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A voltage converting device includes: a first power supply,
having a first positive terminal and a first negative terminal;
a first bridge circuit, coupled to the first positive terminal; a
second bridge circuit, coupled between the first bridge
circuit and the first negative terminal; a second power
supply, having a second positive terminal and a second
negative terminal; a third bridge circuit, coupled to the
second positive terminal; a fourth bridge circuit, coupled
between the third bridge circuit and the second negative
terminal; and an inductive circuit, coupled between the first
bridge circuit and the second bridge circuit.
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VOLTAGE CONVERTING DEVICE AND
METHOD OF CONTROLLING THE
VOLTAGE CONVERTING DEVICE

BACKGROUND

[0001] A DCDC converting device is arranged to convert
a source of direct current (DC) from one voltage level to
another voltage levels. The DCDC converting device may be
used in the field of solar power to up-convert (i.e. Boost) or
down-convert (i.e. Buck) the voltage level of the direct
current. Currently, a DCDC converting device is either a
Boost convert or a Buck converter. Moreover, in a system
with a relatively high operating voltage level, e.g. 1000V or
higher, the cost of the high-voltage switching device is
relatively high.

[0002] In addition, for the example of a Buck converter,
when the output loading is full, the Buck converter may
operate in the continuous current mode (CCM). The output
loading current may be the average current of the inductor
current. When the loading current decreases, the average
current of the inductor current also decreases. When the
average current of the inductor current reaches a specific
value, the Buck convert enter the threshold current mode. If
the loading current further decreases, and the inductor
current reaches zero and the switching cycle is not finished
yet, then the inductor current may be kept on the zero current
for some time due to the diode. When the switching cycle
finishes, the Buck converter enter the next switching cycle,
and the next switching cycle may be the discontinuous
current mode (DCM). The conventional Boost converter or
Buck converter only operates in the discontinuous current
mode when the loading current is small. When the loading
current is small, the sampling of the inductor current may be
inaccurate due to the discontinuity of the inductor current.
Accordingly, the loop bandwidth of the Buck converter is
relatively small, and oscillation may occur in the system.

SUMMARY

[0003] Embodiments of the present invention provide a
voltage converting device. The voltage converting device
comprises: a first power supply, having a first positive
terminal and a first negative terminal; a first bridge circuit,
coupled to the first positive terminal; a second bridge circuit,
coupled between the first bridge circuit and the first negative
terminal; a second power supply, having a second positive
terminal and a second negative terminal; a third bridge
circuit, coupled to the second positive terminal; a fourth
bridge circuit, coupled between the third bridge circuit and
the second negative terminal; and an inductive circuit,
coupled between the first bridge circuit and the second
bridge circuit.

[0004] In one embodiment, the first power supply is a
power battery pack and the second power supply is a
photovoltaic system.

[0005] In one embodiment, the first bridge circuit com-
prises: a first capacitor, having a first terminal coupled to the
first positive terminal; a first switching transistor, having a
first terminal coupled to the first terminal of the first capaci-
tor; a second switching transistor, having a first terminal
coupled to a second terminal of the first switching transistor,
and a second terminal coupled to a second terminal of the
first capacitor. The second bridge circuit comprises: a second
capacitor, having a first terminal coupled to the second
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terminal of the first capacitor, and a second terminal coupled
to the first negative terminal of the first power supply; a third
switching transistor, having a first terminal coupled to the
first terminal of the second capacitor; a fourth switching
transistor, having a first terminal coupled to a second ter-
minal of the third switching transistor, and a second terminal
coupled to the second terminal of the first capacitor. The
third bridge circuit comprises: a third capacitor, having a
first terminal coupled to the second positive terminal; a fifth
switching transistor, having a first terminal coupled to the
first terminal of the third capacitor; a sixth switching tran-
sistor, having a first terminal coupled to a second terminal of
the fifth switching transistor, and a second terminal coupled
to a second terminal of the third capacitor. The fourth bridge
circuit comprises: a fourth capacitor, having a first terminal
coupled to the second terminal of the third capacitor, and a
second terminal coupled to the second negative terminal of
the second power supply; a seventh switching transistor,
having a first terminal coupled to the first terminal of the
fourth capacitor; an eighth switching transistor, having a first
terminal coupled to a second terminal of the seventh switch-
ing transistor, and a second terminal coupled to the second
terminal of the fourth capacitor. The inductive circuit com-
prises: a first inductor, having a first terminal coupled to the
second terminal of the first switching transistor, and a second
terminal coupled to the second terminal of the fifth switch-
ing transistor; and a second inductor, having a first terminal
coupled to the second terminal of the third switching tran-
sistor, and a second terminal coupled to the second terminal
of the seventh switching transistor.

[0006] In one embodiment, the first capacitor, the second
capacitor, the third capacitor, and the fourth capacitor have
a first capacitance, a second capacitance, a third capacitance,
and a fourth capacitance respectively, the first capacitance is
equal to the second capacitance, and the third capacitance is
equal to the fourth capacitance.

[0007] In one embodiment, the second terminal of the
second switching transistor is coupled to the second terminal
of the sixth switching transistor.

[0008] In one embodiment, the voltage converting device
further comprises: a first connecting circuit, coupled to the
first positive terminal, the first negative terminal, the first
bridge circuit, and the second bridge circuit; and a second
connecting circuit, coupled to the second positive terminal,
the second negative terminal, the third bridge circuit, and the
fourth bridge circuit.

[0009] In one embodiment, the first bridge circuit com-
prises: a first capacitor, having a first terminal coupled to the
first positive terminal; a first switching transistor, having a
first terminal coupled to the first terminal of the first capaci-
tor, and a second terminal coupled to a second terminal of
the first capacitor; a second capacitor, having a first terminal
coupled to the second terminal of the first capacitor; a
second switching transistor, having a first terminal coupled
to the first terminal of the second capacitor, and a second
terminal coupled to a second terminal of the first capacitor.
The second bridge circuit comprises: a third capacitor,
having a first terminal coupled to the second terminal of the
second capacitor; a third switching transistor, having a first
terminal coupled to the first terminal of the third capacitor,
and a second terminal coupled to a second terminal of the
third capacitor; a fourth capacitor, having a first terminal
coupled to the second terminal of the third capacitor; a
fourth switching transistor, having a first terminal coupled to
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the first terminal of the fourth capacitor, and a second
terminal coupled to a second terminal of the fourth capacitor.
The third bridge circuit comprises: a fifth capacitor, having
a first terminal coupled to the second positive terminal; a
fifth switching transistor, having a first terminal coupled to
the first terminal of the fifth capacitor, and a second terminal
coupled to a second terminal of the fifth capacitor; a sixth
capacitor, having a first terminal coupled to the second
terminal of the fifth capacitor; a sixth switching transistor,
having a first terminal coupled to the first terminal of the
sixth capacitor, and a second terminal coupled to a second
terminal of the sixth capacitor. The fourth bridge circuit
comprises: a seventh capacitor, having a first terminal
coupled to the second terminal of the sixth capacitor; a
seventh switching transistor, having a first terminal coupled
to the first terminal of the seventh capacitor, and a second
terminal coupled to a second terminal of the seventh capaci-
tor; an eighth capacitor, having a first terminal coupled to the
second terminal of the seventh capacitor; an eighth switch-
ing transistor, having a first terminal coupled to the first
terminal of the eighth capacitor, and a second terminal
coupled to a second terminal of the eighth capacitor. The
inductive circuit comprises: an inductor, having a first
terminal coupled to the second terminal of the second
switching transistor, and a second terminal coupled to the
second terminal of the sixth switching transistor.

[0010] In one embodiment, the first capacitor, the second
capacitor, the third capacitor, the fourth capacitor, the fifth
capacitor, the sixth capacitor, the seventh capacitor, and the
eighth capacitor have a first capacitance, a second capaci-
tance, a third capacitance, a fourth capacitance, a fifth
capacitance, a sixth capacitance, a seventh capacitance, and
an eighth capacitance respectively, the first capacitance and
the second capacitance are equal to the third capacitance and
the fourth capacitance respectively, and the fifth capacitance
and the sixth capacitance are equal to the seventh capaci-
tance and the eighth capacitance respectively.

[0011] In one embodiment, the first connecting circuit
comprises: a ninth capacitor, having a first terminal coupled
to the first positive terminal; a tenth capacitor, having a first
terminal coupled to a second terminal of the ninth capacitor,
and a second terminal coupled to the first negative terminal;
an eleventh capacitor, having a first terminal coupled to the
second terminal of the first capacitor, and a second terminal
coupled to the second terminal of the third capacitor; a first
diode, having an anode coupled to the second terminal of the
ninth capacitor, and a cathode coupled to the first terminal of
the eleventh capacitor; and a second diode, having an anode
coupled to the second terminal of the eleventh capacitor, and
a cathode coupled to the second terminal of the ninth
capacitor. The second connecting circuit comprises: a
twelfth capacitor, having a first terminal coupled to the
second positive terminal; a thirteenth capacitor, having a
first terminal coupled to a second terminal of the twelfth
capacitor, and a second terminal coupled to the second
negative terminal; a fourteenth capacitor, having a first
terminal coupled to the second terminal of the fifth capacitor
and a second terminal coupled to the seventh capacitor; a
third diode, having an anode coupled to the second terminal
of the twelfth capacitor, and a cathode coupled to the first
terminal of the fourteenth capacitor; and a fourth diode,
having an anode coupled to the second terminal of the
fourteenth capacitor, and a cathode coupled to the second
terminal of the twelfth capacitor.
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[0012] A method of controlling a voltage converting
device is provided. The voltage converting device com-
prises: a first power supply, having a first positive terminal
and a first negative terminal; a first bridge circuit, having a
first switching transistor and a second switching transistor,
coupled to the first positive terminal; a second bridge circuit,
having a third switching transistor and a fourth switching
transistor, coupled between the first bridge circuit and the
first negative terminal; a second power supply, having a
second positive terminal and a second negative terminal; a
third bridge circuit, having a fifth switching transistor and a
sixth switching transistor, coupled to the second positive
terminal; a fourth bridge circuit, having a seventh switching
transistor and an eight switching transistor, coupled between
the third bridge circuit and the second negative terminal; and
an inductive circuit, coupled between the first bridge circuit
and the second bridge circuit. The method comprises:
receiving a request for discharging current to the second
power supply from the first power supply; detecting a first
voltage level of the first power supply and a second voltage
level of the second power supply; when the first voltage
level is smaller than the second voltage level: controlling the
voltage converting device to operate in a first cycle having
a first time interval T1 and a second time interval T2; during
the second time interval T2, detecting if a current of the
inductive circuit crosses a zero current; when the current
crosses the zero current in the second time interval T2,
controlling the voltage converting device to operate in a
second cycle having a third time interval T3 and a fourth
time interval T4 or a third cycle having a seventh time
interval T7 and an eighth interval T8 after the second time
interval T2; when the first voltage level is higher than the
second voltage level: controlling the voltage converting
device to operate in a fourth cycle having a fifth time interval
T5 and a sixth time interval T6; during the sixth time interval
T6, detecting if the current of the inductive circuit crosses
the zero current; when the current crosses the zero current in
the sixth time interval T6, controlling the voltage converting
device to operate in a fifth cycle having the third time
interval T3 and the fourth time interval T4 or a sixth cycle
having the seventh time interval T7 and the eighth interval
T8, or a seventh cycle having the third time interval T3 and
the fourth time interval T4 after the sixth time interval T6.

[0013] In one embodiment, wherein: during the first time
interval T1, the first switching transistor and the sixth
switching transistor are turned on, the second switching
transistor and the fifth switching transistor are turned off;
during the second time interval T2, the sixth switching
transistor is turned off; during the third time interval T3, the
fifth switching transistor is turned on, the second switching
transistor and the sixth switching transistor are turned off;
during the fourth time interval T4, the second switching
transistor and the fifth switching transistor are turned off;
during the fifth time interval T5, the first switching transistor
is turned on, the second switching transistor and the sixth
switching transistor are turned off; during the sixth time
interval T6, the first switching transistor and the sixth
switching transistor are turned off; during the seventh time
interval T7, the second switching transistor and the fifth
switching transistor are turned on, the first switching tran-
sistor and the sixth switching transistor are turned off; during
the eighth time interval T8, the second switching transistor
is turned off; wherein the fourth switching transistor and the
first switching transistor are controlled by a first signal, the
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third switching transistor and the second switching transistor
are controlled by a second signal, the eight switching
transistor and the fifth switching transistor are controlled by
a third signal, and the seventh switching transistor and the
sixth switching transistor are controlled by a fourth signal.
[0014] Inone embodiment, wherein, during a cycle having
time intervals T1, T2, T3, T4, the voltage converting device
is arranged to operate in the third interval T3 before the
current crosses the zero current; during a cycle having time
intervals T1, T2, T7, T8, the voltage converting device is
arranged to operate in the seventh interval T7 before the
current crosses the zero current; during a cycle having time
intervals T5, T6, T7, T8, the voltage converting device is
arranged to operate in the seventh interval T7 before the
current crosses the zero current; and during a cycle having
time intervals T5, T6, T3, T4, the voltage converting device
is arranged to operate in the third interval T3 before the
current crosses the zero current.

[0015] Inone embodiment, wherein, during a cycle having
time intervals T1, T2, T3, T4, the fifth switching transistor
is turned on and the second switching transistor is turned off
in the second interval T2; during a cycle having time
intervals T1, T2, T7, T8, the second switching transistor and
the fifth switching transistor are turned on in the second
interval T2; during a cycle having time intervals T5, T6, T7,
T8, the second switching transistor and the fifth switching
transistor are turned on in the sixth interval T6; and during
a cycle having time intervals T5, T6, T3, T4, the fifth
switching transistor is turned on and the second switching
transistor is turned off in the sixth interval T6.

[0016] In one embodiment, wherein, during the cycle
having time intervals T1, T2, T3, T4, the first switching
transistor and the sixth switching transistor are turned on in
the fourth interval T4; during the cycle having time intervals
T1, T2, T7, T8, the first switching transistor and the sixth
switching transistor are turned on in the eighth interval T8;
during the cycle having time intervals T5, T6, T7, T8, the
first switching transistor is turned on and the sixth switching
transistor is turned off in the eighth interval T8; and during
the cycle having time intervals T5, T6, T3, T4, the first
switching transistor and the sixth switching transistor are
turned off in the fourth interval T4.

[0017] In one embodiment, wherein the first switching
transistor is turned off in the second interval T2, and the fifth
switching transistor is turned off in the eighth interval T8.
[0018] In one embodiment, wherein the first switching
transistor is turned on in the third interval T3, and the fifth
switching transistor is turned on in the fifth interval T5.
[0019] In one embodiment, wherein: during the first time
interval T1, the first bridge circuit and the fourth bridge
circuit are turned on, and the second bridge circuit and the
third bridge circuit are turned off; during the second time
interval T2, the fourth bridge circuit is turned off, and the
first bridge circuit and the second bridge circuit are not
turned on at the same time; during the third time interval T3,
the third bridge circuit is turned on, and the second bridge
circuit and the fourth bridge circuit are turned off; during the
fourth time interval T4, the second bridge circuit and the
third bridge circuit are turned off; during the fifth time
interval T5, the first bridge circuit is turned on, and the
second bridge circuit and the fourth bridge circuit are turned
off; during the sixth time interval T6, the first bridge circuit
and the fourth bridge circuit are turned off; during the
seventh time interval T7, the second bridge circuit and the
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third bridge circuit are turned on, and the first bridge circuit
and the fourth bridge circuit are turned off; during the eighth
time interval T8, the second bridge circuit is turned off, and
the third bridge circuit and the fourth bridge circuit are not
turned on at the same time.

[0020] Inone embodiment, wherein, during a cycle having
time intervals T1, T2, T3, T4, the third bridge circuit is
turned on and the second bridge circuit is turned off in the
second interval T2; during a cycle having time intervals T1,
T2, T7, T8, the second bridge circuit and the third bridge
circuit are turned on in the second interval T2; during a cycle
having time intervals T5, T6, T7, T8, the second bridge
circuit and the third bridge circuit are turned on in the sixth
interval T6; and during a cycle having time intervals T5, T6,
T3, T4, the third bridge circuit is turned on and the second
bridge circuit is turned off in the sixth interval Té6.

[0021] In one embodiment, wherein, during the cycle
having time intervals T1, T2, T3, T4, the first bridge circuit
and the fourth bridge circuit are turned on in the fourth
interval T4; during the cycle having time intervals T1, T2,
T7, T8, the first bridge circuit and the fourth bridge circuit
are turned on and the third bridge circuit is turned off in the
eighth interval T8; during the cycle having time intervals T5,
Té, 17, T8, the first bridge circuit is turned on and the fourth
bridge circuit is turned off in the eighth interval T8; and
during the cycle having time intervals T5, T6, T3, T4, the
first bridge circuit is turned on and the fourth bridge circuit
is turned off in the fourth interval T4.

[0022] Inone embodiment, wherein the first bridge circuit
is turned off in the second interval T2, the third bridge circuit
is turned off in the eighth interval T8, the first bridge circuit
is turned on in the third interval T3, and the third bridge
circuit is turned on in the fifth interval T5.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0024] FIG. 1 is a diagram illustrating a DCDC (Direct
Current to Direct Current) double-direction converting
device in accordance with some embodiments.

[0025] FIG. 2 is a diagram illustrating a first power supply
discharging a second power supply in accordance with some
embodiments.

[0026] FIG. 3 is a diagram illustrating a first power supply
discharging a second power supply in accordance with some
embodiments.

[0027] FIG. 4 is a diagram illustrating a first power supply
discharging a second power supply in accordance with some
embodiments.

[0028] FIG. 5 is a diagram illustrating a second power
supply discharging a first power supply Bat in accordance
with some embodiments.

[0029] FIG. 6 is a diagram illustrating a second power
supply discharging a first power supply in accordance with
some embodiments.

[0030] FIG. 7 is a diagram illustrating a second power
supply charging a first power supply in accordance with
some embodiments.
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[0031] FIG. 8 is a diagram illustrating a DCDC double-
direction converting device in accordance with some
embodiments.

[0032] FIG.9is atiming diagram illustrating signals in the
time intervals T1~T2 in accordance with some embodi-
ments.

[0033] FIG. 10 is a timing diagram illustrating signals in
the time intervals T1, T2, T3, and T4 in accordance with
some embodiments.

[0034] FIG. 11 is a timing diagram illustrating signals in
the time intervals T1, T2, T7, and T8 in accordance with
some embodiments.

[0035] FIG. 12 is a timing diagram illustrating signals in
the time intervals T5, T6, T7, and T8 in accordance with
some embodiments.

[0036] FIG. 13 is a timing diagram illustrating signals in
the time intervals T5, T6, T3, and T4 in accordance with
some embodiments.

[0037] FIG. 14 is a diagram illustrating a DCDC (Direct
Current to Direct Current) double-direction converting
device in accordance with some embodiments.

[0038] FIG. 15 is a diagram illustrating a first power
supply discharging a second power supply in accordance
with some embodiments.

[0039] FIG. 16 is a diagram illustrating a first power
supply discharging a second power supply in accordance
with some embodiments.

[0040] FIG. 17 is a diagram illustrating a first power
supply discharging a second power supply in accordance
with some embodiments.

[0041] FIG. 18 is a diagram illustrating a first power
supply charging a second power supply in accordance with
some embodiments

[0042] FIG. 19 is a diagram illustrating a second power
supply discharging a first power supply in accordance with
some embodiments.

[0043] FIG. 20 is a diagram illustrating a second power
supply charging a first power supply in accordance with
some embodiments.

[0044] FIG. 21 is a diagram illustrating a DCDC double-
direction converting device in accordance with some
embodiments.

[0045] FIG. 22 is a diagram illustrating a DCDC (Direct
Current to Direct Current) double-direction converting
device in accordance with some embodiments.

[0046] FIG. 23 is a diagram illustrating a first power
supply discharging a second power supply in accordance
with some embodiments.

[0047] FIG. 24 is a diagram illustrating a first power
supply discharging a second power supply in accordance
with some embodiments.

[0048] FIG. 25 is a diagram illustrating a first power
supply discharging a second power supply in accordance
with some embodiments.

[0049] FIG. 26 is a diagram illustrating a second power
supply charging a first power supply in accordance with
some embodiments.

[0050] FIG. 27 is a diagram illustrating a second power
supply discharging a first power supply in accordance with
some embodiments.

[0051] FIG. 28 is a diagram illustrating a second power
supply charging a first power supply in accordance with
some embodiments.
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[0052] FIG. 29 is a timing diagram illustrating the signals
in the time intervals T1~T2 in accordance with some
embodiments.

[0053] FIG. 30 is a timing diagram illustrating signals in
the time intervals T1, T2, T3, and T4 in accordance with
some embodiments.

[0054] FIG. 31 is a timing diagram illustrating signals in
the time intervals T1, T2, T7, and T8 in accordance with
some embodiments.

[0055] FIG. 32 is a timing diagram illustrating signals in
the time intervals T5, T6, T7, and T8 in accordance with
some embodiments.

[0056] FIG. 33 is a timing diagram illustrating signals in
the time intervals T5, T6 T3, T4 in accordance with some
embodiments.

DETAILED DESCRIPTION

[0057] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are formed in direct
contact, and may also include embodiments in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.
[0058] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0059] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the disclosure are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numeri-
cal value, however, inherently contains certain errors nec-
essarily resulting from the standard deviation found in the
respective testing measurements. Also, as used herein, the
term “about” generally means within 10%, 5%, 1%, or 0.5%
of a given value or range. Alternatively, the term “about”
means within an acceptable standard error of the mean when
considered by one of ordinary skill in the art. Other than in
the operating/working examples, or unless otherwise
expressly specified, all of the numerical ranges, amounts,
values and percentages such as those for quantities of
materials, durations of times, temperatures, operating con-
ditions, ratios of amounts, and the likes thereof disclosed
herein should be understood as modified in all instances by
the term “about.” Accordingly, unless indicated to the con-
trary, the numerical parameters set forth in the present
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disclosure and attached claims are approximations that can
vary as desired. At the very least, each numerical parameter
should at least be construed in light of the number of
reported significant digits and by applying ordinary round-
ing techniques. Ranges can be expressed herein as from one
end point to another end point or between two end points. All
ranges disclosed herein are inclusive of the end points,
unless specified otherwise.

[0060] FIG. 1 is a diagram illustrating a DCDC (Direct
Current to Direct Current) double-direction converting
device 100 in accordance with some embodiments. The
DCDC double-direction converting device 100 is a voltage
converter capable of generating a higher voltage level
according to a lower voltage level or generating a lower
voltage level according to a higher voltage level. The DCDC
double-direction converting device 100 comprises a first
power supply Bat, a first bridge circuit 102, a second bridge
circuit 104, a second power supply PV, a third bridge circuit
106, a fourth bridge circuit 108, and an inductive circuit 110.
The first power supply Bat has a first positive terminal and
a first negative terminal. The first bridge circuit 102 is
coupled to the first positive terminal. The second bridge
circuit 104 is coupled between the first bridge circuit 102
and the first negative terminal. The second power supply PV
has a second positive terminal and a second negative ter-
minal. The third bridge circuit 106 is coupled to the second
positive terminal. The fourth bridge circuit 108 is coupled
between the third bridge circuit 106 and the second negative
terminal. The inductive circuit 110 is coupled between the
first bridge circuit 102 and the second bridge circuit 104.

[0061] According to some embodiments, the first power
supply Bat is a power battery pack and the second power
supply PV is a photovoltaic system.

[0062] Furthermore, the first bridge circuit 102 comprises
a first capacitor C1, a first switching transistor M1-Q1, and
a second switching transistor M1-Q2. The first capacitor C1
has a first terminal coupled to the first positive terminal. The
first switching transistor M1-Q1 has a first terminal coupled
to the first terminal of the first capacitor C1. The second
switching transistor M1-Q2 has a first terminal coupled to a
second terminal of the first switching transistor M1-Q1, and
a second terminal coupled to a second terminal of the first
capacitor C1.

[0063] The second bridge circuit 104 comprises a second
capacitor C2, a third switching transistor M2-Q1, and a
fourth switching transistor M2-Q1. The second capacitor C2
has a first terminal coupled to the second terminal of the first
capacitor C1, and a second terminal coupled to the first
negative terminal of the first power supply Bat. The third
switching transistor M2-Q1 has a first terminal coupled to
the first terminal of the second capacitor C2. The fourth
switching transistor M2-Q2 has a first terminal coupled to a
second terminal of the third switching transistor M2-Q1, and
a second terminal coupled to the second terminal of the first
capacitor C1.

[0064] The third bridge circuit 106 comprises a third
capacitor C3, a fifth switching transistor M3-Q1, and a sixth
switching transistor M3-Q2. The third capacitor C3 has a
first terminal coupled to the second positive terminal. The
fifth switching transistor M3-Q1 has a first terminal coupled
to the first terminal of the third capacitor C3. The sixth
switching transistor M3-Q2 has a first terminal coupled to a
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second terminal of the fifth switching transistor M3-Q1, and
a second terminal coupled to a second terminal of the third
capacitor C3.

[0065] The fourth bridge circuit 108 comprises a fourth
capacitor C4, a seventh switching transistor M4-Q1, an
eighth switching transistor M4-Q2. The fourth capacitor C4
has a first terminal coupled to the second terminal of the
third capacitor C3, and a second terminal coupled to the
second negative terminal of the second power supply PV.
The seventh switching transistor M4-Q1 has a first terminal
coupled to the first terminal of the fourth capacitor C4. The
eighth switching transistor M4-Q2 has a first terminal
coupled to a second terminal of the seventh switching
transistor M4-Q1, and a second terminal coupled to the
second terminal of the fourth capacitor C4.

[0066] The inductive circuit 110 comprises a first inductor
L1 and a second inductor L.2. The first inductor L1 has a first
terminal coupled to the second terminal of the first switching
transistor M1-Q1, and a second terminal coupled to the
second terminal of the fifth switching transistor M3-Q1. The
second inductor [.2 has a first terminal coupled to the second
terminal of the third switching transistor M2-Q1, and a
second terminal coupled to the second terminal of the
seventh switching transistor M4-Q1.

[0067] According to some embodiments, the switching
transistors M1-Q1, M1-Q2, M2-Q1, M2-Q2, M3-Ql,
M3-Q2, M4-Q1, M4-Q2 are N-channel (or P-channel) Insu-
lated Gate Bipolar Transistor (IGBT). However, this is not
a limitation of the present invention. The switching transis-
tors M1-Q1, M1-Q2, M2-Q1, M2-Q2, M3-Q1, M3-Q2,
M4-Q1, and M4-Q2 may be N-channel (or P-channel)
metal-oxide-semiconductor field-effect transistor (MOS-
FET). Moreover, when the switching transistor M1-Q1, as
well as the switching transistors M1-Q2, M2-Q1, M2-Q2,
M3-Q1, M3-Q2, M4-Q1, M4-Q2, are N-channel IGBT, the
first terminal of the switching transistor M1-Q1 is the
collector and the second terminal of the switching transistor
M1-Q1 is the emitter. When the switching transistor M1-Q1,
as well as the switching transistors M1-Q2, M2-Q1, M2-Q2,
M3-Q1, M3-Q2, M4-Q1, M4-Q2, are N-channel MOSFET,
the first terminal of the switching transistor M1-Q1 is the
drain and the second terminal of the switching transistor
M1-Q1 is the source.

[0068] In addition, for one bridge circuit (e.g. 102), the
switching transistors (e.g. M1-Q1 and M1-Q2) may be
implemented as two discrete transistors device or imple-
mented as an integrated transistor having two IGBTs.
[0069] According to some embodiments, for the first
bridge circuit 102, the emitter of the first switching transistor
M1-Q1 is connected to the collector of the second switching
transistor M1-Q2 to form a common terminal of the first
bridge circuit 102. The capacitor C1 is a polarized capacitor,
in which the first terminal of the capacitor C1 is the positive
plate (or anode) and the second terminal of the capacitor C1
is the negative plate (or cathode). The positive plate of the
capacitor C1 is connected to the collector of the first
switching transistor M1-Q1, and the negative plate of the
capacitor C1 is connected to the emitter of the second
switching transistor M1-Q2.

[0070] For the second bridge circuit 104, the emitter of the
third switching transistor M2-Q1 is connected to the collec-
tor of the fourth switching transistor M2-Q2 to form a
common terminal of the second bridge circuit 104. The
capacitor C2 is a polarized capacitor, in which the first
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terminal of the capacitor C2 is the positive plate (or anode)
and the second terminal of the capacitor C2 is the negative
plate (or cathode). The positive plate of the capacitor C2 is
connected to the collector of the third switching transistor
M2-Q1, and the negative plate of the capacitor C2 is
connected to the emitter of the fourth switching transistor
M2-Q2.

[0071] For the third bridge circuit 106, the emitter of the
fifth switching transistor M3-Q1 is connected to the collec-
tor of the sixth switching transistor M3-Q2 to form a
common terminal of the third bridge circuit 106. The capaci-
tor C3 is a polarized capacitor, in which the first terminal of
the capacitor C3 is the positive plate (or anode) and the
second terminal of the capacitor C3 is the negative plate (or
cathode). The positive plate of the capacitor C3 is connected
to the collector of the fifth switching transistor M3-Q1, and
the negative plate of the capacitor C3 is connected to the
emitter of the sixth switching transistor M3-Q2.

[0072] For the fourth bridge circuit 108, the emitter of the
seventh switching transistor M4-Q1 is connected to the
collector of the eighth switching transistor M4-Q2 to form a
common terminal of the fourth bridge circuit 108. The
capacitor C4 is a polarized capacitor, in which the first
terminal of the capacitor C4 is the positive plate (or anode)
and the second terminal of the capacitor C4 is the negative
plate (or cathode). The positive plate of the capacitor C4 is
connected to the collector of the seventh switching transistor
M4-Q1, and the negative plate of the capacitor C4 is
connected to the emitter of the eighth switching transistor
M4-Q2.

[0073] The first inductor L1 is connected between the
common terminal of the first bridge circuit 102 and the
common terminal of the third bridge circuit 106. The second
inductor L2 is connected between the common terminal of
the second bridge circuit 104 and the common terminal of
the fourth bridge circuit 108.

[0074] It is noted that, the first power supply Bat is a
power battery pack and the second power supply PV is a
photovoltaic system. However, this is not a limitation of the
present invention. In another embodiment, the first power
supply Bat may be a photovoltaic system and the second
power supply PV may be a power battery pack.

[0075] The following paragraphs describes the operation
of the DCDC double-direction converting device 100.
According to some embodiments, the DCDC double-direc-
tion converting device 100 is configured to have four
operating modes, i.e. two Boost modes and two Buck
modes. However, this is not a limitation of the present
invention.

[0076] 1. The first Boost mode, i.e. the first power supply
Bat (i.e. the power battery pack) discharges the second
power supply PV (i.e. the photovoltaic system):

[0077] FIG. 2 is a diagram illustrating the first power
supply Bat discharging the second power supply PV in
accordance with some embodiments. FIG. 2 shows an
equivalent model of storing energy in a Boost mode.
[0078] During the storing energy, the switching transistors
M1-Q1, M3-Q2, M4-Q1, and M2-Q2 are turned on. As
shown in FIG. 2, the current flows from the positive terminal
(i.e. the first terminal of capacitor C1) of the first power
supply Bat to the negative terminal (i.e. the second terminal
of capacitor C2) of the first power supply Bat through the
switching transistor M1-Q1, the first inductor L1, the
switching transistor M3-Q2, the switching transistor
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M4-Q1, the second inductor 1.2, and the switching transistor
M2-Q2. During the process, the energy of the capacitor C1
and capacitor C2 is discharged, and the energy of the first
inductor .1 and the second inductor 1.2 is charged or stored.
As the capacitor C1 and the capacitor C2 are serially
connected between the positive terminal of the first power
supply Bat and the negative terminal of the first power
supply Bat, the discharging of the capacitor C1 and the
capacitor C2 means that the energy of the first power supply
Bat also discharges.

[0079] FIG. 3 is a diagram illustrating the first power
supply Bat discharging the second power supply PV in
accordance with some embodiments. FIG. 3 shows an
equivalent model of current flyback in a Boost mode.
[0080] During the flyback, the switching transistors
M1-Q1, M3-Q2, M4-Q1, and M2-Q2 are turned off. As
shown in FIG. 3, the current flows from the first terminal of
the first inductor L1 to the second terminal of the first
inductor L1 through the body diode of the switching tran-
sistor M3-Q1, the capacitor C3 (i.e. the positive terminal of
the photovoltaic system), the capacitor C4 (i.e. the negative
terminal of the photovoltaic system), the body diode of the
switching transistor M4-Q2, the second inductor [.2, the
body diode of the switching transistor M2-Q1, and the body
diode of the switching transistor M1-Q2. During the process,
the energy of the first inductor L1 and the second inductor
L2 is released or discharged, and the energy of the capacitor
C3 and the capacitor C4 is charged. As the capacitor C3 and
the capacitor C4 are serially connected between the positive
terminal of the second power supply PV and the negative
terminal of the second power supply PV, the charging of the
capacitor C3 and the capacitor C4 means that the energy of
the second power supply PV also charges.

[0081] Accordingly, the equivalent models of FIG. 2 and
FIG. 3 are capable of discharging current to the capacitor C3
and the capacitor C4 from the capacitor C1 and the capacitor
C2. Accordingly, the first power supply Bat may discharge
current to the second power supply PV during the first Boost
mode, i.e. the voltage up-converting mode.

[0082] 2. The first Buck mode, i.e. the first power supply
Bat (i.e. the power battery pack) discharges the second
power supply PV (i.e. the photovoltaic system):

[0083] FIG. 4 is a diagram illustrating the first power
supply Bat discharging the second power supply PV in
accordance with some embodiments. FIG. 4 shows an
equivalent model of storing energy in a Buck mode.
[0084] During the storing energy, the switching transistors
M1-Q1 and M2-Q2 are turned on, and the switching tran-
sistors M3-Q2 and M4-Q1 are turned off. As shown in FIG.
4, the current flows from the positive terminal (i.e. the first
terminal of capacitor C1) of the first power supply Bat to the
negative terminal (i.e. the second terminal of capacitor C2)
of'the first power supply Bat through the switching transistor
M1-Q1, the first inductor L1, the body diode of the switch-
ing transistor M3-Q1, the capacitor C3 (i.e. the positive
terminal of the photovoltaic system), the capacitor C4 (i.e.
the negative terminal of the photovoltaic system), the body
diode of the switching transistor M4-Q2, the second induc-
tor L2, and the switching transistor M2-Q2. During the
process, the energy of the capacitor C1 and capacitor C2 is
discharged, the energy of the capacitor C3 and capacitor C4
is charged, and the energy of the first inductor .1 and the
second inductor [.2 is charged or stored. As the capacitor C1
and the capacitor C2 are serially connected between the
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positive terminal of the first power supply Bat and the
negative terminal of the first power supply Bat, the discharg-
ing of the capacitor C1 and the capacitor C2 means that the
energy of the first power supply Bat also discharges. As the
capacitor C3 and the capacitor C4 are serially connected
between the positive terminal of the second power supply
PV and the negative terminal of the second power supply
PV, the charging of the capacitor C3 and the capacitor C4
means that the energy of the second power supply PV also
charges.

[0085] As shown in FIG. 3, the first power supply Bat may
also discharge the second power supply PV based on the
operation in the following paragraph, which is an equivalent
model of current flyback in a Buck mode.

[0086] During the flyback, the switching transistors
M1-Q1, M3-Q2, M4-Q1, and M2-Q2 are turned off. As
shown in FIG. 3, the current flows from the first terminal of
the first inductor L1 to the second terminal of the first
inductor L1 through the body diode of the switching tran-
sistor M3-Q1, the capacitor C3 (i.e. the positive terminal of
the photovoltaic system), the capacitor C4 (i.e. the negative
terminal of the photovoltaic system), the body diode of the
switching transistor M4-Q2, the second inductor [.2, the
body diode of the switching transistor M2-Q1, and the body
diode of the switching transistor M1-Q2. During the process,
the energy of the first inductor L1 and the second inductor
L2 is released or discharged, and the energy of the capacitor
C3 and the capacitor C4 is charged. As the capacitor C3 and
the capacitor C4 are serially connected between the positive
terminal of the second power supply PV and the negative
terminal of the second power supply PV, the charging of the
capacitor C3 and the capacitor C4 means that the energy of
the second power supply PV also charges.

[0087] Accordingly, the equivalent models of FIG. 3 and
FIG. 4 are capable of discharging current to the capacitor C3
and the capacitor C4 from the capacitor C1 and the capacitor
C2. Accordingly, the first power supply Bat may discharge
current to the second power supply PV during the first Buck
mode, i.e. the voltage down-converting mode.

[0088] 3. The second Boost mode, i.e. the second power
supply PV (i.e. the photovoltaic system) discharges the first
power supply Bat (i.e. the power battery pack):

[0089] FIG. 5 is a diagram illustrating the second power
supply PV discharging the first power supply Bat in accor-
dance with some embodiments. FIG. 2 shows an equivalent
model of storing energy in a Boost mode.

[0090] During the storing energy, the switching transistors
M3-Q1, M1-Q2, M2-Q1, and M4-Q2 are turned on. As
shown in FIG. 5, the current flows from the capacitor C3 (i.e.
the positive terminal of the second power supply PV) to the
capacitor C4 (i.e. the negative terminal of the second power
supply PV) through the switching transistor M3-Q1, the first
inductor [.1, the switching transistor M1-Q2, the switching
transistor M2-Q1, the second inductor [.2, and the switching
transistor M4-Q2. During the process, the energy of the
capacitor C3 and capacitor C4 is discharged, and the energy
of'the first inductor L1 and the second inductor [.2 is charged
or stored. As the capacitor C3 and the capacitor C4 are
serially connected between the positive terminal of the
second power supply PV and the negative terminal of the
second power supply PV, the discharging of the capacitor C3
and the capacitor C4 means that the energy of the second
power supply PV also discharges.
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[0091] FIG. 6 is a diagram illustrating the second power
supply PV discharging the first power supply Bat in accor-
dance with some embodiments. FIG. 6 shows an equivalent
model of current flyback in a Boost mode.

[0092] During the flyback, the switching transistors
M3-Q1, M1-Q2, M2-Q1, and M4-Q2 are turned off. As
shown in FIG. 6, the current flows from the first terminal of
the first inductor L1 to the second terminal of the first
inductor L1 through the body diode of the switching tran-
sistor M1-Q1, the capacitor C1 (i.e. the positive terminal of
the first power supply Bat), the capacitor C2 (i.e. the
negative terminal of the first power supply Bat), the body
diode of the switching transistor M2-Q2, the second induc-
tor L2, the body diode of the switching transistor M4-Q1,
and the body diode of the switching transistor M3-Q2.
During the process, the energy of the first inductor .1 and
the second inductor L2 is released or discharged, and the
energy of the capacitor C1 and the capacitor C2 is charged.
As the capacitor C1 and the capacitor C2 are serially
connected between the positive terminal of the first power
supply Bat and the negative terminal of the first power
supply Bat, the charging of the capacitor C1 and the capaci-
tor C2 means that the energy of the first power supply Bat
also charges.

[0093] Accordingly, the equivalent models of FIG. 5 and
FIG. 6 are capable of charging current to the capacitor C1
and the capacitor C2 from the capacitor C3 and the capacitor
C4. Accordingly, the second power supply PV may charge
current to the first power supply Bat during the second Boost
mode, i.e. the voltage up-converting mode.

[0094] 4. The second Buck mode, i.e. the second power
supply PV (i.e. the photovoltaic system) discharges the first
power supply Bat (i.e. the power battery pack):

[0095] FIG. 7 is a diagram illustrating the second power
supply PV charging the first power supply Bat in accordance
with some embodiments. FIG. 7 shows an equivalent model
of storing energy in a Buck mode.

[0096] During the storing energy, the switching transistors
M3-Q1 and M4-Q2 are turned on, and the switching tran-
sistors M1-Q2 and M2-QQ1 are turned off. As shown in FIG.
7, the current flows from the positive terminal (i.e. capacitor
C3) of the second power supply PV to the negative terminal
(i.e. the capacitor C4) of the second power supply PV
through the switching transistor M3-Q1, the first inductor
L1, the body diode of the switching transistor M1-Q1, the
capacitor C1 (i.e. the positive terminal of the first power
supply Bat), the capacitor C2 (i.e. the negative terminal of
the first power supply Bat), the body diode of the switching
transistor M2-QQ2, the second inductor [.2, and the switching
transistor M4-Q2. During the process, the energy of the
capacitor C3 and capacitor C4 is discharged, the energy of
the capacitor C1 and capacitor C1 is charged, and the energy
of'the first inductor [.1 and the second inductor [.2 is charged
or stored. As the capacitor C1 and the capacitor C2 are
serially connected between the positive terminal of the first
power supply Bat and the negative terminal of the first
power supply Bat, the charging of the capacitor C1 and the
capacitor C2 means that the energy of the first power supply
Bat also discharges. As the capacitor C3 and the capacitor
C4 are serially connected between the positive terminal of
the second power supply PV and the negative terminal of the
second power supply PV, the discharging of the capacitor C3
and the capacitor C4 means that the energy of the second
power supply PV also discharges.
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[0097] As shown in FIG. 6, the second power supply PV
may also charge the first power supply Bat based on the
operation in the following paragraph, which is an equivalent
model of current flyback in a Buck mode.

[0098] During the flyback, the switching transistors
M3-Q1, M1-Q2, M2-Q1, and M4-Q2 are turned off. As
shown in FIG. 6, the current flows from the first terminal of
the first inductor L1 to the second terminal of the first
inductor L1 through the body diode of the switching tran-
sistor M1-Q1, the capacitor C1 (i.e. the positive terminal of
the first power supply Bat), the capacitor C2 (i.e. the
negative terminal of the first power supply Bat), the body
diode of the switching transistor M2-Q2, the second induc-
tor L2, the body diode of the switching transistor M4-Q1,
and the body diode of the switching transistor M3-Q2.
During the process, the energy of the first inductor .1 and
the second inductor L2 is released or discharged, and the
energy of the capacitor C1 and the capacitor C2 is charged.
As the capacitor C1 and the capacitor C2 are serially
connected between the positive terminal of the first power
supply Bat and the negative terminal of the first power
supply Bat, the charging of the capacitor C1 and the capaci-
tor C2 means that the energy of the second power supply PV
also charges.

[0099] Accordingly, the equivalent models of FIG. 6 and
FIG. 7 are capable of discharging current to the capacitor C3
and the capacitor C4 from the capacitor C1 and the capacitor
C2. Accordingly, the second power supply PV may dis-
charge current to the first power supply Ba during the second
Buck mode, i.e. the voltage down-converting mode.
[0100] The DCDC double-direction converting device 100
is controlled to turn on or turn off the first bridge circuit 102,
the second bridge circuit 104, the third bridge circuit 104,
and the fourth bridge circuit 108 to provide an up-convert or
down-convert voltage level. In comparison to the related art,
the DCDC double-direction converting device 100 is
capable of selectively switching between the Buck mode and
the Boost mode. The DCDC double-direction converting
device 100 is also configured to have double direction
depending on the charging or discharging of the first power
supply Bat (or the second power supply PV). Accordingly,
the DCDC double-direction converting device 100 may be
applied in different application fields, such as the high
voltage field.

[0101] FIG. 8 is a diagram illustrating a DCDC double-
direction converting device 800 in accordance with some
embodiments. In comparison to the DCDC double-direction
converting device 100 of FIG. 1, the DCDC double-direc-
tion converting device 800 comprises more capacitors in the
bridge circuits.

[0102] In FIG. 8, the first capacitor C1 of the DCDC
double-direction converting device 100 is replaced with two
capacitors C11, C12 connected in parallel. The second
capacitor C2 of the DCDC double-direction converting
device 100 is replaced with two capacitors C21, C22 con-
nected in parallel. The third capacitor C3 of the DCDC
double-direction converting device 100 is replaced with two
capacitors C31, C32 connected in parallel. The fourth
capacitor C4 of the DCDC double-direction converting
device 100 is replaced with two capacitors C41, C42 con-
nected in parallel. The operation and benefit of the DCDC
double-direction converting device 800 is similar to the
DCDC double-direction converting device 100, thus the
detailed description is omitted here for brevity.
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[0103] Moreover, according to some embodiments, the
capacitance of the capacitor C1 is equal to the capacitance
of the capacitor C2, and the capacitance of the capacitor C3
is equal to the capacitance of the capacitor C4.

[0104] According to some embodiments, the DCDC
double-direction converting device 100 may be operated in
the following four modes:

[0105] 1. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV.

[0106] 2. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV.

[0107] 3. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0108] 4. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0109] The above mentioned four controlling methods of
the DCDC double-direction converting device 100 is
described in detail in the following paragraphs and dia-
grams.

[0110] 1. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV, and the controlling method is
as followed:

[0111] When the first power supply Bat is arranged to
discharge current to the second power supply PV, and when
the voltage level of the first power supply Bat is lower than
the voltage level of the second power supply PV, the DCDC
double-direction converting device 100 is controlled to
operate in a switching cycle having a first time interval T1
and a second time interval T2, wherein the first time interval
T1 and the second time interval T2 are two consecutive time
intervals, and the first time interval T1 is followed by the
second time interval T2. During T2, detecting if the current
of the first inductor L1 and/or the current of the second
inductor [.2 crosses the zero current, if yes, controlling the
DCDC double-direction converting device 100 to operate in
the time intervals T3, T4, or the time intervals T7, T8 after
time interval T2. FIG. 9 is a timing diagram illustrating the
signals in the time intervals T1~T2 in accordance with some
embodiments.

[0112] During the time interval T1, the switching transis-
tors M1-Q1, M3-Q2, M2-Q2, and M4-Q1 are turned on, the
switching transistors M1-Q2, M3-Q1, M2-Q1, and M4-Q2
are turned off. The current flow during the time interval T1
has been shown in FIG. 2, and the detailed description is
omitted here for brevity. When the current of the first
inductor [.1 flows to the bridge circuit 106 from the bridge
circuit 102, the current is defined as “positive” current.
When the current of the second inductor L2 flows to the
bridge circuit 104 from the bridge circuit 108, the current is
defined as “negative” current. During the time interval T1,
the current of the first inductor L1 and the current of the
second inductor [.2 are positive current, and the currents
gradually increase. Accordingly, the first inductor [.1 and the
second inductor .2 store energy until the time interval T2.
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[0113] During the time interval T2, the switching transis-
tors M3-Q2 and M4-Q1 are turned off, the switching tran-
sistors M1-Q1 and M1-Q2 are not turned on at the same
time, the switching transistors M2-Q1 and M2-Q2 are not
turned on at the same time. During the time interval T2, the
currents may have two directions.

[0114] The first current direction is happened when the
switching transistors M1-Q1 and M2-Q2 are turned on, and
the switching transistors M1-Q2 and M2-Q1 are turned off.
In this process, the energy of the inductor L1 is released. The
current flow of this process has been shown in FIG. 4, and
the detailed description is omitted here for brevity.

[0115] The second current direction is happened when the
switching transistors M1-Q1, M1-Q2, M2-Q1, and M2-Q2
are turned off. In this process, the energy of the inductor [.1
is released. The current flow of this process has been shown
in FIG. 3, and the detailed description is omitted here for
brevity.

[0116] In the above mentioned first current direction and
the second current direction, the energy of the inductors L1
and 1.2 is released, the currents are positive current, and the
currents gradually decrease. Meanwhile, the capacitors C3
and C4 are charged by currents. As the capacitor C3 and the
capacitor C4 are serially connected between the positive
terminal of the second power supply PV and the negative
terminal of the second power supply PV, the charging of the
capacitor C3 and the capacitor C4 means that the energy of
the second power supply PV also charges.

[0117] During the time interval T2, when the switching
transistors M1-Q1 and M2-Q2 are turned off, the current
flows through the body diode of the switching transistors
M2-Q1 and the body diode of the switching transistors
M1-Q2. During the time interval T1, the current flows
through the switching transistors M1-Q1 and M2-Q2.
Accordingly, during the time intervals T1 and T2, the
currents flow through different switching transistors respec-
tively. Therefore, the DCDC double-direction converting
device 100 may have better heat dissipation effect. Accord-
ing to some embodiments, the second current direction may
be the better option in the time interval T2.

[0118] Moreover, during the time intervals T1 and T2, the
first power supply Bat is arranged to boost the voltage level
of the second power supply PV. The switching transistor
M3-Q2 and M4-Q1 may be regarded as the high frequency
transistors of the Boost circuit. When the switching transis-
tor M3-Q2 and M4-Q1 have greater duty cycle (i.e. when T1
is greater than T2), the current of the first inductor .1 and
the current of the second inductor L2 are continuous, and the
currents are positive current. As shown in FIG. 9, when the
duty cycle decreases to reach a specific value, the inductor
current reaches the zero when the cycle is finished, and the
next cycle begins at the same time. Then, the inductors may
store energy again, and the inductor currents increase, i.e.
the threshold current mode. When the duty cycle is further
reduced, i.e. the inductor currents reach zero in the time
interval T2, and the cycle is not finished yet, the DCDC
double-direction converting device 100 may enter the time
intervals T3 and T4 or T7 and T8. FIG. 10 is a timing
diagram illustrating the signals in the time intervals T1, T2,
T3, and T4 in accordance with some embodiments.

[0119] During the time interval T3, the switching transis-
tors M3-Q1 and M4-Q2 are turned on, the switching tran-
sistors M1-Q2, M2-Q1, M3-Q2, M4-Q1 are turned off. The
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current flow of this process has been shown in FIG. 7, and
the detailed description is omitted here for brevity.

[0120] In this process, the capacitors C3 and C4 are
discharged, and the capacitors C1 and C2 are charged. The
energy of inductors [.1 and L2 is stored, and the currents
increase. However, the inductor currents are negative cur-
rent. As the capacitor C1 and the capacitor C2 are serially
connected between the positive terminal of the first power
supply Bat and the negative terminal of the first power
supply Bat, the charging of the capacitor C1 and the capaci-
tor C2 means that the energy of the first power supply Bat
also charges. As the capacitor C3 and the capacitor C4 are
serially connected between the positive terminal of the
second power supply PV and the negative terminal of the
second power supply PV, the discharging of the capacitor C3
and the capacitor C4 means that the energy of the second
power supply PV also discharges.

[0121] During the time interval T4, the switching transis-
tors M3-Q1, M1-Q2, M2-Q1, and M4-Q2 are turned off. The
energy of the inductor L1 is released. The current flow of
this process has been shown in FIG. 6, and the detailed
description is omitted here for brevity. In this process, the
energy of the inductors I.1 and .2 is released, the currents
are negative current, and the currents gradually decrease.
Meanwhile, the capacitors C1 and C2 are charged by cur-
rents. As the capacitor C1 and the capacitor C2 are serially
connected between the positive terminal of the first power
supply Bat and the negative terminal of the first power
supply Bat, the charging of the capacitor C1 and the capaci-
tor C2 means that the energy of the first power supply Bat
also charges.

[0122] According to the time intervals T1~T4, during the
switching cycles, the currents of the inductors are continu-
ous. In one cycle, if the first power supply Bat is arranged
to discharge current to the second power supply PV, then the
area formed by the positive current of the first inductor [.1
and/or the positive current of the second inductor .2 may be
designed to be greater than the area formed by the negative
current of the first inductor .1 and/or the negative current of
the second inductor L.2. The different value of the two areas
may be the discharging energy from the first power supply
Bat to the second power supply PV.

[0123] Furthermore, when the voltage level of the first
power supply Bat is lower than the voltage level of the
second power supply PV, the DCDC double-direction con-
verting device 100 is arranged to operate in the time interval
T3 before the currents of the inductors L1 and/or L2 cross
the zero current. Specifically, during the time interval T2, the
switching transistors M3-Q1 and M4-Q2 are turned on, and
the switching transistors M1-Q2 and M2-Q1 are turned off.
Meanwhile, the current of the inductor L1 or L2 is positive
current, and the current flows through the body diode of the
switching transistor M3-Q1 or the body diode of the switch-
ing transistor M4-Q2 to form a loop. As shown in FIG. 3 and
FIG. 4, the direction of the current is similar to the current
direction in the time interval T2. When the current of the
inductor L1 or L2 reaches zero, the next time interval T3
may start immediately to avoid the switching discontinuity
when the time interval T2 proceeds to the next time interval
T3.

[0124] Furthermore, during the time interval T4, the
switching transistors M1-Q1, M3-Q2, M2-Q2, and M4-Q1
are turned on. Meanwhile, the current of the inductor L1 or
L2 is negative current, the direction of the current is similar
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to the current direction in the time interval T4. As shown in
FIG. 6, when the current of the inductor L1 or L2 reaches
zero, the time interval T1 in the next cycle may start
immediately to avoid the switching discontinuity when the
time interval T4 proceeds to the next time interval T1.
[0125] In addition, during the time intervals T2 and T3, the
switching transistors M1-Q1 and M2-Q2 are turned off.
According to the time intervals T1~T4, the switching tran-
sistors M1-Q2 and M2-Q1 are turned off in the whole
switching cycle; the switching transistors M1-Q1, M3-Q2,
M2-Q2, and M4-Q1 are controlled by the first control signal;
the switching transistors M3-Q1 and M4-Q2 are controlled
by the second control signal. To reduce the circuit complex-
ity and to extend the lifetime of transistors, the second
control signal may be the voltage inverted from the first
control signal.

[0126] In another embodiment, during the time intervals
T2 and T3, the switching transistors M1-Q1 and M2-Q2 are
turned on. According to the time intervals T1~T4, the
switching transistors M1-Q1 and M2-Q2 are turned on in the
whole switching cycle, the switching transistors M1-Q2 and
M2-Q1 are turned off in the whole switching cycle; the
switching transistors M3-Q2 and M4-Q1 are controlled by
the first control signal; the switching transistors M3-Q1 and
M4-Q2 are controlled by the second control signal. To
reduce the circuit complexity and to extend the lifetime of
transistors, the second control signal may be the voltage
inverted from the first control signal.

[0127] After the time intervals T1, T2, the DCDC double-
direction converting device 100 may be operated in the time
intervals T7, T8. FIG. 11 is a timing diagram illustrating the
signals in the time intervals T1, T2, T7, and T8 in accor-
dance with some embodiments.

[0128] During the time interval T7, the switching transis-
tors M3-Q1, M1-Q2, M2-Q1, and M4-Q2 are turned on, the
switching transistors M1-Q1 and M4-Q1 are turned off. The
current flow of this process has been shown in FIG. 5, and
the detailed description is omitted here for brevity. In this
process, the capacitors C3 and C4 are discharged, and the
inductors [.1 and [.2 are energy stored, and the currents
increase. However, the inductor currents are negative cur-
rent. As the capacitor C3 and the capacitor C4 are serially
connected between the positive terminal of the second
power supply PV and the negative terminal of the second
power supply PV, the discharging of the capacitor C3 and the
capacitor C4 means that the energy of the second power
supply PV also discharges.

[0129] During the time interval T8, the switching transis-
tors M1-Q2 and M2-Q1 are turned off, the switching tran-
sistors M3-Q1 and M3-Q2 are not turned on at the same
time, the switching transistors M4-Q1 and M4-Q2 are not
turned on at the same time. During the time interval T8, the
currents may have two directions.

[0130] The first current direction is happened when the
switching transistors M3-Q1 and M4-Q2 are turned on, and
the switching transistors M3-Q2 and M4-Q1 are turned off
as shown in FIG. 7. In this process, the energy of the
inductor L1 is released. The current flow of this process has
been shown in FIG. 7, and the detailed description is omitted
here for brevity. In this process, the capacitors C3 and C4 are
discharged, the capacitors C1 and C2 are charged, the
inductors [.1 and [.2 are energy stored, and the currents
increase. However, the inductor currents are negative cur-
rent. As the capacitor C1 and the capacitor C2 are serially
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connected between the positive terminal of the first power
supply Bat and the negative terminal of the first power
supply Bat, the charging of the capacitor C1 and the capaci-
tor C2 means that the energy of the first power supply Bat
also charges. As the capacitor C3 and the capacitor C4 are
serially connected between the positive terminal of the
second power supply PV and the negative terminal of the
second power supply PV, the discharging of the capacitor C3
and the capacitor C4 means that the energy of the second
power supply PV also discharges.

[0131] The second current direction is happened when the
switching transistors M3-Q1 and M4-Q2 are turned off. In
this process, the energy of the inductor L1 is released. The
current flow of this process has been shown in FIG. 6, and
the detailed description is omitted here for brevity. In this
process, the inductors [.1 and [.2 are energy released, the
capacitors C1 and C2 are charged. As the capacitor C1 and
the capacitor C2 are serially connected between the positive
terminal of the first power supply Bat and the negative
terminal of the first power supply Bat, the charging of the
capacitor C1 and the capacitor C2 means that the energy of
the first power supply Bat also charges.

[0132] In the above mentioned first current direction and
the second current direction, the energy of the inductors L1
and L2 is released, the currents are negative current, and the
currents gradually decrease.

[0133] During the time interval T8, the switching transis-
tors M3-Q1 and M4-Q2 are turned off such that the current
flows through the body diodes of the switching transistors
M3-Q2 and M4-Q1. During the time interval T7, the current
flows through the switching transistors M3-Q1 and M4-Q2.
When the time intervals T7 and T8 are combined, the
currents flow through different switching transistors respec-
tively. Therefore, the DCDC double-direction converting
device 100 may have better heat dissipation effect. Accord-
ing to some embodiments, the second current direction may
be the better option in the time interval T8.

[0134] According to the time intervals T1, T2, T7, T8,
during the switching cycles, the currents of the inductors are
continuous.

[0135] Furthermore, the DCDC double-direction convert-
ing device 100 is arranged to operate in the time interval T7
before the currents of the inductors L1 and/or L2 cross the
zero current. Specifically, during the time interval T2, the
switching transistors M1-Q2, M3-Q1, M2-Q1, and M4-Q2
are turned on, and the switching transistors M1-Q1 and
M2-Q2 are turned off. Meanwhile, when the current of the
inductor [.1 or L2 is positive current, the direction of the
current is similar to the current direction in the time interval
T2 as shown in FIG. 3 and FIG. 4. When the current of the
inductor [.1 or L2 reaches zero, the time interval T7 may
start immediately to avoid the switching discontinuity when
the time interval T2 proceeds to the next time interval T7.
[0136] Furthermore, during the time interval T8, the
switching transistors M1-Q1, M3-Q2, M2-Q2, and M4-Q1
are turned on, and the switching transistors M3-Q1 and
M4-Q2 are turned off. Meanwhile, when the current of the
inductor L1 or .2 is negative current, the direction of the
current is similar to the current direction in the time interval
T8 as shown in FIG. 11 or FIG. 12. FIG. 11 is a timing
diagram illustrating the signals in the time intervals T1, T2,
T7, and T8 in accordance with some embodiments. FIG. 12
is a timing diagram illustrating the signals in the time
intervals TS5, T6, T7, and T8 in accordance with some
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embodiments. When the current of the inductor L1 or L2
reaches zero, the time interval T1 in the next cycle may start
immediately to avoid the switching discontinuity when the
time interval T8 proceeds to the next time interval T1.

[0137] According to the time intervals T1, T2, T3, and T4,
the switching transistors M1-Q1, M3-Q2, M2-Q2, and
M4-Q1 are controlled by the first control signal; the switch-
ing transistors M1-Q2, M3-Q1, M2-Q1, and M4-Q2 are
controlled by the second control signal. To reduce the circuit
complexity and to extend the lifetime of transistors, the
second control signal may be the voltage inverted from the
first control signal.

[0138] 2. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the first power supply Bat is arranged to dis-
charge current to the second power supply PV according to
the following method:

[0139] When the first power supply Bat is arranged to
discharge current to the second power supply PV, and when
the voltage level of the first power supply Bat is higher than
the voltage level of the second power supply PV, the DCDC
double-direction converting device 100 is controlled to
operate in a switching cycle having the time interval T5 and
the time interval T6, wherein the time interval T5 and the
time interval T6 are two consecutive time intervals, and the
time interval T5 is followed by the time interval T6. During
T6, detecting if the current of the first inductor .1 and/or the
current of the second inductor L2 crosses the zero current,
if yes, controlling the DCDC double-direction converting
device 100 to operate in the time intervals T7, T8, or the time
intervals T3, T4 after time interval T6. After the time
intervals T5, T6, the DCDC double-direction converting
device 100 may be controlled to operate in the time intervals
T7, T8 as shown in FIG. 12.

[0140] During the time interval T5, the switching transis-
tors M1-Q1 and M2-Q2 are turned on, and the switching
transistors M1-Q2, M3-Q2, M4-Q1, and M2-Q1 are turned
off. The current flow during the time interval T5 has been
shown in FIG. 4, and the detailed description is omitted here
for brevity. In this process, the capacitors C1, C2, C3, and
C4 are charged, and the inductors [.1 and [.2 are energy
stored. As the capacitor C1 and the capacitor C2 are serially
connected between the positive terminal of the first power
supply Bat and the negative terminal of the first power
supply Bat, the discharging of the capacitor C1 and the
capacitor C2 means that the energy of the first power supply
Bat also discharges. As the capacitor C3 and the capacitor
C4 are serially connected between the positive terminal of
the second power supply PV and the negative terminal of the
second power supply PV, the charging of the capacitor C3
and the capacitor C4 means that the energy of the second
power supply PV also discharges. In this process, the
currents of the inductors L1 and .2 are positive current, the
currents gradually increase, and the energy of the inductors
L1 and L2 is stored until the time interval T6.

[0141] During the time interval T6, the switching transis-
tors M1-Q1, M3-Q2, M4-Q1, and M2-Q2 are turned off. The
energy of the inductors L1 is released. The current flow
during the time interval T6 has been shown in FIG. 3, and
the detailed description is omitted here for brevity. In this
process, the inductors I.1 and [.2 are energy released, the
currents of the inductors [.1 and 1.2 are positive current, and
the currents gradually decrease.
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[0142] During the time intervals T5, T6, the first power
supply Bat is arranged to generate the reduced voltage level
to the second power supply PV. The switching transistor
M1-Q1 and M2-Q2 may be regarded as the high frequency
transistors of the Buck circuit. When the switching transistor
M1-Q1 and M2-Q2 have greater duty cycle (i.e. when T5 is
greater than T6), the current of the first inductor L1 and the
current of the second inductor L2 are continuous, and the
currents are positive current. When the duty cycle decreases
to reach a specific value, the inductor current reaches the
zero when the cycle finishes, and the next cycle begins at the
same time. Then, the inductors may store energy again, and
the inductor currents increase, i.e. the threshold current
mode. When the duty cycle is further reduced, ie. the
inductor currents reach zero in the time interval T6, and the
cycle is not finished yet, the DCDC double-direction con-
verting device 100 may enter the time intervals T7 and T8
as shown in FIG. 12.

[0143] The time intervals T7 and T8 has been described,
and the detailed description is omitted here for brevity.
[0144] According to the time intervals T5~T8, during the
switching cycles, the currents of the inductors are continu-
ous.

[0145] Furthermore, when the voltage level of the first
power supply Bat is higher than the voltage level of the
second power supply PV, the DCDC double-direction con-
verting device 100 is arranged to operate in the time interval
T7 before the currents of the inductors L1 and/or L2 cross
the zero current. Specifically, during the time interval T6, the
switching transistors M1-Q2, M3-Q1, M2-Q1, and M4-Q2
are turned on. Meanwhile, the current of the inductor L1 or
L2 is positive current, the direction of the current is similar
to the current direction in the time interval T6 as shown in
FIG. 3. When the current of the inductor L1 or L2 reaches
zero, the time interval T7 may start immediately to avoid the
switching discontinuity when the time interval T6 proceeds
to the next time interval T7.

[0146] Furthermore, during the time interval T8, the
switching transistors M1-Q1 and M2-Q2 are turned on, and
the switching transistors M3-Q2 and M4-Q1 are turned off.
Meanwhile, the current of the inductor L1 or [.2 is negative
current, the direction of the current is similar to the current
direction in the time interval T8. As shown in FIG. 6 or FIG.
7, when the current of the inductor L1 or L2 reaches zero,
the time interval T5 in the next cycle may start immediately
to avoid the switching discontinuity when the time interval
T8 proceeds to the next time interval T5.

[0147] In addition, during the time intervals T5 and T8, the
switching transistors M3-Q1 and M4-Q2 are turned off.
According to the time intervals T5~T8, the switching tran-
sistors M3-Q2 and M4-Q1 are turned off in the whole
switching cycle; the switching transistors M1-Q1 and
M2-Q2 are controlled by the first control signal; the switch-
ing transistors M1-Q2, M3-Q1, M2-Q1, and M4-Q2 are
controlled by the second control signal. To reduce the circuit
complexity and to extend the lifetime of transistors, the
second control signal may be the voltage inverted from the
first control signal.

[0148] In another embodiment, during the time intervals
T5 and T8, the switching transistors M3-Q1 and M4-Q2 are
turned on. According to the time intervals T5~T8, the
switching transistors M3-Q1 and M4-Q2 are turned on in the
whole switching cycle, the switching transistors M2-Q2 and
M4-Q1 are turned off in the whole switching cycle; the
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switching transistors M1-Q2 and M2-Q2 are controlled by
the first control signal; the switching transistors M1-Q2 and
M2-Q1 are controlled by the second control signal. To
reduce the circuit complexity and to extend the lifetime of
transistors, the second control signal may be the voltage
inverted from the first control signal.

[0149] After the time intervals T5 and T6, the DCDC
double-direction converting device 100 may be operated in
the time intervals T3 and T4. FIG. 13 is a timing diagram
illustrating the signals in the time intervals T5, T6, T3, and
T4 in accordance with some embodiments. The current
direction of the currents in the time intervals T5, T6, T3, and
T4 are shown in FIG. 13, the detailed description is omitted
here for brevity.

[0150] Furthermore, when the voltage level of the first
power supply Bat is higher than the voltage level of the
second power supply PV, the DCDC double-direction con-
verting device 100 is arranged to operate in the time interval
T3 before the currents of the inductors L1 and/or L2 cross
the zero current. Specifically, during the time interval T6, the
switching transistors M3-Q1 and M4-Q2 are turned on, and
the switching transistors M1-Q2 and M2-Q1 are turned off.
Meanwhile, the current of the inductor [.1 or L2 is positive
current, and the current flows through the body diode of the
switching transistor M3-Q1 or the body diode of the switch-
ing transistor M4-Q2 to form a loop. As shown in FIG. 3, the
direction of the current is similar to the current direction in
the time interval T6. When the current of the inductor .1 or
L2 reaches zero, the time interval T3 may start immediately
to avoid the switching discontinuity when the time interval
Té6 proceeds to the next time interval T3.

[0151] Furthermore, during the time interval T4, the
switching transistors M1-Q1 and M2-Q2 are turned on, and
the switching transistors M3-Q2 and M4-Q1 are turned off.
Meanwhile, the current of the inductor L1 or [.2 is negative
current, the direction of the current is similar to the current
direction in the time interval T4. As shown in FIG. 6, when
the current of the inductor L1 or L2 reaches zero, the time
interval T5 in the next cycle may start immediately to avoid
the switching discontinuity when the time interval T4 pro-
ceeds to the next time interval T5.

[0152] In addition, during the time interval T5, the switch-
ing transistors M3-Q1 and M4-Q2 are turned off. During the
time interval T3, the switching transistors M1-Q1 and
M2-Q2 are turned off. When the time intervals T5, T6, T3,
and T4 are combined, the switching transistors M1-Q2,
M2-Q1, M3-Q2, and M4-Q1 are turned off in the whole
switching cycle; the switching transistors M1-Q1 and
M2-Q2 are controlled by the first control signal; the switch-
ing transistors M3-Q1 and M4-Q2 are controlled by the
second control signal. To reduce the circuit complexity and
to extend the lifetime of transistors, the second control signal
may be the voltage inverted from the first control signal.
According to the above methods, the switching transistors
M2-Q2 corresponds to the switching transistors M1-Q1, the
switching transistors M2-Q1 corresponds to the switching
transistors M1-Q2, the switching transistors M4-Q2 corre-
sponds to the switching transistors M3-Q1, the switching
transistors M4-Q1 corresponds to the switching transistors
M3-Q2, and both corresponded switching transistors are
controlled by the same control signal. In practice, when the
corresponded switching transistors are controlled by the
different control signals, and the different control signals
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have different duty cycles, then the voltage levels of the
capacitors C1, C2, C3, C4 may be balanced.

[0153] According to the above mentioned methods, no
matter the voltage level of the first power supply Bat is
higher or lower than the voltage level of the second power
supply PV, the first power supply Bat may discharge current
to the second power supply PV, i.e. the second power supply
PV is charged. In the process, the first power supply Bat of
the DCDC double-direction converting device 100 may be
regarded as the power supply source, and the second power
supply PV may be regarded as the loading that consumes
power. Similarly, the second power supply PV may be
arranged to discharge current to the first power supply Bat.
The second power supply PV may use the similar method to
discharge current to the first power supply Bat by switching
the roles between the second power supply PV and the first
power supply Bat. Specifically, the switching transistor
M1-Q1 corresponds to the switching transistor M3-Q1; the
switching transistor M1-Q2 corresponds to the switching
transistor M3-Q2; the switching transistor M2-Q1 corre-
sponds to the switching transistor M4-Q1; and the switching
transistor M2-Q2 corresponds to the switching transistor
M4-Q2.

[0154] 3. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0155] 3. When the second power supply PV is arranged
to discharge current to the first power supply Bat, and when
the voltage level of the second power supply PV is lower
than the voltage level of the first power supply Bat, the
DCDC double-direction converting device 100 is controlled
to operate in a switching cycle having the time intervals T1'
and T2', wherein the time intervals T1' and T2' are two
consecutive time intervals, and the time interval T1' is
followed by the time interval T2'. During T2, detecting if the
current of the first inductor L1 and/or the current of the
second inductor [.2 crosses the zero current, if yes, control-
ling the DCDC double-direction converting device 100 to
operate in the time intervals T3', T4', or the time intervals
T7', T8 after time interval T2'. The detailed description of
T1'~T4', T7', and T8' is described in below:

[0156] During the time intervals T1": the switching tran-
sistors M3-Q1 and M1-Q2 are turned on, and the switching
transistors M3-Q2 and M1-Q1 are turned off;

[0157] During the time intervals T2" the switching tran-
sistor M1-Q2 is turned off;

[0158] During the time intervals T3": the switching tran-
sistor M1-Q1 is turned on; and the switching transistors
M3-Q2 and M1-Q2 are turned off;

[0159] During the time intervals T4": the switching tran-
sistors M3-Q2 and M1-Q1 are turned off;

[0160] During the time intervals T7": the switching tran-
sistors M3-Q2 and M1-Q1 are turned on, the switching
transistors M3-Q1 and M1-Q2 are turned off;

[0161] During the time intervals T8" the switching tran-
sistor M3-Q2 is turned off.

[0162] In addition, the switching transistors M2-Q2 and
M1-Q1 are controlled by the same signal, the switching
transistors M2-Q1 and M1-Q2 are controlled by the same
signal, the switching transistors M4-Q2 and M3-Q1 are
controlled by the same signal, and the switching transistors
M4-Q1 and M3-Q2 are controlled by the same signal. The
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current directions are similar to the above-mentioned current
directions, and the detailed description is omitted here for
brevity.

[0163] When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0164] When the second power supply PV is arranged to
discharge current to the first power supply Bat, and when the
voltage level of the second power supply PV is higher than
the voltage level of the first power supply Bat, the DCDC
double-direction converting device 100 is controlled to
operate in a switching cycle having the time intervals T5'
and T6', wherein the time intervals T5' and T5' are two
consecutive time intervals, and the time interval T5' is
followed by the time interval T6'. During T5', detecting if the
current of the first inductor L1 and/or the current of the
second inductor L2 crosses the zero current, if yes, control-
ling the DCDC double-direction converting device 100 to
operate in the time intervals T7', T8', or the time intervals
T3', T4' after time interval T6'. The detailed description of
T5'~T8', T3', and T4' is described in below:

[0165] During the time intervals T5": the switching tran-
sistor M3-Q1 is turned on, and the switching transistors
M1-Q2 and M3-Q2 are turned off;

[0166] During the time intervals T6": the switching tran-
sistors M3-Q1 and M1-Q2 are turned off;

[0167] During the time intervals T7" the switching tran-
sistors M3-Q2 and M1-Q1 are turned on; and the switching
transistors M3-Q1 and M1-Q2 are turned off;

[0168] During the time intervals T8" the switching tran-
sistor M3-Q2 is turned off;

[0169] During the time intervals T3": the switching tran-
sistor M1-Q1 is turned on, the switching transistors M3-Q2
and M1-Q2 are turned off;

[0170] During the time intervals T4": the switching tran-
sistors M3-Q2 and M1-Q1 are turned off.

[0171] In addition, the switching transistors M2-Q2 and
M1-Q1 are controlled by the same signal, the switching
transistors M2-Q1 and M1-Q2 are controlled by the same
signal, the switching transistors M4-Q2 and M3-Q1 are
controlled by the same signal, and the switching transistors
M4-Q1 and M3-Q2 are controlled by the same signal. The
current directions are similar to the above-mentioned current
directions, and the detailed description is omitted here for
brevity.

[0172] Similarly, when the second power supply PV is
arranged to discharge current to the first power supply Bat,
i.e. the first power supply Bat is charged, the second power
supply PV of the DCDC double-direction converting device
100 may be regarded as the power supply source, and the
first power supply Bat may be regarded as the loading that
consumes power.

[0173] FIG. 14 is a diagram illustrating a DCDC (Direct
Current to Direct Current) double-direction converting
device 1400 in accordance with some embodiments. In
comparison to the DCDC double-direction converting
device 100, the DCDC double-direction converting device
1400 further comprises a connecting path 1402 connecting
the second terminal (i.e. emitter) of the switching transistor
M1-Q2 and the second terminal (i.e. emitter) of the switch-
ing transistor M3-Q2. For brevity, the numerals of other
devices in FIG. 14 is similar to the device numerals in FIG.
1. Moreover, to more clearly describe the operation of the
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DCDC double-direction converting device 1400, the DCDC
double-direction converting device 1400 is divided into an
upper portion and a lower portion. The upper portion com-
prises capacitors C1, C3, the switching transistors M1-Q1,
M1-Q2, M3-Q1, M3-Q2, and the inductor [.1. The lower
portion comprises capacitors C2, C4, the switching transis-
tors M2-Q1, M2-Q2, M4-Q1, M4-Q2, and the inductor L.2.
The connecting path 1402 is defined as the central dividing
point of the upper portion and the lower portion.

[0174] Similar to the DCDC double-direction converting
device 100, the DCDC double-direction converting device
1400 may be operated in four modes, i.e. two Boost modes
and two Buck modes as described in below paragraphs.
[0175] 1. The first Boost mode, i.e. the first power supply
Bat (i.e. the power battery pack) discharges the second
power supply PV (i.e. the photovoltaic system):

[0176] FIG. 15 is a diagram illustrating the first power
supply Bat discharging the second power supply PV in
accordance with some embodiments. FIG. 15 shows an
equivalent model of storing energy in a Boost mode.

[0177] For the upper portion, the switching transistors
M1-Q1 and M3-Q2 are turned on, the switching transistors
M1-Q2 and M3-Q1 are turned off. Meanwhile, the current
flows from the first terminal of capacitor C1 (i.e. the positive
terminal of the first power supply Bat) to the second terminal
of capacitor C2 (i.e. the central dividing point) through the
switching transistor M1-Q1, the first inductor L1, and the
switching transistor M3-Q2.

[0178] For the lower portion, the switching transistors
M4-Q1 and M2-Q2 are turned on, the switching transistors
M4-Q2 and M2-Q1 are turned off. Meanwhile, the current
flows from the first terminal of capacitor C2 (i.e. the central
dividing point) to the second terminal of capacitor C2 (i.e.
the negative terminal of the first power supply Bat) through
the switching transistor M4-Q1, the second inductor [.2, and
the switching transistor M2-Q2.

[0179] During the process, the capacitor C1 and capacitor
C2 are discharged, and the first inductor L1 and the second
inductor [.2 are energy stored. As the discharging currents of
the capacitor C1 and the capacitor C2 are provided by the
first power supply Bat, the first power supply Bat is dis-
charged.

[0180] FIG. 16 is a diagram illustrating the first power
supply Bat discharging the second power supply PV in
accordance with some embodiments. FIG. 16 shows an
equivalent model of current flyback in a Boost mode.

[0181] For the upper portion, the switching transistor
M1-Q1 is turned on, and the switching transistors M3-Q2
and M1-Q2 are turned off. Meanwhile, the current flows
from the first terminal of the first inductor L1 to the second
terminal of the first inductor L1 through the body diode of
the switching transistor M3-Q1, the first terminal of the
capacitor C3 (i.e. the positive terminal of the photovoltaic
system), the second terminal of the capacitor C3 (i.e. the
negative terminal of the photovoltaic system), the first
terminal C1, and the switching transistor M1-Q1.

[0182] For the lower portion, the switching transistors
M4-Q1 and M2-Q1 are turned off, and the switching tran-
sistor M2-Q2 is turned on. Meanwhile, the current flows
from the first terminal of the inductor L2 to the second
terminal of the inductor 1.2 through the switching transistor
M2-Q2, the capacitor C2, the first terminal of the capacitor
C4 (i.e. the central dividing point), the second terminal of
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the capacitor C4 (i.e. the negative terminal of the photovol-
taic system), and the body diode of the switching transistor
M4-Q2.

[0183] During the process, the energy of the first inductor
L1 and the second inductor [.2 is released or discharged, and
the capacitor C3 and the capacitor C4 are charged. As the
capacitor C3 and the capacitor C4 are serially connected
between the positive terminal of the second power supply
PV and the negative terminal of the second power supply
PV, the charging of the capacitor C3 and the capacitor C4
means that the energy of the second power supply PV also
charges.

[0184] Accordingly, the equivalent models of FIG. 15 and
FIG. 16 are capable of discharging current to the capacitor
C3 and the capacitor C4 from the capacitor C1 and the
capacitor C2. Accordingly, the first power supply Bat may
discharge current to the second power supply PV during the
first Boost mode, i.e. the voltage up-converting mode.
[0185] 2. The first Buck mode, i.e. the first power supply
Bat (i.e. the power battery pack) discharges the second
power supply PV (i.e. the photovoltaic system):

[0186] As shown in FIG. 16, the first power supply Bat
may discharge the second power supply PV.

[0187] For the upper portion, the switching transistors
M1-Q1 and M3-Q2 are turned off. Meanwhile, the current
flows from the first terminal of capacitor C1 (i.e. the positive
terminal of the first power supply Bat) to the second terminal
of' the capacitor C3 (i.e. the second terminal of capacitor C1,
or the central dividing point) through the switching transis-
tor M1-Q1, the first inductor L1, the body diode of the
switching transistor M3-Q1, and the first terminal of the
capacitor C3 (i.e. the positive terminal of the photovoltaic
system).

[0188] For the lower portion, the switching transistors
M4-Q1 and M2-Q2 are turned off. Meanwhile, the current
flows from the first terminal of capacitor C2 (i.e. the central
dividing point or the first terminal of the capacitor C4) to the
second terminal of the capacitor C2 (i.e. the negative ter-
minal of the first power supply Bat) through the second
terminal of the capacitor C4 (i.e. the negative terminal of the
photovoltaic system), the body diode of the switching tran-
sistor M4-Q2, the second inductor .2, and the switching
transistor M2-Q2.

[0189] During the process, the capacitor C1 and capacitor
C2 are discharged, the capacitor C3 and capacitor C4 are
charged, and the energy of the first inductor [.1 and the
second inductor [.2 is charged or stored. The discharging
currents of the capacitor C1 and the capacitor C2 are
provided by the first power supply Bat. As the capacitor C3
and the capacitor C4 are serially connected between the
positive terminal of the second power supply PV and the
negative terminal of the second power supply PV, the
charging of the capacitor C3 and the capacitor C4 means that
the energy of the second power supply PV also charges.
[0190] As shown in FIG. 17, the first power supply Bat
may discharge the second power supply PV, which is an
equivalent model of current flyback in a Buck mode.
[0191] For the upper portion, the switching transistors
M1-Q1 and M3-Q2 are turned off. Meanwhile, the current
flows from the first terminal of the first inductor L1 to the
second terminal of the first inductor L1 through the body
diode of the switching transistor M3-Q1, the first terminal of
the capacitor C3 (i.e. the positive terminal of the photovol-
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taic system), the second terminal of the capacitor C3 (i.e. the
central dividing point), and the body diode of the switching
transistor M1-Q2.

[0192] The first inductor L1 releases energy through the
body diode of the switching transistor M3-Q1, the first
terminal of the capacitor C3 (i.e. the positive terminal of the
photovoltaic system), the second terminal of the capacitor
C3 (i.e. the central dividing point), and the body diode of the
switching transistor M1-Q2.

[0193] For the lower portion, the switching transistors
M4-Q1 and M2-Q2 are turned off. Meanwhile, the current
flows from the first terminal of the second inductor L2 to the
second terminal of the second inductor 1.2 through the body
diode of the switching transistor M2-Q1, the first terminal of
the capacitor C4 (i.e. the central dividing point), the second
terminal of the capacitor C4 (i.e. the negative terminal of the
photovoltaic system), and the body diode of the switching
transistor M4-Q2.

[0194] During the process, the energy of the first inductor
L1 and the second inductor L2 is released or discharged, and
the capacitor C3 and the capacitor C4 are charged. As the
capacitor C3 and the capacitor C4 are serially connected
between the positive terminal of the second power supply
PV and the negative terminal of the second power supply
PV, the charging of the capacitor C3 and the capacitor C4
means that the energy of the second power supply PV also
charges.

[0195] Accordingly, the equivalent models of FIG. 16 and
FIG. 17 are capable of discharging current to the capacitor
C3 and the capacitor C4 from the capacitor C1 and the
capacitor C2. Accordingly, the first power supply Bat may
discharge current to the second power supply PV during the
first Buck mode, i.e. the voltage down-converting mode.
[0196] 3. The second Boost mode, i.e. the second power
supply PV (i.e. the photovoltaic system) charges the first
power supply Bat (i.e. the power battery pack):

[0197] FIG. 18 is a diagram illustrating the first power
supply Bat charging the second power supply PV in accor-
dance with some embodiments, which is an equivalent
model of storing energy in a Boost mode.

[0198] For the upper portion, the switching transistors
M3-Q1 and M1-Q2 are turned on, the switching transistors
M3-Q2 and M1-Q1 are turned off. Meanwhile, the current
flows from the first terminal of capacitor C3 (i.e. the positive
terminal of the second power supply PV) to the second
terminal of capacitor C3 (i.e. the central dividing point)
through the switching transistor M3-Q1, the first inductor
L1, and the switching transistor M1-Q2.

[0199] For the lower portion, the switching transistors
M2-Q1 and M4-Q2 are turned on, the switching transistors
M2-Q2 and M4-Q1 are turned off. Meanwhile, the current
flows from the first terminal of capacitor C4 (i.e. the central
dividing point) to the second terminal of capacitor C4 (i.e.
the negative terminal of the second power supply PV)
through the switching transistor M2-Q1, the second inductor
L2, and the switching transistor M4-Q2.

[0200] During the process, the capacitor C3 and capacitor
C4 are discharged, and the first inductor L1 and the second
inductor L2 are energy stored. The discharging currents of
the capacitor C3 and the capacitor C4 are provided by the
second power supply PV.

[0201] FIG. 19 is a diagram illustrating the second power
supply PV discharging the first power supply Bat in accor-
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dance with some embodiments. FIG. 19 shows an equivalent
model of current flyback in a Boost mode.

[0202] For the upper portion, the switching transistor
M3-Q1 is turned on, and the switching transistors M1-Q2
and M3-Q2 are turned off. Meanwhile, the current flows
from the first terminal of the first inductor L1 to the second
terminal of the first inductor L1 through the body diode of
the switching transistor M1-Q1, the first terminal of the
capacitor C1 (i.e. the positive terminal of the first power
supply Bat), the second terminal of the capacitor C1 (i.e. the
central dividing point or the second terminal of the capacitor
C3), the first terminal of the capacitor C3, and the switching
transistor M3-Q1.

[0203] For the lower portion, the switching transistors
M2-Q1 and M4-Q1 are turned off, and the switching tran-
sistor M4-Q2 is turned on. Meanwhile, the current flows
from the first terminal of the inductor L2 to the second
terminal of the inductor 1.2 through the switching transistor
M4-Q2, the second terminal of the capacitor C2, the first
terminal of the capacitor C4 (i.e. the central dividing point),
the second terminal of the capacitor C2 (i.e. the negative
terminal of the first power supply Bat), and the body diode
of the switching transistor M2-Q2.

[0204] During the process, the energy of the first inductor
L1 and the second inductor [.2 is released or discharged, and
the capacitor C1 and the capacitor C2 are charged. As the
capacitor C1 and the capacitor C2 are serially connected
between the positive terminal of the first power supply Bat
and the negative terminal of the first power supply Bat, the
charging of the capacitor C1 and the capacitor C2 means that
the energy of the first power supply Bat also charges.
[0205] Accordingly, the equivalent models of FIG. 18 and
FIG. 19 are capable of charging current to the capacitor C1
and the capacitor C2 from the capacitor C3 and the capacitor
C4. Accordingly, the second power supply PV may charge
the first power supply Bat during the second Boost mode, i.e.
the voltage up-converting mode.

[0206] 4. The second Buck mode, i.e. the second power
supply PV charges the first power supply Bat:

[0207] As shown in FIG. 19, the second power supply PV
may charge the first power supply Bat, which is an equiva-
lent model of storing energy in a Buck mode.

[0208] For the upper portion, the switching transistor
M3-Q1 is turned on, the switching transistors M1-Q2 and
M3-Q2 are turned off. Meanwhile, the current flows from the
first terminal of capacitor C3 (i.e. the positive terminal of the
second power supply PV) to the second terminal of capacitor
C1 (i.e. the central dividing point) through the switching
transistor M3-Q1, the first inductor [.1, and the body diode
of the switching transistor M1-Q1, the first terminal of the
capacitor C1.

[0209] For the lower portion, the switching transistors
M2-Q1 and M4-Q2 are turned off, the switching transistor
M4-Q2 is turned on. Meanwhile, the current flows from the
first terminal of capacitor C4 (i.e. the central dividing point)
to the second terminal of capacitor C4 (i.e. the negative
terminal of the second power supply PV) through the second
terminal of the capacitor C2, the body diode of the switching
transistor M2-Q2, the second inductor [.2, and the switching
transistor M4-Q2.

[0210] During the process, the energy of the first inductor
L1 and the second inductor [.2 is stored, the capacitor C3
and the capacitor C4 are discharged, and the capacitor C1
and the capacitor C2 are charged. The discharging currents
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of'the capacitor C3 and the capacitor C4 are provided by the
second power supply PV. As the capacitor C1 and the
capacitor C2 are serially connected between the positive
terminal of the first power supply Bat and the negative
terminal of the first power supply Bat, the charging of the
capacitor C1 and the capacitor C2 means that the energy of
the first power supply Bat also charges.

[0211] As shown in FIG. 20, the second power supply PV
may charge the first power supply Bat, which is an equiva-
lent model of current flyback in a Buck mode.

[0212] For the upper portion, the switching transistors
M3-Q1 and M1-Q2 are turned off. Meanwhile, the current
flows from the first terminal of the first inductor L1 to the
second terminal of the first inductor L1 through the body
diode of the switching transistor M1-Q1, the first terminal of
the capacitor C1 (i.e. the positive terminal of the first power
supply Bat), the second terminal of the capacitor C1 (i.e. the
central dividing point), and the body diode of the switching
transistor M3-Q2.

[0213] For the lower portion, the switching transistors
M2-Q1 and M4-Q2 are turned off. Meanwhile, the current
flows from the first terminal of the second inductor L2 to the
second terminal of the second inductor 1.2 through the body
diode of the switching transistor M4-Q1, the first terminal of
the capacitor C2 (i.e. the central dividing point), the second
terminal of the capacitor C2 (i.e. the negative terminal of the
first power supply Bat), and the body diode of the switching
transistor M2-Q2.

[0214] During the process, the energy of the first inductor
L1 and the second inductor L2 is released or discharged, and
the capacitor C1 and the capacitor C2 are charged. As the
capacitor C1 and the capacitor C2 are serially connected
between the positive terminal of the first power supply Bat
and the negative terminal of the first power supply Bat, the
charging of the capacitor C1 and the capacitor C2 means that
the energy of the first power supply Bat also charges.
[0215] Accordingly, the equivalent models of FIG. 19 and
FIG. 20 are capable of charging current to the capacitor C1
and the capacitor C2 from the capacitor C3 and the capacitor
C4. Accordingly, the second power supply PV may charge
the first power supply Bat during the second Buck mode, i.e.
the voltage down-converting mode.

[0216] FIG. 21 is a diagram illustrating a DCDC double-
direction converting device 2100 in accordance with some
embodiments. In comparison to the DCDC double-direction
converting device 1400 of FIG. 14, the DCDC double-
direction converting device 2100 comprises more capacitors
in the bridge circuits.

[0217] In FIG. 21, the first capacitor C1 of the DCDC
double-direction converting device 1400 is replaced with
two capacitors C11, C12 connected in parallel. The second
capacitor C2 of the DCDC double-direction converting
device 1400 is replaced with two capacitors C21, C22
connected in parallel. The third capacitor C3 of the DCDC
double-direction converting device 1400 is replaced with
two capacitors C31, C32 connected in parallel. The fourth
capacitor C4 of the DCDC double-direction converting
device 1400 is replaced with two capacitors C41, C42
connected in parallel. The operation and benefit of the
DCDC double-direction converting device 2100 is similar to
the DCDC double-direction converting device 1400, thus
the detailed description is omitted here for brevity.

[0218] Moreover, according to some embodiments, the
capacitance of the capacitor C1 is equal to the capacitance
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of the capacitor C2, and the capacitance of the capacitor C3
is equal to the capacitance of the capacitor C4.

[0219] Similar to the DCDC double-direction converting
device 100, the DCDC double-direction converting device
1400 may be operated in the following four modes:

[0220] 1. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV.

[0221] 2. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV.

[0222] 3. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0223] 4. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0224] The above mentioned four controlling methods of
the DCDC double-direction converting device 1400 is
described in detail in the following paragraphs and dia-
grams.

[0225] 1. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV, and the controlling method is
as followed:

[0226] When the first power supply Bat is arranged to
discharge current to the second power supply PV, and when
the voltage level of the first power supply Bat is lower than
the voltage level of the second power supply PV, the DCDC
double-direction converting device 1400 is controlled to
operate in a switching cycle having a first time interval T1
and a second time interval T2. During T2, detecting if the
current of the first inductor L1 and/or the current of the
second inductor L2 crosses the zero current, if yes, control-
ling the DCDC double-direction converting device 100 to
operate in the time intervals T3, T4, or the time intervals T7,
T8 after time interval T2.

[0227] During the time interval T1, the operation (i.e. on
or off) of the switching transistors in the DCDC double-
direction converting device 1400 and the flowing currents in
the DCDC double-direction converting device 1400 have
been described and shown in FIG. 15, and the detailed
description is omitted here for brevity.

[0228] During the time interval T2, the operation (i.e. on
or off) of the switching transistors in the DCDC double-
direction converting device 1400 and the flowing currents in
the DCDC double-direction converting device 1400 have
been described and shown in FIG. 16 and FIG. 17, and the
detailed description is omitted here for brevity.

[0229] During the time interval T3, the operation (i.e. on
or off) of the switching transistors in the DCDC double-
direction converting device 1400 and the flowing currents in
the DCDC double-direction converting device 1400 have
been described and shown in FIG. 18, and the detailed
description is omitted here for brevity.

[0230] During the time interval T4, the operation (i.e. on
or off) of the switching transistors in the DCDC double-
direction converting device 1400 and the flowing currents in
the DCDC double-direction converting device 1400 have
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been described and shown in FIG. 19, and the detailed
description is omitted here for brevity.

[0231] When the DCDC double-direction converting
device 1400 is arranged to operate in the switching cycle
having the time intervals T1, T2, T1, T2, the variation of the
control signals of the switching transistor M1-Q1, M1-Q2,
M2-Q1, M2-Q2, M3-Q1, M3-Q2, M4-Q1, M4-Q2, the cur-
rent (i.e. IL1) of the inductor L1, and the current (i.e. IL2)
of'the inductor [.2 in the DCDC double-direction converting
device 1400 is similar to the above-mentioned FIG. 9, and
the detailed description is omitted here for brevity.

[0232] When the DCDC double-direction converting
device 1400 is arranged to operate in the switching cycle
having the time intervals T1, T2, T3, T4, the variation of the
control signals of the switching transistor M1-Q1, M1-Q2,
M2-Q1, M2-Q2, M3-Q1, M3-Q2, M4-Q1, M4-Q2, the cur-
rent (i.e. IL1) of the inductor L1, and the current (i.e. IL2)
of'the inductor [.2 in the DCDC double-direction converting
device 1400 is similar to the above-mentioned FIG. 10, and
the detailed description is omitted here for brevity.

[0233] When the DCDC double-direction converting
device 1400 is arranged to operate in the switching cycle
having the time intervals T1, T2, T7, T8, the variation of the
control signals of the switching transistor M1-Q1, M1-Q2,
M2-Q1, M2-Q2, M3-Q1, M3-Q2, M4-Q1, M4-Q2, the cur-
rent (i.e. IL1) of the inductor L1, and the current (i.e. IL2)
of'the inductor [.2 in the DCDC double-direction converting
device 1400 is similar to the above-mentioned FIG. 11, and
the detailed description is omitted here for brevity.

[0234] 2. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the first power supply Bat is arranged to dis-
charge current to the second power supply PV according to
the following method:

[0235] When the first power supply Bat is arranged to
discharge current to the second power supply PV, and when
the voltage level of the first power supply Bat is higher than
the voltage level of the second power supply PV, the DCDC
double-direction converting device 1400 is controlled to
operate in a switching cycle having the time interval T5 and
the time interval T6. During T6, detecting if the current of
the first inductor L1 and/or the current of the second inductor
L2 crosses the zero current, if yes, controlling the DCDC
double-direction converting device 100 to operate in the
time intervals T7, T8, or the time intervals T3, T4 after time
interval T6. After the time intervals T5, T6, the DCDC
double-direction converting device 100 may be controlled to
operate in the time intervals T7, T8.

[0236] During the time interval T5, the operation (i.e. on
or off) of the switching transistors in the DCDC double-
direction converting device 1400 and the flowing currents in
the DCDC double-direction converting device 1400 have
been described and shown in FIG. 16, and the detailed
description is omitted here for brevity.

[0237] During the time interval T6, the operation (i.e. on
or off) of the switching transistors in the DCDC double-
direction converting device 1400 and the flowing currents in
the DCDC double-direction converting device 1400 have
been described and shown in FIG. 17, and the detailed
description is omitted here for brevity.

[0238] When the DCDC double-direction converting
device 1400 is arranged to operate in the switching cycle
having the time intervals T5, T6, T7, T8, the variation of the
control signals of the switching transistor M1-Q1, M1-Q2,
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M2-Q1, M2-Q2, M3-Q1, M3-Q2, M4-Q1, M4-Q2, the cur-
rent (i.e. IL1) of the inductor L1, and the current (i.e. IL2)
of'the inductor L2 in the DCDC double-direction converting
device 1400 is similar to the above-mentioned FIG. 12, and
the detailed description is omitted here for brevity.

[0239] When the DCDC double-direction converting
device 1400 is arranged to operate in the switching cycle
having the time intervals T5, T6, T3, T4, the variation of the
control signals of the switching transistor M1-Q1, M1-Q2,
M2-Q1, M2-Q2, M3-Q1, M3-Q2, M4-Q1, M4-Q2, the cur-
rent (i.e. IL1) of the inductor L1, and the current (i.e. IL2)
of'the inductor L2 in the DCDC double-direction converting
device 1400 is similar to the above-mentioned FIG. 13, and
the detailed description is omitted here for brevity.

[0240] 3. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0241] When the second power supply PV is arranged to
discharge current to the first power supply Bat, and when the
voltage level of the second power supply PV is lower than
the voltage level of the first power supply Bat, the DCDC
double-direction converting device 1400 is controlled to
operate in a switching cycle having the time intervals T1'
and T2'. During T2', detecting if the current of the first
inductor L1 and/or the current of the second inductor L2
crosses the zero current, if yes, controlling the DCDC
double-direction converting device 1400 to operate in the
time intervals T3', T4', or the time intervals T7', T8' after
time interval T2'. The detailed description of T1'~T4', T7',
and T8' is described in below:

[0242] During the time intervals T1": the switching tran-
sistors M3-Q1 and M1-Q2 are turned on, and the switching
transistors M3-Q2 and M1-Q1 are turned off;

[0243] During the time intervals T2" the switching tran-
sistor M1-Q2 is turned off;

[0244] During the time intervals T3" the switching tran-
sistor M1-Q1 is turned on; and the switching transistors
M3-Q2 and M1-Q2 are turned off;

[0245] During the time intervals T4": the switching tran-
sistors M3-Q2 and M1-Q1 are turned off;

[0246] During the time intervals T7" the switching tran-
sistors M3-Q2 and M1-Q1 are turned on, the switching
transistors M3-Q1 and M1-Q2 are turned off;

[0247] During the time intervals T8" the switching tran-
sistor M3-Q2 is turned off.

[0248] In addition, the switching transistors M2-Q2 and
M1-Q1 are controlled by the same signal, the switching
transistors M2-Q1 and M1-Q2 are controlled by the same
signal, the switching transistors M4-Q2 and M3-Q1 are
controlled by the same signal, and the switching transistors
M4-Q1 and M3-Q2 are controlled by the same signal. The
current directions are similar to the above-mentioned current
directions, and the detailed description is omitted here for
brevity.

[0249] 4. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0250] When the second power supply PV is arranged to
discharge current to the first power supply Bat, and when the
voltage level of the second power supply PV is higher than
the voltage level of the first power supply Bat, the DCDC
double-direction converting device 1400 is controlled to
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operate in a switching cycle having the time intervals T5'
and T6', wherein the time intervals T5' and T5' are two
consecutive time intervals, and the time interval T5' is
followed by the time interval T6'. During T5', detecting if the
current of the first inductor L1 and/or the current of the
second inductor [.2 crosses the zero current, if yes, control-
ling the DCDC double-direction converting device 1400 to
operate in the time intervals T7', T8', or the time intervals
T3', T4' after time interval T6'. The detailed description of
T5'~T8', T3', and T4' is described in below:

[0251] During the time intervals T5": the switching tran-
sistor M3-Q1 is turned on, and the switching transistors
M1-Q2 and M3-Q2 are turned off;

[0252] During the time intervals T6": the switching tran-
sistors M3-Q1 and M1-Q2 are turned off;

[0253] During the time intervals T7": the switching tran-
sistors M3-Q2 and M1-Q1 are turned on; and the switching
transistors M3-Q1 and M1-Q2 are turned off;

[0254] During the time intervals T8" the switching tran-
sistor M3-Q2 is turned off;

[0255] During the time intervals T3": the switching tran-
sistor M1-Q1 is turned on, the switching transistors M3-Q2
and M1-Q2 are turned off;

[0256] During the time intervals T4": the switching tran-
sistors M3-Q2 and M1-Q1 are turned off.

[0257] In addition, the switching transistors M2-Q2 and
M1-Q1 are controlled by the same signal, the switching
transistors M2-Q1 and M1-Q2 are controlled by the same
signal, the switching transistors M4-Q2 and M3-Q1 are
controlled by the same signal, and the switching transistors
M4-Q1 and M3-Q2 are controlled by the same signal. The
current directions are similar to the above-mentioned current
directions, and the detailed description is omitted here for
brevity.

[0258] Similarly, when the second power supply PV is
arranged to discharge current to the first power supply Bat,
i.e. the first power supply Bat is charged, the second power
supply PV of the DCDC double-direction converting device
1400 may be regarded as the power supply source, and the
first power supply Bat may be regarded as the loading that
consumes power.

[0259] FIG. 22 is a diagram illustrating a DCDC (Direct
Current to Direct Current) double-direction converting
device 2200 in accordance with some embodiments. The
DCDC double-direction converting device 2200 comprises a
first power supply Bat, a first bridge circuit 2202, a second
bridge circuit 2204, a second power supply PV, a third
bridge circuit 2206, a fourth bridge circuit 2208, an induc-
tive circuit 2210, a first connecting circuit 2212, and a
second connecting circuit 2214.

[0260] According to some embodiments, the first bridge
circuit 2202 comprises a first capacitor M1-C1, a first
switching transistor M1-Q1, a second capacitor M1-C2, and
a second switching transistor M1-C2. The first capacitor
M1-C1 has a first terminal coupled to the first positive
terminal of the first power supply Bat. The first switching
transistor M1-Q1 has a first terminal coupled to the first
terminal of the first capacitor M1-C1, and a second terminal
coupled to a second terminal of the first capacitor M1-C1.
The second capacitor M1-C2 has a first terminal coupled to
the second terminal of the first capacitor M1-C1. The second
switching transistor M1-Q2 has a first terminal coupled to
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the first terminal of the second capacitor M1-C2, and a
second terminal coupled to a second terminal of the first
capacitor M1-C1.

[0261] The second bridge circuit 2204 comprises a third
capacitor M2-C1, a third switching transistor M2-Q1, a
fourth capacitor M2-C2, and a fourth switching transistor
M2-Q2. The third capacitor M2-C1 has a first terminal
coupled to the second terminal of the second capacitor
M1-C2. The third switching transistor M2-Q1 has a first
terminal coupled to the first terminal of the third capacitor
M2-C1, and a second terminal coupled to a second terminal
of the third capacitor M2-C1. The fourth capacitor M2-C2
has a first terminal coupled to the second terminal of the
third capacitor M2-C1. The fourth switching transistor
M2-Q2 has a first terminal coupled to the first terminal of the
fourth capacitor M2-C2, and a second terminal coupled to a
second terminal of the fourth capacitor M2-C2.

[0262] The third bridge circuit 2206 comprises a fifth
capacitor M3-Cl1, a fifth switching transistor M3-Q1, a sixth
capacitor M3-C2, and a sixth switching transistor M3-Q2.
The fifth capacitor M3-C1 has a first terminal coupled to the
second positive terminal of the second power supply PV.
The fifth switching transistor M3-Q1 has a first terminal
coupled to the first terminal of the fifth capacitor M3-C1,
and a second terminal coupled to a second terminal of the
fifth capacitor M3-C1. The sixth capacitor M3-C2 has a first
terminal coupled to the second terminal of the fifth capacitor
M3-C1. The sixth switching transistor M3-Q2 has a first
terminal coupled to the first terminal of the sixth capacitor
M3-C2, and a second terminal coupled to a second terminal
of the sixth capacitor M3-C2.

[0263] The fourth bridge circuit 2208 comprises a seventh
capacitor M4-C1, a seventh switching transistor M4-Q1, an
eighth capacitor M4-C2, and an eighth switching transistor
M4-Q2. The seventh capacitor M4-C1 has a first terminal
coupled to the second terminal of the sixth capacitor M3-C2.
The seventh switching transistor M4-Q1 has a first terminal
coupled to the first terminal of the seventh capacitor M4-C1,
and a second terminal coupled to a second terminal of the
seventh capacitor M4-C1. The eighth capacitor M4-C2 has
a first terminal coupled to the second terminal of the seventh
capacitor M4-C1. The eighth switching transistor M4-Q2
has a first terminal coupled to the first terminal of the eighth
capacitor M4-C2, and a second terminal coupled to a second
terminal of the eighth capacitor M4-C2.

[0264] The inductive circuit 2210 comprises an inductor
L1. The inductor .1 has a first terminal coupled to the
second terminal of the second switching transistor M1-Q2,
and a second terminal coupled to the second terminal of the
sixth switching transistor M3-Q2.

[0265] The first connecting circuit 2212 comprises a ninth
capacitor C1, a tenth capacitor C2, an eleventh capacitor C3,
a first diode D1, and a second diode D2. The ninth capacitor
C1 has a first terminal coupled to the first positive terminal
of the first power supply Bat. The tenth capacitor C2 has a
first terminal coupled to a second terminal of the ninth
capacitor C1, and a second terminal coupled to the first
negative terminal of the first power supply Bat. The eleventh
capacitor C3 has a first terminal coupled to the second
terminal of the first capacitor M1-C1, and a second terminal
coupled to the second terminal of the third capacitor M2-C1.
The first diode D1 has an anode coupled to the second
terminal of the ninth capacitor C1, and a cathode coupled to
the first terminal of the eleventh capacitor C3. The second
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diode D2 has an anode coupled to the second terminal of the
eleventh capacitor C3, and a cathode coupled to the second
terminal of the ninth capacitor C1.

[0266] The second connecting circuit 2214 comprises a
twelfth capacitor C5, a thirteenth capacitor C6, a fourteenth
capacitor C4, a third diode D3, and a fourth diode D4. The
twelfth capacitor C5 has a first terminal coupled to the
second positive terminal of the second power supply PV.
The thirteenth capacitor C6 has a first terminal coupled to a
second terminal of the twelfth capacitor C5, and a second
terminal coupled to the second negative terminal of the
second power supply PV. The fourteenth capacitor C4 has a
first terminal coupled to the second terminal of the fifth
capacitor M3-C1 and a second terminal coupled to the
seventh capacitor M4-C1. The third diode D3 has an anode
coupled to the second terminal of the twelfth capacitor C5,
and a cathode coupled to the first terminal of the fourteenth
capacitor C4. The fourth diode D4 has an anode coupled to
the second terminal of the fourteenth capacitor C4, and a
cathode coupled to the second terminal of the twelfth
capacitor C5.

[0267] According to some embodiments, the first capaci-
tor M1-C1, the second capacitor M1-C2, the third capacitor
M2-C1, the fourth capacitor M2-C2, the fifth capacitor
M3-C1, the sixth capacitor M3-C2, the seventh capacitor
M4-C1, and the eighth capacitor M4-C2 have a first capaci-
tance, a second capacitance, a third capacitance, a fourth
capacitance, a fifth capacitance, a sixth capacitance, a sev-
enth capacitance, and an eighth capacitance respectively, the
first capacitance and the second capacitance are equal to the
third capacitance and the fourth capacitance respectively,
and the fifth capacitance and the sixth capacitance are equal
to the seventh capacitance and the eighth capacitance
respectively.

[0268] In addition, the capacitors C1 and C2 are bus
capacitor. The diodes D1 and D2 are used to clamp voltage.
The capacitor C3 is bridge capacitor or flying capacitor. The
capacitors C5 and C6 are bus capacitor. The diodes D3 and
D4 are used to clamp voltage. The capacitor C4 is bridge
capacitor or flying capacitor. Furthermore, the capacitors
M1-C1, M1-C2, M2-C1, M2-C2, M3-C1, M3-C2, M4-C1,
and M4-C2 are not polarized capacitor.

[0269] The following paragraphs describes the operation
of the DCDC double-direction converting device 2200.
According to some embodiments, the DCDC double-direc-
tion converting device 2200 is configured to have four
operating modes, i.e. two Boost modes and two Buck
modes. However, this is not a limitation of the present
invention.

[0270] 1. The first Boost mode, i.e. the first power supply
Bat (i.e. the power battery pack) discharges the second
power supply PV (i.e. the photovoltaic system):

[0271] 1) FIG. 23 is a diagram illustrating the first power
supply Bat discharging the second power supply PV in
accordance with some embodiments. FIG. 23 shows an
equivalent model of storing energy in a Boost mode.
[0272] During the storing energy, the switching transistors
M1-Q1, M1-Q2, M4-Q1, and M4-Q2 are turned on, the
switching transistors M2-Q1, M2-Q2, M3-Q1, and M3-Q2
are turned off. As shown in FIG. 23, the current flows from
the positive terminal (i.e. the first terminal of capacitor C1)
of'the first power supply Bat to the negative terminal (i.e. the
second terminal of capacitor C2) of the first power supply
Bat through the switching transistor M1-Q1, the switching
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transistor M1-Q2, the inductor L1, the switching transistor
M4-Q1, the switching transistor M4-Q2. During the process,
the energy of the capacitor C1 and capacitor C2 is dis-
charged, and the energy of the inductor L1 is charged or
stored. As the capacitor C1 and the capacitor C2 are serially
connected between the positive terminal of the first power
supply Bat and the negative terminal of the first power
supply Bat, the discharging of the capacitor C1 and the
capacitor C2 means that the energy of the first power supply
Bat also discharges.

[0273] 2) FIG. 24 is a diagram illustrating the first power
supply Bat discharging the second power supply PV in
accordance with some embodiments. FIG. 24 shows an
equivalent model of current flyback in a Boost mode.
[0274] During the current flyback, the switching transis-
tors M1-Q1, M1-Q2 are turned on, the switching transistors
M2-Q1, M2-Q2, M4-Q1, and M4-Q2 are turned off. As
shown in FIG. 24, the current flows from the first terminal
of the inductor L1 to the second terminal of the inductor L1
through the body diode of the switching transistor M3-Q2,
the body diode of the switching transistor M3-Q1, the
capacitor C5, the capacitor C6, the body diode of the
switching transistor M2-Q2, and the body diode of the
switching transistor M2-Q1. During the process, the capaci-
tor C5 and capacitor C6 are charged, and the energy of the
inductor L1 is released. As the capacitor C5 and the capaci-
tor C6 are serially connected between the positive terminal
of the second power supply PV and the negative terminal of
the second power supply PV, the charging of the capacitor
C5 and the capacitor C6 means that the energy of the second
power supply PV also charges.

[0275] Accordingly, the equivalent models of FIG. 23 and
FIG. 24 are capable of discharging current to the capacitor
C5 and the capacitor C6 from the capacitor C1 and the
capacitor C2. Accordingly, the first power supply Bat may
discharge current to the second power supply PV during the
first Boost mode, i.e. the voltage up-converting mode.
[0276] 2. The first Buck mode, i.e. the first power supply
Bat (i.e. the power battery pack) discharges the second
power supply PV (i.e. the photovoltaic system):

[0277] 1) FIG. 25 is a diagram illustrating the first power
supply Bat discharging the second power supply PV in
accordance with some embodiments. FIG. 25 shows an
equivalent model of storing energy in a Buck mode.
[0278] During the storing energy, the switching transistors
M1-Q1 and M1-Q2 are turned on, and the switching tran-
sistors M2-Q1, M2-Q2, M4-Q1, and M4-Q2 are turned off.
As shown in FIG. 25, the current flows from the positive
terminal (i.e. the first terminal of capacitor C1) of the first
power supply Bat to the negative terminal (i.e. the second
terminal of capacitor C2) of the first power supply Bat
through the switching transistor M1-Q1, the switching tran-
sistor M1-Q2, the first inductor L1, the body diode of the
switching transistor M3-Q2, the body diode of the switching
transistor M3-Q1, the capacitor C5 (i.e. the positive terminal
of the photovoltaic system), and the capacitor C6 (i.e. the
negative terminal of the photovoltaic system). During the
process, the capacitor C1 and capacitor C2 are discharged,
the capacitor C5 and capacitor C6 are charged, and the
energy of the inductor L1 is charged or stored. As the
capacitor C1 and the capacitor C2 are serially connected
between the positive terminal of the first power supply Bat
and the negative terminal of the first power supply Bat, the
discharging of the capacitor C1 and the capacitor C2 means
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that the energy of the first power supply Bat also discharges.
As the capacitor C5 and the capacitor C6 are serially
connected between the positive terminal of the second
power supply PV and the negative terminal of the second
power supply PV, the charging of the capacitor C5 and the
capacitor C6 means that the energy of the second power
supply PV also charges.

[0279] 2) As shown in FIG. 24, the first power supply Bat
may also discharge the second power supply PV, which is an
equivalent model of current flyback in a Buck mode.
[0280] During the current flyback, the switching transis-
tors M1-Q1, M1-Q2, M4-Q1, and M4-Q2 are turned off. As
shown in FIG. 24, the current flows from the first terminal
of the inductor L1 to the second terminal of the inductor L1
through the body diode of the switching transistor M3-Q2,
the body diode of the switching transistor M3-Q1, the
capacitor C5, the capacitor C6, the body diode of the
switching transistor M2-Q2, and the body diode of the
switching transistor M2-Q1. During the process, the capaci-
tor C5 and capacitor C6 are charged, and the energy of the
inductor L1 is released. As the capacitor C5 and the capaci-
tor C6 are serially connected between the positive terminal
of the second power supply PV and the negative terminal of
the second power supply PV, the charging of the capacitor
C5 and the capacitor C6 means that the energy of the second
power supply PV also charges.

[0281] Accordingly, the equivalent models of FIG. 25 and
FIG. 24 are capable of discharging current to the capacitor
C5 and the capacitor C6 from the capacitor C1 and the
capacitor C2. Accordingly, the first power supply Bat may
discharge current to the second power supply PV during the
first Buck mode, i.e. the voltage down-converting mode.
[0282] 3. The second Boost mode, i.e. the second power
supply PV (i.e. the photovoltaic system) charges the first
power supply Bat (i.e. the power battery pack):

[0283] 1) FIG. 26 is a diagram illustrating the second
power supply PV charging the first power supply Bat in
accordance with some embodiments. FIG. 26 shows an
equivalent model of storing energy in a Boost mode.
[0284] During the storing energy, the switching transistors
M3-Q1, M3-Q2, M2-Q1, and M2-Q2 are turned on, and the
switching transistors M4-Q1, M4-Q2, M1-Q1, and M1-Q2
are turned off. As shown in FIG. 26, the current flows from
the capacitor C5 (i.e. the positive terminal of the second
power supply PV) to the capacitor C6 (i.e. the negative
terminal of the second power supply PV) through the
switching transistor M3-Q1, the switching transistor
M3-Q2, the inductor L1, the switching transistor M2-Q1,
and the switching transistor M2-Q2. During the process, the
capacitor C5 and capacitor C6 are discharged, and the
energy of the inductor L1 is charged or stored. As the
capacitor C5 and the capacitor C6 are serially connected
between the positive terminal of the second power supply
PV and the negative terminal of the second power supply
PV, the discharging of the capacitor C5 and the capacitor C6
means that the energy of the second power supply PV also
discharges.

[0285] 2) FIG. 27 is a diagram illustrating the second
power supply PV discharging the first power supply Bat in
accordance with some embodiments. FIG. 27 shows an
equivalent model of current flyback in a Boost mode.
[0286] During the current flyback, the switching transis-
tors M3-Q1 and M3-Q2 are turned on, and the switching
transistors M4-Q1, M4-Q2, M2-Q1, and M2-Q2 are turned
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off. As shown in FIG. 27, the current flows from the first
terminal of the inductor L1 to the second terminal of the
inductor L1 through the body diode of the switching tran-
sistor M1-Q2, the body diode of the switching transistor
M1-Q1, the capacitor C1 (i.e. the positive terminal of the
first power supply Bat), the capacitor C2 (i.e. the negative
terminal of the first power supply Bat), the body diode of the
switching transistor M4-Q2, and the body diode of the
switching transistor M4-Q1. During the process, the energy
of the inductor L1 is released or discharged, and the capaci-
tor C1 and the capacitor C2 are charged. As the capacitor C1
and the capacitor C2 are serially connected between the
positive terminal of the first power supply Bat and the
negative terminal of the first power supply Bat, the charging
of the capacitor C1 and the capacitor C2 means that the
energy of the first power supply Bat also charges.

[0287] Accordingly, the equivalent models of FIG. 26 and
FIG. 27 are capable of discharging current to the capacitor
C1 and the capacitor C2 from the capacitor C5 and the
capacitor C6. Accordingly, the second power supply PV may
charge current to the first power supply Bat during the
second Boost mode, i.e. the voltage up-converting mode.
[0288] 4. The second Buck mode, i.e. the second power
supply PV (i.e. the photovoltaic system) charges the first
power supply Bat (i.e. the power battery pack):

[0289] 1) FIG. 28 is a diagram illustrating the second
power supply PV charging the first power supply Bat in
accordance with some embodiments. FIG. 28 shows an
equivalent model of storing energy in a Buck mode.
[0290] During the storing energy, the switching transistors
M3-Q1, M3-Q2, and M2-Q2 are turned on, and the switch-
ing transistors M4-Q1, M4-Q2, and M2-Q1 are turned off.
As shown in FIG. 28, the current flows from the positive
terminal (i.e. capacitor C5) of the second power supply PV
to the negative terminal (i.e. the capacitor C6) of the second
power supply PV through the switching transistor M3-Q1,
the switching transistor M3-Q2, the inductor L1, the body
diode of the switching transistor M1-Q2, the body diode of
the switching transistor M1-Q1, the capacitor C1 (i.e. the
positive terminal of the first power supply Bat), and the
capacitor C2 (i.e. the negative terminal of the first power
supply Bat). During the process, the capacitor C5 and
capacitor C6 are discharged, the capacitor C1 and capacitor
C1 are charged, and the energy of the inductor L1 is charged
or stored. As the capacitor C1 and the capacitor C2 are
serially connected between the positive terminal of the first
power supply Bat and the negative terminal of the first
power supply Bat, the charging of the capacitor C1 and the
capacitor C2 means that the energy of the first power supply
Bat also discharges. As the capacitor C5 and the capacitor
C6 are serially connected between the positive terminal of
the second power supply PV and the negative terminal of the
second power supply PV, the discharging of the capacitor C5
and the capacitor C6 means that the energy of the second
power supply PV also discharges.

[0291] 2) As shown in FIG. 27, the second power supply
PV may also charge the first power supply Bat based on the
operation in the following paragraph, which is an equivalent
model of current flyback in a Buck mode.

[0292] During the current flyback, the switching transis-
tors M3-Q1, M3-Q2, M2-Q1, and M2-Q2 are turned off. As
shown in FIG. 27, the current flows from the first terminal
of the inductor L1 to the second terminal of the inductor L1
through the body diode of the switching transistor M1-Q2,
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the body diode of the switching transistor M1-Q1, the
capacitor C1 (i.e. the positive terminal of the first power
supply Bat), the capacitor C2 (i.e. the negative terminal of
the first power supply Bat), the body diode of the switching
transistor M4-Q2, and the body diode of the switching
transistor M4-Q1. During the process, the energy of the
inductor L1 is released or discharged, and the capacitor C1
and the capacitor C2 are charged. As the capacitor C1 and
the capacitor C2 are serially connected between the positive
terminal of the first power supply Bat and the negative
terminal of the first power supply Bat, the charging of the
capacitor C1 and the capacitor C2 means that the energy of
the first power supply Bat also charges.

[0293] Accordingly, the equivalent models of FIG. 27 and
FIG. 28 are capable of discharging current to the capacitor
C1 and the capacitor C2 from the capacitor C5 and the
capacitor C6. Accordingly, the second power supply PV may
discharge current to the first power supply Ba during the
second Buck mode, i.e. the voltage down-converting mode.
[0294] According to some embodiments, the DCDC
double-direction converting device 2200 may be operated in
the following four modes:

[0295] 1. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV.

[0296] 2. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV.

[0297] 3. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0298] 4. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0299] The above mentioned four controlling methods of
the DCDC double-direction converting device 2200 is
described in detail in the following paragraphs and dia-
grams.

[0300] 1. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the first power supply Bat discharges current to
the second power supply PV, and the controlling method is
as followed:

[0301] When the first power supply Bat is arranged to
discharge current to the second power supply PV, and when
the voltage level of the first power supply Bat is lower than
the voltage level of the second power supply PV, the DCDC
double-direction converting device 2200 is controlled to
operate in a switching cycle having a first time interval T1
and a second time interval T2. During T2, detecting if the
current of the inductor L1 crosses the zero current, if yes,
controlling the DCDC double-direction converting device
2200 to operate in the time intervals T3, T4, or the time
intervals T7, T8 after time interval T2. FIG. 29 is a timing
diagram illustrating the signals in the time intervals T1~T2
in accordance with some embodiments.

[0302] During the time interval T1, the switching transis-
tors M1-Q1, M1-Q2, M4-Q1, and M4-Q2 are turned on, the
switching transistors M2-Q1, M2-Q2, M3-Q1, and M3-Q2
are turned off. The current flow during the time interval T1
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has been shown in FIG. 23, and the detailed description is
omitted here for brevity. When the current of the inductor .1
flows to the right terminal from the left terminal, the current
is defined as “positive” current. When the current of the
second inductor L2 flows to the left terminal from the right
terminal, the current is defined as “negative” current. In this
process, the capacitors C1 and C2 are discharged, the current
of the inductor L1 is positive current, the currents gradually
increase, and the energy of the inductor L1 is stored until the
time interval T2.

[0303] During the time interval T2, the switching transis-
tors M4-Q1 and M4-Q2 are turned off, the bride circuits
2202 and 2204 are not turned on at the same time. During
the time interval T2, the currents may have two directions.
[0304] The first current direction is happened when the
switching transistors M1-Q1 and M1-Q2 are turned on. In
this process, the energy of the inductor L1 is released. The
current flow of this process has been shown in FIG. 25, and
the detailed description is omitted here for brevity.

[0305] The second current direction is happened when the
switching transistors M1-Q1 and M1-Q2 are turned off. In
this process, the energy of the inductor L1 is released. The
current flow of this process has been shown in FIG. 24, and
the detailed description is omitted here for brevity.

[0306] In the above mentioned first current direction and
the second current direction, the energy of the inductor L1
is released, the current is positive current, and the currents
gradually decrease. Meanwhile, the capacitors C3 and C4
are charged by currents.

[0307] During the time interval T2, when the switching
transistors M1-Q1 and M1-Q2 are turned off, the current
flows through the body diode of the switching transistors
M2-Q2 and the body diode of the switching transistors
M2-Q1. During the time interval T1, the current flows
through the switching transistors M1-Q1 and M1-Q2.
Accordingly, when the time intervals T1 and T2 are com-
bined, the two currents flow through the first bridge circuits
2202 and 2204 respectively. Therefore, the DCDC double-
direction converting device 2200 may have better heat
dissipation effect. According to some embodiments, the
second current direction may be the better option in the time
interval T2.

[0308] Moreover, during the time intervals T1 and T2, the
first power supply Bat is arranged to boost the voltage level
of the second power supply PV. The switching transistor
M4-Q1 and M4-Q2 may be regarded as the high frequency
transistors of the Boost circuit. When the switching transis-
tor M4-Q1 and M4-Q2 have greater duty cycle (i.e. when T1
is greater than T2), the current of the inductor L1 is
continuous, and the current is positive current. As shown in
FIG. 29, when the duty cycle decreases to reach a specific
value, the inductor current reaches the zero when the cycle
finishes, and the next cycle begins at the same time. Then,
the inductor L1 may store energy again, and the inductor
currents increase, i.e. the threshold current mode. When the
duty cycle is further reduced, i.e. the inductor current reach
zero in the time interval T2, and the cycle is not finished yet,
the DCDC double-direction converting device 2200 may
enter the time intervals T3 and T4 or T7 and T8. FIG. 30 is
a timing diagram illustrating the signals in the time intervals
T1, T2, T3, and T4 in accordance with some embodiments.
[0309] During the time interval T3, the switching transis-
tors M3-Q1 and M3-Q2 are turned on, the switching tran-
sistors M2-Q1 and M2-Q2 are turned off. The current flow

Jun. 27,2019

of this process has been shown in FIG. 28, and the detailed
description is omitted here for brevity. In this process, the
capacitors C5 and C6 are discharged, and the capacitors C1
and C2 are charged. The energy of inductor L1 is stored, and
the current increases. However, the inductor current is
negative current.

[0310] During the time interval T4, the switching transis-
tors M3-Q1, M3-Q2, M2-Q1, and M2-Q2 are turned off. The
energy of the inductor L1 is released. The current flow of
this process has been shown in FIG. 27, and the detailed
description is omitted here for brevity. In this process, the
energy of the inductor L1 is released, the current is negative
current, and the current gradually decreases. Meanwhile, the
capacitors C1 and C2 are charged by currents.

[0311] According to the time intervals T1~T4, during the
switching cycles, the currents of the inductor L1 is always
continuous. In one cycle, if the first power supply Bat is
arranged to discharge current to the second power supply
PV, then the area formed by the positive current of the
inductor [.L1 may be designed to be greater than the area
formed by the negative current of the inductor L1. The
different value of the two areas may be the discharging
energy from the first power supply Bat to the second power
supply PV.

[0312] Furthermore, when the voltage level of the first
power supply Bat is lower than the voltage level of the
second power supply PV, the DCDC double-direction con-
verting device 2200 is arranged to operate in the time
interval T3 before the currents of the inductor L1 crosses the
zero current. Specifically, during the time interval T2, the
switching transistors M3-Q1 and M3-Q2 are turned on, and
the switching transistors M2-Q1 and M2-Q2 are turned off.
Meanwhile, the current of the inductor L1 is positive cur-
rent, and the current still flows through the body diode of the
switching transistor M3-Q2 and the body diode of the
switching transistor M3-Q1 to form a loop. As shown in
FIG. 25 or FIG. 24, the direction of the current is similar to
the current direction in the time interval T2. When the
current of the inductor L1 reaches zero, the time interval T3
may start immediately to avoid the switching discontinuity
when the time interval T2 proceeds to the next time interval
T3.

[0313] Furthermore, during the time interval T4, the
switching transistors M1-Q1, M1-Q2, M4-Q1, and M4-Q2
are turned on. Meanwhile, the current of the inductor L1 is
negative current, the direction of the current is similar to the
current direction in the time interval T4. As shown in FIG.
27, when the current of the inductor L1 reaches zero, the
time interval T1 in the next cycle may start immediately to
avoid the switching discontinuity when the time interval T4
proceeds to the next time interval T1.

[0314] In addition, during the time intervals T2 and T3, the
switching transistor M1-Q1 is turned off. According to the
time intervals T1~T4, the switching transistors M1-Q2 and
M2-Q1 are turned off in the whole switching cycle; the
switching transistor M1-Q1 is controlled by the first control
signal; the switching transistors M3-Q1 is controlled by the
second control signal. To reduce the circuit complexity and
to extend the lifetime of transistors, the second control signal
may be the voltage inverted from the first control signal.
[0315] In another embodiment, during the time intervals
T2 and T3, the switching transistor M1-Q1 is turned on.
According to the time intervals T1~T4, the switching tran-
sistors M1-Q1 and M1-Q2 are turned on in the whole
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switching cycle, the switching transistors M2-Q1 and
M2-Q2 are turned off in the whole switching cycle to reduce
the circuit complexity and to extend the lifetime of transis-
tors.

[0316] After the time intervals T1, T2, the DCDC double-
direction converting device 2200 may be operated in the
time intervals T7, T8 as shown in FIG. 31. FIG. 31 is a
timing diagram illustrating the signals in the time intervals
T1, T2, T7, and T8 in accordance with some embodiments.
[0317] During the time interval T7, the switching transis-
tors M3-Q1, M3-Q2, M2-Q1, and M2-Q2 are turned on, the
switching transistors M4-Q1, M4-Q2, M1-Q1, and M1-Q2
are turned off. The current flow of this process has been
shown in FIG. 26, and the detailed description is omitted
here for brevity. In this process, the capacitors C5 and C6 are
discharged, and the inductor L1 is energy stored, and the
currents increase. However, the inductor currents are nega-
tive current.

[0318] During the time interval T8, the switching transis-
tors M2-Q1 and M2-Q2 are turned off, and the first bridge
circuits 2202 and 2204 are not turned on at the same time.
During the time interval T8, the currents may have two
directions.

[0319] The first current direction is happened when the
switching transistors M3-Q1 and M3-Q2 are turned on, and
the switching transistors M4-Q2 and M4-Q1 are turned off
as shown in FIG. 28. In this process, the energy of the
inductor L1 is released. The current flow of this process has
been shown in FIG. 28, and the detailed description is
omitted here for brevity.

[0320] The second current direction is happened when the
switching transistors M3-Q1 and M3-Q2 are turned off. In
this process, the energy of the inductor L1 is released. The
current flow of this process has been shown in FIG. 27, and
the detailed description is omitted here for brevity.

[0321] In the above mentioned first current direction and
the second current direction, the energy of the inductor L1
is released, the current is negative current, the current
gradually decreases, and the capacitors C1 and C2 are
charged.

[0322] During the time interval T8, the switching transis-
tors M3-Q1 and M3-Q2 are turned off such that the current
flows through the body diodes of the switching transistors
M4-Q2 and M4-Q1. During the time interval T7, the current
flows through the switching transistors M3-Q1 and M3-Q2.
When the time intervals T7 and T8 are combined, the
currents flow through different bridge circuits in different
time intervals. Therefore, the DCDC double-direction con-
verting device 2200 may have better heat dissipation effect.
According to some embodiments, the second current direc-
tion may be the better option in the time interval T8.

[0323] According to the time intervals T1, T2, T7, T8,
during the switching cycles, the currents of the inductors are
continuous.

[0324] Furthermore, the DCDC double-direction convert-
ing device 2200 is arranged to operate in the time interval T7
before the currents of the inductor L1 crosses the zero
current. Specifically, during the time interval T2, the switch-
ing transistors M2-Q1, M2-Q2, M3-Q1, and M3-Q2 are
turned on. Meanwhile, when the current of the inductor L1
is positive current, the direction of the current is similar to
the current direction in the time interval T2 as shown in FIG.
25 or FIG. 24. When the current of the inductor [.1 reaches
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zero, the time interval T7 may start immediately to avoid the
switching discontinuity when the time interval T2 proceeds
to the next time interval T7.

[0325] Furthermore, during the time interval T8, the
switching transistors M1-Q1, M1-Q2, M4-Q1, and M4-Q2
are turned on, and the switching transistors M3-Q1 and
M3-Q2 are turned off. Meanwhile, when the current of the
inductor [.1 is negative current, the direction of the current
is similar to the current direction in the time interval T8 as
shown in FIG. 28 or FIG. 27. When the current of the
inductor L1 reaches zero, the time interval T1 in the next
cycle may start immediately to avoid the switching discon-
tinuity when the time interval T8 proceeds to the next time
interval T1.

[0326] Furthermore, during the time interval T8, the
switching transistors M1-Q1 and M1-Q2 are turned off.
According to the time intervals T1, T2, T7, and T8, the
switching transistors M1-Q1, M1-Q2, M4-Q1, and M4-Q2
are controlled by the first control signal; the switching
transistors M2-Q1, M2-Q2, M3-Q1, and M3-Q2 are con-
trolled by the second control signal. To reduce the circuit
complexity and to extend the lifetime of transistors, the
second control signal may be the voltage inverted from the
first control signal.

[0327] 2. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the first power supply Bat is arranged to dis-
charge current to the second power supply PV according to
the following method:

[0328] When the first power supply Bat is arranged to
discharge current to the second power supply PV, and when
the voltage level of the first power supply Bat is higher than
the voltage level of the second power supply PV, the DCDC
double-direction converting device 2200 is controlled to
operate in a switching cycle having the time interval T5 and
the time interval T6. During T6, detecting if the current of
the inductor L1 crosses the zero current, if yes, controlling
the DCDC double-direction converting device 2200 to oper-
ate in the time intervals T7, T8, or the time intervals T3, T4
after time interval T6. After the time intervals T5, T6, the
DCDC double-direction converting device 2200 may be
controlled to operate in the time intervals T7, T8 as shown
in FIG. 32.

[0329] During the time interval T5, the switching transis-
tors M1-Q1 and M1-Q2 are turned on, and the switching
transistors M4-Q1 and M4-Q2 are turned off. The current
flow during the time interval T5 has been shown in FIG. 25,
and the detailed description is omitted here for brevity. In
this process, the capacitors C1 and C2 are discharged, and
the capacitors C5 and Cé6 are charged, and the inductor L1
is energy stored.

[0330] During the time interval T6, the switching transis-
tors M1-Q1, M1-Q2, M4-Q1, and M4-Q2 are turned off. The
energy of the inductors L1 is released. The current flow
during the time interval T6 has been shown in FIG. 24, and
the detailed description is omitted here for brevity. In this
process, the inductor L1 is energy released, the current of the
inductor L1 is positive current, and the current gradually
decreases. The capacitors C5 and C6 are charged.

[0331] During the time intervals T5, T6, the first power
supply Bat is arranged to generate the reduced voltage level
to the second power supply PV. The switching transistor
M1-Q1 and M2-Q2 may be regarded as the high frequency
transistors of the Buck circuit. When the switching transistor
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M1-Q1 and M2-Q2 have greater duty cycle (i.e. when T5 is
greater than T6), the current of the inductor L1 is continu-
ous, and the current in T5 and T6 is positive current. When
the duty cycle decreases to reach a specific value, the
inductor current reaches the zero when the cycle finishes and
the next cycle begins at the same time. Then, the inductor
may store energy again, and the inductor current increases,
i.e. the threshold current mode. When the duty cycle is
further reduced, i.e. the inductor currents reach zero in the
time interval T6, and the cycle is not finished yet, the DCDC
double-direction converting device 2200 may enter the time
intervals T7 and T8 as shown in FIG. 32.

[0332] The time intervals T7 and T8 has been described,
and the detailed description is omitted here for brevity.
[0333] According to the time intervals T5~T8, during the
switching cycles, the currents of the inductors are always
continuous.

[0334] Furthermore, when the voltage level of the first
power supply Bat is higher than the voltage level of the
second power supply PV, the DCDC double-direction con-
verting device 2200 is arranged to operate in the time
interval T7 before the currents of the inductor L1 crosses the
zero current. Specifically, during the time interval T6, the
switching transistors M2-Q1, M2-Q2, M3-Q1, and M3-Q2
are turned on. Meanwhile, the current of the inductor L1 is
positive current, the direction of the current is similar to the
current direction in the time interval T6 as shown in FIG. 24.
When the current of the inductor L1 reaches zero, the time
interval T7 may start immediately to avoid the switching
discontinuity when the time interval T6 proceeds to the next
time interval T7.

[0335] Furthermore, during the time interval T8, the
switching transistors M1-Q1 and M1-Q2 are turned on, and
the switching transistors M4-Q1 and M4-Q2 are turned off.
Meanwhile, the current of the inductor L1 is negative
current, the direction of the current is similar to the current
direction in the time interval T8. As shown in FIG. 28 or
FIG. 27, when the current of the inductor L1 reaches zero,
the time interval T5 in the next cycle may start immediately
to avoid the switching discontinuity when the time interval
T8 proceeds to the next time interval T5.

[0336] Inaddition, during the time intervals T5 and T8, the
switching transistors M3-Q1 and M3-Q2 are turned off.
According to the time intervals T5~T8, the switching tran-
sistors M4-Q1 and M4-Q2 are turned off in the whole
switching cycle; the switching transistors M1-Q1 and
M1-Q2 are controlled by the first control signal; the switch-
ing transistors M2-Q1, M2-Q2, M3-Q1, and M3-Q2 are
controlled by the second control signal. To reduce the circuit
complexity and to extend the lifetime of transistors, the
second control signal may be the voltage inverted from the
first control signal.

[0337] In another embodiment, during the time intervals
T5 and T8, the switching transistors M3-Q1 and M3-Q2 are
turned on. According to the time intervals T5~T8, the
switching transistors M4-Q1 and M4-Q2 are turned on in the
whole switching cycle, the switching transistors M3-Q1 and
M3-Q2 are turned off in the whole switching cycle; the
switching transistors M1-Q1 and M1-Q2 are controlled by
the first control signal; the switching transistors M2-Q1 and
M2-Q2 are controlled by the second control signal. To
reduce the circuit complexity and to extend the lifetime of
transistors, the second control signal may be the voltage
inverted from the first control signal.
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[0338] After the time intervals T5 and Té6, the DCDC
double-direction converting device 2200 may be operated in
the time intervals T3 and T4. The current direction of the
currents in the time intervals T5, T6, T3, and T4 are shown
in FIG. 33, the detailed description is omitted here for
brevity.

[0339] Furthermore, when the voltage level of the first
power supply Bat is higher than the voltage level of the
second power supply PV, the DCDC double-direction con-
verting device 2200 is arranged to operate in the time
interval T3 before the current of the inductor L1 crosses the
zero current. Specifically, during the time interval T6, the
switching transistors M3-Q1 and M3-Q2 are turned on, and
the switching transistors M2-Q1 and M2-Q2 are turned off.
Meanwhile, the current of the inductor L1 is positive cur-
rent, and the current flows through the body diode of the
switching transistor M3-Q2 and the body diode of the
switching transistor M3-Q1 to release energy. As shown in
FIG. 24, the direction of the current is similar to the current
direction in the time interval T6. When the current of the
inductor L1 reaches zero, the time interval T3 may start
immediately to avoid the switching discontinuity when the
time interval T6 proceeds to the next time interval T3.
[0340] Furthermore, during the time interval T4, the
switching transistors M1-Q1 and M1-Q2 are turned on, and
the switching transistors M4-Q1 and M4-Q2 are turned off.
Meanwhile, the current of the inductor L1 is negative
current, the direction of the current is similar to the current
direction in the time interval T4. As shown in FIG. 27, when
the current of the inductor L1 reaches zero, the time interval
T5 in the next cycle may start immediately to avoid the
switching when the time interval T4 proceeds to the next
time interval T5.

[0341] In addition, during the time interval T5, the switch-
ing transistors M3-Q1 and M3-Q2 are turned off. During the
time interval T3, the switching transistors M1-Q1 and
M1-Q2 are turned off. When the time intervals T5, T6, T3,
and T4 are combined, the switching transistors M2-Q1,
M2-Q2, M4-Q1, and M4-Q2 are turned off in the whole
switching cycle; the switching transistors M1-Q1 and
M1-Q2 are controlled by the first control signal; the switch-
ing transistors M3-Q1 and M3-Q2 are controlled by the
second control signal. To reduce the circuit complexity and
to extend the lifetime of transistors, the second control signal
may be the voltage inverted from the first control signal.
[0342] According to the above methods, the switching
transistors in a bridge circuit are turned on or turned off at
the same time. In practice, the turn-on time or turn-off time
of the first switching transistor and the second switching
transistor in a same bridge circuit may be increased or
decreased. Specifically, when the first switching transistor
and the second switching transistor in a same bridge circuit
are turned off, the outside transistor (i.e. the M1-Q1 of the
first bridge circuit 2202, the M2-Q2 of the second bridge
circuit 2204, the M3-Q1 of the third bridge circuit 2206, the
M4-Q2 of the fourth bridge circuit 2208) in the same bridge
circuit may be turned off early to avoid the damage of the
outside transistor that is caused by the voltage level of the
first power supply Bat or the second power supply PV.
[0343] According to the above mentioned methods, no
matter the voltage level of the first power supply Bat is
higher or lower than the voltage level of the second power
supply PV, the first power supply Bat may discharge current
to the second power supply PV, i.e. the second power supply
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PV is charged. In the process, the first power supply Bat of
the DCDC double-direction converting device 2200 may be
regarded as the power supply source, and the second power
supply PV may be regarded as the loading that consumes
power. Similarly, the second power supply PV may be
arranged to discharge current to the first power supply Bat.
The second power supply PV may use the similar method to
discharge current to the first power supply Bat by switching
the roles between the second power supply PV and the first
power supply Bat. Specifically, the switching transistor
M1-Q1 corresponds to the switching transistor M3-Q1; the
switching transistor M1-Q2 corresponds to the switching
transistor M3-Q2; the switching transistor M2-Q1 corre-
sponds to the switching transistor M4-Q1; and the switching
transistor M2-Q2 corresponds to the switching transistor
M4-Q2.

[0344] 3. When the voltage level of the first power supply
Bat is lower than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0345] When the second power supply PV is arranged to
discharge current to the first power supply Bat, and when the
voltage level of the second power supply PV is lower than
the voltage level of the first power supply Bat, the DCDC
double-direction converting device 2200 is controlled to
operate in a switching cycle having the time intervals T1'
and T2'. During T2', detecting if the current of the inductor
L1 crosses the zero current, if yes, controlling the DCDC
double-direction converting device 2200 to operate in the
time intervals T3', T4', or the time intervals T7', T8' after
time interval T2'. The detailed description of T1'~T4', T7',
and T8' is described in below:

[0346] During the time intervals T1": the switching tran-
sistors M3-Q1, M3-Q2, M2-Q1, and M2-Q2 are turned on,
and the switching transistors M4-Q1, M4-Q2, M1-Q1, and
M1-Q2 are turned off;

[0347] During the time intervals T2" the switching tran-
sistors M2-Q1 and M2-Q2 are turned off, and the third
bridge circuit 2206 and the fourth bridge circuit 2208 are not
turned on at the same time;

[0348] During the time intervals T3" the switching tran-
sistors M1-Q1 and M1-Q2 are turned on; and the switching
transistors M4-Q1 and M4-Q2 are turned off;

[0349] During the time intervals T4": the switching tran-
sistors M1-Q1, M1-Q2, M4-Q1, and M4-Q2 are turned off;
[0350] During the time intervals T7" the switching tran-
sistors M1-Q1, M1-Q2, M4-Q1, and M4-Q2 are turned on,
the switching transistors M2-Q1, M2-Q2, M3-Q1, and
M3-Q2 are turned off;

[0351] During the time intervals T8" the switching tran-
sistors M4-Q1 and M4-Q2 are turned off, and the third
bridge circuit 2206 and the fourth bridge circuit 2208 are not
turned on at the same time.

[0352] 4. When the voltage level of the first power supply
Bat is higher than the voltage level of the second power
supply PV, the second power supply PV discharges current
to the first power supply Bat.

[0353] When the second power supply PV is arranged to
discharge current to the first power supply Bat, and when the
voltage level of the second power supply PV is higher than
the voltage level of the first power supply Bat, the DCDC
double-direction converting device 2200 is controlled to
operate in a switching cycle having the time intervals T5'
and T6'. During T5', detecting if the current of the inductor
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L1 crosses the zero current, if yes, controlling the DCDC
double-direction converting device 2200 to operate in the
time intervals T7', T8', or the time intervals T3', T4' after
time interval T6'. The detailed description of T5'~T8§', T3',
and T4' is described in below:
[0354] During the time intervals T5": the switching tran-
sistors M3-Q1 and M3-Q2 are turned on, and the switching
transistors M2-Q1 and M2-Q2 are turned off;
[0355] During the time intervals T6": the switching tran-
sistors M3-Q1, M3-Q2, M2-Q1, and M2-Q2 are turned off;
[0356] During the time intervals T7": the switching tran-
sistors M1-Q1, M1-Q2, M4-Q1, and M4-Q2 are turned on;
and the switching transistors M2-Q1, M2-Q2, M3-Ql1, and
M3-Q2 are turned off;
[0357] During the time intervals T8": the switching tran-
sistors M4-Q1 and M4-Q2 are turned off, and the third
bridge circuit 2206 and the fourth bridge circuit 2208 are not
turned on at the same time;
[0358] During the time intervals T3": the switching tran-
sistors M1-Q1 and M1-Q2 are turned on, the switching
transistors M4-Q1 and M4-Q2 are turned off;
[0359] During the time intervals T4": the switching tran-
sistors M1-Q1, M1-Q2, M4-Q1, and M4-Q2 are turned off.
[0360] Similarly, when the second power supply PV is
arranged to discharge current to the first power supply Bat,
i.e. the first power supply Bat is charged, the second power
supply PV of the DCDC double-direction converting device
2200 may be regarded as the power supply source, and the
first power supply Bat may be regarded as the loading that
consumes power.
[0361] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.
[0362] Moreover, the scope of the present application is
not intended to be limited to the particular embodiments of
the process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from
the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that
perform substantially the same function or achieve substan-
tially the same result as the corresponding embodiments
described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to
include within their scope such processes, machines, manu-
facture, compositions of matter, means, methods, or steps.

What is claimed is:

1. A voltage converting device, comprising:

a first power supply, having a first positive terminal and

a first negative terminal;
a first bridge circuit, coupled to the first positive terminal;
a second bridge circuit, coupled between the first bridge
circuit and the first negative terminal;
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a second power supply, having a second positive terminal
and a second negative terminal;

a third bridge circuit, coupled to the second positive
terminal;

a fourth bridge circuit, coupled between the third bridge
circuit and the second negative terminal; and

an inductive circuit, coupled between the first bridge
circuit and the second bridge circuit.

2. The voltage converting device of claim 1, wherein the
first power supply is a power battery pack and the second
power supply is a photovoltaic system.

3. The voltage converting device of claim 1, wherein the
first bridge circuit comprises:

a first capacitor, having a first terminal coupled to the first

positive terminal;

a first switching transistor, having a first terminal coupled
to the first terminal of the first capacitor; and

a second switching transistor, having a first terminal
coupled to a second terminal of the first switching
transistor, and a second terminal coupled to a second
terminal of the first capacitor;

the second bridge circuit comprises:

a second capacitor, having a first terminal coupled to the
second terminal of the first capacitor, and a second
terminal coupled to the first negative terminal of the
first power supply;

a third switching transistor, having a first terminal coupled
to the first terminal of the second capacitor; and

a fourth switching transistor, having a first terminal
coupled to a second terminal of the third switching
transistor, and a second terminal coupled to the second
terminal of the first capacitor;

the third bridge circuit comprises:

a third capacitor, having a first terminal coupled to the
second positive terminal;

a fifth switching transistor, having a first terminal coupled
to the first terminal of the third capacitor; and

a sixth switching transistor, having a first terminal
coupled to a second terminal of the fifth switching
transistor, and a second terminal coupled to a second
terminal of the third capacitor;

the fourth bridge circuit comprises:

a fourth capacitor, having a first terminal coupled to the
second terminal of the third capacitor, and a second
terminal coupled to the second negative terminal of the
second power supply;

a seventh switching transistor, having a first terminal
coupled to the first terminal of the fourth capacitor; and

an eighth switching transistor, having a first terminal
coupled to a second terminal of the seventh switching
transistor, and a second terminal coupled to the second
terminal of the fourth capacitor; and

the inductive circuit comprises:

a first inductor, having a first terminal coupled to the
second terminal of the first switching transistor, and a
second terminal coupled to the second terminal of the
fifth switching transistor; and

a second inductor, having a first terminal coupled to the
second terminal of the third switching transistor, and a
second terminal coupled to the second terminal of the
seventh switching transistor.

4. The voltage converting device of claim 3, wherein the

first capacitor, the second capacitor, the third capacitor, and
the fourth capacitor have a first capacitance, a second
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capacitance, a third capacitance, and a fourth capacitance
respectively, the first capacitance is equal to the second
capacitance, and the third capacitance is equal to the fourth
capacitance.

5. The voltage converting device of claim 3, wherein the
second terminal of the second switching transistor is coupled
to the second terminal of the sixth switching transistor.

6. The voltage converting device of claim 1, further
comprising:

a first connecting circuit, coupled to the first positive
terminal, the first negative terminal, the first bridge
circuit, and the second bridge circuit; and

a second connecting circuit, coupled to the second posi-
tive terminal, the second negative terminal, the third
bridge circuit, and the fourth bridge circuit.

7. The voltage converting device of claim 6, wherein the

first bridge circuit comprises:

a first capacitor, having a first terminal coupled to the first
positive terminal;

a first switching transistor, having a first terminal coupled
to the first terminal of the first capacitor, and a second
terminal coupled to a second terminal of the first
capacitor;

a second capacitor, having a first terminal coupled to the
second terminal of the first capacitor; and

a second switching transistor, having a first terminal
coupled to the first terminal of the second capacitor, and
a second terminal coupled to a second terminal of the
first capacitor;

the second bridge circuit comprises:

a third capacitor, having a first terminal coupled to the
second terminal of the second capacitor;

a third switching transistor, having a first terminal coupled
to the first terminal of the third capacitor, and a second
terminal coupled to a second terminal of the third
capacitor;

a fourth capacitor, having a first terminal coupled to the
second terminal of the third capacitor; and

a fourth switching transistor, having a first terminal
coupled to the first terminal of the fourth capacitor, and
a second terminal coupled to a second terminal of the
fourth capacitor;

the third bridge circuit comprises:

a fifth capacitor, having a first terminal coupled to the
second positive terminal;

a fifth switching transistor, having a first terminal coupled
to the first terminal of the fifth capacitor, and a second
terminal coupled to a second terminal of the fifth
capacitor;

a sixth capacitor, having a first terminal coupled to the
second terminal of the fifth capacitor; and

a sixth switching transistor, having a first terminal
coupled to the first terminal of the sixth capacitor, and
a second terminal coupled to a second terminal of the
sixth capacitor;

the fourth bridge circuit comprises:

a seventh capacitor, having a first terminal coupled to the
second terminal of the sixth capacitor;

a seventh switching transistor, having a first terminal
coupled to the first terminal of the seventh capacitor,
and a second terminal coupled to a second terminal of
the seventh capacitor;

an eighth capacitor, having a first terminal coupled to the
second terminal of the seventh capacitor; and
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an eighth switching transistor, having a first terminal
coupled to the first terminal of the eighth capacitor, and
a second terminal coupled to a second terminal of the
eighth capacitor; and

the inductive circuit comprises:

an inductor, having a first terminal coupled to the second
terminal of the second switching transistor, and a
second terminal coupled to the second terminal of the
sixth switching transistor.

8. The voltage converting device of claim 7, wherein the
first capacitor, the second capacitor, the third capacitor, the
fourth capacitor, the fifth capacitor, the sixth capacitor, the
seventh capacitor, and the eighth capacitor have a first
capacitance, a second capacitance, a third capacitance, a
fourth capacitance, a fifth capacitance, a sixth capacitance,
a seventh capacitance, and an eighth capacitance respec-
tively, the first capacitance and the second capacitance are
equal to the third capacitance and the fourth capacitance
respectively, and the fifth capacitance and the sixth capaci-
tance are equal to the seventh capacitance and the eighth
capacitance respectively.

9. The voltage converting device of claim 7, wherein the
first connecting circuit comprises:

a ninth capacitor, having a first terminal coupled to the

first positive terminal;

a tenth capacitor, having a first terminal coupled to a
second terminal of the ninth capacitor, and a second
terminal coupled to the first negative terminal;

an eleventh capacitor, having a first terminal coupled to
the second terminal of the first capacitor, and a second
terminal coupled to the second terminal of the third
capacitor;

a first diode, having an anode coupled to the second
terminal of the ninth capacitor, and a cathode coupled
to the first terminal of the eleventh capacitor; and

a second diode, having an anode coupled to the second
terminal of the ecleventh capacitor, and a cathode
coupled to the second terminal of the ninth capacitor;
and

the second connecting circuit comprises:

a twelfth capacitor, having a first terminal coupled to the
second positive terminal;

a thirteenth capacitor, having a first terminal coupled to a
second terminal of the twelfth capacitor, and a second
terminal coupled to the second negative terminal;

a fourteenth capacitor, having a first terminal coupled to
the second terminal of the fifth capacitor and a second
terminal coupled to the seventh capacitor;

a third diode, having an anode coupled to the second
terminal of the twelfth capacitor, and a cathode coupled
to the first terminal of the fourteenth capacitor; and

a fourth diode, having an anode coupled to the second
terminal of the fourteenth capacitor, and a cathode
coupled to the second terminal of the twelfth capacitor.

10. A method of controlling a voltage converting device,
wherein the voltage converting device comprises:

a first power supply, having a first positive terminal and

a first negative terminal;

a first bridge circuit, having a first switching transistor and
a second switching transistor, coupled to the first posi-
tive terminal,

a second bridge circuit, having a third switching transistor
and a fourth switching transistor, coupled between the
first bridge circuit and the first negative terminal;

Jun. 27,2019

a second power supply, having a second positive terminal
and a second negative terminal;
a third bridge circuit, having a fifth switching transistor
and a sixth switching transistor, coupled to the second
positive terminal; and
a fourth bridge circuit, having a seventh switching tran-
sistor and an eight switching transistor, coupled
between the third bridge circuit and the second negative
terminal; and
an inductive circuit, coupled between the first bridge
circuit and the second bridge circuit; and
the method comprises:
receiving a request for discharging current to the second
power supply from the first power supply;
detecting a first voltage level of the first power supply and
a second voltage level of the second power supply;
when the first voltage level is smaller than the second
voltage level:
controlling the voltage converting device to operate in
a first cycle having a first time interval T1 and a
second time interval T2;

during the second time interval T2, detecting if a
current of the inductive circuit crosses a zero current;
and

when the current crosses the zero current in the second
time interval T2, controlling the voltage converting
device to operate in a second cycle having a third
time interval T3 and a fourth time interval T4 or a
third cycle having a seventh time interval T7 and an
eighth interval T8 after the second time interval T2;

when the first voltage level is higher than the second

voltage level:

controlling the voltage converting device to operate in
a fourth cycle having a fifth time interval T5 and a
sixth time interval T6;

during the sixth time interval T6, detecting if the
current of the inductive circuit crosses the zero
current; and

when the current crosses the zero current in the sixth
time interval T6, controlling the voltage converting
device to operate in a fifth cycle having the third time
interval T3 and the fourth time interval T4 or a sixth
cycle having the seventh time interval T7 and the
eighth interval T8, or a seventh cycle having the third
time interval T3 and the fourth time interval T4 after
the sixth time interval T6.

11. The method of claim 10, wherein:

during the first time interval T1, the first switching
transistor and the sixth switching transistor are turned
on, the second switching transistor and the fifth switch-
ing transistor are turned off;

during the second time interval T2, the sixth switching
transistor is turned off;

during the third time interval T3, the fifth switching
transistor is turned on, the second switching transistor
and the sixth switching transistor are turned off;

during the fourth time interval T4, the second switching
transistor and the fifth switching transistor are turned
off;

during the fifth time interval T5, the first switching
transistor is turned on, the second switching transistor
and the sixth switching transistor are turned off;
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during the sixth time interval T6, the first switching
transistor and the sixth switching transistor are turned
off;

during the seventh time interval T7, the second switching

transistor and the fifth switching transistor are turned
on, the first switching transistor and the sixth switching
transistor are turned off; and

during the eighth time interval T8, the second switching

transistor is turned off;

wherein the fourth switching transistor and the first

switching transistor are controlled by a first signal, the
third switching transistor and the second switching
transistor are controlled by a second signal, the eight
switching transistor and the fifth switching transistor
are controlled by a third signal, and the seventh switch-
ing transistor and the sixth switching transistor are
controlled by a fourth signal.

12. The method of claim 11, wherein, during a cycle
having time intervals T1, T2, T3, T4, the voltage converting
device is arranged to operate in the third interval T3 before
the current crosses the zero current; during a cycle having
time intervals T1, T2, T7, T8, the voltage converting device
is arranged to operate in the seventh interval T7 before the
current crosses the zero current; during a cycle having time
intervals T5, T6, T7, T8, the voltage converting device is
arranged to operate in the seventh interval T7 before the
current crosses the zero current; and during a cycle having
time intervals T5, T6, T3, T4, the voltage converting device
is arranged to operate in the third interval T3 before the
current crosses the zero current.

13. The method of claim 11, wherein, during a cycle
having time intervals T1, T2, T3, T4, the fifth switching
transistor is turned on and the second switching transistor is
turned off in the second interval T2; during a cycle having
time intervals T1, T2, T7, T8, the second switching transistor
and the fifth switching transistor are turned on in the second
interval T2; during a cycle having time intervals T5, T6, T7,
T8, the second switching transistor and the fifth switching
transistor are turned on in the sixth interval T6; and during
a cycle having time intervals T5, T6, T3, T4, the fifth
switching transistor is turned on and the second switching
transistor is turned off in the sixth interval T6.

14. The method of claim 13, wherein, during the cycle
having time intervals T1, T2, T3, T4, the first switching
transistor and the sixth switching transistor are turned on in
the fourth interval T4; during the cycle having time intervals
T1, T2, T7, T8, the first switching transistor and the sixth
switching transistor are turned on in the eighth interval T8;
during the cycle having time intervals T5, T6, T7, T8, the
first switching transistor is turned on and the sixth switching
transistor is turned off in the eighth interval T8; and during
the cycle having time intervals T5, T6, T3, T4, the first
switching transistor and the sixth switching transistor are
turned off in the fourth interval T4.

15. The method of claim 14, wherein the first switching
transistor is turned off in the second interval T2, and the fifth
switching transistor is turned off in the eighth interval T8.
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16. The method of claim 15, wherein the first switching
transistor is turned on in the third interval T3, and the fifth
switching transistor is turned on in the fifth interval T5.
17. The method of claim 10, wherein:
during the first time interval T1, the first bridge circuit and
the fourth bridge circuit are turned on, and the second
bridge circuit and the third bridge circuit are turned off;

during the second time interval T2, the fourth bridge
circuit is turned off, and the first bridge circuit and the
second bridge circuit are not turned on at the same time;

during the third time interval T3, the third bridge circuit
is turned on, and the second bridge circuit and the
fourth bridge circuit are turned off;
during the fourth time interval T4, the second bridge
circuit and the third bridge circuit are turned off;

during the fifth time interval T5, the first bridge circuit is
turned on, and the second bridge circuit and the fourth
bridge circuit are turned off;

during the sixth time interval T6, the first bridge circuit

and the fourth bridge circuit are turned off;

during the seventh time interval T7, the second bridge

circuit and the third bridge circuit are turned on, and the
first bridge circuit and the fourth bridge circuit are
turned off; and

during the eighth time interval T8, the second bridge

circuit is turned off, and the third bridge circuit and the
fourth bridge circuit are not turned on at the same time.

18. The method of claim 17, wherein, during a cycle
having time intervals T1, T2, T3, T4, the third bridge circuit
is turned on and the second bridge circuit is turned off in the
second interval T2; during a cycle having time intervals T1,
T2, T7, T8, the second bridge circuit and the third bridge
circuit are turned on in the second interval T2; during a cycle
having time intervals T5, T6, T7, T8, the second bridge
circuit and the third bridge circuit are turned on in the sixth
interval T6; and during a cycle having time intervals T5, T6,
T3, T4, the third bridge circuit is turned on and the second
bridge circuit is turned off in the sixth interval Té6.

19. The method of claim 18, wherein, during the cycle
having time intervals T1, T2, T3, T4, the first bridge circuit
and the fourth bridge circuit are turned on in the fourth
interval T4; during the cycle having time intervals T1, T2,
T7, T8, the first bridge circuit and the fourth bridge circuit
are turned on and the third bridge circuit is turned off in the
eighth interval T8; during the cycle having time intervals T5,
Té, 17, T8, the first bridge circuit is turned on and the fourth
bridge circuit is turned off in the eighth interval T8; and
during the cycle having time intervals T5, T6, T3, T4, the
first bridge circuit is turned on and the fourth bridge circuit
is turned off in the fourth interval T4.

20. The method of claim 19, wherein the first bridge
circuit is turned off in the second interval T2, the third bridge
circuit is turned off in the eighth interval T8, the first bridge
circuit is turned on in the third interval T3, and the third
bridge circuit is turned on in the fifth interval T5.
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