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Abstract. For the problem of leak inductance energy and voltage spike, given
in the fly-back photovoltaic converter system (hereinafter abbreviated as PV), a
new physical circuit of RCD (resistor-capacitor-diode) is proposed which based
on the Boost circuit topology to recovering leak inductance energy and
depressing main switch voltage spike during the commutation of power
MOSFET. The circuit can recycle the leak inductance energy effectively [1−2],
and suppress output capacitance (hereinafter abbreviated as Coss) electric dis-
charge which caused the voltage spike during MOSFET switch-on. In addition,
after detailed analysis, the new physical circuit can solve the problem of the
energy loss generate from the Coss electric discharge which is not pay more
attention by the other papers. The new design can clamp the drain-source
voltage and implement the control policy of soft-switch. In this paper, we give
the theoretical derivation of the circuit parameter and the implemented physi-
cally experimental curve of the physical circuit by analyzing the causes of
voltage spike generated. Compared with the traditional method, improved the
converter efficiency from 94.2 % to 96.2 %, and the MPPT efficiency to 99.4 %.
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1 Introduction

The PV converter is a controller that input DC and output AC, which include two ways
to implement it, converter-booster(firstly, inverse the DC to AC, then boost the voltage
up to 230 V) and booster-converter(firstly, boost the DC voltage up to 230 V, then
inverse the DC to AC). The former need using large transformer, so it’s more used in
high power inverter design. Traditional design prefer to use converter-booster to
conversion the voltage, because of its directness. However, in order to protect the
electronic component from being damaged, the cost of this method is very high. For the
distributed converter with high frequency and miniature, its more prefer to used the
method of booster-converter [3], which is cheaper than traditional method. The
fly-back is the main transformer in the secondary side which include the half-wave
diode rectifier to output the half-wave with the 100 Hz frequency and 330 V peak
value, then conversion 50 Hz sine wave through the H-bridge converter circuit.
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Experiments show that, during an DC-AC conversion, producing a good or bad half
wave is the key to affect the wave shape and the conversion efficiency. In addition the
quality of half wave affected by the leak inductance energy and the power MOSFET
parasitic capacitor discharge more seriously. if its magnitude is excessive, the problem
will cause the voltage spike, energy loss and the converter efficiency greatly
reduced [4]. For this problem, designer usual use the circuit of leak inductance energy
recovery based on the Buck topology to absorb the leak inductance energy, just like
mentioned in the Ref. [2]. But if the leak inductance energy is too much or unstable, the
output voltage of buck circuit will be influenced seriously. Moreover, in the circuit, the
traditional method do not consideration the effect of capacitor electric discharge, and no
theory analysis about the circuit parameter selection. In this paper, the control policy of
MOSFET used the sinusoidal pulse width modulation (hereinafter abbreviated as
SPWM) to achieve zero voltage switching (ZVS) [5]. The new design has improved the
ability of physical circuit energy absorption, and clamped the drain-source voltage. In
addition, inversion curve and converter efficiency curve are measured by circuit
parameter selection with theory analysis.

2 The Cause of the Fly-Back Leak Inductance and Voltage
Spike

Compare to the traditional one converter power system for multiple PV modules, the
fly-back converter suitable for medium and small power transformation, can be used to
one converter and one PV modules connected. It is more easily to work in the Max-
imum Power Point Tracking (MPPT) [2, 6, 7]. The working principle of the fly-back
transformer is that the secondary coil do not output power to the load, until the primary
coil incentive cut off. Because of the fly-back have an air gap when its designed, so the
original boundary energy can not be 100 % transformation to the secondary side, thus
cause the leak inductance. The existence of leak inductance will necessarily produces
energy loss, and may cause counter assault if its magnitude is excessive [8–10]. The
output power can not meet the requirements if too much leak inductance energy
retention during input. Reflected in the waveform has been shown in Fig. 1. The energy
loss are generated during each half wave connect. Besides, the leak inductance not only
affect the power conversion efficiency, also can cause the voltage spikes of the power
switches in turn off instant [11].

Fig. 1. Leak inductance energy loss
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When the grid-source electrode of the power MOSFET be shorted, the capacitance
value during the drain-source electrode is called Coss output capacitance. The principle
diagram of the MOSFET has been shown in Fig. 2.

Let Cgd means the terminal capacoty between Gate (G) and Drain (D), and Cds
means the terminal capacoty between Drain and Source (S). Cgd added Cds is equal to
coss. The Coss capacitor charged when the power tube turn off, during this time, most
of the electricity flowing through the MOSFET, and relative small current through the
Coss capacitor. Therefore, the voltage between drain and source maintain in a low
voltage value. Before the gate-source voltage value (VGS) from zero to gate threshold
voltage value (VTH), the MOSFET do not load inductance current. The Coss capacitor
will discharge after the VGS value reaching the power MOSFET switch-on voltage
value [12–14]. If the system is not set reasonable discharged circuit, the voltage of Coss
capacitor will be added to D-S side. That cause the high voltage spike, especially in the
converter design. The fly-back rectifying half wave waveform with approximately
70 V voltage spike has been show in Fig. 3. From the theoretical analysis, the voltage
spike are generated by the leak inductance retention and the parasitic capacitor dis-
charged. If these condition are not suppressed effectively, it will produce a high current
stress during the commutation of the power, even breakdown the MOSFET. In addi-
tion, because of its instability, PWM controller and zero synchronous detection mea-
surement will be disturbed, which can lead to reducing the converter efficiency.

3 Analysis for the Improved Circuit

3.1 The Working Principle of the Circuit

According to the principle of fly-back transformer and the generate cause of voltage
spike, the energy stored in the transformer primary side during the power turn on, and
output to the secondary side when the power turn off. For the issue, the circuit needs to

Fig. 2. Principle diagram of MOSFET with the parasitic capacitance

Fig. 3. Half wave with voltage spike(10 V/lattice)
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increase the discharge absorbing loop. For the problem of output voltage instability in
buck circuit, utilize the parasitic capacitance of MOSFET and the parasitic inductance of
fly-back transformer, we design the circuit of RCD which based on Boost circuit
topology to recovering leak inductance energy and depressing main switch voltage spike
during switch-on (the dotted line part of the Fig. 4). The new design removes the high
frequency transformer and the MOSFET, which mentioned in ref. 2 to reduce the energy
consumption. The main topology of half wave converter has been shown in Fig. 4.

When the MOSFET turns off, the leak inductance energy back to the clamp
capacitance Ca1 by rapid conduction diode D1, absorbing the excess energy. The clamp
capacitance Ca1 will suppress the Coss capacitance discharge voltage, and depress the
voltage spike when the MOSFET switch-on. After the MOSFET turn on, the D1 cutoff
and the absorbed energy recycle to the DC input side through resistance R1. The
drain-source voltage of the main switch is clamped with D1 and D2 to prevent the
voltage spike caused by Coss capacitance. The Ca2 protect the MOSFET, and partic-
ipates in the implementation of soft-switch control policy.

3.2 The Circuit Parameter Design

For the RC parameters designed, if the resistance value is too small, before the power
conduction, the capacitance value may drop to zero, then the reflect voltage energy will
be consumed. If capacitance get a large value, the voltage of capacitance rise slowly
and the absorbed energy can not pass to the secondary side quickly. If the capacitance
value is excessive, the peak voltage will be less than the reflect value, which lead clamp
resistance R1 become a dead load to consumption magnetic core energy [15]. The ideal
clamp circuit voltage waveform has been shown in Fig. 5.

Fig. 4. Topology of half wave converter

Fig. 5. The ideal clamp circuit voltage waveform
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According to the geometrical relationship of clamp voltage wave and drain-source
voltage of power MOSFET in Fig. 5, the following formula can be obtained.

Np
Ns Vo

Vcmax
¼ ton

T
¼ Dmax ð1Þ

Vcmax ¼ Np � Vo
Ns � Dmax

ð2Þ

To meet the capacitance value to Np
Ns Vo, when the power conduction, need to

Vcmax � e�ð1�DmaxÞT
Rc ¼ Np

Ns
� Vo ð3Þ

Substitute Eqs. (2) to (3),

RC ¼ ðDmax� 1ÞT= lnDmax ð4Þ

Dmax ¼ D ¼ Ug
N � UpvþUg

ð5Þ

In the formula, the D means the duty cycle, the Upv means the value of network
voltage, the N means the ratio of turns and the T means the working frequency.
According to calculation, when the working frequency is 10 KHZ, then R1 = 100 K,
Ca = 3.3 nf.

4 The Experimental Result of the Improved Circuit

In this paper, the converter rated capacity is 230 VA, with the input 30 V DC and
output 220 V AC. The main power MOSFET was used IRF4321, in which the parasitic
capacitance Coss = 390PF, the primary induction 5.4 lH, the leak inductance 0.2 gH,
and the ratio of turns is 1:6. The clamp capacitance Ca is 3.3 nF. The leak inductance
recovery resistance R1 is 100 K. The clamp diode used ES1D. The switch tube in
secondary side was used 17N80, which include the commutation diode C2D05120.

The experiments waveform have been shown in Fig. 6. The voltage waveform of
clamp capacitance, which based on the theoretical derivation as shown in Fig. 6(a). The
waveform close to the ideal curve. The voltage curve of the Ugs (the voltage between
gate and source of MOSFET) and the Uds (the voltage between drain and source of
MOSFET) has been shown in Fig. 6(b). From the waveform we can see that the main
switch achieve zero voltage switching (ZVS). As the Fig. 6(c) shown that the grid
voltage waveform with the peak value is about 330 V, and very smooth. The experi-
mental results show that, in this paper, the correctness of the theoretical analysis and
the efficiency of the improved physical circuit.
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5 Conclusions

The comparison of the waveform before and after modification has been shown in
Fig. 7. From the experiment waveform, we can found that the shake in half wave
connection and the voltage spike which is generated by the Coss electric discharge
during the commutation of power MOSFET are absorbed and suppressed.

In this paper, the test curve of converter efficiency (η) has been shown in Fig. 8,
which the output converter efficiency can reach 96.2 %.p is output power. The con-
verter can achieve higher output efficiency in the whole load range. The efficiency of
MPPT has been shown in Fig. 9, which can reach 99.4 % when full load. The results
show that the new circuit which mentioned in this paper, can absorb and recycle the
leak inductance energy, and suppress the voltage spike caused by the Coss, and
improve the converter efficiency.

The Theoretical analysis and experimental results show that, the physical circuit
which is proposed in this paper has the efficient, stable and reliable advantages to deal
with the problem of leak inductance and the voltage spike. The new method solves the
issues of leak inductance energy recovery and voltage spike phenomenon which caused
by the leak inductance and the parasitic capacitance discharged during MOSFET
switch-on. The design can protect the power switch by clamping the voltage spike

Fig. 6. Experiment waveform
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value. In this paper, compare with the ref. 2, we improved the domestic converter
efficiency from 94.2 % to 96.2 %, while the world’s highest converter efficiency up to
98 % [16].

Fig. 8. The efficiency test curve

Fig. 7. The comparison of the waveform

Fig. 9. The MPPT test curve
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