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Abstract:

In this paper, a high step-up converter utilizing high voltage gain and low voltage stress on the
switches is introduced, which provides zero-current switching for both switches. The designed
auxiliary circuit, in addition to creating software switching conditions for the converter elements, also
enable the transfer of snubber energy to the output. This circuit consists of only one snubber capacitor,
one auxiliary diode, and one auxiliary coupled-inductor. Since all diodes are switched off at zero
current, there is no reverse recovery problem in them. Also, due to the absence of an auxiliary switch
in the converter, its control circuit is very simple. The proposed converter with a power of 110W and
an output voltage of 340V is simulated in Pspice software and the results obtained are in good
agreement with the theoretical analyses. Also, a prototype of the converter has been implemented, the
practical results of which show an efficiency improvement of 5% compared to the hard switching
counterpart.
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Figure (1): Schematic view of the proposed step-up converter
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Figure (2): Equivalent circuits of the proposed converter in a) first state b) second state c) third state
d) fourth state e) fifth state
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Figure (3): Key waveforms of the proposed step-up converter
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Figure (4): Voltage gain diagram of the proposed converter under duty cycle variation
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Figure (5): Normalized voltage stress diagram of the semiconductor elements of the proposed converter under duty cycle
variation.
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Table (1): Specifications and values of the proposed converter elements
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Figure (6) Schematic of the simulated converter
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I\Yg


https://jeps.dezful.iau.ir/article-1-521-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-09-06 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13- No. 2- Summer 2024

VEY Ll —pgo o lads — o0 o Jlu —aialign &y08 slapinw )0 (pgd Olidod 4y il

[\
[ ™
——
[|———
| =~

M2 (2A/div,50V/div,1us/diV) gud g (sl by g (VL) (wygm — 330 L5 (6 3lw dumid sld Zao JSKub :(A) S5
Figure (8): Simulation waveforms of drain-source voltage (top) and current (bottom) of switch M2
(2A/div, 50V/div, 1ps/div)

(2A/div ,1ps/div) (e b)D1 by 9(lwg)D2 b y2 (Y1) Dagl 2 63lw dnd (s Zgo S5 :(1) S
Figure (9): Simulation waveforms of current D4 (top), current D2 (middle) and current D1 (bottom) (2A/div, 1ps/div)
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Figure (13): Photograph of the implemented converter

g, 09541381 (glod o b (g0 leiuiion 0051331 Juno s Lio—F

Slass Hlas 5lams oo ol 1) pom b 3 00l () Sledoe b s3leiiing oanl Bl Jus G (sl amlie (V) Jgur o
56y il g el YU 250,5 b > 6lls goleiinn Jowe a4 Cand Jg 900 1 oyledl slaws o sl [V Jue oLl
Iy Sl it Was a5l o1 lall sl oS wizse ol ol g 50 e ol o ool YU 55 g
oAby o ys Sl g SeS lae ,o Vb ulas Sl sl SeS mage SYob og o, L 4 [YY] o
5 IYY] 5 IYY] sldos s 095 a5 wil oo YL 69935 by Jey bl gy bl 4 [VV] sldoe sl
WS oo St 1y Joe S jlae 2l g aiil co oazmy o, Sles gl)lo

OA


https://jeps.dezful.iau.ir/article-1-521-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-09-06 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13- No. 2- Summer 2024

VEY Ll —pgo o lads — o0 o Jlu —aialign &y08 slapinw )0 (pgd Olidod 4y il

* : { »
va
T T[T T S R T T —
CH3 =Sav CH3 =Sev
[ al)
L= BIOR o

ol 5 (0 D1l sz o Migmsm (oml) by 5 (V) 55— Gl (solein o331 Jutso o sleczso JSCi :(1F) S
(YL)Da b 2 9 (k) Doyl 2 —z (o b)Da

Figure (14): Practical waveforms of the proposed converter a - VVoltage (up) and current (down) of switch M1 b -
Current D1 (up) and current D4 (down) ¢ - Current D, (down) and current D, (up)

Otion Sldoe b solpiian ool 38l Joue anulio (V) Jgo

wolpin [vy] [vy] [v-] [hal el
Joe
VY ¥ ¥ VY \. bl slass
Y Y ¥ Y Y T Slass
Ol b o=k o=l o=l Y $29,9 Ok Je)
ZC-Z2V ZC N s s PRI

& 35 4=V

S D9 9 oadiises slachle ST 5l eslnul b aS ol ailyl 5 (>l Y 515 0500 b osiali8l Jue G alie Gl o
3 SplS adex 5l ala Fhs bl oleiin Jame wad oo ol ) bagdgw 5y ol 0ad hsS slacal 4
T 4 5L pae 5 deogas ;0 usSae (b5l St pas (ol (63959 0Lz ) bl polie oS olasi Gao L >
OgYge 5l g 009 deo i kel Slagedow (59, 2 b oyl S 5l Grigres Jows (nl el (SeST o yo SL2I
S o JiTie (25 y5 |y il (6551 copdleds S oo oolinl ]S (6l PWM) Gl sl

AR


https://jeps.dezful.iau.ir/article-1-521-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-09-06 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

b 89955 Olyz ey 9 420 Glyz 50 (Si0elS b oz canlidl Ly Joe

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

References
&=y

J. Qasim Fahad, M. Delshad, W. Riyadh Abdul-Adheem, B. Fani, H. Saghafi, "A new
interleaved high step-up converter with cancellation input current ripple and soft switching",
Journal of Novel Researches on Smart Power Systems, vol. 13, no. 1, pp. 33-43, 2024 (in
Persian).

E. Salary, S. Sabzi, "Providing voltage boosting DC/DC converter with direct connection
between source and load", Journal of Novel Researches on Smart Power Systems, vol. 12, no.
1, pp. 57-70, 2023 (in Persian).

J. Jalili, S. M. M. Mirtalaei, M. R. Mohammadi, B. Majidi, "The current-fed high step-up
switching converter with low coupled-inductor RMS current", Journal of Novel Researches on
Smart Power Systems, vol. 11, no. 4, pp. 1-10, 2023 (in Persian).

B. Gu, J. Dominic, J. S. Lai, Z. Zhao, and C. Liu, "High boost ratio hybrid transformer DC—
DC converter for photovoltaic module applications”, IEEE Trans. Power Electron., vol. 28,
no. 4, pp. 2048-2058, Apr. 2013 (doi:10.1109/TPEL.2012.2221360).

H. S. Kim, J. W. Baek, M. H. Ryu, J. H. Kim, and J. H. Jung, "The high-efficiency isolated
AC-DC converter using the three-phase interleaved LLC resonant converter employing the Y-
connected rectifier", IEEE Trans. Power Electron., vol. 29, no. 8, pp. 4017-4028, Aug. 2014
(doi:10.1109/TPEL.2013.2280536).

M. Sarhangzadeh, S. H. Hosseini, M. B. B. Sharifian, and G. B. Gharehpetian, "Multi-input
direct DC-AC converter with high-frequency link for clean power-generation systems", IEEE
Trans. Power Electron.,, wvol. 26, no. 6, pp. 1777-1789, Jun. 2011
(doi:10.1109/TPEL.2010.2057318).

P. H. Tseng, J. F. Chen, and Y. P. Hsieh, "A novel active clamp high step-up DC-DC
converter with coupled-inductor for fuel cell system”, in Proc. IEEE Int. Future Energy
Electron. Conf. (IFEEC), 2013, pp. 326-331 (d0i:10.1109/IFEEC.2013.7004650).

Y. H. Hu, W. D. Xiao, W. H. Li, and X. N. He, "Three-phase interleaved high-step-up
converter with coupled-inductor-based voltage quadrupler”, IET Power Electron., vol. 7, no.
7, pp. 1841-1849, Jul. 2014 (doi:10.1049/iet-pel.2013.0260).

Y. Zhao, W. H. Li, and X. N. He, "Single-phase improved active clamp coupled-inductor-
based converter with extended voltage doubler cell”, IEEE Trans. Power Electron., vol. 27,
no. 6, pp. 2869-2878, Jun. 2012 (doi:10.1109/TPEL.2011.2163794).

R.-J. Wai and R.-Y. Duan, "High step-up converter with coupled-inductor”, IEEE Trans.
Power Electron., vol. 20, no. 5, pp. 1025-1035, Sep. 2005 (doi:10.1109/TPEL.2005.849924).
Y. P. Hsieh, J. F. Chen, T. J. Liang, and L. S. Yang, "A novel high step-up DC-DC converter
for a microgrid system", IEEE Trans. Power Electron., vol. 26, no. 4, pp. 1127-1136, Apr.
2011 (doi:10.1109/TPEL.2010.2043403).

Y. Zhao, W. Li, X. He, Y. Zhang, and H. Ma, "Performance analysis of high conversion ratio
converter with switched capacitor and voltage gain extension cell”, in Proc. IEEE 37th Annu.
Conf. Ind. Electron. Soc., Melbourne, VIC, Australia, 2011, pp. 1519-1523
(doi:10.1109/IECON.2011.6119510).

M. Das and V. Agarwal, "Design and analysis of a high-efficiency DC-DC converter with soft
switching capability for renewable energy applications requiring high voltage gain”, IEEE
Trans. Ind. Electron., wvol. 63, no. 5  pp. 2936-2944, May 2016
(doi:10.1109/T1E.2015.2507719).

M. Forouzesh, Y. Keyvan, A. Baghramian, and S. Hasanpour, "Single-switch high step-up
converter based on coupled inductor and switched capacitor techniques with quasi-resonant
operation”, IET Power Electron., vol. 10, no. 2, pp. 240-250, 2017. (doi:10.1049/iet-
pel.2016.0290).


https://doi.org/10.1109/TPEL.2012.2221360
https://doi.org/10.1109/TPEL.2013.2280536
https://doi.org/10.1109/TPEL.2010.2057318
https://doi.org/10.1109/IFEEC.2013.7004650
https://doi.org/10.1049/iet-pel.2013.0260
https://doi.org/10.1109/TPEL.2011.2163794
https://doi.org/10.1109/TPEL.2005.849924
https://doi.org/10.1109/TPEL.2010.2043403
https://doi.org/10.1109/IECON.2011.6119510
https://doi.org/10.1109/TIE.2015.2507719
https://doi.org/10.1049/iet-pel.2016.0290
https://doi.org/10.1049/iet-pel.2016.0290
https://jeps.dezful.iau.ir/article-1-521-fa.html

Journal of Novel Researches on Smart Power Systems - VVol. 13- No. 2- Summer 2024

[ Downloaded from jeps.dezful.iau.ir on 2025-09-06 ]

VEY Gl —pg0 0)lods =20 juw Jl —diadigd 508 (ot ;o (g8 Dliasd 4y i

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

©NORkWNE

9.
10.
11.

K. C. Tseng, C. C. Huang, and W. Y. Shih, "A high step-up converter with a voltage
multiplier module for a photovoltaic system"”, IEEE Trans. Power Electron., vol. 28, no. 6, pp.
3047-3057, Jun. 2013 (doi:10.1109/TPEL.2012.2191879).

T. Meng, S. Yu, H. Q. Ben, and G. Wei, "A family of multilevel passive clamp circuits with
coupled inductor suitable for single-phase isolated full-bridge boost PFC converter”, IEEE
Trans. Power Electron.,, wvol. 29, no. 8, pp. 43484356, Aug. 2014
(doi:10.1109/TPEL.2013.2287451).

Y. P. Hsieh, J. F. Chen, T. J. Liang, and L. S. Yang, "Novel high step-up DC-DC converter
with coupled-inductor and switched-capacitor techniques”, IEEE Trans. Ind. Electron., vol.
59, no. 2, pp. 998-1007, Feb. 2012 (doi:10.1109/T1E.2011.2114700).

J. H. Lee, T. J. Liang, and J. F. Chen, "Isolated coupled-inductor-integrated DC-DC converter
with nondissipative snubber for solar energy applications”, IEEE Trans. Ind. Electron., vol.
61, no. 7, pp. 3337-3348, Jul. 2014. (doi:10.1109/TIE.2013.2273645).

J. Lei, Z. Xi, C. L. Yin, M. Chris, S. Q. Li, and M. Y. Zhang, "A novel soft-switching
bidirectional DC-DC converter with coupled inductors”, Proc. IEEE Appl. Power Electron.
Conf. (APEC), 2013, pp. 30403044 (doi:10.1109/APEC.2013.6528234).

B. L. Narasimharaju, S. P. Dubey, and S. P. Singh, "Coupled inductor bidirectional DC-DC
converter for improved performance”, Proc. IEEE Int. Conf. Ind. Electron. Control, 2010, pp.
28-33 (doi:10.1109/1IECR.2010.5738889).

L. S. Yang, T. J. Liang, and J. F. Chen, "Transformerless DC-DC converters with high step-
up voltage gain", IEEE Trans. Ind. Electron., vol. 56, no. 8, pp. 3144-3152, Aug. 2009
(doi:10.1109/T1E.2008.2007521).

Y. Axelrod, E. Berkovich, and A. loinovici, "Switched-capacitor/switched-inductor structures
for getting transformerless hybrid DC-DC PWM converters"”, IEEE Trans. Circuits Syst. I:
Reg. Papers, vol. 55, no. 2, pp. 687-696, Mar. 2008 (d0i:10.1109/TCSI1.2007.905186).

Lwsin)
Fuel cell
Photovoltaic
Coupled-inductor
Leakage inductance
Cascade
Switched inductor
Switched Capacitor
Pulse width modulation
Zero current switching
Reverse recovery
Zero voltage switching

23


https://doi.org/10.1109/TPEL.2012.2191879
https://doi.org/10.1109/TPEL.2013.2287451
https://doi.org/10.1109/TIE.2011.2114700
https://doi.org/10.1109/TIE.2013.2273645
https://doi.org/10.1109/APEC.2013.6528234
https://doi.org/10.1109/IECR.2010.5738889
https://doi.org/10.1109/TIE.2008.2007521
https://doi.org/10.1109/TCSI.2007.905186
https://jeps.dezful.iau.ir/article-1-521-fa.html
http://www.tcpdf.org

