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Abstract— Conventional soft switching techniques are 
promising for improvement of efficiency in full bridge 
converters. However, efficiency of converters with employing 
such techniques is restricted due to narrow range of zero voltage 
switching (ZVS). In such situation, several methods have been 
proposed in the literature to cope with wide range of ZVS from 
no load to maximum load. The extra circuitry added to achieve a 
wide range of ZVS generates more conduction losses in a 
converter and increase cost of converter. In this paper, a novel 
ZVS full bridge converter is proposed to eliminate limitations of 
narrow range ZVS, improved efficiency and reduced cost. The 
circuit diagram, operation principle of proposed converter is 
explained and analyzed theoretically in detail. In addition, the 
proposed converter is built and experimental results are provided 
to verify the novel ZVS full bridge converter.  

Keywords— Zerovoltage switching; full-bridge Converter; 
efficiency; auxiliary circuit  

I.  INTRODUCTION  
Full-bridge converters are commonly used for medium-to-

high power applications due to its simple circuit configuration 
based on hard and soft switching techniques. Hard switching 
converters are normally turned on and off switches diagonally 
at same time. Due to overlap between voltage and current in 
switches causes losses and reduced efficiency of converter. To 
improve efficiency of converter, soft switching techniques are 
normally used. The soft-switching technique can be classified 
into two types such as ZVS (zero voltage switching) and zero-
voltage and zero current switching (ZVZCS) [1]. ZVS is most 
popular technique due to fixed switching frequency and 
simplicity. In conventional ZVS method, the switches are 
turned on when voltage across these are nearly equal to zero. 
To achieve ZVS, the parasitic capacitors of the switches and 
leakage inductance of transformer are normally utilized to 
meet the condition of soft switching. This technique improved 
efficiency of converter and minimizing EMI noise [2]. While 
on the other hand, there are some limitations of this technique 
such as narrow range of load handling capability to achieve 
zero voltage switching. In light load condition, they lose their 
ability to achieve zero voltage switching due to less energy 
stored in leakage inductance. 

A number of research papers have been published in 
literature to improve the range of ZVS operation for converter 
[3-6].  The range of ZVS can be extended by increasing stored 

energy of inductance using high leakage inductance of 
transformer or adding series inductance. The effective duty 
cycle is comprised due to increasing inductance of 
transformer. The loss of effective duty cycle can be minimized 
by using saturable inductor in series to achieve ZVS [7]. These 
methods of increasing the inductance for stored energy can 
significantly increases current through switches and 
conduction losses [8]. A full range of ZVS can be achieved by 
help of passive auxiliary pole circuit that results in fixed 
circulating current and higher conduction losses. In a nutshell, 
conduction losses are higher in these types of ZVS techniques 
of increasing inductance of transformer through different ways 
such as series inductance, saturable inductor and passive 
auxiliary pole circuit. 

In this paper, a novel technique is proposed to extend the 
range of ZVS over entire range of load. Moreover, the 
proposed technique not only increases the range of ZVS but 
also improves efficiency of full-bridge converter. The 
experimental results obtained from proposed converter are 
also presented in paper to confirm our idea.  

II. OPERATION PRINCIPLE OF NOVEL ZVS FULL-BRIDGE 
CONVERTER 

The circuit diagram of proposed ZVS full-bridge converter 
is shown in fig 1. In proposed circuit, there are four main 
switches Q1 Q2 Q3 Q4 (also the parasitic capacitances and 
body diodes are including as well), Np/2 and Np/2 are primary 
windings of equal turns, Ns1_A, Ns2_A, Ns1_B and Ns2_B 
are secondary windings, D1-D8 are output rectifier diode, L1-
L4 are output filter inductor, C5-C8 are output filter 
capacitors. Laux is an auxiliary inductor , Caux1 and Caux2 
are voltage divider capacitors. The passive energy storage 
circuit consists of Laux, Caux1 and Caux2.   

The converter has several operating cycles to perform ZVS 
over entire range of cycle. In fig 2-9, the related equivalent 
circuits under different operating cycles are shown.  

For analysis of circuit, several assumptions are made to 
simplify the analysis such as 1) Ideal components are 
considered. 2) Inductor of output filter is large enough that it 
can be considered as a constant current source. 3) Caux 1 and 
Caux2 can act as a constant voltage source, 
(Vcaux1=Vcaux2=Vin/2). Whereas Vin=Vbus used in 
schematic.



 

 

Fig. 1. Schematic of novel proposed ZVS full-bridge Converter 

 

A. Mode 1 
Before time t0, the power is transferred from input source 

Vin to the load. The MOSFET Q1 and Q4 are conducting to 
build the primary voltage across transformer. On the 
secondary side, the D5, D8, D9 and D12 are conducting to 
deliver the power to load. The voltage across auxiliary 
winding is equal to zero VLaux =0. Therefore, the current in 
auxiliary inductor freewheels and remains unchanged.  

B. Mode 2 
At to, Q4 is turned OFF and Q1 still turn ON. The 

auxiliary circuit is providing current to charge up capacitor C4 
and discharge up capacitor C3. On the secondary side, the 
diodes become reverse bias and are not conducting. Moreover, 
the rising voltage across C4 due to current providing by 
auxiliary circuit builds up to voltage equal to VIN. At the end 
of this mode, the voltage across C4 charges up to input voltage 
VIN and the capacitor C3 discharges completely.  

C. Mode 3 
This mode starts when C4 charges up to VIN and C3 

completely discharges to zero voltage. Also Q1 remains turn 
ON in this mode and MOSFET Q3 turns ON at zero voltage 
across it. Therefore, the free wheel mode builds the constant 
voltage of VIN across primary windings of transformer and 
the auxiliary inductor is charging due to voltage across it. 
Moreover, the secondary diodes clamp the secondary voltage 
to output voltage.   

D. Mode 4 
At MOSFET Q3 still conducts in this mode as shown in fig 

5. However, MOSFET Q1 turns OFF in this mode. The 
capacitor C2 is discharging from VIN and C1 is charging up to 
VIN. The auxiliary inductor draws a current during this mode 
which provides energy for discharging C2 and charging C1. 

The capacitor C1 charges up and C2 discharges fully at the 
end of this mode.  

 
Fig. 2. Active circuit of ZVS full-bridge Converter (mode 1)  

 
Fig. 3. Active circuit of ZVS full-bridge Converter (mode 2)  

 
Fig. 4. Active circuit of ZVS full-bridge Converter (mode 3)  

 

 
Fig. 5. Active circuit of ZVS full-bridge Converter (mode 4)   



 

 

 
Fig. 6. Active circuit of ZVS full-bridge Converter (mode 5)  

 
Fig. 7. Active circuit of ZVS full-bridge Converter (mode 6)  

 
Fig. 8. Active circuit of ZVS full-bridge Converter (mode 7)  

 
 

Fig. 9.  Active circuit of ZVS full-bridge Converter (mode 8) 

E. Mode 5 
In this mode, Q3 still conducts and Q2 turns ON at zero 

voltage across it. The primary current starts to flow in opposite 
direction to previous power transfer mode. The power is 
transferred from primary to secondary side load through Q3 
and Q2. The output diodes D6, D7, D10 and D11 start 
conducts to deliver power to the load.   

F. Mode 6 
In this mode, Q3 is turned OFF and Q2 still turn ON. The 

capacitor C3 is charging to VIN and capacitor C4 is 
discharging from VIN. The auxiliary circuit is drawing current 
to discharge C4 and charge up C3. On the secondary side, the 
diodes become reverse bias and are not conducting. Moreover, 
the voltage across C4 drops to zero due to current drawn by 
auxiliary circuit and C3 voltage builds up to VIN. At the end 
of this mode, the voltage across C3 charges up to input voltage 
VIN and the capacitor C4 discharges completely.   

G. Mode 7 
This mode starts when C4 discharges up to zero voltage 

and C3 charges up to VIN voltage. Also Q2 remains turn ON 
in this mode and MOSFET Q4 turns ON at zero voltage across 
it. Therefore, the free wheel mode builds the zero voltage 
across primary windings of transformer and the auxiliary 
inductor (VLaux) has a voltage across it. The current in 
auxiliary winding flows in opposite direction. Moreover, the 
secondary diodes clamp the secondary voltage to output 
voltage.   

H. Mode 8 
MOSFET Q4 still conducts in this mode as shown in fig 9.  

However, MOSFET Q2 turns OFF in this mode. The capacitor 
C1 is discharging from VIN and C2 is charging up to VIN. 
The auxiliary inductor provides energy for discharging C1 and 
charging C2 in this mode. The capacitor C1 discharges and C2 
charges fully at the end of this mode.  

III. EXPERIMENTAL RESULTS AND DISCUSSION 
In order to validate the theory of novel ZVS technique, 

ZVS full-bridge converter has been investigated by 
performing experimental tests on proposed technique. The 
switching frequency of full-bridge converter was 110 KHz 
with these input and output specification.  

TABLE I.  SPECIFICATION OF ZVS FULL-BRIDGE CONVERTER 

 ZVS Full-Bridge Converter 
Specification Value 

1. Input Voltage 230V 

2. Input frequency 50Hz 

3. Output Voltage +/-48V  
+/-48V 

4. Output Current 6A 

5. Output Power 1152W 

 



 

 

Fig. 10. ZVS waveforms of novel proposed Converter (no load) 

 

Fig. 11. ZVS waveforms of novel proposed Converter (50% load) 

 

Fig. 12. ZVS waveforms of novel proposed Converter (100% load) 

 

Fig. 13. ZVS waveforms of novel proposed Converter (across MOSFET Q2) 

 

Fig. 14. ZVS waveforms of novel proposed Converter (across MOSFET Q4) 

 

The measurement data for proposed ZVS full-bridge 
converter are shown in above figures. It is evident from the 
results that the range of ZVS was extended over entire range 
of load with proposed ZVS technique. Moreover, the leading 
and lagging leg MOSFETs can be turn ON at zero voltage 
even at no load.  

IV. CONCLUSION 
In this paper, a novel ZVS full-bridge converter was 

proposed to improve the range of zero voltage switching over 
the entire range of load. Moreover, experimental results prove 
that ZVS can be achieved for both legs switching devices 
(leading and lagging MOSFET). It is also evident from 
proposed circuit that it is a simple and cost effective solution. 
It also improves the overall efficiency of converter over entire 
range of load.  

 

REFERENCES 
 

[1] X. Ruan and Y. Yan, “Soft-switching techniques for PWM full bridge 
converters,” IEEE PESC, 2000, pp. 634-639. 

[2] Z. Chen, B. Ji, F. Ji, and L. Shi, “Analysis and design considerations of 
an improved ZVS full-bridge DC-DC converter,” in Proc. IEEE Appl. 
Power Electron. Conf., Feb. 21–25, 2010, pp. 1471–1476. 

[3] F. Bakan, N. Altintas, and I. Aksoy, “An improved PSFB PWM DC-DC 
converter for high power and frequency applications,” IEEE Trans. 
Power Electron., vol. 28, no. 1, pp. 64–74, Jan. 2013. 

[4] I. Lee and G. Moon, “Soft-switching DC-DC converter with a full ZVS 
range and reduced output filter for high-voltage applications,” IEEE 
Trans. Power Electron., vol. 28, no. 1, pp. 112–122, Jan. 2013. 

[5] I.-H. Cho, K.-M. Cho, J.-W. Kim, and G.-W. Moon, “A new phase-
shifted full-bridge converter with maximum duty operation for server 
power system,” in Proc. IEEE 8th Int. Conf. Power Electron. ECCE 
Asia, May 30–Jun. 3, 2011, pp. 1278–1285. 

[6] M. Cacciato and A. Consoli, “New regenerative active snubber circuit 
for ZVS phase shift full bridge converter,” in Proc. IEEE Appl. Power 
Electron. Conf., Mar. 6–11, 2011, pp. 1507–1511. 

[7] G. Hua, F. C. Lee, and M. M. Jovanovic, “An improved full-bridge zero-
voltage-switched pwm converter using a saturable inductor,” IEEE 
PESC, 1991, pp. 189-194. 

[8] R. Ayyanar and N. Mohan, “Novel soft-switching dc/dc converter with 
full ZVS-range and reduced filter requirement-Part I: regulated output 
applications,” IEEE Trans. on Power Electron., vol. 16, no. 3, pp. 184-
192, 2001. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


