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NLevel NSWitch NDiode NSource TBV(*VDC) NSWitch path NDriver
CHB Symmetric 21 40 0 10 40 20 40
Asymmetric 37 24 0 6 72 12 24
[30] Symmetric 21 24 0 10 60 12 24
(2011)  Asymmetric 37 16 0 4 108 8 16
(2[(1)?]2) Symmetric 21 24 0 10 60 3 14
[29] .
2012) Symmetric 21 22 0 10 90 4 16
(2[(1)?]5) Symmetric 21 22 0 10 64 11 22
[15] Symmetric 21 21 0 10 66 12 21
(2015) Asymmetric 33 21 0 10 106 12 21
[16] Symmetric 21 24 0 10 92 5 16
(2016)  Asymmetric 37 24 0 10 128 5 16
[17] Symmetric 21 26 0 10 94 5 16
(2017) Asymmetric 37 26 0 10 130 5 16
[22] Symmetric 21 24 16 10 40 10 24
(2017)  Asymmetric 37 14 8 5 70 8 14
(2[(2)?]7) Symmetric 21 22 0 10 130 4 14
(2[(1)?2;) Symmetric 21 25 20 10 45 10 25
[20] .
(2019) Symmetric 21 22 0 10 42 11 22
[21] Symmetric 21 22 0 10 112 3 14
(2019) Asymmetric 37 22 0 10 208 3 14
Symmetric 21 14 0 10 62 5 12
e e 50 14 0 10 114 5 12
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Specification
Parameters
Symmetrical Asymmetrical

DC Sources Vi=V=15V Vi=9V, V=27V
Output Voltage (Peak) 150V 162V
Output Current (Peak) 4.5A

Z1oad Z=25Q + 70mH
Switch IRFP 460
Gatt Driver TLP 250
Controller Arduino Mega 2560

e 5l o mle Gl @olein Dl (ilaand s

DC 315 wbo cal o Jas 53 il 03 aslicd €11x DC 3
Sla ol Al s (65,51 e G b 5l ol e
1 ol il s BBy L ae Jh (S0l 55
Lk 25 DC 3L mlos cd il s 53 DC e S
Gillas s Fdr (925,5 S DC-DC Jie G Lo 5 015 e

IV 5,50 s 4 () K5 3 edasl )l it

10 [16,17,29]
Proposed
0
3 8 13 18 23 28 33 38
Nlevel
Slaas (gljlay calises gla lsle (gla ) gl 58 sl Ayl ((F) ISSS
oL 7 shaw

Sheoslize CHB bt s ba g gon 0l 5 sliad 35205 o850
Bsa il g oS Skl cnl 53 JS (SeSs gdes SU oS s
Gt ombie iy S 5 05 ol Ysane O)lize CHB bl
SUdy dsle by (YY) dbaly 5 ccul aie ol 53 anslio
SIS PIV) oy Sbo o gSnn S5 ey J iS5 5k
OWPREPUF TP

M
TBV = Y PIV ()

Switch=1
VY Oobie 3dn s sl 650 e bl e dlis sl

S50 bl b salgidny gl oddans YV Ol 5 edas
555 olgin Sl () st 3 il 485 15 avylie 5,50
353 3ldaS ( SASssds 3y a3 Ojlaeb 5 Olie Sl
;\.x_,sj_g}jchhﬂﬁﬁ&;}) Sz s SRS (g sow Sl
3 alie 3550 alte Ll ;b s s slajlrla bl
Syl Em 3 salgin Jblu (Jods ol pllas .l a3 S
G B, s TBY o 5l iy plas sl Tl 5 (lelie
sl bl s Gl s ol b Glawslis Jltle Jler «

S e
Silesly 5 (s5lid gl 0

Sl ol sl olwesly 5 (oluand mld (i ol o
sl gl ol Osa¥ode (gl e sla gy ol 0l
e I e e Y
MU 5085 5SSl g, ¥ sl LIS 5dS s )
adoldon PWM 0155 e VU S 2 0 geVoks o 25 5
By rl_'» LYY 2bab Sls O s 5o A SUSS 5 [YY]
Sl gy Ol e mly LS B O Vsde sla 5
[Yo] NLM) C]a.a u;_)?&:j O g ¥ode [TF] Jled 5ol



O,k @L’J NO
3005 QLG 82555 S5 b o3l olad O3l (5505055 00
By G Ol o wa Jlm BE V1:V2:15V S sed
(1) Jsdr 3 dal = VOV Ll s o 5 S il
ke T 6;;},1):65,_1);%@1;»@@@,:6[,,@5

150 Voltage (V)
:]E; 100\ ,Inll ————— 10*Current (A)
5
S oM f v
3 r ¢ 7% 7
% 0 ‘\\ !/ ’/ \‘\ /: \‘ . /' s
@ Y , \ Y p
= \ h p \
= 2 f} VN
8 -100
o
a

e LYY

0.03 0.04 0.05 0.06 0.07 0.08 0.09
Time (sec)
(A
R T R ] 20 TWTNVNIN] 4.0 i

\/ \UI( | HL!H.:JJ 4

50V /div 5 A/div 4ms/div

BE . So.0v _EERNEE 5 00V

GHEE 0.0V 401 Hz 1 4-June-20 | 7:59

(&)
BT I T L I R AR TPl EYRSION S
Silesls .o fgiluans .l :da..u R Ss b

L s b 5o s o W a0l (V) IS5

Ol JSi ol el ale ol L sl iy (5 S5
SI5N0 il slaplS Sy mant) Sy e IS5 S dns e
Sl a3 Fr s U Cd 0L 3 BV Ol 5 03
=l (V) U s 5 gilbwan s &b (V) K s
Gl .l ol S s 2 0L Ok 5 W sl (s5leesly
Sy =B mdsn IS ) s leesly 5 oleand s
e oS 05 1 35 S Sl 55 (1)) JSE 3 o
el el ool I Uy A5 ) 35 THD
05 5L THD i 5 i 5 5L ke ool S5 0L
L Mos 5 ol s ol 55l s 5 53 55k ot Bl
S5 ol e 0 A Sl eled 4 5L s ud 5 THD

Cls JA‘_,?';'»

S5P S o g (pwidge (Sadgh ole 4 gl VE

)
AD :L T
XD F
C == A0 T
C== =
Ap |
Proposed
oL 20 Multi-level
iD T Inverter
A ¢ :|= T
D |
C ==
L D l 1
+ ' C=— <
T e T
—

syl s u"k“'*"i Jdw 5 5,8 6l » $3lgin e :Q) JS.:
[¥V] s i 635,555 DC-DC Juks 31 sl b gy g5

S il b a5 gl (F) Jyu

Switch States (1=on & 0=off)

Level —
1 S, S2 838485 Sg S; Hy Hy, Hy Hy

10 100000111100
9 010000111100
8 100010011100
7 010010011100
6 101000011100
5 011000011100
4 101001001100
3 011001001100
2 101100001100
1 011100001100
0 111001101010
-1 0111000000171
-2 1011000000171
-3 0110010000171
-4 1010010000171
-5 0110000100171
-6 101 00001001°1
-7 0100 100100T°1
-8 1000 100100T1°1
-9 0100 001100T1°1
-10 1000 00110011




VY (Sioals Slgol slass’ Jlals’ jgliteds  xbamwaiar 3 ygil (5l oy liel g ¢yl wua (5909195 S &1,

5 Ko s ol o Ll Ol Sl a4 o s 5W Fundamental (50Hz) = 150.5 , THD= 3.30%
Al G VYV Ll s 8 . |
[0]
£
= 150 ]\ \ Voltage (V) &
i’ \ I \ ————— 10*Current (A) 2
5 100 I.E
SN N TN TN o |
DG? % ,/ \\ :/ \‘ ,'/ \ ‘E\i
2 0 S 7 A 4 N N\ o
S o \M AN AN £ Mty |
0 L [ I o L UL LI,
g -100 0 20 40 60 80
3 \/ \/ \/ \
-150 A7 4 o 4 Harmonic order
003 004 005 006 007 008 0.09 oA 5Ws THD (1Y) s
Time (sec) . . . .
() ﬁjd)uw)lybHL}ﬁﬂ)})w}(\“)d&)b
FALZI@10 SR 400 W] 4. 00 b Sy i ol 4S5 b Oles Ll ol esls OLES (5lwenly
| =
X 5L ol yls 1 b,.-H skl
\ f;" r'h'\ ;‘r\. S psb 5 Clls L Ce mshu BLo H 4 el

i H Jy lagssm G348 b jio Wy mlau 555 e

Ji_.i. o= 3 5 sibwesly 5 g5lwand @L:S il 355 o

C,.Mul }}.@a:ﬁ
150
50V /div 5 Aldiv 4 ms]/div _
= soov JEENEE toov RN o.0ov BTEz 14-JUre20 2037 100 + 1
() <
. S 50t 1
il mns Bz o e W mn e R IV [ A
Silesls .o siluand Al iyt c\..a O -1 8 = O ]
. 50 ]
23 A Ol s o A S skes 0l (1Y) IS
-100
I Ll i el L Olea gl Ol e - 003 004 005 006 007 008 0.09
YV 5L eSS S das e 0L IS gl sl O e Time (sec)

()
dlif )U | d‘f:ﬁ 93 CJ} q j"j’ 6&65 d‘)l} L?:]a"" 5718 n RI] % oo RN 4 oo SR
aa B ) WA

Lo (YY) 545 el 3>Fe sod > Sy s
& Jg-“ 00 el A 9 Bl -'L-. H‘_H. Jr J ™, = J;-'-‘-. ™
555 Gl olmesly il (1Y) i s 5 (iluas Vo] LLHL ! . 511;- /
r .L . [ LY /
- e (L P . . f 'J'r [
Lg)'L.noAL;;T} LQ)L.nd.:MZ @L‘b d"U“' 9ol 4.»])\ Tt )L.» QL._J&- 1‘- u 1/ ‘.f u[r LLI .Ll‘.Lr

ol ol J«al.?- /\/q/\bf‘f 6.)\:.!‘53 dz]a.ﬂ‘\/ jL:J) 50 VX(I’H' 4???5'/0‘-’\' { .

Fundamental (50Hz) = 162.1 , THD=1.98% SR, 50.0V BHIEL o.00v e e
= ' ' ' ' ()
8 04F
é 0,6 DC gl gl n H o o 53 4 sdadlest 55 :0Y) JS5
< 031
2
Z ol 0, b Y 0
5 0
;0.1- ||| | | ‘ | h H H J Q}L&hd}j)})ujcl_lﬂfﬂc)]@\Q)LL'ALLQJ)J):I);)J
@©
= o L ||.| i | I | | AT 2 eolgia sl s Shae oy Gl Sise cpl 5ol

0 20 40 60 80

V,=27V 4 V=9V ¢ 5y sl 53100 O Hlael eIl
Harmonic order 2 V2 A oot SR mbe ol O,

=9~ SWsTHD (V) s C_’Jd_w ;\J_sj‘u.cla_w\? el a ol s el el wjfj]m



5o 5 Goleand 3l Jol= H e 3 565 (10) Ko s
@Lﬂ S sl ol 03ls OIS O 5lael Gt,a | 6‘;.’ L;)'L..mslﬁ

LSS Gllas (ilesly 5 (5 5leand

JiL:;g)LE;ALJ_:;)QJLE;A &j}Jﬁjj 6‘1.: on..:uAjbl C"‘LD

Coemo

ol Sl s b AT

S oS dmS B

e s 8 i gla 5 sl Lol b s oS bl )

sl Al 8l g ol slaas 2l S (ol AN 55 Olddea L5l

;)lswdglg;ﬁiﬁ.kgj)ﬁj Lraea b 5 gl ;;—1‘ I ija.»
oAy Eals 1) 5T e sl Sl sluas U

sy a salid 38 Slasl EalS (gl s s 36 ola bl
Sy Sl W5 5L 3l 3 238 5 0l 2 s el
sedd ol md g (olgdy lotle s Sas ol 35 (¢S sl
el el ol el (ol Sl (laesly 5 (gluand
wlide Slides 5 Golae glagidn s beldolgln 305

S g5 B s by sldslgily (5 m s 45 das e 0L

(1]

(3]

(4]

.CA.»\J:ASQTV»JQ}A S s g adly (6 S gl

Hosseinpour, M., Seifi A. and Babaei, E., "4n
improved switched-ladder bidirectional multilevel
inverter:  Topology, operating principle, and
implementation", International Journal of Circuit
Theory and Applications, Vol. 49, No. 12, pp. 4274-
4293, 2021.

Mahmoudian, M., Gitizadeh, M. and Rajaei, A., "4
Novel High Efficient Single Phase Photovoltaic
Inverter to Stop the Common Mode Leakage Current
in Microgrid Applications". Journal of Energy
Engineering & Management, Vol. 8, No. 2, pp. 2-13,
2018.

Babaei, E., Shokati Asl, E. and Laali, S., A.,
"Modified Series Z-Source Inverter Based on
Switched Inductors with a High Voltage Gain and a
Reduced Voltage Stress on Capacitors". Journal of
Energy Engineering & Management, Vol. 10, No. 4,
pp. 2-13, 2021.

Sarebanzadeh, M., Hosseinzadeh, M. A., Garcia C.,
Babaei E., Hosseinpour M., Seifi A. and Rodriguez J.,
"A 15-level switched-capacitor multilevel inverter
structure  with self-balancing capacitor", 1EEE
Transactions on Circuits and Systems II: Express
Briefs, Early View, 2021.

Behara, S., Sandeep, N. and Yaragatti, U. R., "Design
and implementation of transformer-based multilevel
inverter topology with reduced components", IEEE
Transactions on Industry Applications, Vol. 54, No. 5,
pp. 4632 — 4639, 2018.

Gupta, K. K. and Jain, S., "4 novel multilevel inverter

=

S5l Sy g ouwiiien (B oale 4 2l VA

MTAVAVAVAYAVAYY

AV VIRV
JY VY VY vy

T

4 ms / div

BHE 0.00v e

)

50V /div

]

| 4-Junis-20 20:24

Q,G:»DC ch.a 6‘)‘.’H ‘hﬁv}:ﬁ\.’»a“dk&‘jwv) (\0)‘}&5

(8]

waly
based on switched dc sources", IEEE Transactions on
Industrial Electronics, Vol. 61, No. 7, July 2014.
Hosseinpour, M., Seifi, A., Dejamkhooy, A. and
Sedaghati, F., "Switch count reduced structure for
symmetric bi-directional multilevel inverter based on
switch-diode-source cells", 1IET Power Electronics,
Vol. 13, No. 8, pp. 1675-1686, 2020.
Seifi, A., Hosseinpour, M., Dejamkhooy, A. and
Sedaghati, F., "Novel reduced switch-count structure
for  symmetric/asymmetric  cascaded — multilevel
inverter", Arabian Journal for Science and
Engineering, Vol. 45, pp. 6687-6700, 2020.
Hosseinpour, M., A. Seifi, and E. Feyz. "4 new
symmetric/asymmetric multilevel inverter based on
cascaded connection of sub-multilevel units aiming
less switching components and total blocked voltage",
Journal of Telecommunication, Electronic and
Computer Engineering (JTEC), Vol. 12, No. 1, pp.
53-62, 2020.

[10] Seifi, A., Hosseinpour A., and Dejamkhooy A., "4

switch-source cell-based cascaded multilevel inverter
topology with minimum number of power electronics
components", Transactions of the Institute of
Measurement and Control, Vol. 45, No. 3, pp. 1212-
1225, 2021.

[11] Majareh, S.H.L., Sedaghati, F., Hosseinpour, M. and

Mousavi-Aghdam, S.R., "Design, analysis and
implementation of a generalised topology for
multilevel inverters with reduced circuit devices", IET
Power Electronics, Vol. 12, No. 14, pp. 3724-3731,



VA (Fiaals Olgdl slass (dls jgliieds (xbawaizr 35 ol (6l ¢y lieb 9 ¢y liie woer (S59lgn g SO &l

2019.

[12] Ebrahimi, J., Babaei, E., and Gharehpetian, G. B., "4
new multilevel converter topology with reduced
number of power electronic components", 1EEE
Transactions on Industrial Electronics, Vol. 59, No. 2,
pp. 655-667, Feb. 2012.

[13] Hosseini Montazer, B., Olamaei, J., Hosseinpour, M.
and Mozafari, B., "4 generalized diode containing
bidirectional topology for multilevel inverter with
reduced switches and power loss", International
Journal of Circuit Theory and Applications, Vol. 49,
No. 9, pp. 2959-2978, 2021.

[14] Hosseinpour, M., Seifi, A. and Rahimian, M. M., "4
bidirectional diode containing multilevel inverter
topology with reduced switch count and driver",

International Journal of Circuit Theory and
Applications, Vol. 48, No. 10, pp. 1766-1785,
2020.

[15] Babaei E., Laali S. and Bayat Z., "4 single-phase
cascaded multilevel inverter based on a new basic
unit with reduced number of power switches", IEEE
Transactions on Industrial Electronics, Vol. 62, No. 2,
pp. 922-929, 2015.

[16] Alishah, R. S., Hosseini, S. H., Babaaei, E. and
Sabahi, M., "4 new general multilevel converter
topology based on cascaded connection of sub-
multilevel units with reduced switching components,
dc sources and blocked voltage by switches", IEEE
Transactions on Industrial Electronics, Vol. 63, No.
11, pp. 7157-7164, 2016.

[17] Jayabalan, M., Jeevarathinam, B. and
Sandirasegarane, T., "Reduced switch count pulse
width modulated multilevel inverter", 1ET Power
Electronics, Vol. 10, No. 1, pp. 10-17, 2017.

[18] Dhanamjayulu, C. and Meikandasivam, S.,
"Implementation and comparison of symmetric and
asymmetric multilevel inverters for dynamic loads",
IEEE Accsess, Vol. 6, pp. 738-746, 2018.

[19] Oskuee, M. R. J., Karimi, M., Ravadanegh, S. N. and
Gharehpetian, G. B., "An innovative scheme of
symmetric multilevel voltage source inverter with
lower number of circuit devices", IEEE Transaction
on Industrial Electronics, Vol. 62, No. 11, 2015.

[20] Ali, S. M., Alishah, R. S., and Krishnasay, V., "4 new
generalized multilevel converter topology with
reduced voltage on switches, power losses and
components", IEEE Journal of Emerging and Selected
Topics in Power Electronics, Vol. 7, No. 2, pp. 1094-
1106, 2019.

[21] Siddique, M. D., Mekhilef, S., Shah, N.M. and
Memon, M. A., "Optimal design of a new cascaded
multilevel inverter topology with reduced switch
count", IEEE Access, Vol. 7, pp. 24498-24510, 2019.

[22] Sacedian, M., Adabi, J. and Hosseini, S. M.,
"Cascaded multilevel inverter based on symmetric—
asymmetric DC sources with reduced number of
components", IET Power Electron, Vol. 10, No. 12,
pp. 1468-1478, 2017.

[23] Samsami, H., Taheri, A. and Sammanbakhsh, R.,
"New bidirectional multilevel inverter topology with
Staircase cascading for symmetric and asymmetric
structures", IET Power Electronics, Vol. 10, No. 11,
pp. 1315-1323,2017.

[24] Sacedian, M., Adabi, M.E., Hosseini, S.M., Adabi, J.,
Pouresmaeil E., "4 Novel Step-Up Single Source
Multilevel Inverter: Topology, Operating Principle,

and Modulation", 1EEE Transactions on Power
Electronics, Vol. 34, No. 4, 3269-3282,
2018.Samadaei, E., Sheikholeslami, A., Gholamian,
S.A. and Adabi, J., "4 square T-type (ST-Type)
module for asymmetrical multilevel inverters", IEEE
Transactions on Power Electronics, Vol. 33, No. 2,
pp. 987-996, 2017.

[25] Barzegarkhoo, R., Moradzadeh, M., Zamiri, E.,
Kojabadi, H.M. and Blaabjerg, F., "4 new boost
switched-capacitor multilevel converter with reduced
circuit devices", 1EEE Transactions on Power
Electronics, Vol. 33, No. 8, pp. 6738-6754, 2017.

[26] Ali, J. S. M., Alishah, R. S., Sandeep, N., Hosseini, S.
H., Babaei, E., V. Krishnasay and U. R. Yaragatti, "4
new generalized multilevel converter topology based
on cascaded connection of basic units", IEEE Journal
of Emerging and Selected Topics in Power
Electronics, Vol. 7, No. 4, pp. 2498 - 2512, 2019.

[27] Banaei MR, Oskuee MR, Khounjahan H.,
“Reconfiguration of semi-cascaded multilevel inverter
to improve systems performance parameters”, 1ET
Power Electronics, Vol. 7, No. 5, pp. 1106-1112,
2014.

[28] Kangarlu, M.F., Babaei, E., Laali, S., "Symmetric
multilevel inverter with reduced components based on
non-insulated dc voltage sources", 1ET Power
Electronics, Vol. 5, No. 5, pp. 571-581, 2012.

[29] Ebrahimi, J., Babaei, E. and Gharehpetian, G. B., "“4
new topology of cascaded multilevel converters with
reduced number of components for high-voltage
applications", 1EEE  Transactions on Power
Electronics, Vol. 26, No. 11, pp. 3109-3118, 2011.

[30] Yousofi-Darmian, S., Barakati, S.M., "4 new
asymmetric multilevel inverter with reduced number
of components", 1EEE Journal of Emerging and
Selected Topics in Power Electronics, Vol. 8, No. 4,
pp. 4333-4342, 2020.

[31] Loh, P.C., Holmes, D.G. and Lipo, T.A,
"Implementation and control of distributed PWM
cascaded multilevel inverters with minimal harmonic
distortion and common-mode voltage", 1EEE
Transactions on Power Electronics, Vol. 20, No. 1,
pp. 90-99, 2005.

[32] Yao, W., Hu, H. and Lu, Z., "Comparisons of space-
vector modulation and carrier-based modulation of
multilevel inverter", IEEE Trans. Power Electronics,
Vol. 23, No. 1, pp. 45-51, 2008.

[33] Du, Z., Tolbert, L.M. and Chiasson, J.N., "Active
harmonic elimination for multilevel converters", IEEE
Transactions on Power Electronics, Vol. 21, No. 2,
pp. 459-469, 2006.

[34] Hu, P. and Jiang, D., "4 level-increased nearest level
modulation — method  for  modular  multilevel
converters", IEEE Transactions on Power Electronics,
Vol. 30, No. 4, pp. 1836-1842, 2015.

[35] Srndovic, M., Zhetessov, A., Alizadeh, T., Familiant,
Y.L., Grandi, G. and Ruderman, A., "Simultaneous
selective harmonic elimination and THD minimization
for a single-phase multilevel inverter with staircase
modulation", 1EEE Transactions on Industry
Applications, Vol. 54, No. 2, pp. 1532-1541, 2018.

[36] Rosas-Caro, J. C., Ramirez, J. M., Peng, F. Z. and
Valderrabano, A., "A DC-DC multilevel boost
converter", IET Power Electronics, Vol. 3, No. 1, pp.
129-137, 2010.



