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EFFICIENT POWER REGULATION FOR 
CLASS-EAMPLIFERS 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of power 
amplifiers. More particularly, the present invention relates to 
Class-E power amplifiers and power converter devices. 

BACKGROUND 

0002. A Class-E amplifier converts a DC source to an 
amplified output signal that is sinusoidal, at a certain fre 
quency. Class-E amplifiers are typically highly efficient 
Switching power amplifiers. 
0003 FIG. 1 shows a conventional Class-E amplifier 
device 100. The device 100 includes an input powerVP. A first 
terminal of an input inductor 110 is coupled to the input 
powerVP. Adrain of a MOSFET 112 is coupled with a second 
terminal of the input inductor 110 and an input terminal of a 
resonant LCR load or resonant load 111 having a resonant 
frequency. A driving module 122 is coupled with a gate of the 
MOSFET 112 for driving the MOSFET 112. The driving 
module 122 alternatively turns the MOSFET 112 on and offat 
a fixed frequency in response to an input signal VinCfreq). 
The fixed frequency is equal to the resonant frequency of the 
resonant load 111. 
0004. The input inductor 110 is typically a large inductor 
connected to the input power VP. The power stored in the 
input inductor 110 can be pulled down to a circuit ground 
through the power MOSFET 112 when the MOSFET 112 is 
turned on. When the MOSFET 112 is not conducting, the 
power in the inductor 110 is coupled to the resonant load 111. 
The resonant load 111 includes a first capacitor 114 coupled 
from the input terminal to the circuit ground. A second 
capacitor 116 is coupled is series with an inductor 118 
between the input terminal of the resonant load 111 and an 
output terminal of the resonant load 111. A load circuit 120 is 
coupled between the output terminal of the resonant load 111 
and the circuit ground. The Class-E device 100 operates the 
MOSFET 112 to be either in the Ohmic region or completely 
off. 
0005. When the MOSFET 112 is not conducting, the volt 
age on the drain Vdrain(freq) will go high and can be higher 
than the DC input voltage VP. When the MOSFET 112 turns 
on, the Voltage on the drain Vdrain(freq) goes to the Ohmic 
voltage drop of the MOSFET 112. The low impedance of the 
MOSFET 112 causes the power that is consumed by the 
MOSFET 112 to be low. 
0006. In order for the device 100 of FIG. 1 to provide a 
single output sinusoidal Voltage amplitude at a single fre 
quency, there has to be a fixed relation between the input 
frequency to the MOSFET 112, the duty cycle of the input 
signal at this input frequency and the values of the compo 
nents making up the resonant LCR load 111. Deviating from 
this fixed relation results in an increase of undesired harmonic 
distortion or reduced efficiency or both. Hence, devices simi 
lar to the device 100, attempting to effect the amplitude of the 
output VOUT by regulating the duty cycle of the input fre 
quency, or by varying the LCR values will be subject to this 
increased harmonic distortion and reduced efficiency. 
0007 FIG. 2 shows another conventional Class-E ampli 

fier device 200. The device 200 is similar to the device 100 of 
FIG. 1 except a buck converter circuit 225 is coupled between 
an input power source VP and an input inductor 210. In 
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particular, the input inductor 210, the MOSFET 212, the 
capacitors, 214 and 216, the inductor 218, the load circuit 220 
and the driving module 222 correspond in function and archi 
tecture to the input inductor 110, the MOSFET 112, the 
capacitors 114 and 116, the inductor 118, the load circuit 120 
and the driving module 122, respectively, of FIG.1. The buck 
converter circuit 225 includes a switch 224 having a first 
terminal coupled to the input powerVP and a second terminal. 
A diode 226 has a cathode and an anode. The cathode is 
coupled to the second terminal of the switch 224 and the 
anode is coupled to the circuit ground. A buck inductor 228 
has a first terminal coupled to the cathode and a second 
terminal coupled to the first terminal of the input inductor 
210. A buck capacitor 230 has a first terminal coupled to the 
second terminal of the buck inductor 228 and a second termi 
nal coupled to ground. Like the embodiment of FIG. 1, the 
driving frequency of a MOSFET 212 is fixed at the resonant 
frequency of the resonant load 211. The device 200 uses the 
buck converter 225 to adjust the amplitude of the output 
voltage VOUT. The buck converter 225 adjusts the amplitude 
of the output voltage VOUT by varying or modulating the 
amplitude of the input power VP. The buck converter 225 
operates in the usual manner of conventional buck converters. 
The use of the buck converter circuit 225 allows the amplitude 
of the E-Class amplifier circuit 200 to be adjusted. Undesir 
ably, the buck converter 225 will reduce the overall efficiency 
of the E-Class amplifier circuit 200. Additionally, the buck 
converter 225 requires additional discrete components which 
will increase the cost and complexity of the circuit 200. 
0008 FIG. 3 shows another conventional Class-E ampli 
fier device 300. The device 300 is a differential amplifier. An 
input power VP is coupled to a first terminal of a matching 
first and second input inductor 310A, 310B. A drain terminal 
of a first and second MOSFET312A, 312B is coupled with a 
second terminal of the first and second input inductors 310A, 
310B, respectively. A resonant LCR load or resonant load 311 
is coupled between the second terminals of the first and sec 
ond input inductors 310A, 310B. A driving module 322 is 
coupled with a gate of the first and second MOSFET 312A, 
312B for driving the first and second MOSFET312A, 312B. 
The driving module 322 alternatively turns the first and sec 
ond MOSFET312A, 312B on and off at a fixed frequency in 
response to an input signal Vinfreq) (not shown). The fixed 
frequency is equal to a resonant frequency of the resonant 
load 311. 

0009. The first and second input inductor 310A, 310B are 
typically large inductors connected to the input power VP. 
The power stored in the first and second input inductor 310A, 
310B can be pulled down to the circuit ground through the 
first and second MOSFET 312A, 312B when the first and 
second MOSFET 312A, 312B are turned on. When the first 
and second MOSFET 312A, 312B are not conducting, the 
power in the first and second input inductor 310A, 310B are 
coupled to the resonant load 311. The resonant load 311 
includes a matching first and second capacitors 314, 315, 
respectively. The first and second capacitors 314, 315 are 
coupled from the second terminals of the first and second 
input inductor 310A, 310B, respectively, to the circuit 
ground. A third or series capacitor 316 is coupled in series 
with a load circuit 320 and an inductor 318. An output termi 
nal Vout is coupled to a first and a second terminal of the 
load circuit 320. The Class-E device 300 operates the first and 
second MOSFET 312A, 312B to be either in the Ohmic 
region or completely off. 
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0010. When the first and second MOSFET 312A, 312B 
are not conducting, the Voltage on the drain Vdrain(freq) will 
go high and can behigher than the DC input voltage VP. When 
the first and second MOSFET 312A, 312B turn on, the volt 
age on the drain Vdrain(freq) goes to the Ohmic Voltage drop 
of the first and second MOSFET 312A, 312B. The low 
impedance of the first and second MOSFET 312A, 312B 
cause the power that is consumed by the first and second 
MOSFET 312A, 312B to be low. 
0011. In order for the device 300 of FIG. 3 to provide a 
single output sinusoidal Voltage amplitude at a single fre 
quency, there has to be a fixed relation between the input 
frequency to the first and second MOSFET 312A, 312B, the 
duty cycle of the input signal at this input frequency and the 
values of the components making up the resonant LCR load 
311. Deviating from this fixed relation results in an increase 
of undesired harmonic distortion or reduced efficiency or 
both. Hence, devices similar to device 300, attempting to 
effect the amplitude of the output VOUT by regulating the 
duty cycle of the input frequency, or by varying the LCR 
values will be subject to this increased harmonic distortion 
and reduced efficiency. 
0012 FIG. 4 shows another conventional Class-E ampli 

fier device 400. The device 400 is similar to the device 300 of 
FIG.3 except a buck converter circuit 425 is coupled between 
an input power source VP and a first and second input induc 
tor 410A, 410B. In particular, the first and second input induc 
tor 410A, 410B, a first and second MOSFET 412A, 412B, a 
first and second capacitor, 414 and 415, a series capacitor 416, 
an inductor 418, a load circuit 420 and a driving module 422 
correspond in function and architecture to the first and second 
input inductor 310A, 310B, the first and second MOSFET 
312A, 312B, the first and second capacitor, 314 and 315, the 
series capacitor 316, the inductor 318, the load circuit 320 and 
the driving module 322, respectively, of FIG. 3. The buck 
converter circuit 425 includes a switch, diode, inductor and 
capacitor (FIG. 2). Like the embodiment of FIG. 3, the driv 
ing frequency of the first and second MOSFET412A, 412B is 
fixed at the resonant frequency of the resonant load 411. The 
device 400 uses the buck converter 425 to adjust the ampli 
tude of the output voltage VOUT. The buck converter 425 
adjusts the amplitude of the output voltage VOUT by varying 
or modulating the amplitude of the input powerVP. The buck 
converter 425 operates in the usual manner of conventional 
buck converters. The use of the buck converter circuit 425 
allows the amplitude of the E-Class amplifier circuit 400 to be 
adjusted. Undesirably, the buck converter 425 will reduce the 
overall efficiency of the E-Class amplifier circuit 200. Addi 
tionally, the buck converter 225 requires additional discrete 
components which will increase the cost and complexity of 
the circuit 400. 
0013. Accordingly, it is desirable to provide a Class-E 
amplifier device which is more efficient and more economical 
to produce. In addition it is desirable to provide a Class-E 
amplifier device that provides optimization of power trans 
ferred to a load circuit. 

SUMMARY OF THE INVENTION 

0014. In accordance with a first aspect of the present 
invention, a power converter device is provided. The power 
converter device includes an input power source. An input 
inductor is configured for coupling a power of the input power 
Source to the device. A Switch is configured to regulate a 
power of the input power source through the input inductor to 
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adjust an output Voltage of the device. A shunting diode is 
coupled between the switch and the input inductor. A resonant 
load is coupled with the input inductor comprising a first 
capacitor, a second capacitor, a series inductor and a load 
circuit. A Switching element is coupled with the input induc 
tor and the resonant load and is configured to operate at a fixed 
frequency. The power converter device also includes a control 
circuit for modulating a frequency of the Switch and includes 
a driving module for driving the Switching element at the 
fixed frequency. 
0015. In an exemplary embodiment, the power converter 
device is a Class-E amplifier and the input power source is a 
20 VDC voltage source. The switch can be a MOSFET 
device. The shunting diode is configured for shunting the 
power stored in the input inductor when the switch is open. In 
one embodiment, the shunting diode can instead be a MOS 
FET device and the switch is a complimentary MOSFET 
device. The fixed frequency is preferably a frequency equal to 
a resonant frequency of the resonant load. The first and the 
second capacitors are shunting and series capacitors, respec 
tively. The series capacitor and the series inductor are coupled 
between the shunting capacitor and the load circuit. In one 
embodiment, the power converter device is configured as an 
integrated circuit device. 
0016. In accordance with a second aspect of the present 
invention, a method of converting power in a power converter 
device is provided. The method includes providing an input 
power source. A power of the input power source is coupled 
through an input inductor. A power of the input power source 
through the input inductor is regulated using a Switch coupled 
between the input power source and the input inductor. The 
power of the input inductor is shunted when the switch is open 
using a shunting diode coupled to ground between the Switch 
and the input inductor. A Switching element is operated at a 
fixed frequency and is coupled with the input inductor and a 
resonant load. The method also includes modulating a fre 
quency of the Switch using a control circuit and driving the 
Switching element at the fixed frequency using a driving 
module. 

0017. In an exemplary embodiment, the power converter 
device is a Class-E amplifier and the input power source is a 
20 VDC voltage source. The switch can be a MOSFET 
device. The shunting diode is configured for shunting the 
power stored in the input inductor when the switch is open. In 
one embodiment, the shunting diode can instead be a MOS 
FET device and the switch is a complimentary MOSFET 
device. In this complimentary configuration, the first and the 
second MOSFET devices are operated 180 degrees out of 
phase with each other. The fixed frequency is a frequency 
equal to a resonant frequency of the resonant load. The first 
and the second capacitors are shunting and series capacitors, 
respectively. The series capacitor and the series inductor are 
coupled between the shunting capacitor and the load circuit. 
In one embodiment, the power converter device is configured 
as an integrated circuit device. 
0018. In accordance with a third aspect of the present 
invention, a differential power converter device is provided. 
The device includes an input power source. A first and a 
second input inductor are configured for coupling a power of 
the input power Source to the device. A Switch is configured to 
regulate a power of the input power Source through the first 
and the second input inductor. A shunting diode is configured 
for shunting the power stored in the first and the second input 
inductor when the Switch is open. A resonant load is coupled 
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with the first and the second input inductor comprising a first, 
second and a third capacitor, a series inductor and a load 
circuit. A first and a second Switching element are coupled 
with the first and the second input inductor, respectively, and 
coupled with the resonant load. The first and the second 
Switching element are configured to operate at a fixed fre 
quency. The differential power converter device also includes 
a control circuit for modulating a frequency of the Switch and 
includes a driving module for driving the first and the second 
Switching element at the fixed frequency. 
0019. In an exemplary embodiment, the power converter 
device is a Class-E amplifier and the input power source is a 
20 VDC voltage source. The switch can be a MOSFET 
device. The shunting diode is coupled between the switch and 
the first and second input inductors. In one embodiment, the 
shunting diode can instead be a MOSFET device and the 
switch is a complimentary MOSFET device. The fixed fre 
quency is a frequency equal to a resonant frequency of the 
resonant load. The first and the second capacitors are shunting 
capacitors, and the third capacitor is a series capacitor. The 
load circuit is coupled between the series capacitor and the 
series inductor. In one embodiment, the power converter 
device is configured as an integrated circuit device. 
0020. Other features of the present invention will become 
apparent from consideration of the following description 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The novel features of the invention are set forth in 
the appended claims. However, for purposes of explanation, 
several embodiments of the invention are set forth in the 
following figures. 
0022 FIG. 1 illustrates a first prior art schematic diagram 
of a Class-E amplifier device. 
0023 FIG. 2 illustrates an alternative embodiment of the 
prior art device of FIG. 1. 
0024 FIG. 3 illustrates a second prior art schematic dia 
gram of a Class-E amplifier device. 
0.025 FIG. 4 illustrates an alternative embodiment of the 
prior art device of FIG. 3. 
0026 FIG. 5 illustrates a schematic diagram of a Class-E 
amplifier device according to an embodiment of the present 
invention. 
0027 FIGS. 5A through 5C illustrate partial schematic 
diagrams of a Class-E amplifier device according to alterna 
tive embodiments of the device of FIG. 5. 
0028 FIG. 6 illustrates a schematic diagram of a Class-E 
amplifier device according to another embodiment of the 
present invention. 
0029 FIGS. 6A through 6C illustrate partial schematic 
diagrams of a Class-E amplifier device according to alterna 
tive embodiments of the device of FIG. 6. 
0030 FIG. 7 illustrates a method of converting power in a 
power converter device according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION 

0031. In the following description, numerous details and 
alternatives are set forth for the purpose of explanation. How 
ever, one of ordinary skill in the art will realize that the 
invention can be practiced without the use of these specific 
details. In other instances, well-known structures and devices 
are shown in block diagram form in order not to obscure the 
description of the invention with unnecessary detail. 
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0032. The present invention provides a power converting 
circuit with an increased efficiency of Class-E amplifiers and 
power converters. The present invention provides optimiza 
tion of power transferred to a load circuit. The present inven 
tion also provides a savings of an inductor and capacitor from 
a customer bill of materials for each device made according to 
the invention. The present invention is a significant improve 
ment over conventional Class-E amplifiers that use conven 
tional buck converter circuits. 
0033 Turning to FIG. 5, a schematic diagram of a power 
converting device 500 is shown according to an embodiment 
of the present invention. The device 500 comprises an input 
power source VP coupled to a first terminal of an input 
inductor 510. A switch 524 selectively couples the input 
power source VP to the input inductor 510 to regulate a power 
of the input power source VP. A cathode of a shunting diode 
526 is coupled between the switch 524 and the input inductor 
510. The anode of the shunting diode 526 is coupled to 
ground. A resonant circuit or resonant load 511 is coupled to 
a second terminal of the input inductor 510. The resonant load 
511 comprises a first capacitor 514 coupled between the 
second terminal of the input inductor 510 and ground. A 
second capacitor 516 is coupled in series with a series induc 
tor 518 both coupled between the second terminal of the input 
inductor 510 and an output terminal Vout. A load circuit 520 
is coupled between Vout and ground. A Switching element 
512 is coupled in parallel with the first capacitor 514 and is 
configured to operate at a fixed frequency. A second terminal 
of the switching element 512 is driven by a driving module 
522 at the fixed frequency. The driving module 522 is coupled 
between VCC and ground. In an exemplary embodiment 
VCC equals 5 VDC. Other values for VCC that are higher or 
lower than 5 VDC can be chosen without departing from the 
invention. 

0034. In an exemplary embodiment, the device 500 com 
prises an integrated circuit (not shown). The integrated circuit 
includes the switch 524, the shunting diode 526, the switch 
ing element 512 and the driving module 522 incorporated into 
the silicon of the integrated circuit. The input inductor 510 
and the resonant load 511 are configured external to the 
silicon of the integrated circuit. In an alternative embodiment, 
the device 500 can be provided using solely discrete compo 
nents. In application, the device 500 is suitable for a Class-E 
amplifier. Alternatively, the device 500 can be suited for 
power conversion devices. The power conversion devices 
well suited for the device 500 can include wireless power 
conversion devices. 
0035. The input power source VP comprises a DC voltage 
signal. In an exemplary embodiment, the input power source 
VP comprises a 20VDC signal. A person of ordinary skill will 
appreciate that other values for the DC Voltage signal may be 
used. The input inductor 510 comprises a suitable inductor for 
sinking the current of the input power source VP. The shunt 
ing diode 526 that is coupled between the switch 524 and the 
input inductor 510 provides a current path to ground for 
power stored in the input inductor 510. The power in the input 
inductor 510 flows back through the shunting diode 526 when 
the switch 524 is open or off. 
0036. The switch 524 is configured to cycle at a rate to 
control the power through the input inductor 510. A suitable 
control circuit (not shown) including a pulse width modula 
tion circuit as practiced by a person of ordinary skill can be 
used to set a duty cycle of the switch 524. In an exemplary 
embodiment, the switch 524 can be configured to operate in 
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an open loop manner. In the open loop manner, a frequency 
and the duty cycle of the switch 524 are set at a constant value. 
In a first protection embodiment, the switch 524 can be used 
to protect the Switching element 512 against over-Voltage. In 
this first protection embodiment, the frequency of the switch 
524 can be operated as a function of the voltage of the first 
terminal of the switching element 512. In a second protec 
tion embodiment, the switch 524 can be used to prevent 
excessive power dissipation of the device 500. In this second 
protection embodiment, the frequency of the switch 524 can 
be operated as a function of the voltage to the load circuit 520 
or the voltage VOUT. In still a third protection embodiment 
or a fuse-link embodiment, the switch 524 can include a 100 
percent duty cycle or continuously on/closed and be operated 
so that the switch 524 opens when a high current condition is 
sensed. Thereby protecting the device 500 from a destruc 
tively high current. Any Suitable current value can be chosen 
to operate the fuse-link embodiment depending on the appli 
cation. 

0037. The resonant load 511 comprises the first and the 
second capacitors 514, 516, the series inductor 518 and the 
load circuit 520. In an exemplary embodiment, each of the 
components chosen for the resonant load 511 comprises a 
fixed relationship between the fixed frequency of the driving 
module 522, the duty cycle of the switching element 512 and 
a value of the components of the resonant load 511 including 
the series inductor 518, the first and the second capacitor 514, 
516 and the load circuit 520. The fixed frequency of the 
driving module 522 is equal to a resonant frequency of the 
resonant load 511. The first and the second capacitors 514, 
516 are configured as shunting and series capacitors, respec 
tively. The resistive value of the load circuit 520 can vary 
depending on the application of the device 500. In an exem 
plary embodiment, the resistance of the load circuit 520 com 
prises 50 ohms with a power rating of five watts. The values 
of the second capacitor 516 and the series inductor 518 can be 
chosen to achieve the desired resonant frequency of the reso 
nant load 511. 

0038. The switching element 512 comprises a suitable 
switching device for efficient operation of the device 500. In 
an exemplary embodiment, the Switching element 512 com 
prises an n-type metal-oxide-semiconductor field-effect tran 
sistor (MOSFET) device. The MOSFET device includes a 
drain, a gate and a source that are synonymous with the first, 
the second and the third terminal, respectively of the switch 
ing element 512. Alternatively, any other semiconductor 
Switching device known to a person of ordinary skill can be 
substituted for the switching element 512. The switching 
element 512 is configured to operate at the fixed frequency of 
the driving module 522. The switching element 512 is con 
figured to operate with high efficiency and is configured to 
consume very little power. When the switching element 512 is 
turned on, the power consumed by the switching element 512 
is approximately Zero since the Voltage of the drain or first 
terminal of the switching element 512 is close to zero volts 
DC. When the switching element 512 is turned off, the power 
consumed by the Switching element 512 is also approxi 
mately zero since the voltage of the drain or the first terminal 
of the switching clement 512 is approximately Zero and the 
current through the Switching element 512 is approximately 
ZO. 

0039. The driving module 522 comprises a control circuit 
Suitable for providing a sufficient signal to drive the Switching 
element 512. The driving module 522 operates at the fixed 
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frequency equal to the resonant frequency of the resonant 
load 512. The driving module 522 can comprise a pulse width 
modulation (PWM) circuit configured to operate at the fixed 
frequency. Other oscillators can also be used. In an exemplary 
embodiment, a digital input signal (not shown) is used to 
enable the driving module 522. The digital input signal com 
prises a frequency equal to the fixed frequency. 
0040 Turning to FIGS. 5A through 5C, partial schematic 
diagrams of alternative embodiments of devices 500A, 500B 
and 500C are shown. The device 500A of the FIG. 5A shows 
an embodiment of the invention similar to the device 500 of 
FIG.5. The device 500A includes an n-type MOSFET device 
524A Substituted for the Switch 524 of FIG. 5. In an exem 
plary embodiment, the MOSFET device 524A comprises a 
DMOS or double-Diffused MOSFET known to a person of 
ordinary skill. Alternatively, any other semiconductor Switch 
ing device known to a person of ordinary skill can be substi 
tuted for the MOSFET device 524A. The MOSFET device 
524A is configured to operate at a duty cycle to suit the 
particular application. The remainder of the device 500A is 
similar in operation and structure to the device 500 as 
described above. 

0041. The device 500B of the FIG. 5B shows another 
embodiment of the invention similar to the device 500 of FIG. 
5. The device 500B includes a p-type MOSFET device 524B 
substituted for the switch 524 of FIG. 5. In an exemplary 
embodiment the MOSFET device 524B comprises a DMOS 
or double-Diffused MOSFET known to a person of ordinary 
skill. Alternatively, any other semiconductor Switching 
device known to a person of ordinary skill can be substituted 
for the MOSFET device 524B. The MOSFET device 524B is 
configured to operate at a duty cycle to Suit the particular 
application. The remainder of the device 500B is similar in 
operation and structure to the device 500 as described above. 
0042. The device 500C of the FIG. 5C shows yet another 
embodiment of the invention similar to the device 500 of FIG. 
5. The device 500C includes ap-type MOSFET switch device 
524C Substituted for the Switch 524 of FIG. 5 and also 
includes an n-type MOSFET shunting device 526C substi 
tuted for the shunting diode 526 of FIG. 5. In an exemplary 
embodiment, the MOSFET switch and shunting devices 
524C, 526C comprise the DMOS type known to a person of 
ordinary skill. Alternatively, any other semiconductor Switch 
ing devices known to a person of ordinary skill can be Sub 
stituted for the MOSFET switch and shunting devices 524C, 
526C. The MOSFET switch device 524C is configured to 
operate at a duty cycle to Suit the particular application. The 
MOSFET switch device 524C and the MOSFET shunting 
device 526C are configured to operate synchronously. The 
synchronous operation of the MOSFET switch and shunting 
devices 524B, 524C includes enabling each the MOSFET 
switch device 524C and the MOSFET shunting device 526C 
so each is 180 degrees out of phase with the other. The 
remainder of the device 500C is similar in operation and 
structure to the device 500 as described above. 

0043 Turning to FIG. 6, a schematic diagram of a differ 
ential power converting device 600 is shown according to an 
embodiment of the present invention. The device 600 com 
prises an input power source VP coupled to a first terminal 
of matching first and second input inductors 610A, 610B, 
respectively. A switch 624 selectively couples the input power 
source VP to the first and second input inductors 610A, 610B 
to regulate a power of the input power source VP. A cathode of 
a shunting diode 626 is coupled between the switch 624 and 
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the first and second input inductors 610A, 610B. The anode of 
the shunting diode 626 is coupled to ground. A resonant 
circuit or resonant load 611 is coupled between a second 
terminal of the first and second input inductors 610A, 610B. 
The resonant load 611 includes a matching first and second 
capacitor 614, 615 coupled between the second terminal of 
the first and second input inductors 610A, 610B, respectively, 
and ground. A third or series capacitor 616 is coupled in series 
with a load circuit 620 and an inductor 618. An output termi 
nal Vout is coupled to a first and a second terminal of the 
load circuit 620. A first and a second switching element 612A, 
612B are coupled in parallel with the first and the second 
capacitor 614, 615 and are configured to operate at a fixed 
frequency. A second terminal of the first and a second Switch 
ing element 612A, 612B are driven by a driving module 622 
at the fixed frequency. The driving module 622 is coupled 
between VCC and ground. In an exemplary embodiment 
VCC equals 5 VDC. Other values for VCC that are higher or 
lower than 5 VDC can be chosen without departing from the 
invention. 

0044. In an exemplary embodiment, the device 600 com 
prises an integrated circuit (not shown). The integrated circuit 
includes the switch 624, the shunting diode 626, the first and 
the second switching elements 612A, 612B and the driving 
module 622 incorporated into the silicon of the integrated 
circuit. The first and second input inductors 610A, 610B and 
the resonant load 611 are configured external to the silicon of 
the integrated circuit. In an alternative embodiment, the 
device 600 can be provided using solely discrete components. 
In application, the device 600 is suitable for a Class-E ampli 
fier. Alternatively, the device 600 can be suited for power 
conversion devices. The power conversion devices well 
suited for the device 600 can include wireless power conver 
sion devices. 

0045. The input power source VP comprises a DC voltage 
signal. In an exemplary embodiment, the input power source 
VP comprises a 20VDC signal. A person of ordinary skill will 
appreciate that other values for the DC voltage signal may be 
used. The first and second input inductors 610A, 610B com 
prise Suitable inductors for sinking the current of the input 
power source VP. The shunting diode 626 provides a current 
path to ground for power stored in the first and second input 
inductors 610A, 610B. The power in the first and second input 
inductors 610A, 610B flows back through the shunting diode 
626 when the switch 624 is open or off. 
0046. The switch 624 is configured to cycle at a rate to 
control the power through the first and second input inductors 
610A, 610B. A suitable control circuit (not shown) including 
a pulse width modulation circuit as practiced by a person of 
ordinary skill can be used to set a duty cycle of the switch 624. 
In an exemplary embodiment, the Switch 624 can be config 
ured to operate in an open loop manner. In the open loop 
manner, a frequency and the duty cycle of the Switch 624 are 
set at a constant value. In a first protection embodiment, the 
switch 624 can be used to protect the first and the second 
switching elements 612A, 612B against over-voltage. In this 
first protection embodiment, the frequency of the switch 624 
can be operated as a function of the voltage of the first termi 
nals of the first and the second switching elements 612A, 
612B. In a second protection embodiment, the switch 624 
can be used to prevent excessive power dissipation of the 
device 600. In this second protection embodiment, the fre 
quency of the switch 624 can be operated as a function of the 
voltage to the load circuit 620 or the voltage VOUT. In still a 
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third protection embodiment or a fuse-link embodiment, the 
switch 624 can include a 100 percent duty cycle or continu 
ously on/closed and be operated so that the switch 624 opens 
when a high current condition is sensed. Thereby protecting 
the device 600 from a destructively high current. Any suitable 
current value can be chosen to operate the fuse-link embodi 
ment depending on the application. 
0047. The resonant load 611 comprises the matching first 
and second capacitors 614, 615, the third capacitor 616, the 
series inductor 618 and the load circuit 620. In an exemplary 
embodiment, each of the components chosen for the resonant 
load 611 comprises a fixed relationship between the fixed 
frequency of the driving module 622, the duty cycle of the 
first and the second switching elements 612A, 612B and a 
value of the components of the resonant load 611. The fixed 
frequency of the driving module 622 is equal to a resonant 
frequency of the resonant load 611. The first and second 
capacitors 614, 615 are configured as shunting capacitors. 
The third capacitor 616 is configured as a series capacitor. The 
resistive value of the load circuit 620 can vary depending on 
the application of the device 600. In an exemplary embodi 
ment, the resistance of the load circuit 620 comprises 50 ohms 
with a power rating offive watts. The values of third capacitor 
616 and the series inductor 618 can be chosen to achieve the 
desired resonant frequency of the resonant load 611. 
0048. The first and the second switching elements 612A, 
612B comprise suitable switching devices for efficient opera 
tion of the device 600. In an alternative embodiment, the first 
and the second switching elements 612A, 612B comprise 
n-type MOSFET devices. The MOSFET devices include a 
drain, a gate and a source that are synonymous with the first, 
the second and the third terminal, respectively of the first and 
the second switching elements 612A, 612B. Alternatively, 
any other semiconductor Switching device known to a person 
of ordinary skill can be substituted for the first and the second 
switching elements 612A, 612B. The first and the second 
switching elements 612A, 612B are configured to operate at 
the fixed frequency of the driving module 622. The first and 
the second switching elements 612A, 612B are configured to 
operate with high efficiency and are configured to consume 
very little power. When the first and the second switching 
elements 612A, 612B are turned on, the power they consume 
is approximately Zero since the Voltage of the drain or first 
terminal of the first and the second switching elements 612A, 
612B is close to zero volts DC. When the first and the second 
switching elements 612A, 612B are turned off, the power 
they consume is also approximately Zero since the Voltage of 
the drain or the first terminal of the first and the second 
switching elements 612A, 612B is approximately zero and 
the current through the first and the second Switching ele 
ments 612A, 612B is approximately zero. 
0049. The driving module 622 comprises a control circuit 
suitable for providing a sufficient signal to drive the first and 
the second switching elements 612A, 612B. The driving 
module 622 operates at the fixed frequency equal to the reso 
nant frequency of the resonant load 611. The driving module 
622 can comprise a pulse width modulation (PWM) circuit 
configured to operate at the fixed frequency. Other oscillators 
can also be used. In an exemplary embodiment, a digital input 
signal (not shown) is used to enable the driving module 622. 
The digital input signal comprises a frequency equal to the 
fixed frequency. 
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0050 Turning to FIGS. 6A through 6C, partial schematic 
diagrams of alternative embodiments of devices 600A, 600B 
and 600C are shown. The device 600A of the FIG. 6A shows 
an embodiment of the invention similar to the device 600 of 
FIG. 6. The device 600A includes an n-type MOSFET device 
624A substituted for the switch 624 of FIG. 6. In an exem 
plary embodiment the MOSFET device 624A comprises a 
DMOS or double-Diffused MOSFET known to a person of 
ordinary skill. Alternatively, any other semiconductor Switch 
ing device known to a person of ordinary skill can be substi 
tuted for the MOSFET device 624A. The MOSFET device 
624A is configured to operate at a duty cycle to Suit the 
particular application. The remainder of the device 600A is 
similar in operation and structure to the device 600 as 
described above. 

0051. The device 600B of the FIG. 6B shows another 
embodiment of the invention similar to the device 600 of FIG. 
6. The device 600B includes a p-type MOSFET device 624B 
substituted for the switch 624 of FIG. 6. In an exemplary 
embodiment the MOSFET device 624B comprises a DMOS 
device known to a person of ordinary skill. Alternatively, any 
other semiconductor Switching device known to a person of 
ordinary skill can be substituted for the MOSFET device 
624B. The MOSFET device 624B is configured to operate at 
a duty cycle to Suit the particular application. The remainder 
of the device 600B is similar in operation and structure to the 
device 600 as described above. 

0052. The device 600C of the FIG. 6C shows yet another 
embodiment of the invention similar to the device 600 of FIG. 
6. The device 600C includes ap-type MOSFET switch device 
624C substituted for the Switch 624 of FIG. 6 and also 
includes an n-type MOSFET shunting device 626C substi 
tuted for the shunting diode 626 of FIG. 6. In an exemplary 
embodiment the MOSFET switch and shunting devices 
624C, 626C comprise the DMOS type known to a person of 
ordinary skill. Alternatively, any other semiconductor Switch 
ing devices known to a person of ordinary skill can be Sub 
stituted for the MOSFET switch and shunting devices 624C, 
626C. The MOSFET switch device 624C is configured to 
operate at a duty cycle to Suit the particular application. The 
MOSFET switch device 624C and the MOSFET shunting 
device 626C are configured to operate synchronously. The 
synchronous operation of the MOSFET switch and shunting 
devices 624B, 624C includes enabling each the MOSFET 
switch device 624C and the MOSFET shunting device 626C 
so each is 180 degrees out of phase with the other. The 
remainder of the device 600C is similar in operation and 
structure to the device 600 as described above. 

0053 Turning to FIG. 7, a method 700 of converting 
power in a power converter device in accordance with the 
present invention. The device 500 is used as an example in this 
exemplary embodiment of the method 700. The process 
begins at the step 710. An input power source VP is provided. 
The input power source VP comprises a DC voltage signal. In 
an exemplary embodiment, the DC voltage signal is 20 VDC. 
At the step 720, a power of the input power source VP is 
coupled through an input inductor 510. In an alternative 
embodiment, the power of the input power source VP is 
coupled through a matching first and second input inductor 
610A, 610B (FIG. 6). 
0054. At the step 730, a power of the input power source 
VP is regulated through the input inductor 510 using a switch 
524 coupled between the input power source VP and the input 
inductor 510. The switch 524 is configured to cycle at a rate to 
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control the power through the input inductor 510. A suitable 
control circuit (not shown) including a pulse width modula 
tion circuit as practiced by a person of ordinary skill can be 
used to set a duty cycle of the switch 524. In an exemplary 
embodiment, the switch 524 can be configured to operate in 
an open loop manner. In the open loop manner, a frequency 
and the duty cycle of the switch 524 are set at a constant value. 
In a first protection embodiment, the switch 524 can be used 
to protect a Switching element 512 against over-Voltage. In 
this first protection embodiment, the frequency of the switch 
524 can be operated as a function of the voltage of a first 
terminal of the switching element 512. In a second protec 
tion embodiment, the switch 524 can be used to prevent 
excessive power dissipation of the device 500. In this second 
protection embodiment, the frequency of the switch 524 can 
be operated as a function of the voltage to a load circuit 520 or 
a voltage VOUT. In still a third protection embodiment or a 
fuse-link embodiment, the Switch 524 can include a 100 
percent duty cycle or continuously on/closed and be operated 
so that the switch 524 opens when a high current condition is 
sensed. Thereby protecting the device 500 from a destruc 
tively high current. Any Suitable current value can be chosen 
to operate the fuse-link embodiment depending on the appli 
cation. 

0055. In an alternative embodiment of the method 700, a 
device 500A includes a p-type MOSFET device 524A (FIG. 
5A) substituted for the switch 524 of FIG. 5. The MOSFET 
device 524A is configured to operate at a duty cycle to suit the 
particular application. The remainder of the device 500A is 
similar in structure to the device 500 described above. The 
method of operation of the device 500A is similar to the 
method 700 described herein. In another alternative of the 
method 700, a device 500B includes an n-type MOSFET 
device 524B Substituted for the Switch 524 of FIG. 5. The 
MOSFET device 524B is configured to operate at a duty cycle 
to suit the particular application. The remainder of the device 
500B is similar instructure to the device 500 described above. 
The method of operation of the device 500B is similar to the 
method 700 described herein. 

0056. In yet another alternative of the method 700, a 
device 500C includes an n-type MOSFET switch device 
524C Substituted for the Switch 524 of FIG. 5 and also 
includes a p-type MOSFET shunting device 526C substituted 
for the shunting diode 526 of FIG. 5. The MOSFET switch 
device 524C is configured to operate at a duty cycle to suit the 
particular application. The MOSFET switch device 524C and 
the MOSFET shunting device 526C are configured to operate 
synchronously. The synchronous operation of the MOSFET 
switch and shunting devices 524B, 524C includes enabling 
each the MOSFET switch device 524C and the MOSFET 
shunting device526Cso each is 180 degrees out of phase with 
the other. The remainder of the device 500C is similar in 
structure to the device 500 described above. The method of 
operation of the device 500C is similar to the method 700 
described herein. 

0057. At the step 740, the power of the input inductor 510 
is shunted when the Switch 524 is open using a shunting diode 
526 coupled between the switch 524 and the input inductor 
510. The shunting diode 526 provides a current path to ground 
for the power stored in the input inductor 510. 
0058. At the step 750, the switching element 512 is oper 
ated at a fixed frequency. The switching element 512 is 
coupled with the input inductor 510 and a resonant load 511. 
The switching element 512 comprises a suitable switching 
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device for efficient operation of the device 500. In an exem 
plary embodiment, the Switching element 512 comprises a 
p-type metal-oxide-semiconductor field-effect transistor 
(MOSFET) device. The MOSFET device includes a drain, a 
gate and a source that are synonymous with a first, a second 
and a third terminal, respectively of the Switching element 
512. The switching element 512 is configured to operate at the 
fixed frequency of a driving module 522. The switching ele 
ment 512 is configured to operate with high efficiency and is 
configured to consume very little power. When the switching 
element 512 is turned on, the power consumed by the switch 
ing element 512 is approximately Zero since the Voltage of the 
drain or first terminal of the switching element 512 is close to 
Zero volts DC and VP multiplied by four and the current 
through the switching element 512 is equal to zero. When the 
switching element 512 is turned off, the power consumed by 
the Switching element 512 is also approximately Zero since 
the voltage of the drain or the first terminal of the switching 
element 512 is approximately zero and the current through 
the switching element 512 is approximately zero. In an alter 
native embodiment, a first and second Switching element 
612A, 612B (FIG. 6) is substituted for the switching element 
S12. 

0059. The resonant load 511 comprises the first and sec 
ond capacitors 514,516, the series inductor 518 and the load 
circuit 520. As described above, each of the components 
chosen for the resonant load 511 comprises a fixed relation 
ship between the fixed frequency of the driving module 522, 
the duty cycle of the switching element 512 and a value of the 
components of the resonant load 511. The fixed frequency of 
the driving module 522 is equal to a resonant frequency of the 
resonant load 511. The first and the second capacitors 514, 
516 are configured as shunting and series capacitors, respec 
tively. The resistive value of the load circuit 520 can vary 
depending on the application of the device 500. In an exem 
plary embodiment, the resistance of the load circuit 520 com 
prises 50 ohms with a power rating of five watts. The values 
of second capacitor 516 and the series inductor 518 can be 
chosen to achieve the desired resonant frequency of the reso 
nant load 511. In an alternative embodiment, a resonant load 
611 (FIG. 6) is substituted for the resonant load 511. 
0060. The operating the switching element 512 include 
driving the Switching element 512 using a driving module. 
The driving module 522 comprises a control circuit suitable 
for providing a sufficient signal to drive the Switching element 
512. The driving module 522 operates at the fixed frequency 
equal to the resonant frequency of the resonant load 512. The 
driving module 522 can comprise a pulse width modulation 
(PWM) circuit configured to operate at the fixed frequency. 
Other oscillators can also be used. In an exemplary embodi 
ment, a digital input signal (not shown) is used to enable the 
driving module 522. The digital input signal comprises a 
frequency equal to the fixed frequency. 
0061. The method 700 ends at the step 760. 
0062. The many advantages of the present invention have 
a wide scope in their application. The present invention pro 
vides a power converting circuit with an increased efficiency 
of Class-E amplifiers and power converter devices. The 
present invention also provides optimization of power trans 
ferred to a resonant load circuit and provides a savings of an 
inductor and capacitor from a customer bill of materials for 
each device. The present invention is a significant. 
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0063. While the invention has been described with refer 
ence to numerous specific details, one of ordinary skill in the 
art will recognize that the invention can be embodied in other 
specific forms without departing from the spirit of the inven 
tion. Thus, one of ordinary skill in the art will understand that 
the invention is not to be limited by the foregoing illustrative 
details, but rather is to be defined by the appended claims. 
What is claimed is: 
1. A power converter device comprising: 
an input power source: 
an input inductor configured for coupling a power of the 

input power source: 
a Switch configured to regulate a power of the input power 

Source through the input inductor; 
a shunting diode coupled between the Switch and the input 

inductor, 
a resonant load coupled with the input inductor comprising 

a first capacitor, a second capacitor, a series inductor and 
a load circuit; and 

a Switching element coupled with the input inductor and 
the resonant load and configured to operate at a fixed 
frequency. 

2. The device of claim 1, further comprising a control 
circuit for modulating a frequency of the Switch. 

3. The device of claim 1, further comprising a driving 
module for driving the switching element at the fixed fre 
quency. 

4. The device of claim 1, wherein the power converter 
device comprises a Class-E amplifier. 

5. The device of claim 1, wherein the input power source 
comprises a DC voltage signal. 

6. The device of claim 5, wherein the DC voltage signal 
comprises a value approximately equal to 20 VDC. 

7. The device of claim 1, wherein the shunting diode is 
configured for shunting the power of the input inductor when 
the Switch is open. 

8. The device of claim 1, wherein the fixed frequency 
comprises a frequency equal to a resonant frequency of the 
resonant load. 

9. The device of claim 1, wherein the first and the second 
capacitors comprise shunting and series capacitors, respec 
tively, wherein the series capacitor and the series inductor are 
coupled between the shunting capacitor and the load circuit. 

10. The device of claim 1, wherein the device is configured 
as an integrated circuit device. 

11. The device of claim 1, wherein the switch comprises a 
MOSFET device. 

12. The device of claim 1, wherein the shunting diode 
comprises instead a MOSFET device and the switch com 
prises a complimentary MOSFET device. 

13. The device of claim 1, wherein the switch is continu 
ously closed and operated as a fuse-link. 

14. A method of converting power in a power converter 
device comprising: 

providing an input power Source; 
coupling a power of the input power source through an 

input inductor; 
regulating a power of the input power source through the 

input inductor using a Switch coupled between the input 
power source and the input inductor, 

shunting the power of the input inductor when the switch is 
open using a shunting diode coupled between the Switch 
and the input inductor, and 
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operating a Switching element at a fixed frequency, the 
Switching element coupled with the input inductor and a 
resonant load. 

15. The method of claim 14, further comprising modulat 
ing a frequency of the Switch using a control circuit. 

16. The method of claim 14, wherein the operating the 
Switching element comprises driving the Switching element 
at the fixed frequency using a driving module. 

17. The method of claim 14, wherein the power converter 
device comprises a Class-E amplifier. 

18. The method of claim 14, wherein the input power 
Source comprises a DC voltage signal. 

19. The method of claim 18, wherein the DC voltage signal 
comprises a value approximately equal to 20 VDC. 

20. The method of claim 14, wherein the resonant load is 
coupled with the input inductor and the Switching element 
and comprises a first capacitor, a second capacitor, a series 
inductor and a load circuit. 

21. The method of claim 14, wherein the fixed frequency 
comprises a frequency equal to a resonant frequency of the 
resonant load. 

22. The method of claim 20, wherein the first and the 
second capacitors comprise shunting and series capacitors 
respectively, wherein the series capacitor and the series 
inductor are coupled between the shunting capacitor and the 
load circuit. 

23. The method of claim 14, wherein the device is config 
ured as an integrated circuit device. 

24. The method of claim 14, wherein the switch comprises 
a MOSFET device. 

25. The method of claim 14, wherein the shunting diode 
comprises instead a first MOSFET device and the switch 
comprises a complimentary second MOSFET device, 
wherein the first and the second MOSFET devices are oper 
ated 180 degrees out of phase with each other. 

26. The method of claim 14, wherein the switch is continu 
ously closed and operated as a fuse-link. 

27. A differential power converter device comprising: 
an input power source; 
a first and a second input inductor configured for coupling 

a power of the input power source; 
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a Switch configured to regulate a power of the input power 
Source through the first and the second input inductor; 

a shunting diode configured for shunting the power of the 
first and the second input inductor when the switch is 
open; 

a resonant load coupled with the first and the second input 
inductor comprising a first capacitor, a second capacitor, 
a third capacitor, a series inductor and a load circuit; and 

a first and a second Switching element coupled with the first 
and the second input inductor, respectively, and coupled 
with the resonant load, the first and the second Switching 
element configured to operate at a fixed frequency. 

28. The device of claim 27, further comprising a control 
circuit for modulating a frequency of the Switch. 

29. The device of claim 27, further comprising a driving 
module for driving the first and the second Switching element 
at the fixed frequency. 

30. The device of claim 27, wherein the differential power 
converter device comprises a Class-E amplifier. 

31. The device of claim 27, wherein the input power source 
comprises a DC voltage signal. 

32. The device of claim 31, wherein the DC voltage signal 
comprises a value approximately equal to 20 VDC. 

33. The device of claim 27, wherein the shunting diode is 
coupled between the switch and the first and the second input 
inductor. 

34. The device of claim 27, wherein the fixed frequency 
comprises a frequency equal to a resonant frequency of the 
resonant load. 

35. The device of claim 27, wherein the device is config 
ured as an integrated circuit device. 

36. The device of claim 27, wherein the switch comprises 
a MOSFET device. 

37. The device of claim 27, wherein the shunting diode 
comprises instead a MOSFET device and the switch com 
prises a complimentary MOSFET device. 

38. The device of claim 27, wherein the Switch is continu 
ously closed and operated as a fuse-link. 
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