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DIRECT CURRENT TO DIRECT CURRENT to fulfill the need for the power supply convertor with a 
POWER SUPPLY APPARATUS greater power output . For example , for a system with 1000 

watts of power , 10 modules with 100 watts of power can be 
RELATED APPLICATIONS connected in parallel . 

5 Using the DC / DC power supply converter as the board 
This application claims priority to Chinese Application mounted power is advantageous in that the board mounted 

Serial Number 201410152880 . 4 , filed Apr . 16 , 2014 , which power can shorten the distance between the product and the 
is herein incorporated by reference in its entirety . load so as to greatly reduce the loss of the connecting line , 

and hence guarantees the EMI and output index . Further , the BACKGROUND product can be ordered depending on the actual need of the 

Field of Invention load . Moreover , the convertor is an isolation - type product , 
which can be easily configured in digital or analogous ways . The present invention relates to a direct current to direct Since the board mounted power module has the advantage of current ( DC / DC ) power supply apparatus . More particularly , 

the present invention relates to a DC / DC power supply 15 m upplý 15 high power density , this solution maintains the advantages of 
high power density and good heat dissipation efficiency of apparatus . 

Description of Related Art the DC / DC converter module , thereby providing a reliable 
Some of the direct current to direct current ( DC / DC ) power supply . However , in FIG . 1 , each board mounted 

converter modules are suitable for use in the power supply power module has to comprise a power circuit and a 
system of apparatus for telecommunication and data com - 20 corresponding control circuit , so that the control circuit is 
munication , such DC / DC converter modules receive the DC used to control the power switch of the power circuit ; this 
voltage from the system and then convert the same into a DC would result in an increase of the amount of the control 
voltage with an appropriate level . Products of this type are circuit in the whole system , thereby causing a drastic 
often directly mounted on a system board , and are referred increase of the cost of the device . Moreover , the system 
to as board mounted power ( BMP ) modules . As the primary 25 board may further require a current equalizing circuit or a 
power supply converting unit , such product usually employs monitoring circuit to ensure the balance among the plurality 
a printed circuit board as the transformer winding ( also of board mounted power modules . Additionally , since the 
known as PCB winding ) , in which the power circuit and the heat dissipation conditions across the system may not be the 
control circuit are integrated in a printed circuit board , and same , the temperature elevations of various board mounted 
hence it possesses higher power density and good heat 30 power modules may be different , and hence the efficiency of 
dissipation efficiency ; however , due to the limitation of the each module cannot be maximized , and hence the number of 
height of the system , in most cases , the power produced by parallel - connected modules is somewhat limited . 
a single modules cannot be too great ; generally , the power In view of the foregoing , there exists a need in the related 
is often dozens to several hundreds of watts . art for a power supply product with high power density and 

With the continuous advancement of the apparatus for 35 high efficiency while possessing specific flexibility and 
telecommunication and data communication , the demand for compatibility . From the perspective of the design period of 
the power of the electricity also increases from several the power supply , the skilled artisan also faces the challenge 
hundreds of watts to several thousands of watts . Conven of developing a simpler , more flexible and environmentally 
tionally , when a power supply converter with a great power friendly process for manufacturing the power supply prod 
output is desired , a DC / DC converter with a greater power 40 uct . 
output is used , in which the output levels of the transformer 
and power device are amplified in proportion to the power SUMMARY 
ratio ; for example , for a system of 1000 watts , a DC / DC 
converter with a power output of 1000 watts is used . For an The following presents a simplified summary of the 
apparatus capable of outputting power of several hundreds 45 disclosure in order to provide a basic understanding to the 
or even thousands of watts , the transformer are often manu - reader . This summary is not an extensive overview of the 
factured using the conventional separate structure ; however , disclosure and it does not identify key / critical components 
such transformer would result in a greater leakage induc - of the present invention or delineate the scope of the present 
tance so that the converting efficiency of the transformer is invention . Its sole purpose is to present some concepts 
lower than the converting efficiency of the modularized 50 disclosed herein in a simplified form as a prelude to the more 
power supply ; meanwhile , since a single transformer is used , detailed description that is presented later . 
the size of this transformer is greater , which may affect the In one aspect , the present disclosure provides a DC / DC 
design of the wind channel of the power supply system ; in power supply apparatus to solve aforesaid problems and 
particular , in the design where the demand for power density disadvantages . 
is higher , it is difficult to take into consideration the require - 55 The DC / DC power supply apparatus according to 
ment for heat dissipation , and thus , the solution to this embodiments of the present disclosure comprises a plurality 
problem is often resolved by increasing the wind flow of the of power boards , a control board and a main board . The 
system . plurality of power boards are coupled in parallel with one 
Moreover , since the design of the transformer and power another , and each power board comprises a carrier circuit 

circuit often depends on the power level of the convertor , 60 board and a power device disposed on the carrier circuit 
when the designers face multiple product development proj - board . The control board comprises a feedback control 
ects , they cannot utilize the existing resources , thereby circuit and a PWM generator circuit , in which the feedback 
resulting in a great deal of repetitive labor investment and a control circuit is configured to receive one or more feedback 
longer design and development period . signals from the power boards , and the PWM generator 

FIG . 1 is an alternative to the above - discussed conven - 65 circuit outputs the PWM control signal to the power boards 
tional designs , in which several DC / DC board mounted based on the feedback signals . The main board is electrically 
power modules with smaller power are connected in parallel coupled to the power boards and the control board . 
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1 : 15 

In view of the foregoing , the technical solutions of the In structure , the plurality of power boards 110 are coupled 
present disclosure have advantageous and beneficial effects in parallel with one another , and each power board 110 
over the existing techniques . Through the implementation of comprises a carrier circuit board 112 and a power device 114 
the above - mentioned technical solutions , the present power disposed thereon . The control board 120 comprises a feed 
supply apparatus has a high power density and high effi - 5 back control circuit 122 and a pulse - width modulation 
ciency , and satisfies the need for flexibility and compatibil - ( PWM ) generator circuit 124 . In operation , the control board 
ity , and the process for manufacturing the power supply 120 may perform the overpressure , over - current or overheat 
apparatus is simple , flexible and environmentally - friendly . protection based on the work state of the power boards 110 . 
Many of the attendant features will be more readily Specifically , the feedback control circuit 122 is configured to 

appreciated , as the same becomes better understood by 10 receive one or more feedback signals ( such as , at least one 
reference to the following detailed description considered in of a voltage signal , a current signal and a temperature signal ) 
connection with the accompanying drawings . from the power boards 110 , and the PWM generator circuit 

124 outputs a PWM control signal as a driving signal based 
BRIEF DESCRIPTION OF THE DRAWINGS on the feedback signals and transmitted the driving signal to 

15 the power boards 110 , so as to control the power device in 
The present description will be better understood from the the power boards 110 . 

following detailed description read in light of the accompa In one embodiment , the driving signal from the PWM 
nying drawing , wherein : generator circuit 124 can be a one - channel signal ; that is , a 

FIG . 1 illustrates a conventional power supply apparatus ; single driving signal is used to universally control each of a 
FIG . 2 is a block diagram illustrating a DC / DC power 20 plurality of power boards 112 . In one embodiment , the 

supply apparatus according to one embodiment of the pres - driving signal can be a multi - channel signal , in which each 
ent disclosure ; driving signal is transmitted to a corresponding power 

FIG . 3 is a schematic diagram illustrating the structure of board , so as to individually control the power device of the 
a power board according to one embodiment of the present corresponding power board . As could be easily appreciated , 
disclosure ; 25 the former uses a single driving signal to embody a simpler 

FIG . 4 is a topology structure diagram illustrating the and more convenient control strategy ; while the later uses a 
circuit of a power board according to one embodiment of the relatively complicated strategy with multiple driving sig 
present disclosure ; nals , yet it may achieve a more flexible control means . 

FIG . 5 is a schematic diagram illustrating the structure of The above - mentioned strategy that utilizes a plurality of 
a control board according to one embodiment of the present 30 driving signals for one - to - one control can determine the 
disclosure ; number of power boards to be run based on the load , thereby 

FIG . 6 is a schematic diagram illustrating the wind reducing the loss of the light load or the empty load . 
channel according to one embodiment of the present disclo - Specifically , the PWM generator circuit 124 may selectively 
sure ; output one or more driving signals to some of the plurality 

FIG . 7 is a schematic diagram illustrating the temperature 35 of power boards 110 according to the load , so as to shield the 
detection of a DC / DC power supply apparatus according to remaining power boards and to reduce the loss of the light 
one embodiment of the present disclosure ; and load and empty load . Assuming that the DC / DC power 

FIG . 8 is a schematic diagram illustrating the structure of supply apparatus comprises 10 power boards , and the output 
a DC / DC power supply apparatus with a casing according to power of each power board is 100 watts , if the power 
another embodiment of the present disclosure . 40 required by the load is only 400 watts , the PWM generator 

circuit on the control board only needs to send 4 driving 
DETAILED DESCRIPTION signals to 4 different power boards , while the remaining 6 

power boards are shielded and does not work . When the load 
In the following detailed description , for purposes of power increases , the driving signals corresponding to these 

explanation , numerous specific details are set forth in order 45 shielded power boards are enabled . In one embodiment , 
to attain a thorough understanding of the disclosed embodi - when the PWM generator circuit 124 outputs a plurality of 
ments . In accordance with common practice , like reference driving signals , and uses each driving signal to individually 
numerals and designations in the various drawings are used control the corresponding power board 110 , the different 
to indicate like elements / parts . Moreover , well - known ele - driving signals may have a phase difference therebetween , 
ments or method steps are schematically shown or omitted 50 and the phase difference is used to reduce the output voltage 
in order to simplify the drawing and to avoid unnecessary ripple of the DC / DC power supply apparatus . 
limitation to the claimed invention . FIG . 3 is a schematic diagram illustrating the structure of 

FIG . 2 is a block diagram illustrating a DC / DC power a power board 110 according to one embodiment of the 
supply apparatus 100 according to one embodiment of the present disclosure . The power board 110 comprises a power 
present disclosure . In the present disclosure , the power 55 circuit 210 , an isolator 212 , a cooling fin 214 , a temperature 
circuit and the control circuit of the DC converter are sampling circuit 216 ( such as a temperature sensor ) , a 
separated from each other . In the power board 110 , the current sampling circuit 218 and a pin 220 . The power 
power circuit of the original power module mounted thereon circuit 210 is configured to transmit the power , and the 
is kept , while the control circuit of the original power isolator 212 is often a transformer . The cooling fin 214 can 
module mounted thereon is transferred to the control board 60 be selectively mounted in adjacent to a component with 
120 . In this way , the power board can utilize the space of the higher temperature ; alternatively , a plurality of cooling fins 
power module , where is previously occupied by the control 214 can be individually mounted in adjacent to different 
circuit , for the design of the power circuit , and hence , the components , or even at both sides or either side of the power 
available surface increases by about 20 % , compared with the boards 110 , so as to dissipate the heat of the power device 
conventional board - mounted power module product , 65 114 on the power board . The temperature sampling circuit 
thereby improving the power density of the DC / DC power 216 is configured to detect the temperature of the power 
supply apparatus . boards 110 , and output a corresponding temperature signal 
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to the control board 120 . The current sampling circuit 218 is ( such as the transformer 212 in FIG . 4 ) , which can avoid loss 
configured to sample the output current of the power boards of the leakage inductance ; further , the heat sources are 
110 . The pin 220 is electrically coupled to the main board . distributed across the whole DC converter ; moreover , since 
In one embodiment , the pins 220 of the power boards 110 are the power boards 110 and the control board 120 can be 
arranged in a single in - line package . As could be appreciated 5 mounted horizontally or vertically , using the single in - line 
by ordinary skill in the art , the power boards illustrated in package pins 220 , 320 for fixation , the naturally formed 
FIG . 3 is only an exemplary structure according to the wind channels may facilitate the heat dissipation , and the 
present disclosure ; however , the present invention is not above - mentioned structure is also advantageous for the wind 
limited thereto . In other embodiments , the power board may channel design of the power supply system ( as illustrated in 
only comprise the current sampling circuit . In some other 10 FIG . 6 ) . In contrast , conventional board mounted power 
embodiments , the power boards may comprise the current modules only allow for heat dissipation from a single 
sampling circuit and the temperature sampling circuit . surface , and hence the important components can only be 

FIG . 4 is a topology structure diagram illustrating the arranged on a single surface , thereby limiting the flexibility 
circuit of a power board according to one embodiment of the of the product design . In particular , in higher power density 
present disclosure . As illustrated in FIG . 4 , the isolated 15 demand , the present disclosure is more advantageous for 
converter 200 comprises a power circuit 210 , an isolated optimizing the heat dissipation efficiency of the system . 
transformer 212 , capacitors C1 and C2 , and an inductor 230 . As could be appreciated , a plurality of board - mounted 
The power circuit 210 comprises power switches S1 - S4 power module in parallel output power , the outputted power 
disposed at the primary side of the isolated converter 212 is usually restricted to some extent . For example , when two 
and power switches S5 - S8 disposed at the secondary side of 20 board - mounted power modules with the same power are 
the isolated converter 212 . The inductor 230 may be an connected in parallel , assuming they are disposed in differ 
output inductor . The capacitor C2 may be an output capaci - ent heat dissipation environments , and one power module 
tor . Moreover , the power switches S1 - S8 and the capacitors locates at a position with smaller wind flow , the heat 
C1 and C2 are welded on the carrier circuit board 112 dissipation condition of such module is poorer , and it may 
( illustrated in FIG . 3 ) using surface mount technique ( SMT ) . 25 reach the over - heat temperature before it reaches the rated 

In alternative embodiments , said isolated converter may power . In a parallel - connection system , the output current of 
only comprise the power circuit 210 and the isolated trans - each board - mounted power is the same with one another , 
former 212 . The inductor 230 and the capacitors C1 and C2 and hence , the output power of the whole parallel - connected 
are disposed on the main board 100 . In this way , one end of system is limited by the board - mounted power located in the 
the inductor 230 on the main board 130 is electrically 30 environment with the poorer heat dissipation condition , and 
connected to the power circuit at the secondary side of thus , the system cannot reach the rated maximum output 
isolated transformer 212 on the power boards 200 , while the power . To address the above - mentioned problems associated 
other end of the inductor 230 is electrically connected to the with board - mounted power modules , refer to FIG . 7 , which 
capacitor C2 . is a schematic diagram illustrating the temperature detection 

FIG . 5 is a schematic diagram illustrating the structure of 35 of a DC / DC power supply apparatus according to one 
a control board 120 according to one embodiment of the embodiment of the present disclosure . In the present disclo 
present disclosure . In addition to the PWM generator circuit sure , the PWM generator circuit 124 can output a single 
124 and the feedback control circuit 122 that are illustrated driving signal based on the temperature signal , so that a 
in FIG . 1 , the , control board 120 in FIG . 5 further comprises single driving signal is used to control each power board 110 
a control chip 310 . Moreover , the pins 320 are used as a 40 and fulfill the purpose of over - heat protection ; the PWM 
communication interface , which is configured to transmit generator circuit 124 can also output a plurality of driving 
the work state information of the control board 120 and / or signals based on the temperature signals , so that each driving 
the power board 110 , and receive an external control com - signal is used to individually control a corresponding power 
mand . Also it may further provide communication function board 110 thereby adjusting and balancing the temperatures 
ality , for example , read work state information of the control 45 of the plurality of power boards 110 . In the above - mentioned 
board 120 and the power board 110 from outside , and situation , when a plurality of power boards are parallelly 
control the operation of the control board 120 and the power connected , and the control circuit detects that the tempera 
board 110 . tures of power boards differ from one another significantly 

Additionally , the control board 120 further comprises an based on the temperature signals , the PWM generator circuit 
isolator 312 . 50 124 would send a specific driving signal to increase the 

Referring to FIGS . 1 , 4 and 5 at the same time , the PWM output current of the power board located in an environment 
generator circuit 124 generates two mutually isolated driv - with a better heat dissipation condition so as to increase the 
ing signals via the isolator 312 , so as to individually control output power thereof . In view of the foregoing , the present 
the power switches S1 - S4 at the primary side of the trans - disclosure utilizes individual driving signals to adjust the 
former 212 and the power switches S5 - S8 at the secondary 55 temperature balance among different power boards , and 
side of the transformer 212 . The DC / DC power supply change the power partition among power boards , so that the 
apparatus further comprises an auxiliary power supply 314 , DC converter may output the maximum power . 
which is disposed on the control board 120 or the main board As discussed hereinabove , according to the conventional 
130 , and is configured to supply power to the control board art , the design of the transformer and power circuit depends 
120 . 60 on the power of the converter , and hence , designers cannot 

FIG . 6 is a schematic diagram illustrating the wind utilize the existing resources when facing multiple product 
channel according to one embodiment of the present disclo - design projects , thereby resulting in a great deal of repetitive 
sure . As illustrated in FIG . 6 , the main board 130 is labor investment and a longer design and development 
electrically connected to the power boards 110 and the period . To satisfy the demands for different loads , the 
control board 120 . To be distinguished from a DC converter 65 present disclosure provides a structure of a control board 
with a greater power output , each power board 110 accord - 120 pluses a plurality of power boards 110 , wherein the 
ing to the present disclosure comprises a smaller transformer power boards of any numbers are connected in parallel to 
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satisfy the power demand of the DC converter . For example , from the spirit or scope of this invention . Accordingly , the 
the DC converter with 400 watts output power may be protection scope of the present disclosure shall be defined by 
comprised of one control board 120 and four power boards , the accompany claims . 
and each power board outputs 100 watts . Similarly , the DC What is claimed is : 
converter with 600 watts output power may be comprised of 5 1 . A direct current to direct current ( DC / DC ) power 
one control board 120 and six power boards , and each power supply apparatus , comprising : 
board outputs 100 watts . In addition , the DC converter with a plurality of power boards coupled in parallel with one 
800 watts output power may be comprised of one control another , wherein each power board comprises a carrier 
board 120 and four power boards , and each power board circuit board and a power device disposed on the carrier 
outputs 200 watts . In this way , even a DC converter with a 10 circuit board , wherein the power device comprises a 
greater power output can be also conveniently constructed to power circuit and a transformer , wherein the power 
fulfill the demand of different loads . Of course , the present circuit comprises a plurality of power switches dis 
disclosure can also provide a DC converter comprising a posed at a primary side and a secondary side of the 
control board 120 and six power boards 110 . When the transformer for controlling the transformer ; 
demand of the load is 400 watts , the control board 120 15 a control board electrically coupled to the power boards 
outputs four driving signals to four of the six power boards , and comprising a feedback control circuit and a pulse 
so that the output power of the DC converter is 400 watts ; width modulation ( PWM ) generator circuit , wherein 
in this case , the other two power boards are shielded to the feedback control circuit is configured to receive one 
reduce the light load loss . Moreover , the selected four or more feedback signals from the power boards , and 
driving signal may correspond to any four of the six power 20 the PWM generator circuit outputs a PWM driving 
boards , and when one of the four power boards fails to work , control signal to the power boards to drive the plurality 
another power board can be used to replace the mal of power switches based on the feedback signals ; and 
functioned one , so as to accomplish the redundant function a main board electrically coupled to the power boards and 
ality among the power boards . When the power demand of the control board , 
the load is 600 watts , the control board 120 outputs six 25 wherein the power boards and the control board are 
driving signals to all of the six power boards , so that the vertically mounted on the main board and physically 
output power of the DC convertor is 600 watts . separated from each other . 

Further , the power boards 110 of various power levels and 2 . The DC / DC power supply apparatus of claim 1 , 
control board 120 with different functionality can be manu - wherein the feedback signal is at least one of a voltage 
factured in the factory using the standardized protocol , and 30 signal , a current signal and a temperature signal . 
when designing the DC modules , the designers can simply 3 . The DC / DC power supply apparatus of claim 1 , 
combine suitable numbers of standardized power boards 110 wherein each of the power boards further comprises a 
and control board 120 ; for example , for DC convertors with temperature sampling circuit configured to detect the tem 
the same output power but different functions , the designers perature of the power boards , and output a corresponding 
only needs to design a new control board 120 pursuant to the 35 temperature signal to the control board . 
required function , and don ' t have to replace the power 4 . The DC / DC power supply apparatus of claim 3 , 
boards 110 ; in this way , it is not necessary to design the wherein the PWM generator circuit outputs single PWM 
product de novo , like the conventional art , and therefore , the control signal based on the temperature signal , so as to 
time for design and development is reduced and the design control each of the plurality of power boards . 
and development period of the project is shorten . 40 5 . The DC / DC power supply apparatus of claim 3 , 

FIG . 8 is a schematic diagram illustrating the structure of wherein the PWM generator circuit outputs a plurality of 
a DC / DC power supply apparatus 100 with a housing case PWM control signals based on the temperature signal , 
510 according to another embodiment of the present disclo wherein each PWM control signal individually controls the 
sure . As illustrated , the power boards 110 and the control corresponding power board , so as to adjust the temperatures 
board 120 are vertically mounted on the main board 130 , the 45 of the plurality of power boards and achieve a temperature 
DC / DC power supply apparatus 100 is encapsulated in the balance . 
housing case 510 ; in comparison to conventional products of 6 . The DC / DC power supply apparatus of claim 1 , 
board - mounted power modules , the present DC / DC power wherein the PWM generator circuit outputs one or more 
supply apparatus 100 is advantageous in its low manufac - PWM control signals to some power boards of the plurality 
turing cost . As could be appreciated , the multiple control 50 of power boards according to the load of the DC / DC power 
circuits used in the conventional art is reduced to one control supply apparatus , so as to reduce the loss under light load 
circuit in the present disclosure , and hence the number of the and empty load . 
components of the whole DC converter is reduced , thereby 7 . The DC / DC power supply apparatus of claim 1 , 
resulting a lower cost . Another reason for the reduced cost wherein the PWM generator circuit outputs single PWM 
is that the board - mounted power modules are generally 55 control signal , so as to control each of the plurality of power 
made of multilayer board , while the power board 110 is boards . 
made of double - layer board , and the price of the former is 8 . The DC / DC power supply apparatus of claim 1 , 
higher than that of the latter one . The greater the power of wherein the PWM generator circuit outputs a plurality of 
the DC convertor , the more the number of parallel - con - PWM control signals , wherein each PWM control signal 
nected power boards , and hence , the cost advantage is more 60 individually controls the corresponding power board . 
substantial . 9 . The DC / DC power supply apparatus of claim 8 , 

Although various embodiments of the invention have wherein the different PWM control signals have a phase 
been described above with a certain degree of particularity , difference therebetween , and the phase difference is used to 
or with reference to one or more individual embodiments , reduce the output voltage ripple of the DC / DC power supply 
they are not limiting to the scope of the present disclosure . 65 apparatus . 
Those with ordinary skill in the art could make numerous 10 . The DC / DC power supply apparatus of claim 1 , 
alterations to the disclosed embodiments without departing wherein the control board further comprises a communica 



US 9 , 893 , 625 B2 
10 

tion interface configured to transmit a work state informa the primary side of the transformer , and a secondary 
tion of the control board and / or the power boards , and circuit disposed at the secondary side of the trans 
receive an external control command . former ; and 11 . The DC / DC power supply apparatus of claim 1 , the main board comprises an inductor and a capacitor , 
wherein the power boards further comprises a current sam - 5 wherein one end of the inductor is electrically coupled pling circuit configured to sample the output current of the to the output of the secondary circuit , and the other end power boards . of the inductor is electrically coupled to the capacitor . 12 . The DC / DC power supply apparatus of claim 1 , 15 . The DC / DC power supply apparatus of claim 1 , wherein the power boards comprises an isolated converter , further comprising an auxiliary power supply , which is wherein the isolated converter has a transformer , a power 10 disposed on the control board or the main board , and is switch , a capacitor and an inductor , wherein the power 
switch and the capacitor are welded on the carrier circuit configured to supply power to the control board . 
board via a surface mount technique ( SMT ) process . 16 . The DC / DC power supply apparatus of claim 1 , 

13 . The DC / DC power supply apparatus of claim 12 , wherein each of the power boards further comprises a 
wherein the control board further comprises an isolator , and 15 4 cooling fin configured to dissipate the power devices on the 00 
the PWM generator circuit generates two mutually - isolated power boards . 

17 . The DC / DC power supply apparatus of claim 1 , PWM control signals via the isolator , so as to respectively 
control the power switch at the primary side and the power wherein the pins of the power boards are arranged in a single 
switch at the secondary side . in - line package . 

14 . The DC / DC power supply apparatus of claim 1 , 20 18 . The DC / DC power supply apparatus of claim 1 , 
wherein wherein the DC / DC power supply apparatus is packaged in 

the power boards comprises an isolated converter , which a housing case . 
comprises a transformer , a primary circuit disposed at * * * * * 


