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Abstract

Following the scarcity of non-renewable resources such as oil, gas and coal, more research is focused
on the issue of high energy consumption and society's dependence on fossil fuels. The use of
renewable energy and the development of microgrids can be necessary to reduce dependence on fossil
fuels. Photovoltaic systems play a key role in microgrids as a source of renewable energy supply. In
these systems, the output voltage of the cell is usually much lower than the voltage required by the DC
bus, and as the output current increases, the amount of this voltage decreases significantly. Therefore,
the presence of a step-up DC-DC converter with a wide input voltage range is necessary to connect the
low-voltage cell source and the high-voltage DC bus connected to the inverter. In this paper, a new
structure is presented for non-insulated DC-DC boost converters based on voltage lift technique. The
proposed converter has a proper voltage gain at output and an acceptable voltage stress on switch and
diodes in comparison with recent references. The proposed converter has a switch with easier control
and high reliability due to the input source common point and the output load of the converter.
Analysis of the voltage stress as well as selection of suitable elements along with converter analysis in
continuous mode are performed and calculation validity is confirmed by presented laboratory results.
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Figure (1): Proposed converter structure
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Figure (2): Proposed converter equivalent circuit, a) First state of switching, b) Second state of switching

Table (1): Comparison of proposed converter with other references
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Table (2): Experimental converter characteristics
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Figure (4): Experimental picture of proposed converter
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voltage, b) Voltage switch, c) Voltage of diode 1, d) Voltage of diode 2, €) Voltage of diode 3

YY)



SR S S - ....'l'i:me:?Smijc.s/div.. SR S S - --Tir:ne: i5mi¢;s/d.iv--

L

59959 55 () =9 5Ws (alh)

=955 96999 SWg gge (V) S5
Figure (7): Input and output voltage waveform, a) Output voltage waveform, b) Input voltage waveform

S 35 Az — A
Golan Lo slyls solprinn Jous el 0uls al)] ax LS, oSl b o g5 S DC-DC Joo S allas ol e

©99)9 &ke (2 S Fiie (e sdladess slagledl (35 2 Gl Sy A omabliie SiihysS g0 VL 53U 00 wle
el Jdow g an o S oo o alite oo )5 gl Je 4 SOty Jawe b Sy ol sl 29,5 b
e Jao 3l ;K0 golass L eolprin Joe .85 (158 Cion 090 (o0lpiin Jaue gl p dtign (6,5 ae g by
Slaiel g 00 dunslie Slasin ple g izl slaws ble ;-des slaledl (59, 5y 25 5Ly 0,00 b adail) o souas il

Sidms @l ady Froo oog 5 sy L oalltalesl adsl ages SO ules 5o 098 o0 a5 oleiig Sl
20,5 2l )20 mli b o,k o g s g 0 ansle ol

Sl il
059> oL, 1) 095 dilawans St ilje Mb@ r’ﬂ Y I LI CONP LI ‘S:LQM YO T s Ao oyl
igles el ilosged (g,b Aliae (] 2S5 slas,l g plol jo 1) Lo a5 p toxe oyl jglo 5 sodlu] olj oRils camgh

References

&=

[1] D. Maksimovic, A.M. Stankovic, V.J. Thottuvelil, G.C. Verghese, "Modeling and simulation of power
electronic converters", Proceedings of the IEEE, vol. 89, no. 6, pp. 898-912, June 2001 (doi: 10.1109/5.9-
31486).

[2] N.P. Papanikolaou, E.C. Tatakis, "Active voltage clamp in flyback converters operating in CCM mode under
wide load variation", IEEE Trans. on Industrial Electronics, vol. 51, no. 3, pp. 632-640, June 2004 (doi:
10.1109/TIE.2004.825342).

[3] J-M. Kwon, B.H. Kwon, "High step-up active-clamp converter with input-current doubler and output-voltage
doubler for fuel cell power systems", IEEE Trans. on Power Electronics, vol. 24, no. 1, pp. 108-115, Jan.
2009 (doi: 10.1109/TPEL.2008.2006268).

[4] A.L. Masich, H.V. Blavi, J.M. B. Moncusi, L.M. Salamero, "A high-voltage sic-based boost PFC for LED
applications", IEEE Trans. on Power Electronics, vol. 31, no. 2, pp. 1633-1642, Mar. 2016 (doi:
10.1109/TPEL.2015.2418212).

[5] N. Genc, I. Iskender, "Teaching of power quality phenomenon based on modeling and simulation of boost
type PFC converters", Computer Applications in Engineering Education, vol. 20, no. 1, pp. 149-160, Mar.
2012 (doi:10.1002/cae.20382).

[6] S. Dwari, L. Parsa, "A novel high efficiency high power interleaved coupled-inductor boost DC-DC
converter for hybrid and fuel cell electric vehicle", Proceeding of the IEEE/VPPC, pp. 399-404, Arlington,
TX, USA, Sept. 2007 (doi: 10.1109/VPPC.2007.4544159).

[7] K. Patidar, A.C. Umarikar, "A step-up PWM dc-dc converter for renewable energy applications", Internati-
onal Journal of Circuit Theory and Applications., vol. 44, no. 4, pp. 817-832, April 2016 (doi: 10.1002/c-
ta.2108).

YA



VoR-AYe NFLY bl foaie g ol oleds [o0 3l Jlo /(3 Cano ;0 diedigr slo g, 4y pid

[8] R.J. Wai, C.Y. Lin, R.Y. Duan, Y.R. Chang, "High-efficiency DC— DC converter with high voltage gain and
reduced switch stress", IEEE Trans. on Industrial Electronics, vol. 54, no. 1, pp. 354-364, Feb. 2007 (doi:
10.1109/TIE.2006.888794).

[9] M.G. Ortiz-Lopez, J. Leyva-Ramos, L.H. Diaz-Saldierna, E.E. Carbajal-Gutierrez, "Multiloop controller for
n-stage cascade boost converter", Proceeding of the IEEE/CCA, pp. 587-592, Singapore, Oct. 2007 (doi:
10.1109/CCA.2007.4389295).

[10] M. Prudente, L.L. Pfitscher, G. Emmendoerfer, R. Gules, "Voltage multiplier cells applied to non-isolated
dc-dc converters", IEEE Trans. on Power Electronics, vol. 23, no. 2, pp. 871-887, Mar. 2013 (doi: 10.11-
09/TPEL.2007.915762).

[11] F.M. Shahir, E. Babaei, M. Farsadi, "Voltage-Lift technique based nonisolated boost DC-DC converter:
Analysis and design", IEEE Trans. on Power Electronics, vol. 33, no. 7, pp. 5917-5926, July 2018 (doi:
10.1109/TPEL.2017.2740843).

[12] Y.M. Ye, KW.E. Cheng, "Quadratic boost converter with low buffer capacitor stress", IET Power
Electronics, vol. 7, no. 5, pp. 1162-1170, May 2014 (doi:10.1049/iet-pel.2013.0205).

[13] B. Wu, S. Li, Y. Liu, K.M. Smedley, "A new hybrid boosting converter for renewable energy applications”,
IEEE Trans. on Power Electronics, vol. 31, no. 2, pp. 1203-1215, Feb. 2016 (doi: 10.1109/TPEL.2015.2420-
994).

[14] T. Nouri, E. Babaei, S.H. Hosseini, "A generalized ultra step-up dc-dc converter for high voltage
application with design considerations", Electric Power Systems Research, vol. 5, pp. 71-84, Aug. 2013
(doi: 10.1016/j.epsr.2013.07.012).

[15] Y.T. Chen, W.C. Lin, R.H. Liang, "An interleaved high step-up DC-DC converter with double boost paths",
International Journal of Circuit Theory and Applications, vol. 43, no. 8, pp. 976-983, Aug. 2015 (doi:
10.1002/cta.1986).

[16] S.M. Chen, T.J. Liang, L.S. Yang, J.F. Chen, "A cascaded high step-up dc-dc converter with single switch
for micro-source applications”, IEEE Trans. on Power Electronics, vol. 26, no. 4, pp. 1146-115, Feb. 2011
(doi: 10.1109/TPEL.2010.2090362).

[17] S.V. Cheong, S.H. Chung, A. loinovici, "Development of power electronics converters based on switched-
capacitor circuits", Proceeding of the IEEE/ISCAS, pp. 1907-1910, San Diego, CA, USA, May 1992 (doi:
10.1109/1SCAS.1992.230438).

[18] R. Madeira, N. Paulino, "Analysis and implementation of a power management unit with a multiratio
switched capacitor DC-DC converter for a supercapacitor power supply", International Journal of Circuit
Theory and Applications, vol. 44, no. 11, pp. 2018-2034, Nov. 2016 (doi: 10.1002/cta.2209).

[19] L. Zhou, B. Zhu, Q. Lou, S. Chen, "Interleaved non-isolated high stepup dc/dc converter based on the
diode-capacitor multiplier", IET Power Electronics, vol. 7, pp. 390-397, Feb. 2014 (doi: 10.1049/iet-pel.20-
13.0124).

[20] T. Nouri, S.H. Hosseini, E. Babaei, J. Ebrahimi, "Interleaved high step-up dc-dc converter based on three-
winding high-frequency coupled inductor and voltage multiplier cell", IET Power Electronics, vol. 8, no. 2,
pp. 175-189, Feb. 2015 (doi: 10.1049/iet-pel.2014.0165).

[21] R.J. Wai, R.Y. Duan, "High step-up converter with coupledinductor", IEEE Trans. on Power Electronics,
vol. 20, no. 5, pp. 1025-1035, Sept. 2005 (doi: 10.1109/TPEL.2005.854023).

[22] T.F. Wu, Y.S. Lai, J.C. Hung, Y.M. Chen, “Boost converter with coupled inductors and buck—boost type of
active clamp,” IEEE Trans. on Industrial Electronics, vol. 55, no. 1, pp. 154-162, Jan. 2008 (doi:
10.1109/TIE.2007.903925).

[23] Y.P. Hsieh, J.F. Chen, T.J. Liang, L.S. Yang, "Novel high step-up DC-DC converter with coupled-inductor
and switched-capacitor techniques", IEEE Trans. on Industrial Electronics, vol. 59, no. 2, pp. 998-1007,
Feb. 2012 (doi: 10.1109/T1E.2011.2151828).

[24] F.M. Shahir, E. Babaei, M. Farsadi, "Extended topology for a boost DC-DC converter", IEEE Trans on
Power Electronics, vol. 34, no. 3, pp. 2375-2384, March 2019 (doi: 10.1109/TPEL.2018.2840683).

[25] F.M. Shahir, E. Babaei, M. Farsadi, "Analysis and design of voltage-lift technique-based non-isolated boost
dc-dc converter", IET Power Electronics, vol. 11, no. 6, pp. 1083-1091, July 2018 (doi: 10.1049/iet-pel.20-
17.0259).

[26] A. Rajabi, F.M. Shahir, E. Babaei, "Designing a novel voltage-lift technique based non-isolated boost DC-
DC converter with high voltage gain", International Trans .on Electrical Energy Systems, vol. 31, no. 12,
Avrticle Number: 13213, 2021 (doi: 10.1002/2050-7038.13213).

OWP )

1. Light emitting diode
2. Power factor correction
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3. Photovoltaic system

4. Pulse width modulation

5. Electromagnetic interference
6. Voltage lift

7. Voltage lift converter

8. Continuous current mode
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