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SWITCHED-CAPACITOR DC-DC VOLTAGE
CONVERTER AND CONTROL METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to R.O.C. Patent Appli-
cation No. 109123183 titled “Switched-capacitor dc-dc volt-
age converter and control method thereof,” filed on Jul. 9,
2020, with the Taiwan Intellectual Property Office (TWO).

TECHNICAL FIELD

The present disclosure relates to a voltage converter, and
particularly, to a switched-capacitor de-dc voltage converter
and control method thereof.

BACKGROUND

Low power consumption is an important feature for
current microprocessors and consumer electronics product.
In the future, most of the microprocessors or IC used in the
Internet of Things will operate with light loads current
output range. Therefore, the design of light load and high
efficiency will be one of the design priorities of the
switched-capacitor DC-DC converter as the power circuit.

Take a conventional switched-capacitor DC-DC voltage
converter as an example, a conventional switched-capacitor
DC-DC voltage converter 1 with a conversion ratio of 2:1 as
shown in FIG. 1A. The witched-capacitor DC-DC voltage
converter 1 comprises a voltage source V,,,, a switch circuit
10, a capacitor C, and a load resistor R; ;. The switch circuit
10 comprises a first switch SW1, a second switch SW2, a
third switch SW3, and a fourth switch SW4. One terminal of
the capacitor 1 is electrically connected to the first switch
SW1 and the second switch SW2. Another terminal of the
capacitor C is electrically connected to the third switch SW3
and the fourth switch SW4. The second switch SW2 is
electrically connected to the third switch SW3. First clock
control signal ¢, and second clock control signal ¢, (as
shown in FIG. 1B) are generated by a clock generator (not
shown). The first clock control signal ¢, and second clock
control signal ¢, have phase difference of 7/2 between them
and the same cycle time T. The first clock control signal ¢,
is outputted to the first switch SW1 and the third switch
SW3, and the second clock control signal ¢, is outputted to
the second switch SW2 and the fourth switch SW4 to control
the capacitor C to charge and discharge periodically. How-
ever, the cross-voltage amplitude AV _,, of the output voltage
V... across the load resistor R, of'the conventional switched-
capacitor DC/DC voltage converter 1 has a high output
ripple (as shown in FIG. 1C), which seriously affected its
energy efficiency, computing efficiency and operational
robustness.

For those familiar with the field of switched-capacitor
DC/DC converter, to produce different switched-capacitor
DC/DC voltage converters with different conversion ratios,
four terminals of the switch circuit 10 (comprising a first
terminal P being the terminal of the first switch SW1 not
connected to the capacitor C, a second terminal Q being the
terminal of the second switch SW2 not connected to the
capacitor C, a third terminal R being the terminal of the
fourth switch SW4 not connected to the capacitor C, and a
fourth terminal S being the terminal of the third switch SW3
not connected to the capacitor C) can be connected with
other switch arrays or electrically connected to an input
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voltage, an output voltage, and a ground as shown in FIGS.
1D-1G. For different switched-capacitor DC/DC voltage
converters with different conversion ratios, those familiar
with this field should be able to simply assign multiple
switches into switches controlled by the first clock control
signal ¢, and switches controlled by the second clock control
signal ¢,.

Referring to FIG. 1H, FIG. 1H is a flow chart of a prior
art of a design method of the switched-capacitor DC/DC
voltage converter for reducing the output ripple. The design
method of the switched-capacitor DC/DC voltage converter
comprises specifying an input voltage V,,, an expected
output voltage, an expected output current, and an expected
output ripple amplitude (S101); adjusting a switching fre-
quency f,,, of an control signal for the switches, the size of
the switches and the capacitors (S103); and determining
whether an output voltage V_,,, an output current I, and a
output ripple amplitude AV_,, meet the expected output
voltage, the expected output current, and the expected output
ripple amplitude (S105). If the judgment is no, the adjust-
ment of the switching frequency f,,, of the control signal for
the switch, the size of the switches and the capacitors (S103)
is repeated until judged as yes. In general, if using the
conventional control method to make the cross-voltage
amplitude conform to the desired cross-voltage amplitude,
the conversion efficiency of the switched-capacitor DC/DC
voltage converter will be negatively affected.

In view of this, how to provide a switched-capacitor
DC-DC power converter with low output ripple and high
conversion efficiency is an important and valuable technol-

ogy.

our’

SUMMARY

One aspect of the present disclosure provides a switched-
capacitor DC-DC voltage converter with low output ripple,
which can improve energy usage efficiency, computing
performance and operational robustness of the loading cir-
cuitry.

In order to achieve the above object, an embodiment of
the present invention provides a switched-capacitor DC/DC
voltage converter comprising at least one switch array and a
control circuit. The switch array comprises a capacitor, a
first switch group, a second switch group, a third switch
group, and a fourth switch group, wherein each of the first,
second, third, and fourth switch groups comprises a plurality
of power switches connected to one another in parallel, one
end of the capacitor is electrically connected to the first
switch group and the second switch group, another end of
the capacitor is electrically connected to the third switch
group and the fourth switch group. The control circuit
converts an input control signal to a first control signal set
and a second control signal set, and outputs the first control
signal set to the first and third switch groups and the second
control signal set to the second and fourth switch groups,
wherein each of the first control signal set and the second
control signal set comprises a plurality of control signals
with the phase delayed sequentially and the duty cycle
reduced sequentially.

In some embodiments of the present disclosure, the power
switches have the same area cost.

In some embodiments of the present disclosure, the power
switches are field effect transistors.

In some embodiments of the present disclosure, the power
switches have the same sizing ratio.
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In some embodiments of the present disclosure, the num-
ber of the power switches of each of the first, second, third,
and fourth switch groups is N, and the control circuit
comprises:

a clock divider, dividing the control signal into N control
signals with equal phase difference, comprising a first clock
signal and N-1 control signals with equal phase difference;

a non-overlapping signal generator, converting the first
clock signal into a first main clock control signal and a
second main clock control signal; and

an AND gate array, converting the first main clock control
signal and the N-1 control signals with equal phase differ-
ence into the first control signal set, and converting the
second main clock control signal and the N-1 control
signals with equal phase difference into the second control
signal set.

In some embodiments of the present disclosure, the clock
divider comprises N flip-flops and an inverter.

In some embodiments of the present disclosure, the non-
overlapping signal generator comprises an inverter, two
NAND gates, and two delay units.

In some embodiments of the present disclosure, the AND
gate array comprises 2(N-1) AND gates.

In some embodiments of the present disclosure, the num-
ber of the power switches of each of the first, second, third,
and fourth switch groups is N, and a delay time between
each of the signal members in the first and second control
signal sets is %2N cycle time.

In some embodiments of the present disclosure, the num-
ber of the power switches of each of the first, second, third,
and fourth switch groups is N, and duty cycles of each of the
first and second control signal sets are sequentially reduced
by 1/N duty cycle.

In order to achieve the above object, another embodiment
of the present invention provides a control method of a
switched-capacitor DC-DC voltage converter, wherein at
least one switch array in the switched-capacitor DC-DC
voltage converter is controlled by a control circuit, the
switch array comprises a capacitor, a first switch group, a
second switch group, a third switch group, and a fourth
switch group, each of the first, second, third, and fourth
switch groups comprises a plurality of power switches
connected to one another in parallel, one end of the capacitor
is electrically connected to the first switch group and the
second switch group, another end of the capacitor is elec-
trically connected to the third switch group and the fourth
switch group, and the method comprises:

converting an input control signal into a first control
signal set and a second control signal set; and

outputting the first control signal set to the first and third
switch groups and the second control signal set to the second
and fourth switch groups,

wherein each of the first control signal set and the second
control signal set comprises a plurality of control signals
with phase delayed sequentially and the duty cycle reduced
sequentially.

In some embodiments of the present disclosure, the num-
ber of the power switches of each of the first, second, third,
and fourth switch groups is N, and the step of converting the
control signal into the first control signal set and the second
control signal set comprises:

dividing an input control signal into N control signals
with equal phase difference, comprising a first clock signal
and N-1 control signals with equal phase difference;

converting the first clock signal into a first main clock
control signal and a second main clock control signal; and
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converting the first main clock control signal and the N-1
control signals with equal phase difference into the first
control signal set, and converting the second main clock
control signal and the N-1 control signals with equal phase
difference into the second control signal set.

In some embodiments of the present disclosure, the num-
ber of the power switches of each of the first, second, third,
and fourth switch groups is N, and a delay time of each of
the first and second control signal sets is 2N cycle time.

In some embodiments of the present disclosure, the num-
ber of the power switches of each of the first, second, third,
and fourth switch groups is N, and duty cycles of each of the
first and second control signal sets are sequentially reduced
by 1/N duty cycle.

In order to achieve the above object, another embodiment
of the present invention provides a switched-capacitor DC-
DC voltage converter, which comprise:

at least one switch array, comprising a capacitor and at
least one switch group, wherein the switch group comprises
a plurality of power switches connected to one another in
parallel, and one end of the capacitor is electrically con-
nected to the switch group; and

a control circuit, converting an input control signal into a
control signal set, and outputting the control signal set to the
switch group, and the control signal set comprises a plurality
of' signals with phase delayed sequentially and the duty cycle
reduced sequentially.

In order to achieve the above object, another embodiment
of the present invention provides a control method of a
switched-capacitor DC-DC voltage converter, wherein at
least one switch array in the switched-capacitor DC-DC
voltage converter is controlled by a control circuit, the
switch array comprises a capacitor, and at least one switch
group, wherein the switch group comprises a plurality of
power switches connected to one another in parallel, and one
end of the capacitor is electrically connected to the switch
group, and the method comprises: converting an input
control signal into a first control signal set and a second
control signal set; and
outputting the first control signal set to the first and third
switch groups and the second control signal set to the second
and fourth discharge switch groups,
wherein each of the first control signal set and the second
control signal set comprises a plurality of control signals
with phase delayed sequentially and the duty cycle reduced
sequentially.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will be more readily understood
from the following detailed description when read in con-
junction with the appended drawings, in which:

FIG. 1A is a schematic view illustrating a prior art of the
switched-capacitor DC-DC voltage converter.

FIG. 1B is a timing diagram illustrating a clock control
signal of a prior art of the switched-capacitor DC-DC
voltage converter.

FIG. 1C is a timing diagram illustrating an output voltage
of a prior art of the switched-capacitor DC-DC voltage
converter.

FIG. 1D is a circuit diagram illustrating a prior art of the
switched-capacitor DC-DC voltage converter.

FIG. 1E is a circuit diagram illustrating a prior art of the
switched-capacitor DC-DC voltage converter.

FIG. 1F is a circuit diagram illustrating a prior art of the
switched-capacitor DC-DC voltage converter.
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FIG. 1G is a circuit diagram illustrating a prior art of the
switched-capacitor DC-DC voltage converter.

FIG. 1H is a flow chart illustrating a prior art of a design
method of the switched-capacitor DC-DC voltage converter.

FIG. 2A is a flow chart illustrating a design method of a
switched-capacitor DC-DC voltage converter in accordance
with some embodiments of the present disclosure.

FIG. 2B is a circuit diagram illustrating the switched-
capacitor DC-DC voltage converter in accordance with
some embodiments of the present disclosure.

FIG. 2C is a partial circuit diagram illustrating the
switched-capacitor DC-DC voltage converter in accordance
with some embodiments of the present disclosure.

FIG. 2D is a block diagram illustrating a control circuit of
the switched-capacitor DC-DC voltage converter in accor-
dance with some embodiments of the present disclosure.

FIG. 2E is a block diagram illustrating a clock divider of
the switched-capacitor DC-DC voltage converter in accor-
dance with some embodiments of the present disclosure.

FIG. 2F is a block diagram illustrating a clock divider of
the switched-capacitor DC-DC voltage converter in accor-
dance with some embodiments of the present disclosure.

FIG. 2G is a block diagram illustrating an AND gate array
of the switched-capacitor DC-DC voltage converter in
accordance with some embodiments of the present disclo-
sure.

FIG. 2H is a timing diagram illustrating clock control
signals and an equivalent resistance of the switched-capaci-
tor DC-DC voltage converter in accordance with some
embodiments of the present disclosure.

FIG. 21 is a timing diagram illustrating an output voltage
of the switched-capacitor DC-DC voltage converter in
accordance with some embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numbers indicate
like features. Persons having ordinary skill in the art will
understand other varieties for implementing example
embodiments, including those described herein. The draw-
ings are not limited to specific scale and similar reference
numbers are used for representing similar elements. As used
in the disclosures and the appended claims, the terms
“example embodiment,” “exemplary embodiment,” and
“present embodiment” do not necessarily refer to a single
embodiment, although it may, and various example embodi-
ments may be readily combined and interchanged, without
departing from the scope or spirit of the present disclosure.
Furthermore, the terminology as used herein is for the
purpose of describing example embodiments only and is not
intended to be a limitation of the disclosure. In this respect,
as used herein, the term “in” may include “in” and “on”, and
the terms “a”, “an” and “the” may include singular and
plural references. Furthermore, as used herein, the term “by”
may also mean “from”, depending on the context. Further-
more, as used herein, the term “if” may also mean “when”
or “upon”, depending on the context. Furthermore, as used
herein, the words “and/or” may refer to and encompass any
and all possible combinations of one or more of the asso-
ciated listed items.

In order to reduce the output ripple of the switched-
capacitor DC/DC voltage converter more efficiently, the
present invention provides a design method of a switched-
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capacitor DC-DC voltage converter in accordance with
some embodiments of the present disclosure. Referring to
FIG. 2A. FIG. 2A is a flow chart illustrating a design method
of a switched-capacitor DC-DC voltage converter in accor-
dance with some embodiments of the present disclosure. The
steps of design method of a switched-capacitor DC-DC
voltage converter in accordance with some embodiments of
the present disclosure comprise specifying an input voltage
V,,., an expected output voltage, an expected output current,
and an expected output ripple amplitude (S201); adjusting a
switching frequency f,,, of an control signal for a switch, the
sizing of the switches and the capacitors (S203); segmenting
the switches into switch groups and control the switch
groups by a set of distributed control signals (S205); and
determining whether an output voltage V,_,,, an output
current I, and a output ripple amplitude AV _,, meet the
expected output voltage, the expected output current, and the
expected output ripple amplitude (S207). If the judgment is
no, the adjustment of the switching frequency f,,, of the
control signal for the switch, the sizing of the switches and
the capacitors (S203) and the segmentation of the switches
into switch groups and the control of the switch groups by
a set of distributed control signals (S205) are repeated until
judged as yes.

The following will specifically describe how the distrib-
uted control signal controls the switch array. Referring to
FIG. 2B, FIG. 2B is a circuit diagram illustrating the
switched-capacitor DC-DC voltage converter in accordance
with some embodiments of the present disclosure. As shown
in FIG. 2B, the switched-capacitor DC-DC voltage con-
verter 2 comprises at least one switch array 210 and a control
circuit 220. The switch array 210 has substantially the same
circuit as the switch circuit 10 of the conventional switched-
capacitor DC/DC voltage converter 1. The main difference
between the two is at least one switch of the switch array 210
is composed of a plurality of power switches obtained by
segmenting a single switch of the conventional switch
circuit 10, wherein the plurality of power switches are
connected to in parallel one another, and the control circuit
220 generates a distributed clock control signal set to control
the switch array 210.

More specifically, the switch array 210 comprises a
capacitor Cg, and at least one switch group. For example, the
switch array 210 comprises one switch group and a single
switch. According to one embodiment, the switch array 210
comprise four switch groups, a first switch group G1, a
second switch group G2, a third switch group G3, and a
fourth switch group G4. Each of the first switch group G1,
the second switch group G2, the switch group G3, and the
fourth switch group G4 comprises a plurality of power
switches. For example, each switch group comprises the
same number (for example, N) of power switches
S1, 82, ..., SN in parallel, but not limited to this, but each
switch group also can comprises a different number of
switches.

For those familiar with the field of switched-capacitor
DC/DC converter, to produce different switched-capacitor
DC/DC voltage converters with different conversion ratios,
four terminals of the switch array 210 (comprising a first
terminal p being the terminal of the first switch group G1 not
connected to the capacitor Cg,, a second terminal q being the
terminal of the second switch group G2 not connected to the
capacitor C,, a third terminal r being the terminal of the
fourth switch group G4 not connected to the capacitor Cy,
and a fourth terminal s' being the terminal of the third switch
group G3 not connected to the capacitor Cg,) can be
connected with other switch arrays or electrically connected
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to an input voltage, an output voltage, and a ground as
shown in FIGS. 1D-1G. For different switched-capacitor
DC/DC voltage converters with different conversion ratios,
those familiar with this field should be able to simply assign
multiple switch groups into switch groups controlled by the
first clock control signal set ¢, , and switch groups con-
trolled by the second clock control signal set ¢, ;.

More specifically, the plurality of power switches
S;. S,, ..., S, of the first switch group G1 have a first
common terminal and a second common terminal, the plu-
rality of power switches S|, S,, . . ., S, of the second switch
group G2 have a first common terminal and a second
common terminal, the plurality of power switches
S;. S5, ..., Sy of the third switch group G3 have a first
common terminal and a second common terminal, and the
plurality of power switches S,, S,, . . ., S,, of the fourth
switch group G4 have a first common terminal and a second
common terminal. One terminal of the capacitor Cg,, is
electrically connected to the first common terminal of the
first switch group G1 and the first common terminal of the
second switch group G2, and anther terminal of the capacitor
Cj, is electrically connected to the first common terminal of
the third switch group G3 and the first common terminal of
the fourth switch group G4. The second common terminal of
the first switch group G1 is the first terminal p of the switch
array 210. The second common terminal of the second
switch group G2 is the second terminal q of the switch array
210. The second common terminal of the fourth switch
group G4 is the third terminal r of the switch array 210. The
second common terminal of the third switch group G3 is the
fourth terminal s' of the switch array 210.

The control circuit 220 may comprise a control signal
generator 221 and logic gates 223. In one embodiment, the
control circuit 220 may comprise logic gates 223 and be
connected to a control signal generator 221 outside the
control circuit 220. The control signal generator 221 can
generate a control signal (for example, a square wave, a
triangle wave or a sine wave signal) to the logic gates 223.
The logic gates 223 can convert the control signal into a first
control signal set ¢, , and a second control signal set ¢, ,,
and output the first control signal set ¢, , to the first and third
switch groups G1, G3 and the second control signal set ¢, ;.
to the second and fourth switch groups G2, G4. In which,
k={x10sx=N-1, x&Z}.

The first control signal set ¢, , comprises a plurality of
control signals ¢, o, ¢; 1, . . ., §; ., With the phase delayed
sequentially and the duty cycle reduced sequentially. The
second control signal set ¢, , comprises a plurality of control
signals ¢,4, ®,,, - - -, §, With the phase delayed
sequentially and the duty cycle reduced sequentially. The
first main clock control signal ¢, , of the first control signal
set ¢, ; and the second main clock control signal ¢, , of the
second control signal set ¢, , are reverse phase signals or
independent signals.

Next, embodiments of multiple power switches
S, S,, ..., Sy will be further described. Referring to FIG.
2C, FIG. 2C is a partial circuit diagram illustrating the
switched-capacitor DC-DC voltage converter in accordance
with some embodiments of the present disclosure. Since the
connection relationship between each switch group G1/G2/
G3/G4 and the control circuit 220 is the same, and the
control circuit 220 can at least control one of the switch
groups G1, G2, G3, G4, FIG. 2C only illustrates one of the
switch groups G1, G2, G3, G4. According to one embodi-
ment, the plurality of power switches S, S,, . . ., Sy can
have the same sizing ratio W/L or the same area, but not
limited to this. According to one embodiment, the sizing
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ratio of the conventional switch SW1/SW2/SW3/SW4 can
be the same as or N times the sizing ratio of the power
switches S1, S2, . .., SN of the switch group G1/G2/G3/G4,
but not limited to this. The plurality of power switches S,,
S,, ..., S, may be N-type metal-oxide-semiconductor field
effect transistors or P-type metal-oxide-semiconductor field
effect transistors. FIG. 2C only illustrates N-type metal-
oxide-semiconductor field effect transistors, but not limited
to this.

According to one embodiment, source terminals s of the
plurality of power switches S, S,, . . . , S, are electrically
connected to one another, and drain terminals d of the
plurality of power switches S, S,, . . . , S, are electrically
connected to one another. The logic gates 223 output the first
control signal set ¢, ; to the gate terminals g of the power
switches S, S,, . . ., S, of the first switch group G1,
respectively, and generally synchronously outputs the first
control signal set ¢, , to the gates g of the power switches S,
S,, ..., Sy of the third switch group G3, respectively, in
which the control signals ¢; o, ¢, 1, - . ., ¢ ».; Of the first
control signal set ¢, , have a one-to-one relationship with the
plurality of power switches S, S,, . . ., S, According to one
embodiment, sources of the plurality of power switches S,,
S,, ..., Sy are electrically connected to one another, and
drains of the plurality of power switches S, S,, . .., Sy are
electrically connected to one another. The logic gates 223
output the first control signal set ¢, , to the gates g of the
power switches S, S,, . . ., S, of the first switch group G1,
respectively, and generally synchronously outputs the first
control signal set ¢, , to the gates g of the power switches S,
S,, S, of the third switch group G3, respectively, in which
the control signals ¢, o, ¢, ;, - . . , $1,N-1 of the first control
signal set ¢, , have a one-to-one relationship with the plu-
rality of power switches S, S,, ..., Sy

According to one embodiment, the capacitor is a total
flying capacitance, but not limited to this.

In conjunction with FIG. 2B and FIG. 2C, referring to
FIG. 2D, FIG. 2D is a block diagram illustrating a control
circuit of the switched-capacitor DC-DC voltage converter
in accordance with some embodiments of the present dis-
closure. The control circuit 220 comprises the control signal
generator 221 and the logic gates 223, and the control signal
generator 221 outputs a control signal CLK to the logic gates
223. The logic gates 223 comprises a clock divider 2231, a
non-overlapping signal generator 2235, and an AND gate
array 2239.

The clock divider 2231 divides the control signal CLK
into N control signals with equal phase difference, compris-
ing a first clock signal ¢, and N-1 control signals ¢, with
equal phase difference. The clock divider 2231 outputs the
first clock signal ¢, to the non-overlapping signal generator
2235 and outputs the N-1 control signals ¢, with equal phase
difference to the AND gate array 2239, in which j={xm/
Nil=x<N-1, xEN}.

According to one embodiment, the clock divider 2231
may be shown in FIG. 2E. The clock divider 2231 comprises
N flip-flops 2232 and an inverter 2233. Each of flip-flops
2232 may be a D-type flip-flop, and all D-type flip-flops are
cascaded in series such that the D terminal of one of the
flip-flops 2232 and the Q terminal of another adjacent
flip-flop are electrically connected as a queue, but not
limited to this. The input and output of the inverter are
connected to the Q and D terminals of the D-type flip-flops
at the end and start of the D-type flip-flop queue, respec-
tively.

The non-overlapping signal generator 2235 converts the
first clock signal ¢, into two positive half-periods and
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non-overlapping first main control signal ¢, ;, and the second
main control signal ¢, ,, so that the first main control signal
¢, o and the second main control signal ¢,, are mutually
inverted signals or independent signals.

According to one embodiment, the non-overlapping sig-
nal generator 2235 may comprises an inverter 2236, two
inverters 2237, and two delay units 2238 as shown in FIG.
2E, but it is not limited to this.

The AND gate array 2239 converts the first main control
signal ¢, , and the N-1 control signals ¢; with equal phase
difference into the first control signal set ¢, ,, and converts
the second main control signal ¢,, and the N-1 control
signals ¢, with equal phase difference into the second control
signal set ¢, ;.

According to one embodiment, the AND gate array 2239
may be shown in FIG. 2G, and the AND gate array 2239
comprises 2(N-1) AND gates 2240, but it is not limited to
this.

With the above design and arrangement, the phases of the
first and second control signal sets ¢, 4, ¢, are delayed in
sequence by AN cycle time T, respectively, and the duty
cycles of the first and second control signal sets ¢, 4, ¢, ;, are
reduced in sequence by 1/N duty cycle T/2 (as shown in FIG.
2H), such that an equivalent resistance R, of switch
groups G1, G2, G3, G4 changes periodically according to
the number of power switches S|, S,, .. ., S, (as shown in
FIG. 2G, from Nygp/1, Npop/2, Npop/3 to Ry in sequence,
Ry 1s the equivalent resistance of the conventional single
power switches S1, S2, S3, S4, and the area of the power
switch S1 is the sum of the area of the power switches S|,
S,, . .., S,). With the above behaviors, the output ripple
amplitude AV, on the output load unit R;, is reduced (the
ripple reduction amplitude AR is marked as shown in FIG.
20).

In summary, the switched-capacitor DC/DC voltage con-
verter and the control method disclosed in the present
invention have low output ripple, and the voltage conversion
circuit maintains a conventional simple structure and
reduced cost. The control signal of the control circuit can be
generated by the existing interleaved clock signal with
simple logic gates, thereby reducing the production com-
plexity. The control characteristics are scalable, and can be
applied to a wide range of interleaved control stages after
being stacked number. In addition, the switched-capacitor
DC/DC voltage converter and its control method disclosed
in the present invention only modulate the charging and
discharging process of the voltage conversion circuit in an
open-loop manner, so it is compatible with the existing
closed-loop ripple reduction technology.

While various embodiments in accordance with the dis-
closed principles are described above, it should be under-
stood that they are presented by way of example only, and
are not limiting. Thus, the breadth and scope of exemplary
embodiment(s) should not be limited by any of the above-
described embodiments, but should be defined only in
accordance with the claims and their equivalents issuing
from this disclosure. Furthermore, the above advantages and
features are provided in described embodiments, but shall
not limit the application of such issued claims to processes
and structures accomplishing any or all of the above advan-
tages.

Additionally, the section headings herein are provided for
consistency with the suggestions under 37 C.F.R. 1.77 or
otherwise to provide organizational cues. These headings
shall not limit or characterize the invention(s) set out in any
claims that may issue from this disclosure. Specifically, a
description of a technology in the “Background” is not to be
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construed as an admission that technology is prior art to any
invention(s) in this disclosure. Furthermore, any reference in
this disclosure to “invention” in the singular should not be
used to argue that there is only a single point of novelty in
this disclosure. Multiple inventions may be set forth accord-
ing to the limitations of the multiple claims issuing from this
disclosure, and such claims accordingly define the
invention(s), and their equivalents, that are protected
thereby. In all instances, the scope of such claims shall be
considered on their own merits in light of this disclosure, but
should not be constrained by the headings herein.

What is claimed is:

1. A switched-capacitor DC-DC voltage converter, com-
prising:

at least one switch array, comprising a capacitor, a first
switch group, a second switch group, a third switch
group, and a fourth switch group, wherein each of the
first, second, third, and fourth switch groups comprises
a plurality of power switches connected to one another
in parallel, one end of the capacitor is electrically
connected to the first switch group and the second
switch group, another end of the capacitor is electri-
cally connected to the third switch group and the fourth
switch group; and

a control circuit, converting an input control signal into a
first control signal set and a second control signal set,
and outputting the first control signal set to the first and
third switch groups, and outputting the second control
signal set to the second and fourth switch groups,
wherein each of the first control signal set and the
second control signal set comprises a plurality of
control signals with the phase delayed sequentially and
the duty cycle reduced sequentially.

2. The switched-capacitor DC-DC voltage converter
according to claim 1, wherein the power switches have the
same area.

3. The switched-capacitor DC-DC voltage converter
according to claim 1, wherein the power switches are field
effect transistors.

4. The switched-capacitor DC-DC voltage converter
according to claim 1, wherein the power switches have the
same sizing ratio.

5. The switched-capacitor DC-DC voltage converter
according to claim 1, wherein the number of the power
switches of each of the first, second, third, and fourth switch
groups is N, and the control circuit comprising:

a clock divider, dividing the control signal into N control
signals with equal phase difference, comprising a first
clock signal and N-1 control signals with equal phase
difference;

a non-overlapping signal generator, converting the first
clock signal into a first main clock control signal and a
second main clock control signal;

an AND gate array, converting the first main clock control
signal and the N-1 control signals with equal phase
difference into the first control signal set, and convert-
ing the second main clock control signal and the N-1
control signals with equal phase difference into the
second control signal set.

6. The switched-capacitor DC-DC voltage converter
according to claim 5, wherein the clock divider comprises N
flip-flops and an inverter.

7. The switched-capacitor DC-DC voltage converter
according to claim 5, wherein the non-overlapping signal
generator comprises an inverter, two NAND gates, and two
delay units.
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8. The switched-capacitor DC-DC voltage converter
according to claim 5, wherein the AND gate array comprises
2(N-1) AND gates.

9. The switched-capacitor DC-DC voltage converter
according to claim 1, wherein the number of the power
switches of each of the first, second, third, and fourth switch
groups is N, and a delay time of each of the first and second
control signal sets is 2N cycle time.

10. The switched-capacitor DC-DC voltage converter
according to claim 1, wherein the number of the power
switches of each of the first, second, third, and fourth switch
groups is N, and duty cycles of each of the first and second
control signal sets are sequentially reduced by 1/N duty
cycle.

11. A control method of a switched-capacitor DC-DC
voltage converter, wherein at least one switch array in the
switched-capacitor DC-DC voltage converter is controlled
by a control circuit, the switch array comprises a capacitor,
a first switch group, a second switch group, a third switch
group, and a fourth switch group, each of the first, second,
third, and fourth switch groups comprises a plurality of
power switches connected to one another in parallel, one end
of the capacitor is electrically connected to the first switch
group and the second switch group, another end of the
capacitor is electrically connected to the third switch group
and the fourth switch group, and the method comprising:

converting an input control signal into a first control
signal set and a second control signal set;

outputting the first control signal set to the first and third
switch groups, and outputting the second control signal
set to the second and fourth discharge switch groups,

wherein each of the first control signal set and the second
control signal set comprises a plurality of control
signals with phase delayed sequentially and the duty
cycle reduced sequentially.

12. The method according to claim 11, wherein the
number of the power switches of each of the first, second,
third, and fourth switch groups is N, and the step of
transferring the control signal to the first control signal set
and the second control signal set comprising:

a clock divider, dividing the control signal into a first
clock signal and N-1 control signals with equal phase
difference;

a non-overlapping signal generator, converting the first
clock signal into a first main clock control signal and a
second main clock control signal;
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an AND gate array, converting the first main clock control
signal and the N-1 control signals with equal phase
difference into the first control signal set, and convert-
ing the second main clock control signal and the N-1
control signals with equal phase difference into the
second control signal set.

13. The method according to claim 11, wherein the
number of the power switches of each of the first, second,
third, and fourth switch groups is N, and a delay time of each
of the first and second control signal sets is 2N cycle time.

14. The method according to claim 11, wherein the
number of the power switches of each of the first, second,
third, and fourth switch groups is N, and duty cycles of each
of the first and second control signal sets are sequentially
reduced by 1/N duty cycle.

15. A switched-capacitor DC-DC voltage converter, com-
prising:
at least one switch array, comprising a capacitor and at
least one switch group, wherein the switch group
comprises a plurality of power switches connected to
one another in parallel, and one end of the capacitor is
electrically connected to the switch group; and

a control circuit, converting an input control signal into a
control signal set, and outputting the control signal set
to the switch group, and the control signal set com-
prises a plurality of signals with phase delayed sequen-
tially and the duty cycle reduced sequentially.

16. A control method of a switched-capacitor DC-DC
voltage converter, wherein at least one switch array in the
switched-capacitor DC-DC voltage converter is controlled
by a control circuit, the switch array comprises a capacitor,
and at least one switch group, wherein the switch group
comprises a plurality of power switches connected to one
another in parallel, and one end of the capacitor is electri-
cally connected to the switch group, and the method com-
prising:

converting an input control signal into a control signal set;

and

outputting the control signal set to the switch group,

wherein the control signal set comprises a plurality of
signals with phase delayed sequentially and the duty
cycle reduced sequentially.
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