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A power converter having a bootstrap refresh control circuit 
and a method for controlling the power converter. The boot 
strap refresh control circuit is configured to monitor a boot 
strap Voltage across a bootstrap capacitor and to provide an 
enhanced high side driving signal to a high side Switch of the 
power converter. The bootstrap refresh control circuit is fur 
ther configured to controlling the charging of the bootstrap 
capacitor through regulating the on and off Switching of the 
high side switch and a low side switch based on the bootstrap 
voltage. The bootstrap refresh control circuit can refresh the 
bootstrap Voltage in time to Support driving the high side 
Switch normally, without causing large spikes in an output 
voltage of the power converter and without influencing the 
power conversion efficiency of the power converter. 
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Method for Controlling a Power 
Converter 
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BOOTSTRAP REFRESH CONTROL CIRCUIT, 
POWER CONVERTER AND ASSOCIATED 

METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application claims the benefit of CNApplica 
tion No. 201210315162.5, filed on Aug. 30, 2012, and incor 
porated herein by reference. 

TECHNICAL FIELD 

0002. This disclosure relates generally to power convert 
ers, and more particularly but not exclusively relates to 
switching power converters and bootstrap refresh. 

BACKGROUND 

0003 Power converters such as switch-mode Voltage 
regulators are widely used in various electronic devices for 
sourcing power to the electronic devices from a power source. 
Taking a buck type switching regulator for example, the buck 
switching regulator generally has relatively high conversion 
efficiency, wide bandwidth and good loop stability with 
sample loop compensation, and is thus popular in converting 
high input voltage to relatively low output Voltage applica 
tions. FIG. 1 illustrates schematically a typical buck type 
DC-DC voltage converter 50. In brief, the voltage converter 
50 is configured to receive an input voltage Vin at its input 
terminal IN, and convert the input voltage Vin into an appro 
priate output voltage Vo through controlling a high side 
switch Mrs and a low side switch Ms to switch on and offin 
a complementary manner. The Voltage converter 50 com 
prises a control circuit 51 for providing control signals to the 
high side switch Mrs and the low side switch Mrs. The high 
side switch Mrs and the low side switch Ms are connected in 
series between the input terminal IN and reference ground 
GND, the common connection SW (also referred to as 
switching voltage output node SW) is coupled to an output 
terminal OUT of the voltage converter 50 via an inductive 
energy storage component Lo. A capacitive energy storage 
component Co is coupled between the output terminal OUT 
and the reference ground GND to smooth the output voltage 
Vo. 
0004. The high side switch Mits may comprise an N-chan 
nel power switching device, such as an N-channel FET or an 
N-channel DMOS etc. to save chip area, reduce the size and 
improve the performance of the voltage converter 50. In this 
situation, in order to make the high side switch Ms to be fully 
turned on (i.e., to make the high side Switch Ms to operate in 
saturation region in which the Switch Ms has a quite small on 
resistance), a voltage applied between a control terminal and 
a terminal connected to the node SW of the high side switch 
Ms must be large enough, at least larger than a turn on 
threshold voltage of the switch Ms. For instance, in the 
example where the high side switch is a FET/DMOS, the 
voltage between a gate terminal and a source terminal (con 
nected to the node SW) of the FET/DMOS must be larger than 
a turn on threshold of the FET/DMOS. However, when the 
high side switch Ms is on, the voltage at the node SW can 
reach the input voltage Vin, and thus a voltage higher than the 
input voltage Vin must be provided to the control terminal of 
the high side switch Misso as to turn it on completely. 
0005. Therefore, in order to generate a voltage higher than 
the input voltage Vin, the voltage converter 50 generally 
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further comprises a bootstrap circuit 52. The bootstrap circuit 
52 is configured to provide a bootstrap Voltage Vs refer 
enced to the voltage at the node SW. The bootstrap voltage 
Vs can be used to enhance the driving capability of the 
control signal DR provided to the control terminal of the 
high side switch Ms., so that the control signal DR can drive 
the high side switch Ms to turn on and offin good condition. 
In the example of FIG. 1, the bootstrap circuit 52 is illustrated 
to comprise a diode DB and a bootstrap capacitor CB con 
nected in series between a bootstrap supply terminal VB and 
the switching voltage output node SW, wherein a cathode of 
the diode DB is connected to the bootstrap supply terminal 
VB, an anode of the diode DB is connected to a first terminal 
of the bootstrap capacitor CB, and a second terminal of the 
bootstrap capacitor CB is connected to the node SW. The 
bootstrap supply terminal VB is configured to receive a boot 
strap supply voltage, and a voltage across the capacitor CB is 
provided as the bootstrap Voltage Vs. The operating prin 
ciples of the bootstrap circuit 52 can be easily understood by 
the ordinary artisan. When the high side switch Mrs is turned 
off and the low side switch Ms is turned on, the bootstrap 
capacitor CB is charged by the bootstrap supply voltage till 
the voltage across the bootstrap capacitor CB reaches the 
bootstrap voltage Vs. When the high side switch Mrs is 
turned on and the low side switch Ms is turned off, the input 
voltage Vin of the voltage converter 50 is transmitted to the 
switching voltage output node SW, i.e., the Voltage at the 
second terminal of the bootstrap capacitor CB is pulled up to 
the input voltage Vin. Thus, the voltage at the first terminal of 
the bootstrap capacitor CB is raised to a Voltage higher than 
the input voltage Vin, substantially equals to the input Voltage 
Vin superposing the bootstrap voltage Vs. As the Voltage at 
the first terminal of the bootstrap capacitor CB reaches to the 
input voltage Vin plus the bootstrap voltage Vs the diode 
DB is reversely biased and is thus turned off so as to protect 
the bootstrap supply voltage source from being damaged by 
the relatively higher input voltage Vin. 
0006. In view of the above, it can be understood that the 
bootstrap capacitor CB can not be charged/recharged to 
refresh the bootstrap voltage Vs unless the low side switch 
Ms is turned on. However, in certain circumstances, the 
bootstrap capacitor CB may not have enough charge stored 
and may not be charged/recharged in time, resulting in the 
bootstrap voltage Vs to be decreased, which may cause the 
control signal DR, to not be able to drive the high side switch 
Ms to turn on and off properly. In such a situation, the 
voltage converter 50 will no longer be able to operate nor 
mally, which is not desired. For example, when the Voltage 
converter 50 operates in light load or no load condition, the 
control circuit 51 is configured to reduce the on time and/or 
the switching frequency of the high side switch Mrs and the 
low side switch Ms to improve the conversion efficiency of 
the converter 50. However, this may lead to the capacitor CB 
not being able to be charged/recharged in time because the on 
time of the low side switch Ms is too short or the high side 
switch Mrs and the low side Switch Ms do not switch in a 
relatively longtime. In other circumstance, for example, if the 
desired value of the output voltage Vo is close to the input 
voltage Vin, the high side switch Mrs has to operate in quite 
high duty cycle or 100% duty cycle, wherein the duty cycle 
refers to a percentage of the on time of the high side switch 
Ms in the switching cycle of the Switches Mrs and Ms. In 
this case, the on time of the low side switch Ms in one 
switching cycle may be quite short or the low side switch Ms. 
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may even have no chance to turn on, resulting that the boot 
strap capacitor CB can not be charged/recharged in time to 
store enough electrical charges to provide a high enough 
bootstrap voltage Vs. The bootstrap capacitor CB should 
wait till the output voltage Vo drops, which implies that the 
duty cycle decreases and the on time of the low side switch 
Ms increases, in order to be charged/recharged so as to 
refresh the bootstrap Voltage Vs (i.e., to make the bootstrap 
Voltage Vs restore to a high enough value). However, this 
event can result in large spikes in the output Voltage Vo. For 
example, Supposing the converter 50 has a 6V input Voltage 
Vin and a 3.3V desired output voltage Vo, a 3V bootstrap 
Voltage Vs is required to ensure the high side Switch Ms to 
be turned on and off normally. In this example, if an output 
current drawn from the converter 50 by a load is relatively 
small or no output current is drawn (i.e., the converter 50 
operates in light load or no load condition), the bootstrap 
Voltage Vs will decrease to lower than 2.7V, inducing the 
high side Switch Mrs not being able to turn on normally. The 
bootstrap capacitor CB should wait until the output voltage 
Vo decreases to lower than 3V in order to be recharged so that 
the bootstrap voltage Vs can refresh/restore to 3V. Then, the 
high side switch Mrs and the low side Switch Ms can Switch 
normally to regulate the output Voltage Vo to resume to its 
desired value 3.3V. However, each time the output voltage Vo 
resumes from lower than 3V to 3.3V, a large spike occurs, 
which is harmful to the converter 50 and the load, and thus is 
undesirable. 
0007. A need therefore exists for solving the problem of 
refreshing the bootstrap Voltage Vs timely in power con 
Verters. 

SUMMARY 

0008. In accomplishing the above and other objects, there 
has been provided, in accordance with an embodiment of the 
present disclosure, a bootstrap refresh control circuit for a 
power converter, wherein the power converter comprises a 
high side Switch, a low side Switch and a bootstrap capacitor 
for providing a bootstrap Voltage to Supply a high side driver 
of the high side switch, and wherein the power converter is 
configured to receive an input voltage and to provide an 
output Voltage and an output current based on driving the high 
side switch and the low side switch to switch on and off. The 
bootstrap refresh control circuit may include a first compari 
son module having a first comparing input terminal, a second 
comparing input terminal and a first comparing output termi 
nal. The first comparing input terminal is configured to 
receive the bootstrap Voltage, the second comparing input 
terminal is configured to receive a first threshold signal, and 
the first comparison module is configured to compare the 
bootstrap voltage with the first threshold signal to provide a 
bootstrap refresh signal at the first comparing output terminal. 
The bootstrap refresh control circuit may further include a 
control module having a first control input terminal config 
ured to receive the bootstrap refresh signal, wherein the con 
trol module is configured to regulate the on and off Switching 
of the high side switch and the low side switch at least par 
tially based on the bootstrap refresh signal so as to control 
charging of the bootstrap capacitor. 
0009. There has also been provided, in accordance with an 
embodiment of the present disclosure, a power converter. The 
power converter may have an input port configured to receive 
an input Voltage, and an output port configured to provide an 
output Voltage and an output current to Supply a load. The 
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power converter may comprise a high side Switch and a low 
side Switch coupled in series between the input port and a 
reference ground, wherein the high side switch and the low 
side Switch has a common connection forming a Switching 
output terminal configured to provide a Switching Voltage. 
The power converter may further comprise an output filter 
coupled between the Switching output terminal and the output 
port to convert the Switching Voltage into the Smoothed output 
Voltage. The power converter may further comprise a boot 
strap circuit and a bootstrap refresh control circuit. The boot 
strap circuit may comprise a bootstrap capacitor coupled to 
the input port and the low side switch, wherein the bootstrap 
circuit is configured to charge the bootstrap capacitor to pro 
vide a bootstrap voltage when the low side switch is turned 
on. The bootstrap refresh control circuit may have a bootstrap 
input terminal configured to receive the bootstrap Voltage, 
and an output control terminal configured to provide an 
enhanced high side driving signal to the high side Switch for 
driving the high side switch to switch on and off periodically, 
wherein the bootstrap refresh control circuit is further con 
figured to controlling the charging of the bootstrap capacitor 
through regulating the on and off Switching of the high side 
switch and the low side switch based on the bootstrap voltage. 
0010. There has also been provided, in accordance with an 
embodiment of the present disclosure, a method for control 
ling a power converter, wherein the power converter com 
prises a high side Switch, a low side Switch and a bootstrap 
capacitor for providing a bootstrap Voltage to Supply a high 
side driver of the high side switch, and wherein the power 
converter is configured to receive an input Voltage and to 
provide an output Voltage and an output current based on 
driving the high side switch and the low side switch to switch 
on and off. The method may comprise: sensing the bootstrap 
Voltage across the bootstrap capacitor, comparing the boot 
strap Voltage with a first threshold signal to provide a boot 
strap refresh signal based on the comparison of the bootstrap 
Voltage and the first threshold signal; and regulating the on 
and off switching of the high side switch and the low side 
switch based at least partially on the bootstrap refresh signal 
in order to control charging of the bootstrap capacitor to 
refresh the bootstrap voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The following detailed description of various 
embodiments of the present invention can best be understood 
when read in conjunction with the following drawings, in 
which the features are not necessarily drawn to scale but 
rather are drawn as to best illustrate the pertinent features. 
0012 FIG. 1 illustrates a block diagram of a typical buck 
type DC-DC voltage converter 50. 
0013 FIG. 2 illustrates a schematic diagram of a power 
converter 100 in accordance with an exemplary embodiment 
of the present invention. 
0014 FIG. 3 illustrates a schematic diagram of a power 
converter 200 in accordance with an alternative exemplary 
embodiment of the present invention. 
0015 FIG. 4 illustrates a schematic diagram of a fre 
quency control circuit 204 in accordance with an exemplary 
embodiment of the present invention. 
0016 FIG. 5 illustrates an operation waveform diagram of 
the power converter 200 in accordance with an exemplary 
embodiment of the present invention. 
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0017 FIG. 6 illustrates a flow diagram of a method for 
controlling a power converter in accordance with an exem 
plary embodiment of the present invention. 
0018. The use of the same reference label in different 
drawings indicates the same or like components or structures 
with substantially the same functions for the sake of simplic 
1ty. 

DETAILED DESCRIPTION 

0019 Various embodiments of the present invention will 
now be described. In the following description, some specific 
details, such as example circuits and example values for these 
circuit components, are included to provide a thorough under 
standing of embodiments. One skilled in the relevant art will 
recognize, however, that the present invention can be prac 
ticed without one or more specific details, or with other meth 
ods, components, materials, etc. In other instances, well 
known structures, materials, processes or operations are not 
shown or described in detail to avoid obscuring aspects of the 
present invention. 
0020. Throughout the specification and claims, the term 
“coupled, as used herein, is defined as directly or indirectly 
connected in an electrical or non-electrical manner. The terms 
“a,” “an and “the include plural reference, and the term “in” 
includes “in” and “on”. The phrase “in one embodiment, as 
used herein does not necessarily refer to the same embodi 
ment, although it may. The term 'or' is an inclusive 'or' 
operator, and is equivalent to the term “and/or herein, unless 
the context clearly dictates otherwise. The term “based on' is 
not exclusive and allows for being based on additional factors 
not described, unless the context clearly dictates otherwise. 
The term “circuit’ means at least either a single component or 
a multiplicity of components, either active and/or passive, 
that are coupled together to provide a desired function. The 
term “signal” means at least one current, Voltage, charge, 
temperature, data, or other signal. Where either a field effect 
transistor (“FET) or a bipolar junction transistor (“BJT) 
may be employed as an embodiment of a transistor, the scope 
of the words “gate”, “drain', and “source' includes “base'. 
“collector, and "emitter', respectively, and vice versa. Those 
skilled in the art should understand that the meanings of the 
terms identified above do not necessarily limit the terms, but 
merely provide illustrative examples for the terms. 
0021 FIG. 2 illustrates a schematic diagram of a power 
converter 100 in accordance with an exemplary embodiment 
of the present invention. The power converter 100 may com 
prise an input port IN configured to receive an input Voltage 
Vin; an output port OUT configured to provide an output 
Voltage Vo and an output current Io for Supplying a load. The 
power converter 100 further comprises a switch module illus 
trated as to comprise a high side Switch Mrs and a low side 
switch Mrs coupled in series between the input terminal IN 
and a reference ground GND, wherein the high side switch 
Ms and the low side Switch Ms has a common connection 
SW referred to in the following as a switching output terminal 
SW, providing a Switching Voltage Vs. The power converter 
100 further comprises an output filter 101 coupled between 
the switching output terminal SW and the output port OUT to 
convert the Switching Voltage Vs into the Smoothed output 
voltage Vo. The power converter 100 further comprises a 
bootstrap circuit 102 and a control circuit 103. The bootstrap 
circuit 102 may at least comprise a bootstrap capacitor CB 
coupled to the input port IN and the low side switch Ms. and 
the bootstrap circuit 102 is configured to charge the bootstrap 
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capacitor CB when the low side switch Ms is turned on, to 
provide a bootstrap Voltage Vs. The control circuit 103 may 
at least comprise a bootstrap input terminal configured to 
receive the bootstrap voltage Vs, and an output control 
terminal configured to provide an enhanced high side driving 
signal DR to the high side switch Ms to drive the high side 
Switch Mrs Switching on and off periodically. The control 
circuit 103 is further configured to controlling the charging of 
the bootstrap capacitor CB through regulating the on and off 
Switching of the high side Switch Mrs and the low side Switch 
Ms based on the bootstrap Voltage Vs. 
0022. In the exemplary embodiment of the present inven 
tion of FIG. 2, the power converter 100 is configured to have 
a buck (step-down) type topology and may be referred to as a 
buck (step down) Switching regulator circuit. The high side 
Switch Mrs and the low side Switch Ms are illustrated as to 
comprise MOSFETs. The output filter 101 is illustrated as to 
comprise an inductive energy storage component Lo coupled 
between the switching output terminal SW and the output 
port OUT, and a capacitive energy storage component Co 
coupled between the output port OUT and the reference 
ground GND. During the switching on and off of the high side 
Switch Mrs and the low side Switch Ms., a high side Switch 
ing current I flows through the high side switch Ms., and an 
inductor current I flows through the inductive energy Stor 
age component Lo. However, the ordinary artisan should 
understand that the embodiment of FIG. 2 is not intended to 
be limiting. For example, in other embodiments, the high side 
switch Ms may comprise other controllable Switching 
device such as JFET, BJT, IGBT etc. Similarly, the low side 
Switch Ms may also comprise other Switching device, 
including controllable MOSFET, JFET, IGBT, freewheeling 
diode etc. In still other embodiments, the power converter 100 
may have other converter topologies and may be configured 
as other types of Switching converters, such as boost type, 
buck-boost type, flyback type etc. 
0023. In accordance with an embodiment, the control cir 
cuit 103 is configured to further receive a bootstrap refresh 
threshold (a first threshold) signal Vth 1, and to compare the 
bootstrap voltage Vs with the first threshold signal Vth 1 to 
provide a bootstrap refresh signal RFS. If the bootstrap volt 
age Vs drops lower than the first threshold signal Vth 1, 
which indicates that the bootstrap Voltage Vs is too low to 
enhance the driving capability of the high side driving signal 
DR, the high side Switch Ms can not be driven on/switched 
on/turned on normally/completely. In an exemplary embodi 
ment of the present invention, the bootstrap refresh signal 
RFS may have a first logic State (e.g., logic high in the 
example of FIG. 2) when the bootstrap Voltage Vs drops 
lower than the first threshold signal Vth 1. In this situation, the 
control circuit 103 is configured in response to the bootstrap 
refresh signal RFS to regulate the high side Switch Mrs and 
the low side switch Ms to switch on and off complementarily 
with a substantially constant Switching frequency. In this way, 
the low side Switch Ms can have a proper on time during each 
switching cycle to enable the bootstrap capacitor CB to be 
recharged, and after several Switching cycles the electrical 
charges on the bootstrap capacitor CB are gradually accumu 
lated and the bootstrap Voltage Vs is gradually increased 
until it is higher than the first threshold signal Vth 1. The term 
“Switch on and off complementarily/in complementary/in a 
complementary manner used in this disclosure means that 
when the high side Switch Mrs is turned on, the low side 
switch is turned off, and vice versa. When the bootstrap 
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Voltage Vs exceeds the first threshold signal Vth 1, which 
indicates that the bootstrap Voltage Vs is high enough for 
enhancing the driving capacity of the high side driving signal 
DR, the high side Switch Ms can be driven on/switched 
on/turned on normally/completely. In an exemplary embodi 
ment of the present invention, the bootstrap refresh signal 
RFS may have a second logic State (e.g., logic low in the 
example of FIG. 2) when the bootstrap Voltage Vs is 
increased higher than the first threshold signal Vth 1. In this 
situation, the control circuit 103 is configured in response to 
the bootstrap refresh signal RFS to regulate the high side 
Switch Mrs and the low side Switch Ms to Switch on and off 
according to the output Voltage Vo and the load condition 
(e.g., no load, light load, normal load, heavy load or full load 
etc.) at the output port OUT. For instance, when the bootstrap 
Voltage Vs is higher than the first threshold signal Vth 1, 
under normal load or relatively heavy load condition, the 
control circuit 103 is configured to control the high side 
Switch Mrs and the low side Switch Ms to Switch on and off 
in complementary with a Substantially constant frequency in 
pulse width modulation (PWM) mode according to the output 
voltage Vo and the load condition; while under relatively light 
or no load condition, the control circuit 103 is configured to 
control the high side Switch Mrs and the low side Switch Ms. 
to switch on and off in pulse frequency modulation (PFM) 
mode with a variational frequency (generally smaller than the 
constant frequency) to reduce power loss of the power con 
verter 100. 

0024. In an exemplary embodiment of the present inven 
tion, when the bootstrap Voltage Vs is increased higher than 
the first threshold signal Vth 1, the control circuit 103 is con 
figured in response to the bootstrap refresh signal RFS to 
regulate the high side Switch Mrs and the low side Switch Ms. 
to Switch on and off complementarily according to the output 
Voltage Vo and the output current Io, because the output 
current Io can actually indicate the load condition at the 
output port OUT of the power converter 100. A larger output 
current Io indicates a heavier load condition while a smaller 
output current Io indicates a lighter load condition. For 
instance, a relatively large output current Io corresponds to a 
relatively heavy load condition, a relatively small output cur 
rent Io corresponds to a relatively light load condition, and a 
Substantially Zero output current Io corresponds to a no load 
condition. 

0025. In accordance with the various embodiments of the 
present invention described with reference to FIG. 2, the 
control circuit 103 is configured to control the charging/ 
recharging of the bootstrap capacitor CB through regulating 
the high side Switch Mrs and the low side Switch Ms to 
Switch on and offin complementary based on the bootstrap 
Voltage Vs. So that the bootstrap Voltage Vs can be 
refreshed/restored in time to enable the control circuit 103 to 
provide the enhanced high side driving signal DR based on 
the bootstrap Voltage Vs in order to drive the high side 
Switch Ms. Switching normally. Since the regulating of the on 
and off switching of the high side Switch Mrs and the low side 
Switch Ms is at least partially based on the bootstrap Voltage 
Vs, the control circuit 103 is able to change the on and off 
Switching parameters such as the on time and the Switching 
frequency of the high side Switch Mrs and the low side Switch 
Ms immediately according to the status of the bootstrap 
Voltage Vs, so that when the bootstrap Voltage Vs drops 
too low (e.g., lower than the first threshold signal Vth 1), the 
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low side Switch Ms can have enough chance to turn on for 
charging the bootstrap capacitor CB in order to refresh the 
bootstrap Voltage Vs. 
0026. In accordance with an embodiment of the present 
invention, the first threshold signal Vth 1 may comprise a first 
low threshold V, and a first high threshold V, wherein the 
first low threshold V, is higher than a ground potential of the 
reference ground GND and lower than the first high threshold 
V. In this exemplary embodiment, if the bootstrap voltage 
Vs, drops lower than the first low threshold V, the boot 
strap refresh signal RFS changes to the first logic state (e.g., 
logic high in the example of FIG. 2), and the control circuit 
103 is configured to regulate the high side Switch Mrs and the 
low side switch Ms to switch on and off complementarily 
with a Substantially constant Switching frequency in response 
to the bootstrap refresh signal RFS. In this way, the bootstrap 
capacitor CB can be recharged during each Switching cycle 
when the low side switch Mrs is on to refresh the bootstrap 
Voltage Vs. gradually. When the bootstrap Voltage Vs is 
charged or refreshed to be higher than the first high threshold 
V, the bootstrap refresh signal RFS changes to the second 
logic state (e.g., logic low in the example of FIG. 2), and the 
control circuit 103 is configured to regulate the high side 
Switch Mrs and the low side Switch Ms to Switch on and off 
according to the output Voltage Vo and the load condition 
(e.g., the output current Io indicating the load condition) at the 
output port OUT. According to this exemplary embodiment, 
the first threshold signal Vth 1 has a hysteresis between the 
first low threshold V, and the first high threshold V, so as 
to reduce the possibility of false trigger due to small vibra 
tions of the bootstrap Voltage Vs. 
0027. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 2, the bootstrap 
capacitor CB is coupled between the input port IN and the 
Switching output terminal SW and is configured to be charged 
when the low side switch Mrs is on to refresh the bootstrap 
Voltage Vast. 
0028. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 2, the bootstrap 
circuit 102 may further comprise a bootstrap switch DB, 
coupled between the input port IN and the bootstrap capacitor 
CB. The bootstrap switch DB is configured to switch on and 
off in synchronous with the low side switch Ms. That is to 
say, when the low side switch Ms is switched on, the boot 
strap SwitchDB is also Switched on to provide a charging path 
for the bootstrap capacitor CB from the input port IN to the 
reference ground GND, when the low side switch Ms is 
switched off, the bootstrap switch DB is also switched off to 
improve the ruggedness of the bootstrap circuit 102. In FIG. 
2, the bootstrap switch DB is illustrated as to comprise a 
diode. However, one having ordinary skill in the art should 
understand that this is not intended to be limiting. In other 
embodiments, for example, the bootstrap switch DB may 
comprise other controllable switching devices, such as MOS 
FET, JFET, and BJT etc. In the example where the bootstrap 
switch DB comprises a controllable switching device, the 
control circuit 103 is further configured to provide a driving 
signal to the controllable switching device DB for controlling 
it to switch on and offin synchronous with the low side switch 
Ms. 
0029. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 2, the bootstrap 
circuit 102 may further comprise a bootstrap regulator 
BSTREG. The bootstrap regulator BSTREG having a regu 
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lator input terminal coupled to the input port IN and a regu 
lator output terminal coupled to the bootstrap capacitor CB, is 
configured to regulate the input Voltage Vin into a bootstrap 
Supply Voltage VB appropriate for charging the bootstrap 
capacitor CB. In this embodiment, a maximum value that the 
bootstrap Voltage Vs can be charged to is limited to the 
bootstrap Supply Voltage VB. For example, assuming the 
input voltage Vin is 12V, and a 5V bootstrap Voltage Vs is 
desired, the bootstrap regulator BSTREG can be configured 
to regulate the 12V input voltage Vin into a 5V bootstrap 
Supply Voltage VB so that the bootstrap Voltage Vs can be 
increased to 5V (rather than 12V without the bootstrap regu 
lator BSTREG) through charging the bootstrap capacitor CB. 
In an exemplary embodiment, the bootstrap regulator 
BSTREG may comprise a linear low drop out voltage regu 
lator. 

0030. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 2, the control 
circuit 103 may comprise a first comparison module 104. The 
first comparison module 104 may at least comprise a first 
comparing input terminal, a second comparing input terminal 
and a first comparing output terminal, wherein the first com 
paring input terminal (e.g., the '-' input terminal of 104 
illustrated in FIG. 2) is configured to receive the bootstrap 
Voltage Vs, the second comparing input terminal (e.g., the 
“+ input terminal of 104 illustrated in FIG. 2) is configured 
to receive the first threshold signal Vth 1, and the first com 
parison module 104 is configured to compare the bootstrap 
voltage Vs with the first threshold signal Vth 1 to provide 
the bootstrap refresh signal RFS at the first comparing output 
terminal. 

0031. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 2, the control 
circuit 103 may further comprise a control module 105. The 
control module 105 may at least have a first control input 
terminal configured to receive the bootstrap refresh signal 
RFS, and is configured to regulate the on and off switching of 
the high side Switch Mrs and the low side Switch Mrs at least 
partially based on the bootstrap refresh signal RFS so as to 
control the charging of the bootstrap capacitor CB. 
0032. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 2, the control 
module 105 may further have a second control input terminal 
and a third control input terminal, wherein the second control 
input terminal is configured to sense the output Voltage Vo, 
and the third control input terminal is configured to sense the 
output current Io indicating the load condition at the output 
port OUT. The control module 105 is configured to provide a 
high side control signal SH and a low side control signal SL 
based on the bootstrap refresh signal RFS, the output voltage 
Vo and the output current Io. When the bootstrap refresh 
signal RFS is at the first logic state (e.g., logic high in the 
example of FIG. 2), the high side control signal SH and the 
low side control signal SL are respectively configured to 
regulate the high side Switch Mrs and the low side Switch Ms. 
to switch on and off complementarily with a substantially 
constant switching frequency, so that the low side switch Ms. 
has an appropriate on time during each Switching cycle to 
charge the bootstrap capacitor CB for refreshing the bootstrap 
voltage Vs. When the bootstrap refresh signal RFS is at the 
second logic State (e.g., logic low in the example of FIG. 2), 
the high side control signal SH and the low side control signal 
SL are respectively configured to regulate the high side 
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Switch Mrs and the low side Switch Ms to Switch on and off 
according to the output voltage Vo and the output current Io. 
0033. In accordance with an exemplary embodiment of 
the present invention, the control module 105 may be config 
ured to sense the output current Io through sensing the induc 
tor current I or the high side Switching current I, and to 
provide a load signal Vindicating the load condition at the 
output port OUT based on the inductor current I, or the high 
side Switching current I. 
0034. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 2, the control 
circuit 103 may further comprise a driving module 106 hav 
ing a first driving input terminal, a second driving input ter 
minal, a third driving input terminal, a first driving output 
terminal and a second driving output terminal, wherein the 
first driving input terminal is configured to receive the boot 
strap Voltage Vs, the second driving input terminal is con 
figured to receive the high side control signal SH, the third 
driving input terminal is configured to receive the low side 
control signal SL. The driving module 106 is configured to 
provide the enhanced high side driving signal DR at the first 
driving output terminal based on the bootstrap Voltage Vs. 
and the high side control signal SH, and is further configured 
to provide an enhanced low side driving signal DR at the 
second driving output terminal based on the low side control 
signal SL, wherein the high side driving signal DR is con 
figured to drive the high side Switch Ms to Switch on and off. 
while the low side driving signal DR, is configured to drive 
the low side switch Ms to Switch on and off. 
0035. In accordance with an exemplary embodiment of 
the present invention, the driving module 106 may comprise 
a high side driver 106, and a low side driver 106. The high 
side driver 106 is configured to receive the bootstrap voltage 
Vs, and the high side control signal SH, and to provide the 
enhanced high side driving signal DR, wherein the bootstrap 
Voltage Vs may act as a Supply Voltage for the high side 
driver 106. The low side driver 106, is configured to receive 
the low side control signal SL and to provide the enhanced 
low side driving signal DR. According to an embodiment, 
the high side driver 106 may comprise one or more inverters, 
and the bootstrap Voltage Vs may be used to supply the 
inverter(s). Analogously, the low side driver 106, may also 
comprise one or more inverters. 
0036. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 2, the control 
circuit 103 may further comprise an under voltage lock out 
(UVLO) circuit 107 having a first lock input terminal, a 
second lock input terminal and a lock output terminal. The 
first lock input terminal (e.g., the “- input terminal of 107 in 
FIG. 2) is configured to receive the bootstrap Voltage Vs. 
the second lockinput terminal (e.g., the '+' input terminal of 
107 in FIG. 2) is configured to receive a bootstrap under 
voltage lock out threshold (a second threshold) signal Vth2. 
The UVLO circuit 107 is configured to compare the bootstrap 
Voltage Vs with the second threshold signal Vth2 to provide 
an under Voltage indicating signal LOCK at the lock output 
terminal based on the comparison results. If the bootstrap 
Voltage Vs is lower than the second threshold signal Vth2, 
which indicates that the bootstrap Voltage Vs is too low to 
Support generating the driving signal DR, the under Voltage 
indicating signal LOCK may have a first logic state (e.g., 
logic high in the example of FIG. 2), and the control circuit 
103 is configured to turn both the high side switch Mrs and 
the low side switch Ms offin response to the first logic state 
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of the under Voltage indicating signal LOCK to keep the high 
side Switch Mrs and the low side Switch Ms from Switching 
until the bootstrap Voltage Vs recovers to be higher than the 
second threshold signal Vth2. If the bootstrap Voltage Vs is 
higher than the second threshold signal Vth2, which indicates 
that the bootstrap Voltage Vs is able to support the genera 
tion of the driving signal DR, the under Voltage indicating 
signal LOCK may have a second logic state (e.g., logic low in 
the example of FIG. 2), and the control circuit 103 is config 
ured to enable the on and off switching of the high side switch 
Ms and the low side Switch Mrs in response to the second 
logic state of the under Voltage indicating signal LOCK. In 
accordance with an embodiment, the second threshold signal 
Vth2 is higher than the first threshold signal Vth 1. The UVLO 
circuit 107 is provided to keep the high side switch Mrs and 
the low side switch Ms both off during the period when the 
bootstrap Voltage Vs is lower than the second threshold 
signal Vth2 and has not yet been refreshed, so as to improve 
the operation safety of the power converter 100. 
0037 FIG. 3 illustrates a schematic diagram of a power 
converter 200 in accordance with an exemplary embodiment 
of the present invention. Components or structures in the 
power converter 200 shown in FIG. 3 with substantially the 
same functions as those of the power converter 100 shown in 
FIG. 2 are identified by the same reference labels for the sake 
of simplicity. 
0038 Referring to FIG. 3, in accordance with an exem 
plary embodiment of the present invention, the control mod 
ule 105 may comprise a second comparison module 201. The 
second comparison module 201 may at least comprise a third 
comparing input terminal, a fourth comparing input terminal 
and a second comparing output terminal, wherein the third 
comparing input terminal (e.g., the '-' input terminal of 201 
illustrated in FIG. 3) is configured to receive the load signal 
V indicating the output current Io or the load condition at 
the output port OUT, the fourth comparing input terminal 
(e.g., the "+" input terminal of 201 illustrated in FIG. 3) is 
configured to receive a light load threshold signal (a third 
threshold signal) Vth3 indicative of a threshold value for 
determining whether light load condition or no load condition 
occurs at the output port OUT. The second comparison mod 
ule 201 is configured to compare the load signal V, with the 
third threshold signal Vth3 to provide a light load indicating 
signal CMP at the second comparing output terminal. If the 
load signal V is higher than the third threshold signal Vth3. 
which indicates that the load at the output port OUT is rela 
tively heavy and the power converter 200 is operating in 
normal load condition or heavy load condition, the light load 
indicating signal CMP may have a first logic state (e.g., logic 
high in the example of FIG.3). If the load signal V is lower 
than the third threshold signal Vth;3, which indicates that the 
load at the output port OUT is relatively light and the power 
converter 200 is operating in light load condition or no load 
condition, the light load indicating signal CMP may have a 
second logic State (e.g., logic low in the example of FIG. 3). 
0039. In accordance with an exemplary embodiment of 
the present invention, when the light load indicating signal 
CMP is at the first logic state, the control circuit 103 is 
configured to regulate the high side Switch Mrs and the low 
side switch Ms to Switch on and off in complementary with 
a substantially constant frequency F, in PWM mode, wherein 
the pulse width of the high side driving signal DR, which 
represents the on time of the high side Switch Mrs in each 
Switching cycle, is modulated by the output Voltage Vo and 
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the output current Io. When the light load indicating signal 
CMP is at the second logic state, the control circuit 103 is 
configured to regulate the high side Switch Mrs and the low 
side switch Ms to switch on and off in PFM mode with a 
variational frequency Fs, wherein the variational frequency 
Fs is modulated by the load signal V and changes with the 
load signal V in the same direction, i.e., during load varia 
tion at the output port OUT, the variational frequency Fs 
increases according to the increase of the load signal V, 
and decreases according to the decrease of the load signal 
V. In this way, the power consumption of the power con 
verter 200 in light load condition or no load condition can be 
reduced to improve the conversion efficiency. 
0040. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 3, the second 
comparison module 201 further comprises an enable input 
terminal configured to receive the bootstrap refresh signal 
RFS. The bootstrap refresh signal RFS is provided to the 
second comparison module 201 for controlling the enable and 
disable of this module. According to an embodiment, when 
the bootstrap refresh signal RFS is at the first logic state (i.e., 
the bootstrap Voltage Vs is lower than the first threshold 
signal Vth1), the second comparison module 201 is disabled, 
and the light load indicating signal CMP is set and held at the 
first logic state. Thus, in this situation, even if the load signal 
Vidrops lower than the third threshold signal Vth3 (i.e., the 
output port OUT is in light load or no load condition), the light 
load indicating signal CMP is still held at the first logic state, 
and accordingly the control circuit 103 still regulates the high 
side Switch Mrs and the low side Switch Ms to Switch on and 
off in complementary with the substantially constant fre 
quency F, in PWM mode. Consequently, the low side switch 
Ms has an appropriate on time during each switching cycle to 
enable the bootstrap capacitor CB to be charged until, e.g., 
after several Switching cycles, the bootstrap Voltage Vs is 
refreshed higher than the first threshold signal Vth1. When 
the bootstrap refresh signal RFS is at the second logic state 
(i.e., the bootstrap voltage Vs is refreshed higher than the 
first threshold signal Vth 1), the second comparison module 
201 is enabled, and the light load indicating signal CMP can 
be at the first logic State or at the second logic state depending 
on the load signal V being respectively higher or lower 
than the third threshold signal Vth3. Accordingly, in this 
situation, the control circuit 103 regulates the high side switch 
Ms and the low side Switch Ms to Switch on and off in 
complementary with the Substantially constant frequency F, 
in PWM mode when the light load indicating signal CMP is at 
the first logic state, and regulates the high side Switch Ms. 
and the low side switch Ms to switch on and offin PFM mode 
with the variational frequency Fs when the load indicating 
signal CMP is at the second logic state. 
0041. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 3, the bootstrap 
refresh signal RFS is configured to control the enable and 
disable of the second comparison module 201 through con 
trolling the third threshold signal Vth3. For instance, the 
bootstrap refresh signal RFS is configured to decrease the 
third threshold signal Vth3 (e.g., to connect the third thresh 
old signal Vth3 to the reference ground GND) when the 
bootstrap refresh signal RFS is at the first logic state, and to 
increase the third threshold signal Vth3 to its normal value 
(e.g., to disconnect the third threshold signal Vth3 from the 
reference ground GND) when the bootstrap refresh signal 
RFS is at the second logic state. In this way, if the bootstrap 
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refresh signal RFS is at the first logic state, since the third 
threshold signal Vth3 is decreased (e.g., to ground potential), 
the light load indicating signal CMP provided by the second 
comparison module 201 can be substantially held at the first 
logic state in despite of the status of the load signal V (i.e., 
the second comparison module 201 is disabled). If the boot 
strap refresh signal RFS changes to the second logic state, 
since the third threshold signal Vth3 is recovered to its normal 
value accordingly, the light load indicating signal CMP can 
be at the first logic state or at the second logic state according 
to the comparison results between the load signal V and 
the third threshold signal Vth3 (i.e., the second comparison 
module 201 is enabled). In the example illustrated in FIG. 3, 
the third threshold signal Vth3 is connected to the reference 
ground GND via a threshold control switch ST having a 
control terminal configured to receive the bootstrap refresh 
signal RFS, wherein the bootstrap refresh signal RFS turns 
the threshold control switch ST on when it is at the first logic 
state, and turns the threshold control switch ST off when it is 
at the second logic state. 
0042. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 3, the control 
module 105 may further comprise a pulse width modulation 
(PWM) module 202. The PWM module 202 may at least 
comprise a first modulation input terminal, a second modu 
lation input terminal, a third modulation input terminal, a first 
modulation output terminal and a second modulation output 
terminal. The first modulation input terminal is configured to 
receive the light load indicating signal CMP, the second 
modulation input terminal is configured to receive a first 
feedback signal V indicating the output voltage Vo, and the 
third modulation input terminal is configured to receive a 
second feedback signal Vs indicating the output current Io 
or the inductor current I, or the high side Switching current 
I. The PWM module 202 is configured to provide the high 
side control signal SH and the low side control signal SL 
respectively at the first modulation output terminal and sec 
ond modulation output terminal based on the first feedback 
signal V and the second feedback signal Vs., wherein the 
high side control signal SH and the low side control signal SL 
are pulse signals having complementary logic levels (e.g., 
when the high side control signal SH is logic high, the low 
side control signal is logic low, and vice versa), and wherein 
the pulse width of the high side control signal is modulated by 
the first feedback signal V and the second feedback signal 
Vs. That is to say, in this circumstance, the high side control 
signal SH and the low side control signal SL are pulse width 
modulated. 

0043. In accordance with an exemplary embodiment of 
the present invention, the PWM module 202 is further con 
figured to regulate the high side control signal SH and the low 
side control signal SL according to the light load indicating 
signal CMP. When the light load indicating signal CMP is at 
the first logic state (i.e., the load signal V is higher than the 
third threshold signal Vth3), the high side control signal SH 
and the low side control signal SL are held to be pulse width 
modulated or changed from pulse frequency modulated to 
pulse width modulated, so that the high side Switch Mrs and 
the low side switch Mrs are driven to switch on and off in 
complementary with the constant frequency F, in PWM 
mode based on the high side control signal SH and the low 
side control signal SL. When the light load indicating signal 
CMP is at the second logic state (i.e., the load signal V is 
lower than the third threshold signal Vth3), the high side 
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control signal SH and the low side control signal SL are 
changed from pulse width modulated to pulse frequency 
modulated (i.e., the frequency of the high side control signal 
SH and the low side control signal SL is varied), so that the 
high side Switch Mrs and the low side Switch Ms are driven 
to switch on and off in PFM mode with the variational fre 
quency Fs based on the high side control signal SH and the 
low side control signal SL. 
0044. In accordance with an exemplary embodiment of 
the present invention, when the light load indicating signal 
CMP is at the first logic state, the PWM module 202 is 
configured to enable the high side control signal SH and the 
low side control signal SL to control the high side Switch Ms. 
and the low side switch Ms to switch on and off with the 
substantially constant frequency F, in PWM mode. When the 
light load indicating signal CMP is at the second logic state, 
the PWM module 202 is configured to disable the high side 
control signal SH and the low side control signal SL So as to 
turn off both the high side switch Ms. and the low side switch 
Ms (i.e., to stop the high side Switch Mrs and the low side 
switch Ms from switching). In this fashion, the PWM mod 
ule 202 actually regulates the high side control signal SH and 
the low side control signal SL to change between pulse width 
modulated and pulse frequency modulated according to the 
logic status of the light load indicating signal CMP. So that the 
Switching on and off of the high side Switch Mrs and the low 
side Switch Ms are driven to change between constant fre 
quency PWM mode and vary frequency PFM mode based on 
the high side control signal SH and the low side control signal 
SL 

0045. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 3, the PWM 
module 202 may comprise a pulse width modulator 203, a 
frequency controller 204 and a logic controller 205. The pulse 
width modulator 203 is configured to receive the first feed 
back signal V, and the second feedback signal Vs respec 
tively at a first modulator input terminal and a second modu 
lator input terminal, and is configured to generate a PWM 
signal Cat a modulator output terminal based on the first 
feedback signal V and the second feedback signal Vs. 
The frequency controller 204 is configured to receive the light 
load indicating signal CMP at a frequency control terminal, 
and to provide a first clock signal CLK having a clock fre 
quency regulated by the light load indicating signal CMP. 
wherein the clock frequency is set Substantially at the con 
stant frequency F, when the light load indicating signal CMP 
is at the first logic state, and wherein the clock frequency is 
changed to the variational frequency Fs modulated by the load 
signal V, when the light load indicating signal CMP is at 
the second logic state. The logic controller 205 has a set 
terminal S configured to receive the PWM signal C and a 
reset terminal R configured to receive the first clock signal 
CLK. The logic controller 205 is configured to provide the 
high side control signal SH and the low side control signal SL 
based on the PWM signal C and the first clock signal 
CLK, wherein the high side control signal SH and the low side 
control signal SL are pulse signals having complementary 
logic levels, and whereina pulse width of the high side control 
signal is regulated by the PWM signal C and a pulse 
frequency of the high side control signal is regulated by the 
first clock signal CLK. 
0046. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG.3, the pulse width 
modulator 203 may comprise an error amplifier 206 and a 
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PWM comparator 207. The error amplifier 206 may have a 
first amplifier input terminal (e.g., the “- input terminal of 
206 in FIG. 3) configured to receive the first feedback signal 
V, a second amplifier input terminal (e.g., the '+' input 
terminal of 206 in FIG. 3) configured to receive a reference 
signal Vrefindicative of a desired value of the output voltage 
Vo, and an amplifier output terminal configured to provide a 
difference signal Ve indicative of a difference between the 
output voltage Vo and its desired value based on the first 
feedback signalV and the reference signal Vref. The PWM 
comparator 207 may have a first comparator input terminal 
(e.g., the '-' input terminal of 207 in FIG. 3) configured to 
receive the difference signal Ve, a second comparator input 
terminal (e.g., the "+" input terminal of 207 in FIG. 3) con 
figured to receive the second feedback signal Vs., and a 
comparator output terminal configured to provide the PWM 
signal C based on comparison of the difference signal Ve 
and the second feedback signal Vs. 
0047. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 3, the control 
circuit 103 is configured to sense the high side switching 
current I to provide the second feedback signal Vs. In an 
embodiment, the control circuit 103 may further comprise a 
high side current sense (HSCS) module 208 coupled to the 
high side switch Ms., wherein the HSCS module 208 is 
configured to sense the high side switching current I and to 
provide the second feedback signal Ves proportional to the 
high side Switching current I. 
0048. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 3, the load signal 
V provided to the second comparison module 201 may 
comprise the difference signal Ve. That is to say, the differ 
ence signal Ve may function as the load signal V since the 
difference signal Ve are generated based on the first feedback 
signal V, indicative of the output voltage Vo and the second 
feedback signal Vs indicative of the output current Io and 
thus actually includes load information. 
0049. In accordance with an exemplary embodiment of 
the present invention, referring to FIG. 4, the frequency con 
troller 204 may comprise an oscillator OSC and a logic circuit 
LOGIC. The oscillator OSC is configured to provide a second 
clock signal CLOCK having the substantially constant fre 
quency F. The logic circuit LOGIC is configured to receive 
the second clock signal CLOCK and the light load indicating 
signal CMP respectively at a first logic input terminal and a 
second logic input terminal, and is configured to provide the 
first clock signal CLK at a logic output terminal, wherein the 
first clock signal CLK comprises the second clock signal 
CLOCK when the light load indicating signal CMP is at the 
first logic state (e.g., logic high in the present embodiment), 
and wherein the first clock signal CLK is set to logic low when 
the light load indicating signal CMP is at the second logic 
state (e.g., logic low in the present embodiment). That is to 
say, the logic circuit LOGIC outputs the second clock signal 
CLOCK as the first clock signal CLK when the light load 
indicating signal CMP is at the first logic state, and sets the 
first clock signal CLK to logic low when the light load indi 
cating signal CMP is at the second logic state. In this means, 
the second clock signal CLOCK is shielded from being out 
put as the first clock signal CLK when the light load indicat 
ing signal CMP is at the second logic state. Thus, the first 
clock signal CLK skips several pulses of the second clock 
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signal CLOCK, thereby having the variational frequency Fs, 
during the period when the light load indicating signal CMP 
is at the second logic state. 
0050 Turning back to FIG.3, in accordance with an exem 
plary embodiment of the present invention, the control circuit 
103 may further comprise a zero-crossing detection (ZCD) 
module 209. The ZCD module 209 may at lease have a first 
detection input terminal (e.g., the "+ input terminal of 209 in 
FIG. 3) configured to receive a third feedback signal Vs., a 
second detection input terminal (e.g., the '-' input terminal 
of 209 in FIG.3) configured to receive a low side current limit 
threshold (a fourth threshold) signal Vth4, and a detection 
output terminal configured to provide a Zero-crossing indi 
cating signal C, based on comparison between the third 
feedback signal Vs. and the fourth threshold signal Vth4. 
wherein the third feedback signal Vs is indicative of a low 
side Switching current I flowing through the low side Switch 
Ms. According to an embodiment, when the third feedback 
signalVs is higher than the fourth threshold signal Vth4, the 
Zero-crossing indicating signal C2 has a first logic State 
(e.g., logic high in the example of FIG. 3) and the control 
circuit 103 is configured to enable the low side switch Ms to 
switch on and off based on the first logic state of the Zero 
crossing indicating signal C2, when the third feedback 
signal Vs is lower than the fourth threshold signal Vth4, the 
Zero-crossing indicating signal C2 has a second logic State 
(e.g., logic low in the example of FIG. 3) and the control 
circuit 103 is configured to turn the low side switch Ms off 
(i.e., to disable the low side switch Ms to switch on and off) 
based on the second logic state of the Zero-crossing indicating 
signal Czcp. 
0051. In accordance with an exemplary embodiment of 
the present invention, still referring to FIG. 3, the control 
circuit 103 is configured to couple the Zero-crossing indicat 
ing signal C2 to the driving module 106 (e.g., to the low 
side driver 1060 so as to enable or disable the on and off 
Switching of the low side Switch Ms. For instance, in an 
embodiment, the low side driver 106, may further comprise 
an enable input terminal configured to receive the Zero-cross 
ing indicating signal C. When the Zero-crossing indicat 
ing signal C2 is at the first logic state, the low side driver 
106, is enabled to drive the low side switch Ms to switch on 
and off, when the Zero-crossing indicating signal C is at 
the second logic state, the low side driver 106, is disabled to 
stop driving the low side switch Ms so that the low side 
Switch Ms is turned off to stop Switching. 
0052. In accordance with an exemplary embodiment of 
the present invention, the fourth threshold signal Vth4 is set to 
be substantially zero. Therefore, the low side switch Mrs is 
turned off when the third feedback signal Vs is lower than 
Zero (i.e., when the low side Switching current It is lower than 
Zero) in order to reduce the switching loss resulted from the 
low side Switch Mrs and to improve the conversion efficiency 
of the power converter 200. 
0053. In accordance with an exemplary embodiment of 
the present invention, the fourth threshold signal Vth4 may 
have an offset value Vs which is lower than Zero but is quite 
close to zero. That is to say, the amplitude of the offset value 
Vs is relatively small and can be chosen appropriately 
according to design and application requirements. For 
example, the offset value Vs can be selected according to a 
minimum peak current that the high side Switching current I 
must be kept to when the power converter 200 is operating at 
ultra light load condition or no load condition (i.e., when the 
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output current Io drawn by the load is ultra small or substan 
tially Zero). According to this embodiment, setting the fourth 
threshold signal Vth4 to the offset value Vs which is lower 
than Zero but is quite close to zero indicates that the low side 
Switching current It is allowed to be negative and close to Zero 
(i.e., the low side switching current I can flow reversely with 
a quite Small value which is close to Zero). In this circum 
stance, the high side Switching current I can have a higher 
than Zero but close to Zero value to compensate the lower than 
Zero value of the low side switching current I even when the 
power converter 200 is operating at ultra light load condition 
or no load condition. This can be beneficial for refreshing the 
bootstrap Voltage Vs during the power converter 200 oper 
ating in light load, ultra light load or no load conditions (the 
light load indicating signal CMP is at the first logic state). 
Because in this condition, if the bootstrap refresh signal RFS 
changes to the first logic state (which indicates that the boot 
strap Voltage Vs drops lower than the first threshold signal 
Vth1), the high side switch Mrs and the low side switch Ms. 
regulated to Switch on and off in complementary with the 
Substantially constant frequency F may both have a rela 
tively large on time (e.g., about 50%) in an Switching cycle, 
and thus the bootstrap capacitor CB can have an appropriate 
duration (during the on time of the low side switch Ms) to be 
charged in each Switching cycle so that the bootstrap Voltage 
Vs can be refreshed as quickly as possible to a high enough 
value (e.g., to be higher than the first threshold signal Vth 1 in 
the present embodiment) Suitable for ensuring the high side 
switch Ms to switch normally. In spite of beneficial to the 
refresh of the bootstrap Voltage Vs, the conduction loss and 
switching loss resulted from the low side switch Mrs due to 
the allowable reverse flowing of the low side switching cur 
rent It is almost negligible because the offset value Vs is 
quite close to Zero, which means that the allowed negative 
(reverse) value of the low side Switching current It is quite 
Small. Thus, the conversion efficiency is almost uninfluenced. 
0054 FIG. 5 illustrates an operation waveform diagram of 
the power converter 200 in accordance with an exemplary 
embodiment of the preset invention. In the following, the 
power converter 200 will be explained in more detail referring 
to FIG.3 and FIG.5. In the illustrative embodiment of FIG. 5, 
the control circuit 103 is configured to sense the high side 
Switching current I to provide the second feedback signal 
Vs indicative of the output/load current Io. The difference 
signal Ve from the error amplifier 206 is provided to the 
second comparison module 201 as the load signal V. This 
is because the difference signal Ve actually functions as a 
comparison reference to the second feedback signal Ves 
which is proportional to the high side Switching current I 
during operation of the PWM comparator 207, thus limits the 
peak current value of high side switching current I, and can 
represent the load condition of the power converter 200. How 
ever, providing the difference signal Ve as the load signal 
V is just an example, those having ordinary skill in the art 
should understand that this is not intended to be limiting, and 
any other suitable signals carrying the load information, Such 
as the load current Io, the inductor current I, the high side 
Switching current I, or their peak values or average values, or 
their sampling signals etc. can be provided as the load signal 
V. In the example of FIG. 5, the load current Io (illustrated 
by the dotted line) is relatively small in the duration from t0 to 
t3, which indicates that the load at the output port OUT is 
relatively light or the power converter 200 is operating in light 
load condition, while att3, the load current Io rises to a higher 
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value, which indicates that the load at the output port OUT 
increases to be relatively heavy or the power converter 200 
changes to operate in heavy load condition. 
0055 Referring to FIG. 5, in the duration of t0 to t1, the 
bootstrap voltage Vs is higher than the first low threshold 
V. Thus, the bootstrap refresh signal RFS provided by the 
first comparison module 104 has the second logic state (illus 
trated as logic low in FIG. 5), which enables the second 
comparison module 201. Therefore, the second comparison 
module 201 operates normally to compare the load signal 
V (the difference signal Ve in this example) with the third 
threshold signal Vth3, and the light load indicating signal 
CMP can have the first logic state or the second logic state 
depending on the difference signal Ve being respectively 
higher or lower than the third threshold signal Vth3. Accord 
ingly, the control circuit 103 regulates the high side switch 
Ms and the low side switch Ms to switch on and offin PFM 
mode to reduce power consumption of the power converter 
200 in light load condition. More concretely, further referring 
to FIG.3 and FIG. 4, when the difference signal Ve is higher 
than the third threshold signal Vth3, the light load indicating 
signal CMP is at the first logic state (illustrated as logic high 
in FIG. 5), thus the frequency controller 204 outputs the 
second clock signal CLOCKas the first clock signal CLK (the 
first clock signal CLK which determines the switching fre 
quency of the high side switch Mrs and the low side switch 
Ms in this case can be viewed as to copy several pulses of the 
second clock signal CLOCK having the Substantially con 
stant frequency F). When the difference signal Vedrops to be 
lower than the third threshold signal Vth3, the light load 
indicating signal CMP changes to the second logic state (il 
lustrated as logic low in FIG. 5), accordingly the frequency 
controller 204 sets the first clock signal CLK to logic low (the 
first clock signal CLK in this case can be viewed as to skip 
several pulses of the second clock signal CLOCK). There 
fore, the first clock signal CLK actually has a variational 
frequency (labeled as Fs throughout this specification for 
simplicity) varying according to the load signal V (Ve in 
this example). Consequently, the control module 105 regu 
lates the high side switch Mrs and the low side switch Ms to 
switch on and offin PFM mode based on the first clock signal 
CLK. 

0056. At time t1, the bootstrap voltage Vs drops to be 
lower than the first low threshold V. Thus, the bootstrap 
refresh signal RFS provided by the first comparison module 
104 changes to the first logic state (illustrated as logic high in 
FIG. 5), which disables the second comparison module 201 
(through decreasing the third threshold signal Vth3 to refer 
ence ground potential in the example of FIG. 5). Therefore, 
the light load indicating signal CMP provided by the second 
comparison module 201 is substantially held at the first logic 
state (illustrated as logic high in FIG. 5). In this circumstance, 
the first clock signal CLK generated from the frequency con 
troller 204 can be viewed as to start copying the pulses of the 
second clock signal CLOCK again, having the Substantially 
constant frequency F. Consequently, the control module 105 
regulates the high side Switch Mrs and the low side Switch 
Ms to switch on and off complementarily in PWM mode 
with the substantially constant frequency F, based on the first 
clock signal CLK. Thus, the bootstrap capacitor CB can be 
charged in each Switching cycle during the low side Switch 
Ms is turned on. Until after several Switching cycles, e.g., at 
time t2, the bootstrap Voltage Vs is charged/refreshed to be 
higher than the first high threshold V again. The bootstrap 
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refresh signal RFS accordingly recovers to have the second 
logic state (illustrated as logic low in FIG. 5), thereby 
enabling the second comparison module 201 again. 
0057. From time t2 to t3, the bootstrap voltage Vs. 
remains higher than the first low threshold V. The power 
converter 200 operates in the same way as from time t0 to t1, 
the control circuit 103 is thus configured to regulate the high 
side Switch Mrs and the low side Switch Ms to Switch on and 
off in PFM mode. At time t3, the load current Io increases 
(i.e., the load at the output port OUT gets heavier), and the 
load signal V (the difference signal Ve in this example) 
indicating the load current Io turns to be higher than the third 
threshold signal Vth;3 resulting in the light load indicating 
signal CMP changing to the first logic state (illustrated as 
logic high in FIG. 5). From time t3 on, the light load indicat 
ing signal CMP is illustrated to remain at the first logic state 
(i.e., the load remains to be relatively heavy). Therefore, the 
first clock signal CLK provided by the frequency controller 
204 copies the second clock signal CLOCK having the sub 
stantially constant frequency F, and thus the control module 
105 regulates the high side switch Mrs and the low side 
switch Ms to switch on and off in PWM mode with the 
Substantially constant frequency F, based on the first clock 
signal CLK. Consequently, in heavy load condition, the boot 
strap capacitor CB can be charged during the on time of the 
low side Switch Mrs in each switching cycle, the bootstrap 
Voltage Vs increases gradually till it reaches the bootstrap 
Supply Voltage VB (regulated by the bootstrap regulator 
BSTREG). 
0.058. In accordance with the various embodiments 
described with reference to FIGS. 3 to 5, the control circuit 
103 is configured to control the charging/recharging of the 
bootstrap capacitor CB through regulating the high side 
Switch Mrs and the low side Switch Ms to Switch on and off 
in complementary based on the bootstrap Voltage Vs., so 
that the bootstrap Voltage Vs can be refreshed/restored in 
time once the bootstrap voltage VBST drops too low (e.g., 
lower than the first threshold signal Vth1). 
0059. In accordance with the various embodiments 
described with reference to FIGS. 3 to 5, the first comparison 
module 104 is configured to compare the bootstrap Voltage 
Vs with the bootstrap refresh threshold (the first threshold) 
signal Vth 1 to provide the bootstrap refresh signal RFS. The 
bootstrap refresh signal RFS is configured to enable or dis 
able the second comparison module 201. If the bootstrap 
Voltage Vs is higher than the first threshold signal Vth 1 (or 
higher than the first high threshold V of the first threshold 
signal Vth 1 in an embodiment), which indicates that the boot 
strap Voltage Vs is high enough for enhancing the high side 
driving signal DR to drive the high side Switch Ms to 
switch on and off normally, the bootstrap refresh signal RFS 
enables the second comparison module 201. If the bootstrap 
Voltage Vs is lower than the first threshold signal Vth 1 (or 
lower than the first low threshold V, of the first threshold 
signal Vth 1 in an embodiment), which indicates that the boot 
strap Voltage Vs is too low to enhance the high side driving 
signal DR and the high side Switch Ms can not be driven to 
switch on and off normally, the bootstrap refresh signal RFS 
disables the second comparison module 201. The second 
comparison module 201 may be regarded as a load compari 
son module, which detects the load condition (e.g., relatively 
light load condition or relatively heavy load condition) of the 
power converter 200. When the second comparison module 
201 is enabled, if the load signal V (e.g., the difference 
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signal Ve in an embodiment) indicative of the output/load 
current Io is lower than the light load threshold (the third 
threshold) signal Vth3, which indicates that the load current 
Io is relatively small and the power converter 200 operates at 
relatively light load condition (e.g., light load condition, ultra 
light load condition or no load condition occurs at the output 
port OUT), the control circuit 103 is configured to regulate 
the high side Switch Mrs and the low side Switch Ms to 
switch on and offin PFM mode with the variational frequency 
Fs modulated by the load signal V and changes with the 
load signal V in the same direction; if the load signal V, 
(e.g., the difference signal Ve in an embodiment) is higher 
than the light load threshold (the third threshold) signal Vth3. 
which indicates that the load current Io is relatively large and 
the power converter 200 operates at relatively heavy load 
condition (e.g., normal load condition, heavy load condition, 
ultra heavy load condition or full load condition occurs at the 
output port OUT), the control circuit 103 is configured to 
regulate the high side Switch Mrs and the low side Switch Ms. 
to switch on and off in PWM mode with the substantially 
constant frequency F. When the second comparison module 
201 is disabled, the control circuit 103 is configured to regu 
late the high side Switch Mrs and the low side Switch Ms to 
switch on and off in complementary in PWM mode with the 
Substantially constant frequency F, in spite of the status of 
the load signal V, or the load current Io or the load con 
dition at the output port OUT of the power converter 200. 
Therefore, once the bootstrap Voltage Vs drops too low 
(e.g., the bootstrap voltage Vs is lower than the first thresh 
old signal Vth 1 or lower than the first low threshold V, in an 
embodiment) to enhance the high side driving signal DR for 
driving the high side Switch Mrs normally, the bootstrap 
refresh signal RFS disables the second comparison module 
201 so that the high side switch Mrs and the low side switch 
Ms are driven to Switch on and off in complementary in 
PWM mode with the substantially constant frequency F. In 
this way, the bootstrap capacitor CB can be charged/re 
charged during the on time of the low side Switch Mrs in each 
Switching cycle until after several Switching cycles the boot 
strap Voltage Vs is refreshed to be high enough (e.g., higher 
than the first threshold signal Vth 1 or higher than the first high 
threshold V in an embodiment) for enhancing the high side 
driving signal DR to drive the high side Switch Mrs nor 
mally. 

0060. In accordance with the various embodiments 
described with reference to FIGS. 3 to 5, once the bootstrap 
Voltage Vs drops lower than the first threshold signal Vth 1 
(e.g., at time t1 of FIG. 5, the bootstrap Voltage Vs drops 
lower than the first low thresholdV), the control circuit 103 
is configured to immediately regulate the high side Switch 
Ms and the low side switchMs to switch on and offin PWM 
mode with the Substantially constant frequency F, so as to 
charge the bootstrap capacitor CB (e.g., the operation mode 
from t1 to t2 illustrated in FIG.5), even if the load at the output 
port OUT of the power converter 200 is relatively light (i.e., 
the load current Io is relatively small or the load signal V, 
indicative of the output current Io is lower than the third 
threshold signal Vth3), and the high side switch Mrs and the 
low side switch Ms should have operated in PFM mode (e.g., 
the operation mode from t0 to t3 illustrated in FIG. 5). Once 
the bootstrap Voltage Vs is refreshed to be higher than the 
first threshold signal Vth 1 (e.g., at time t2 of FIG. 5, the 
bootstrap Voltage Vs Surpasses the first high thresholdV) 
after several switching cycles, the control circuit 103 is con 
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figured to regulate the high side Switch Mrs and the low side 
switch Ms to restore switching on and off in PFM mode 
which they should have been operating in. During the period 
from t1 to t2, when the bootstrap voltage Vs is refreshed, 
since the peak value of the high side Switching current It is 
controlled to be quite small (e.g., through the ZCD module 
209), the output voltage Vo will only have quite small negli 
gible ripples, which is acceptable. In addition, the Switching 
loss and the conduction loss resulted from the Small peak 
current Switching of the high side Switch Mrs and the low side 
Switch Ms is very small, and thus the power conversion 
efficiency is substantially uninfluenced. Therefore, the power 
converters inaccordance with the various embodiments of the 
present invention can operate efficiently in various load con 
ditions and also in the circumstance where the output Voltage 
Vo is close to the input voltage Vin without having the prob 
lem of not being able to refresh the bootstrap Voltage Vs. 
The control circuit 103 according to various embodiments of 
the present invention can control the bootstrap Voltage Vs to 
refresh in time for supporting to drive the high side switch 
Ms to Switch on and off normally without causing large 
spikes in the output Voltage Vo and without influencing the 
power conversion efficiency of the power converter compris 
ing the control circuit 103. 
0061 The advantages of the various embodiments of the 
bootstrap refresh control circuit 103 and the power converter 
(e.g., 100 or 200) comprising the same of the present inven 
tion are not confined to those described above. These and 
other advantages of the various embodiments of the present 
invention will become more apparent upon reading the whole 
detailed descriptions and studying the various figures of the 
drawings. 
0062 FIG. 6 illustrates a flow diagram of a method for 
controlling a power converter in accordance with an exem 
plary embodiment of the present invention. The power con 
verter (such as the power converters 100 and 200) may com 
prise a high side Switch (e.g., Mrs in FIGS. 2 and 3), a low 
side switch (e.g., M.s in FIGS. 2 and 3) and a bootstrap 
capacitor (e.g., CB in FIGS. 2 and 3) for providing a bootstrap 
Voltage (e.g., Vs) to Supply a high side driver of the high 
side switch. The power converter is configured to receive an 
input Voltage (Vin) and to provide an output Voltage (Vo) and 
an output current (Io) based on driving the high side Switch 
and the low side switch to switch on and off according to the 
output Voltage and the output current. The method for con 
trolling the power converter may comprise: step 601, sensing 
the bootstrap Voltage across the bootstrap capacitor, step 602, 
comparing the bootstrap Voltage with a first threshold signal 
(a bootstrap refresh threshold signal) to provide a bootstrap 
refresh signal based on the comparison of the bootstrap Volt 
age and the first threshold signal; and step 603, regulating the 
on and off switching of the high side switch and the low side 
switch based at least partially on the bootstrap refresh signal 
in order to control charging/recharging of the bootstrap 
capacitor to refresh the bootstrap Voltage. 
0063. In accordance with an exemplary embodiment of 
the present invention, at step 602, the bootstrap refresh signal 
may have a first logic State when the bootstrap Voltage is 
lower than the first threshold signal and may have a second 
logic state when the bootstrap Voltage is higher than the first 
threshold signal; at step 603, if the bootstrap refresh signal is 
at the first logic state, regulating the high side Switch and the 
low side switch to switch on and off in complementary with a 
Substantially constant frequency, if the bootstrap refresh sig 
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nal is at the second logic state, regulating the high side Switch 
and the low side switch to switch on and off according to the 
output Voltage and the output current. 
0064. In accordance with an exemplary embodiment of 
the present invention, at step 602, the first threshold signal 
may comprise a first low threshold (e.g., V) and a first high 
threshold (e.g., V), wherein the first low threshold is higher 
than a ground potential of a reference ground and lower than 
the first high threshold. According to an embodiment, if the 
bootstrap voltage drops lower than the first low threshold, the 
bootstrap refresh signal changes to the first logic state, if the 
bootstrap voltage is charged or refreshed to be higher than the 
first high threshold, the bootstrap refresh signal changes to the 
second logic State. 
0065. In accordance with an exemplary embodiment of 
the present invention, the step 603 may comprise: step 604, 
detecting a load condition of the power converter to provide a 
load signal (e.g., V) indicative of the load condition or 
indicative of the output current; step 605, comparing the load 
signal with a third threshold signal (a light load threshold 
signal) to provide a light load indicating signal (e.g., CMP), 
wherein the light load indicating signal having a first logic 
state and a second logic State; step 606, regulating the light 
load indicating signal based on the bootstrap refresh signal, 
wherein when the bootstrap voltage is lower than the first 
threshold signal (when the bootstrap refresh signal has the 
first logic state), holding the light load indicating signal at the 
first logic state, and wherein when the bootstrap Voltage is 
higher than the first threshold signal (when the bootstrap 
refresh signal has the second logic state), setting the light load 
indicating signal to the first logic State if the load signal is 
higher than the third threshold signal and setting the light load 
indicating signal to the second logic state if the load signal is 
lower than the third threshold signal; and step 607, regulating 
the on and off switching of the high side switch and the low 
side Switch in response to the light load indicating signal, 
wherein the high side switch and the low side switch are 
controlled to switch on and offin PWM mode with the sub 
stantially constant frequency if the light load indicating signal 
is at the first logic state, and wherein the high side Switch and 
the low side switch are controlled to switch on and offin PFM 
mode with the variational frequency if the light load indicat 
ing signal is at the second logic State. 
0066. In accordance with an exemplary embodiment of 
the present invention, at step 607, the high side switch and the 
low side switch are controlled to switch on and offin PWM 
mode with the substantially constant frequency if the light 
load indicating signal is at the first logic state, and both the 
high side switch and the low side switch are turned off to stop 
Switching if the light load indicating signal is at the second 
logic state. 
0067. In accordance with an exemplary embodiment of 
the present invention, the step 607 may comprise: step 608, 
sensing the output Voltage to provide a first feedback signal 
(e.g., V) indicative of the output Voltage, and sensing the 
output current (through e.g., sensing a high side Switching 
current flowing through the high side Switch) to provide a 
second feedback signal (e.g., Vs) indicative of the output 
current; step 609, generating a PWM signal (e.g., C.) 
based on the first feedback signal and the second feedback 
signal; step 610, providing a first clock signal (e.g., CLK) 
having a clock frequency regulated by the light load indicat 
ing signal, wherein the clock frequency is set at the Substan 
tially constant frequency (F) when the light load indicating 
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signal is at the first logic State, and wherein the clock fre 
quency is changed to the variational frequency (Fs) modu 
lated by the load signal when the light load indicating signal 
is at the second logic State; and step 611, generating a high 
side control signal (e.g., SH) and a low side control signal 
(e.g., SL) based on the PWM signal and the first clock signal, 
wherein the high side control signal and the low side control 
signal are pulse signals having complementary logic levels, 
and wherein a pulse width of the high side control signal is 
regulated by the PWM signal and a pulse frequency of the 
high side control signal is regulated by the first clock signal, 
and wherein when the light load indicating signal is at the first 
logic state, the high side control signal and the low side 
control signal are pulse modulated with the Substantially con 
stant frequency so that the high side Switch and the low side 
switch are driven to switch on and off in complementary with 
the constant frequency in PWM mode, and wherein when the 
light load indicating signal is at the second logic State, the 
high side control signal and the low side control signal are 
changed from pulse width modulated to pulse frequency 
modulated so that the high side switch and the low side switch 
are driven to switch on and offin PFM mode with the varia 
tional frequency. 
0068. In accordance with an exemplary embodiment of 
the present invention, the method for controlling the power 
converter may further comprise: Step 612, detecting a low 
side Switching current (e.g., I) flowing through the low side 
Switch to provide a third feedback signal (e.g., Vs) indica 
tive of the low side switching current; step 613, comparing the 
third feedback signal with a fourth threshold signal (a low 
side current limit threshold signal) to provide a Zero-crossing 
indicating signal (e.g., C2), wherein when the third feed 
back signal is higher than the fourth threshold signal, the 
Zero-crossing indicating signal has a first logic State, and 
wherein when the third feedback signal is lower than the 
fourth threshold signal, the Zero-crossing indicating signal 
has a second logic state; and step 614, further regulating the 
on and off switching of the low side switch based on the 
Zero-crossing indicating signal, wherein the low side Switch 
is enabled to switch on and off based on the first logic state of 
the Zero-crossing indicating signal and is disabled (e.g., 
turned off) to stop the on and off switching based on the 
second logic State of the Zero-crossing indicating signal. 
0069. In accordance with an exemplary embodiment of 
the present invention, the fourth threshold signal Vth4 may 
have an offset value Vs which is lower than Zero but is quite 
close to Zero. 

0070. In accordance with an exemplary embodiment of 
the present invention, the method for controlling the power 
converter may further comprise: step 615, sensing the boot 
strap Voltage and comparing the bootstrap Voltage with a 
second threshold signal (a bootstrap under Voltage lock out 
threshold signal) to provide an under Voltage indicating signal 
(e.g., LOCK), wherein the under Voltage indicating signal 
may have a first logic State when the bootstrap Voltage is 
lower than the second threshold signal, and wherein the under 
Voltage indicating signal may have a second logic state when 
the bootstrap voltage is higher than the second threshold 
signal; and step 616, further controlling the on and off switch 
ing of the high side switch and the low side switch based on 
the under Voltage indicating signal, wherein the high side 
switch and the low side switch are turned offin response to the 
first logic state of the under Voltage indicating signal to dis 
able the on and off switching of the high side switch and the 
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low side switch (i.e., to keep the high side switch and the low 
side switch from switching), and wherein the high side switch 
and the low side switch are enabled to switch on and off in 
response to the second logic state of the under Voltage indi 
cating signal. 
0071 Methods and steps of controlling the power con 
verter described above in the various embodiments of the 
present invention are illustrative and not intended to be lim 
iting. Well known controlling steps, operating processes, and 
parameters etc. are not described in detail to avoid obscuring 
aspects of the invention. Those skilled in the art should under 
stand that the steps described in the embodiments with refer 
ence to FIG.6 may be implemented in different orders and are 
not limited to the embodiments described. 
0072 Although a bootstrap refresh control circuit, a power 
converter comprising the bootstrap refresh control circuit and 
associated control methods are illustrated and explained 
based on a buck type power converter according to various 
embodiments of the present invention, this is not intended to 
be limiting. Persons of ordinary skill in the art will understand 
that the circuits, methods and principles taught herein may 
apply to any other Suitable types of power converters, such as 
boost type power converter, buck-boost type power converter 
or flyback type power converter etc. 
0073. From the foregoing, it will be appreciated that spe 
cific embodiments of the present invention have been 
described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit 
and scope of various embodiments of the present invention. 
Many of the elements of one embodiment may be combined 
with other embodiments in addition to or in lieu of the ele 
ments of the other embodiments. Accordingly, the present 
invention is not limited except as by the appended claims. 

I/We claim: 

1. Abootstrap refresh control circuit for a power converter, 
wherein the power converter comprises a high side Switch, a 
low side Switch and a bootstrap capacitor for providing a 
bootstrap Voltage to Supply a high side driver of the high side 
Switch, and wherein the power converter is configured to 
receive an input Voltage and to provide an output Voltage and 
an output current based on driving the high side Switch and 
the low side switch to switch on and off, the bootstrap refresh 
control circuit comprising: 

a first comparison module having a first comparing input 
terminal, a second comparing input terminal and a first 
comparing output terminal, wherein the first comparing 
input terminal is configured to receive the bootstrap 
Voltage, the second comparing input terminal is config 
ured to receive a first threshold signal, and the first 
comparison module is configured to compare the boot 
strap voltage with the first threshold signal to provide a 
bootstrap refresh signal at the first comparing output 
terminal; and 

a control module having a first control input terminal con 
figured to receive the bootstrap refresh signal, wherein 
the control module is configured to regulate the on and 
off switching of the high side switch and the low side 
switch at least partially based on the bootstrap refresh 
signal so as to control charging of the bootstrap capaci 
tOr. 

2. The bootstrap refresh control circuit of claim 1, wherein 
the bootstrap refresh signal has a first logic state when the 

bootstrap voltage is lower than the first threshold signal 
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and has a second logic state when the bootstrap Voltage 
is higher than the first threshold signal; and wherein 

the control module further has a second control inputter 
minal configured to sense the output Voltage, and a third 
control input terminal configured to sense the output 
current; and wherein 

the control module is configured to regulate the high side 
Switch and the low side switch to switch on and off in 
complementary with a Substantially constant frequency 
in response to the first logic state of the bootstrap refresh 
signal, and is configured to regulate the high side Switch 
and the low side switch to switch on and off according to 
the output Voltage and the output current in response to 
the second logic state of the bootstrap refresh signal. 

3. The bootstrap refresh control circuit of claim 2, wherein 
the first threshold signal comprises a first low threshold and 

a first high threshold, wherein the first low threshold is 
higher than a ground potential and lower than the first 
high threshold; and wherein 

the bootstrap refresh signal is at the first logic state if the 
bootstrap voltage drops lower than the first low thresh 
old, and is at the second logic state if the bootstrap 
Voltage is charged higher than the first high threshold. 

4. The bootstrap refresh control circuit of claim 1, wherein 
the control module comprises: 

a second comparison module having an enable input ter 
minal, a third comparing input terminal, a fourth com 
paring input terminal and a second comparing output 
terminal, wherein the enable input terminal is config 
ured to receive the bootstrap refresh signal, the third 
comparing input terminal is configured to receive a load 
signal indicative of the output current, the fourth com 
paring input terminal is configured to receive a third 
threshold signal, and wherein the second comparison 
module is configured to compare the load signal with the 
third threshold signal to provide a light load indicating 
signal at the second comparing output terminal; and 
wherein 

the bootstrap refresh signal is configured to disable the 
second comparison module when the bootstrap Voltage 
is lower than the first threshold signal, and is configured 
to enable the second comparison module when the boot 
strap Voltage is higher than the first threshold signal; and 
wherein 

if the second comparison module is enabled, the light load 
indicating signal has a first logic state when the load 
signal is higher than the third threshold signal, and has a 
second logic state when the load signal is lower than the 
third threshold signal; and wherein 

if the second comparison module is disabled, the light load 
indicating signal is set and held at the first logic state; 
and wherein 

the control module is configured to regulate the high side 
Switch and the low side switch to switch on and off in 
complementary with the Substantially constant fre 
quency in pulse width modulation mode in response to 
the first logic state of the light load indicating signal, and 
is configured to regulate the high side Switch and the low 
side switch to switch on and off with a variational fre 
quency in pulse frequency modulation mode in response 
to the second logic State of the light load indicating 
signal. 

5. The bootstrap refresh control circuit of claim 4, wherein 
the variational frequency is modulated by the load signal to 
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increase according to the increase of the load signal and to 
decrease according to the decrease of the load signal. 

6. The bootstrap refresh control circuit of claim 4, wherein 
the control module further comprises: 

a pulse width modulation (“PWM) module having a first 
modulation input terminal, a second modulation input 
terminal, a third modulation input terminal, a first modu 
lation output terminal and a second modulation output 
terminal, wherein the first modulation input terminal is 
configured to receive the light load indicating signal, the 
second modulation input terminal is configured to 
receive a first feedback signal indicating the output Volt 
age, and the third modulation input terminal is config 
ured to receive a second feedback signal indicating the 
output current; and wherein 

the PWM module is configured to provide a high side 
control signal and a low side control signal respectively 
at the first modulation output terminal and the second 
modulation output terminal based on the first feedback 
signal and the second feedback signal, and wherein the 
high side control signal and the low side control signal 
are pulse signals having complementary logic levels; 
and wherein 

the PWM module is further configured to regulate the high 
side control signal and the low side control signal 
according to the light load indicating signal, wherein 
when the light load indicating signal is at the first logic 
state, the high side control signal and the low side control 
signal are pulse width modulated, and wherein when the 
light load indicating signal is at the second logic state, 
the high side control signal and the low side control 
signal are pulse frequency modulated; and wherein 

the control module is configured to drive the high side 
Switch and the low side switch to switch on and off in 
complementary with the constant frequency in pulse 
width modulation mode based on the high side control 
signal and the low side control signal when the light load 
indicating signal is at the first logic State; and wherein 

the control module is configured to drive the high side 
Switch and the low side switch to switch on and off in 
pulse frequency modulation mode with the variational 
frequency based on the high side control signal and the 
low side control signal when the light load indicating 
signal is at the second logic state. 

7. The bootstrap refresh control circuit of claim 6, wherein 
when the light load indicating signal is at the first logic 

state, the PWM module is configured to enable the high 
side control signal and the low side control signal to 
control the high side switch and the low side switch to 
switch on and off with the substantially constant fre 
quency in PWM mode; and wherein 

when the light load indicating signal is at the second logic 
state, the PWM module is configured to disable the high 
side control signal and the low side control signal so as 
to turn off both the high side switch and the low side 
Switch. 

8. The bootstrap refresh control circuit of claim 6, wherein 
the PWM module comprises: 

a pulse width modulator, configured to receive the first 
feedback signal and the second feedback signal respec 
tively at a first modulator input terminal and a second 
modulator input terminal, and configured to generate a 
PWM signal at a modulator output terminal based on the 
first feedback signal and the second feedback signal; 
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a frequency controller, configured to receive the light load 
indicating signal at a frequency control terminal, and to 
provide a first clock signal having a clock frequency 
regulated by the light load indicating signal, wherein the 
clock frequency is set Substantially at the constant fre 
quency when the light load indicating signal is at the first 
logic state, and wherein the clock frequency is changed 
to the variational frequency modulated by the load signal 
when the light load indicating signal is at the second 
logic state; and 

a logic controller, having a set terminal configured to 
receive the PWM signal and a reset terminal configured 
to receive the first clock signal, wherein the logic con 
troller is configured to provide the high side control 
signal and the low side control signal based on the PWM 
signal and the first clock signal; and wherein a pulse 
width of the high side control signal is regulated by the 
PWM signal and a pulse frequency of the high side 
control signal is regulated by the first clock signal. 

9. The bootstrap refresh control circuit of claim 1, further 
comprising: 

a zero-crossing detection (“ZCD) module having a first 
detection input terminal configured to receive a third 
feedback signal indicative of a low side Switching cur 
rent flowing through the low side Switch, a second detec 
tion input terminal configured to receive a fourth thresh 
old signal, and a detection output terminal configured to 
provide a Zero-crossing indicating signal based on com 
parison between the third feedback signal and the fourth 
threshold signal; wherein 

the Zero-crossing indicating signal has a first logic state 
when the third feedback signal is higher than the fourth 
threshold signal, and has a second logic state when the 
third feedback signal is lower than the fourth threshold 
signal; and wherein 

the bootstrap refresh control circuit is configured to enable 
the low side switch to switch on and off based on the first 
logic state of the Zero-crossing indicating signal, and is 
configured to turn the low side switch off to disable the 
low side switch from switching based on the second 
logic state of the Zero-crossing indicating signal. 

10. The bootstrap refresh control circuit of claim 9. 
wherein the fourth threshold signal has an offset value lower 
than Zero but quite close to Zero. 

11. The bootstrap refresh control circuit of claim 1, further 
comprising: 

an under voltage lock out (“UVLO”) circuit having a first 
lock input terminal, a second lock input terminal and a 
lock output terminal, wherein the first lock input termi 
nal is configured to receive the bootstrap Voltage, the 
second lock input terminal is configured to receive a 
second threshold signal, and the UVLO circuit is con 
figured to compare the bootstrap Voltage with the second 
threshold signal to provide an under Voltage indicating 
signal at the lock output terminal; and wherein 

the under Voltage indicating signal has a first logic state if 
the bootstrap voltage is lower than the second threshold 
signal, and has a second logic state if the bootstrap 
Voltage is higher than the second threshold signal; and 
wherein 

the bootstrap refresh control circuit is configured to turn 
both the high side switch and the low side switch off in 
response to the first logic state of the under Voltage 
indicating signal to keep the high side Switch and the low 
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side Switch from Switching, and is configured to enable 
the on and off switching of the high side switch and the 
low side Switch in response to the second logic state of 
the under Voltage indicating signal. 

12. A power converter, comprising: 
an input port configured to receive an input Voltage; 
an output port configured to provide an output Voltage and 

an output current; 
a high side Switch and a low side Switch coupled in series 

between the input port and a reference ground, wherein 
the high side switch and the low side switch has a com 
mon connection forming a Switching output terminal, 
providing a Switching Voltage; 

an output filter coupled between the switching outputter 
minal and the output port to convert the Switching Volt 
age into the Smoothed output Voltage; 

a bootstrap circuit comprising a bootstrap capacitor 
coupled to the input port and the low side switch, 
wherein the bootstrap circuit is configured to charge the 
bootstrap capacitor to provide a bootstrap Voltage there 
aross when the low side switch is turned on; and 

a bootstrap refresh control circuit having a bootstrap input 
terminal configured to receive the bootstrap Voltage, and 
an output control terminal configured to provide an 
enhanced high side driving signal to the high side Switch 
for driving the high side switch to switch on and off 
periodically; wherein the bootstrap refresh control cir 
cuit is further configured to controlling the charging of 
the bootstrap capacitor through regulating the on and off 
switching of the high side switch and the low side switch 
based on the bootstrap Voltage. 

13. The power converter of claim 12, wherein the bootstrap 
refresh control circuit comprises: 

a first comparison module having a first comparing input 
terminal, a second comparing input terminal and a first 
comparing output terminal, wherein the first comparing 
input terminal is configured to receive the bootstrap 
Voltage, the second comparing input terminal is config 
ured to receive a first threshold signal, and the first 
comparison module is configured to compare the boot 
strap voltage with the first threshold signal to provide a 
bootstrap refresh signal at the first comparing output 
terminal; and 

a control module having a first control input terminal con 
figured to receive the bootstrap refresh signal, wherein 
the control module is configured to regulate the on and 
off switching of the high side switch and the low side 
switch at least partially based on the bootstrap refresh 
signal so as to control charging of the bootstrap capaci 
tOr. 

14. The power converter of claim 13, wherein 
the bootstrap refresh signal has a first logic state when the 

bootstrap voltage is lower than the first threshold signal 
and has a second logic state when the bootstrap Voltage 
is higher than the first threshold signal; and wherein 

the control module further has a second control inputter 
minal configured to sense the output Voltage, and a third 
control input terminal configured to sense the output 
current; and wherein 

the control module is configured to regulate the high side 
Switch and the low side switch to switch on and off in 
complementary with a substantially constant frequency 
in response to the first logic state of the bootstrap refresh 
signal So as to charge the bootstrap capacitor, and is 
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configured to regulate the high side Switch and the low 
side Switch to Switch on and off according to the output 
Voltage and the output current in response to the second 
logic state of the bootstrap refresh signal. 

15. The power converter of claim 13, wherein 
the first threshold signal comprises a first low threshold and 

a first high threshold, wherein the first low threshold is 
higher than a ground potential of the reference ground 
and lower than the first high threshold; and wherein 

the bootstrap refresh signal is at the first logic state if the 
bootstrap voltage drops lower than the first low thresh 
old, and is at the second logic state if the bootstrap 
Voltage is charged higher than the first high threshold. 

16. The power converter of claim 13, wherein the control 
module comprises: 

a second comparison module having an enable input ter 
minal, a third comparing input terminal, a fourth com 
paring input terminal and a second comparing output 
terminal, wherein the enable input terminal is config 
ured to receive the bootstrap refresh signal, the third 
comparing input terminal is configured to receive a load 
signal indicative of the output current, the fourth com 
paring input terminal is configured to receive a third 
threshold signal, and wherein the second comparison 
module is configured to compare the load signal with the 
third threshold signal to provide a light load indicating 
signal at the second comparing output terminal; and 
wherein 

the bootstrap refresh signal is configured to disable the 
second comparison module when the bootstrap Voltage 
is lower than the first threshold signal, and is configured 
to enable the second comparison module when the boot 
strap Voltage is higher than the first threshold signal; and 
wherein 

if the second comparison module is enabled, the light load 
indicating signal has a first logic state when the load 
signal is higher than the third threshold signal, and has a 
second logic state when the load signal is lower than the 
third threshold signal; and wherein 

if the second comparison module is disabled, the light load 
indicating signal is set and held at the first logic state; 
and wherein 

the control module is configured to regulate the high side 
Switch and the low side switch to switch on and off in 
complementary with the Substantially constant fre 
quency in pulse width modulation mode in response to 
the first logic state of the light load indicating signal, and 
is configured to regulate the high side Switch and the low 
side switch to switch on and off with a variational fre 
quency in pulse frequency modulation mode in response 
to the second logic State of the light load indicating 
signal. 
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17. The power converter of claim 12, further comprising: 
a Zero-crossing detection (“ZCD) module having a first 

detection input terminal configured to receive a third 
feedback signal indicative of a low side Switching cur 
rent flowing through the low side Switch, a second detec 
tion input terminal configured to receive a fourth thresh 
old signal, and a detection output terminal configured to 
provide a Zero-crossing indicating signal based on com 
parison between the third feedback signal and the fourth 
threshold signal; wherein 

the Zero-crossing indicating signal has a first logic state 
when the third feedback signal is higher than the fourth 
threshold signal, and has a second logic state when the 
third feedback signal is lower than the fourth threshold 
signal; and wherein 

the bootstrap refresh control circuit is configured to enable 
the low side switch to switch on and off based on the first 
logic state of the Zero-crossing indicating signal, and is 
configured to turn the low side switch off to disable the 
low side switch from switching based on the second 
logic state of the Zero-crossing indicating signal. 

18. The power converter of claim 17, wherein the fourth 
threshold signal has an offset value lower than Zero but quite 
close to Zero. 

19. A method for controlling a power converter, wherein 
the power converter comprises a high side Switch, a low side 
Switch and a bootstrap capacitor for providing a bootstrap 
Voltage to Supply a high side driver of the high side Switch, 
and wherein the power converter is configured to receive an 
input voltage and to provide an output Voltage and an output 
current based on driving the high side switch and the low side 
Switch to Switch on and off, the method comprising: 

sensing the bootstrap Voltage across the bootstrap capaci 
tor; 

comparing the bootstrap Voltage with a first threshold sig 
nal to provide a bootstrap refresh signal based on the 
comparison of the bootstrap Voltage and the first thresh 
old signal; and 

regulating the on and off Switching of the high side Switch 
and the low side switch based at least partially on the 
bootstrap refresh signal in order to control charging of 
the bootstrap capacitor to refresh the bootstrap Voltage. 

20. The method of claim 19, wherein 
the bootstrap refresh signal has a first logic state when the 

bootstrap voltage is lower than the first threshold signal 
and has a second logic state when the bootstrap Voltage 
is higher than the first threshold signal; and wherein 

if the bootstrap refresh signal is at the first logic state, 
regulating the high side Switch and the low side Switch to 
Switch on and offin complementary with a substantially 
constant frequency, if the bootstrap refresh signal is at 
the second logic state, regulating the high side Switch 
and the low side switch to switch on and off according to 
the output Voltage and the output current. 
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