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Holdup Time Circuit and Method for Bridgeless PFC Converter

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of U.S. Patent Application Serial No. 13/
219513 filed August 26, 2011 by Dianbo Fu et al. and entitled “Holdup Time Circuit and Method
for Bridgeless PFC Converter”’, which is incorporated herein by reference as if reproduced in its

entirety.

FIELD OF INVENTION
[0002] The present invention relates generally to bridgeless power factor correction converters
and methods, and, more particularly, to a holdup time circuit and method for bridgeless power

factor correction converters.

BACKGROUND
[0003] A telecommunication network power system usually includes an ac-dc stage
converting the power from the ac utility line to a 48V dc distribution bus. A conventional ac-dc
stage may comprise a variety of EMI filters, a bridge rectifier formed by four diodes, a power
factor correction circuit and an isolated dc/dc power converter. The bridge rectifier converts an
ac voltage into a full-wave rectified dc voltage. Such a full-wave rectified dc voltage provides a
dc input voltage for the power factor correction circuit. The power factor correction circuit may
be implemented by employing a power converter including a boost converter. By employing an
appropriate control circuit, the boost converter is capable of shaping the input line current to be
sinusoidal and in phase with the sinusoidal input voltage of the ac input source. As a result, the
power factor of the ac-dc stage may be close to unity as required by a variety of international

standards (e.g., EU standard EN55022).
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[0004] A boost converter may comprise an inductor coupled between the input voltage and a
joint point of a switch and a diode. In the power management industry, the joint point of the
switch and the diode is commonly referred to as the switching node of a power converter. In the
boost converter, the switch is coupled between the switching node and ground. The diode is
placed between the switching node and the output of the boost converter. As indicated by its
name, a boost converter’s output voltage is greater than its input voltage. When the switch is
turned on, the inductor is charged from the input voltage through the turned on switch. At the
same time, the diode is reverse-biased so that the output of the boost converter is isolated from
the input of the boost converter. On the other hand, when the switch is turned off, the diode is
forward-biased. As a result, the output of the boost converter receives energy from the charged

inductor as well as the input voltage.

[0005] A telecommunication network power system may require a plurality of bulk
capacitors to store energy. The plurality of bulk capacitors help to sustain the 48V distribution
bus voltage for approximately 20 ms by discharging the energy stored in the bulk capacitors into
the 48V distribution bus after a dropout of the input ac source. In a typical power system, the
holdup time energy is stored in the bulk capacitors connected between the output of the ac/dc
power stage and ground. During a dropout of the input ac source, the voltage across the bulk
capacitors is discharged to sustain the operation of downstream power converters. In order to
improve the telecommunication network power system’s efficiency, high efficiency downstream
power converters having a narrow input voltage range are employed to convert the output of the
ac/dc power stage (approximately 400V) into the 48V distribution bus. Such a narrow input
voltage causes the downstream power converters to use only a limited amount of energy stored

in the bulk capacitors.
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SUMMARY
[0006] These and other problems are generally solved or circumvented, and technical
advantages are generally achieved, by preferred embodiments of the present invention which
provide an apparatus and method for achieving a high efficiency bridgeless power factor

correction circuit.

[0007] In accordance with an embodiment, a circuit comprises a charge device, a discharge
device, an energy storage apparatus and a bridgeless power factor correction circuit. The charge
device comprises a first terminal coupled to a bridgeless power factor correction circuit and a
second terminal coupled to an energy storage apparatus. The discharge device comprises a third
terminal coupled to the energy storage apparatus and a fourth terminal coupled to the bridgeless
power factor correction circuit. The bridgeless power factor correction circuit comprises a first
switch coupled between a first input of the bridgeless power factor correction circuit and ground
and a second switch coupled between a second input of the bridgeless power factor correction

circuit and ground.

[0008] In accordance with another embodiment, a system comprises a bridgeless power
factor correction circuit. The bridgeless power factor correction circuit comprises a first boost
converter coupled between an input ac source and an output, a second boost converter coupled
between the input ac source and the output, a first switch coupled between an input of the first
boost converter and ground, a second switch coupled between an input of the second boost
converter and ground, a first surge protection diode coupled between the input of the first boost
converter and the output and a second surge protection diode coupled between the input of the

second boost converter and the output.
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[0009] The system further comprises a charge device, a discharge device and an energy
storage apparatus. The charge device comprises a first terminal coupled to a bridgeless power
factor correction circuit and a second terminal coupled to an energy storage apparatus. The
discharge device comprises a third terminal coupled to the energy storage apparatus and a fourth

terminal coupled to the bridgeless power factor correction circuit.

[0010] In accordance with yet another embodiment, a method comprises charging an energy
storage apparatus through a charge device wherein the charge device is coupled between a
bridgeless power factor correction circuit and the energy storage apparatus, detecting a dropout
of an input ac source and discharging the energy storage apparatus through a discharge device,
wherein the discharge device is coupled between the energy storage apparatus and an input of the

bridgeless power factor correction circuit.

[0011] An advantage of an embodiment of the present invention is reducing the number of
bulk capacitors by fully utilizing the energy storage apparatus coupled to an input of a bridgeless
power factor correction circuit. The reduction of bulk capacitors can improve the reliability and

cost of a power system having the bridgeless factor correction circuit.

[0012] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily

utilized as a basis for modifying or designing other structures or processes for carrying out the
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same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] For a more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:

[0014] Figure 1 illustrates a block diagram of a bridgeless power factor correction circuit

having an energy storage apparatus in accordance with an embodiment;

[0015] Figure 2 illustrates a schematic diagram of the bridgeless power factor correction

circuit in accordance with an embodiment;

[0016] Figure 3 illustrates a schematic diagram of a bridgeless power factor correction circuit
operating in a switch conduction mode in the first half cycle of the input ac source in accordance

with an embodiment;

[0017] Figures 4 illustrates a schematic diagram of a bridgeless power factor correction
circuit operating in a diode conduction mode in the first half cycle of the input ac source in

accordance with an embodiment;

[0018] Figure 5 illustrates a schematic diagram of a bridgeless power factor correction circuit
operating in a switch conduction mode in the second half cycle of the input ac source in

accordance with an embodiment;
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[0019] Figure 6 illustrates a schematic diagram of a bridgeless power factor correction circuit
operating in a diode conduction mode in the second half cycle of the input line in accordance

with an embodiment;

[0020] Figure 7 illustrates a schematic diagram of a bridgeless power factor correction circuit

operating in a first half cycle power surge mode in accordance with an embodiment;

[0021] Figure 8 illustrates a schematic diagram of a bridgeless power factor correction circuit

operating in a second half cycle power surge mode in accordance with an embodiment;

[0022] Figure 9 illustrates a schematic diagram of a bridgeless power factor correction circuit

having an energy storage apparatus in accordance with an embodiment;

[0023] Figure 10 illustrates a schematic diagram of a bridgeless power factor correction
circuit having an energy storage apparatus operating in charge mode in accordance with an

embodiment;

[0024] Figure 11 illustrates a schematic diagram of a bridgeless power factor correction
circuit having an energy storage apparatus operating in discharge mode in accordance with an

embodiment;

[0025] Figure 12 illustrates a schematic diagram of a bridgeless power factor correction

circuit having an energy storage apparatus in accordance with another embodiment;

[0026] Figure 13 illustrates a schematic diagram of a bridgeless power factor correction

circuit having an energy storage apparatus in accordance with yet another embodiment;

[0027] Figure 14 illustrates an alternative for implementing the charge and discharge devices

in accordance with an embodiment;
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[0028] Figure 15 illustrates another alternative for implementing the charge and discharge

devices in accordance with an embodiment;

[0029] Figure 16 illustrates another alternative for implementing the charge and discharge

devices in accordance with an embodiment;

[0030] Figure 17 illustrates yet another alternative for implementing the charge and

discharge devices in accordance with an embodiment;

[0031] Figure 18 illustrates yet another alternative for implementing the charge and

discharge devices in accordance with an embodiment;

[0032] Figure 19 illustrates a comparison between two holdup time extension mechanisms;

and

[0033] Figure 20 illustrates an efficiency comparison between a power system employing a
wide input operating voltage range for an isolated dc/dc converter and the power system

employing a narrow input operating voltage range for the isolated dc/dc converter.

[0034] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

relevant aspects of the various embodiments and are not necessarily drawn to scale.

DETAILED DESCRIPTION
[0035] The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention.
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[0036] The present invention will be described with respect to preferred embodiments in a
specific context, namely a holdup time circuit for a bridgeless power factor correction circuit.
The invention may also be applied, however, to a variety of power factor correction circuits
operating in different modes (e.g., discontinuous conduction mode, critical conduction mode or
continuous conduction mode), employing different modulation mechanisms (e.g., leading edge
pulse width modulation, trailing edge pulse width modulation or pulse frequency modulation)
and adopting different control schemes (e.g., peak current mode control or average current mode

control).

[0037] Referring initially to Figure 1, a block diagram of a bridgeless power factor
correction circuit having an energy storage apparatus is illustrated in accordance with an
embodiment. A bridgeless power factor correction circuit 100 is coupled between an input ac
source 104 and a load. The output of the bridgeless power factor correction circuit 100 is coupled
to an energy storage apparatus 120 through a charge device 124. In addition, the energy storage
apparatus 120 is coupled to an input of the bridgeless power factor correction circuit 100 through
a discharge device 122. As shown in Figure 1, the energy storage apparatus 120, the discharge
device 122 and the charge device 124 form a holdup time circuit through which the output of the
bridgeless power factor correction circuit 100 may maintain the same for a predetermined period

after the input ac source has a dropout.

[0038] Moreover, a controller 106 is employed to provide a plurality of control signals for
the bridgeless power factor correction circuit 100, the charge device 124 and the charge device
122. More particularly, four signals, namely SR1, SR2, S1 and S2 are sent from the controller
106 to the bridgeless power factor correction circuit 100 to control the operation of switches SR1,

SR2, S1 and S2 (not shown but illustrated in Figure 2). Similarly, two signals Sdd and Scd are
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sent to the discharge device 122 and the charge device 124 respectively. The detailed operation
principles of the first four signals will be described below with respect to Figures 2-8. The
detailed operation principles of Sdd and Scd will be described below with respect to Figures 9-15.
It should be noted that while Figure 1 shows a single controller is employed to generate the
signals for the bridgeless power factor correction circuit 100, the discharge device 122 and the
charge device 124, a person skilled in the art will recognize that there may be a variety of
alternatives for implementing the function of the controller 106. For example, the controller 106
can be replaced by two separate controllers dedicated to the bridgeless power factor correction

circuit 100 and the holdup time circuit respectively.

[0039] Figure 2 illustrates a schematic diagram of the bridgeless power factor correction
circuit 100 in accordance with an embodiment. The bridgeless power factor correction circuit
100 has an input coupled to an ac power source, an output coupled to an output capacitor Co,
which is connected in parallel to a load represented by a resistor Ro. As shown in Figure 1, the
bridgeless power factor correction circuit 100 comprises two boost converters configured to
work in tandem. More particularly, a first inductor L1, a first switch S1 and a first diode D1 form
the first boost converter providing power factor correction during the first half cycle of the input
ac source. Similarly, a second inductor L2, a second switch S2 and a second diode D2 form the
second boost converter, which is activated by a controller 106 to provide power factor correction

during the second half cycle of the input ac source.

[0040] As shown in Figure 2, both the first inductor L1 and the second inductor L2 have a
terminal coupled to the inputs of the input ac source respectively. As a result, the output of the
power factor correction circuit 100 may be floating regarding the input ac source if switches SR1

and SR2 are not included in the power factor correction circuit 100. Such a floating output
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regarding the input ac source makes the power factor correction circuit 100 susceptible to
common mode noise. In order to prevent the output of the power factor correction circuit 100
from floating, the switches SR1 and SR2 are added so that the output of the bridgeless power
factor correction 100 is coupled to the input line through the switches SR1 or SR2 all the time.
The detailed operation of the switches SR1 and SR2 will be described below in respect to
Figures 3-6. Furthermore, two surge protection diodes Dsurgel and Dsurge2 are employed to
protect the bridgeless power factor correction circuit 100 from either surges occurred in the first

half cycle of the input ac source or surges occurred in the second half cycle of the input ac source.

[0041] Figure 3 illustrates a schematic diagram of a bridgeless power factor correction
circuit operating in a switch conduction mode in the first half cycle of the input ac source in
accordance with an embodiment. When the first half cycle of the input ac source is applied to the
bridgeless power factor correction circuit 100, in response to the first half cycle, the controller
106 turns off the second switch S2 and the switch SR1. Simultaneously, the switch SR2 is turned
on. The on/off status of the first switch S1 and the first diode D1 is determined by the operation

principles of boost converters.

[0042] During the on period of the first switch S1, the first diode D1 is reverse-biased. As a
result, the input ac source charges the first inductor L1 through a conductive path formed by the
first inductor L1, the first switch S1 and the switch SR2. In Figure 3, the dashed line indicates
the conductive path during the switch-on period of the first half cycle of the input ac source. It
should be noted that the black arrows placed on top of the components of Figure 3 indicate such
components are disabled during this phase of the operation of the bridgeless power factor
correction circuit 100. It should further be noted that while Figure 3 shows the charge current

flows through the switch SR2, alternatively, a person skilled in the art will recognize that the

10
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charge current may flow through the body diode of the switch SR2. An advantageous feature of
having a turned on switch SR2 is that the turned on switch SR2 may provide a smaller voltage
drop in comparison with the large drop of a body diode. As a result, the turned on switch SR2

helps to improve the efficiency of the bridgeless power factor correction circuit 100.

[0043] Another advantageous feature of having the turned on switch SR2 is the common
mode noise of the bridgeless power factor correction circuit 100 is reduced by connected the
output’s ground to the input ac source directly. In a conventional bridgeless power factor
correction circuit, the charge current flows through a conductive path formed by the body diode
of the second switch S2 and the second inductor L2. The ground connection of the conventional
technique is not connected to the input ac source directly. In contrast, as shown in Figure 3,
during the on period of the first switch S1, the output of the bridgeless power factor correction
circuit 100 has a ground connection coupled to the input ac source through the tumed on switch
SR2. Therefore, the output of the bridgeless power factor correction circuit 100 is not floating.
An advantageous feature of employing the switch SR2 is that the common mode noise issue in a
conventional bridgeless power factor correction circuit is avoided because the second inductor
L2 no longer prevents the output of the bridgeless power factor correction circuit 100 from being

connected to the input ac source directly.

[0044] Figure 4 illustrates a schematic diagram of a bridgeless power factor correction
circuit operating in a diode conduction mode in the first half cycle of the input ac source in
accordance with an embodiment. Similar to that of Figure 3, when the first half cycle of the input
ac source is applied to the bridgeless power factor correction circuit 100, in response to the first
half cycle, the controller 106 turns off the second switch S2 and the switch SR1, and tums on the

switch SR2. The on/off status of the first switch S1 and the first diode D1 is determined by the

11
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operation principles of a boost converter. When the first switch S1 is turned off, the first diode
D1 is forward-biased. As a result, the input ac source as well as the charged inductor delivers
energy through a conductive path formed by the first inductor L1, the first diode D1 and the
switch SR2. In Figure 4, the dashed line indicates the conductive path during the diode
conduction mode of the bridgeless power factor correction circuit 100 in the first half cycle of

the input ac source.

[0045] As shown in Figure 4, during the forward conduction of the first diode D1, the output
of the bridgeless power factor correction circuit 100 has a connection coupled to the input ac
source through the turned on switch SR2. Therefore, the output of the bridgeless power factor
correction circuit 100 is not floating. Similarly, an advantageous feature of employing the switch
SR2 is that during the first conduction period, the common mode noise issue in a conventional
bridgeless power factor correction circuit is avoided because the second inductor L2 no longer
prevents the output of the bridgeless power factor correction circuit 100 from being connected to

the input ac source.

[0046] Figure 5 illustrates a schematic diagram of a bridgeless power factor correction
circuit operating in a switch conduction mode in the second half cycle of the input ac source in
accordance with an embodiment. When the second half cycle of the input ac source is applied to
the bridgeless power factor correction circuit 100, in response to the polarity change of the input
ac source, the controller 106 turns off the second switch S1 and the switch SR2, and turns on the
switch SR1. The second inductor L2, the second switch S2 and the second diode D2 form a boost
converter. The on/off status of the second switch S2 and the second diode D2 is determined by
the operation principles of boost converters. Figure 5 shows the second switch conduction period

in which the second diode D2 is reverse-biased. During the second switch conduction period, the

12
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input ac source charges the second inductor L2 through a conductive path formed by the second
inductor L2, the second switch S2 and the switch SR1. In Figure 5, the dashed line indicates the

conductive path during the switch on period of the second half cycle of the input ac source.

[0047] As shown in Figure 5, during the on period of the second switch S2, the output of the
bridgeless power factor correction circuit 100 has a connection coupled to the input ac source
through the turned on switch SR1. The output of the bridgeless power factor correction circuit
100 is not floating because the turned on switch SR1 bypasses a conventional conductive path
formed by the body diode of the first switch S1 and the first inductor L1. Similar to the first half
cycle of the input ac source, an advantageous feature of employing the switch SR1 in the second
half cycle is that the common mode noise issue in a conventional bridgeless power factor
correction circuit is avoided because the first inductor L1 no longer prevents the output of the
bridgeless power factor correction circuit 100 from being connected to the input ac source

directly.

[0048] Figure 6 illustrates a schematic diagram of a bridgeless power factor correction
circuit operating in a diode conduction mode in the second half cycle of the input line in
accordance with an embodiment. Similar to that of Figure 5, when the second half cycle of the
input ac source is applied to the bridgeless power factor correction circuit 100, in response to the
second half cycle, the controller 106 turns off the first switch S1 and the switch SR2. According
to the operation principles of boost converters, at the beginning of a period of a boost converter,

the second switch S2 are first turned on.

[0049] The controller 106 determines the duty cycle of the second switch S2 based upon the
feedback information such as the output voltage and sensed current flowing through the second

inductor L2. After the second switch S2 is turned off in accordance with the instructions from the

13
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controller 106, the second diode D2 is forward-biased. As a result, the input ac source as well as
the charged inductor delivers energy through a conductive path formed by the second inductor
L2, the second diode D2 and the switch SR1. In Figure 6, the dashed line indicates the
conductive path during the diode conduction period of the second half cycle of the input ac

source.

[0050] As shown in Figure 6, during the forward conduction of the second diode D2, the
output of the bridgeless power factor correction circuit 100 has a connection coupled to the input
ac source through the turned on switch SR1. Therefore, the output of the bridgeless power factor
correction circuit 100 is not floating. Similarly, an advantageous feature of employing the switch
SR1 is that during the second diode conduction period, the common mode noise issue in a
conventional bridgeless power factor correction circuit is avoided because the first inductor L1
no longer prevents the output of the bridgeless power factor correction circuit 100 from being

connected to the input ac source directly.

[0051] Figure 7 illustrates a schematic diagram of a bridgeless power factor correction
circuit operating in a first half cycle power surge mode in accordance with an embodiment.
When a surge occurs during the first half cycle of the input ac source, the input voltage
amplitude may increase as a result. When the voltage amplitude reaches a level approximately
equal to the output voltage, the first surge protection diode Dsurgel will be tumed on, and the
voltage applied to the bridgeless power factor correction circuit 100 will be clamped to the
output voltage. As such, the surge protection diode Dsurgel helps to prevent the surge from
damaging the bridgeless power factor correction circuit 100. During this process, the bridgeless

power factor correction circuit 100 may detect a power surge occurred in the first half cycle of

14
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the input ac source, and protect the bridgeless power factor correction circuit 100 by shutting

down the first switch S1 and other appropriate components.

[0052] Furthermore, the energy from the voltage surge is discharged through a conductive
path formed by the first surge protection diode Dsurgel, output capacitor Co, the load resistor Ro
and the switch SR2. As a result, the conduction of the first surge protection diode Dsurgel limits
the voltage applied to the bridgeless power factor correction circuit 100 to a voltage level
approximately equal to the output voltage plus a diode voltage drop. In accordance with an
embodiment, by employing the first surge protection diode Dsurgel, the highest voltage the

bridgeless power factor correction circuit 100 endures is around 400V.

[0053] Similarly, the second surge protection diode Durge2 can prevent the surge from
damaging the bridgeless power factor correction circuit 100 in a second half cycle of the power
surge. Figure 8 illustrates a schematic diagram of a bridgeless power factor correction circuit
operating in a second half cycle power surge mode in accordance with an embodiment. When a
surge occurs during the second half cycle of the input ac source, the input voltage amplitude may
increase as a result. When the input voltage amplitude reaches a level slightly higher than the
output voltage, the second surge protection diode Dsurge2 will be turned on, and the surge
voltage applied to the bridgeless power factor correction circuit 100 will be clamped to the
output voltage. As such, the second surge protection diode Dsurge2 helps to prevent the surge
from damaging the bridgeless power factor correction circuit 100. During this process, the
bridgeless power factor correction circuit 100 may detect a power surge occurred in the second
half cycle of the input ac source, and protect the bridgeless power factor correction circuit 100 by

shutting down the second switch S2 and other appropriate components.

15
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[0054] Furthermore, in the second cycle of the input ac source, the energy from the voltage
surge 1s discharged through a conductive path formed by the second surge protection diode
Dsurge2, the output capacitor Co, the load resistor Ro and the switch SR1. As a result, the
conduction of the second surge protection diode Dsurge2 limits the voltage applied to the
bridgeless power factor correction circuit 100 to a voltage level approximately equal to the
output voltage plus a diode voltage drop. In accordance with an embodiment, by employing the
second surge protection diode Dsurge2, the highest voltage the bridgeless power factor
correction circuit 100 endures is around 400V. In sum, both surge protection diodes Dsurgel and
Dsurge2 provide an automatic protection mechanism for input voltage surges. Furthermore, the
surge protection diodes (e.g., Dsurgel) and the switch (e.g., SR2) provide a surge energy
discharge path so that the components of the bridgeless power factor correction circuit are

protected accordingly.

[0055] Figure 9 illustrates a schematic diagram of a bridgeless power factor correction
circuit having an energy storage apparatus in accordance with an embodiment. The energy
storage apparatus 120 is formed by a capacitor as shown in Figure 9. It should be noted that
while Figure 9 shows a single capacitor, a person skilled in the art will recognize that it is within
the scope and spirit of the invention for the energy storage apparatus 120 to comprise a plurality
of capacitors connected in parallel. In order to charge the storage apparatus 120, a charge device
124 is employed to facilitate a channel through which the energy from the bridgeless power
factor correction circuit 100 is used to charge the capacitor of the energy storage apparatus 120

during normal operation.

[0056] In accordance with an embodiment, the charge device 124 shown in Figure 9

comprises a diode. In addition, the diode is coupled between one terminal of the second inductor

16
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L2 and the energy storage apparatus 120. It should be noted that one skilled in the art will
recognize that the diode and its configuration are simply one manner of charging the energy
storage apparatus 120 and that other and alternate embodiment connections could be employed
(such as employing a diode coupled between the first inductor L1 and the energy storage
apparatus 120) and that other circuits, (e.g., a switching element connected the output of the
bridgeless power factor correction circuit 100 and the energy storage apparatus 120) could be
employed for this function. The detailed operation of the charge device 124 will be described

below with respect to Figure 10.

[0057] In accordance with an embodiment, the discharge device 122 shown in Figure 9
comprises an n-type metal oxide semiconductor (NMOS) transistor. In addition, the NMOS
transistor is coupled between one terminal of the input ac source and the energy storage
apparatus 120. It should be noted that one skilled in the art will recognize that the diode and its
configuration are simply one manner of charging the energy storage apparatus 120 and that other
and alternate embodiment circuits could be employed (such as employing two NMOS transistors
coupled to the first inductor L1 and the second inductor L2 respectively) and that other
configurations, (e.g., combining the NMOS transistor and a surge protection diode such as
Dsurgel into a single device) could be employed for this function. The detailed operation of the

discharge device 122 will be described below with respect to Figure 11

[0058] Figure 10 illustrates a schematic diagram of a bridgeless power factor correction
circuit having an energy storage apparatus operating in charge mode in accordance with an
embodiment. A charge device 124 coupled to one terminal of the second inductor L2 is used to
illustrate the charge process of the energy storage apparatus 120. As shown in Figure 10, when

the second half cycle of the input ac source is applied to the input of the bridgeless power factor
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correction circuit 100, the controller 106 (not shown but illustrated in Figure 1) enables the
second boost power converter. Because the charge device 124 has the same connection as the
second diode D2, the second half cycle of the input ac source delivers energy to the output of the
bridgeless power factor correction circuit 100 as well as the energy storage apparatus 120. As a
result, the voltage across the energy storage apparatus 120 is charged up to a level approximately

equal to the output voltage of the bridgeless power factor correction circuit 100.

[0059] The dashed line in Figure 10 depicts the charge path formed by the second inductor
L2, the charge device 124 and the energy storage apparatus 120. It should be noted that the
charge mode of the energy storage apparatus 120 occurs in the diode conduction period of the
second boost power converter. When the second boost converter operates in a switch conduction
mode, the diode of the charge device 124 is reverse-biased. As such, the energy stored in the
capacitor of the energy storage apparatus 120 remains the same during the period of the switch
conduction mode. Furthermore, it should be noted that the controller 106 may turn off the switch
of the discharge device 122 during the charge mode because the input ac source operates within

its normal range.

[0060] Figure 11 illustrates a schematic diagram of a bridgeless power factor correction
circuit having an energy storage apparatus operating in discharge mode in accordance with an
embodiment. A discharge device 122 coupled between one terminal of the input ac source and
the energy storage apparatus 120 is used to illustrate the discharge process of the energy storage
apparatus 120. As shown in Figure 11, when the input ac source has a dropout, the controller 106
(not shown but illustrated in Figure 1) may detect the dropout. Consequently, the controller 106
may disable the power factor correction mode of both the first boost converter and the second

boost converter. In addition, the controller 106 activates the discharge device 122 so that the

18



WO 2013/029515 PCT/CN2012/080618

energy storage apparatus 120 may deliver energy through the turned on switch of the discharge
device 122 to the first boost converter. The dashed line in Figure 11 depicts the discharge path
formed by the energy storage apparatus 120, the discharge device 122 and the first boost

converter.

[0061] In response to the dropout of the input ac source, the first boost converter may
convert the input voltage from the storage capacitor of the energy storage apparatus 120 into a
voltage level equal to the output voltage of the bridgeless factor correction circuit 100 prior to
the dropout of the input ac source. As such, the output capacitor Co of the bridgeless power
factor correction circuit 100 may remain the same until the energy storage apparatus 120 is
depleted or nearly depleted. An advantageous feature of having the energy storage apparatus 100
coupled to an input of the first boost converter during an input ac source dropout is that the
output of the bridgeless power factor correction circuit 100 may be kept within a narrow arrange

so that the efficiency of downstream converters can be improved.

[0062] Figure 12 illustrates a schematic diagram of a bridgeless power factor correction
circuit having an energy storage apparatus in accordance with another embodiment. Figure 12 is
similar to Figure 9 except that the discharge device 122 and the first surge protection diode
Dsurgel are combined into one single device. More particularly, as shown in Figure 12, the body
diode of the NMOS transistor of the discharge device 122 can be used as a surge protection
diode when an input line surge occurs. As a result, a surge protection diode can be saved. One
person skilled in the art will recognize that while Figure 12 shows that the discharge device 122
and the first surge protection diode Dsurgel are combined into one single device, the discharge

device 122 can also be used to replace the second surge protection diode Dsurge2. For example,
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by coupling the discharge device 122 between the energy storage apparatus 120 and the input of

the second inductor L2, the second surge protection diode Dsurge2 can be removed as a result.

[0063] Figure 13 illustrates a schematic diagram of a bridgeless power factor correction
circuit having an energy storage apparatus in accordance with yet another embodiment. Figure

13 is similar to Figure 9 except that the charge device 124 is coupled to one terminal of the first
inductor L1 rather than one terminal of the second inductor L2. Because the first boost converter
and the second boost converter work in tandem, the operation principle of the charge device 124
shown in Figure 13 is similar to that shown in Figure 9. As shown in Figure 13, during normal
operation, the bridgeless power factor correction circuit 100 charges the energy storage apparatus
120 through the charge device 124 during the first half cycle of the input ac source. In contrast,
in Figure 9, the bridgeless power factor correction circuit 100 charges the energy storage

apparatus 120 during the second half cycle of the input ac source.

[0064] It should be noted that in Figure 13, in response to the change of the connection of
the charge device 124 from the second boost converter to the first boost converter, the
connection of the discharge device 122 is modified as well in comparison with that of Figure 9.
As shown in Figure 13, the discharge device 122 is coupled between the energy storage
apparatus 120 and the input of the second boost converter. The discharge process of Figure 13 is
similar to that described with respect to Figure 11, and hence is not discussed in further detail to

avoid unnecessary repetition.

[0065] Figure 14 illustrates an alternative for implementing the charge and discharge
devices in accordance with an embodiment. As shown in Figure 14, the charge device 124 may
comprise a NMOS transistor. The NMOS transistor has a source coupled to the energy storage

apparatus 120, a drain coupled to the output of the bridgeless power factor correction circuit 100
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and a gate coupled to the controller 106 (not shown). During normal operation, the NMOS
transistor in the charge device is turned on so that the output of the bridgeless power factor
correction circuit 100 can charge the energy storage apparatus 120 up to a level approximately

equal to the output voltage.

[0066] When a dropout of the input ac source occurs, the controller 106 turns off the charge
device 124 and turns on the discharge device 122. In Figure 14, the discharge device 122 is
coupled to the input of the first boost converter. A person skilled in the art will recognize that the
discharge device 122 can be coupled to the input of the second boost converter when the charge
device 124 is a switching element coupled to the output of the bridgeless power factor correction
circuit 100. The operation of the discharge device 122 has been described in detail with respect

to Figure 11, and hence is not discussed again to avoid repetition.

[0067] It should be noted that while Figure 14 shows an NMOS transistor in the charge
device 124 and the discharge device 122, a person skilled in the art will recognize that the
NMOS transistor and its configuration are simply one manner of charging or discharging the
energy storage apparatus 120 and that other and alternate embodiment components could be
employed (such as employing a p-type metal oxide semiconductor (PMOS) transistor and the
like) and that other circuits, (e.g., a plurality of NMOS transistors connected in parallel) could be

employed for this function.

[0068] It should further be noted that the discharge device 122 can be combined with the
first surge protection diode Durgel as indicated by the double headed arrow shown in Figure 14.
A person skilled in the art will recognize that the body diode of the NMOS transistor of the
discharge device 122 can be used as a surge protection diode. As such, the dedicated surge

protection diode Dsurgel can be removed. As a result, the voltage surge of the input ac source
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can be clamped to the voltage of the energy storage apparatus 120, which is approximately equal

to the output voltage of the bridgeless power factor correction circuit 100.

[0069] Figure 15 illustrates another alternative for implementing the charge and discharge
devices in accordance with an embodiment. Figure 15 is similar to Figure 14 except that the
discharge device 122 is coupled to the input of the second boost converter rather than the input
of the first boost converter. During a dropout of the input ac source, the energy storage apparatus
120 discharges through the second boost converter so that the output of the bridgeless power
factor correction circuit 100 remains the same. Similar to Figure 14, the discharge device 122
can be combined with the second surge protection diode Dsurge2. As such, the dedicated surge
protection diode Dsurge2 can be removed. As a result, the voltage surge of the input ac source
can be clamped to the voltage of the energy storage apparatus 120, which is approximately equal

to the output voltage of the bridgeless power factor correction circuit 100.

[0070] Figure 16 illustrates another alternative for implementing the charge and discharge
devices in accordance with an embodiment. Figure 16 is similar to Figure 14 and Figure 15
except that the discharge device 122 shown in Figure 16 is a combination of the discharge
devices shown in Figure 14 and Figure 15. As shown in Figure 16, during a dropout of the input
ac source, both the first boost converter and the second boost converter are used to maintain the
output voltage of the bridgeless power factor correction circuit 100. The operation of two boost
converters operating in parallel is within the scope of a person skilled in art, and hence is not

discussed in further detail.

[0071] Figure 17 illustrates yet another alternative for implementing the charge and
discharge devices in accordance with an embodiment. Figure 17 is similar to Figure 16 except

that the surge protection diodes Dsurgel and Dsurge2 (illustrated in Figure 16) are removed as a
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result of adding the discharge devices 122a and 122b. More particularly, the body diode of the
discharge device 122a can replace the second surge protection diode Dsurge?2 (illustrated in
Figure 16). Likewise, the body diode of the discharge device 122b can replace the first surge
protection diode Dsurgel (illustrated in Figure 16). An advantageous feature of having two
discharge devices (e.g., discharge devices 122a and 122b) is that the body diodes of the
discharge devices can be used as surge protection devices so that the cost of surge protection

diodes (e.g., surge protection diodes Dsurgel and Dsurge2) can be saved.

[0072] Figure 18 illustrates yet another alternative for implementing the charge and
discharge devices in accordance with an embodiment. Figure 18 is similar to Figure 17 except
that the NMOS transistor of the charge device 124 can be replaced by a resistor and a diode
connected in parallel. In particular, the output of the bridgeless power factor correction circuit
100 charges the energy storage apparatus 120 through the resistor shown in Figure 18. The diode
connected in parallel with the resistor provides a protection for the energy storage apparatus 120.
In other words, the voltage of the energy storage apparatus 120 can be clamped to a voltage
approximately equal to the voltage of the output of the bridgeless power factor correction circuit

100.

[0073] Figure 19 illustrates a comparison between two holdup time extension mechanisms.
A power system 1902 comprises a power factor correction circuit and an isolated dc/dc converter.
As shown in Figure 19, the power factor correction circuit and the isolated dc/dc converter are
connected in cascade. In accordance with an embodiment, the output of the power factor
correction circuit is about 400V. The holdup time of the power system 1902 is illustrated in a
holdup time figure 1904. As indicated by a curve 1906, the holdup time of the power system

1902 is the discharge time of the output of the power factor correction circuit from 400V to the
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minimum operating voltage of the isolated dc/dc converter when an input line dropout occurs. In

accordance with an embodiment, the holdup time is about 20 ms.

[0074] In order to meet the holdup time requirement (e.g., 20 ms), two holdup time
extension mechanisms may be employed. A first holdup time extension mechanism is based
upon increasing the capacitance of the output of power factor correction circuit. On the other
hand, a second holdup time extension mechanism is based upon increasing the input operating
range of the isolated dc/dc converter. A curve 1912 illustrates a comparison between these two
mechanisms. In accordance with an embodiment, by changing the minimum operating voltage of
the 1solated dc/dc converter from 325V to 225V, the output capacitance of the power factor

correction circuit can be reduced by 50%.

[0075] Figure 20 illustrates an efficiency comparison between a power system employing a
wide input operating voltage range for an isolated dc/dc converter and the power system
employing a narrow input operating voltage range for the isolated dc/dc converter. In accordance
with an embodiment, when a narrow input operating voltage range (e.g., from 375V to 400V as
shown in Figure 20) is employed, a curve 2002 shows the efficiency of the isolated dc/dc
converter at a normal input voltage 400 V is up to 96%. In contrast, when a wide input operating
voltage range (e.g., from 300V to 400V) is employed, a curve 2004 shows the efficiency of the

isolated dc/dc converter at a normal input voltage 400 V is about 94%.

[0076] As described above with respect to Figures 9-16, the proposed holdup time circuit
can extend the holdup time for a bridgeless power factor correction circuit. At the same time, the
proposed holdup time circuit can maintain the input voltage of the isolated dc/dc converter
within a narrow range because the holdup time circuit is not directly coupled to the output of the

bridgeless power factor correction circuit. Instead, the holdup time circuit is coupled to the
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output of the bridgeless power factor correction circuit through a boost converter. Such a boost
converter helps to maintain the output of the bridgeless power factor correction circuit within a
narrow range when the input line dropout occurs. In sum, the holdup time circuit can improve the

efficiency of the isolated dc/dc converter.

[0077] Although embodiments of the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions and alterations can
be made herein without departing from the spirit and scope of the invention as defined by the

appended claims.

[0078] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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CLAIMS

1. A circuit comprising:
a charge device comprising
(a) a first terminal coupled to a bridgeless power factor correction circuit; and
(b) a second terminal coupled to an energy storage apparatus;
a discharge device comprising
(a) a third terminal coupled to the energy storage apparatus; and
(b) a fourth terminal coupled to the bridgeless power factor correction circuit;
the energy storage apparatus; and
the bridgeless power factor correction circuit comprising
(a) a first switch coupled between a first input of the bridgeless power factor
correction circuit and ground; and
(b) a second switch coupled between a second input of the bridgeless power factor

correction circuit and ground.

2. The circuit of claim 1, wherein the charge device is an n-type metal oxide semiconductor
transistor coupled between an output of the bridgeless power factor correction circuit and the

energy storage apparatus.

3. The circuit of claim 1, wherein:
the charge device is a diode coupled between an output of a first inductor of the
bridgeless power factor correction circuit and the energy storage apparatus; and

the discharge device is an n-type metal oxide semiconductor transistor coupled between
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an input of a second inductor of the bridgeless power factor correction circuit and the energy

storage apparatus.

4. The circuit of claim 1, wherein:

the charge device is a diode coupled between an output of a second inductor of the
bridgeless power factor correction circuit and the energy storage apparatus; and

the discharge device is an n-type metal oxide semiconductor transistor coupled between
an input of a first inductor of the bridgeless power factor correction circuit and the energy

storage apparatus.

5. The circuit of claim 1, wherein:
the charge device is a first n-type metal oxide semiconductor transistor coupled between
an output of the bridgeless power factor correction circuit and the energy storage apparatus; and
the discharge device is a second n-type metal oxide semiconductor transistor coupled
between an input of a first inductor of the bridgeless power factor correction circuit and the

energy storage apparatus.

6. The circuit of claim 1, wherein:
the charge device is a first n-type metal oxide semiconductor transistor coupled between
an output of the bridgeless power factor correction circuit and the energy storage apparatus; and
the discharge device is a second n-type metal oxide semiconductor transistor coupled
between an input of a second inductor of the bridgeless power factor correction circuit and the

energy storage apparatus.
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7. The circuit of claim 1, wherein:
the charge device is a first n-type metal oxide semiconductor transistor coupled between
an output of the bridgeless power factor correction circuit and the energy storage apparatus; and
the discharge device is formed by a second n-type metal oxide semiconductor transistor
and a third n-type metal oxide semiconductor transistor, wherein
(a) the second n-type metal oxide semiconductor transistor is coupled between an
input of a first inductor of the bridgeless power factor correction circuit and the energy storage
apparatus; and
(b) the third n-type metal oxide semiconductor transistor is coupled between an
input of a second inductor of the bridgeless power factor correction circuit and the energy

storage apparatus.

8. A system comprising:
a bridgeless power factor correction circuit comprising
(a) a first boost converter coupled between an input ac source and an output;
(b) a second boost converter coupled between the input ac source and the output;
(c) a first switch coupled between an input of the first boost converter and ground;
(d) a second switch coupled between an input of the second boost converter and
ground,
(e) a first surge protection diode coupled between the input of the first boost
converter and the output; and
(f) a second surge protection diode coupled between the input of the second boost
converter and the output;

a charge device comprising
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(a) a first terminal coupled to the bridgeless power factor correction circuit; and
(b) a second terminal coupled to an energy storage apparatus;
a discharge device comprising
(a) a third terminal coupled to the energy storage apparatus; and
(b) a fourth terminal coupled to the bridgeless power factor correction circuit; and

the energy storage apparatus.

9. The system of claim 8, further comprising a controller having control signal connections

to the charge device, the discharge device and the bridgeless power factor correction circuit.

10.  The system of claim 9, wherein the controller is configured to:

turn on the charge device and tumn off the discharge device when the input ac source is in
normal operation; and

turn on the discharge device and turn off the charge device when the input ac source has a

dropout.

11.  The system of claim 9, wherein the controller is configured to:

in a first half cycle of the input ac source, activate the first boost converter and the second
switch; and

in a second half cycle of the input ac source, activate the second boost converter and the

first switch.
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12. The system of claim 8, wherein:

the charge device is diode coupled between a first inductor of the first boost converter
and the energy storage apparatus; and

the discharge device is a switching element coupled between the energy storage apparatus

and an input of the second boost converter.

13. The system of claim 8, wherein:

the charge device is diode coupled between a second inductor of the second boost
converter and the energy storage apparatus; and

the discharge device is a switching element coupled between the energy storage apparatus

and an input of the first boost converter.

14. The system of claim 8, wherein:

the charge device is a first switching element coupled between an output of the bridgeless
power factor correction circuit and the energy storage apparatus; and

the discharge device is a second switching element coupled between the energy storage

apparatus and an input of the bridgeless power factor correction circuit.

15. The system of claim 8, wherein:
the charge device is a first switching element coupled between an output of the bridgeless
power factor correction circuit and the energy storage apparatus; and
the discharge device is formed by a second switching element and a third switching
element wherein
the second switching element is coupled between the energy storage apparatus

and a first input of the bridgeless power factor correction circuit; and
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the third switching element is coupled between the energy storage apparatus and a

second input of the bridgeless power factor correction circuit.

16. A method comprising:

charging an energy storage apparatus through a charge device, wherein the charge device
is coupled between a bridgeless power factor correction circuit and the energy storage apparatus;

detecting a dropout of an input ac source; and

discharging the energy storage apparatus through a discharge device, wherein the
discharge device is coupled between the energy storage apparatus and an input of the bridgeless

power factor correction circuit.

17. The method of claim 16, further comprising:

detecting a first half cycle of the input ac source;

activating a first boost converter and a second switch coupled between an input of a
second boost converter and ground; and

charging the energy storage apparatus from the first boost converter through the charge

device.

18. The method of claim 16, further comprising:

detecting a second half cycle of the input ac source;

activating a second boost converter and a first switch coupled between an input of a first
boost converter and ground; and

charging the energy storage apparatus from the second boost converter through the

charge device.
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19. The method of claim 16, further comprising:
detecting the dropout of the input ac source using a controller;
activating the discharge device using the controller; and

activating a first boost converter.

20. The method of claim 16, further comprising:
detecting the dropout of the input ac source using a controller;
activating the discharge device using the controller; and

activating a second boost converter.

32



PCT/CN2012/080618

WO 2013/029515

1/20

avol

| 81nbi4
901
/
18]|0u0YD
NN
PGS PPS ¢S FSEHS HHS
g l m¢mp
801AS(]
abireyn
ccl 0ct
PP
S 1S 2HSIHS S| ;
_‘ ,_\ & ,_‘ domeq | abeiolg
— — abreyosi(] ABisug
00}
INdMD O4d —
ssajabplg v%xw

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618

WO 2013/029515

2/20

0ot

2 @inbi4 901
)
Bjjonuon
A
¢S 'SeHS HHS
\wom
o

v
s

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618

WO 2013/029515

3/20

00t

€ a1nbi4

NN

pe
Ve

lajjonuon

901 e “

-
N

’ //
\:az 2

TT 17

r

zq % A 1q mm?smﬂa \ tebinsy

-

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618
4/20

WO 2013/029515

¥ ainbi4

90} et “

00t lajlonuon

AN T T 11 N4

2B \mmﬂ s 3P s R
m W \vow
1 e “ /
omw T 0 \)\V\O T S Aov
: PR EREEEES r.# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, k
T AN g

“ « q nm@:wﬁ_% %\ vebinscy

g T >

g

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618

WO 2013/029515

5720

G ainbi4
mmop ..................................
00} lojjoljuon xa:y
AN 7T 11 R
mmmm s s Wm S
w 7ol
=" I @M,\

NO \ A g N@?:mﬁ_

% EmEmQ

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618
6/20

WO 2013/029515

9 ainbi4

00} lsjjonuon \ﬁrﬁy
AN 7T 1] I

| 28 .«Mmﬂ Zes ¥ s
\vow
P Lo “ m %
OW— m m = m ............. NAAAS T _,,m ....... .” ®O<
“ [r\rmx\ | m
2q * w \« g zabins(y % \\ 1ebinsy

;;;;;;;;;;;;;;;;;;;;;

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618

WO 2013/029515

7/20

00}

/ @inbi4
901

AN

lajjonuon

AN T 1T

” ND% A 1q zebinsqg N\ « Lebinsy

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

T 0 ]C“x@ U ) (S M®o<

Y01

N

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618

WO 2013/029515

8/20

00t

8 a1nbi4

18jj01U0D

T T 77

901

xxxxxxxxxxxxxxxxxxxxxxxxxx

,,,,,,,,,,,,

% E@:mo

>

4q % A 'q Nmm.st ﬂ.

SUBSTITUTE SHEET(RULE 26)



WO 2013/029515

9/20
< 3
NV =
Il /
11
S
———] &
-------- i e fi )
- 1Y] p
_k 5
- W 0o i
e 1¥T
\J\o KN
N 17}
¢ LYT
Y % o
' ; a n
Y e B
P LAl 0
: : L/
S 0o e
; i < o
e [4Y] ad
(V]

SUBSTITUTE SHEET(RULE 26)

PCT/CN2012/080618



PCT/CN2012/080618
10/20

WO 2013/029515

01 @1nbi4
001

et — i
—zs +Hu7|w| mu s H_Hu N
mvor
omw Loy ¥
B S — — o
I 1
I T AAAY o
|
«a a o web y
« " ﬂ & :mn_« ﬂ 196, "sq \NN_,
v” { e O DY
,,,,,, e = V4 ﬂ
v | “H ;;;;; 7 _,I
" S e S SR
m !_UIIIHU_JH ;;;;;;;

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618

WO 2013/029515

11/20

00l

L @anbi4

vOol

v

— e —— — — —

N~

B T ——

SUBSTITUTE SHEET(RULE 26)



WO 2013/029515 PCT/CN2012/080618

12/20
o
o 2
NV /
I
& J
0——" !
0
g |l
MEON '5 L(EIT o
i _‘?é B
: [
y | gl
P\,\j« ...........
a '__“E_ - ’ lmr
T i l ?
dl, Lo
....... B

AC

SUBSTITUTE SHEET(RULE 26)



WO 2013/029515 PCT/CN2012/080618

13/20
e S
AV =
[ /
I}
S
< o)
[qV]
- r"—‘l‘——]
i 8
........ I——H——I " ™
s LY] -
L « ¢ i
__“___", Qf:}’
e Lul
NN
[ow]
o

e

SR, |

Dsurge1 %
} o |

............

SUBSTITUTE SHEET(RULE 26)



WO 2013/029515

14/20

100

P I
: : 1
s s
5 — 1 &
5 P ]
......... o —i4 1YT
g r
1
' "5 1YT
- 5 Cy ]
i T 19T
‘ 1LYT
§ -
P LET ()
T o
S ‘ < I

SUBSTITUTE SHEET(RULE 26)

Figure 14

PCT/CN2012/080618



WO 2013/029515 PCT/CN2012/080618

15/20

100

D2
Co

]
N kil
NN
S &
g — [ l w
- 1YT d -~
"""" L f3 o ;I L%
: l—l"‘j
............. LYT
3
7
r——“‘——l
LY]
5 < =
g o
a i~ «»
Q
<
LE] <
o~
o

SUBSTITUTE SHEET(RULE 26)



WO 2013/029515

16/20

&
—— NN/
-
DL o
i TFL 5 ©
| ]
S— i YT
N o)
_ ]
—¢ 1YT
0
- e &
: o —d ed
d—IHI' dg ]
i i 17
O o
S ¢|
]
—1< 1YT
. B <t o
H : g (ew]
§|T°"|“ = A @
e O
LS U 4 Q
g N <
UL S

DUDOL1LIUILE OSHRRET(KIN.H 7A]

100

Figure 16

SUBSTITUTE SHEET(RULE 26)

PCT/CN2012/080618



WO 2013/029515 PCT/CN2012/080618

17/20
A S
- |_ I /
R S U
R
-t
N O
LL
1 ~
a o
- Q E
: : L
— 9 ¢
L )
- 2
& O
- S
m
,,,,,,,,,,,, <t
: ] =
LT 5
o
LT & 2
5 f—n—l .
LS

SUBSTITUTE SHEET(RULE 26)



WO 2013/029515 PCT/CN2012/080618

18/20
hg o
— AMA——— 8
|| /
1
S
)
e~
&
’ T
—]i 2
o o
o o =S
AN o g
1 O
- ‘;\;\ O)
8 O
- S
M
e <
: : 2
alie \‘\® }
S QN =)
s 8 2
P
1.{.1 NG

SUBSTITUTE SHEET(RULE 26)



PCT/CN2012/080618
19/20

WO 2013/029515

64 @inbi4
Y061
............................................................................................................ CI—
: (A} oBejjor uoneiad : uj Wi
ol 02 :o:«cmomuo 200a “% e 0585 . M T@IONI'M
m Q- . i
Im AL oo ,m. m " m
m < ]| g6t g 8061 | A
L[ dnozexe - 009 B _ I
: t o S s I “!..i.......".u..n_c.ﬂ\n..
o008 X 1
4nogexe | 3 ! 4 1
_ 9061 ROUF"
e RS- < o 5 | “
4n02exy _.._ 3 ! .
W awn dnpjoH Ay
L N

U

SUBSTITUTE SHEET(RULE 26)



WO 2013/029515 PCT/CN2012/080618

20/20

A
400

2004

2002”
380

360

Vin(V)

Efficiency
Figure 20

340

320

!

< o

S »
(%) Aouaroiyg

300

96
90

SUBSTITUTE SHEET(RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2012/080618

A. CLASSIFICATION OF SUBJECT MATTER

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: HO2M

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

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

WPLEPODOC CNKI,CNPAT: capacitor, capacitance, cell, battery, storage, charg???, discharg???, PFC, power w factor, boost, holdup w
time, hold w up

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

14

X CN101645660A (ACBEL POLYTECH INC.) 10 Feb. 2010(10.02.2010) page 5-page 8, figures
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X See patent family annex.

* Special categories of cited documents:
“A” document defining the general state of the art which is not
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which is cited to establish the publication date of another
citation or other special reason (as specified)

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

“P” document published prior to the international 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 application 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
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