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HALF SINE WAVE RESONANT DRIVE CIRCUIT 

FIELD OF THE INVENTION 

0001. The present invention relates generally to power 
electronic devices, and more particularly to drive circuits for 
MOS gated power electronic devices. 

BACKGROUND OF THE INVENTION 

0002 Metal Oxide Semiconductor (MOS) devices are 
constructed having a Voltage controlled gate electrode. In 
operation, these devices are turned on by the application of 
bias (i.e., voltage) to the gate electrode. The gate provides 
capacitance to other electrodes (e.g., Source and drain elec 
trodes in a metal-oxide-silicon field-effect transistor) in 
these devices that need to be charged and discharged in order 
to turn the device on and off (i.e., charge is injected or 
extracted from the gate). In determining the operating 
requirements of these devices, the charge multiplied by the 
bias Voltage represents a “turn on' and “turn off energy. 
0003. In many power semiconductor applications, the 
device must be alternately turned on and off, often in 
conjunction with other devices, to thereby form a power 
conversion circuit. There is a desire to increase the fre 
quency of operation (i.e., Switching speed) of Such circuits, 
which allows these circuits to be implemented with smaller 
and cheaper associated passive components. However, with 
the frequency of operation increased, the power required by 
the gate drive circuit increases proportionately (i.e., power 
equates to energy times frequency). 
0004. With respect specifically to gate drive circuits, half 
bridge circuits are commonly used either discretely or as 
part of a power MOS driver integrated circuit (IC). Using 
Such a bridge type circuit, the gate is charged and discharged 
from a Voltage Source Via the output resistance of the driver, 
the gate spreading resistance of the controlled device and 
any added Series resistance. Thus, the forward and reverse 
passage of charge through this resistance (i.e., the devices 
creating the resistance) results in a power loss. It should be 
noted that this charge flows as the driver Switches, Such that 
the driver will not necessarily be Saturated, thereby resulting 
in higher resistance than the quoted “fully on value of the 
driver. Reducing the resistance will not help reduce the loSS 
as it just enables the same charge to flow more quickly. 
0005. In recent years, MOS gated power devices have 
replaced bipolar devices in many applications as a result of 
the advantages of MOS technology. For example, MOS 
gated power devices do not have static (i.e., DC) drive 
power consumption. In these devices, Some AC power loSS 
is acceptable, and at frequencies up to a few hundred 
kilohertz (KHZ), this loss is often insignificant compared to 
other power losses in the circuit. 
0006 AS frequencies are increased problems result. In 
particular, Switching losses may increase and power dissi 
pation in the Switching device may also increase. In an 
attempt to address these problems, Zero Voltage, Zero current 
and resonant Switching techniques have been increasingly 
implemented in power conversion circuits. These circuits 
typically recirculate or recycle the energy involved in 
Switching the device output capacitance, thereby reducing 
the power dissipation of the device and increasing overall 
efficiency. 
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0007 Known devices, such as, for example, the MOS 
drive circuits shown in FIGS. 1 and 2, use a high Q (i.e., 
quality factor, which is a measure of the dissipation in a 
System) resonant circuit in the gate circuit to “absorb the 
gate capacitance, and generate a sinusoidal gate Voltage. 
Essentially, a filter circuit (i.e., Single element high Q tuned 
circuit in FIG. 1 and a four element filter circuit in FIG. 2) 
is provided to produce the Sine wave signal. Specifically, in 
a typical half bridge configuration, a gate drive transformer 
is inserted between the resonant circuit and gate, with the 
transformer phased Such that each device is driven with 
opposing phase. Correct Switching of a driver device con 
nected to the resonant circuit can eliminate most of the 
driver loss. However, only a very limited duty cycle is 
provided (i.e., at or about 50 percent). 
0008 Full sine wave resonant drive circuits provide 
limited control of duty cycle by varying amplitude, which 
affects the crossing point of the waveform and the threshold 
Voltage of the driven device. In operation, reducing the drive 
Voltage in order to significantly reduce the duty cycle will 
result in low amplitude past the gate threshold, and thus, 
poor Saturation. 
0009. Therefore, known MOS drive circuits provide only 
very limited effective duty cycle operation, which is essen 
tially 50 percent less the delays between the Zero crossing 
and the gate threshold Voltage. Reducing the amplitude will 
reduce the duty cycle, but also lengthen the Switching time 
and reduces the “peak on bias.” This will increase “DC on 
losses. 

0010. In general, it is desirable to Switch the controlled 
device off as fast as possible. AS frequencies are increased, 
a greater portion of the Switching period is required for the 
Switching transition, thus requiring a shorter conduction 
time, which is shorter than can be achieved by known 
circuits. 

0011 Thus, there exists a need for a system having a 
drive circuit capable of effectively operating (i.e., no or 
nominal loss in power) over a greater range of duty cycles 
(i.e., about 25 percent to about 50 percent), and in particular, 
to Such a System for driving gated power devices (e.g., MOS 
devices) over this greater range at higher frequencies. Such 
a System needs to control the duty cycle without requiring 
the reduction of Source amplitude to unacceptable levels at 
these higher frequencies. 

SUMMARY OF THE INVENTION 

0012. The present invention generally provides a half 
Sine wave drive circuit and method of providing the same 
having independent adjustment of amplitude and duty cycle 
that recirculates or recycles the energy involved in Switching 
the input capacitance of the driven device (e.g., MOS gated 
power device). Thus, the power dissipation of the device is 
reduced and Overall efficiency increased, particularly at 
higher frequency operation (i.e., more than a few hundred 
KHZ). In operation the present invention provides duty 
cycles of between about 25 percent and about 50 percent 
without loss of device power (i.e., no Switching loSS) at 
higher Switching frequencies. 

0013 Specifically, a drive circuit for use in connection 
with a power device (e.g., MOS gated power device) 
includes Switching means for providing effective operation 
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over a greater duty cycle range, and a gate drive means for 
producing from a Square wave input signal a half Sine wave 
output signal for use as a drive Voltage to the Switching 
means to produce the greater duty cycle range. The gate 
drive means includes a resonant circuit capacitivly coupled 
to a gate of the Switching means. 
0.014. The Switching means may be a transistor with the 
gate drive means providing the half Sine wave output Signal 
to the gate of the transistor. The resonant circuit is adapted 
to be configured between the operating frequency of the 
input Signal and about twice the operating frequency to 
thereby provide a duty cycle of between about 50 percent 
and about 25 percent. ESSentially, a driver inductance and 
capacitance of the resonant circuit are adapted to be con 
figured to control the duty cycle based upon a drive fre 
quency. The driver inductance of the resonant circuit may 
comprise a transformer, and in this construction, may be 
adapted to be configured to provide a duty cycle of between 
about 50 percent and about 75 percent. 
0.015 A DC bias means further may be provided to 
control the DC level of the circuit. The resonant circuit may 
comprise, for example, a class E Single ended resonant 
circuit capacitivly coupled to the gate of the Switching 
means. A hard Switch, Such as a logic gate, may be included 
for providing the input signal. The relatively low power 
required at this input results in the power lost, and hence 
dissipation, in the logic gate to not be excessive. 
0016. In another embodiment, a resonant drive circuit of 
the present invention providing improved independent 
amplitude and duty cycle control without loss of power at 
higher operating frequencies includes a MOS controlled 
device (e.g., transistor) to be Switched to provide a duty 
cycle of between about 25 percent and about 50 percent. A 
resonant drive circuit capacitivly coupled to a gate of the 
MOS controlled device is also included and provides from 
a Square-wave input signal, a half Sine wave output signal 
for driving the MOS controlled device. The resonant drive 
circuit is adapted for operation between an operating fre 
quency of a driven device (e.g., MOS gated power device) 
and about twice the operating frequency, defined by the 
input Signal. 
0017 Adriver inductance and capacitance of the resonant 
drive circuit are configurable to provide the duty cycle of 
between about 25 percent and about 50 percent. A DC bias 
may be provided to control the DC level of the half sine 
wave signal. The resonant circuit may include a transformer 
for providing the driver inductance. A hard Switched input 
device may be included for providing the input Signal. 
0.018. A method of the present invention for controlling 
the amplitude and duty cycle of a drive circuit without losing 
power at higher operating Speeds includes receiving a Square 
wave input signal, producing a half Sine wave output signal 
from the Square wave input Signal using a resonant circuit 
capacitivly coupled to a Switching a device, and configuring 
the resonant circuit to operate at a duty cycle of between 
about 25 percent and about 50 percent. DC bias also may be 
provided to the resonant circuit. 
0019. The method further may include recycling through 
the resonant circuit a gate charge of the device being 
Switched. A transformer also may be used in connection with 
the resonant circuit to add isolation or invert the drive 
waveform for 50 to 75 percent duty operation. 
0020 Thus, the present invention provides a resonant 
drive circuit and method of providing the same that is 
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capable of operation over a greater duty cycle range (i.e., 
from about 25 percent to about 50 percent) without experi 
encing power loSS at higher frequencies. Through the adjust 
ment of components within the resonant circuit, an appro 
priate duty cycle may be provided for driving a Switching 
device, Such as, for example, a MOS gated power device. 
0021 Further areas of applicability of the present inven 
tion will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and Specific examples, while indicating 
the preferred embodiments of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. The present invention will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 
0023 FIG. 1 is a schematic diagram of a typical full sine 
wave drive circuit; 
0024 FIG. 2 is a schematic diagram of another typical 
full sine wave drive circuit; 
0025 FIG. 3 is a schematic diagram of a half sine wave 
drive circuit constructed according to the principles of the 
present invention; 
0026 FIG. 4 is a schematic diagram of the half sine wave 
drive circuit of FIG. 3 with DC bias; 
0027 FIGS. 5(a) and 5(b) are graphs showing sine wave 
Signals produced by the half Sine wave drive circuits of 
FIGS. 3 and 4; 
0028 FIGS. 6(a)-6(c) are graphs showing driver voltages 
produced by the half sine wave drive circuit of the present 
invention; 
0029 FIG. 7 is a schematic diagram of another construc 
tion of a half sine wave drive circuit of the present invention 
with transformer coupling, and 
0030 FIG. 8 is a schematic diagram of a half sine wave 
drive circuit of the present invention providing operation at 
13.56 MHZ. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0031. The following description of the preferred embodi 
ments is merely exemplary in nature and is in no way 
intended to limit the invention, its application, or uses. Thus, 
although the application of present invention as disclosed 
herein is generally directed to a resonant drive circuit having 
a Specific configuration for use in driving a particular device, 
it is not So limited, and other configurations for driving 
different devices may be provided in accordance with the 
present invention. 
0032. In a typical resonant drive circuit as shown in 
FIGS. 1 and 2, and generally indicated by reference 
numeral 20 therein, a full sine wave resonant drive circuit is 
provided for use in connection with, for example, a MOS 
device. In particular, a transformer in combination with a 
Series resonant circuit 24, provides Sinusoidal outputs based 
upon a Square wave Voltage input signal. The Sinusoidal 
outputs are used to control Switching devices 26, which as 
shown, are insulated-gate field-effect transistors, which are 
typically provided in a half-bridge configuration. It should 



US 2003/0107413 A1 

be noted that other types of transistorS may be implemented 
depending upon the particular application and drive require 
mentS. 

0033. The outputs of the Switching devices 26 are com 
bined and provided to the output network transformer, etc. 
Essentially, a transformer-coupled push-pull operation (e.g., 
push-pull amplifier) is provided, and may be used, for 
example, in power conversion applications. It should be 
noted that other configurations are possible, including, for 
example, parallel connection. In operation, in order to 
change the duty cycle in the drive circuits 20 shown in 
FIGS. 1 and 2, which is accomplished by changing the 
length of “dead time” or transition time between turning off 
one Switching device and turning on the other Switching 
device, the amplitude of the input signal to each of the 
Switching devices must be reduced. This may result in 
unacceptable operating Voltages, thus resulting in improper 
operation of the driven device, particularly at higher opera 
tion frequencies (i.e., greater than 100 KHZ). 
0034. Having described typical full sine wave drive cir 
cuits which have limited control of duty cycle because of 
power problems, particularly at higher frequencies, the 
present invention generally provides a half Sine wave reso 
nant drive circuit having a greater range of control of duty 
cycle without requiring a lower amplitude (i.e., loss of 
power), including at higher operating frequencies. In opera 
tion, a half Sine wave output is provided to a Single Switching 
device to control operation of that driven device (e.g., MOS 
gated power device). 
0035) In particular, and referring to one exemplary con 
Struction of a half Sine wave drive circuit configured accord 
ing to the principles of the present invention, Such a drive 
circuit is shown in FIG.3 and indicated generally therein by 
reference numeral 30. AS shown therein, a class E Single 
ended resonant circuit 32 is capacitivly coupled to the gate 
34 of a power Switching device 36 (e.g., insulated-gate 
field-effect transistor). 
0.036 Generally, in operation, a square wave voltage 
signal input 38 is provided to a driver switching device (Q1) 
40 (e.g., transistor) with the drive circuit 30 of the present 
invention producing a positive half Sine wave signal 42 at 
the gate terminal 34 of the power Switching device 36. The 
positive half Sine wave signal 42 has a period that is 
proportional to the resonant frequency defined by a driver 
inductance (i.e., inductor L) 44, a capacitance (i.e., capacitor 
C) 46, a coupling capacitance (i.e., capacitor C) 48 and a 
driven gate capacitance (i.e., capacitor C) 50. The positive 
half Sine wave signal may be provided at between about the 
operating resonant frequency and about twice the operating 
resonant frequency based upon the Square wave Voltage 
Signal input 38 frequency to thereby provide a duty cycle of 
between about 50 percent and about 25 percent. The driver 
switching device (Q1) 40 in this exemplary construction 
experiences normal Zero Voltage Switching class E condi 
tions, and thus experiences no Switching loSS. All the gate 
charge is recycled between the gate terminal 34 and driver 
Supply Stored in the Supply decoupling capacitor (Cd) 41. 
0037 With the gate terminal 34 capacitivly coupled to the 
resonant circuit 32, the positive and negative Volt/seconds 
will balance, resulting in Some negative off bias. Additional 
DC bias can be added to counteract the negative off bias so 
as to maximize the positive AC Swing. For example, and as 
shown in FIG. 4, a resistance (i.e., resistor R) 52 may be 
provided for coupling any DC bias or grounding leaking 
currents. As shown in FIG. 5(a), the half sine wave signal 
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42 produced by the drive circuit 30 may have a negative 
component 54, as the DC level of the circuit is undefined due 
to the capacitive coupling. With the addition of appropriate 
resistance 52 (i.e., to compensate for negative off bias), the 
negative component 54 can be reduced or virtually elimi 
nated to produce a half Sine wave Signal 42' as shown in 
FIG. 5(b). 
0.038. The driver switching device (Q1) 40 is typically 
driven with an approximately 50:50 duty cycle in a known 
manner. However, in operation, this does not force the driver 
switching device (Q1) 40 output to switch at 50:50. As 
shown in FIGS. 6(a)-6(c), during the cycle after the voltage 
has fallen to Zero, indicated as t1 at 56, the driver Switching 
device (Q1) 40 reverse conducts, thereby returning the 
resonant energy to the driver Switching device (Q1) 40 
supply stored in Cd 41. Thus, it is only necessary for the 
driver Switching device (Q1) 40 to be turned on at some 
point before all this energy is recovered. 
0039. In an alternate construction of a half sine wave 
drive circuit 30' as shown in FIG. 7, the driver inductance 
44 may be configured as a transformer 58 to add isolation 
between the driver Switching device (Q1) 40 and an output 
device. This construction may also provide phase inversion 
for duty cycles of typically between about 50 percent and 
about 75 percent with a negative half Sine Signal. Alternately, 
a driver Switching device (Q1) 40 with the opposite polarity 
may be used. 
0040. As a further specific example of a half sine wave 
drive circuit 30 constructed according to the principles of the 
present invention, and to more clearly Show Such a circuit 
having particular operating characteristics, FIG. 8 shows a 
half sine wave drive circuit 30" constructed for operation at 
13.56 MHz. As shown therein, inductors (L1) 60 resonate 
with the capacitance of the gates 66 of the STP10NB20 
transistors 62 via the 690 pF capacitors 64 to produce a half 
Sine pulse at approximately 18 MHz (i.e., about a 38 percent 
duty cycle). DC bias is applied to the gates 66 via the 1K 
resistors 68 and 4K770, forming a potential divider. 
0041 Astart up supply is bled from the main DC rail via 
the 47K resistors 72. Charge stored in the 47 uF capacitors 
74 begins drive operation until the output Swing has built up 
enough amplitude to Supply power via the two turn windings 
on inductor (L2) 76 and the 1DQ06 diodes 78. The current 
into the inductor (L2) 76 facilitates switching the output 
capacitance of the STP10NB2062. The IRF510s transistors 
80 are driven sinusoidaly in antiphase by transformers (T1) 
82, with their gate capacitance resonated out by inductor 
(L3) 84 at the input. 
0042. Thus, the present invention provides a half sine 
wave resonant drive circuit having independent amplitude 
and duty cycle control over a greater duty cycle range (i.e., 
about 25 percent to about 50 percent) by providing short 
enough duty cycles to allow enough time for output capaci 
tance charging/discharging, thereby resulting in efficient 
Switching. AS disclosed herein, the invention is particularly 
well Suited for operation at higher frequencies (e.g., 10+ 
MHz). For example, operation at a greater range of duty 
cycles is particularly adapted for use in high frequency half 
bridge circuits wherein significant dead time is needed 
between alternate conduction to cycle the output capacitance 
of the bridge device. It should be noted that the half sine 
wave signal normally contains significant harmonics, and as 
Such, any transformer provided in connection with the 
present invention must have enough high frequency perfor 
mance and bandwidth to reliably pass these harmonics. 



US 2003/0107413 A1 

0.043 Although the present invention has been described 
in connection with Specific component parts operating at 
Specific frequencies, it is not So limited. For example, in 
constructing a half Sine wave drive circuit 30 according to 
the present invention, the inductance 44, capacitance 46 and 
capacitance 48 may be adjusted to obtain the desired gate 34 
Swing for a particular driver DC Voltage and driver device 
Swing. Further, the driven device may be any MOS con 
trolled device such as a MOSFET, IGBT, etc. Additionally, 
the driver device may be MOS controlled or bipolar and 
include an anti parallel diode to provide reverse conduction. 
0044) The description of the invention is merely exem 
plary in nature and, thus, variations that do not depart from 
the gist of the invention are intended to be within the Scope 
of the invention. Such variations are not to be regarded as a 
departure from the Spirit and Scope of the invention as 
claimed. 

What is claimed is: 
1. A drive device providing improved operation and 

control of duty cycle, the drive device comprising: 
Switching means providing operation at a duty cycle 

based upon a drive Signal; and 
a gate drive means for producing from an input signal a 

half Sine wave output signal for use as the drive Signal 
to the Switching means, the gate drive means having a 
resonant circuit coupled to a gate of the Switching 
CS. 

2. The drive device according to claim 1 wherein the 
Switching means comprises a transistor and the gate drive 
means provides the half Sine wave output signal to the gate 
of the transistor. 

3. The drive device according to claim 1 wherein the input 
Signal is a Square wave and the resonant circuit is adapted to 
be configured between an operating frequency and about 
twice the operating frequency of the Square wave input 
signal to thereby provide a duty cycle of between about 50 
percent and about 25 percent. 

4. The drive device according to claim 3 wherein the 
resonant circuit comprises a driver inductance and capaci 
tance together adapted to be configured to control the duty 
cycle based upon a drive frequency defined by the Square 
wave input Signal. 

5. The drive device according to claim 1 wherein the 
resonant circuit comprises a driver inductance having a 
transformer and is adapted to be configured to provide a duty 
cycle of between about 50 percent and about 75 percent. 

6. The drive device according to claim 1 further compris 
ing DC bias means. 

7. The drive device according to claim 1 wherein the 
resonant circuit comprises a class E Single ended resonant 
circuit capacitivly coupled to the gate of the Switching 
CS. 

8. The drive device according to claim 1 wherein the 
Switching means is a metal oxide Semiconductor. 

9. The drive device according to claim 3 further compris 
ing a hard Switch for providing the Square wave input Signal. 

10. A half sine wave drive circuit providing improved 
independent amplitude and duty cycle control without power 
loSS at higher operating frequencies, the half Sine wave drive 
circuit comprising: 
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a MOS controlled device to be switched to provide a duty 
cycle of between about 25 percent and about 50 per 
cent; and 

a resonant drive circuit capacitivly coupled to a gate of the 
MOS controlled device for providing from a periodic 
input Signal a half Sine wave output signal for driving 
the MOS controlled device and adapted for operation 
between an operating frequency and about twice the 
operating frequency of the periodic input signal to 
thereby switch the MOS controlled device. 

11. The half sine wave drive circuit according to claim 10 
wherein the periodic input Signal is a Square wave and the 
resonant drive circuit comprises a driver inductance and 
capacitance together configurable to provide the duty cycle 
of between about 25 percent and about 50 percent. 

12. The half sine wave drive circuit according to claim 10 
further comprising a DC bias means. 

13. The half sine wave drive circuit according to claim 10 
wherein the resonant drive circuit comprises a transformer 
providing a driver inductance. 

14. The half sine wave drive circuit according to claim 10 
wherein the MOS controlled device is a Switching device 
comprising a transistor. 

15. The half sine wave drive circuit according to claim 10 
adapted for providing the duty cycle of between about 25 
percent and about 50 percent during operation at frequencies 
exceeding 10 MHz. 

16. The half sine wave drive circuit according to claim 11 
further comprising a hard Switched input device for provid 
ing the Square wave input signal. 

17. A method of controlling the duty cycle of a drive 
circuit without losing power at higher operating frequencies, 
the method comprising the Steps of 

receiving a periodic input Signal; 

producing a half Sine wave output Signal from the periodic 
input signal using a resonant circuit capacitivly coupled 
to a Switching device; and 

configuring the resonant circuit to provide the half Sine 
wave output Signal to thereby operate the Switching 
device at a duty cycle of between about 25 percent and 
about 50 percent. 

18. The method according to claim 17 further comprising 
providing DC bias to the resonant circuit. 

19. The method according to claim 17 wherein the peri 
odic input signal is a Square wave. 

20. The method according to claim 17 further comprising 
using a transformer in connection with the resonant circuit 
to add isolation. 

21. The method according to claim 17 further comprising 
using a transformer in connection with the resonant circuit 
to invert the driving waveform to provide a duty cycle of 
between about 50 and 75 percent. 


