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ABSTRACT voltage across each transistor to swing to zero before the device

This paper endeavours to estimate the influence of soft
switching on semi-conductor devices’ rating, when they are
subjected to high frequency applications. In order to find out the
extent of saving in semiconductor devices losses, soft switched
circuits were studied and analyzed. An experimental set up
which could be operated both in hard-switching and soft-
switching modes were chosen. Specific switching devices,
namely MOSFETs were selected. The ageing of the
semiconductor devices was correlated with the rise in
temperature of the casing of the devices. The cutoff point for the
experiment was the knee region where the thermal runaway
would start. This experiment was conducted on two MOSFETS
at two frequencies.
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1. INTRODUCTION

Soft switching techniques are used to reduce the switching
losses in power converters. Zero voltage transition and zero
current transition are two recently proposed techniques to reduce
the switching losses in the semiconductor switches. Pulse width
modulated (PWM) DC-DC converters are widely used in
industry due to their high power density, fast transient response
and ease of control. Increasing the switching frequency achieves
a higher power density and faster transient response. With
implementation of a higher switching frequency, increased
switching losses and electromagnetic interference (EMI) noises
occur. To decrease the switching losses, active snubber circuit is
used. In recent years a number of zero voltage transition (ZVT)
PWM converters have been proposed by adding resonant active
snubbers to conventional PWM converters. More recently, new
power conversion topologies have been developed which
dramatically reduce the power dissipated by the main power
transistors during the switching interval, while at the same time
minimising much of the generated radio frequency energy, or
high frequency “noise”. The most common technique employed
has been a constant frequency resonant switching scheme, which
ensures that the actual energy being dissipated by the active
device is reduced to nearly zero. This method, commonly called
“zero voltage switching” (ZVS) or “soft switching” uses the
parasitic output capacitance of the power transistors (typically
MOSFETSs) and the parasitic leakage inductance of the power
transformer as a resonant circuit. Using this resonant circuit, the
output inductance, the parasitic drain-source body diodes of the
MOSFETSs, and an appropriate switching sequence allows the

turns on and current flows. Likewise, at turn-off, the current
through the transistor swings to zero (ZCS) before it is driven to
a non-conductive state. With this scheme, current is only
flowing through the transistors when they are fully “on”, and
doing useful work transferring energy to the output of the
supply. The power dissipation within the transistors that would
normally occur during the switching interval has effectively
been eliminated. Unwanted high-frequency voltage and current
transients during the switching period- ‘the culprits that supply
much of the RF noise radiated and conducted out of the power
supply’- are also dramatically reduced at its source, enhancing
filtering at the input and output of the unit ensures that the unit
is well within the noise limits set by international standards.
Reducing the power here lowers their junction temperature,
giving increased thermal operating margins and hence, a longer
life for the power supply. Not only does a “soft switching”
power supply generate significantly less electrical noise, it
achieves greater efficiency, longer mean time between failures,
and higher immunity to the effects of other equipment operating
nearby.

In the conventional ZVT-PWM converter [1], the main switch is
perfectly turned on under ZVS and ZCS by ZVT with a parallel
resonance. The main diode is turned on and off with ZVS. The
load current and the recovery current of the main diode and the
energy of the resonant capacitor including the parasitic capacitor
of the main switch are transferred to the resonant inductor by an
auxiliary switch. However, the main switch is turned off with
near ZCS. Moreover, the operation of the circuit is strongly
dependent on line and load conditions. The turn off of the
auxiliary switch with soft switching and the transfer of the
energy stored in the inductor are very difficult to carry out and
require additional circuits. There has been much research in this
area to solve these problems [2] [3] [5] [7] [9]-

In the normal ZCT-PWM converter, the main switch is perfectly
turned off under ZCS and ZVS by ZCT with a serial resonance.
The auxiliary switch is turned on with near ZCS. The operation
of the circuit is very lightly dependent on line and load
conditions. However, the main switch is turned on and main
diode is turned off simultaneously with hard switching, so that a
short circuit occurs at the same time. The prevention of this
short circuit causing losses and EMI noise of large magnitudes is
hard to realize. Also, the auxiliary switch is turned off with hard
switching, and the parasitic capacitors of the switches discharge
through the switches [3] [5].
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In addition, most active snubber cells are seriously criticized
due to their complexity and thus high cost and difficult control a
large amount of circulating energy and so excessive voltage and
current stresses, and also narrow line and load ranges [3] [5].

Nearly all these papers concentrate more on the efficiency of the
converter and its power consumptions. The emphasis of this
paper is to calculate the amount of stress applied on the
switching devices and possible thermal runaway of the devices
with these soft switching snubbers and their effect on the
devices.

2. OBJECTIVE OF THE PROPOSED
EXPERIMENT

The recent papers on soft switching with active snubber circuits
[1] [2] [3], lay emphasis on the efficiency of the converter to
improve the output power and to reduce the snubber components
thereby reducing the net power losses. The main objective of the
proposed experiment is to show the level to which the soft
switching can protect the device and the conditions at which it
can really provide reduced thermal losses in the device to have a
realistic difference in ageing.

The proposed experimental setup has been made to prove the
influence of soft switching on semi conductor devices rating.

3. EXPERIMENTAL SETUP

The design of the circuit is partially taken from the reference [1].
The soft switching DC-DC converter described in this paper is
far more efficient and practical than the previous circuits. The
circuit contains less number of components. The circuit can be a
hard switched circuit without dismantling the circuit. When the
auxiliary switch is not given a triggering pulse it works as an
ordinary converter that is switched under hard switching mode.
When the auxiliary is given a gate pulse with respect to the main
device, it operates as soft switching circuit.

Fig. 1 Experimental circuit
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The switching devices (MOSFETS) were attached with heat sink
and are kept so that they can be removed and replaced easily.
The casing temperature of the device is the one which is taken
into consideration in our experiment to know the aging of device
through thermal run away. The casing temperature is noted by a
remote temperature sensing device which works by IR
radiations.

The experiments were purely done with resistive load as this
emphasis on the stress applied to the devices due to high

frequency switching.

4. EXPERIMENTAL RESULT

Experiments were conducted using the DC-DC converter, which
can work, both with soft switching snubber and without soft
switching snubber. Experiments on the same switch
performance were conducted in both modes. The casing
temperature of the device was taken into consideration for
calculation of the device ageing. The devices were operated at
different load currents and the variation in temperature noted.

The safe temperature limit for the device was taken as 100°C.
This value was obtained from the data sheet of the manufacturer,
namely International Rectifier.The same device was cooled and
the device was operated under soft switching mode. The
experiment was repeated and the graphs were plotted.

The experiment was repeated with a few ratings of MOSFETS to
check repeatability (IRF 620 and IRF 610).The same
experiments were repeated with a higher frequency of 30 kHz
and the readings were noted for both hard and soft switching and
the graphs were plotted.

5. INFERENCES

The graphs plotted (figs.2 & 3), from the readings obtained by
the experiments show clearly that soft switching definitely saves
the device from quick ageing than hard switching but the effect
is pronounced when it is operated near its rating and at a
relatively higher frequency. When the rated current is low both
hard and soft switching have nearly the same performance.
Similarly at lower operating frequency they don’t show much
difference in their performance.
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Table 1 Observations made at 15 kHz Table 2 Observation made at 30 kHz
ctf;(:]t Time S.S. mode H.S.mode
Load Time Soft . Ha.rd . A) (min.) (°C) (°C)
. switching | switching
current (min.)
A (Temp) (Temp)
(A) 1 0 28 28
1 0 28 28 1 3 32 33
1 3 32 33 1 6 32 43.7
1 6 32 43.7 1 9 32 48.2
1 9 32 48.2 1 12 32 48.3
1 12 32 48.3 1 15 479 50
1 15 47.9 50 1 18 48 57.4
1 18 48 57 1 21 48 64.5
1 21 48 62.5 2 24 52.6 713
2 24 52.6 67 2 27 56.5 78.9
2 27 56.5 67.8 2 30 61.5 82.2
2 30 61.5 68.2 2 33 65.7 89.6
2 33 65.7 74 2 36 65.8 93.2
2 36 65.8 76.5 2 39 65.8 98.4
2 39 65.8 78 3 42 72 102.3
3 42 72 81.6 3 45 74.6 106.5
3 45 74.6 88.5 3 48 77.3 111.7
3 48 77.3 94.6 3 51 78.3 116.1
3 51 78.3 98.3 3 54 825 119.2
3 54 825 104.3 3 57 876 122.4
*
3 57 81.6 3 60 93.4 124.6
*
3 60 93.4 3 63 94.6 126.8
3 63 94.6 * 3 66 946 n
3 66 94.6 * 3 69 981 *
3 69 %1 : 3 72 101.7 *
3 72 101.7 *
N . * tests stopped due to temperature >100°C.
tests stopped due to temperature >100°C *test result may vary with ambient temperature
*test result may vary with ambient temperature
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Fig.2 Hard switching Vs Soft switching at 15 kHz Fig.3 Hard switching Vs Soft switching at 30 kHz
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As per the results from the papers [1] [2] [5], the proposed
converter is said to deliver 97% efficiency but this does not
hold true under all conditions. Only when operated at the near
rating of the device and the specified frequencies these
converters can provide the specified efficiency or else, the active
snubbers do not produce much difference between them in
output efficiency.

6. CONCLUSION

The results on the performance of the recently proposed
converters with active snubbers have been analyzed with the
results given in the respective papers. The experiments
conducted prove that the influence of soft switching on
semiconductor devices is not predominant when the devices are
derated below 60% of their rating and the saving due to soft
switching is insignificant. Soft switching when used at lower
frequency (like 10 kHz) does not have positive effect in
decreasing the device ageing. Only when the device is used at its
nearly full-rating and relatively higher frequencies, soft-
switching results in reduced losses and hence reduced ageing of
the device; and increased efficiency of the converter. This would
pose a limitation for IGBTs, which are generally used at
relatively lower switching frequencies due to their high current
carrying capacity.

7. REFERENCES

[1] Hacy Bodur, Member, IEEE, and A. Faruk Bakan “A New
ZNVT-PWM DC-DC Converter”, IEEE Trans. Power
Electron, vol.17, Jan. 2002. pp 40-47

[2] Ferraro, “An overview of low-loss snubber technology for
transistor converter,” in proc. IEEE Power Electron. Spec.
Conf., 1982, pp.466-477.

[3] G.Hua, C.S. Leu, Y.Jiang, and F. C. Y. Lee, “Novel zero-
voltage-transition PWM converter,” IEEE Trans. Power
Electron, vol. 9,pp.213-219,Mar. 1994.

1JCA Special Issue on “Novel Aspects of Digital Imaging Applications”

DIA, 2011

[4] G. Hua, E. X. Yang, Y. Jiang, and F. C. Lee, “Novel zero-
current-transition PWM converter,” IEEE. Power Electron,
vol. 9, pp-601-606, Nov. 1994.

[5] A. Elasser and D. A. Torrey, “Soft switching active
snubbers for dc/dc converters,” IEEE Trans. Power
Electron., vol 11, pp. 710-722, Sept. 1996.

[6] ‘Novel ZVT-PWM converters with active snubbers’, IEEE
Trans. Power Electron., vol.13, pp. 861-869, Sept. 1998.

[71 K.M.Smith and K.M. Smedley, ‘“Properties and synthesis of
passive lossless soft-switching PWM converters”, IEEE
Trans. Power Electron, vol.14, pp, 890-899, Sept. 1999.

[8] H.Bodur, M.H.Sarul and A.F. Bakan, “A passive lossless
snubber cell design for an ohmic loaded PWM IGBT
chopper fed by a diode bridge from AC main”, in proc. Int.
Conf. Elect. Electron. Erg. (ELECO 99), Bursa, Turkey,
De, 1-5, 1999, pp 440-444.

[9] T.W.Kim, H.S. Kim, and H.W. Ahn, “An improved ZVT
PWM boost converter”, in Proc. 31% Power Electron. Spec.
Conf. (PESC’00), vol.2, 2000, pp 615-619.

[10] Young-Ho Kim, Gil-Ro Cha, Young-Hyok Ji, Jae-Hyung
Kim, Yong-Chae Jung, Chung-Yuen Won “ZVS resonant
DC-link inverter using soft switching boost converter”
IEEE International Conference on Industrial Technology,
Publication Year: 2009 , Page(s): 1 -5

[11] Luft, M. ,Szychta, E., Szychta, L., “Method of designing
ZVS boost converter” IEEE Transcations on Power
Electronics, Publication Year: 2008 , Page(s): 463 - 467

[12] Mousavi, A., Das, P.; Moschopoulos, G.,” A Comparative
study of a New ZCS DC-DC Full Bridge Boost Converter
with a ZVS Active-Clamp Converter” IEEE Transcations
on Power Electronics, Publication Year: 2011 , Page(s): 1-1

39


http://ieeexplore.ieee.org/search/srchabstract.jsp?tp=&arnumber=4939690&queryText%3DZvs+boot+converter%26openedRefinements%3D*%26filter%3DAND%28AND%28AND%28AND%28AND%28AND%28AND%28NOT%284283010803%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%26ranges%3D2006_2011_Publication_Year%26pageNumber%3D2%26searchField%3DSearch+All
http://ieeexplore.ieee.org/search/srchabstract.jsp?tp=&arnumber=4939690&queryText%3DZvs+boot+converter%26openedRefinements%3D*%26filter%3DAND%28AND%28AND%28AND%28AND%28AND%28AND%28NOT%284283010803%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%26ranges%3D2006_2011_Publication_Year%26pageNumber%3D2%26searchField%3DSearch+All
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4912735
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4912735
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4912735
http://ieeexplore.ieee.org/search/srchabstract.jsp?tp=&arnumber=4635309&queryText%3DZvs+boot+converter%26openedRefinements%3D*%26filter%3DAND%28AND%28AND%28AND%28AND%28AND%28AND%28AND%28NOT%284283010803%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%26ranges%3D2006_2011_Publication_Year%26pageNumber%3D4%26searchField%3DSearch+All
http://ieeexplore.ieee.org/search/srchabstract.jsp?tp=&arnumber=4635309&queryText%3DZvs+boot+converter%26openedRefinements%3D*%26filter%3DAND%28AND%28AND%28AND%28AND%28AND%28AND%28AND%28NOT%284283010803%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%26ranges%3D2006_2011_Publication_Year%26pageNumber%3D4%26searchField%3DSearch+All
http://ieeexplore.ieee.org/search/srchabstract.jsp?tp=&arnumber=4635309&queryText%3DZvs+boot+converter%26openedRefinements%3D*%26filter%3DAND%28AND%28AND%28AND%28AND%28AND%28AND%28AND%28NOT%284283010803%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%2CAND%28NOT%284283010803%29%29%29%26ranges%3D2006_2011_Publication_Year%26pageNumber%3D4%26searchField%3DSearch+All

