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(57) ABSTRACT

A modular direct-current power conversion system is applied
to receive a DC input voltage and output a DC output voltage.
The modular direct-current power conversion system
includes a main board and a plurality of DC power conversion
modules. The main board includes a primary surface, a volt-
age input terminal, a voltage output terminal, a plurality of
insertion regions, and a plurality of pin holders. When the DC
power conversion module is inserted on the main board, the
DC input voltage is inputted via the voltage input terminal to
the DC power conversion module. The DC power conversion
module converts the DC input voltage into a DC output volt-
age, and the DC output voltage is outputted via the voltage
output terminal.
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MODULAR DIRECT-CURRENT POWER
CONVERSION SYSTEM AND
DIRECT-CURRENT POWER CONVERSION
MODULE THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to a DC
power conversion system, and more particularly to a modular
DC power conversion system and a DC power conversion
module thereof.

[0003] 2. Description of Prior Art

[0004] Reference is made to FIG. 1 which is a block dia-
gram of a prior art DC power converter. The DC power
converter 10A receives a DC input voltage Vin and converts
the DC input voltage Vin into a DC output voltage Vout. In
particular, the DC power converter 10A is usually arranged on
a printed circuit board (PCB). Hence, a major advantage of
using single DC power converter to produce the DC output
voltage is that the circuit topology is uncomplicated. How-
ever, output power of the single DC power converter is lim-
ited. Also, the operation of the whole power conversion sys-
tem will be affected if the DC power converter 10A is
malfunctioned.

[0005] In addition, multiple DC power converters electri-
cally connected in parallel to each other are used to meet the
demand of increasing output power, as shown in FIG. 2. The
amount of the DC power converters 20A_1~20A_N is deter-
mined and arranged on the printed circuit board at one time to
produce the output power according to the required power of
the system loads, thus increasing the output power. If any one
of the DC power converters 20A_1~20A_N causes the elec-
trical failure, however, the PCB assemble with the DC power
converters 20A_1~20A_N has to be thrown away, thus sig-
nificantly increasing the costs and reducing reliability of the
whole system. Also, the competition of the converter products
is poor due to longer time of developing, designing, testing
thereof.

[0006] Accordingly, it is desirable to provide amodular DC
power conversion system to achieve the advantages of high
expansion, high reliability, high stability, and high efficiency
by modularizing the DC power converters.

SUMMARY OF THE INVENTION

[0007] An object of the invention is to provide a DC power
conversion module to solve the above-mentioned problems.
[0008] The DC power conversion module receives a DC
input voltage to produce a DC output voltage. The DC power
conversion module includes a plate, a DC/DC converter, and
a heat sink.

[0009] The plate has a first surface and a second surface
opposite to the first surface. The DC/DC converter is electri-
cally connected on the first surface of the plate to convert a
voltage level of the DC input voltage and produce the DC
output voltage. The heat sink is installed on the second sur-
face of the plate to provide heat dissipation for the DC/DC
converter.

[0010] Another object of the invention is to provide a
modular DC power conversion system to solve the above-
mentioned problems.

[0011] The modular DC power conversion system receives
a DC input voltage to produce a DC output voltage. The
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modular DC power conversion system includes a main board
and a plurality of DC power conversion modules.

[0012] The main board has a main surface, a voltage input
terminal, a voltage output terminal, a plurality of insertion
regions, and a plurality of pin holders. The voltage input
terminal is installed on the main surface of the main board.
The voltage output terminal is installed on the main surface of
the main board. The insertion regions are disposed on the
main surface of the main board. The pin holders are installed
on the main surface of the main board and oppositely dis-
posed on two sides of the corresponding insertion regions.

[0013] Each DC power conversion module has a plate, a
DC/DC converter, a heat sink, and a plurality of pins. The
plate has a first surface and a second surface opposite to the
first surface. The DC/DC converter is electrically connected
on the first surface of the plate to convert a voltage level of the
DC input voltage and produce the DC output voltage. The
heat sink is disposed on the second surface of the plate to
provide heat dissipation for the DC/DC converter. The pins
are installed on two opposite sides of the first surface of the
plate in a two-row arrangement.

[0014] Wherein the DC input voltage is inputted via the
voltage input terminal of the main board when the pins are
inserted in the corresponding pin holders. The voltage level of
the DC input voltage is converted by the DC power conver-
sion modules, and the converted DC input voltage is output-
ted via the voltage output terminal of the main board.

[0015] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed. Other advantages and features of the
invention will be apparent from the following description,
drawings and claims.

BRIEF DESCRIPTION OF DRAWING

[0016] The features of the invention believed to be novel are
set forth with particularity in the appended claims. The inven-
tion itself, however, may be best understood by reference to
the following detailed description of the invention, which
describes an exemplary embodiment of the invention, taken
in conjunction with the accompanying drawings, in which:

[0017] FIG. 1 is a block diagram of a prior art DC power
converter;
[0018] FIG. 2isa schematic block diagram of a plurality of

prior art DC power converters connected in parallel to each
other;

[0019] FIG. 3 is a schematic block diagram of a plurality of
DC power conversion modules connected in parallel to each
other according to the present invention;

[0020] FIG. 4A is a perspective schematic view of showing
one side of the DC power conversion module according to the
present invention;

[0021] FIG. 4B is a perspective schematic view of showing
the other side of the DC power conversion module according
to the present invention;

[0022] FIG. 5 is a perspective schematic view of showing
one side of a main board according to the present invention;
and

[0023] FIG. 61isa perspective schematic view of fabricating
the DC power conversion modules on the main board accord-
ing to the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0024] Reference will now be made to the drawing figures
to describe the present invention in detail.

[0025] Reference is made to FIG. 3 which is a schematic
block diagram of a plurality of DC power conversion modules
connected in parallel to each other according to the present
invention. The DC power conversion modules 10_1~10_N
are electrically connected in parallel to each other and receive
an external DC input voltage Vin. The DC power conversion
modules 10_1~10_N convert a voltage level of the DC input
voltage Vin and produce a DC output voltage Vout. Each of
the DC power conversion modules 10_1~10_N can be a buck
converter to decrease the voltage level of the DC input voltage
Vin. Also, each of the DC power conversion modules
10_1~10_N can be a boost converter to increase the voltage
level of the DC input voltage Vin. Furthermore, each of the
DC power conversion modules 10_1~10_N can be a buck-
boost converter to decrease and increase the voltage level of
the DC input voltage Vin. In this embodiment, the step-down
DC power conversion modules 10_1~10_N are exemplified
for further demonstration and not for limitation. Typically, the
18-volt DC input voltage Vin is converted into the 12-voltage
DC output voltage Vout.

[0026] In practical applications, the amount of using the
DC power conversion modules 10_1~10_N is determined
according to the required power of the system loads, thus the
expansion of the DC power conversion modules 10_1~10_N
can be implemented. In addition, each of the DC power con-
version modules 10_1~10_N is a high-power-output power
conversion module. In this embodiment, the rated output
power of each DC power conversion modules 10_1~10_N is
1,000 watts. Hence, only one DC power conversion module
needs to be used if the required power of the system loads is
less than 1,000 watts. If the required power of the system
loads is greater than 1,000 watts but less than 2,000 watts, two
DC power conversion modules can be installed to able to
provide enough output power. Accordingly, the amount of
using the DC power conversion modules 10_1~10_N can be
determined and expanded according to the required power of
the system loads.

[0027] Reference is made to FIG. 4A and FIG. 4B which
are a perspective schematic view of showing one side and the
other side of the DC power conversion module according to
the present invention, respectively. The DC power converter
module 10 receives a DC input voltage Vin and outputs a DC
output voltage Vout. In particular, the DC power converter
module 10 is one of the DC power conversion modules
10_1~10_N shown in FIG. 3. The DC power converter mod-
ule 10 includes a plate 102, a DC/DC converter 104, and a
heat sink 106.

[0028] The plate 102 has a first surface 1021 and a second
surface 1022 opposite to the first surface 1021. The plate 102
can be a multi-layer printed circuit board. The DC/DC con-
verter 104 is electrically connected on the first surface 1021 of
the plate 102 to convert the voltage level of the DC input
voltage Vin and produce the DC output voltage Vout. In
particular, the DC/DC converter 104 can be a buck converter,
aboost converter, a buck-boost converter, or a high-frequency
power converter. Hence, the DC/DC converter 104 is a con-
verter topology composed of capacitor(s), inductor(s), switch
(s), and diode(s). The heat sink 106 is installed on the second
surface 1022 of the plate 102 to provide heat dissipation for
the DC/DC converter 104.

Dec. 27,2012

[0029] Especially to deserve to be mentioned, the DC
power conversion module 10 is preferably operated by a
pulse-width modulation (PWM) control scheme with a fre-
quency that is greater than 400 kilohertz so that DC/DC
converter 104 can be minified. Furthermore, the DC power
conversion module 10 can output up to 1,000 watts in a 1U
height (about four centimeters).

[0030] In addition, two major issues of operating the
DC/DC converter 104 at a high-frequency condition 7 : aheat
dissipation issue and an electromagnetic interference issue
can be overcome in the present invention.

[0031] 1. The heat dissipation issue. The heat sink 106 is
installed on the second surface 1022 of the plate 102 to
provide heat dissipation for the DC/DC converter 104. In
addition, the first surface 1021 and the second surface 1022 of
the plate 102 can be efficiently utilized to minify the volume
of'the DC power conversion module 10 because the heat sink
106 is installed on the second surface 1022 of the plate 102
(compared to the composed elements of the DC/DC converter
104 disposed on the first surface 1021 of the plate 102).
[0032] 2. The electromagnetic interference issue. The elec-
tromagnetic interference produced from the DC power con-
version module 10 can be restrained through shielding layers
(including signal layers, ground layers, and power layers) of
the plate 102 with a multi-layer structure, such as a multi-
layer printed circuit board.

[0033] Another modular DC power conversion system is
disclosed in the present invention. The modular DC power
conversion system receives a DC input voltage Vin and pro-
duces a DC output voltage Vout. The modular DC power
conversion system 20 includes a main board 202 and a plu-
rality of DC power conversion modules 10.

[0034] Reference is made to FIG. 5 which is a perspective
schematic view of showing one side of a main board 202
according to the present invention. The main board 202 has a
main surface (not labeled), a voltage input terminal 2022, a
voltage output terminal 2024, a plurality of insertion regions
2026, and a plurality of pin holders 2028. The voltage input
terminal 2022, the voltage output terminal 2024, and the pin
holders 2028 are installed on the main surface of the main
board 202. In particular, every two pin holders 2028 are
installed on one insertion region 2026 and oppositely dis-
posed on two sides of the insertion region 2026.

[0035] As shown in FIG. 4A and FIG. 4B, each of the DC
power conversion modules 10 includes a plate 102, a DC/DC
converter 104, aheat sink 106, and a plurality of pins 108. The
plate 102 has a first surface 1021 and a second surface 1022
opposite to the first surface 1021. The plate 102 can be a
multi-layer printed circuit board. The DC/DC converter 104
is electrically connected on the first surface 1021 of the plate
102 to convert the voltage level of the DC input voltage Vin
and produce the DC output voltage Vout. In particular, the
DC/DC converter 104 can be a buck converter, a boost con-
verter, a buck-boost converter, or a high-frequency power
converter. Hence, the DC/DC converter 104 is a converter
topology composed of capacitor(s), inductor(s), switch(s),
and diode(s). In particular, the DC power conversion module
10 is preferably operated by a pulse-width modulation
(PWM) control scheme with a frequency that is greater than
400 kilohertz. The heat sink 106 is installed on the second
surface 1022 of the plate 102 to provide heat dissipation for
the DC/DC converter 104. The pins 108 are installed on two
opposite sides of the first surface 1021 of the plate 102 in a
two-row arrangement.
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[0036] The DC input voltage Vin is inputted via the voltage
input terminal 2022 of the main board 202 when the pins 108
of the DC power conversion modules 10 are inserted in the
corresponding pin holders 2028. The voltage level of the DC
input voltage Vin is converted by the DC power conversion
modules 10, and the converted DC input voltage Vin is out-
putted via the voltage output terminal 2024 of the main board
202.

[0037] Reference is made to FIG. 6 which is a perspective
schematic view of fabricating the DC power conversion mod-
ules on the main board 202 according to the present invention.
In this embodiment, the main board 202 has six insertion
regions 2026 in which four are inserted through four DC
power conversion modules 10. The amount of using the DC
power conversion modules 10 is determined according to the
required power of the system loads. Especially to deserve to
be mentioned, each DC power conversion module 10 can be
inserted on any one of the insertion regions 2026. In this
embodiment, as shown in FIG. 6, the four DC power conver-
sion modules 10 are inserted on the upper four insertion
regions 2026, but not limited. That is, other DC power con-
version modules 10 can be expanded to be installed on empty
insertion regions 2016 when the required power of the system
loads is increased.

[0038] Because the DC power conversion modules 10 are
electrically connected in parallel to each other, the user can
change the insertion regions 2026 of the DC power conver-
sion modules 10 according to the practical applications, thus
increasing flexibility of using the modular DC power conver-
sion system 20. If any one of the pin holders 2028 causes the
electrical failure, the other normal pin holders 2028 are used
and the abnormal pin holder 2028 is temporarily ignored to be
repaired or replaced. Because each of the DC power conver-
sion modules 10 can be independently operated, the abnormal
DC power conversion module 10 can be directly replaced by
a new/normal one if any one of the DC power conversion
modules 10 malfunctions. Especially to deserve to be men-
tioned, only the abnormal DC power conversion module 10 is
unavailable that will not affect the operation of the whole
modular DC power conversion system 20. Before the DC
power conversion module 10 is inserted on the main board
202, the DC power conversion module 10 can be tested to
increase reliability of the modular DC power conversion sys-
tem 20.

[0039] In addition, two major issues of operating the
DC/DC converter 104 at a high-frequency condition: a heat
dissipation issue and an electromagnetic interference issue
can be overcome in the present invention.

[0040] 1. The heat dissipation issue. The heat sink 106 is
installed on the second surface 1022 of the plate 102 to
provide heat dissipation for the DC/DC converter 104. In
addition, the first surface 1021 and the second surface 1022 of
the plate 102 can be efficiently utilized to minify the volume
of'the DC power conversion module 10 because the heat sink
106 is installed on the second surface 1022 of the plate 102
(compared to the composed elements of the DC/DC converter
104 disposed on the first surface 1021 of the plate 102).

[0041] 2. The electromagnetic interference issue. The elec-
tromagnetic interference produced from the DC power con-
version module 10 can be restrained through shielding layers
(including signal layers, ground layers, and power layers) of
the plate 102 with a multi-layer structure, such as a multi-
layer printed circuit board.
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[0042] In conclusion, the present invention has following
advantages:
[0043] 1. Modulation and high extension—A modular DC

power conversion circuit is arranged on a printed circuit board
to be independently operated. Consequently, the DC power
conversion modules can be expanded according to the
required power of the system loads to increase flexibility of
the modular DC power conversion system by easily assem-
bling and disassembling the DC power conversion modules;
[0044] 2. High-frequency operation and miniaturization—
The modular DC power conversion system can be minified by
operating the DC/DC converter with a frequency that is
greater than 400 kilohertz;

[0045] 3. High output power—A number of DC power
conversion modules are integrated and installed on a main
board to provide higher power output;

[0046] 4. High reliability—Before the DC power conver-
sion module is inserted on the main board, the DC power
conversion module can be tested to increase reliability of the
modular DC power conversion system;

[0047] 5. High efficiency—The plate is a multi-layer
printed circuit board to restrain electromagnetic interference
through shielding layers of the multi-layer printed circuit
board, thus increasing conversion efficiency of modular DC
power conversion system; and

[0048] 6. High stability—The heat sink is installed on the
second surface of the plate to provide heat dissipation by
designing a desirable air passage to increase stability of oper-
ating the modular DC power conversion system.

[0049] Although the present invention has been described
with reference to the preferred embodiment thereof, it will be
understood that the invention is not limited to the details
thereof. Various substitutions and modifications have been
suggested in the foregoing description, and others will occur
to those of ordinary skill in the art. Therefore, all such sub-
stitutions and modifications are intended to be embraced
within the scope of the invention as defined in the appended
claims.

What is claimed is:

1. A DC power conversion module receiving a DC input
voltage to produce a DC output voltage, the DC power con-
version module comprising:

a plate having a first surface and a second surface;

a DC/DC converter electrically connected to the first sur-
face to convert a voltage level of the DC input voltage for
producing the DC output voltage; and

a heat sink installed on the second surface of the plate to
provide heat dissipation for the DC/DC converter.

2. The DC power conversion module of claim 1, wherein
the DC/DC converter is a buck converter, a boost converter, a
buck-boost converter, or a high-frequency power converter to
increase or decrease the voltage level of the DC input voltage.

3. The DC power conversion module of claim 1, wherein
the plate is a multi-layer printed circuit board to restrain
electromagnetic interference through shielding layers of the
multi-layer printed circuit board.

4. The DC power conversion module of claim 1, wherein
the DC/DC converter is operated by a pulse-width modula-
tion control scheme with a frequency that is greater than 400
kilohertz.

5. A modular DC power conversion system receiving a DC
input voltage to produce a DC output voltage, the modular DC
power conversion system comprising:

IPR2024-00706 EX. 2004
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a main board having:

a main surface;

a voltage input terminal installed on the main surface;

a voltage output terminal installed on the main surface;

a plurality of insertion regions disposed on the main sur-
face; and

aplurality of pin holders installed on the main surface and
oppositely disposed on two sides of the corresponding
insertion regions; and

a plurality of DC power conversion modules, each DC
power conversion module comprising:

a plate having a first surface and a second surface;

a DC/DC converter electrically connected on the first
surface to convert a voltage level of the DC input
voltage for producing the DC output voltage; and

a heat sink disposed on the second surface to provide
heat dissipation for the DC/DC converter;

a plurality of pins installed on two opposite sides of the
first surface in a two-row arrangement;

wherein the DC input voltage is inputted via the voltage
input terminal of the main board when the pins are
inserted in the corresponding pin holders; the voltage
level of the DC input voltage is converted by the DC
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power conversion modules, and then output the con-
verted DC input voltage from the voltage output termi-
nal of the main board.

6. The modular DC power conversion system of claim 5,
wherein the DC power conversion modules are electrically
connected in parallel to each other.

7. The modular DC power conversion system of claim 5,
wherein the main board is a multi-layer printed circuit board.

8. The modular DC power conversion system of claim 5,
wherein the plate is a multi-layer printed circuit board to
restrain electromagnetic interference through shielding lay-
ers of the multi-layer printed circuit board.

9. The modular DC power conversion system of claim 5,
wherein the DC/DC converter is a buck converter, a boost
converter, a buck-boost converter, or a high-frequency power
converter to increase or decrease the voltage level of the DC
input voltage.

10. The modular DC power conversion system of claim 5,
wherein the DC/DC converter is operated by a pulse-width
modulation control scheme with a frequency that is greater
than 400 kilohertz.
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