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POWER MODULE 

 

FIELD OF THE INVENTION 

[0001] The present invention relates to a power module, and more 

particularly to a power module for a power inverter. 

BACKGROUND OF THE INVENTION 

[0002] Recently, the general trends in designing power converters are 

toward high efficiency and high density.  The high efficiency power 

converter can reduce the power loss and achieve the power-saving purpose.  

The high density power converter can reduce the overall volume of the 

electronic product and meet the requirements of small size and light 

weightiness. 

[0003] Generally, a power converter comprises a bridge circuit for 

rectification.  The bridge circuit comprises at least one high-voltage-side 

switching element and at least one low-voltage-side switching element.  

For example, a three-phase bridge circuit of a three-phase power converter 

comprises three high-voltage-side switching elements and three low- 

voltage-side switching elements.  The high-voltage-side switching 

elements are connected with the corresponding low-voltage-side switching 

elements in series.  Each of the high-voltage-side switching elements and 

the low-voltage-side switching elements comprises a semiconductor switch 

and a diode, which are connected with each other in parallel.  For example, 

the semiconductor switch is an insulated-gate bipolar transistor (IGBT).  

By alternately turning on and turning off the semiconductor switch, the 

bridge circuit can rectify the input power.  When the semiconductor 

switch is turned off, the diode allows the current to continuously flow. 

[0004] A conventional method of fabricating the bridge circuit of the 

power converter will be illustrated as follows.  Firstly, the semiconductor 
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switches and the diodes of the high-voltage-side switching elements and 

the semiconductor switches and the diodes of the low-voltage-side 

switching elements are disposed on a substrate.  Then, the semiconductor 

switches and the diodes of the high-voltage-side switching elements and 

the semiconductor switches and the diodes of the low-voltage-side 

switching elements are connected with each other and/or connected with an 

external component by a wire-bonded technology (e.g. through aluminum 

wires or copper wires).  Afterwards, the above structure is packaged by an 

encapsulation material. 

[0005] However, since the high-voltage-side switching elements and 

the low-voltage-side switching elements are connected with each other by 

the wire-bonded technology, some drawbacks occur.  For example, the 

long wires for connecting the high-voltage-side switching elements and the 

low-voltage-side switching elements may increase the parasitic inductance 

between the wires and the substrate.  Under this circumstance, the 

switching efficiency of the high-voltage-side switching elements and the 

low-voltage-side switching elements will be adversely affected.  Moreover, 

since the long wire has a large impedance value, the power conversion 

efficiency is impaired.  Moreover, the side of the substrate for 

wire-bonding the high-voltage-side switching elements and the 

low-voltage-side switching elements cannot be equipped with any heat 

dissipation device.  Since the substrate is only able to dissipate away heat 

in a single direction, the heat dissipating efficiency is insufficient.  

Moreover, since it is necessary to retain a wire-bonded area on the substrate, 

the space utilization of the substrate is limited.  Under this circumstance, 

it is difficult to increase the power density.  Moreover, the 

high-voltage-side switching elements and the low-voltage-side switching 

elements of the bridge circuit are packaged after being mounted on the 
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substrate.  After the bridge circuit is fabricated, if one component of the 

high-voltage-side switching element or the low-voltage-side switching 

element has malfunction, the damaged component cannot be replaced with 

a new one.  Under this circumstance, the whole bridge circuit cannot be 

used again. 

[0006] Therefore, there is a need of providing an improved power 

module so as to overcome the above drawbacks. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention provides a power module 

with semiconductor switches and diodes embedded within insulation layers.  

Consequently, a first sub-module and a second sub-module are formed as a 

high-voltage-side switching element and a low-voltage-side switching 

element of a bridge circuit.  The high-voltage-side switching element and 

the low-voltage-side switching element are disposed on a substrate and 

electrically connected with corresponding conducting parts of the substrate.  

Consequently the power module of the present invention has reduced 

parasitic inductance, increased switching efficiency, reduced impedance 

and increased power conversion efficiency.  Moreover, since it is not 

necessary to retain a wire-bonded area on the substrate, the space 

utilization of the substrate is increased.  Under this circumstance, the 

power density is enhanced. 

[0008] Another object of the present invention provides a power 

module with a first sub-module and a second sub-module.  Moreover, a 

first semiconductor switch and a first diode of a high-voltage-side 

switching element are directly embedded within the substrate and packaged 

as the first sub-module, and the second sub-module (i.e. the 

low-voltage-side switching element) is disposed on the first sub-module.  

Since the second sub-module and the first sub-module are located at 
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different levels, the connection distance between the high-voltage-side 

switching element and the low-voltage-side switching element is 

effectively shortened.  Under this circumstance, the on-resistance is 

effectively reduced, the parasitic effect is reduced, the electrical property is 

enhanced, and the overall power density of the power module is increased. 

[0009] In accordance with an aspect of the present invention, there is 

provided a power module.  The power module includes a substrate, at 

least one first sub-module and at least one second sub-module.  The 

substrate includes plural first conducting parts, plural second conducting 

parts and at least one third conducting part.  The at least one first 

sub-module is disposed on the substrate.  The first sub-module includes a 

first semiconductor switch, a first diode, a first electrode, a second 

electrode and a third electrode.  The first semiconductor switch includes 

plural first conducting terminals, and the first diode includes plural second 

conducting terminals.  The first electrode and the third electrode are 

electrically connected with the corresponding first conducting terminals of 

the first semiconductor switch and electrically connected with the 

corresponding second conducting terminals of the first diode.  The second 

electrode is electrically connected with the corresponding first conducting 

terminal.  The first electrode and the second electrode are contacted with 

the corresponding first conducting parts.  The third electrode is contacted 

with the third conducting part.  The at least one second sub-module is 

disposed on the substrate.  The second sub-module includes a second 

semiconductor switch, a second diode, a fourth electrode, a fifth electrode 

and a sixth electrode.  The second semiconductor switch includes plural 

third conducting terminals.  The second diode includes plural fourth 

conducting terminals.  The fourth electrode and the sixth electrode are 

electrically connected with the corresponding third conducting terminals of 
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the second semiconductor switch and electrically connected with the 

corresponding fourth conducting terminals of the second diode.  The fifth 

electrode is electrically connected with the corresponding third conducting 

terminal.  The fourth electrode and the fifth electrode are contacted with 

the corresponding second conducting parts.  The sixth electrode is 

contacted with the third conducting part. 

[0010] In accordance with another aspect of the present invention, 

there is provided a power module.  The power module includes a first 

sub-module and at least one second sub-module.  The first sub-module 

includes at least one first semiconductor switch, at least one first diode, a 

first electrode, at least one second electrode, at least one third electrode, at 

least one first lead electrode, at least one second lead electrode and a 

substrate.  The at least one first semiconductor switch and the at least one 

first diode are embedded within the substrate.  Each first semiconductor 

switch comprises plural first conducting terminals.  Each first diode 

comprises plural second conducting terminals.  The first electrode is 

electrically connected with the corresponding first conducting terminal of 

the at least one first semiconductor switch and the corresponding second 

conducting terminal of the at least one first diode.  The third electrode is 

electrically connected with the corresponding first conducting terminal of 

the at least one first semiconductor switch and the corresponding second 

conducting terminal of the at least one first diode.  The second electrode is 

electrically connected with the corresponding first conducting terminal of 

the at least one first semiconductor switch.  The at least one second 

sub-module is disposed on the first sub-module.  The second sub-module 

includes a second semiconductor switch, a second diode, a fourth electrode, 

a fifth electrode and a sixth electrode.  The second semiconductor switch 

includes plural third conducting terminals.  The second diode includes 
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plural fourth conducting terminals.  The fourth electrode and the sixth 

electrode are electrically connected with the corresponding third 

conducting terminals of the second semiconductor switch and electrically 

connected with the corresponding fourth conducting terminals of the 

second diode.  The fifth electrode is electrically connected with the 

corresponding third conducting terminal of the second semiconductor 

switch.  The fourth electrode of the second sub-module is electrically 

connected with the corresponding first lead electrode of the first 

sub-module.  The fifth electrode of the second sub-module is electrically 

connected with the corresponding second lead electrode of the first 

sub-module.  The sixth electrode of the second sub-module is electrically 

connected with the corresponding third electrode of the first sub-module. 

[0011] In accordance with a further aspect of the present invention, 

there is provided a power module.  The power module includes a first 

sub-module and a second sub-module.  The first sub-module includes 

plural first semiconductor switches, plural first diodes, a first electrode, 

plural second electrodes, plural third electrodes, plural first lead electrodes, 

plural second lead electrodes and a substrate.  The plural first 

semiconductor switches and the plural first diodes are embedded within the 

substrate.  Each first semiconductor switch includes plural first 

conducting terminals.  Each first diode includes plural second conducting 

terminals.  The first electrode is electrically connected with the 

corresponding first conducting terminals of the first semiconductor 

switches and the corresponding second conducting terminals of the first 

diode.  Each third electrode is electrically connected with the 

corresponding first conducting terminal of the corresponding first 

semiconductor switch and the corresponding second conducting terminal of 

the corresponding first diode.  Each second electrode is electrically 
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connected with the corresponding first conducting terminal of the 

corresponding first semiconductor switch.  The second sub-module is 

disposed on the first sub-module, and includes plural second semiconductor 

switches, plural second diodes, plural fourth electrodes, plural fifth 

electrodes and plural sixth electrodes.  Each second semiconductor switch 

includes plural third conducting terminals.  Each second diode includes 

plural fourth conducting terminals.  Each fourth electrode and the 

corresponding sixth electrode are electrically connected with the 

corresponding third conducting terminals of corresponding second 

semiconductor switch and electrically connected with the corresponding 

fourth conducting terminals of the corresponding second diode.  Each fifth 

electrode is electrically connected with the corresponding third conducting 

terminal of the corresponding second semiconductor switch.  Each fourth 

electrode of the second sub-module is electrically connected with the 

corresponding first lead electrode of the first sub-module.  Each fifth 

electrode of the second sub-module is electrically connected with the 

corresponding second lead electrode of the first sub-module.  Each sixth 

electrode of the second sub-module is electrically connected with the 

corresponding third electrode of the first sub-module. 

[0012] The above contents of the present invention will become more 

readily apparent to those ordinarily skilled in the art after reviewing the 

following detailed description and accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic perspective view illustrating a power 

module according to a first embodiment of the present invention; 

[0014] FIG. 2 is a schematic perspective view illustrating a substrate 

of the power module of FIG. 1; 
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[0015] FIG. 3 is a schematic circuit diagram illustrating a three-phase 

bridge circuit of a three-phase power converter with the power module of 

FIG. 1; 

[0016] FIG. 4 is a schematic cross-sectional view illustrating an 

exemplary first sub-module of the power module of FIG. 1; 

[0017] FIG. 5 is a schematic cross-sectional view illustrating an 

exemplary second sub-module of the power module of FIG. 1; 

[0018] FIG. 6 is a schematic cross-sectional view illustrating another 

exemplary first sub-module of the power module of FIG. 1; 

[0019] FIG. 7 is a schematic cross-sectional view illustrating another 

exemplary second sub-module of the power module of FIG. 1; 

[0020] FIG. 8 is a schematic cross-sectional view illustrating a further 

exemplary first sub-module of the power module of FIG. 1; 

[0021] FIG. 9 is a schematic cross-sectional view illustrating a further 

exemplary second sub-module of the power module of FIG. 1; 

[0022] FIG. 10 is a schematic perspective view illustrating a power 

module according to a second embodiment of the present invention; 

[0023] FIG. 11 is a schematic perspective view illustrating a power 

module according to a third embodiment of the present invention; 

[0024] FIG. 12 is a schematic perspective view illustrating a power 

module according to a fourth embodiment of the present invention; 

[0025] FIG. 13 is a schematic perspective view illustrating a power 

module according to a fifth embodiment of the present invention; 

[0026] FIG. 14 is a schematic cross-sectional view illustrating the 

relationship between the first sub-module and the plural second 

sub-modules of the power module of FIG. 13; 

[0027] FIG. 15 is a schematic perspective view illustrating a power 

module according to a sixth embodiment of the present invention; 
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[0028] FIG. 16 is a schematic perspective view illustrating a power 

module according to a seventh embodiment of the present invention; 

[0029] FIG. 17 is a schematic cross-sectional view illustrating the 

relationship between the first sub-module and the second sub-module of the 

power module of FIG. 16; and 

[0030] FIG. 18 is a schematic perspective view illustrating a power 

module according to an eighth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0031] The present invention will now be described more specifically 

with reference to the following embodiments.  It is to be noted that the 

following descriptions of preferred embodiments of this invention are 

presented herein for purpose of illustration and description only.  It is not 

intended to be exhaustive or to be limited to the precise form disclosed. 

[0032] FIG. 1 is a schematic perspective view illustrating a power 

module according to a first embodiment of the present invention.  FIG. 2 

is a schematic perspective view illustrating a substrate of the power module 

of FIG. 1.  Please refer to FIGS. 1 and 2.  The power module 1 comprises 

a substrate 2, at least one first sub-module 3 and at least one second 

sub-module 4.  Moreover, plural first conducting parts 20, plural second 

conducting parts 21 and at least one third conducting part 22 are formed on 

a first surface 23 of the substrate 2. 

[0033] In this embodiment, two first conducting parts 20 are located 

at an upper left side and an upper right side of the third conducting part 22, 

respectively.  Moreover, two second conducting parts 21 are located at a 

lower left side and a lower right side of the third conducting part 22, 

respectively.  Moreover, the first conducting parts 20, the second 

conducting parts 21 and the third conducting part 22 are made of 

electrically conductive material (e.g. copper). 
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[0034] The first sub-module 3 is disposed on the first surface 23 of 

the substrate 2.  Moreover, the first sub-module 3 comprises a first 

semiconductor switch 30 (see FIG. 4), a first diode 31 (see FIG. 4), a first 

electrode 320, a second electrode 321 and a third electrode 322.  The first 

semiconductor switch 30 comprises plural first conducting terminals 300.  

The first diode 31 comprises plural second conducting terminals 310.  The 

first electrode 320 and the third electrode 322 are electrically connected 

with the corresponding first conducting terminals 300 of the first 

semiconductor switch 30.  The first electrode 320 and the third electrode 

322 are also electrically connected with the corresponding second 

conducting terminals 310 of the first diode 31.  The second electrode 321 

is electrically connected with the corresponding first conducting terminal 

300 of the first semiconductor switch 30.  When the first sub-module 3 is 

placed on the substrate 2, the first electrode 320 and the second electrode 

321 are disposed on and electrically connected with the corresponding first 

conducting parts 20, and the third electrode 322 is disposed on and 

electrically connected with the third conducting part 22. 

[0035] The third electrode 322 is arranged between the first electrode 

320 and the second electrode 321.  In an embodiment, the first 

semiconductor switch 30 is an insulated-gate bipolar transistor (IGBT).  

Consequently, the first semiconductor switch 30 comprises three first 

conducting terminals 300.  The three first conducting terminals 300 serve 

as a gate, an emitter and a collector, respectively.  The first electrode 320 

is electrically connected with the collector.  The second electrode 321 is 

electrically connected with the gate.  The third electrode 322 is 

electrically connected with the emitter. 

[0036] The second sub-module 4 is disposed on the first surface 23 of 

the substrate 2.  Moreover, the second sub-module 4 comprises a second 
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semiconductor switch 40 (see FIG. 5), a second diode 41 (see FIG. 5), a 

fourth electrode 420, a fifth electrode 421 and a sixth electrode 422.  The 

second semiconductor switch 40 comprises plural third conducting 

terminals 400.  The second diode 41 comprises plural fourth conducting 

terminals 410.  The fourth electrode 420 and the sixth electrode 422 are 

electrically connected with the corresponding third conducting terminals 

400 of the second semiconductor switch 40.  The fourth electrode 420 and 

the sixth electrode 422 are electrically connected with the corresponding 

fourth conducting terminals 410 of the second diode 41.  The fifth 

electrode 421 is electrically connected with the corresponding third 

conducting terminal 400 of the second semiconductor switch 40.  When 

the second sub-module 4 is placed on the substrate 2, the fourth electrode 

420 and the fifth electrode 421 are disposed on and electrically connected 

with the corresponding second conducting parts 21, and the sixth electrode 

422 is disposed on and electrically connected with the third conducting part 

22. 

[0037] The sixth electrode 422 is arranged between the fourth 

electrode 420 and the fifth electrode 421.  In an embodiment, the second 

semiconductor switch 40 is an insulated-gate bipolar transistor (IGBT).  

Consequently, the second semiconductor switch 40 comprises three third 

conducting terminals 400.  The three third conducting terminals 400 serve 

as a gate, an emitter and a collector, respectively.  The fourth electrode 

420 is electrically connected with the emitter.  The fifth electrode 421 is 

electrically connected with the gate.  The sixth electrode 422 is 

electrically connected with the collector. 

[0038] FIG. 3 is a schematic circuit diagram illustrating a three-phase 

bridge circuit of a three-phase power converter with the power module of 

FIG. 1.  In case that the power module 1 is applied to the three-phase 
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power converter, the power module 1 comprises three first sub-modules 3 

and three second sub-modules 4.  Each first sub-module 3 and the 

corresponding second sub-module 4 are collaboratively formed as one leg 

of the three-phase bridge circuit.  Moreover, the first sub-module 3 is 

formed as a high-voltage-side switching element, and the second 

sub-module 4 is formed as a low-voltage-side switching element.  In each 

leg of the bridge circuit, the emitter of the high-voltage-side switching 

element is electrically connected with the collector of the low-voltage-side 

switching element.  Moreover, as mentioned above, the third electrode 

322 of the first sub-module 3 and the sixth electrode 422 of the second 

sub-module 4 are contacted with the third conducting part 22, the third 

electrode 322 is electrically connected with the emitter of the first 

semiconductor switch 30, and the sixth electrode 422 is electrically 

connected with the collector of the second semiconductor switch 40.  In 

other words, the emitter of the high-voltage-side switching element (i.e. the 

first sub-module 3) is electrically connected with the collector of the 

low-voltage-side switching element (i.e. the second sub-module 4). 

[0039] FIG. 4 is a schematic cross-sectional view illustrating an 

exemplary first sub-module of the power module of FIG. 1.  FIG. 5 is a 

schematic cross-sectional view illustrating an exemplary second 

sub-module of the power module of FIG. 1.  As shown in FIGS. 4 and 5, 

the first sub-module 3 comprises the first semiconductor switch 30, the first 

diode 31, a first conductive layer 32, a first insulation layer 33, a second 

conductive layer 34, a second insulation layer 35 and a third conductive 

layer 36. 

[0040] Moreover, plural first conductive vias 330 and plural second 

conductive vias 331 are formed in the first insulation layer 33.  The first 

conductive layer 32 is disposed on a top surface 332 of the first insulation 
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layer 33.  The first conductive layer 32 is divided into the first electrode 

320, the second electrode 321 and the third electrode 322 by an etching 

process.  The first electrode 320 is contacted with first ends of the plural 

second conductive vias 331.  The second electrode 321 and the third 

electrode 322 are contacted with first ends of the corresponding first 

conductive vias 330. 

[0041] The second conductive layer 34, the second insulation layer 35 

and the third conductive layer 36 are collaboratively defined as a direct 

bond copper (DBC) assembly 37.  The second insulation layer 35 is 

disposed on a bottom surface 333 of the first insulation layer 33 and 

exposed outside the first insulation layer 33.  The second conductive layer 

34 is disposed on a top surface 350 of the second insulation layer 35 and 

embedded within the first insulation layer 33.  The second conductive 

layer 34 is further contacted with second ends of the plural second 

conductive vias 331.  Moreover, the second conductive layer 34 is 

electrically connected with the first electrode 320 through the plural second 

conductive vias 331.  The third conductive layer 36 is disposed on a 

bottom surface 351 of the second insulation layer 35.  That is, the second 

conductive layer 34 and the third conductive layer 36 are located at two 

opposite sides of the second insulation layer 35. 

[0042] The first semiconductor switch 30 is embedded within the first 

insulation layer 33.  The first conducting terminals 300 serving as the gate 

of the first semiconductor switch 30 and the first conducting terminals 300 

serving as the emitter of the first semiconductor switch 30 are disposed on 

a top surface 301 of the first semiconductor switch 30.  The first 

conducting terminal 300 serving as the collector of the first semiconductor 

switch 30 is disposed on a bottom surface 302 of the first semiconductor 

switch 30.  Moreover, the gate of the first semiconductor switch 30 is 
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contacted with a second end of the corresponding first conductive via 330 

so as to be electrically connected with the second electrode 321.  The 

emitter of the first semiconductor switch 30 is contacted with the second 

ends of the corresponding first conductive vias 330 so as to be electrically 

connected with the third electrode 322.  The collector of the first 

semiconductor switch 30 is disposed on and electrically connected with the 

second conductive layer 34.  Moreover, the collector of the first 

semiconductor switch 30 is electrically connected with the first electrode 

320 through the second conductive layer 34 and the plural second 

conductive vias 331.  Moreover, the first semiconductor switch 30 is 

attached on the second conductive layer 34 through a fixing material 38. 

[0043] Similarly, the first diode 31 is embedded within the first 

insulation layer 33.  Moreover, the first diode 31 may be attached on the 

second conductive layer 34 through the fixing material 38.  The second 

conducting terminal 310 on a top surface 311 of the first diode 31 serves as 

an anode.  Moreover, the anode of the first diode 31 is contacted with the 

second ends of the corresponding first conductive vias 330 so as to be 

electrically connected with the third electrode 322.  The second 

conducting terminal 310 on a bottom surface 312 of the first diode 31 

serves as a cathode.  Moreover, the cathode of the first diode 31 is 

disposed on the second conductive layer 34 and electrically connected with 

the first electrode 320 through the second conductive layer 34 and the 

plural second conductive vias 331. 

[0044] The second sub-module 4 comprises the second 

semiconductor switch 40, the second diode 41, a fourth conductive layer 42, 

a third insulation layer 43, a fifth conductive layer 44, a fourth insulation 

layer 45 and a sixth conductive layer 46. 
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[0045] Moreover, plural third conductive vias 430 and plural fourth 

conductive vias 431 are formed in the third insulation layer 43.  The 

fourth conductive layer 42 is disposed on a top surface 432 of the third 

insulation layer 43.  The fourth conductive layer 42 is divided into the 

fourth electrode 420, the fifth electrode 421 and the sixth electrode 422 by 

an etching process.  The sixth electrode 422 is contacted with first ends of 

the plural third conductive vias 430.  The fourth electrode 420 and the 

fifth electrode 421 are contacted with first ends of the corresponding fourth 

conductive vias 431. 

[0046] The fifth conductive layer 44, the fourth insulation layer 45 

and the sixth conductive layer 46 are collaboratively defined as a direct 

bond copper (DBC) assembly 47.  The fourth insulation layer 45 is 

disposed on a bottom surface 433 of the third insulation layer 43 and 

exposed outside the third insulation layer 43.  The fifth conductive layer 

44 is disposed on a top surface 450 of the fourth insulation layer 45 and 

embedded within the third insulation layer 43.  The fifth conductive layer 

44 is further contacted with second ends of the plural fourth conductive 

vias 431.  Moreover, the fifth conductive layer 44 is electrically connected 

with the fourth electrode 420 and the fifth electrode 421 through the plural 

fourth conductive vias 431.  The sixth conductive layer 46 is disposed on 

a bottom surface 451 of the fourth insulation layer 45. 

[0047] Moreover, by an etching process, the fifth conductive layer 44 

is divided into a first conductive block 440 and a second conductive block 

441.  The first conductive block 440 is contacted with the corresponding 

fourth conductive vias 431 so as to be electrically connected with the fourth 

electrode 420.  The second conductive block 441 is contacted with the 

corresponding fourth conductive vias 431 so as to be electrically connected 

with the fifth electrode 421. 
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[0048] The second semiconductor switch 40 is embedded within the 

third insulation layer 43.  The third conducting terminals 400 serving as 

the gate and the emitter of the second semiconductor switch 40 are 

disposed on a bottom surface 402 of the second semiconductor switch 40.  

The third conducting terminal 400 serving as the collector is disposed on a 

top surface 401 of the second semiconductor switch 40.  The collector of 

the second semiconductor switch 40 is contacted with the second ends of 

the corresponding third conductive vias 430 so as to be electrically 

connected with the sixth electrode 422.  The emitter of the second 

semiconductor switch 40 is disposed on and electrically connected with the 

first conductive block 440, and electrically connected with the fourth 

electrode 420 through the first conductive block 440 and the corresponding 

fourth conductive vias 431.  The gate of the second semiconductor switch 

40 is disposed on and electrically connected with the second conductive 

block 441, and electrically connected with the fifth electrode 421 through 

the second conductive block 441 and the corresponding fourth conductive 

vias 431.  Moreover, the second semiconductor switch 40 is attached on 

the fifth conductive layer 44 through a fixing material 48. 

[0049] Similarly, the second diode 41 is embedded within the third 

insulation layer 43.  Moreover, the second diode 41 may be attached on 

the fifth conductive layer 44 through the fixing material 48.  The fourth 

conducting terminal 410 on a top surface 411 of the second diode 41 serves 

as a cathode.  Moreover, the cathode of the second diode 41 is contacted 

with the second ends of the corresponding third conductive vias 430 so as 

to be electrically connected with the sixth electrode 422.  The fourth 

conducting terminal 410 on a bottom surface 412 of the second diode 41 

serves as an anode.  Moreover, the anode of the second diode 41 is 

disposed on and electrically connected with the first conductive block 440, 
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and electrically connected with the fourth electrode 420 through the first 

conductive block 440 and the corresponding fourth conductive vias 431. 

[0050] In an embodiment, the first insulation layer 33 and the third 

insulation layer 43 are made of resin, Ajinomoto build-up film (ABF), 

prepreg material, molding compound, epoxy material, epoxy with filler or 

any other appropriate insulation material with high thermal conductivity.  

The first conductive layer 32, the second conductive layer 34, the third 

conductive layer 36, the fourth conductive layer 42, the fifth conductive 

layer 44 and the sixth conductive layer 46 are made of electrically 

conductive material (e.g. copper).  The second insulation layer 35 and the 

fourth insulation layer 45 are made of insulation material with high thermal 

conductivity (e.g. ceramic material). 

[0051] As shown in FIGS. 4 and 5, the configurations of the first 

semiconductor switch 30 and the second semiconductor switch 40 are 

similar, and the configurations of the first diode 31 and the second diode 41 

are similar.  The first semiconductor switch 30 within the first insulation 

layer 33 and the second semiconductor switch 40 within the third insulation 

layer 43 are inverted relative to each other.  Moreover, the first diode 31 

within the first insulation layer 33 and the second diode 41 within the third 

insulation layer 43 are inverted relative to each other. 

[0052] From the above descriptions, the first semiconductor switch 30 

and the first diode 31 are embedded within the first insulation layer 33 and 

packaged as the first sub-module 3, and the second semiconductor switch 

40 and the second diode 41 are embedded within the third insulation layer 

43 and packaged as the second sub-module 4.  Moreover, the first 

sub-module 3 is formed as the high-voltage-side switching element, and the 

second sub-module 4 is formed as the low-voltage-side switching element.  

The plural first conducting terminals 300 of the first semiconductor switch 
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30 and the plural second conducting terminals 310 of the first diode 31 are 

electrically contacted with the corresponding electrodes of the first 

electrode 320, the second electrode 321 and the third electrode 322 of the 

first sub-module 3.  The plural third conducting terminals 400 of the 

second semiconductor switch 40 and the plural fourth conducting terminals 

410 of the second diode 41 are electrically contacted with the 

corresponding electrodes of the fourth electrode 420, the fifth electrode 421 

and the sixth electrode 422 of the second sub-module 4.  When the first 

sub-module 3 and the second sub-module 4 are disposed on the substrate 2, 

the first electrode 320, the second electrode 321 and the third electrode 322 

of the first sub-module 3 and the fourth electrode 420, the fifth electrode 

421 and the sixth electrode 422 of the second sub-module 4 are contacted 

with corresponding conducting parts of the first conducting parts 20, the 

second conducting parts 21 and the third conducting part 22.  

Consequently, the first sub-module 3 and the second sub-module 4 may be 

electrically connected with each other and/or electrically connected with 

other electronic components through first conducting parts 20, the second 

conducting parts 21 and the third conducting part 22 on the substrate 2.  In 

comparison with the conventional method of connecting the 

high-voltage-side switching element and the low-voltage-side switching 

element of the conventional bridge circuit by the wire-bonded technology, 

the power module 1 of the present invention has reduced parasitic 

inductance, increased switching efficiency, reduced impedance and 

increased power conversion efficiency.  Moreover, since it is not 

necessary to retain a wire-bonded area on the substrate 2, the space 

utilization of the substrate is increased.  Under this circumstance, the 

power density is enhanced.  Moreover, since the first sub-module 3 and 

the second sub-module 4 are independently formed as the high-voltage-side 
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switching elements and the low-voltage-side switching element, if the first 

sub-module 3 or the second sub-module 4 has malfunction, the damaged 

sub-module may be replaced with a new one.  After the damaged 

sub-module is replaced, the bridge circuit with the first sub-module 3 and 

the second sub-module 4 can be normally operated. 

[0053] It is noted that numerous modifications and alterations of the 

first sub-module 3 and the second sub-module 4 may be made while 

retaining the teachings of the invention.  Hereinafter, some variant 

examples of the first sub-module 3 and the second sub-module 4 will be 

illustrated with reference to FIGS. 6~9.  Component parts and elements 

corresponding to those of the first embodiment are designated by identical 

numeral references, and detailed descriptions thereof are omitted. 

[0054] FIG. 6 is a schematic cross-sectional view illustrating another 

exemplary first sub-module of the power module of FIG. 1.  FIG. 7 is a 

schematic cross-sectional view illustrating another exemplary second 

sub-module of the power module of FIG. 1.  In comparison with the first 

sub-module 3 of FIG. 4 and the second sub-module 4 of FIG. 5, the second 

conductive layer 34 of the first sub-module 6 of this embodiment further 

comprises a first cavity 340, and the fifth conductive layer 44 of the second 

sub-module 7 of this embodiment further comprises a second cavity 442.  

Each of the first cavity 340 and the second cavity 442 may be formed by 

etching processes.  The first cavity 340 is concavely formed in a top 

surface of the second conductive layer 34.  Moreover, the first 

semiconductor switch 30 and the first diode 31 are accommodated within 

the first cavity 340.  The second cavity 442 is concavely formed in a top 

surface of the fifth conductive layer 44.  Moreover, the second 

semiconductor switch 40 and the second diode 41 are accommodated 

within the second cavity 442.  Consequently, the sizes of the first 
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semiconductor switch 30 and the first diode 31 embedded within the first 

insulation layer 33 or the sizes of the second semiconductor switch 40 and 

the second diode 41 embedded within the third insulation layer 43 may be 

increased. 

[0055] Preferably but not exclusively, in case that the first 

semiconductor switch 30 and the first diode 31 are accommodated within 

the first cavity 340, the top surface 301 of the first semiconductor switch 30 

and the top surface 311 of the first diode 31 are at the same level with the 

top surface of the second conductive layer 34.  Similarly, in case that the 

second semiconductor switch 40 and the second diode 41 are 

accommodated within the second cavity 442, the top surface 401 of the 

second semiconductor switch 40 and the top surface 411 of the second 

diode 41 are at the same level with the top surface of the fifth conductive 

layer 44. 

[0056] FIG. 8 is a schematic cross-sectional view illustrating a further 

exemplary first sub-module of the power module of FIG. 1.  As mentioned 

above, the second conductive layer 34, the second insulation layer 35 and 

the third conductive layer 36 of the first sub-module 3 of FIG. 4 are 

collaboratively defined as the direct bond copper assembly 37.  In 

comparison with FIG. 4, the methods of forming the second conductive 

layer 34, the second insulation layer 35 and the third conductive layer 36 

the first sub-module 8 of this embodiment are distinguished.  As shown in 

FIG. 8, the second conductive layer 34 is electroplated on the bottom 

surface 333 of the first insulation layer 33, the second insulation layer 35 is 

laminated on the second conductive layer 34, and the third conductive layer 

36 is electroplated on the second insulation layer 35.  Moreover, the 

bottom surface 333 of the first insulation layer 33 is partially covered by 
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the second conductive layer 34, the bottom surface 333 of the first 

insulation layer 33 is partially covered by the second insulation layer 35. 

[0057] Moreover, the first sub-module 8 further comprises a first 

thermal conduction structure 80 and a second thermal conduction structure 

81.  The first thermal conduction structure 80 and the second thermal 

conduction structure 81 are embedded within the first insulation layer 33.  

The first thermal conduction structure 80 is located near the first 

semiconductor switch 30, disposed on the junction between the bottom 

surface 333 of the first insulation layer 33 and the second insulation layer 

35, and partially exposed outside the first insulation layer 33.  

Consequently, the heat generated by the first semiconductor switch 30 may 

be transferred to the surroundings of the first sub-module 8 through the first 

thermal conduction structure 80.  The second thermal conduction structure 

81 is located near the first diode 31, disposed on the second conductive 

layer 34, and partially exposed outside the first insulation layer 33.  

Consequently, the heat generated by the first diode 31 may be transferred to 

the surroundings of the first sub-module 8 through the second thermal 

conduction structure 81. 

[0058] In an embodiment, the first thermal conduction structure 80 

and the second thermal conduction structure 81 are made of metallic 

material.  Moreover, the first thermal conduction structure 80 and the 

second thermal conduction structure 81 may be implemented with the same 

lead frame or two different lead frames.  Consequently, the first thermal 

conduction structure 80 and the second thermal conduction structure 81 

have thermally conductive property and electrically conductive property.  

Moreover, the second ends of the second conductive vias 331 are contacted 

with the second thermal conduction structure 81.  Consequently, the first 

conducting terminal 300 of the first semiconductor switch 30 in contact 
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with the second conductive layer 34 and the second conducting terminal 

310 of the first diode 31 in contact with the second conductive layer 34 are 

electrically connected with the first electrode 320 through the second 

conductive layer 34, the second thermal conduction structure 81 and the 

second conductive vias 331.  Moreover, at least one auxiliary conductive 

via 830 is further formed in the first insulation layer 33.  A first end of the 

auxiliary conductive via 830 is contacted with the second electrode 321.  

A second end of the auxiliary conductive via 830 is contacted with the first 

thermal conduction structure 80.  After the heat generated by the first 

semiconductor switch 30 is transferred to the second electrode 321, the heat 

may be further transferred to the first thermal conduction structure 80 

through the auxiliary conductive via 830.  Under this circumstance, the 

heat dissipating efficiency is enhanced. 

[0059] FIG. 9 is a schematic cross-sectional view illustrating a further 

exemplary second sub-module of the power module of FIG. 1.  The 

second sub-module 9 comprises a second semiconductor switch 90, a 

second diode 91, a fourth conductive layer 92, a third insulation layer 93, a 

fifth conductive layer 94, a fourth insulation layer 95, a sixth conductive 

layer 96, a first thermal conduction structure 97 and a second thermal 

conduction structure 98.  Moreover, plural third conductive vias 930 and 

plural fourth conductive vias 931 are formed in the third insulation layer 93.  

The fourth conductive layer 92 is disposed on a top surface 932 of the third 

insulation layer 93.  The fourth conductive layer 92 is divided into a 

fourth electrode 920, a fifth electrode 921 and a sixth electrode 922 by an 

etching process. 

[0060] The fifth conductive layer 94 is electroplated on bottom 

surface 933 of the third insulation layer 93.  Moreover, by an etching 

process, the fifth conductive layer 94 is divided into a first conductive 



 

 23

block 940 and a second conductive block 941.  The first conductive block 

940 is contacted with the second ends of the corresponding third 

conductive vias 930 and contacted with the second ends of the 

corresponding fourth conductive vias 931.  The second conductive block 

941 is contacted with the second end of the corresponding third conductive 

via 930 and the second ends of the corresponding fourth conductive vias 

931.  The fourth insulation layer 95 is laminated on the fifth conductive 

layer 94.  The sixth conductive layer 96 is electroplated on the fourth 

insulation layer 95. 

[0061] The configurations and characteristics of the second 

semiconductor switch 90 are similar to those of the second semiconductor 

switch 40 of FIG. 5.  The second semiconductor switch 90 comprises three 

third conducting terminals 900.  The three third conducting terminals 900 

serve as a gate, an emitter and a collector, respectively.  The second 

semiconductor switch 90 is embedded within the third insulation layer 93.  

The third conducting terminals 900 serving as the gate and the emitter of 

the second semiconductor switch 90 are disposed on a bottom surface 902 

of the second semiconductor switch 90.  The third conducting terminal 

900 serving as the gate of the second semiconductor switch 90 is contacted 

with the first end of the corresponding third conductive via 930 so as to be 

electrically connected with the first conductive block 940.  The third 

conducting terminal 900 serving as the emitter of the second semiconductor 

switch 90 is contacted with the first ends of the corresponding third 

conductive vias 930 so as to be electrically connected with the second 

conductive block 941.  The third conducting terminal 900 serving as the 

collector is disposed on a top surface 901 of the second semiconductor 

switch 90 and contacted with the sixth electrode 922. 
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[0062] Similarly, the second diode 91 is embedded within the third 

insulation layer 93.  The fourth conducting terminal 910 on a top surface 

911 of the second diode 91 serves as a cathode, and contacted with the sixth 

electrode 922.  The fourth conducting terminal 910 on a bottom surface 

912 of the second diode 91 serves as an anode, and contacted with the 

corresponding third conductive vias 930 so as to be electrically connected 

with the second conductive block 941. 

[0063] The first thermal conduction structure 97 and the second 

thermal conduction structure 98 are embedded within the third insulation 

layer 93.  The first thermal conduction structure 97 is located near the 

second semiconductor switch 90, contacted with the fifth electrode 921, 

and contacted with the first ends of the corresponding fourth conductive 

vias 931 so as to be electrically connected with the first conductive block 

940.  Moreover, the first thermal conduction structure 97 is partially 

exposed outside the first insulation layer 93.  Consequently, the heat 

generated by the second semiconductor switch 90 may be transferred to the 

surroundings of the second sub-module 9 through the first thermal 

conduction structure 97.  Moreover, the third conducting terminal 900 

serving as the gate of the second semiconductor switch 90 is electrically 

connected with the fifth electrode 921 through the corresponding third 

conductive via 930, the first conductive block 940, the corresponding 

fourth conductive vias 931 and the first thermal conduction structure 97.  

The second thermal conduction structure 98 is located near the second 

diode 91, contacted with the fourth electrode 920, and contacted with the 

first ends of the corresponding fourth conductive vias 931 so as to be 

electrically connected with the second conductive block 941.  Moreover, 

the second thermal conduction structure 98 is partially exposed outside the 

first insulation layer 93.  Consequently, the heat generated by the second 
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diode 91 may be transferred to the surroundings of the second sub-module 

9 through the second thermal conduction structure 98.  Moreover, the 

fourth conducting terminal 910 serving as the anode of the second diode 91 

is electrically connected with the fourth electrode 920 through the 

corresponding third conductive vias 930, the second conductive block 941, 

the corresponding fourth conductive vias 931 and the second thermal 

conduction structure 98. 

[0064] In an embodiment, the first thermal conduction structure 97 

and the second thermal conduction structure 98 are made of metallic 

material.  Moreover, the first thermal conduction structure 97 and the 

second thermal conduction structure 98 may be implemented with the same 

lead frame or two different lead frames.  Consequently, the first thermal 

conduction structure 97 and the second thermal conduction structure 98 

have thermally conductive property and electrically conductive property. 

[0065] It is noted that numerous modifications and alterations of the 

power module 1 may be made while retaining the teachings of the 

invention.  Hereinafter, some variant examples of the power module will 

be illustrated with reference to FIGS. 10~18.  Component parts and 

elements corresponding to those of the first embodiment are designated by 

identical numeral references, and detailed descriptions thereof are omitted. 

[0066] FIG. 10 is a schematic perspective view illustrating a power 

module according to a second embodiment of the present invention.  In 

comparison with the power module 1 of FIG. 1, the power module 10 of 

this embodiment further comprises a controlling device 100 such as a 

controller or a driver.  The controlling device 100 is disposed on the first 

surface 23 of the substrate 2.  Moreover, the controlling device 100, the 

first sub-module 3 and the at least one second sub-module 4 are located at 

the same side of the substrate 2.  The controlling device 100 is electrically 
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connected with the high-voltage-side switching element (i.e. the first 

sub-module 3) and the low-voltage-side switching element (i.e. the second 

sub-module 4) through electrical traces (not shown) of the substrate 2 so as 

to control the on/off states of the high-voltage-side switching element and 

the low-voltage-side switching element. 

[0067] FIG. 11 is a schematic perspective view illustrating a power 

module according to a third embodiment of the present invention.  In 

comparison with the power module 10 of FIG. 10, the power module 11 of 

this embodiment further comprises a first heat dissipation device 110 

and/or a second heat dissipation device 111.  The first heat dissipation 

device 110 is contacted with the first sub-module 3 and the second 

sub-module 4.  That is, the first heat dissipation device 110 is contacted 

with the third conductive layer 36 of the first sub-module 3 and the sixth 

conductive layer 46 of the second sub-module 4 (see FIGS. 4 and 5).  

Consequently, the heat dissipating efficacy of the first sub-module 3 and 

the second sub-module 4 will be enhanced.  The second heat dissipation 

device 111 is disposed on a second surface 24 of the substrate 2, which is 

opposed to the first surface 23 of the substrate 2.  Consequently, the heat 

dissipating efficacy of the power module 11 will be further enhanced.  

Moreover, the heat generated by the power module 11 may be dissipated 

away along both sides through the first heat dissipation device 110 and the 

second heat dissipation device 111. 

[0068] In an embodiment, each of the first heat dissipation device 110 

and the second heat dissipation device 111 may be a passive heat 

dissipation device or an active heat dissipation device.  An example of the 

passive heat dissipation device includes but is not limited to a heat sink, 

which is made of metallic material or ceramic material.  An example of 



 

 27

the active heat dissipation device includes but is not limited to cooling 

water or heat pipe. 

[0069] In this embodiment, the first heat dissipation device 110 and 

the second heat dissipation device 111 are disposed on the substrate 2 of the 

power module 11 with the controlling device 100.  It is noted that the first 

heat dissipation device 110 and the second heat dissipation device 111 may 

be included in the power module without the controlling device (e.g. the 

power module 1 of FIG. 1). 

[0070] FIG. 12 is a schematic perspective view illustrating a power 

module according to a fourth embodiment of the present invention.  In 

comparison with the power module 11 of FIG. 11, the power module 12 of 

this embodiment further comprises at least one pin 120.  The pin 120 is 

made of metallic material, and disposed on an edge of the first surface 23 

of the substrate 2.  Moreover, the at least one pin 120, the first sub-module 

3 and the second sub-module 4 are located at the same side of the substrate 

2.  The at least one pin 120 is mounted on the substrate 2 by a solder paste 

welding process, a ultrasonic welding process, a hot pressure welding 

process, an electric welding process or a mechanical embedding process.  

Through the at least one pin 120, the power module 12 may be welded on a 

system circuit board (not shown). 

[0071] FIG. 13 is a schematic perspective view illustrating a power 

module according to a fifth embodiment of the present invention.  FIG. 14 

is a schematic cross-sectional view illustrating the relationship between the 

first sub-module and the plural second sub-modules of the power module of 

FIG. 13.  Please refer to FIGS. 13 and 14.  The power module 13 

comprises a first sub-module 130 and at least one second sub-module 9.  

The configurations of the second sub-module 9 of this embodiment are 

identical to those of the second sub-module 9 of FIG. 9.  However, the 
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second sub-module 9 of this embodiment is upside down.  Component 

parts and elements corresponding to those of the second sub-module 9 of 

FIG. 9 are designated by identical numeral references, and detailed 

descriptions thereof are omitted. 

[0072] The first sub-module 130 comprises at least one first 

semiconductor switch 131, at least one first diode 132, a first electrode 133, 

at least one second electrode 134, at least one third electrode 135, at least 

one first lead electrode 136, at least one second lead electrode 137 and a 

substrate 138.  The power module 13 of this embodiment may also have 

the circuitry of the three-phase power converter of FIG. 3.  When the 

power module 13 is applied to the three-phase power converter, the power 

module 13 comprises the first sub-module 130 and three second 

sub-modules 9.  Under this circumstance, the first sub-module 130 

comprises three first semiconductor switches 131, three first diodes 132, 

three second electrodes 134, three third electrodes 135, three first lead 

electrodes 136 and three second lead electrodes 137. 

[0073] Each first semiconductor switch 131 and the corresponding 

first diode 132 are in a pair, and embedded within the substrate 138.  Each 

first semiconductor switch 131 comprises plural first conducting terminals 

1310.  Each first diode 132 comprises plural second conducting terminals 

1320.  The first electrode 133, the second electrodes 134, the third 

electrodes 135, the first lead electrodes 136 and the second lead electrodes 

137 are disposed on a top surface 1382 of the substrate 138.  The first 

electrode 133 is electrically connected with the corresponding first 

conducting terminals 1310 of the first semiconductor switches 131.  Each 

third electrode 135 is electrically connected with the corresponding first 

conducting terminal 1310 of the corresponding first semiconductor switch 

131.  The first electrode 133 is also electrically connected with the 
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corresponding second conducting terminals 1320 of the first diodes 132.  

Each third electrode 135 is also electrically connected with the 

corresponding second conducting terminal 1320 of the corresponding first 

diode 132.  Each second electrode 134 is electrically connected with the 

corresponding first conducting terminal 1310 of the corresponding first 

semiconductor switch 131.  Each first lead electrode 136 is aligned with 

the fourth electrode 920 of the corresponding second sub-module 9.  Each 

second lead electrode 137 is aligned with the fifth electrode 921 of the 

corresponding second sub-module 9. 

[0074] For example, a first conductive layer is firstly electroplated on 

the top surface 1382 of the substrate 138.  Then, the first conductive layer 

is divided into the first electrode 133, the second electrodes 134 and the 

third electrodes 135 by an etching process.  An example of the first 

semiconductor switch 131 includes but is not limited to an insulated-gate 

bipolar transistor (IGBT).  Consequently, the first semiconductor switch 

131 comprises three first conducting terminals 1310.  The three first 

conducting terminals 1310 serve as a gate, an emitter and a collector, 

respectively.  The first electrode 133 is electrically connected with the 

collectors of the first semiconductor switches 131.  The second electrode 

134 is electrically connected with the gate of the corresponding first 

semiconductor switch 131.  The third electrode 135 is electrically 

connected with the emitter of the corresponding first semiconductor switch 

131. 

[0075] The second sub-modules 9 are located at a first side of the first 

sub-module 130, and located near the top surface 1382 of the substrate 138.  

The fourth electrode 920 of the second sub-module 9 is contacted with the 

corresponding first lead electrode 136 of the first sub-module 130.  The 

fifth electrode 921 of the second sub-module 9 is contacted with the 
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corresponding second lead electrode 137 of the first sub-module 130.  The 

sixth electrode 922 of the second sub-module 9 is contacted with the 

corresponding third electrode 135 of the first sub-module 130. 

[0076] The first sub-module 130 further comprises a second 

conductive layer 140, a second insulation layer 141 and a third conductive 

layer 142.  The second insulation layer 141 is disposed on a bottom 

surface 1383 of the substrate 138 and exposed outside the substrate 138.  

The second conductive layer 140 is disposed on a top surface 1410 of the 

second insulation layer 141 and embedded within the substrate 138.  The 

third conductive layer 142 is disposed on a bottom surface 1411 of the 

second insulation layer 141.  That is, the second conductive layer 140 and 

the third conductive layer 142 are located at two opposite sides of the 

second insulation layer 141. 

[0077] Moreover, plural first conductive vias 1380 and at least one 

second conductive via 1381 are formed in the substrate 138.  The first 

electrode 133 is contacted with the first end of the corresponding second 

conductive via 1381.  The second electrode 134 and the third electrode 

135 are contacted with the first ends of the corresponding first conductive 

vias 1380.  The second conductive layer 140 is contacted with the second 

end of the corresponding second conductive via 1381, and electrically 

connected with the first electrode 133 through the corresponding second 

conductive via 1381.  The first conducting terminals 1310 serving as the 

gate and the first conducting terminals 1310 serving as the emitter of the 

first semiconductor switch 1310 are disposed on a top surface 1311 of the 

first semiconductor switch 131.  The first conducting terminals 1310 

serving as the collector of the first semiconductor switch 131 is disposed on 

a bottom surface 1312 of the first semiconductor switch 131.  Moreover, 

the gate of the first semiconductor switch 131 is contacted with a second 



 

 31

end of the corresponding first conductive via 1380 so as to be electrically 

connected with the corresponding second electrode 134.  The emitter of 

the first semiconductor switch 131 is contacted with the second ends of the 

corresponding first conductive vias 1380 so as to be electrically connected 

with the corresponding third electrode 135.  The collector of the first 

semiconductor switch 131 is disposed on and electrically connected with 

the second conductive layer 140.  Moreover, the collector of the first 

semiconductor switch 131 is electrically connected with the corresponding 

first electrode 133 through the second conductive layer 140 and the plural 

second conductive vias 1381.  Moreover, the first semiconductor switch 

131 is attached on the second conductive layer 140 through a fixing 

material 38. 

[0078] Similarly, the first diode 132 may be attached on the second 

conductive layer 140 through the fixing material 38.  The second 

conducting terminal 1320 on a top surface 1321 of the first diode 132 

serves as an anode.  Moreover, the anode of the first diode 132 is 

contacted with the second ends of the corresponding first conductive vias 

1380 so as to be electrically connected with the third electrode 135.  The 

second conducting terminal 1320 on a bottom surface 1322 of the first 

diode 132 serves as a cathode.  Moreover, the cathode of the first diode 

132 is disposed on the second conductive layer 140 and electrically 

connected with the first electrode 133 through the second conductive layer 

140 and the plural second conductive vias 1381. 

[0079] Moreover, each second sub-module 9 and the corresponding 

first semiconductor switch 131 and the corresponding first diode 132 of the 

first sub-module 130 are collaboratively defined as a leg of the bridge 

circuit.  In particular, the second sub-module 9 is formed as a 

low-voltage-side switching element of the bridge circuit, and the 
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corresponding first semiconductor switch 131 and the corresponding first 

diode 132 of the first sub-module 130 are formed as a high-voltage-side 

switching element of the bridge circuit. 

[0080] As mentioned above, the first semiconductor switch 131 and 

corresponding first diode 132 are embedded within the substrate 138 of the 

first sub-module 130, and the second semiconductor switch 90 and the 

second diode 91 are embedded within the third insulation layer 93 of the 

second sub-module 9.  Since the second sub-module 9 and the first 

sub-module 130 are located at different levels, the connection distance 

between the high-voltage-side switching element and the low-voltage-side 

switching element is effectively shortened.  Under this circumstance, the 

on-resistance is effectively reduced, the parasitic effect is reduced, the 

electrical property is enhanced, and the overall power density of the power 

module 13 is increased. 

[0081] FIG. 15 is a schematic perspective view illustrating a power 

module according to a sixth embodiment of the present invention.  In 

comparison with the power module 13 of FIG. 13, the power module 15 of 

this embodiment further comprises a first heat dissipation device 150 

and/or a second heat dissipation device 151.  The first heat dissipation 

device 150 is disposed on the top surfaces of the second sub-modules 9, 

and contacted with the sixth conductive layer 96 of the second sub-modules 

9 (see FIG. 14).  That is, the first heat dissipation device 150 is located at a 

first side of the power module 15.  Consequently, the heat dissipating 

efficacy of the second sub-modules 9 will be enhanced.  The second heat 

dissipation device 151 is disposed on a bottom surface of the first 

sub-module 130 and contacted with the third conductive layer 142 of the 

first sub-module 130 (see FIG. 14).  Consequently, the heat dissipating 

efficacy of the first sub-module 130 will be enhanced. 
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[0082] In an embodiment, each of the first heat dissipation device 150 

and the second heat dissipation device 151 may be a passive heat 

dissipation device or an active heat dissipation device.  An example of the 

passive heat dissipation device includes but is not limited to a heat sink, 

which is made of metallic material or ceramic material.  An example of 

the active heat dissipation device includes but is not limited to cooling 

water or heat pipe. 

[0083] FIG. 16 is a schematic perspective view illustrating a power 

module according to a seventh embodiment of the present invention.  FIG. 

17 is a schematic cross-sectional view illustrating the relationship between 

the first sub-module and the second sub-module of the power module of 

FIG. 16.  Please refer to FIGS. 16 and 17.  In comparison with the power 

module 13 of FIG. 13, the power module 16 of this embodiment has a 

single second sub-module 160.  That is, the plural second sub-modules 9 

of the power module 13 of FIG. 13 are integrated into the single second 

sub-module 160.  Component parts and elements corresponding to those 

of the power module 13 of FIG. 13 are designated by identical numeral 

references, and detailed descriptions thereof are omitted. 

[0084] The second sub-module 160 comprises plural second 

semiconductor switches 90 and plural second diodes 91.  Each second 

semiconductor switch 90 and the corresponding second diode 91 are 

collaboratively defined as a low-voltage-side switching element of one leg 

of a bridge circuit.  The second sub-module 160 further comprises a fourth 

conductive layer 92, a third insulation layer 93, a fifth conductive layer 94, 

a fourth insulation layer 95, a sixth conductive layer 96, a first thermal 

conduction structure 97 and a second thermal conduction structure 98.  

The configurations of each second semiconductor switch 90, each second 

diode 91, the fourth conductive layer 92, the third insulation layer 93, the 
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fifth conductive layer 94, the fourth insulation layer 95, the sixth 

conductive layer 96, the first thermal conduction structure 97 and the 

second thermal conduction structure 98 are the connecting relationships 

between these components are similar to those of the plural second 

sub-modules 9 of FIGS. 14 and 15, and are not redundantly described 

herein. 

[0085] Moreover, the numbers of the first semiconductor switches 

131, the first diodes 132, the second electrodes 134, the third electrodes 

135, the first lead electrodes 136 and the second lead electrodes 137 of the 

first sub-module 130 and the fourth electrodes 920, the fifth electrodes 921 

and the sixth electrodes 922 of the second sub-module 160 are identical to 

the numbers of the second semiconductor switches 90 and the second 

diodes 91 of the second sub-module 160. 

[0086] FIG. 18 is a schematic perspective view illustrating a power 

module according to an eighth embodiment of the present invention.  In 

comparison with the power module 16 of FIG. 16, the power module 18 of 

this embodiment further comprises a first heat dissipation device 180 

and/or a second heat dissipation device 181.  The first heat dissipation 

device 180 is disposed on the top surfaces of the second sub-module 160, 

and contacted with the sixth conductive layer 96 of the second sub-modules 

160 (see FIG. 17).  That is, the first heat dissipation device 180 is located 

at a first side of the power module 18.  Consequently, the heat dissipating 

efficacy of the second sub-modules 160 will be enhanced.  The second 

heat dissipation device 181 is disposed on a bottom surface of the first 

sub-module 130 and contacted with the third conductive layer 142 of the 

first sub-module 130 (see FIG. 17).  Consequently, the heat dissipating 

efficacy of the first sub-module 130 will be enhanced. 
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[0087] In an embodiment, each of the first heat dissipation device 180 

and the second heat dissipation device 181 may be a passive heat 

dissipation device or an active heat dissipation device.  An example of the 

passive heat dissipation device includes but is not limited to a heat sink, 

which is made of metallic material or ceramic material.  An example of 

the active heat dissipation device includes but is not limited to cooling 

water or heat pipe. 

[0088] From the above descriptions, the present invention provides 

the power module.  The first semiconductor switch and the first diode are 

embedded within the first insulation layer.  The second semiconductor 

switch and the second diode are embedded within the third insulation layer.  

Moreover, the first sub-module is formed as the high-voltage-side 

switching element, and the second sub-module is formed as the 

low-voltage-side switching element.  The plural first conducting terminals 

of the first semiconductor switch and the plural second conducting 

terminals of the first diode are electrically connected with the 

corresponding electrodes of the first electrode, the second electrode and the 

third electrode of the first sub-module.  The plural third conducting 

terminals of the second semiconductor switch and the plural fourth 

conducting terminals of the second diode are electrically connected with 

the corresponding electrodes of the fourth electrode, the fifth electrode and 

the sixth electrode of the second sub-module.  When the first sub-module 

and the second sub-module are mounted on the substrate, the first electrode, 

the second electrode and the third electrode of the first sub-module and the 

fourth electrode, the fifth electrode and the sixth electrode of the second 

sub-module are contacted with the corresponding conducting parts of the 

first conducting parts, the second conducting parts and the third conducting 

part of the substrate.  In other words, the first sub-module and the second 
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sub-module may be electrically connected with each other and/or 

electrically connected with other electronic components through first 

conducting parts, the second conducting parts and the third conducting part 

of the substrate.  Consequently the power module of the present invention 

has reduced parasitic inductance, increased switching efficiency, reduced 

impedance and increased power conversion efficiency.  Moreover, since it 

is not necessary to retain a wire-bonded area on the substrate, the space 

utilization of the substrate is increased.  Under this circumstance, the 

power density is enhanced.  Moreover, since the first sub-module and the 

second sub-module are independently formed as the high-voltage-side 

switching elements and the low-voltage-side switching element, if the first 

sub-module or the second sub-module 4 has malfunction, the damaged 

sub-module may be replaced with a new one.  After the damaged 

sub-module is replaced, the bridge circuit with the first sub-module and the 

second sub-module can be normally operated.  Moreover, the first 

semiconductor switch and corresponding first diode of the 

high-voltage-side switching element may be directly embedded within the 

substrate and packaged as the first sub-module, and the second sub-module 

(i.e. the low-voltage-side switching element) may be disposed on the first 

sub-module.  Since the second sub-module and the first sub-module are 

located at different levels, the connection distance between the 

high-voltage-side switching element and the low-voltage-side switching 

element is effectively shortened.  Under this circumstance, the 

on-resistance is effectively reduced, the parasitic effect is reduced, the 

electrical property is enhanced, and the overall power density of the power 

module is increased.  Moreover, if two heat dissipation devices are located 

at two opposite sides of the power module, the heat dissipating efficiency is 

enhanced. 
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[0089] While the invention has been described in terms of what is 

presently considered to be the most practical and preferred embodiments, it 

is to be understood that the invention needs not be limited to the disclosed 

embodiment.  On the contrary, it is intended to cover various 

modifications and similar arrangements included within the spirit and scope 

of the appended claims which are to be accorded with the broadest 

interpretation so as to encompass all such modifications and similar 

structures. 
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WHAT IS CLAIMED IS: 

1. A power module, comprising: 

a substrate comprising plural first conducting parts, plural second 

conducting parts and at least one third conducting part; 

at least one first sub-module disposed on the substrate, wherein each of 

the at least one first sub-module comprises a first semiconductor switch, a 

first diode, a first electrode, a second electrode and a third electrode, 

wherein the first semiconductor switch comprises plural first conducting 

terminals, and the first diode comprises plural second conducting terminals, 

wherein the first electrode and the third electrode are electrically connected 

with corresponding ones of the first conducting terminals of the first 

semiconductor switch and electrically connected with corresponding ones 

of the second conducting terminals of the first diode, and the second 

electrode is electrically connected with a corresponding one of the first 

conducting terminals, wherein the first electrode and the second electrode 

are contacted with corresponding ones of the first conducting parts, and the 

third electrode is contacted with the at least one third conducting part; and 

at least one second sub-module disposed on the substrate, wherein each 

of the at least one second sub-module comprises a second semiconductor 

switch, a second diode, a fourth electrode, a fifth electrode and a sixth 

electrode, wherein the second semiconductor switch comprises plural third 

conducting terminals, and the second diode comprises plural fourth 

conducting terminals, wherein the fourth electrode and the sixth electrode 

are electrically connected with corresponding ones of the third conducting 

terminals of the second semiconductor switch and electrically connected 

with corresponding ones of the fourth conducting terminals of the second 

diode, and the fifth electrode is electrically connected with a corresponding 

one of the third conducting terminals, wherein the fourth electrode and the 
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fifth electrode are contacted with the corresponding one of the second 

conducting parts, and the sixth electrode is contacted with the third 

conducting part. 

2. The power module according to claim 1, wherein each of the at least 

one first sub-module is formed as a high-voltage-side switching element of 

a bridge circuit, and each of the at least one second sub-module is formed 

as a low-voltage-side switching element of the bridge circuit. 

3. The power module according to claim 2, wherein the first 

semiconductor switch is an insulated-gate bipolar transistor, and the first 

semiconductor switch comprises three of the first conducting terminals, 

wherein the three of the first conducting terminals serve as a gate, an 

emitter and a collector, respectively, wherein the first electrode is 

electrically connected with the collector of the first semiconductor switch, 

the second electrode is electrically connected with the gate of the first 

semiconductor switch, and the third electrode is electrically connected with 

the emitter of the first semiconductor switch. 

4. The power module according to claim 3, wherein each of the at least 

one first sub-module further comprises: 

a first insulation layer, wherein plural first conductive vias and plural 

second conductive vias are formed in the first insulation layer; 

a first conductive layer disposed on a top surface of the first insulation 

layer, and divided into the first electrode, the second electrode and the third 

electrode, wherein the first electrode is contacted with a first end of a 

corresponding one of the second conductive vias, and the second electrode 

and the third electrode are contacted with a first end of the corresponding 

one of the first conductive vias; 

a second insulation layer disposed on a bottom surface of the first 

insulation layer; 
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a second conductive layer disposed on a top surface of the second 

insulation layer and embedded within the first insulation layer, wherein the 

second conductive layer is contacted with a second end of the 

corresponding second conductive via; and 

a third conductive layer disposed on a bottom surface of the second 

insulation layer. 

5. The power module according to claim 4, wherein the first 

semiconductor switch and the first diode are embedded within the first 

insulation layer, wherein the first conducting terminal serving as the gate of 

the first semiconductor switch is contacted with the second end of the 

corresponding one of the first conductive vias so as to be electrically 

connected with the second electrode, the first conducting terminal serving 

as the emitter of the first semiconductor switch is contacted with the second 

end of the corresponding one of the first conductive vias so as to be 

electrically connected with the third electrode, and the corresponding one 

of the first conducting terminals serving as the collector of the first 

semiconductor switch is disposed on and electrically connected with the 

second conductive layer, wherein a first one of the second conducting 

terminals serving as an anode of the first diode is contacted with the second 

end of the corresponding one of first conductive vias so as to be electrically 

connected with the third electrode, and a second one of the second 

conducting terminals serving as a cathode of the first diode is disposed on 

and electrically connected with the second conductive layer. 

6. The power module according to claim 5, wherein the second conductive 

layer further comprises a first cavity, wherein the first cavity is concavely 

formed in a top surface of the second conductive layer, and the first 

semiconductor switch and the first diode are accommodated within the first 

cavity. 
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7. The power module according to claim 6, wherein when the first 

semiconductor switch and the first diode are accommodated within the first 

cavity, a top surface of the first semiconductor switch and a top surface of 

the first diode are at a same level with the top surface of the second 

conductive layer. 

8. The power module according to claim 4, wherein the second conductive 

layer, the second insulation layer and the third conductive layer are 

collaboratively defined as a direct bond copper assembly. 

9. The power module according to claim 3, wherein each of the at least 

one first sub-module further comprises: 

a first insulation layer, wherein plural first conductive vias and at least 

one second conductive via are formed in the first insulation layer; 

a first conductive layer disposed on a top surface of the first insulation 

layer, and divided into the first electrode, the second electrode and the third 

electrode, wherein the first electrode is contacted with a first end of the at 

least one second conductive via, and the second electrode and the third 

electrode are contacted with a first end of a corresponding one of the first 

conductive vias; 

a second conductive layer electroplated on a bottom surface of the first 

insulation layer, and covering a first part of the bottom surface of the first 

insulation layer; 

a second insulation layer laminated on the second conductive layer, and 

covering a second part of the bottom surface of the first insulation layer; 

and 

a third conductive layer electroplated on a bottom surface of the second 

insulation layer. 

10. The power module according to claim 9, wherein each of the at least 

one first sub-module further comprises: 
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a first thermal conduction structure embedded within the first insulation 

layer, wherein the first thermal conduction structure is located near the first 

semiconductor switch, disposed on a junction between the bottom surface 

of the first insulation layer and the second insulation layer, and partially 

exposed outside the first insulation layer, so that heat generated by the first 

semiconductor switch is transferred to surroundings of each of the at least 

one first sub-module through the first thermal conduction structure; and 

a second thermal conduction structure embedded within the first 

insulation layer, wherein the second thermal conduction structure is located 

near the first diode, disposed on the second conductive layer, and partially 

exposed outside the first insulation layer, so that heat generated by the first 

diode is transferred to the surroundings of each of the at least one first 

sub-module through the second thermal conduction structure. 

11. The power module according to claim 10, wherein the first thermal 

conduction structure and the second thermal conduction structure are made 

of metallic material, a second end of the second conductive via is contacted 

with the second thermal conduction structure, and at least one auxiliary 

conductive via is further formed in the first insulation layer, wherein a first 

end of the auxiliary conductive via is contacted with the second electrode, 

and a second end of the auxiliary conductive via is contacted with the first 

thermal conduction structure. 

12. The power module according to claim 2, wherein the second 

semiconductor switch is an insulated-gate bipolar transistor, and the second 

semiconductor switch comprises three third conducting terminals, wherein 

the three third conducting terminals serve as a gate, an emitter and a 

collector, respectively, wherein the fourth electrode is electrically 

connected with the emitter of the second semiconductor switch, the fifth 

electrode is electrically connected with the gate of the second 
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semiconductor switch, and the sixth electrode is electrically connected with 

the collector of the second semiconductor switch. 

13. The power module according to claim 12, wherein each of the at least 

one second sub-module further comprises: 

a third insulation layer, wherein plural third conductive vias and plural 

fourth conductive vias are formed in the third insulation layer; 

a fourth conductive layer disposed on a top surface of the third 

insulation layer, and divided into the fourth electrode, the fifth electrode 

and the sixth electrode, wherein the fourth electrode and the fifth electrode 

are contacted with a first end of corresponding ones of the corresponding 

fourth conductive vias, and the sixth electrode is contacted with a first end 

of corresponding ones of the third conductive vias; 

a fourth insulation layer disposed on a bottom surface of the third 

insulation layer; 

a fifth conductive layer disposed on a top surface of the fourth 

insulation layer and embedded within the third insulation layer, wherein the 

fifth conductive layer is divided into a first conductive block and a second 

conductive block, wherein the first conductive block is contacted with a 

second end of the corresponding fourth conductive via so as to be 

electrically connected with the fourth electrode, and second conductive 

block is contacted with the second end of the corresponding ones of the 

fourth conductive vias so as to be electrically connected with the fifth 

electrode; and  

a sixth conductive layer disposed on a bottom surface of the fourth 

insulation layer. 

14. The power module according to claim 13, wherein the second 

semiconductor switch and the second diode are embedded within the third 

insulation layer, wherein a first one of the third conducting terminals 
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serving as the collector of the second semiconductor switch is contacted 

with the second end of the corresponding ones of the third conductive vias 

so as to be electrically connected with the sixth electrode, a second one of 

the third conducting terminals serving as the emitter of the second 

semiconductor switch is disposed on and electrically connected with the 

first conductive block, a third one of the third conducting terminals serving 

as the gate of the second semiconductor switch is disposed on and 

electrically connected with the second conductive block, wherein a first one 

of the fourth conducting terminals serving as a cathode of the second diode 

is contacted with the second end of the corresponding ones of the third 

conductive vias so as to be electrically connected with the sixth electrode, 

and a second one of the fourth conducting terminals serving as an anode of 

the second diode is disposed on and electrically connected with the first 

conductive block. 

15. The power module according to claim 12, wherein each of the at least 

one second sub-module further comprises: 

a third insulation layer, wherein plural third conductive vias and plural 

fourth conductive vias are formed in the third insulation layer, wherein the 

second semiconductor switch and the second diode are embedded within 

the third insulation layer, wherein a first one of the third conducting 

terminals serving as the gate of the second semiconductor switch, a second 

one of the third conducting terminals serving as the emitter of the second 

semiconductor switch and a first one of the fourth conducting terminals 

serving as the anode of the second diode are contacted with a first end of 

the corresponding ones of third conductive vias; 

a fourth conductive layer disposed on a top surface of the third 

insulation layer, and comprising the fourth electrode, the fifth electrode and 

the sixth electrode, wherein a third one of the third conducting terminals 
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serving as the collector of the second semiconductor switch and a second 

one of the fourth conducting terminals serving as the cathode of the second 

diode are contacted with the sixth electrode; 

a fifth conductive layer electroplated on a bottom surface of the third 

insulation layer, and divided into a first conductive block and a second 

conductive block, wherein the first conductive block is contacted with a 

second end of the corresponding ones of the third conductive vias so as to 

be electrically connected with the first one of the third conducting terminals 

serving as the gate of the second semiconductor switch, and the first 

conductive block is contacted with a second end of corresponding ones of 

the fourth conductive vias, wherein the second conductive block is 

contacted with the second end of the corresponding ones of the third 

conductive vias so as to be electrically connected with the second one of 

the third conducting terminals serving as the emitter of the second 

semiconductor switch, the second conductive block is contacted with the 

second end of the corresponding ones of the third conductive vias so as to 

be electrically connected with the first one of the fourth conducting 

terminals serving as the anode of the second diode, and the second 

conductive block is contacted with the second end of the corresponding 

ones of the fourth conductive vias; 

a fourth insulation layer laminated on the fifth conductive layer; 

a sixth conductive layer electroplated on the fourth insulation layer; 

a first thermal conduction structure made of metallic material and 

embedded within the third insulation layer, wherein the first thermal 

conduction structure is located near the second semiconductor switch, 

contacted with the fifth electrode, contacted with a first end of the 

corresponding ones of the fourth conductive vias so as to be electrically 

connected with the first conductive block, and partially exposed outside the 
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third insulation layer, so that heat generated by the second semiconductor 

switch is transferred to surroundings of each of the at least one second 

sub-module through the first thermal conduction structure; and 

a second thermal conduction structure made of metallic material and 

embedded within the third insulation layer, wherein the second thermal 

conduction structure is located near the second diode, contacted with the 

fourth electrode, contacted with the first end of the corresponding ones of 

the fourth conductive vias so as to be electrically connected with the 

second conductive block, and partially exposed outside the first insulation 

layer, so that heat generated by the second diode is transferred to the 

surroundings of each of the at least one second sub-module through the 

second thermal conduction structure. 

16. The power module according to claim 2, further comprising a 

controlling device, which is disposed on a first surface of the substrate, 

wherein the controlling device, each of the at least one first sub-module and 

each of the at least one second sub-module are located at a same side of the 

substrate, wherein the controlling device is electrically connected with the 

high-voltage-side switching element and the low-voltage-side switching 

element for controlling on/off states of the high-voltage-side switching 

element and the low-voltage-side switching element. 

17. The power module according to claim 16, further comprising at least 

one of a first heat dissipation device in contact with each of the at least one 

first sub-module and each of the at least one second sub-module or a 

second heat dissipation device disposed on a second surface of the 

substrate, wherein the second surface of the substrate is opposed to the first 

surface of the substrate. 

18. The power module according to claim 17, further comprising at least 

one pin, wherein the at least one pin is made of metallic material, and 
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disposed on an edge of the first surface of the substrate. 
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POWER MODULE 

 

ABSTRACT OF THE DISCLOSURE 

A power module includes a substrate, a first sub-module and a second 

sub-module.  The substrate includes plural first conducting parts, plural 

second conducting parts and a third conducting part.  The first sub-module 

is disposed on the substrate, and includes a first semiconductor switch, a 

first diode, a first electrode, a second electrode and a third electrode.  The 

first electrode and the second electrode are electrically connected with the 

corresponding first conducting parts.  The third electrode is electrically 

connected with the third conducting part.  The second sub-module is 

disposed on the substrate, and includes a second semiconductor switch, a 

second diode, a fourth electrode, a fifth electrode and a sixth electrode.  

The fourth electrode and the fifth electrode are electrically connected with 

the corresponding second conducting parts.  The sixth electrode is 

electrically connected with the third conducting part. 






































