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ABSTRACT

This paper proposes a new configuration of the switched-capacitor multilevel inverter
(SCMI). The proposed switched-capacitor nine-level inverter configuration uses the
capacitors to raise the output voltage level and boost output voltage. Based on switching the
capacitors in series and in parallel through the semiconducting switches, the capacitors can
be balance without using auxiliary circuit. The proposed topology does not use more power
supplies, moreover the proposed inverter of components are used less than the traditional
inverter configuration, thereby reducing the cost and size of the system. To verify the circuit
operation, PSIM simulation is performed for 9-level configuration. The experimental results
are also shown with 9-level inverter configuration.

Keywords: Multilevel inverter; switched-capacitor; pulse-width modulation (PWM); voltage
source inverter (VSI); nine-level.
TOM TAT

Bai bdo nay dé xudt mgt cau hinh cia bg nghich luu da bac chuyén tu di¢n. Cau hinh
dwoc dwa ra trong bai bao si dung cac tu dién de tang $6 bédc dién dp ngé ra va ndng dién &p
ngd ra cia mach. Dya trén viéc chuyén doi mac néi tiép, song song cua tu dién trong mach
théng qua cac cong tac chuyén mach, cac tu dién trong mach cé thé tir can bang ma khéng
can phdi sir dung dén cac mach bé tro. Cdu hinh nay 1am gidm sé cong tac ban ddn, nguon
ngd vao so véi cac cau hinh nghich luu truyén thong, tir d6 lam giam chi phi va kich thuoc
cua hé thong. Bai bao thyc hién mo phong trén phan mém PSIM 9.0 va duwroc 1am thuc nghiém
tai phong thuc tdp dién tir cong sudt nang cao D405, Truong Pai hoc Sw pham Ky thugt
TP.HCM véi cdu hinh nghich luu 9 bdc.

Tir khéa: Nghich luu da bac; chuyén tu dién; phwong phap diéu ché dg réng xung; nghich
lwu nguon ap; chin bdc.

waveform quality, lower electron
1. INTRODUCTION magnetic-interface (EMI) and lower device
Multilevel inverters are one of the stress [1] - [4].
important components in the power
electronic  field. Today under the
development of clean energy sources as solar
energy, wind power, the Mls are used to
switch DC power to AC power for
distribution generation system. Along with
the development of technology, the inverters
are constantly improved in performance and
quality. The multilevel inverter has the
following advantages as improved output

In the field of motor control, in electric
generators, electric vehicles or power
distribution systems, inverters are widely
used. The MI configurations are commonly
used as the NPC clamping diode
configuration [5], flying capacitor [6] — [7],
Cascade H-bridge [8] — [11]. However, these
configurations use a large number of
components (semiconductor switches, power
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supplies, capacitors, and diode), which
increases the cost of the inverter and the
control becomes complicated.

To solve the problems in traditional
inverters, the switched-capacitor has been
developed. The switched-capacitor multilevel
inverter (SCMI) wuses charging and
discharging characteristics of the capacitor to

reduce the number of the source in the circuit.

The SCMI can be self-balance by switching
the capacitors in parallel and in series
through the switches. In the parallel mode,
the capacitors are charged directly by power
supply, while they release store energy
during the series mode.

This paper presents a new SCMI
configuration which combines with the
H-bridge circuit to create output ladder
voltage waveform in reducing the number of
switches. The proposed inverter does not use
any inductors. This paper verifies the
operating principle through the simulation
result of nine-level configuration by P.SIM
9.0 software. The study results are also
demonstrated through experiments with
inverter 9-level.

2. PROPOSED
SWITCHED-CAPACITOR
NINE-LEVEL INVERTER

Fig. 1. The proposed switched-capacitor
nine-level inverter.

2.1 Circuit analysis

Fig 1 is a proposed switched - capacitor
nine-levels inverter (PSCNI) schematic. The
proposed SCMI is association of the SCMI
and H-bridge embrace Si1, S12, S21, S22 and Sz3
are switched-capacitor switches and Ty, T2, T3
and T4 is the switches of H-bridge, the circuit
also uses two capacitors are Ci, Cz, two
diodes are D1, D2 and an input source is Vin.

In the operation circuit, the C; capacitor
is charged in parallel connection with the
input source through Si2, while it is
discharged in series connection with the
input source through Sii. Also, the C:
capacitor is charged in parallel connection
with the C: capacitor, input source through
S22 and anti-parallel diode of Sz, while it is
discharged in series connection with the C;
capacitor and input source through Sz1, S2a.

2.2 Operating principle

Fig. 2 shows the five operating states of
the proposed inverter at the positive period.

+ State 1. At this state, the output
voltage is Vag = 0 V. The Si2, T1 and T3
switches are in the ON state,the S11, T2 and Ta
switches are in the OFF state, the D1 diode is
forward-biased, the D, diode is
reverse-biased, the Ci capacitor is charged
from the input source and Vc1 = Vin.

+ State 2: The Sz, T1 and T4 switches are
in the ON state, the S11, T> and Tz switches are
in the OFF state, the D; and D> diodes are
forward-biased, the C: capacitor is charged
from the input source and Vci = Vin. At this
state, the output voltage is Vag = Vin.

+ State 3. The Si1, Sz, T1 and Ta
switches are in the ON state, the Si2, S21, Szs,
T2 and T3 switches are in the OFF state, the
D diode is reverse-biased, the D. diode is
forward-biased, the C1 capacitor is discharge,
the C» capacitor is charged form the input
source and the C; voltage, Vc2 = Vc1 + Vin =
2Vin. In this state, the output voltage is Vag =
Vci + Vin = 2Vin.

+ State 4: The Si12, So1, S23, T1 and T4
switches are in the ON state, the S11 and S,
T2 and T3 switches are in the OFF state, the
D, diode is forward-biased, the D, diode is
reverse-biased, the Cy capacitor is charged
from input source and Vci = Vin, the C»
capacitor is discharged. In this state, the
output voltage is Vas = Vcz + Vin = 3Vin.

+ State 5: The Si1, S»1, Sp3, T1 and Tq
switches are in the ON state, the Si2, Sz, T2
and T3 switches are in the OFF state, the D
and D- diodes are reverse-biased, the C; and
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Fig. 2. Operation states of the proposed inverter in positive period: (a) state 1; (b) state 2;
(c) state 3; (d) state 4; (e) state 5.

C. capacitors are discharged. In this state, the
output voltage is Vas = Vc1 + Vez + Vin = 4Vin.

In the negative period, the status of the
switches in the H-bridge circuit is opposite
with the positive period, the T, and Ts
switches are in the ON state, the T1 and T4
switches are in the OFF state, the other
components the inverter circuit change
similar to the positive period in each circuit
operation state. All state of the switches and
diodes in the proposed topology are shown in
Table 1.

Table 1. The switches and diodes in the

ON state

No | The switches and diodes | Output

in the ON state voltage
1 S11, So1, S23, Ty, Ta, 4Vin
2 S12, S21, S23 T1, Ta, D1 3Vin
3 S11, S22, T1, T4, D2. 2Vin
4 S12, T1, T4, D1, D2. Vin
5 S12, T1, T3, D1 0
6 Si12, T2, Ts, Dy, D2, -Vin
7 S11, S22, T2, T3, D2. -2Vin
8 S12, S21,523. T2, T3, D1 -3Vin
9 Su1, S21, S23, T2, Ts. -4Vin

3. THE SIMULATION AND
EXPERIMENT RESULTS

To verify the operation of the proposed
switched-capacitor nine-level inverter, the
simulations perform by PSIM software and
experiments get by Tektronix TDS 2024B.
The physical model was built according to
the schematic in Fig. 1 with R =80 Q, C; =
C2=2200 pF, Vin=45 V.

3.1 The simulation results

Fig 3 shows the voltage waveform of the
C: and C, capacitors. The maximum and
minimum values of the C1 capacitor voltage
(Vc1) are 45 V and 42.8 V, respectively. The
maximum and minimum values of the C;
capacitor voltage (Vc2) are 90 V and 85.8 V,
respectively.

Fig 4 shows the output voltage
waveform with the total harmonic distortion
is 14 % (Fig 5).
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Fig. 3. The voltage waveform of the C, and C»
capacitors.
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Fig. 4. The output voltage waveform of the
switched-capacitor nine-level inverter.
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Fig. 5. The total harmonic distortion of the
output voltage waveform.

3.2 The experiment results

Fig 6 shows the voltage waveform of the
C: and C, capacitors. The maximum and
minimum values of the C; capacitor voltage
(Vcy) are 44.1 V and 38.8 V, respectively. The
maximum and minimum values of the C»
capacitor voltage (Vc2) are 86.7 V and 79.8 V,
respectively.

Fig 7 shows the output voltage waveform
with the total harmonic distortion is 9.49 %

(Fig 8).
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Fig. 6. The voltage waveform of the C; and C»
capacitors.
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Fig 7. The output voltage waveform of the
switched-capacitor nine-level inverter.
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Fig. 8. The total harmonic distortion of the
output voltage waveform.

4. CONCLUSION

This  paper  proposes a  new
switched-capacitor multilevel inverter. This
paper presents the operation principle of the
switched-capacitor nine-level inverter. Based
on theory, the proposed inverter conduct
simulation on the software PSIM 9.0 and the
circuit operability is also verified by the fact
pattern. Overall, the proposed SCMI has the
number of components reduced compared
with conventional inverter thus saving cost
and reducing complexity in control.
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