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PULSE FREQUENCY TO VOLTAGE CONVERSION

RELATED APPLICATIONS
This patent application claims priority under 35 U.S.C. 119(e) of the co-pending U.S.
Provisional Pat. App. No. 60/921,220, filed March 29, 2007, entitled “PRIMARY ONLY
CONSTANT VOLTAGE/CONSTANT CURRENT (CVCC) CONTROL IN QUASI
RESONANT CONVERTOR," which is hereby incorporated by reference.

FIELD OF THE INVENTION
The present invention relates to the field of power supplies. More particularly, the
present invention relates to a primary only controlled quasi resonant converter using pulse

frequency to voltage conversion.

BACKGROUND

In many applications a voltage regulator is required to provide a voltage within a
predetermined range. Some circuits are subject to uncertain and undesirable functioning and
even irreparable damage if an input power supply fall outside a certain range.

A functional block diagram of a prior art power supply apparatus 10 is shown in
Figure 1. The apparatus 10 generally includes a power converter 12 coupled with a
transformer 14 that is coupled with an output rectifier 16. The output rectifier 16 is coupled
with an output capacitor 19 at an output Vout. A regulation circuit 15 comprising an opto-
coupler 17 and a voltage reference and error amplifier 18 is coupled between the voltage
converter 12 and the output Vout. The power converter 12 is configured to receive an
unregulated DC voltage signal. The unregulated DC voltage signal is coupled to the
transformer 14. The transformer 14 includes a primary 14P and a secondary 14S. The
unregulated DC voltage signal drives the primary 14P to produce an intermediate voltage
signal. The intermediate voltage signal comprises a stepped-up or stepped-down voltage
signal derived from the voltage signal that drove the primary 14P. The intermediate voltage
signal is coupled to the output rectifier 16. The output rectifier 16 rectifies the intermediate
voltage signal to produce a regulated DC output voltage signal. A feedback signal provided
by the opto-coupler 17 is coupled to the power converter for regulating the output voltage
Vout.

A schematic diagram of a prior art regulated power supply 100 is shown in Figure 1A.

The power supply 100 includes a converter circuit 102 coupled with a transformer140. The

1
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transformer 140 is coupled with an output circuit 106. The converter circuit 102 includes a
capacitor 110 coupled across an input Vin and coupled with a primary 140P1 and 140P2 of
the transformer 140. A primary switch 112A and an auxiliary switch 112B are coupled with
the primary 140P1 and 140P2 respectively. A pulse width modulator (PWM) module 130 is
coupled with a gate of the primary switch 112A. The output circuit 106 includes an output
rectifying diode 146 and a load or an output capacitor 150 coupled across a secondary 140S
of the transformer 140. The power supply 100 can include a voltage regulating circuit
including optical coupler circuit 108 and a voltage reference and error amplifier 109. The
power supply 100 uses the PWM module 130 to alter a duty cycle of the primary switch
112A. The optical coupler circuit 108 in cooperation with the voltage reference and error
amplifier 109 provides feedback to the PWM module 130. The PWM module 130
accordingly adjusts the duty cycle of the primary switch 112A to compensate for any
variances in an output voltage Vout. Very often the point of failure for the power supply 100
is the opto-coupler 108. The opto-coupler 108 and the voltage reference and error amplifier
109 increase production cost of the power supply 100.

Accordingly, it is desirable to create a regulated power supply to greatly reduce a

point of failure and to reduce production cost.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, a power supply apparatus is
provided. The power supply apparatus includes a converter circuit including a primary
switching element and an auxiliary switching element. The auxiliary switching element is
for transferring a reflected voltage signal. A transformer includes a primary and a secondary,
the primary is coupled with the converter circuit. The primary includes a single winding and
the secondary includes a single winding. An output rectifier circuit is coupled with the
secondary of the transformer. A resonant circuit is included in the converter circuit, the
resonant circuit is coupled with the primary. The resonant circuit includes one or more
resonance capacitors where the one or more resonance capacitors are configured for
providing a transformer resonance. The transformer resonance comprises the reflected
voltage signal, the capacitance of the one or more resonance capacitors and a parasitic
capacitance of the transformer. The reflected voltage signal is received at the resonant circuit
via the auxiliary switching element. The reflected voltage signal is reflected from the
secondary to the primary. The resonant circuit converts a pulse train to produce a voltage

potential, the voltage potential varying in proportion to an output voltage, the pulse train
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comprising a duty cycle proportional to a load current.

In an exemplary embodiment, the power supply apparatus includes a virtual output
voltage feedback loop providing an output voltage reference signal to the converter circuit
via the resonant circuit. The output voltage reference signal is generated from the reflected
voltage signal. The converter circuit is responsive to the output voltage reference signal in
regulating an output voltage. The voltage feedback circuit includes a voltage divider coupled
with the primary for sampling the reflected voltage. The primary switching element and the
auxiliary switching element each comprise an n-type MOSFET transistor. The first and the
second resonance capacitors are coupled in parallel with the primary. A controller includes a
pulse width modulation (PWM) circuit coupled with the primary switching element. The
pulse width modulation (PWM) circuit is powered by the produced voltage potential. The
converter circuit comprises a flyback converter.

In accordance with a second aspect of the present invention, a method of regulating a
power supply apparatus is provided. The method includes generating a reflected voltage
signal in a transformer comprising a primary and a secondary. The reflected voltage signal is
reflected from the secondary to the primary where the primary is coupled with a converter
circuit. The primary includes a single winding and the secondary includes a single winding.
The reflected voltage signal is transferred from the primary to the converter circuit. The
converter circuit includes a primary switching element and an auxiliary switching element.
The auxiliary switching element is for transferring the reflected voltage signal. A
transformer resonance is generated with a resonant circuit included in the converter circuit.
The resonant circuit is coupled with the primary. The resonant circuit includes one or more
resonance capacitors where -the one or more resonance capacitors are configured for
providing the transformer resonance. The one or more resonance capacitors and an
inductance of the transformer form a resonant tank. A pulse train of the resonant circuit is
converted to produce a voltage potential. The voltage potential varies in proportion to an
output voltage. The pulse train comprises a duty cycle proportional to a load current. The
transformer resonance comprises the reflected voltage signal, the capacitance of the one or
more resonance capacitors and a parasitic capacitance of the transformer.

The reflected voltage is stored in the one or more resonance capacitors and transferred
from the one or more resonance capacitors to a power terminal of the resonant circuit via the
pulse train. The resonant tank increases a conversion rate of the pulse train to voltage
potential conversion. The produced voltage potential is supplied to power a controller having

a pulse width modulation (PWM) circuit coupled with the primary switching element. The
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produced voltage potential is supplied without using an additional transformer winding
within the transformer. The reflected voltage is proportional to a factor of a capacitance of a
first resonance capacitor divided by a second resonance capacitor. The produced voltage
potential is proportional to the load current.

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

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.

Figure 1 illustrates a prior art functional block diagram of a power supply apparatus.

Figure 1A illustrates a prior art schematic diagram of a power supply apparatus.

Figure 2 illustrates é functional block diagram of a power supply apparatus in
accordance with an embodiment of the invention.

Figure 3 illustrates a schematic diagram of a power supply apparatus in accordance
with an embodiment of the invention.

Figure 4 illustrates a functional schematic diagram of resonant circuit of a power
supply apparatus in accordance with an embodiment of the invention.

Figure 5 illustrates a schematic diagram of a power supply apparatus in accordance
with an alternative embodiment of the invention.

Figure 6 illustrates a schematic diagram of a power supply apparatus in accordance
with yet another embodiment of the invention.

Figure 7 illustrates a waveform diagram of a power supply apparatus in accordance
with an embodiment of the invention.

Figure 8 illustrates a process flow diagram of a method of regulating a power supply

apparatus in accordance with an embodiment of the invention.

DETAILED DESCRIPTION
In the following description, numerous details and alternatives are set forth for the
purpose of explanation. However, 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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Turning to Figure 2, a functional block diagram is shown for a power supply
apparatus 20 according to the present invention. The apparatus 20 generally includes a
power converter 22 coupled with a transformer 24 that is coupled with an output rectifier 26.
The output rectifier 26 is coupled with an output capacitor 32. The power converter 22 and
the transformer 24 include a resonant circuit 27 coupled with there between. A virtual
feedback loop 23 is coupled between the power converter 22 and the output capacitor 32.

The power converter 22 is configured to receive an unregulated DC voltage signal.
The unregulated DC voltage signal is coupled to the transformer 24. The transformer 24
includes a primary 24P and a secondary 24S. The unregulated DC voltage signal drives the
primary 24P to produce an intermediate voltage signal. The intermediate voltage signal
comprises a stepped-up or stepped-down voltage signal derived from the voltage signal that
drove the primary 24P. The intermediate voltage signal is coupled to the output rectifier 26.
The output rectifier 26 rectifies the intermediate voltage signal to produce a DC output
voltage signal.

A transformer resonance is generated in the transformer 24 using a reflected voltage
signal and a parasitic capacitance, both qualities of the transformer 24, as an energy source.
The reflected voltage signal 25 is reflected from the secondary 24S to the primary 24P. The
reflected voltage signal 25 is transferred from the primary 24P to the power converter 22 via
the resonant circuit 27. The resonant circuit 27 facilitates the transformer resonance by
providing capacitive circuits used to exchange energy between the primary 24P and the
resonant circuit 27. The reflected voltage signal 25 is used as an output voltage reference
signal of the output voltage Vout to regulate the power converter 22. The virtual feedback
loop 23 is realized by the resonant circuit 27 in cooperation with the primary 22 and the
power converter 22. The resonant circuit 27 includes a pulse frequency to voltage conversion
function. A pulse train of the resonant circuit 27 is converted to a voltage potential that
varies in proportion to the output voltage Vout. The pulse train includes a duty cycle that is
proportional to a load current of the output capacitor 32.

Turning to Figure 3, a schematic diagram is shown for a power supply apparatus 300
according to the present invention. The apparatus 300 generally includes a converter circuit
302 coupled with a transformer 340 that is coupled with an output circuit 306. The output
circuit 306 is coupled with an output node Vout. A virtual output voltage feedback loop 323
is coupled between the converter circuit 302 and the output node Vout. The power supply
apparatus 300 is configured to receive an unregulated DC voltage signal at an input node Vin

and to provide a regulated output voltage Vout that is suitable for many low voltage
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appliances such as computer laptops, cell phones and other hand held devices. In an
exemplary embodiment the output voltage Vout can be set within the range 5-40 VDC.
Alternatively, the power supply apparatus can provide the output voltage Vout that is less
than 5 VDC.

The converter circuit 302 is configured to receive the unregulated DC voltage signal.
The converter circuit 302 includes a power converter 322 and a resonant circuit 327. In an
exemplary embodiment, the converter circuit 302 comprises a flyback converter.
Alternatively, the converter circuit 302 can comprise one of a forward converter, a push-pull
converter, a half-bridge converter and a full-bridge converter. In yet other alternatives, the
converter circuit 302 can comprise other configurations of switch mode power supplies
known to a person of skill in the art. The resonant circuit 327 is coupled between a primary
340P of the transformer 340 and the power converter 322.

The power converter 322 includes a first terminal of a primary switching element or
primary switch 312 coupled to the input node Vin. A second terminal of the primary switch
312 is coupled with a controller 330 and a third terminal of the primary switch 312 is coupled
to a first terminal of a resistor 336 and coupled with the controller 330. A second terminal of
the resistor 336 is coupled to a first terminal of the primary 340P. An input capacitor 310 is
coupled across the input node Vin. A first terminal of a pull-up resistor 334 is coupled to the
input node Vin. A second terminal of the pull-up resistor 334 is coupled with the controller
330. A capacitor 332 is coupled between the second terminal of the pull-up resistor 334 and
a first terminal of a voltage divider 326, 328. A floating or virtual ground 335 is coupled
between the second terminal of the resistor 336 and the first terminal of the voltage divider
326, 328. An output of the controller 330 is coupled to thé floating ground 335. A second
terminal of the voltage divider 326, 328 is coupled to the controller 330 and the third terminal
of the voltage divider 326, 328 is coupled to a *-Vin’ node. A first terminal of a capacitor
324 is coupled to the floating ground 335 and the second terminal of the capacitor 324 is
coupled to a cathode of a diode 319. A cathode of a diode 321 is coupled to the second
terminal of the resistor 334 and the anode of the diode 321 is coupled to the cathode of the
diode 319. The anode of the diode 319 is coupled to a first terminal of a capacitor 320.

A voltage feedback circuit 313 is included in the power converter 322. The voltage
feedback circuit comprises the voltage divider 326, 328 and a lead 313A coupled between an
input of the controller 330 and the second terminal of the voltage divider 326, 328. The
voltage feedback circuit 313 is coupled with the first terminal of the primary 340P through

the floating ground 335. The voltage feedback circuit 313 samples a reflected voltage that is
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described further below. The voltage feedback circuit 313 can be used to regulate the output
voltage Vout.

The primary switch 312 comprises a suitable switching device. In an exemplary
embodiment, the primary switch 312 comprises an n-type metal-oxide-semiconductor field-
effect transistor (MOSFET) device. Alternatively, any other semiconductor switching device
known to a person of skill in the art can be substituted for the primary switch 312. The
controller 330 includes a pulse width modulation (PWM) circuit. The controller 330
regulates the duty cycle of the primary switch 312 with the PWM circuit. The controller 330
can include a current comparator circuit (not shown) to use with a current feedback circuit
(not shown) in regulating the duty cycle of the primary switch 312. Likewise, the controller
330 can include a voltage comparator circuit (not shown) to use with the voltage feedback
circuit 313 in regulating the duty cycle of the primary switch 312.

The resonant circuit 327 includes a first terminal of an auxiliary switching element or
auxiliary switch 314 coupled to the second terminal of the resistor 336 and coupled to the
first terminal of the primary 340P. The second terminal of the auxiliary switch is coupled to
a cathode of a diode 315 and coupled to an anode of a diode 317. A cathode of the diode 317
is coupled to the -Vin node. A third terminal of the auxiliary switch 314 is coupled to a first
terminal of a first resonance capacitor 308. A second terminal of the first resonance
capacitor 308 is coupled to the -Vin node and coupled to a second terminal of the primary
340P. A cathode of a diode 318 is coupled to a second terminal of the capacitor 320 and a
anode of the diode 318 is coupled to a first terminal of a second resonance capacitor 309 and
coupled to an anode of the diode 315. A second terminal of the second resonance capacitor
309 is coupled to the -Vin node. A cathode of a diode 316 is coupled to the anode of the
diode 315 and an anode of the diode 316 is coupled to the first terminal of the first resonance
capacitor 308. The first and second resonance capacitors 308, 309 are coupled in parallel
with the primary 340P. Alternatively, the resonance capacitors can comprise a series
resonant circuit coupled with the primary 340P.

A resonant tank of the resonant circuit 327 includes the first and second resonance
capacitors 308, 309 coupled with the diodes 315, 316 and 317 which are coupled with the
auxiliary switch 314 which is coupled in series with the first resonance capacitor 308, both
the first resonance capacitor 308 and the auxiliary switch 314 are coupled in parallel across
the primary 340P. The resonant tank functions as a DC generator when oscillating to
produce a voltage potential. The produced voltage potential can be used to power the

controller 330. A charge pump comprising the capacitor 320, the diode 319 and the capacitor
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324 is used to store and to couple the produced voltage potential to the controller 330 through
the diode 321. The auxiliary switch 314 cycles on and off as the resonant tank oscillates to
produce a turn-on voltage for the auxiliary switch 314. The turn-on voltage is a voltage value
required to operate or “turn-on” the auxiliary switch 314. The turn-on voltage is generated
with the reflected voltage and an oscillation energy of the resonant tank. The turn-on voltage
value can depend on a capacitance chosen for the first and the second resonance capacitors
308, 309. The produced voltage potential can also depend on the capacitance chosen for the
first and the second resonance capacitors 308, 309.

The transformer 340 comprises the primary 340P and a secondary 340S. In an
exemplary embodiment, the primary 340P and the secondary 340S can each comprise a
single winding. The output circuit 306 includes a rectifier diode 346 and an output capacitor
350. An anode of the rectifier diode 346 is coupled to a first terminal of the secondary 340S.
A cathode of the rectifier diode 346 is coupled to a first terminal of the output capacitor 350
and coupled to the output node Vout. A second terminal of the output capacitor 350 is
coupled to a -Vout node and coupled to a second terminal of the secondary 340S.
Alternatively, the output circuit 306 can include an output rectifier circuit comprising a half-
wave rectifier. In still another embodiment, the output circuit 306 can include an output
rectifier circuit comprising a full-wave rectifier. A transformer resonance is generated in the
transformer 340 using the reflected voltage and parasitic capacitance of the transformer 340
and a capacitance of the first and second resonance capacitors 308, 309.

The auxiliary switch 314 comprises a suitable switching device. In an exemplary
embodiment, the auxiliary switch 314 comprises an n-type metal-oxide-semiconductor field-
effect transistor (MOSFET) device. Alternatively, any other semiconductor switching device
known to a person of skill in the art can be substituted for the auxiliary switch 314.

The virtual output voltage feedback loop 323 provides a virtual output voltage
reference signal to the power converter 322 via the resonant circuit 327. The resonant circuit
327 in cooperation with the primary 340P and the power converter 322 provides the virtual
output voltage feedback loop 323. The virtual output voltage reference signal is generated
from the reflected voltage signal. The power converter 322 is responsive to the virtual output
voltage reference signal in regulating the output voltage Vout. The voltage feedback circuit
313 including the voltage divider 326, 328 is coupled with the primary 340P for sampling the
reflected voltage signal and providing the sampled reflected voltage signal to the controller
330. The resonant circuit 327 also allows control of a reset timing of the transformer and a

zero current for the rectifier diode 346.
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Turning to Figure 4, a functional schematic diagram is shown for a resonant circuit
400 in accordance with the present invention. A first terminal of a capacitor 410 is coupled
to a positive terminal of a DC source ‘Vb’. The second terminal of the capacitor 410 is
coupled with a cathode of a diode 416 and coupled with a power terminal ‘Vo’. A first
terminal of a first resonance capacitor 409 is coupled with the positive terminal of the DC
source Vb. The second terminal of the first resonance capacitor 409 is coupled with an anode
of the diode 416 and coupled with a first terminal of the switch 412. A first terminal of a
second resonance capacitor 408 is coupled with the first terminal of the first resonance
capacitor 409 and coupled with a first terminal of a primary 440P. The second terminal of
the second resonance capacitor 408 is coupled to a first terminal of the switch 414. A
negative terminal of the DC source Vb is coupled to a second terminal of the switch 414. A
second terminal of the primary 440P is coupled with a second terminal of the switch 412 and
coupled with an inverting input of an operational amplifier or op-amp 430. A non-inverting
input of the op-amp 430 is coupled with the positive terminal of the DC source Vb. An
output of the op-amp 430 is coupled with a third terminal of the switch 412.

The resonant circuit 400 includes a pulse frequency to voltage conversion function. A
pulse train of the resonant circuit 440 is generated within a resonant tank 442 including an
inductance of the primary 440P and a first and second resonance capacitor 409, 408. The
pulse train is converted to a voltage potential Vo. The first and second resonance capacitors
409, 408 store reflected voltage from the primary 440P and transfer the stored voltage to the
power terminal Vo. The pulse train includes a frequency that increases in proportion to a
load current. The op-amp 430 amplifies the DC voltage generated by the DC voltage source
Vb as a factor of the frequency of the pulse train generated in the resonant tank 442. The
amplified voltage is controlled and regulated using the reflected voltage Vr of the primary
440P. Thus a voltage generated by the resonant circuit 400 for coupling to an output load is
regulated without using opto-couplers. The voltage potential Vo can be used to power an IC
controller circuit such as the controller 330. (See Figure 3). The voltage potential Vo can be

defined by equation (1).

(D Vo=VrxC2xton/(C1+C2)

Turning to Figure 5, a schematic diagram is shown for a power supply apparatus 500
according to an alternative embodiment of the present invention. The apparatus 500

generally includes a converter circuit 502 coupled with a transformer 540 that is coupled with
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an output circuit 506. The output circuit 506 is coupled with an output node Vout. A virtual
output voltage feedback loop 523 is coupled between the converter circuit 502 and the output
node Vout. The power supply apparatus 500 is configured to receive an unregulated DC
voltage signal 508 at an input node Vin and to provide a regulated output voltage Vout that is
suitable for many low voltage appliances as stated above. In an exemplary embodiment the
output voltage Vout can be set within the range 5-40 VDC. Alternatively, the power supply
apparatus can provide the output voltage Vout that is less than 5 VDC.

| The converter circuit 502 is configured to receive the unregulated DC voltage signal.
The converter circuit 502 includes a power converter 522 and a resonant circuit 527. In an
exemplary embodiment, the converter circuit 502 comprises a flyback converter.
Alternatively, the converter circuit 502 can comprise one of a forward converter, a push-pull
converter, a half-bridge converter and a full-bridge converter. In yet other alternatives, the
converter circuit 502 can comprise other configurations of switch mode power supplies
known to a person of skill in the art. The resonant circuit 527 is coupled between a primary
540P of the transformer 540 and the power converter 522.

The power converter 522 includes a first terminal of a primary switching element or
primary switch 512 coupled to the input node Vin. A second terminal of the primary switch
512 is coupled with a first terminal of a resistor 528 and a third terminal of the primary
switch 512 is coupled to a first terminal of a resistor pair 534, 536. A second terminal of the
resistor 528 is coupled to a ‘DRIVER’ node. A second terminal of the resistor 534 is coupled
to a ‘CS’ node and coupled to a first terminal of a capacitor 520. A second terminal of the
capacitor 520 is coupled with a second terminal of the resistor 536 and coupled with a
floating ground or ground 535. A first terminal of a resistor 526 is coupled with a first
terminal of a capacitor 532 and coupled with a cathode of a diode 521. A second terminal of
the capacitor 532 and the resistor 526 are coupled with the ground 535. An anode of the
diode 521 is coupled with a cathode of a diode 519 and coupled with the resonant circuit 527.
An anode of the diode 519 is coupled to ground 535. A dc source 508 is coupled across the
input node Vin.

A voltage feedback circuit (not shown) similar to the previous embodiment can be
included in the power converter 522. The voltage feedback circuit can include a voltage
divider (not shown) coupled across the input node Vin and coupled to a controller (not
shown) that is coupled to the DRIVER node. The voltage feedback circuit can be coupled
with the first terminal of the primary 540P through the floating ground 535. The voltage

feedback circuit can sample a reflected voltage that is described further below. The voltage
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feedback circuit can be used to regulate the output voltage Vout.

The primary switch 512 comprises a suitable switching device. In an exemplary
embodiment, the primary switch 512 comprises an n-type metal-oxide-semiconductor field-
effect transistor (MOSFET) device. Alternatively, any other semiconductor switching device
known to a person of skill in the art can be substituted for the primary switch 512. The
controller (not shown) can include a pulse width modulation (PWM) circuit. The controller
regulates the duty cycle of the primary switch 512 with the PWM circuit. The controller can
include a current comparator circuit (not shown) to use with a current feedback circuit (not
shown) in regulating the duty cycle of the primary switch 512. Likewise, the controller can
include a voltage comparator circuit (not shown) to use with the voltage feedback circuit (not
shown) in regulating the duty cycle of the primary switch 512.

The resonant circuit 527 includes a first terminal of an auxiliary switching element or
auxiliary switch 514 coupled to the second terminal of the resistor 536 and coupled to the
first terminal of the primary 540P through the fesistor 524 and the inductor 538. The second
terminal of the auxiliary switch 514 is coupled to a cathode of a diode 515 and coupled to an
anode of a diode 517. A cathode of the diode 517 is coupled to a second terminal of the
primary 540P. A third terminal of the auxiliary switch 514 is coupled to a first terminal of a
first resonance capacitor 508. A second terminal of the first resonance capacitor 308 is
coupled to a first terminal of a resistor 525 and coupled to a second terminal of the primary
540P. A second terminal of the resistor 525 is coupled to a ‘ZCD’ node. A first terminal of a
second resonance capacitor 509 is coupled to an anode of the diode 515 and coupled to a
cathode of a diode 516. A second terminal of the second resonance capacitor 509 is coupled
with the cathode of the diode 517. A first terminal of a capacitor 510 is coupled with the
cathode of the diode 519. A second terminal of the capacitor 510 is coupled with a first
terminal of a resistor 518, and a second terminal of the resistor 518 is coupled with the
second terminal of the primary 540P. The first and second resonance capacitors 508, 509
are coupled in parallel with the primary 540P. Alternatively, the resonance capacitors can
comprise a series resonant circuit coupled with the primary 540P.

A resonant tank of the resonant circuit 527 includes the first and second resonance
capacitors 508, 509 coupled with the diodes 515, 516 and 517 which are coupled with the
auxiliary switch 514 which is coupled in series with the first resonance capacitor 508, both
the first resonance capacitor 508 and the auxiliary switch 514 are coupled in parallel across
the primary 540P. The resonant tank functions as a DC generator when oscillating to

produce a voltage potential. The produced voltage potential can be used to power the
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controller (not shown). A charge pump (not shown) similar to the previous embodiment, can
comprise one or more capacitors and a diode can be used to store and to couple the produced
voltage potential to the controller. The auxiliary switch 514 cycles on and off as the resonant
tank oscillates to produce a turn-on voltage for the auxiliary switch 514. The turn-on voltage
is a voltage value required to operate or “turn-on” the auxiliary switch 514. The turn-on
voltage is generated with the reflected voltage and an oscillation energy of the resonant tank.
The turn-on voltage value can depend on a capacitance chosen for the first and the second
resonance capacitors 508, 509. The produced voltage potential can also depend on the
capacitance chosen for the first and the second resonance capacitors 508, 509.

The transformer 540 comprises the primary 540P and a secondary 540S. In an
exemplary embodiment, the primary 540P and the secondary 540S can each comprise a
single winding. The output circuit 506 includes a rectifier diode 546 and output capacitors
548, 550. An anode of the rectifier diode 546 is coupled to a probe 545 that is coupled to a
second terminal of the secondary 540S. A cathode of the rectifier diode 546 is coupled to a
first terminal of the output capacitor 548 and coupled to the first terminal of a resistors 549
and coupled to the output node Vout. A first terminal of a resistor 552 is also coupled to the
output node Vout and the second terminal of the resistor 552 is coupled to a -Vout node. A
second terminal of the output capacitor 550 is coupled to the -Vout node and coupled to a
first terminal of the secondary 540S. A first temﬂﬁal of the capacitor 550 is coupled to a
second terminal of the resistor 549 and a second terminal of the capacitor 550 is coupled to
the -Vout node. Alternatively, the output circuit 506 can include an output rectifier circuit
comprising a half-wave rectifier. In still another embodiment, the output circuit 506 can
include an output rectifier circuit comprising a full-wave rectifier. A transformer resonance
is generated in the transformer 540 using the reflected voltage and parasitic capacitance of
the transformer 540 and a capacitance of the first and second resonance capacitors 508, 509.

The auxiliary switch 514 comprises a suitable switching device. In an exemplary
embodiment, the auxiliary switch 514 comprises an n-type metal-oxide-semiconductor field-
effect transistor (MOSFET) device. Alternatively, any other semiconductor switching device
known to a person of skill in the art can be substituted for the auxiliary switch 514.

The virtual output voltage feedback loop 523 provides a virtual output voltage
reference signal to the power converter 522 via the resonant circuit 527. The resonant circuit
527 in cooperation with the primary 540P and the power converter 522 provides the virtual
output voltage feedback loop 523. The virtual output voltage reference signal is generated

from the reflected voltage signal. The power converter 522 is responsive to the virtual output
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voltage reference signal in regulating the output voltage Vout. The voltage feedback circuit
(not shown) that can included a voltage divider (not shown) that is coupled with the primary
540P can sample the reflected voltage signal and provide the sampled reflected voltage signal
to the controller (not shown). The resonant circuit 527 also allows control of a reset timing
of the transformer and a zero current for the rectifier diode 546.

Turning to Figure 6, a schematic diagram is shown for a power supply apparatus 600
according to yet another embodiment of the present invention. The apparatus 600 generally
includes a converter circuit 602 coupled with a transformer 640 that is coupled with an output
circuit 606. The output circuit 606 is coupled with an output node Vout. A virtual output
voltage feedback loop (not shown) similar to the previous embodiments can be coupled
between the converter circuit 602 and the output node Vout. The power supply apparatus
600 is configured to receive an unregulated DC voltage signal at an input node Vin and to
provide a regulated output voltage Vout that is suitable for many low voltage appliances such
as computer laptops, cell phones and other hand held devices. In an exemplary embodiment
the output voltage Vout can be set within the range 5-40 VDC. Alternatively, the power
supply apparatus 600 can provide the output voltage Vout that is less than 5 VDC.

The converter circuit 602 is configured to receive the unregulated DC voltage signal.
The converter circuit 602 includes a first terminal of a primary switching element or primary
switch 612 coupled with an input node Vin and coupled with a first terminal of a primary
640P of the transformer 640. A second terminal of the primary switch is coupled to a
controller 630 and a third tenmﬁal of the primary switch 612 is coupled with the controller
630 and coupled to a first terminal of a resonance capacitor 608. A second terminal of the
resonance capacitor 608 is coupled to a second terminal of the primary 640P and coupled
with a first terminal of an auxiliary switching element or an auxiliary switch 614. A second
terminal of the auxiliary switch 614 is coupled with the controller 630 and a third terminal of
the auxiliary switch 614 is coupled to a ‘-Vin’ node. The controller is coupled to the Vin
node and coupled to the -Vin node. The converter circuit 602 also includes an input
capacitor 610 and a resonance capacitor 608.

The output circuit 606 includes a rectifier diode 646 and an output capacitor 650. An
anode of the rectifier diode 646 is coupled to a first terminal of the secondary 640S. A
cathode of the rectifier diode 646 is coupled to a first terminal of the output capacitor 650 and
coupled to an output node Vout. A second terminal of the output capacitor 650 is coupled to
a ‘-Vout’ node and coupled to a second terminal of the secondary 640S. The controller 630

is configured to drive the primary switch 612 and the auxiliary switch 614. The resonance
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capacitor 608 is configured to function similar to the previous embodiment as a resonant tank
with an inductance of the transformer 640. The transformer 640 comprises the primary 640P
and the secondary 640S. In an exemplary embodiment, the primary 640P and the secondary
640S can each comprise a single winding.

Turning to Figure 7, a waveform diagram 700 is shown for the power supply
apparatus 300 in accordance with an embodiment of the present invention. A waveform ‘A’
depicts a current of the primary switch 312 shown at a point 710. A current of the auxiliary
switch 314 is shown at the point 720. The current of the primary switch 312 at the point 710
is increasing as the current of the auxiliary switch 314 at the point 720 is decreasing. The
waveform ‘B’ depicts a transformer current 730 of the secondary 340S. In one embodiment,
the transformer current 730 in the secondary 340S is greatest when the current 720 through
the auxiliary switch 314 is the lowest.

Turning to Figure 8, a process flow diagram is shown for a method of regulating the
power supply apparatus 300 in accordance with the present invention. The process begins at
the step 810. An unregulated DC voltage signal is received at the input node Vin. At the step
820, a reflected voltage signal is generated in the transformer 340 comprising the primary
340P and the secondary 340S. The reflected voltage signal is reflected from the secondary
340S to the primary 340P. In an exemplary embodiment, the primary 340S comprises a
single winding and the secondary 340S comprises a single winding. At the step 830, the
reflected voltage signal is transferred from the primary 340P to the converter circuit 302.
The converter circuit 302 including the primary switch 312 and the auxiliary switch 314.
The auxiliary switch 314 is used for transferring the reflected signal to the converter circuit
302.

At the step 840, a transformer resonance is generated using the resonant circuit 327.
The resonant circuit 327 is coupled between the power converter 322 and the primary 340P.
The resonant circuit 327 includes the first resonance capacitor 308 and the second resonance
capacitor 309. The resonant circuit 327 facilitates the transformer resonance by providing
the first and second resonance capacitors 308, 309 used to exchange energy between the
primary 340P and the resonant circuit 327. The transformer resonance includes the reflected
voltage signal, the capacitance of the first and second resonance capacitors 308, 309 and the
parasitic capacitance of the transformer 340. The reflected voltage signal is received at the
resonant circuit.

Returning to Figure 4, the power supply apparatus 300 can include a pulse frequency

to voltage conversion function as shown in the resonant circuit 400. A pulse train of the
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resonant circuit 440 is generated within a resonant tank 442 including an inductance of the
primary 440P and a first and second resonance capacitor 409, 408. The resonant tank 442
increases a conversion rate of the pulse train to voltage conversion compared to a converter
circuit absent of the resonant tank 442. The pulse train is converted to a voltage potential Vo
that is proportional to an output current of a load such as the output capacitor 350 (Figure 3).
The voltage potential Vo is generated or produced without the use of additional transformer
windings in the primary 440P. The first and second resonance capacitors 409, 408 store
reflected voltage from the primary 440P and transfer the stored voltage to the power terminal
Vo. The pulse train includes a duty cycle that is proportional to a load current. The op-amp
430 amplifies a voltage generated by the DC voltage source Vb as a factor of the frequency
of the pulse train generated in the resonant tank 442. The amplified voltage is controlled and
regulated using the reflected voltage Vr of the primary 440P. The reflected voltage Vr is
proportional to a factor of a capacitance of the first resonance capacitor divided by the second
resonance capacitor. The voltage potential Vo can be used to power the controller 330.

Returning to Figure 8, at the step 850, a virtual output voltage reference signal is
provided to the power converter 322 via the resonant circuit 327. The resonant circuit 327 in
cooperation with the primary 340P and the power converter 322 provides the virtual output
voltage feedback loop 323. The virtual output voltage reference signal is generated from the
reflected voltage signal. The power converter 322 is responsive to the virtual output voltage
reference signal in regulating the output voltage Vout. The voltage feedback circuit 313
including the voltage divider 326, 328 is coupled with the primary 340P for sampling the
reflected voltage signal and providing the sampled reflected voltage signal to the controller
330. The controller 330 regulates the output voltage Vout by modifying the duty cycle of the
primary switch 312 by comparing the sampled reflected voltage signal across the voltage
divider 326, 328 with an output voltage reference value to determine a target duty cycle
based on an output voltage requirement of the attached device. The turns ratio of the
transformer 340 can be used to determine the target duty cycle since the output voltage is
proportional to the sampled reflected voltage signal.

The resonant tank of the resonant circuit 327 functions as a DC generator when
oscillating to produce a voltage potential that can be used to power the controller 330. In an
exemplary embodiment, the produced voltage potential can be supplied without using an
additional transformer winding that would be in addition to the single primary winding 340P
and the single secondary winding 340S. The auxiliary switch 314 cycles on and off as the

resonant tank of the resonant circuit 327 oscillates to produce a turn-on voltage for the
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auxiliary switch 314. In an exemplary embodiment, the auxiliary switch 314 can be self
oscillating to turn-on and off from the turn-on voltage generated by the reflected voltage and
the oscillation energy of the resonant tank of the resonant circuit 327. In another
embodiment, the auxiliary switch 314 can be cycled on and off or driven by the controller
330. In yet another embodiment, the auxiliary switch 314 can be driven by a switch driving
circuit (not shown) that is external to the converter circuit 302. The method 800 ends at the
step 860.

While the invention has been described with reference 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 invention. 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.
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CLAIMS
What is claimed is:
1. A power supply apparatus comprising:

a converter circuit comprising a primary switching element and an auxiliary switching
element, the auxiliary switching element for transferring a reflected voltage signal,

a transformer comprising a primary and a secondary, the primary coupled with the
converter circuit, the primary comprising a single winding and the secondary comprising a
single winding;

an output rectifier circuit coupled with the secondary of the transformer; and

a resonant circuit included in the converter circuit, the resonant circuit being coupled
with the primary, the resonant circuif comprising one or more resonance capacitors, the one
or more resonance capacitors configured for providing a transformer resonance, the
transformer resonance comprising the reflected voltage signal, the capacitance of the one or
more resonance capacitors and a parasitic capacitance of the transformer, the reflected
voltage signal received at the resonant circuit via the auxiliary switching element, the
reflected voltage signal being reflected from the secondary to the primary, the resonant
circuit converting a pulse train to produce a voltage potential, the voltage potential varying in
proportion to an output voltage, the pulse train comprising a duty cycle proportional to a load

current.

2. The apparatus of claim 1, further comprising a virtual output voltage feedback loop,
the virtual output voltage feedback loop providing an output voltage reference signal
to the converter circuit via the voltage feedback circuit, the output voltage reference
signal being generated from the reflected voltage signal, the output voltage reference
signal being proportional to the reflected voltage signal sampled by the voltage
feedback circuit, the converter circuit responsive to the output voltage reference

signal in regulating the output voltage.

3. The apparatus of claim 1, further comprising a voltage feedback circuit including a
voltage divider coupled with a controller and coupled with the primary for sampling

the reflected voltage.

4. The apparatus of claim 1, wherein the primary switching element and the auxiliary

switching element each comprise an n-type MOSFET transistor.
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5. The apparatus of claim 1, wherein the first and the second resonance capacitors are

coupled in parallel with the primary.

6. The apparatus of claim 1, wherein a controller includes a pulse width modulation

(PWM) circuit coupled with the primary switching element.

7. The apparatus of claim 6, wherein the PWM circuit regulates a duty cycle of the

primary switching element.
8. The apparatus of claim 1, wherein the converter circuit comprises a flyback converter.

9. The apparatus of claim 1, wherein the converter circuit comprises one of a forward

converter, push-pull converter, half bridge converter and a full bridge converter.

10.  The apparatus of claim 1, wherein the output rectifier circuit comprises one of a

diode, a half-wave rectifier, and a full-wave rectifier.

11.  The apparatus of claim 1, further comprising an output capacitor coupled with the

output rectifier circuit.

12. The apparatus of claim 1, wherein a resonant tank of the resonant circuit includes the
one or more resonance capacitors, coupled with one or more diodes, coupled with the

auxiliary switching element, coupled with an inductance of the primary.

13.  The apparatus of claim 12, wherein the resonant tank produces the voltage potential

used to power a controller.

14.  The apparatus of claim 1, wherein a charge pump comprising one more capacitors and

a diode is used to store and to couple the produced voltage potential to a controller.

15. A method of regulating a power supply apparatus comprising:
generating a reflected voltage signal in a transformer comprising a primary and a

secondary, the reflected voltage signal being reflected from the secondary to the primary, the
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primary being coupled with a converter circuit, the primary comprising a single winding and
the secondary comprising a single winding;

transferring the reflected voltage signal from the primary to the converter circuit, the
converter circuit comprising a primary switching element and an auxiliary switching element,
the auxiliary switching element for transferring the reflected voltage signal,

generating a transformer resonance with a resonant circuit included in the converter
circuit, the resonant circuit being coupled with the primary, the resonant circuit comprising
one or more resonance capacitors, the one or more resonance capacitors configured for
providing the transformer resonance, the one or more resonance capacitors and an inductance
of the transformer forming a resonant tank; and

converting a pulse train of the resonant circuit to produce a voltage potential, the
voltage potential varying in proportion to an output voltage, the pulse train comprising a duty

cycle proportional to a load current.

16.  The method of claim 15, further comprising storing the reflected voltage in the one or
more resonance capacitors and transferring the reflected voltage from the one or more

resonance capacitors to a power terminal of the resonant circuit via the pulse train.

17. The method of claim 15, wherein the resonant tank increases a conversion rate of the

pulse train to voltage potential conversion.

18. The method of claim 15, wherein a controller includes a pulse width modulation

(PWM) circuit coupled with the primary switching element.

19.  The method of claim 18, wherein the PWM circuit regulates a duty cycle of the

primary switching element.

20.  The method of claim 15, wherein the reflected voltage is proportional to a factor of a

capacitance of a first resonance capacitor divided by a second resonance capacitor.

21. The method of claim 15, wherein the produced voltage potential is proportional to the

load current.

22. The method of claim 15, wherein the transformer resonance comprises the reflected
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voltage signal, the capacitance of the one or more resonance capacitors and a parasitic

capacitance of the transformer.

The method of claim 15, further comprising a virtual output voltage feedback loop,
the virtual output voltage feedback loop providing an output voltage reference signal
to the converter circuit via the voltage feedback circuit, the output voltage reference
signal being generated from the reflected voltage signal, the output voltage reference
signal being proportional to the reflected voltage signal sampled by the voltage
feedback circuit, the converter circuit responsive to the output voltage reference

signal in regulating the output voltage .

The method of claim 15, further comprising controlling a reset timing of the primary

using the resonant circuit.

The method of claim 15, further comprising a voltage feedback circuit including a
voltage divider coupled with a controller and coupled with the primary for sampling

the reflected voltage.

The method of claim 15, wherein the primary switching element and the auxiliary

switching element each comprise an n-type MOSFET transistor.

The method of claim 15, wherein the first and the second resonance capacitors are

coupled in parallel with the primary.
The method of claim 15, wherein the converter circuit comprises a flyback converter.

The method of claim 15, wherein the converter circuit comprises one of a forward

converter, push-pull converter, half bridge converter and a full bridge converter.

The method of claim 15, further comprising an output rectifier circuit coupled with

the secondary of the transformer.

The method of claim 30, further comprising an output capacitor coupled with the

output rectifier circuit.
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32. The method of claim 15, wherein the resonant tank of the resonant circuit further
includes the auxiliary switching element and one or more diodes coupled with the
auxiliary switching element, the one or more diodes also coupled with the one or

more resonance capacitors.

33.  The method of claim 15, wherein a charge pump comprising one more capacitors and

a diode is used to store and to couple the produced voltage potential to a controller.

34. The method of claim 32, wherein the resonant tank produces the voltage potential

used to power a controller.

35. The method of claim 32, wherein the produced voltage potential is supplied without
using an additional transformer winding in addition to a single primary winding and a

single secondary winding.

36. The method of claim 32, wherein the auxiliary switching element is self-oscillating,
the self-oscillating being driven by the reflected voltage and an oscillating energy of

the resonant tank.

37. The method of claim 32, wherein the auxiliary switching element is driven by a
controller.
38. The method of claim 32, wherein the auxiliary switching element is driven by a

switch driving circuit that is external to the converter circuit.

39. A power supply apparatus comprising:

an input capacitor coupled across an input node;

a converter circuit comprising a primary switching element and an auxiliary switching
element, the auxiliary switching element for transferring a reflected voltage signal, the
converter circuit coupled with the input capacitor;

a transformer comprising a primary and a secondary, the primary coupled with the
converter circuit, the primary comprising a single winding and the secondary comprising a

single winding;
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an output rectifier circuit coupled with the secondary of the transformer; and

a resonant circuit included in the converter circuit, the resonant circuit being coupled
with the primary, the resonant circuit comprising one or more resonance capacitors, the one
or more resonance capacitors configured for providing a transformer resonance, the
transformer resonance comprising the reflected voltage signal and the capacitance of the one
or more resonance capacitors, the reflected voltage signal received at the resonant circuit via
the auxiliary switching element, the reflected voltage signal being reflected from the
secondary to the primary, the resonant circuit converting a pulse train to produce a voltage
potential, the voltage potential varying in proportion to an output voltage, the pulse train

comprising a duty cycle proportional to a load current.

40.  The apparatus of claim 39, further comprising a virtual output voltage feedback loop,
the virtual output voltage feedback loop providing an output voltage reference signal
to the converter circuit via the voltage feedback circuit, the output voltage reference
signal being generated from the reflected voltage signal, the output voltage reference
signal being proportional to the reflected voltage signal sampled by the voltage
feedback circuit, the converter circuit responsive to the output voltage reference

signal in regulating the output voltage.
41.  The apparatus of claim 39, further comprising a voltage feedback circuit including a

voltage divider coupled with a controller and coupled with the primary for sampling

the reflected voltage.

22



WO 2008/121397 PCT/US2008/004183

;
12 mme e 54_]’______ SR C: - S 16
A AN
N — gy —
v Voltage ' ' Output \Y
In Converter | | Primary Secondary ! Rectifier g Out
S S ; N
17 18
et 7)— --------------- 7)- i
: :
H Opto- Voltage Reference '
) Coupler and Error Amplifier | ,
i 15
] )
] ]

Fig. 1 (Prior Art)

1/9



WO 2008/121397

102\

('104

PCT/US2008/004183

[-100

146

’/'106

| |
! ]
' ]
! 1
) 1
! 1
1 )
E 140 !
112B !
+Vln )) E TX1 ) o
] ) ut
f i e !
! ; E
1140P2 ,
) )
! )
® s s
) ]
; :
! 1
T T ’
+ : ?“-VOut
) )
At :
- 5 ‘
. . i, N Y o )
T O s
110 130 112A § : ?8 1(?9
1 ¢ 1140P1
) Opto Coupler
— ' [ Voltage
¢ - _ ) Reference and
4 ul E (E— Error Amplifier
1
]
' °
Vi ! % ) l
i
)
)
]
]
:

Fig. 1A (Prior Art)

2/9




WO 2008/121397

3/9

PCT/US2008/004183

22 __.2p_ B TX1D aas . 26
¢ ; ’ : ?
P : i
ower H utput
In Converter ' Primary )) (( Secondary | | Rectifier
O— ) +
: ! :
: [ 0
! 24
! Resonant
! Circuit
)
' ¢
! 27
]
L e e e e e m e m e — e —m—————————————— ? ________________
23



PCT/US2008/004183

WO 2008/121397

’/'300

4/9



PCT/US2008/004183

WO 2008/121397

'/. 400

e L LT,

\U 414
v

Cl->
DC Vb

Fig. 4

5/9



PCT/US2008/004183

WO 2008/121397

al

“(o

949

3d0yd1

00$ \;

inbadedel s Sthinde it ikt bttt ettt Sl g

L -
—

A

r~
-
vy

B e

Va

6/9



PCT/US2008/004183

WO 2008/121397

'/‘ 600

650

vV Out

630

612

6107 T

—Vln—‘

Fig. 6

7/9



WO 2008/121397

720

PCT/US2008/004183

700

) -

\
100
50 V \ / X
A IR / \
9 W A R AN A
-100 H
3.5 : /1 >
3 | A
2.5 B
' | 730
2 et e
// \\ I
I 1.5 7
| [
0.5 f
AN '865 866 867 868 869 870 Ij87.1[ 872

Fig. 7

8/9



WO 2008/121397 PCT/US2008/004183

’//-800

Start 810

\

Generating a Reﬂgéted Voltage "\/820

Y

830
Transferring the Reflected Voltage [~

|

Generating Resonance Via 840
. . Y
Resonant Circuit

Y

Providing a Virtual Output 850
Voltage Reference Signal

Y

End 860

Fig. 8

9/9



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 08/04183

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO2M 3/335 (2008.04)
USPC - 363/26

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

USPC: 363/26

Minimum documentation searched (classification system followed by classification symbals)

USPC: 363/25, 26

Documentation searched other than minimum documentatjon to the extent that such documents are included in the fields searched

PubWEST (USPT, PGPB, EPAB, JPAB), Google

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Search Terms Used: push, pull, bridge, converter, auxiliary, switch, switching, transformer, rectifier, capacitor, capacitance, virtual,
parasitic, pulse, frequency, resonant, resonance, voltage, potential , rectifier etc.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2005/0105224 A1 (Nishi) 19 May 2005 (19.05.2005) entire document, especially Abstract; 1-41
paras [0020]; [0023]; [0038]; [0071]; [0081); [0082}; [0084]; {0091]
Y US 6,958,920 B2 (Mednik et al.) 25 October 2005 (25.10.2005) entire document, especially 141
Abstract; col. 1, In. 11-15; col. 3, In. 51-57; col. 4, In. 5-44; col. 5, In. 1-58; col. 6, In. 2-6; col. 7,
in. 24-46
Y US 5,870,294 A (Cyr) 09 February 1999 (09.02.1999) entire document, especially Abstract 2,23, and 40

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the internationat
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the intemational filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the a;mlication but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

21 June 2008 (21.06.2008)

Date of mailing of the international search report

01 JUL 2008

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Hetpdesk: 571-272-4300
PCT OSP: 571-272-.7774

Form PCT/ISA/210 (second sheet) (April 2007)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report

