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A modified multilevel PWM inverter is proposed to increase the number of output voltage levels and
to improve the system characteristic of a prior 11-level shaped PWM inverter scheme. In appearance,
it consists of three full-bridge modules and a cascade transformer; therefore, the configuration of the
proposed multilevel PWM inverter is equal to that of the prior one. Only the turn-ratio of one transformer
and its corresponding switching function are different from each other. Based on the difference, the
proposed multilevel PWM inverter has two promising advantages. First, output voltage levels increase
almost two-fold. Consequently, it can generate more sinusoidal output voltage waves. Second, due to a
suitable switching pattern, it lightens power imposed on the transformer, which is used for compensating
output voltages with chopped pulses between step levels. Operational principle of the proposed 19-level
shaped PWM inverter is analysed with comparisons of the prior 11-level shaped PWM inverter. The
validity of the proposed inverter system is verified by computer-aided simulations and experimental
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1. Introduction

Recently, multilevel inverters have appeared as a new breed
of power converters. The main advantages of multilevel inverters
include the increase of power, the reduction of voltage stress on the
power switching devices, and the generation of high quality output
voltages [1-3,10,11].

In the viewpoint of generation of high quality output voltage
wave, we can consider three presentable topologies, i.e., diode-
clamped (neutral clamped) [6,13-16], flying capacitors [17-21],
and cascaded H-bridge cells with separate DC sources [8,22-26].
Theoretically, they can synthesize an infinite output voltage level.
By increasing the number of levels in the inverter, the output
voltage has more steps generating a staircase waveform, which
has a reduced harmonic distortion. However, to generate a large
number of levels using the conventional multilevel schemes, they
require a lot of switching devices, clamping diodes, flying capac-
itors, and other components. It, moreover, causes to the increase
of control complexity. Therefore, these conventional multilevel
inverters are not suitable for increasing the output voltage levels
[4-8]. To alleviate the aforementioned problem, a 3"-level shaped
inverter was suggested in [4,5,12]. The basic principle of the 3"-

* Tel.: +82 42 821 1172; fax: +82 42 821 1164.
E-mail addresses: feelsoon@ieee.org, feelsoon@hanmail.net,
feelsoon@hanbat.ac.kr.

0378-7796/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.epsr.2009.07.001

level shaped inverter is that the continuous output voltage levels
can be synthesized by addition or subtraction of the instanta-
neous voltages generated from a cascade transformer. It generates
a large number of output voltage levels with minimized number
of switching devices. However, a cascade transformer operating
on low switching frequency causes the size and volume of sys-
tem to increase. A modified (3"~! +2) level shaped PWM inverter
was proposed for the use of photovoltaic system [9]. This multi-
level scheme was implemented on 11-level and 29-level outputs.
The (371 +2) level shaped inverter is divided into two inverter
modules according to their peculiar functions. One is a level
inverter assembly synthesizing basic output levels, and another
is a pulse width modulated inverter to compensate voltage waves
between step levels. By this operational separation, this approach
can reduce the size of transformers in the case of 11-level PWM
inverter scheme. However, total harmonic distortion of the 11-
level PWM output voltage is not good at no-load and light load
conditions.

In this paper, a revised multilevel PWM inverter employing an
efficient switching function is presented. It is useful to increase
of the number of output voltage level ensuring high quality out-
put voltages. Thanks to an effective switching pattern, it lightens
power imposed on the transformer, which is used for compensating
output voltages with chopped pulses operated on high switch-
ing frequency. We make an analysis of the proposed multilevel
PWM inverter comparing with the prior (37~1+2) level inverter.
The performance of the proposed inverter system is verified by
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computer-aided simulations and experimental results based on a
1 kW prototype.

2. Comparison of proposed 19-level PWM inverters with
prior 11-level PWM inverter

2.1. The difference in configuration

Fig. 1(a) shows the circuit configuration of the prior (371 +2)
level shaped PWM inverter in case of n=3 and Fig. 1(b) shows the
proposed multilevel PWM inverter. For the sake of convenience,
Fig. 1(a) and (b) are entitled as an 11-level shaped PWM inverter
and proposed 19-level shaped PWM inverter, respectively. Both
inverters are same in their appearances. They are consisted of three
full-bridge inverters and a cascade transformer. The differences
between them are the turn-ratio of one transformer (Tr.1) and
corresponding switching functions. Among full-bridge inverters,
two-level inverters synthesize fundamental output voltage lev-
els, and a PWM inverter generates chopped pulses to compensate
output voltage wave between step levels. Owing to these differ-
ences, the proposed 19-level PWM inverter has two promising
advantages. First, the number of output voltage levels increases
almost two-fold; it guarantees more sinusoidal output voltage
waveform. Second, due to a revised switching pattern, it lightens
power imposed on the transformer, which is used for compensating
output voltages with chopped pulses between steps. Because the
PWM inverter linked with the transformer (Tr.1) is operated on high
switching frequency for chopping operation. Note that the PWM
inverter connected to Tr.1 focuses on an improvement of output
voltage wave rather than power transfer.
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Fig. 1. Circuit configurations, (a) prior 11-level shaped PWM inverter, (b) proposed
19-level shaped PWM inverter.
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Fig.2. Operational waveforms, (a) prior 11-level shaped PWM inverter, (b) proposed
19-level shaped PWM inverter.

2.2. The difference in operational principle

Fig.2(a)and (b) show key waveforms of the prior 11-level shaped
PWM inverter and the proposed 19-level shaped PWM inverter,
respectively. Each of them shows terminal voltages of level invert-
ers (V,, V3), a terminal voltage (V) of PWM inverter, and a final
output voltage (Vo) in sequence. Both of the fundamental output

Table 1
Comparison of output level by combination of transformers.
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Table 2

Switching function of prior 11-level shaped PWM inverter.

Output Switching function Terminal voltage Output voltage
el SFi Sk, SR W Vs Vs Vo

0 0 0 0 0 0 0 0

1 0-1 0 0 0saVg O 0 aVic

2 01 1 0 0<aVyg aVge 0 2aVyc

3 01 -1 1 0<aVyg —aVq 3aVge 3aVge

4 0«1 0 1 0oaVg O 3aVy.  4aVgc

5 01 1 1 0<aVg aVge 3aVyge  5aVge

levels (V, +V3) are same as a nine-level. The difference between
11-level shaped PWM inverter and 19-level shaped PWM inverter
occurs in the waveform of V; as depicted in Fig. 2. In case of Fig. 2(a),
the level inverters synthesize a fundamental nine-level including a
zero-level while the PWM inverter adds chopped two-level pulses
to the fundamental level. So the final output voltage becomes a
pulse width modulated 11-level wave. The polarity of V; depends on
that of final output voltage (V,). Therefore, operating frequency of
Tr.1is nearly same with output frequency. So it requires a somewhat
large transformer, which is operated on low switching frequency.
In case of Fig. 2(b), the level inverters synthesize a fundamental
nine-level including a zero-level without discrimination, and the
PWM inverter adds chopped two-level pulses to the fundamental
level. However, V; alternately changes its polarity at every step. As
a result, output voltage levels increase about two-fold compared
with the case of Fig. 2(a). Intuitively, we can find that a basic oper-
ating frequency of V; depicted in Fig. 2(b) is 17 times as high as
that of Fig. 2(a). Therefore, the transformer (Tr.1) can be designed
as a high frequency transformer with a reduced core size. Moreover,
this switching scheme reduces the power distribution imposed on
Tr.1. It is desirable that most power is transferred to load via the
transformers (Tr.2 and Tr.3), which play a role to synthesize the fun-
damental output level. Note that the objective of the PWM inverter
is to improve the output voltage rather than to transfer energy to
loads.

Table 1 shows a comparison of output voltage level by combina-
tion of cascaded transformers. The number of output level for the
prior 11-level shaped PWM inverter and the proposed one is nor-
malized by (1) and (2), respectively. Here n means the number of
selectable transformers in sequence.

Ny=3"1+2, n=1,2,3... (1)

Nig=2x3"14+1, n=1,2,3... 2)
On the whole, the proposed 19-level shaped PWM inverter is
more useful to synthesize output levels.

Table 3
Switching function of proposed 19-level shaped PWM inverter.

Output  Switching function  Terminal voltage Output voltage
level e SF, SFs W Va Vs Vo

0 0 0 O 0 0 0 0

1 0«1 0 0 0<05aVe O 0 0.5a Vg
2 0<-1 1 0 0<-05aV4q aVe O LOa Ve
3 01 1 0 0<05aVee aVe O 1.5a Ve
4 0<-1 -1 1 0<—05aVg —aVy 3aVg 2.0aVge
5 0«1 -1 1 0« 0.5a Vg —aVge 3aVge 2.5aVgc
6 0« -1 0 1 0« —0.5aV4. O 3aVgye 3.0aVgc
7 01 0 1 0<05aVge O 3aVg 3.5 Ve
8 0« -1 1 1 0« —0.5aV4q. aVgc 3aVy. 4.0aVge
9 01 1 1 0+ 0.5a Vg4 aVyc 3aVgq 4.5a Vg
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Fig. 3. Control block diagram of the proposed multilevel inverter.

2.3. The difference in switching function

Table 2 shows switching functions of the prior 11-level shaped
PWM inverter for generating positive output voltages [9]. Table 3
shows switching functions for the proposed one. For a negative
case, switching functions of each inverter is obtained by multiply-
ing —1 to Table 2 and Table 3, respectively. Based on both tables,
each switching function is given by using C-language expressions.
Here all variable are assumed integers. % is the modulus operator,
and || is the logical operator OR. In Table 2, switching function for
the PWM inverter (SF;) is given as

if (n>0) then SF;=(0<1) 3)
if(n=0) then SF; =0 (4)
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Fig. 4. Determination of output level and its duration, (a) prior 11-level shaped
inverter, (b) proposed 19-level shaped inverter.
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Fig. 5. Simulation results of output voltage according to the increase of load power, (a) 11-level shaped PWM inverter; no-load, (b) 11-level shaped PWM inverter; 500 W, (c)
11-level shaped PWM inverter; 1 kW, (d) proposed 19-level shaped PWM inverter; no-load, (e) proposed 19-level shaped PWM inverter; 500 W, (f) proposed 19-level shaped

PWM inverter; 1 kW.

On the other hand, switching function for the PWM inverter
(SF7) of the proposed 19-level shaped PWM inverter is defined by

(5)
(6)

In case of the prior inverter, SF; plies between 0 and 1 whereas
SF; of the proposed inverter iterates from 1 to —1. Because the result
of the new switching function (SF;) listed in Table 3, the proposed
multilevel inverter sprits each step into two levels. So it can increase
output levels twice compared with the prior multilevel inverter
scheme. Switching function (SF,) for the first level inverter of the
prior scheme is given as

if (n%2=1) then SF; =1

if (n%2 = 0) then SF1 =1

if (Tl%3 = 0) then SF, =1 (7)

if [(n%3 =1)(n=0)] then SF,=0 (8)

(9)

The switching function (SF3) of the prior approach takes a naught
when an output level is lower than the third level. In contrast, it
takes a unity when a required level is equal or higher than the third
level. Therefore, SF3 is written as

if (Tl%3 = 2) then SF, =1

if (n<3) then SF3=0 (10)

if (n>3) then SF3=1 (11)

In case of the proposed scheme, switching function (SF,) of the
first level inverter is expressed as

if [(n+2)/2)%3 =0] then SF, = -1 (12)
if [(n1+2)/2)%3=1] then SF,=0 (13)
if [(n+2)/2)%3=2] then SF=1 (14)
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Fig. 6. Comparison of total harmonic distortion.

From Table 3, SF3 is given as
if (n<4) then SF3=0 (15)
if (n>4) then SF3=1 (16)

The switching function (SF3) of the proposed method takes a
naught when an output level is lower than the fourth level. And it
takes a unity when a command level is equal or higher than the
forth level.

SF, is the switching function of the full-bridge inverter, so it has
three different states, i.e., 1,0, and —1, respectively. Then, the output
voltage of the prior 11-level shaped PWM inverter is defined by

Vo_11 = a[SFy 4 SF; + 3SF3 ]V, (17)

The output voltage of the proposed 19-level shaped PWM
inverter yields

Vo 19 = 0.5a[SF + 2SF; + 6SF3] Ve (18)

2.4. Determination of output level and duration

Fig. 3 shows a simplified control block diagram for the proposed
19-level shaped PWM inverter. Based on a feedback signal of an
output voltage (V) and a reference signal (V,ef), command voltage
(Vecom) is obtained using a general PI control. Vo determines a
proper voltage level and its duration.

Fig. 4 shows the idea to determine output voltage level and cor-
responding duration. Basically, both methods are same except the
number of split level. In case of 11-level outputs, a quarter of a
cycle is divided into four levels with the same height whereas the
proposed scheme separates that same period into nine levels. By
comparing the nine levels with Vcom, the beginning and ending
point is set to determine duration of each level. For example, in
Fig. 4(b) the crossing point (A) between V¢om and the eighth level
becomes the starting point of duration (tg-tg), and the next crossing
point (B) between V¢,m and one-level increased ninth level fin-
ishes the duration. During the same duration, PWM pulses (plying

Table 4
Specification of the prototype.

Items Specifications and features

Switches Power MOFET (FS100UM]J03) 30 V/100a
El lamination; here, o = 2v/2

Tr.1 (1:0.5a), Tr.2 (I:a), Tr.3 (1:3a)
PTIOOBR 12 V/100 A

100 V,¢/60 Hz/1000W

Cascade transformer

Battery (Vqc)
Output (Vo)

between 0 and 0.5, alternately) are proportionally increased their
width to make output voltage more sinusoidal. A case where it goes
the next level, PWM pulses are iterated from 0 to —0.5 as depicted
in Fig. 4(b).

2.5. Comparison of power distribution per transformer

In the viewpoint of that the objective of the PWM inverter is to
improve the output voltage rather than to transfer energy to load.
The lighter power allotment on Tr.1 is more desirable. All circuit
components including transformers are ideal so (19) did not con-
sider on the power losses which are expected by switching losses,
conduction losses, and other power losses. Then power allotted to
each transformer is determined by the secondary turn-ratio of the
transformer. It is normalized by

TSecJ<
Prege = — ok —

Z n=1 Tsecn

where Tsec j, is the secondary turn-ratio of each transformer. Using
(19), the rate of power distribution per transformer in the prior

x 100 (%) (19)
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Fig. 7. Experimental results, (a) output voltage of the prior 11-level PWM inverter at
no-load with superimposed filtered output voltage waveform, (b) output voltage of
the proposed 19-level PWM inverter at no-load, (c¢) output voltage of the proposed
19-level PWM inverter at 1 kW load.
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11-level shaped PWM inverter is calculated as

Pt = gy * 100=20 (%) (20)
a O

Pz = gy X 100=20 (%) 1)
3¢ 100=60 (%) (22)

PTR*3:(1+1+3)a

In case of the proposed one, the rate of power imposed on each
transformer is determined by

0.5a o

Pre = g5 135 < 100=1111 (%) (23)
a O

Pre2 = g1y < 100=2222 (%) (24)
3a 9

Pres = g5 135 < 100=6667 (%) (25)

By comparison of (20) with (23), we can notice that the rate of
power distribution of Tr.1 is decreased about 10%. This is promising
result because the transformer (Tr.1) focuses on the improvement
of output voltage wave rather than power transferring. Note that
the inverter connected to Tr.1 has high switching frequency for
chopping operation.

3. Simulation and experiment results

To assess the performance of the proposed 19-level shaped PWM
inverter scheme, we first implemented a computer-aided simula-
tion using PSpice. The simulation results are compared with that
of the prior 11-level shaped PWM inverter. In the simulation, the
switching frequency of the PWM inverter is set to 20 kHz. Coupling
coefficient of each transformer is set to 0.99 while other nonlinear
stray components are ignored. A resistive load is applied for the sim-
ulation. Fig. 5 shows simulation results of output voltage. Critical

levels appearing PWM wave are shown in both cases (Fig. 5(a) and
(d)) at a no-load condition. However, it is changed into sinusoidal
wave with the increase of load power. The leakage inductance of the
cascade transformer plays a role to filter off high-order harmonic
components.

Fig. 6 shows the rate of THD (total harmonic distortion). It is a
simulation result considered on 100th order harmonic components.
In case of the proposed 19-level shaped PWM inverter, it meets the
general THD requirement of 5% below in all ranges of the power
rating. However, the prior 11-level shaped PWM inverter does not
satisfy that regulation at no-load and light load conditions. There-
fore, it requires an output filter toimprove THD of the output voltage
at no-load and light load conditions.

In experiment, a 12V battery is used as an input voltage source,
and the output voltage is 100 V. The output frequency is 60 Hz. The
controller is DSP (TMS320F241). Table 4 shows the specification of
the prototype. Fig. 7(a) shows experimental results of the prior 11-
level PWM inverter at no-load. It also shows filtered output voltage.
Fig. 7(b) and (c) show output voltage waveforms of the proposed
19-level shaped PWM inverter. They were measured at no-load and
1 kW resistive load conditions, respectively. From the voltage wave-
form shown in Fig. 7(b), an accurate 19-level is appeared in the
output voltage wave. In case of a no-load condition, output voltage
of the proposed inverter is more close to sinusoidal wave compared
with that of the prior 11-level shaped PWM inverter scheme given
in Fig. 7(a). It is a matter of cause because the output level of the pro-
posed inverter is almost twice as much as the prior one. Fig. 7(c)
shows the output voltage of the proposed 19-level shaped PWM
inverter at 1 kW load. In this figure, it is difficult to find a step vari-
ation of each level because output voltage levels are collapsed by
the effect of filtering of the cascade transformer. From these results,
we can know that the proposed multilevel PWM inverter scheme
largely depends on the load power condition. Fig. 8 shows power
spectrum results of the output voltage. Fig. 8(a) is the power spec-
trum of the output voltage of the prior 11-level PWM inverter at
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no-load. Fig. 8(c) is the spectrum result of the prior 11-level PWM
inverter at a rated load. Fig. 8(b) and (d) are power spectrum results
of Fig. 7(b) and (c), respectively. From Fig. 8(d), it is more clearly
proved that the effect of filtering by means of the cascade trans-
former. From Fig. 8, we can notice that the proposed 19-level shaped
PWM inverter scheme shows better characteristics in the reduction
of dv/dt stresses.

Fig. 9 shows the efficiency comparison graph. In this figure,
the average efficiency of the prior 11-level inverter is measured
87.275% and the proposed 19-level inverter shows 87.725%. The
proposed inverter shows about 0.513% improvements in system
efficiency. Actually, both inverters show almost the same efficiency.
We can notice that the proposed 19-level PWM inverter is suitable
for improving THD of the output voltage, but efficiency does not
improved significantly.

4. Conclusion

A modified multilevel PWM inverter entitled as 19-level shaped
PWM inverter was presented. The circuit configuration of the pro-
posed multilevel inverter is equal to that of the prior 11-level shaped
PWM inverter. Only the turn-ratio of a transformer and its corre-
sponding switching function are different from each other. Owing
to the modification, the number of output voltage levels of the pro-
posed multilevel inverter becomes almost twice as much as that
of the prior 11-level shaped PWM approach. As a result, it can
meet a general output voltage THD requirement 5% below at no-
load and light load conditions without an additional filter. To verify
the validity of the proposed multilevel scheme, we implemented
computer-aided simulations and experiments using a prototype.

References

[1] J. Rodriguez, J.S. Lai, F.Z. Peng, Multilevel inverters: a survey of topologies, con-
trols, and applications, IEEE Trans. Ind. Electron. 49 (4) (2002) 724-738.

[2] ]J.S. Lai, FZ. Peng, Multilevel converters—a new breed of power converters, IEEE
Trans. Ind. Appl. 32 (3) (1996) 509-517.

[3] M.Manjreker, G. Venkataramanan, Advanced topologies and modulation strate-
gies for multilevel inverters, Proc. IEEE Power Electron. Soc. Conf. (1996)
1013-1018.

[4] ES. Kang, S.J. Park, C.U. Kim, Multilevel Inverter employing Cascaded Trans-
formers., Proc. IEEE Ind. Electron. Soc. Conf. (2003) 2169-2174.

[5] ES.Kang,S.J. Park, M.H. Lee, C.U. Kim, An efficient multilevel synthesis approach
and its application to a 27-level inverter, IEEE Trans. Ind. Electron. 52 (6) (2005)
1600-1606.

[6] A. Nabae, I. Takahashi, H. Akagi, A neutral-point clamped PWM inverter, in:
Proceedings of IEEE APEC’80 Conference, 1980, pp. 761-766.

[7] TA. Meynard, H. Foch, Multi-level conversion: high voltage coppers and
voltage-source inverters, in: Proceedings of IEEE PESC'92 Conference, 1992, pp.
397-403.

[8] M. Marchesoni, M. Mazzucchelli, S. Tenconi, A non conventional power
converter for plasma stabilization, Proc. IEEE PESC'88 Conf. (1988) 122-
129.

[9] ES. Kang, S.J. Park, C.U. Kim, T. Ise, Multilevel PWM inverters suitable for the
use of stand-alone photovoltaic power system, IEEE Trans. Energy Convers. 20
(4) (2005) 906-915.

[10] J. Rodriguez, S. Bernet, B. Wu, J.O. Pontt, S. Kouro, Multilevel voltage-source-
converter for industrial medium-voltage drives, IEEE Trans. Ind. Electron. 54
(6) (2007) 2930-2945.

[11] M.H. Rashid, Power Electronics Handbook, Academic Press, 2001, pp. 539-562.

[12] G. Thomas, Power inverter for generating voltage regulated sine wave replica,
US Patent no. 5373433 (1994).

[13] A. Nabae, I. Takahashi, H. Akagi, A new neutral-point-clamped PWM inverter,
IEEE Trans. Ind. Appl. IA-17 (5) (1981) 518-523.

[14] R.H. Baker, Bridge converter circuit, U.S. Patent 4 270 163 (1981).

[15] A. Mertens, M. Bruckmann, R. Sommer, Medium voltage inverter using high-
voltage IGBTSs, Proc. EPE Conf. (1999) (CD-ROM).

[16] C. Meyer, C. Romaus, R.W. DeDoncker, Five level neutral-point clamped
inverter for a dynamic voltage restorer, Proc. Eur. Conf. Power Electron. (2005)
11-14.

[17] T.A. Meynard, H. Foch, Multi-level choppers for high voltage applications, Eur.
Power Electron. J. 2 (1) (1992) 45-50.

[18] T.A. Meynard, H. Foch, Electronic device for electrical energy conversion
between a voltage source and a current source by means of controllable switch-
ing cells, IEEE Trans. Ind. Electron. 49 (5) (2002) 955-964.

[19] T.A. Meynard, H. Foch, Electronic device for electrical energy conversion
between a voltage source and a current source by means of controllable switch-
ing cells, U.S. Patent 5 737 201 (1998).

[20] S.G. Lee, D.W. kang, Y.H. Lee, D.S. Hyun, The carrier based PWM method for
voltage balancing of flying capacitor multilevel inverter, Proc. IEEE PESC (2001)
126-131.

[21] M.McGrath, T. Meynard, G. Holmes, Optimal modulation of flying capacitor and
stacked multilevel converters using a state machine decoder, IEEE Trans. Power
Electron. 22 (2) (2007) 508-516.

[22] P. Hammond, A new approach to enhance power quality for medium voltage
AC drives, IEEE Trans. Ind. Appl. 33 (1) (1997) 202-208.

[23] R. Osman, A medium-voltage drive utilizing series-cell multilevel topology for
outstanding power quality, Proc. IEEE IAS (1999) 2662-2669.

[24] J.Rodriguez,]. Dixon,]. Espinoza, ]. Pontt, P. Lezana, PWM regenerative rectifiers:
state of the art, IEEE Trans. Ind. Electron. 52 (3) (2005) 640-652.

[25] C.Rech,].R. Pinheiro, Hybrid multilevel converters: unified analysis and design
considerations, IEEE Trans. Ind. Electron. 54 (2) (2007) 1092-1104.

[26] Liu Yu, Luo Fang Lin, Trinary hybrid 81-level multilevel inverter for motor
drive with zero common-mode voltage, IEEE Trans. Ind. Electron. 55 (3) (2008)
1014-1021.

Feel-soon Kang (SM’00-M’03) received the B.S. degree in
Electrical Engineering from the Gyeongsang National Uni-
versity, Jinju, Korea in 1998, and the M.S. and Ph.D. degrees
from Pusan National University, Busan, Korea in 2000 and
2003, respectively. From 2003 to 2004, he was with the
Department of Electrical Engineering, Osaka University,
Osaka, Japan as a Post-doctoral Fellow. Since 2004, he has
been with the Department of Control and Instrumentation
Engineering, Hanbat National University, Daejeon, Korea
as an assistant professor. His research activities are in the
area of power electronics including design and control of
power converters for display applications, and multilevel
inverters for photovoltaic power generating systems. He received an Award from
IEEE Industrial Electronics Society and the Best Presentation Prize at IEEE IECON’01
be held in Denver, Colorado USA in 2001. He was honored Academic Awards from
Graduate School of Pusan National University and Habat National University in 2003
and 2005, respectively. And he also received several Best Paper Awards from The
Korean Institute of Power Electronics (KIPE), and The Korea Institute of Maritime
Information and Communication Science (KIMICS). Dr. Kang is an Associate Editor
in the IEEE Transactions on Industrial Electronics.




	A modified cascade transformer-based multilevel inverter and its efficient switching function
	Introduction
	Comparison of proposed 19-level PWM inverters with prior 11-level PWM inverter
	The difference in configuration
	The difference in operational principle
	The difference in switching function
	Determination of output level and duration
	Comparison of power distribution per transformer

	Simulation and experiment results
	Conclusion
	References


