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Letters

High-Efficiency Self-Driven Circuit With Parallel Branch For High
Frequency Converters

Yueshi Guan , Student Member, IEEE, Yijie Wang , Senior Member, IEEE, Qing Bian, Xihong Hu, Wei Wang,
and Dianguo Xu, Fellow, IEEE

Abstract—With the development of high frequency converters,
driving circuits have gained more and more attention. Self-driven
methods can effectively simplify system design and reduce com-
ponents’ number. A basic self-driven circuit can be achieved by
adding a series resonant inductor at the switch gate; however the
losses of driving circuit are high. To reduce the corresponding
losses, a high efficiency self-driven network with an additional par-
allel branch is proposed, which can significantly improve the sys-
tem efficiency. A 13 MHz prototype is built to verify the feasibility
of the proposed self-driven circuit. The system efficiency can be
improved from 80% to 83.9%.

Index Terms—High efficiency, high frequency, self-driven.

I. INTRODUCTION

OVER the past several years, with the rapid development of
electronic power conversion technology, system operat-

ing frequencies continue to increase [1]–[16]. In [11]–[16], the
operating frequencies have risen to around tens of megahertz,
which can greatly reduce the system volume and improve power
density. However, despite the merits of high frequency convert-
ers operating at tens of megahertz, driving circuit losses restrict
the improvement of system efficiency. To solve this problem,
resonant driving circuits have been gradually proposed. For most
resonant driving circuits, the driving signal is generated by an
oscillator. Furthermore, several parallel inverters are adopted to
enhance the driving ability. These chips increase the number of
components. More important, their power consumption also in-
creases the driving circuit losses and reduces system efficiency.
To simplify the driving circuit in high frequency conditions, the
concept of the self-driven circuit for high frequency converters
is proposed in [12], and is built by adding only a bias voltage and
an inductor at the switch gate. Thus, the aforementioned losses
can be avoided. However, the losses of the basic self-driven cir-
cuit are still quite high, especially the great losses of the bias
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Fig. 1. Diagram of the basic self-driven circuit.

voltage source. Thus, it is necessary to analyze the character-
istics of the self-driven circuit and propose other self-driven
topologies to improve driving circuit efficiency.

This paper proposes a high efficiency self-driven circuit with a
parallel branch. Section II derives the voltage transfer function
of switch drain–source voltage and gate voltage. To improve
the self-driven circuit efficiency, a high efficiency self-driven
network with an additional parallel branch is proposed in
Section III. In Section IV, a 13 MHz prototype with the proposed
self-driven circuit is designed and built to verify the feasibility
of the circuit. The conclusion is provided in Section V.

II. ANALYSIS OF THE BASIC SELF-DRIVEN CIRCUIT

In high frequency converters, the inverter stage with a single
switch structure is usually adopted because of the simplicity of
ground-reference driving circuits. The drain–source voltage of
the switch is in a half-sinusoid form. Thus, self-driven character-
istics may be realized by feeding back the drain–source voltage
to the switch gate. Fig. 1 shows the basic self-driven circuit. It
can be seen that a series resonant inductor and a dc bias voltage
source are added to the driving circuit.

To realize self-driven ability, the relationship between the
switch gate voltage vgs and switch drain–source voltage vds
should satisfy the following the rules:

1) there should be an almost 180° phase difference between
the gate voltage vgs and drain–source voltage vds ;

2) the amplitude of vgs should be within the proper driving
voltage range of the selected switch.

See http://www.ieee.org/publications standards/publications/rights/index.html for more information.
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Fig. 2. Bode plots of the voltage transfer function Vg s /Vds in basic self-
driven circuit.

Fig. 3. Equivalent circuit of the basic self-driven network.

The switch gate voltage can be obtained by the sum of dc
component vgs dc and ac component vgs ac , which is represented
by

vgs (t) = vgs dc + vgs ac (t) = VBias + Vgs sin (2πft) (1)

where Vgs is the amplitude of the ac component and f is the
operating frequency. With voltage VBias at zero, the relationship
between gate voltage and drain–source voltage can be repre-
sented as (2). Because of the high quality factor, the parasitic
resistances of the inductor and capacitor are neglected

Vgs

Vds
=

s2LGCGD

s2LG (CGS + CGD ) + sRG (CGS + CGD ) + 1
. (2)

Based on (2), Fig. 2 shows the Bode plot of the voltage transfer
function Vgs/Vds in basic self-driven circuit. It can be seen that
when the frequency is lower than the upper limit frequency,
the phase of the transfer function is almost 180°. Meanwhile,
the gain of the transfer function can be adjusted by changing
the value of the series inductor LG to meet the requirement of
selected switch. Thus, the network can satisfy the requirements
of a self-driven circuit.

Based on above analysis, the losses of the basic self-driven
circuit can be analyzed as follows. Fig. 3 shows the equivalent
circuit of the basic self-driven circuit, where RLG is the equiv-
alent series resistor (ESR) of inductor LG , and Ciss represents
the input capacitance of the switch, which approximately equal
to CGS .

Meanwhile, RV B is the equivalent resistance of the bias volt-
age source, where an adjustable voltage regulator chip is usually

adopted. Thus, RV B can be approximately calculated by the
relationship between chip power dissipation PV B and output
current amplitude IV B

RV B =
PV B

I2
V B

=
TJ − TA

I2
V B RθJ A

(3)

where TJ is the chip junction temperature, TA is the ambient
temperature, and RθJ A is the junction-to-ambient thermal re-
sistance. These parameters can be obtained from experimental
results and datasheets.

Because the impedance of RG is quite small compared to
that of Ciss , the difference between gate voltage and the voltage
across the input capacitance vC iss is ignored. Thus, the voltage
of Ciss is

vC iss (t) = vgs ac (t) = Vgs sin (2πft) . (4)

The current through RG is

iRG (t) = iC iss (t) = Ciss
dvC iss (t)

dt

= 2πfVgsCiss cos (2πft) . (5)

As shown in Fig. 3, the losses of basic self-driven circuit can
be divided into three parts, which are represented as PRG , PLG ,
and PV B , respectively. The losses PRG are caused by the switch
gate resistance RG , which can be calculated as

PRG = I2
RGRG = 2π2f 2V 2

gsC
2
issRG. (6)

The losses PLG are caused by the inductor equivalent series
resistance RLG , which can be calculated as

PLG = I2
RGRLG = 2π2f 2V 2

gsC
2
issRLG . (7)

The losses PV B are caused by the equivalent resistance RV B ,
which can be calculated as

PV B = I2
RGRV B = 2π2f 2V 2

gsC
2
issRV B . (8)

The total losses PBasic of basic self-driven circuit can be
calculated by the sum of PRG , PLG and PV B

PBasic = PRG + PLG + PV B

= 2π2f 2V 2
gsC

2
iss (RG + RLG + RV B ) . (9)

Usually, the gate resistance RG is several ohms, and the equiv-
alent resistance RV B is around tens of ohms. For resonant in-
ductors with high quality factor, the ESR is quite small. Fig. 4
shows the curves of losses PRG , PLG , and PV B , respectively.
From the figure, it can be seen that the losses of equivalent re-
sistance RV B occupy most of the driving circuit losses. Thus,
it is necessary to reduce the losses of RV B in order to improve
the efficiency of driving circuit.

III. SELF-DRIVEN CIRCUIT WITH PARALLEL BRANCH

To solve the aforementioned problem, this latter proposes a
self-driven circuit with an additional parallel branch to reduce
the current flowing through RV B . Fig. 5 shows the self-driven
circuit with a parallel branch between the switch gate and source.
At the beginning, the magnitude and phase characteristics of
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Fig. 4. Curves of losses PRG , PLG , and PV B in basic self-driven circuit.

Fig. 5. Proposed circuit with an additional LC branch.

the feedback network should be analyzed in order to meet the
requirements of a self-driven circuit.

The transfer function of the proposed circuit is shown in (10),
and Fig. 6(a) and (b) shows the Bode plots of the voltage transfer
function Vgs/Vds in proposed self-driven circuit, (10) as shown
at the bottom of this page.

FromFig. 6, it can be seen that the bode plot of the volt-
age transfer function Vgs/Vds in proposed self-driven circuit is
similar to that of the basic self-driven circuit within a certain
range. In the shadow region, the phase of the proposed feedback
network is almost 180°, which meets the requirements of a self-
driven circuit. Meanwhile, the gain of the transfer function is
similar as that of the basic self-driven circuit.

Fig. 7 shows the equivalent circuit of the proposed self-
driven network. With a similar method, the losses of RG can
be calculated by (6). The voltage across CP equal to Vbias .
Because of the small impedance RLP , the difference between
the ac component of the gate voltage and the voltage across

the inductor LP is ignored. Thus, vLp can be represented
as

vLp (t) = vgs ac (t) = Vgs sin (2πft) . (11)

Then, the current flowing through inductor LP is

iLp (t) =
1

LP

∫
vLp (t) dt = − Vgs

2πfLP
cos (2πft). (12)

Thus, the losses in the ESR of LP can be calculated as

PRLP
= I2

LP RLP =
V 2

gs

8π2f 2C2
iss

RLP . (13)

The current flowing through the inductor LG and bias voltage
source can be obtained as

iLG (t) = iRG (t) + iLP (t)

= 2πfVgsCiss cos (2πft) − Vgs

2πfLP
cos (2πft) .

(14)

Thus, the losses in RLG and RV B can be calculated as

PRLG
+ PRV B

= I2
LG (RLG+RV B )

=
(√

2πfVgsCiss − Vgs

2
√

2πfLP

)2

(RLG+RV B ) . (15)

Therefore, the total losses PP of the proposed self-driven
circuit can be calculated by the sum of above losses as follows:

PP = PRG + PRLP
+ PRLG

+ PRV B
. (16)

According to aforementioned analysis, the equivalent resis-
tance RV B is quite large compared with other system resis-
tances, such as RG , RLG , and RLP . Thus, to reduce the total
losses PP , the most effective method is to reduce the current
iLG . Fig. 8 shows the losses curves of the basic self-driven cir-
cuit and proposed self-driven circuit in different LP conditions.
It can be seen that the value of LP should not be too small.
When LP is smaller than the critical value, the losses will be
higher than that of the basic self-driven circuit. There is an op-
timal value of LP that can help to achieve minimum losses. At
the optimal point, the losses can be decreased by 94% compared
with that of the basic self-driven circuit. The optimal value is
usually near the resonant inductor value, which is determined
by the operating frequency f and switch input capacitance Ciss .
In this condition, the current through RV B is quite small. Thus,
the losses can be greatly reduced. On the basis of a similar idea,
an LC branch can also be added between the drain and gate; this
is not analyzed in detail here.

Vg s

Vds

=

s4LG CG D LP CP + s2LG CG D

s4LG LP CP (CG S + CG D ) + s3RG CP (CG S + CG D )(LG + LP ) + s2 [LG (CG S + CG D ) + CP (LG + LP )] + sRG (CG S + CG D ) + 1

(10)
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Fig. 6. Bode plot of the voltage transfer function Vg s /Vds in proposed self-driven circuit. (a) LP = 56 nH, CP = 10 nF. (b) LP = 56 nH, CP = 100 nF.

Fig. 7. Equivalent circuit of proposed self-driven network.

Fig. 8. Comparison between basic self-driven circuit losses and proposed
self-driven circuit losses.

IV. SYSTEM DESIGN AND EXPERIMENTAL RESULTS

From the preceding analysis, a 13 MHz high-frequency reso-
nant converter with the proposed self-driven circuit is designed
and built in the laboratory. The circuit is shown in Fig. 9. The
input voltage is 8 V, the output voltage is 5 V and the output
power is 10 W.

Fig. 9. High frequency converter with proposed self-driven circuit.

Fig. 10. Switch gate and drain–source voltages of proposed circuit.

Fig. 10 shows the switch gate and drain–source voltage of
the proposed self-driven circuit with a branch between the
drain and gate. It can be seen that the switch turns on in
zero voltage switching (ZVS) condition, which can reduce
the switching losses in high frequency conditions. The oper-
ating frequency is almost 13 MHz. Here CP is designed to
be 100 nF, and LP is designed to be 250 nH. It can be seen
the waveform of vGS is in approximate sinusoidal form, where
the high order harmonics also affect the shape of the driving
signal. By resonating between the inductor and the switch in-
put capacitance, the energy stored in the switch capacitance
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Fig. 11. Diagram of sinusoidal driving voltage waveform in different amplitude conditions. (a) Small amplitude. (b) Large amplitude

can be saved during each switching period. Thus, the driving
circuit losses in high frequency conditions can be reduced with
the sinusoidal driving signal. However, in this condition, the
switch fully turned-ON time is shortened as Fig. 10 shown.
Fig. 11(a) and (b) shows the diagram of sinusoidal driving volt-
age waveform, where VBias represents the bias voltage, Vth
represents the switch threshold voltage, and Vcv represents the
switch critical voltage. The switch can be considered as fully
turned-ON when the driving voltage is higher than Vcv . From
the figure, it can be seen that the fully turned-ON time is short
when the driving signal amplitude is small. With the increment
of driving signal amplitude, the switch fully turned-ON time is
effectively extended.

In the current prototype, the main purpose is to test the fea-
sibility of the proposed self-driven circuit. The input voltage
and switch drain–source voltage are not designed to be high,
which can guarantee the system currents and voltages within
the rated value of switch and diode. Thus, in the prototype, the
driving voltage amplitude of the proposed self-driven circuit is
not high, which leads to a short fully turned-ON time. In the
future work, the system input voltage and driving voltage will
be further increased to extend the switch fully turned-ON time.

Besides these self-driven methods, in high frequency condi-
tions, the square-wave driving method and the resonant (sine-
wave) driving method based on oscillator, driving chip and par-
allel inverters are also two typical methods. Fig. 12 shows the
efficiency curves of the proposed self-driven circuit, basic self-
driven circuit, resonant driving circuit, and square-wave driving
circuit. It can be seen that the efficiencies of the basic self-driven
circuit and square-wave driving circuit are not very high. The
resonant driving circuit can reduce the losses of input capac-
itance, thus, the system efficiency is improved. However, the
oscillator, inverters, and power chip also cause additional losses
and increase the system cost and volume. It can be seen that the
proposed self-driven circuit owns a higher efficiency than the
other driving methods. Meanwhile, the number of correspond-
ing chips can be greatly reduced.

Fig. 13 shows the losses comparison between the square-wave
driving circuit and proposed self-driven circuit. It can be seen
that the square-wave driving method owns smaller switch losses
because of the long fully turned-ON time and small on-resistance.
However, the driving circuit losses are quite larger than those of
the proposed self-driven circuit. Also, it can be seen that, in high

Fig. 12. Converter efficiency curves with different driving methods.

Fig. 13. Losses of high frequency converter with different driving methods.

frequency conditions, the switch conduction losses only take a
small part of the total losses. Thus, the proposed self-driven
network still can effectively improve the system efficiency.

Also, it can be seen that the diode losses and the induc-
tor losses occupy more than half of the system total losses.
Thus, the efficiency improvement is greatly limited. To reduce
the inductor losses, inductors with high quality factor need to
be adopted. In the prototype, the solenoid air core inductors
manufactured by Coilcraft are used. In the future work, the
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planar spiral inductors can be adopted, which own higher qual-
ity factor and smaller ac resistance in high frequency conditions.
Meanwhile, the forward voltage drop of the diode is high, which
causes large conduction losses. The synchronous rectification
technology may be adopted to reduce the losses of diode in
rectifier stage. With the adoption of synchronous rectification,
the conduction losses can be reduced. However, it will cause
extra driving losses. Thus, deep analysis needs to be conducted
to achieve the optimal system efficiency.

V. CONCLUSION

This letter proposes and investigates a high efficiency self-
driven circuit for high frequency converters. The voltage transfer
function characteristics of the basic self-driven circuit and pro-
posed self-driven circuits with a parallel branch are described in
detail. The losses of the driving circuit are analyzed. To reduce
the corresponding losses, a high efficiency self-driven network
with an additional parallel branch between the gate and source
is proposed. A 13 MHz prototype is built and validates the feasi-
bility of the proposed self-driven method. The system efficiency
can be improved from 80% to 83.9% in the rated 10W output
power condition.
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