power applications. In recent years, single-phase inverters
have been used as components of microgrid systems. In these
systems, single-phase inverters are used as interfaces for renew-
able energy sources, such as fuel cells and photovoltaic energy,
or for energy storage devices, such as batteries and ultracapaci-
tors with the grid [1]-[7].

Various types of single-phase transformerless inverters,
which have the advantages of a small size and light weight
[8], have been studied [9]-[12]. Among these, H-bridge invert-
ers have a relatively simple structure. The H-bridge inverters,
however, suffer from common-mode voltage unlike inverters
such as H5 inverter, HERIC inverter, and H6 inverters. In appli-
cations using batteries and ultracapacitors with output ratings of
less than several hundreds of watts, the H-bridge inverter may be
able to perform without the influence of the common-mode volt-
age. On the other hand, in applications with photovoltaic cells,
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the common-mode voltage causes a leakage current through par-
asitic capacitors between the photovoltaic cells and the ground.
The leakage current degrades the performance and reliability of
the inverter. However, this disadvantage can be mitigated with
passive filters [13]-[15] and therefore the H-bridge inverter can
be used in wide applications.

An inverter consisting of an H-bridge circuit involving a dc—
dc conversion circuit can expand the voltage amplitude of the
output. Therefore, this type of inverter is commonly used in
applications for renewable energy sources and energy storage
devices with voltages that are lower than the voltage amplitudes
of the grid. The typical topologies for the dc—dc conversion are
boost, and buck boost converters in addition to many other types
of converters derived from these chopper topologies, including
chopper inductors [16]-[18].

Inverters with an energy buffer circuit have been previously
reported in [19]-[22]. An energy buffer circuit consists of
switches and buffer capacitors and behaves like a charge pump
circuit. Because the energy buffer circuit does not include any
inductors, it can be designed with a compact form. The op-
eration of the circuit allows the inverter to step up its dc-link
voltage with the help of the voltage across the buffer capacitors.
Furthermore, it allows the inverter to yield a multilevel output
voltage. It is well known that in multilevel inverters, the output
voltage can reduce the ripple in the output current, resulting in
a lower output filter inductance [23]-[32]. Although the multi-
level inverters have more output voltage vectors than the inverter
with an energy buffer circuit, they generally cannot expand the
voltage amplitude of the output.

However, inverters with only an energy buffer circuit have
difficulty regulating the voltage of the buffer capacitor because
the capacitor can be charged only when the inverter outputs a
low voltage [20], [21]. Therefore, inverters containing both an
energy buffer circuit and a dc—dc conversion circuit have been
proposed [33], [34]. The variation in the energy of the buffer ca-
pacitor can be compensated for by the dc—dc conversion circuit.
The multilevel energy buffer (MEB) inverter, which consists of
the same circuit combination, has been proposed as part of the
MEB microinverter in [33] and has been reported to have high
efficiency and to allow a small filter inductance.

This paper proposes a new single-phase inverter topology
with an energy buffer circuit, a dc—dc conversion circuit, and an
H-bridge circuit. It has different configuration from the MEB
inverter in [33], in particular, in terms of connection of the
dc—dc conversion circuit. The most important thing is that the
difference brings the following strong advantages over the MEB

See http://www.ieee.org/publications_standards/publications/rights/index.html tor more intormation.
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Fig. 1. Configuration of the proposed inverter.

inverter to the proposed inverter: Although the dc—dc conver-
sion circuit in the MEB inverter cannot charge or discharge the
buffer capacitor during the step-up operation because of the cir-
cuit configuration, the dc—dc conversion circuit in the proposed
inverter can continuously charge or discharge it regardless of
the operation mode. For this reason, the voltage variation of the
buffer capacitor of the proposed inverter can be suppressed (re-
fer to Appendix A) or the capacitance of the proposed inverter
can be a smaller value. Furthermore, in general, the continuous
charge operation is more effective than the intermittent charge
operation; therefore, the proposed inverter can be operated with
more effective performance than the MEB inverter.

For the proposed inverter, a pulse width modulation (PWM)
technique for dc—ac and ac—dc conversions and a control tech-
nique for the dc—dc conversion circuit are described in this pa-
per. The energy buffer circuit and H-bridge circuit are operated
according to the PWM technique and yield multilevel outputs
following the voltage command signal. Control of the dc—dc
conversion circuit enables the circuit to charge the buffer ca-
pacitor continuously by cooperating with the PWM. Simulation
results confirm that the proposed inverter can reduce the volt-
age harmonics in the output and the dc—dc conversion current
in comparison to a conventional inverter consisting of a dc—dc
conversion circuit and an H-bridge circuit. Experiments demon-
strate that the proposed inverter outputs a current with low total
harmonic distortion (THD) and have higher efficiency than the
conventional inverter. Furthermore, it is confirmed that these
features contribute to the suppression of the circuit volume in
spite of an increase in the number of devices.

II. CIrRcUIT CONFIGURATION AND CONTROL METHOD
A. Circuit Configuration

Fig. 1 shows the configuration of the proposed inverter, which
consists of an energy buffer circuit, a de—dc conversion circuit,
and an H-bridge circuit. The inverter is connected to the grid
vy through filter inductors Ly and Lyy. The energy buffer
circuit has four switches, four diodes, and a buffer capacitor C},.
The capacitor C}, has a positive voltage v,. The energy buffer
circuit positively or negatively superimposes v;, on the supply
voltage v, and sets the dc-link voltage v4. to one of three levels
depending on the state of the signals of switches Sy; — Spy,
as given in Table I. When the energy buffer circuit operates in
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TABLE I
MODES OF OPERATION OF ENERGY BUFFER CIRCUIT

switching signals
ON: s, and spy
OFF: s, and sp3
ON: sp3 and Sp4
OFF: s,; and sp>
or
ON: sp; and sy,
OFF: sp; and sp4
ON:: s, and sp3
OFF: s,; and sp4

Vdc

Mode 1 | vi—w,

Mode 2 Vg

Mode 3 | vi+wy

dead time
generators

DL
=D

Sb13

S

ESG|s
b24 n Sha
[>o Sha
Fig. 2. Block diagrams of output voltage control for dc—ac and ac—dc
conversions.
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52

S4
4

Mode 1, it steps down the dc-link voltage v4. to vs — vp. In
Mode 2, the dc-link voltage v, is equal to v,. The stepped-
up voltage v + v, is provided when the energy buffer circuit
operates in Mode 3. Although, in Modes 1 and 3, the energy
in the buffer capacitor is changed by the dc-link current 4.,
the dc—dc conversion circuit consisting of two switches, two
diodes, and the chopper inductor L, is operated to maintain
v, at a constant level. The H-bridge circuit performs dc—ac or
ac—dc conversion, cooperating with the energy buffer circuit.

B. Control for DC-AC and AC-DC Conversions

Fig. 2 shows control block diagrams capable of both dc—ac
and ac—dc conversions. The output voltage command signal v,
is generated by a proportional and integral (PI) controller so that
the output current 7, follows the output current command signal
io¢, Which is synchronized with the grid voltage v, . Based on the
absolute value |v,.| of the output voltage command signal, the
signals sjo and s; are generated in accordance with the PWM
technique. The durations ¢1 and ¢; of the ON-state of signals s
and sy, respectively, are calculated using the following equations
defined for three ranges of |v,.|:

Range I: 0 < |vpc| < w5 — vy

|U00|

tig = T, (la)
Vs — Uy
ty = 0. (1b)
Range II: v, — v < [voc| < v,
tip = T, (2a)
g = Vol = (s —w) (2b)

Vb



MATSUMOTO et al.: SINGLE-PHASE INVERTER WITH ENERGY BUFFER AND DC-DC CONVERSION CIRCUITS

-T2 -112/2 0 t12/2 T2
on
S12
Sb off
(@)
-T2 -tp/2 0 /2 T2
on
S12
[0}
Sb off
(b)

Fig.3. Signal sequences during PWM period when |v,. | is in (a) Range I and
(b) Range II or III.

TABLE II
TRUTH TABLE FOR ESG

Input Output
Mode of energy buffer circuit
So | Svs | Scb | Sb13 | Sv24
0|0 0 1 0
Mode 1
0|0 1 1 0
011 0 0 1
0 1 1 0 1 Mode 3
110 0 0 0
110 1 1 1 Mode 2
1 1 0 0 0
1 1 1 1 1
Range III: v, < |voc| < vs + vy
tip =T, (3a)
Vs +vp) — |U
= o) = el (3b)

Up

where T is the PWM period. The signals are generated based on
these durations, as shown in Fig. 3. The state of s, is given by
comparing |v,.| with v,. Based on s;, and s, the energy buffer
circuit signal generator (ESG), being a logic circuit, selects the
appropriate mode for the energy buffer circuit, regardless of sy,
and assigns corresponding states to Sp13 and Spa4, as given in
Table II. When s, is in the ON-state, the energy buffer circuit
operates in Mode 2, regardless of s,4. In contrast, when s, is
in the OFE-state, if s,¢ is in the ON-state, Mode 3 is selected
by ESG; otherwise, Mode 1 is selected. As shown in Table I,
operation in Mode 2 can be implemented under two sets of signal
conditions, which are determined based on the state of s.;, as
follows: When s, is in the ON-state, s,13 and sp94 are also in
the ON-state; otherwise, s;13 and sp24 are in the OFF-state.
Using this control technique, the energy buffer circuit can
generate the dc-link voltage waveform conceptually shown in
Fig. 4(a). While |v,.| is in Range II or III, the dc-link voltage
vq. has a PWM waveform with levels of v, — vy, vs, and vy +
vp. Conversely, while |v,.| is in Range I, vg. is maintained at
vs — vp. The variation of the dc level is converted to a voltage
variation of the ac level by the H-bridge circuit and is formed
into an approximately sinusoidal wave following v, as shown
in Fig. 4(b). The H-bridge circuit is operated based on s and
s12. The signal sy, which expresses the sign of v, is referenced
to assign a polarity to the voltage with the dc level. The signal
s19 is employed to convert the voltage of v, — vy, to a portion of
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Fig. 4. Conceptual waveforms for (a) dc-link voltage v4. and (b) output
voltage v, .

an approximately sinusoidal wave with three levels, i.e., vy — vy,
—v, + vy, and zero.

The MEB inverter in [33] employs a different PWM technique
from this technique. The PWM technique of the MEB inverter
uses the zero voltage as one of the voltage pulses, regardless
of the range of |v,.|; therefore, the voltage harmonics in the
output of the MEB inverter are larger than those of the proposed
inverter (refer to Appendix B).

C. Control for DC-DC Conversion Circuit

The operation of the energy buffer circuit in Modes 1 and
3 changes the capacitor voltage v;, which is controlled at a
constant level by the dc—dc conversion circuit. Fig. 5 shows
the modes of operation for the conversion circuit. The states
of signals s.; and s.o for switches S.; and S.o in the circuit
are complementary to each other. When s.; is in the ON-state,
current through L., the path of which is depicted in Fig. 5(a),
charges or discharges C,. When s, is in the ON-state, there are
two possible current paths, depending on the states of s,; and
sp3 for the energy buffer circuit. When s;; is in the ON-state,
the current flows as shown in Fig. 5(b). As a result of switching
S.1 and S,.o, the conversion circuit behaves either like a buck
converter when C, is charged or like a boost converter when C,
is discharged. Alternatively, when s;3 is in the ON-state, the cur-
rent path is illustrated in Fig. 5(c) and the conversion circuit acts
like a buck-boost converter. The former behavior of the conver-
sion circuit can more effectively regulate v;, because the current
continues flowing through C}, during a complete PWM period.

Fig. 6 shows the control block diagram for the dc—dc con-
version circuit. The current command signal 7., is calculated
to maintain v at the command value vy, ; then, the current i,
through the inductor L, is controlled by each PI control block
to follow ¢... The resulting voltage command signal v, is used
to generate the signals s.; and s., in the PWM block.

Fig. 7 shows the sequences for s.; and s.o during a PWM
period. The duration ¢. of the ON-state of s.o is determined as
follows. First, the duration ¢}, is calculated as

oy =~ Ty @

Up + Vest
where v is the value of v. during the time from —¢; /2 to ¢, /2
in the cycle time of the PWM period. In Fig. 7, ves1 1S v5 — vy
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Fig. 5.  Modes of operation of dc—dc conversion circuit: (a) ON-state of s.1;
(b) ON-states of s.2 and ;1 ; and (c) ON-states of s.o and sp3.
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Fig. 6.  Control block diagram for dc—dc conversion circuit.
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Fig. 7.  Signal sequences for dc—dc conversion circuit during PWM period.
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Fig. 8. Simulated waveforms of output voltages of (a) conventional inverter
withvg. = 160V and (b) proposed inverter withvgs = 90V andv, = 70 V.
Effective value V;,. of the output voltage command signal is set at 100 V.

because sy is in the ON-state during this time. Then, comparing
t.1, with t;, yields the duration ¢, as follows.
If ¢}, is less than ¢,

tc = tcb (5)
otherwise

(vcc + ’Ub) T — (chl + Ub) tb

te =1p +
‘ Vp + Ves2

(6)

where v.go is the value of v.s during the time from —77/2 to
—t;/2 and from ¢, /2 to T'/2 and depends on the states of s;;
and sp3 as well as vy.1. The states of the signals are determined
based on the operational mode of the energy buffer circuit, i.e.,
whether the circuit is operated in Mode 1 or 3. Conversely, for
operation in Mode 2, these signals can take any state. Therefore,
in this mode, the signal state appropriate for the operation of
the dc—dc conversion circuit can be selected. Generally, s;; is
required to be in the ON-state because this state leads to effective
operation of the dc—dc conversion circuit. However, in this state,
the conversion circuit cannot obtain the input voltage v.s with
a level higher than v, — v,. Therefore, if the voltage command
signal v.. is higher than v; — v;, S31 is in the OFF-state. In
the diagram shown in Fig. 6, s}, is generated by comparing
Vee With vg — vy, This signal expresses the state of s;; for the
energy buffer circuit in Mode 2 and is used in the ESG shown
in Fig. 2.

III. SIMULATIONS
A. Output Voltage and Its Harmonics

Fig. 8 compares the simulated waveforms of the output volt-
ages on the conventional inverter shown in Fig. 9 with those
for the proposed inverter. The results confirm that the proposed
inverter produces a multilevel output voltage. Fig. 10 shows the
harmonics in the output voltage. The maximum values of the
harmonic voltage appear at 40 kHz, which corresponds with
a PWM frequency. The conventional inverter has a maximum
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Fig. 10. Harmonics in output voltages of (a) conventional inverter with
v4e = 160V and proposed inverter with (b) vs = 90V and v, = 70V,
(c)vs = 110V andv, = 50V, and (d)vs = 130V and v, = 30V, under
Vo(: = 100 V.

voltage of 48 V, which is 2.2 times higher than the maximum of
harmonic voltage produced by the proposed inverter under the
conditions vy, = 90V and v, = 70 V. Therefore, the proposed
inverter can reduce the inductance of the filter inductors L4
and Ly, at the same PWM frequency.

B. Charged Energy and Conversion Current

Fig. 11 shows the power P, inputted into the buffer capacitor
C), during the operation of the energy buffer circuit and the
resulting energy U, stored in Cj, during one cycle of the grid
in the dc—ac conversion. The power P, and energy U, vary
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Fig. 11. Inputted powers and stored energies of C;, during one grid cycle.
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Fig. 12. Dependence of energy variation AU, on voltage v, with V;, =

100V, I, = 5A, Lyy = Lyp = 1.5mH, and grid voltage frequency
of 60 Hz.

depending on the command voltage v,. as follows. P, is a
positive value and Uj, increases when |v,.| is in Ranges I and IT;
then, Uy, peaks at ap, where |v,¢| is equal to vs. In contrast, P,
is a negative value and U, decreases in Range III; U, reaches
a valley at m — «s. In the ac—dc conversion, the power P, and
the energy U, vary in the opposite manner: for example, U,
increases in Range III and, otherwise, decreases.

The energy variation AU, over one cycle of the grid in the
dc—ac conversion is calculated as follows. It is assumed that
the voltage command signal v, and the output current 7, vary
sinusoidally and are expressed as

Voo = V2Viesin (wt) @)
io = V2I,sin (wt — 6) ®)
where
Voo = Lo + L)LY + V2, ©)
6= tan! (w(Lfl s Lf?ﬂ") . (10)
Vy
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Fig. 13.  Dependence of dc—dc conversion current I. on voltage v, with
Vy = 100V,I, = 5A,Lsy = Ly = 1.5mH, and grid voltage frequency
of 60 Hz.

Fig. 14.

Test circuit.

The variables V;, and I, are the effective values of the grid
voltage and output current, respectively, and w is the angular
frequency of the grid voltage. The energy variation is calculated
in three ranges of the electrical angle wt as follows:

For 0 < wt < ay

200 Voclo [ . .
L) / sin (wt) sin (wt — 0) dwt.
0

an

AUyo,a,) =

w (vs — vy
Forog <wt<rm—0o

1 [

oy
AUb[ul.ﬂ'fal] = ﬂIOSiH (wt — 0)

X {US — V2V, .sin (wt)} dwt. (12)

Form—o; <wt<mw

20y Vo1 T . .
AUpr—a, 7] = w(iii—vb) /ﬂm sin (wt) sin (wt — 0) dwt.
(13)
The angle «; represents the electrical angle at |v,.| = vs —
v, and is expressed as
1 [ Us — Uy
a1 = sin . 14
1 ( V2V ) (1
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TABLE III
EXPERIMENTAL CONDITIONS

Grid voltage, V, 100 V
Grid

Frequency 60 Hz

Filter inductance, Ly and Lp 1.5mH
Circuit constants | Inductance L. in dc-dc conversion circuit | 2.5 mH

Capacitance, Cp, and Cyc 1.0 mF

voltage
Vg 0

current
lc

0

voltage |
Vb
0

voltage |
Vo

current
io

0

voltage
Vg 0

current
lc

0

voltage |
Vde

voltage |
Vo

current
lo

0

time[ms]

(b)

Fig. 15.  Waveforms for (a) proposed inverter and (b) conventional inverter
during dc—ac conversion under conditions of P, . 500 W,vs = 90V, vy
70V and dc-link command voltage vqc. = 160V (the scales for vy, vy, v4c,
and v, are 80 V/div., and those for i, and i, are 4.0 A /div.).

Based on these equations, the energy variation AU, over one
cycle of the grid is given by

{

2Io 2041”5‘/;)6

AU, = — 7V, + V20 c080 } cosf. (15)

Vs — Uy
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Fig. 16. Waveforms of (a) proposed inverter and (b) conventional inverter
during ac—dc conversion under conditions of Py, = 500 W, vs = 90V,
vhe = 70V, and vq.. = 160V (the scales for vy, vy, vq. and v, are
80V /div., and those for i, and i, are 4.0 A /div.).

Fig. 12 shows the dependence of the energy variation AU,
on the dc supply voltage vy during the dc—ac conversion. The
capacitor voltage v, is set to 160 — vs. It is found that the
variation becomes zero only at vs = 117 V. Therefore, when
the voltage v, is not 117 V, to compensate for energy variation
and then maintain v, at a constant value, the dc—dc conversion
circuit must be operated.

The dc—dc conversion current 7. is controlled at a constant
value during one cycle of the grid. The power P, transferred
into C}, from the dc—dc conversion circuit varies as shown in
Fig. 11. The power varies depending on the state of the signals
sp1 and sp3. The power remains at a low level while |v,.| is in
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Fig. 17.  Dependence of THD of output current on filter inductances in dc—ac
conversion under conditions of P,. = 300 W, vy = 90V, v, = 70V and
Vdee = 160V.
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Comparison between detailed losses of the proposed and conventional inverters during dc—ac conversion of (a) P, = 300 W, (b) P, = 400 W, and

(¢) P, = 500 W under conditions of vy, = 90V, v, = 70V, and vg.. = 160V.

TABLE IV
VOLTAGE APPLIED TO DEVICES IN THE PROPOSED INVERTER
applied voltage
S-S, Vst
Sb1—Ses Vo
Sc1 and Sez Vst
Gy Vo

Range III because s;3 is often in the ON-state in this range. On
the other hand, the power reaches a high level in Ranges I and II
because s;; is always in the ON-state. It is noted that, in Fig. 11,
the signal s;; is assumed to be in the ON-state when the energy
buffer circuit is operated in Mode 2. In contrast, if s;3 is in the
ON-state in Mode 2, the power P. would move toward a lower
level in Ranges II and III. The energy U, is an integration result
of P. and represents the energy transferred into C;, from the
dc—dc conversion circuit. When the energy variation AU, over
one cycle of the grid corresponds with AUj, the voltage v, can
be periodically kept at a constant value.

Fig. 13 shows the dc—dc conversion current I, necessary to
keep vy, at a constant value. The shaded area between the two
curves is the possible range of I.. One curve represents the
results when s;; is in the ON-state and the other shows when
Sp3 1s in the ON-state. It is confirmed that the current I, is zero
at v;, = 117 V. At voltages below 117 V, the positive current
charges Cj. In contrast, over 117 V, the current is negative, and
the energy in Cj is transferred to the dc voltage source v by the
circuit. The dotted curve in Fig. 13 represents the conversion
current . of the conventional inverter. The figure demonstrates
that the current for the proposed inverter is smaller than that of
the conventional inverter. This result implies that the inductor
L. in the proposed inverter can be downsized in comparison to
that in the conventional inverter.

TABLE V
VOLTAGE APPLIED TO DEVICES IN THE CONVENTIONAL INVERTER
applied voltage
S-S, Vde
S.1 and S¢, Vde
Cas Vde

IV. EXPERIMENTS

Fig. 14 shows a test circuit of the proposed inverter. This test
circuit can be changed to the conventional inverter by changing
the connections. Therefore, comparison between the proposed
and conventional inverters can be carried out because they use
identical devices except for the capacitors as Cy. for the con-
ventional inverter and C; for the proposed inverter. Table III
shows the experimental conditions. Figs. 15 and 16 show the
waveforms during dc—ac and ac—dc conversions, respectively,
for converted powers P,. and Py, of 500 W. In terms of the
proposed inverter, the conversion current ¢. can be successfully
controlled at a constant value and the voltage v, can be main-
tained at a command value of 70 V. As a result, the proposed
inveter can perform multilevel outputs in both dc—ac and ac—dc
conversions. The output current i, can be formed into a sinu-
soidal wave that is in phase with the grid voltage v, . The current
1, of the proposed inverter achieves a smaller THD than that of
the conventional inverter. Fig. 17 shows the dependence of the
THD of i, on the filter inductances Ly and L 5. The proposed
inverter requires a filter inductance of 1.0 mH to obtain a THD
of 5.0%. The conventional inverter, however, requires a filter
inductance of 3.0 mH. Thus, the proposed inverter can reduce
the filter inductance.

Fig. 18 shows the efficiency of each inverter under various
voltage conditions. The proposed inverter has a higher efficiency
than the conventional inverter. Fig. 19 shows the power losses
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TABLE VI
ESTIMATED VOLUME
conventional inverter proposed inverter
volume per volume in volume per volume in
unit [mm’] | ™0 | gubtotalfmm®] | unit[mm?] | ™5 | subtotal [mm]
buffer circuit 0 0 1300 4 5200
switches dc-dc converter 3100 2 6200 1900 2 3800
H-bridge circuit 3100 4 12400 1300 4 5200
buffer circuit 0 0 800 4 3200
heat sinks dc-dc converter 1700 2 3400 1700 2 3400
H-bridge circuit 1700 4 6800 1700 4 6800
capacitor 5500 1 5500 3800 1 3800
total volume 34300 31400

Py, PLc, and Py in the energy buffer, dc—dc conversion, and
H-bridge circuits. The losses P, and Py of the proposed
inverter are smaller than those of the conventional inveter. The
loss P, is comparatively small. Fig. 20 shows the comparison
between the detailed losses of the proposed and conventional
inverters. Although the proposed inverter has larger conduction
losses in the switches and diodes in total, the swithcing losses
and the losses in the inductors are much smaller than those of
the conventional inverter. Based on these results, the superiority
of the efficiency of the proposed inverter is considered to occur
because of the following factors:

1) The reduction of the current ¢, through the chopper in-
ductor L., which generates an energy loss because of the
inner resistance of L.

The lower voltage applied to the switches and therefore
the decreased switching loss. Therefore, the losses in the
dc—dc conversion and the H-bridge circuits are reduced,
and in particular, the loss of the H-bridge circuit is reduced
to 18% in comparison to the conventional inverter.

The smaller ripple in the output current, which leads to
a reduction in the iron loss in the filter inductors Ly
and Lj».

2)

3)

V. VOLUME CONSIDERATION

Tables IV and V give the voltages applied to the devices in the
proposed and conventional inverters (refer to Appendix C). Con-
sidering that the voltages of v, + v, and vg. nearly correspond
with the amplitude of the grid, the switches in the H-bridge and
the dc—dc conversion circuits in the proposed inverter require
the same voltage rating as the switches in the conventional in-
verter. On the other hand, the applied voltage to the switches
Sp1 — Spa in the energy buffer circuit is low. Therefore, switches
Sp1 — Spy can be exchanged with switches with smaller volume.
In the test circuit, MOSFET FMW30N60S 1HF of Fuji Electric
Co., Ltd., which has a voltage rating of 600 V, is used as the
switch. For example, using the switch MOSFET FQP22N30 of
Fairchild Semiconductor International, Inc, which has a voltage
rating of 300 V, provides a 50% smaller volume. Furthermore,
the heat sink attached to the switches in the proposed inverter
can also be downsized in comparison to that for the conventional
inverter, according to the measured loss shown in Fig. 19. If the
required volume of the heat sink is, for simplicity, in proportion
to the loss dissipated in the respective switches under an inverter

output of 500 W, the volume of the heat sinks used in the energy
buffer, dc—dc conversion, and H-bridge circuits in the proposed
inverter can be reduced to 40%, 60%, and 40%, respectively.
In addition, the capacitor C; satisfies a smaller voltage rating
than Cy.. Therefore, the capacitor C, can have a smaller vol-
ume than Cy. as shown in the test circuit. Although these in
the test circuit have the same capacitance, the volume of Cj
is 30% smaller than that of Cy.. Table VI gives the estimated
volume of these devices. The proposed inverter has a slightly
smaller volume than the conventional inverter. Although this
superiority may be canceled by the volume of the drive circuit
for the switches, this consideration confirms that the volume
increase caused by an increase in the number of the devices can
be suppressed significantly.

VI. CONCLUSION

This paper proposed a new single-phase inverter topology
with an energy buffer circuit and a dc—dc conversion circuit,
and described the control method for this proposed topology.
The proposed inverter can output a multilevel voltage, which
results in a decrease in the PWM harmonics in the output cur-
rent. The proposed inverter can perform both dc—ac and ac—dc
conversions with higher efficiency than a conventional inverter.
The switches, the heat sinks attached to the switches and the
capacitor used in the proposed inverter can all be downsized,
because of the small applied voltage, and low loss dissipated
in these devices. Furthermore, as a result of its multilevel out-
put, the proposed inverter has a reduced filter inductance at the
same THD. In addition, because of the reduction of the dc—dc
conversion current, the chopper inductor can also be downsized.
Consequently, the volume increase caused by the increase in the
number of devices can be suppressed significantly. The proposed
inverter is confirmed to be useful in practical applications.

APPENDIX A

Fig. A1l shows the simulated waveforms of the proposed in-
verter and the MEB inverter in [33]. The voltage v;, across the
buffer capacitor of the MEB inverter pulsates with an amplitude
level of 23 V, which is over double the amplitude level of the
proposed inverter. In addition, the current . through the induc-
tor in the de—dc conversion circuit of the MEB inverter has triple
the magnitude of that of the proposed inverter. This degrades
the efficiency of the MEB inverter.
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Fig. Al. Simulated waveforms of (a) the proposed inverter and (b) MEB
inverter with a buffer capacitance of 1 mF during dc—ac conversion under
conditions of P, = 500 W, vy = 90V, and v, = 70V (the scales for v,
vy, and v, are 80V /div., and those for i, and i, are 4.0 A /div.).

APPENDIX B

Fig. A2 shows the output voltage waveform and harmonics
in the output voltage of the MEB inverter in [33] under the
condition of vy, = 90V and v, = 70V. The comparison with
Fig. 10(b) confirms that the MEB inverter has higher harmonics
than the proposed inverter.

APPENDIX C

Fig. A3 shows the simulated voltages and currents of the
switches and antiparallel diodes in the proposed inverter under
the same simulation as Fig. Al. The subscript of the variables,
v and i denotes the switches; for example, vy;,; denotes volt-
age across switch Sy;. The current with a positive value flows
through the switch and the current with a negative value flows
through the antiparallel diode.
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Fig. A2.  Output voltage waveform and harmonics in the output voltage of the
MERB inverter under the conditions of vs = 90V and v, = 70V.
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Fig. A3. Simulated voltages and currents of the switches and the antiparallel
diodes in the proposed inverter under the simulation of Fig. Al(a) (the scales
for the voltages are 40 V /div., and those for the currents are 8.0 A /div.).
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