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PACKAGE STRUCTURE 

 

FIELD OF THE INVENTION 

[0001] The present invention relates to a package structure, and more 

particularly to a package structure with a direct bond copper (DBC) 

substrate partially embedded within an insulation layer. 

 

BACKGROUND OF THE INVENTION 

[0002] Recently, the general trends in designing electronic devices are 

toward small size, light weightiness and easy portability.  Moreover, with 

the increasing development of electronic industries, the internal circuitries 

of the electronic devices are gradually modularized.  In other words, 

several electronic components are integrated into a single circuit module.  

For example, a power module is one of the widely-used circuit modules.  

The power module may be applied to an inverter, a converter, an electric 

vehicle (EV) or a hybrid electric vehicle (HEV).  After the electronic 

components (e.g. capacitors, resistors, inductors, transformers, diodes and 

transistors) are integrated as a power module, the power module may be 

installed on a motherboard or a system circuit board. 

[0003] Conventionally, the package structure for the power module is 

a housing package structure.  That is, a direct bond copper (DBC) 

substrate that has good heat-dissipating efficacy and withstand higher 

voltage is used as a substrate.  Moreover, several power semiconductor 

bare chips, passive components and pins are located at a first side of the 

DBC substrate.  Through the pins, the package structure may be 

connected with an external device or an external component.  The power 

semiconductor bare chips, the passive components and the pins are 

mounted on the DBC substrate through solder paste.  Moreover, the power 
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semiconductor bare chips may be connected with the external device or the 

external component through aluminum wires, gold wires, copper wires, 

ribbon bonds or copper clippers.  Moreover, the first side of the DBC 

substrate is covered with a plastic housing.  After plastic housing is fixed 

on the DBC substrate through adhesive or glue, silicone gel is injected into 

the space between the plastic housing and the DBC substrate in order to 

protect the power semiconductor bare chips and provide an insulating 

function.  After the silicone gel is solidified, the plastic housing is covered 

by a top cover.  Meanwhile, the procedure of fabricating the housing 

package structure is completed. 

[0004] Although the DBC substrate may provide good 

heat-dissipating efficacy and withstand higher voltage, the conventional 

housing package structure still has some drawbacks.  For example, in the 

conventional housing package structure, the power semiconductor bare 

chips, the passive components or other electronic components are only 

permitted to be mounted on a first side of the DBC substrate.  In other 

words, these electronic components are only mounted on the DBC substrate 

in a 2D configuration.  Moreover, since the electronic components are 

arranged on the same layer of the DBC substrate, the traces between the 

electronic components are still long.  Under this circumstance, the line 

impedance is high, and a parasitic effect is easily generated.  In other 

words, the electrical properties are possibly unsatisfied.  Moreover, the 

power module with the conventional housing package structure is installed 

on a motherboard or a system circuit board by inserts or screws.  In other 

words, the conventional housing package structure is not fixed on the 

motherboard or the system circuit board by a reflowing process.  

Consequently, the applications of the conventional housing package 

structure are restricted. 
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[0005] Therefore, there is a need of providing an improved package 

structure in order to eliminate the above drawbacks.  

SUMMARY OF THE INVENTION 

[0006] The present invention provides a package structure with a 

direct bond copper (DBC) substrate partially embedded within an 

insulation layer in order to avoid the parasitic effect and enhance the 

electrical properties. 

[0007] The present invention provides a package structure for 

packaging multi-layered electronic components in high density integration 

by using a surface mount technology. 

[0008] An aspect of the present invention provides a package 

structure.  The package structure includes a first insulation layer, a first 

conductive layer, a direct bond copper substrate, and at least one first 

electronic component.  At least one first conductive via is formed in the 

first insulation layer.  The first conductive layer is disposed on a top 

surface of the first insulation layer and in contact with the at least one first 

conductive via.  The direct bond copper substrate includes a second 

conductive layer, a third conductive layer and a ceramic base.  The 

ceramic base is disposed on a bottom surface of the first insulation layer 

and exposed to the first insulation layer by a press-fit operation.  The 

second conductive layer is disposed on a top surface of the ceramic base 

and embedded within the first insulation layer.  The third conductive layer 

is disposed on a bottom surface of the ceramic base.  The at least one first 

electronic component is embedded within the first insulation layer and 

attached on the second conductive layer through a fixing material.  The at 

least one first electronic component includes at least one first conducting 

terminal.  The at least one first conducting terminal is electrically 
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connected with the second conductive layer and/or electrically connected 

with the first conductive layer through the at least one first conductive via. 

[0009] 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 

[0010] FIG. 1A is a schematic cross-sectional view illustrating a 

package structure according to a first embodiment of the present invention; 

[0011] FIG. 1B is a schematic cross-sectional view illustrating 

another package structure of FIG. 1A; 

[0012] FIG. 2 is a schematic cross-sectional view illustrating a 

package structure according to a second embodiment of the present 

invention; 

[0013] FIG. 3 is a schematic cross-sectional view illustrating a 

package structure according to a third embodiment of the present invention; 

[0014] FIG. 4 is a schematic cross-sectional view illustrating a 

package structure according to a fourth embodiment of the present 

invention; 

[0015] FIG. 5 is a schematic cross-sectional view illustrating a 

package structure according to a fifth embodiment of the present invention; 

[0016] FIG. 6 is a schematic cross-sectional view illustrating a 

package structure according to a sixth embodiment of the present 

invention; 

[0017] FIG. 7 is a schematic cross-sectional view illustrating a 

package structure according to a seventh embodiment of the present 

invention; 
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[0018] FIG. 8 is a schematic cross-sectional view illustrating a 

package structure according to an eighth embodiment of the present 

invention; 

[0019] FIG. 9 is a schematic cross-sectional view illustrating a 

package structure according to a ninth embodiment of the present invention; 

and 

[0020] FIG. 10 is a schematic cross-sectional view illustrating a 

package structure according to a tenth embodiment of the present 

invention. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0021] 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. 

[0022] FIG. 1A is a schematic cross-sectional view illustrating a 

package structure according to a first embodiment of the present invention.  

The package structure 1 is a surface mount device (SMD) package structure.  

As shown in FIG. 1A, the package structure 1 includes a first insulation 

layer 10, at least one first electronic component 11, a first conductive layer 

12, and a direct bond copper (DBC) substrate 13. 

[0023] Moreover, a plurality of first conductive vias 101 are formed 

in the first insulation layer 10.  The first conductive layer 12 is disposed 

on a top surface 102 of the first insulation layer 10.  Moreover, a part of 

the top surface 102 of the insulation layer 10 is covered by the first 

conductive layer 12.  The first conductive layer 12 is in contact with the 

first conductive vias 101. 
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[0024] The DBC substrate 13 is partially embedded within the first 

insulation layer 10.  In this embodiment, the DBC substrate 13 includes a 

second conductive layer 130, a third conductive layer 131, and a ceramic 

base 132.  The ceramic base 132 is disposed on a bottom surface 103 of 

the first insulation layer 10 and exposed to the first insulation layer 10 by a 

press-fit operation.  The second conductive layer 130 is disposed on a top 

surface 133 of the ceramic base 132 and embedded within the first 

insulation layer 10.  The third conductive layer 131 is disposed on a 

bottom surface 134 of the ceramic base 132.  Moreover, the third 

conductive layer 131 is opposed to the second conductive layer 130 with 

respect to the ceramic base 132 and disposed on a bottom surface 134 of 

the ceramic base 132. 

[0025] The first electronic component 11 is embedded within the first 

insulation layer 10.  Moreover, the first electronic component 11 is 

attached on the second conductive layer 130 through a fixing material 15.  

Moreover, the first electronic component 11 includes a plurality of first 

conducting terminals 110.  The first conducting terminal 110 on a top 

surface 111 of the first electronic component 11 is in contact with the 

corresponding first conductive vias 101.  The first conducting terminal 

110 on a bottom surface 112 of the first electronic component 11 is in 

contact with the second conductive layer 130 and connected with the 

second conductive layer 130. 

[0026] In an embodiment, the first insulation layer 10 is made of resin 

or any other appropriate insulation material with high thermal conductivity.  

The first conductive vias 101 are formed in the first insulation layer 10, and 

exposed to the top surface 102 of the first insulation layer 10.  Moreover, 

the first conductive vias 101 are in contact with the first conductive layer 

12.  The method of forming the first conductive vias 101 is well known to 



 7

those skilled in the art.  For example, after several vias are formed in the 

first insulation layer 10 by a laser drilling process, a mechanical drilling 

process or a photolithography process and a conductive material is formed 

in the vias by a filling process or an electroplating process, the first 

conductive vias 101 are formed. 

[0027] Moreover, by etching the first conductive layer 12, the second 

conductive layer 130 and the third conductive layer 131, one or more 

separate first conductive patterns 120, one or more separate second 

conductive patterns 1300 and one or more separate third conductive 

patterns 1310 are formed.  In this embodiment as shown in FIG. 1A, the 

first conductive layer 12 includes three separate first conductive patterns 

120, the second conductive layer 130 includes two separate second 

conductive patterns 1300, and the third conductive layer 131 includes one 

third conductive pattern 1310.  The first conductive patterns 120 are in 

contact with the corresponding first conductive vias 101.  The first 

electronic component 11 is disposed on the corresponding second 

conductive pattern 1300 and the corresponding first conducting terminal 

110 of the first electronic component 11 is in contact with the 

corresponding second conductive pattern 1300. 

[0028] Moreover, the first conductive layer 12, the second conductive 

layer 130 and the third conductive layer 131 are made of copper or any 

other appropriate conductive material.  For example, after the conductive 

material is electroplated or deposited on the top surface 101 of the first 

insulation layer 10, the top surface 133 of the ceramic base 132 and the 

bottom surface 134 of the ceramic base 132, the first conductive layer 12, 

the second conductive layer 130 and the third conductive layer 131 are 

respectively formed.  The first conductive patterns 120 and the third 

conductive patterns 1310 may be served as contact pads of the package 
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structure 1.  Consequently, the package structure 1 may be mounted on a 

system circuit board (not shown) by a surface mount technology. 

[0029] An example of the fixing material 15 includes but is not 

limited to a silver sintering material, a silver adhesive epoxy material, 

solder paste, an adhesive or a silver diffusion soldering material.  The 

silver sintering material and the silver diffusion soldering material with a 

higher moisture sensitivity level (MSL) are preferred fixing materials 

because they have longer lives. 

[0030] The first electronic component 11 is an active component or a 

passive component.  An example of the first electronic component 11 

includes but is not limited to an integrated circuit chip, an integrated power 

component, a metal-oxide-semiconductor field-effect transistor (MOSFET), 

an insulated-gate bipolar transistor (IGBT), a diode, a capacitor, a resistor, 

an inductor or a fuse. 

[0031] In some embodiments, the package structure 1 further includes 

at least one second conductive via 104.  The second conductive via 104 is 

formed in the first insulation layer 10.  A first end of the second 

conductive via 104 is in contact with the corresponding first conductive 

pattern 120.  A second end of the second conductive via 104 is in contact 

with the corresponding second conductive pattern 1300.  After the heat 

generated by the first electronic component 11 is transferred to the second 

conductive layer 130, a portion of the heat may be transferred to the first 

conductive layer 12 through the second conductive via 104.  Consequently, 

the heat dissipating efficacy is increased.  Moreover, the first conductive 

layer 12 and the second conductive layer 130 are electrically contacted with 

each other through the second conductive via 104.  When the first 

conducting terminal 110 is disposed on the second conductive layer 130, 

the first conducting terminal 110 is electrically connected with the first 
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conductive layer 12 through the second conductive layer 130 and the 

second conductive via 104.  Consequently, the first conductive patterns 

120 are served as the contact pads of the package structure 1.  After the 

package structure 1 is mounted on a system circuit board (not shown) by a 

surface mount technology, the first conducting terminals 110 of the first 

electronic component 11 are electrically connected with the electronic 

components (not shown) or traces (not shown) of the system circuit board 

through the corresponding second conductive pattern 1300, the second 

conductive via 104 and the corresponding first conductive pattern 120.  

The method of forming the second conductive via 104 is similar to the 

method of forming the first conductive vias 101, and is not redundantly 

described herein. 

[0032] In this embodiment, the first electronic component 11 is an 

insulated-gate bipolar transistor (IGBT).  That is, the first electronic 

component 11 has three first conducting terminals 110.  The three first 

conducting terminals 110 include a gate terminal, a collector terminal and 

an emitter terminal.  As shown in FIG. 1A, two of the gate terminal, the 

collector terminal and the emitter terminal are formed on the top surface 

111 of the first electronic component 11, and the other one of the gate 

terminal, the collector terminal and the emitter terminal is formed on the 

bottom surface 112 of the first electronic component 11. 

[0033] In an embodiment, the length of the third conductive layer 131 

in a horizontal direction is shorter than the length of the ceramic base 132 

in the horizontal direction.  Moreover, the third conductive layer 131 is 

located at a substantially middle region of the bottom surface 134 of the 

ceramic base 132.  Consequently, the creepage distance between the third 

conductive layer 131 and the first conductive layer 12 along the outer side 

of the package structure 1 is increased. 
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[0034] For allowing the first conductive layer 12 and the second 

conductive layer 130 to be electrically connected with each other, the first 

end of the second conductive via 104 is in contact with the corresponding 

first conductive layer 12, and the second end of the second conductive via 

104 is in contact with the second conductive layer 130.  Since the second 

conductive via 104 is formed in the first insulation layer 10 by a laser 

drilling process, a mechanical drilling process or a photolithography 

process, the second conductive via 104 needs to be deep enough.  In other 

words, the process of forming the second conductive via 104 is 

time-consuming and labor-intensive, and the first insulation layer 10 is 

possibly destroyed.  For solving these drawbacks, the first insulation layer 

10 further includes a third conductive via 105 and a conducting structure 

106.  A first end of the third conductive via 105 is in contact with the first 

conductive layer 12.  A second end of the third conductive via 105 is in 

contact with a top surface 1060 of the conducting structure 106.  A bottom 

surface 1061 of the conducting structure 106 is disposed on the second 

conductive layer 130 through the fixing material 15.  The conductive 

structure 106 is made of a metallic material.  An example of the 

conducting structure 106 includes but is not limited to a copper stud.  

Under this circumstance, the second conductive via 104 may be replaced 

by the combination of the third conductive via 105 and the conducting 

structure 106.  That is, through the combination of the third conductive 

via 105 and the conducting structure 106, the first conductive layer 12 and 

the second conductive layer 130 are electrically connected with each other.  

Since the depth of the third conductive via 105 is smaller than the depth of 

the second conductive via 104, the process of forming the third conductive 

via 105 is simplified and time-saving, and the possibility of destroying the 

first insulation layer 10 is minimized.  The method of forming the third 
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conductive via 105 is similar to the method of forming the first conductive 

vias 101, and is not redundantly described herein. 

[0035] As mentioned above, the first conducting terminals 110 of the 

first electronic component 11 are electrically connected with the 

corresponding second conductive pattern 1300 and/or electrically 

connected with the corresponding first conductive patterns 120 through the 

corresponding first conductive vias 101.  Consequently, the heat generated 

by the first electronic component 11 may be transferred to the surroundings 

of the package structure 1 through the electric path and the thermal 

conduction path of the first conducting terminals 110 of the first electronic 

component 11, the corresponding first conductive vias 101, the 

corresponding first conductive patterns 120 and the corresponding second 

conductive pattern 1300.  Moreover, the ceramic base 132 is arranged 

between the second conductive layer 130 and the third conductive layer 

131 and has the heat conducting function.  Consequently, after the heat 

generated by the first electronic component 11 is transferred to the second 

conductive layer 130, the heat is transferred to the third conductive layer 

131 through the ceramic base 132.  In other words, the heat generated by 

the first electronic component 11 may be vertically and bilaterally 

dissipated to the surroundings of the package structure 1 through the 

corresponding first conductive patterns 120 and the corresponding third 

conductive pattern 1310.  Moreover, since the first electronic component 

11 is embedded within the first insulation layer 10 and the first conducting 

terminals 110 of the first electronic component 11 are electrically 

connected with the corresponding first conductive patterns 120 through the 

first conductive vias 101 and/or electrically connected with the 

corresponding second conductive patterns 1300 by directly disposing the 

first conducting terminals 110 of the first electronic component 11 on the 
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corresponding second conductive patterns 1300, it is not necessary to use 

the wire bonding process to connect the first electronic component 11 with 

the corresponding first conductive patterns 120 and/or the corresponding 

second conductive patterns 1300.  Consequently, the complexity of 

manufacturing process and the fabricating cost of the package structure 1 

are reduced.  Moreover, the first conductive patterns 120 may be served as 

contact pads of the package structure 1.  Since the package structure 1 is 

mounted on a system circuit board (not shown) by a surface mount 

technology, the applications of the package structure 1 are wider when 

compared with the conventional technology of using inserts or screws to 

installed the package structure on a motherboard or a system circuit board. 

[0036] Alternatively, in some embodiments, for enhancing the heat 

dissipating efficacy of the package structure 1 of FIG. 1A, the package 

structure 1 further includes a first heat dissipation device 14 as shown in 

FIG. 1B.  The first heat dissipation device 14 is arranged beside the third 

conductive layer 131 and located at an outer side of the package structure 1.  

Consequently, when the heat generated by the first electronic component 11 

is transferred downwardly to the surroundings of the package structure 1 

through the third conductive layer 131, the heat dissipating efficacy of the 

third conductive layer 13 is enhanced by the first heat dissipation device 

14. 

[0037] In some embodiments, the first heat dissipation device 14 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 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. 
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[0038] It is noted that numerous modifications and alterations of the 

package structure 1 of FIG. 1B may be made while retaining the teachings 

of the invention.  Hereinafter, some variant examples of the package 

structure 1 will be illustrated with reference to FIGS. 2~10.  Component 

parts and elements corresponding to those of the first embodiment are 

designated by identical numeral references, and detailed descriptions 

thereof are omitted. 

[0039] FIG. 2 is a schematic cross-sectional view illustrating a 

package structure according to a second embodiment of the present 

invention.  In comparison with the first embodiment shown in FIG. 1B, 

the package structure 2 of this embodiment includes a plurality of first 

electronic components 11, which are identical or different.  For example, 

as shown in FIG. 2, the package structure 2 includes four first electronic 

components 11a, 11b, 11c and 11d.  The number of the first conducting 

terminals 110 of each first electronic component 11 is determined 

according to the type of the first electronic component 11.  For example, 

the first electronic component 11a is an insulated-gate bipolar transistor 

(IGBT) with three first conducting terminals 110.  Moreover, each of the 

first electronic components 11b and 11d has two first conducting terminals 

110.  For example, the first electronic component 11b is a diode, and the 

first electronic component 11d is a capacitor or a resistor.  In case that the 

first electronic component 11 is an integrated circuit (IC) chip, the number 

of the first conducting terminals 110 may be determined according to the 

configuration of the IC chip.  As shown in FIG. 2, the first electronic 

component 11c is an IC chip with a plurality of first conducting terminals 

110, for example four first conducting terminals 110.  It is noted that the 

number of the first electronic components 11 within the package structure 2 

may be varied according to the practical requirements. 
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[0040] FIG. 3 is a schematic cross-sectional view illustrating a 

package structure according to a third embodiment of the present invention.  

In comparison with the second embodiment shown in FIG. 2, the package 

structure 3 of this embodiment further includes at least one pin 30, which is 

made of a metallic material.  The at least one pin 30 is disposed on and in 

contact with the corresponding first conductive pattern 120 of the first 

conductive layer 12 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 pin 30, the package 

structure 3 may be welded on a system circuit board (not shown).  

Alternatively, after the at least one pin 30 is inserted into corresponding 

hole of the system circuit board, the package structure 3 is fixed on the 

system circuit board by a manual welding process or a wave soldering 

process. 

[0041] FIG. 4 is a schematic cross-sectional view illustrating a 

package structure according to a fourth embodiment of the present 

invention.  In comparison with the third embodiment shown in FIG. 3, the 

package structure 4 of this embodiment further includes at least one second 

electronic component 40.  The at least one second electronic component 

40 is disposed on the first conductive layer 12, and arranged between the 

pins 30.  Moreover, the second electronic component 40 includes at least 

one second conducting terminal 400.  The second conducting terminal 400 

is disposed on the corresponding first conductive pattern 120.  Moreover, 

the second conducting terminal 400 is fixed on the corresponding first 

conductive pattern 120 through solder paste 41.  Consequently, the power 

density of the package structure 4 is enhanced.  Moreover, since the 

second electronic component 40 is installed on an outer surface of the 
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package structure 4, the fabricating cost is reduced, and the flexibility of 

selecting the electronic component is enhanced. 

[0042] In this embodiment, the pin 30 includes an insertion part 300 

and a sustaining part 301.  The insertion part 300 is an elongated leg to be 

inserted into a system circuit board.  A first end of the sustaining part 301 

is disposed on the corresponding first conductive pattern 120 of the first 

conductive layer 12.  A second end of the sustaining part 301 is connected 

with the insertion part 300.  Moreover, the width of the sustaining part 301 

is larger than the width of the insertion part 300.  The overall height of the 

sustaining part 301 with respect to the first conductive layer 12 is larger 

than the overall height of the second electronic component 40 with respect 

to the first conductive layer 12.  When the insertion part 300 is inserted 

into a corresponding insertion hole of the system circuit board, the 

sustaining part 301 is in contact with the surface of the system circuit board, 

and opposed to the insertion part 300 with respect to the system circuit 

board.  Since the overall height of the sustaining part 301 with respect to 

the first conductive layer 12 is larger than the overall height of the second 

electronic component 40 with respect to the first conductive layer 12, 

during the process of inserting the insertion part 300 with respect to the 

corresponding insertion hole of the system circuit board, the external force 

applied on the system circuit board will not suppress the second electronic 

component 40.  In other words, since the sustaining part 301 is in contact 

with the surface of the system circuit board when the insertion part 300 is 

inserted into a corresponding insertion hole of the system circuit board, 

second electronic component 40 can be effectively protected. 

[0043] Alternatively, the package structure 4 may includes a plurality 

of second electronic components 40, which are identical or different.  For 

example, as shown in FIG. 4, the package structure 4 includes three second 
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electronic components 40a, 40b and 40c.  The number of the second 

conducting terminals 400 of each second electronic component 40 is 

determined according to the type of the second electronic component 40.  

In case that the second electronic component 40a, 40b is an IC chip, the 

second electronic component 40a, 40b has a plurality of second conducting 

terminals 400, for example four second conducting terminals 400.  In case 

that the second electronic component 40 is a capacitor, a resistor or a diode, 

the second electronic component 40 has two second conducting terminals 

400.  For example, the second electronic component 40c is a resistor.  It 

is noted that the number of the second electronic components 40 within the 

package structure 4 may be varied according to the practical requirements. 

[0044] FIG. 5 is a schematic cross-sectional view illustrating a 

package structure according to a fifth embodiment of the present invention.  

In comparison with the third embodiment shown in FIG. 3, the package 

structure 5 of this embodiment further includes a first insulative 

heat-dissipating layer 50 and a second heat dissipation device 51.  The 

first insulative heat-dissipating layer 50 is arranged between the second 

heat dissipation device 51 and the first conductive layer 12.  The second 

heat dissipation device 51 is located at an outer side of the first insulative 

heat-dissipating layer 50 for enhancing the heat dissipating efficacy of the 

first conductive layer 12.  In this embodiment, the package structure 5 has 

a plurality of pins 30.  The pins 30 are disposed on and in contact with the 

corresponding first conductive pattern 120 of the first conductive layer 12 

that is exposed outside the first insulative heat-dissipating layer 50.  

Moreover, the second heat dissipation device 51 is arranged between the 

pins 30. 

[0045] Due to the first insulative heat-dissipating layer 50, the first 

conducting terminals 110 of the first electronic component 11 that are 
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electrically connected with the first conductive layer 12 may be isolated 

from the second heat dissipation device 51.  In addition, the heat 

generated by the first electronic component 11 may be transferred to the 

second heat dissipation device 51 through the first insulative 

heat-dissipating layer 50.  Moreover, since the first insulative 

heat-dissipating layer 50 can prevent the occurrence of current leakage and 

high-voltage spark, the package structure 5 can withstand a high voltage.  

The operations of the second heat dissipation device 51 are identical to 

those of the first heat dissipation device 14, and are not redundantly 

described herein. 

[0046] FIG. 6 is a schematic cross-sectional view illustrating a 

package structure according to a sixth embodiment of the present invention.  

In comparison with the second embodiment shown in FIG. 2, the package 

structure 6 of this embodiment further includes a second insulation layer 60, 

a third electronic component 61, and a fourth conductive layer 62.  The 

second insulation layer 60 is disposed on the first conductive layer 12 and 

covers the first conductive layer 12.  Moreover, a plurality of fourth 

conductive vias 600 are formed in the second insulation layer 60.  The 

fourth conductive layer 62 is disposed on a top surface 601 of the second 

insulation layer 60.  Moreover, a part of the top surface 601 of the second 

insulation layer 60 is exposed.  The fourth conductive layer 62 is in 

contact with the fourth conductive vias 600.  The third electronic 

component 61 is embedded within the second insulation layer 60.  

Moreover, the third electronic component 61 is attached on the first 

conductive layer 12 through the fixing material 15.  Moreover, the third 

electronic component 61 includes a plurality of third conducting terminals 

610.  The third conducting terminal 610 on a top surface 611 of the third 

electronic component 61 is in contact with the corresponding fourth 
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conductive via 600.  The third conducting terminal 610 on a bottom 

surface 612 of the third electronic component 61 is directly disposed on the 

first conductive layer 12, and in contact with the first conductive layer 12.  

Through the third conducting terminal 610 on the top surface 611 of the 

third electronic component 61 and the corresponding fourth conductive via 

600, the third electronic component 61 is electrically connected with the 

fourth conductive layer 62.  Through the third conducting terminal 610 on 

the bottom surface 612 of the third electronic component 61, the third 

electronic component 61 is electrically connected with the first conductive 

layer 12.  Moreover, since the first electronic component 11 is also 

electrically connected with the first conductive layer 12 and the third 

electronic component 61 is electrically connected with the first conductive 

layer 12, the first electronic component 11 is electrically connected with the 

corresponding third conducting terminal 610 of the third electronic 

component 61 through the first conductive layer 12. 

[0047] Moreover, by etching the fourth conductive layer 62, one or 

more separate fourth conductive patterns 620 are formed.  In this 

embodiment as shown in FIG. 6, the fourth conductive layer 62 includes 

three separate fourth conductive patterns 620.  The fourth conductive 

patterns 620 are in contact with the corresponding fourth conductive vias 

600. 

[0048] Moreover, the third conducting terminal 610 on the top surface 

611 of the third electronic component 61 is connected with the 

corresponding fourth conductive pattern 620 through the corresponding 

fourth conductive via 600, and the third conducting terminal 610 on a 

bottom surface 612 of the third electronic component 61 is directly 

disposed on the corresponding first conductive pattern 120 and in contact 

with the corresponding first conductive pattern 120.  The fourth 
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conductive patterns 620 may be served as contact pads of the package 

structure 6.  Consequently, the package structure 6 may be mounted on a 

system circuit board (not shown) by a surface mount technology.  After 

the package structure 6 is mounted on a system circuit board (not shown) 

by a surface mount technology, the first conducting terminals 110 of the 

first electronic component 11 and the third conducting terminals 610 of the 

third electronic component 61 are electrically connected with the electronic 

components (not shown) or traces (not shown) of the system circuit board 

through the corresponding fourth conductive patterns 620. 

[0049] Moreover, since the package structure 6 is a multilayered 

structure comprising the first insulation layer 10 and the second insulation 

layer 60, the first electronic component 11 and the third electronic 

component 61 are embedded within the first insulation layer 10 and the 

second insulation layer 60, respectively.  Since the electronic components 

are not arranged on the same layer of the DBC substrate, the traces between 

the electronic components are not too long.  Since the first electronic 

component 11 and the third electronic component 61 are located at different 

levels with respect to the DBC substrate, the distance between the 

electronic components (for example the distance between the first 

electronic component 11 and the third electronic component 61) 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 package structure 6 is 

increased. 

[0050] Moreover, as shown in FIG. 6, at least one fifth conductive via 

602 is formed in the second insulation layer 60.  A first end of the fifth 

conductive via 602 is connected with the corresponding fourth conductive 

pattern 620, and a second end of the fifth conductive via 602 is connected 
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with the corresponding first conductive pattern 120.  When the heat 

generated by the first electronic component 11 is transferred to the first 

conductive layer 12, the heat may be further transferred to the fourth 

conductive layer 62 through the fifth conductive via 602.  Consequently, 

the heat dissipating efficacy is enhanced.  Moreover, the first conductive 

layer 12 and the fourth conductive layer 62 are electrically connected with 

each other through the fifth conductive via 602.  In case that the third 

conducting terminal 610 of the third electronic component 61 is disposed 

on the portion of the first conductive layer 12 which is in contact with the 

fifth conductive via 602, the third conducting terminal 610 of the third 

electronic component 61 may be electrically connected with the fourth 

conductive layer 62 through the fifth conductive via 602 (see FIG. 6).  The 

method of forming the fifth conductive via 602 is similar to the method of 

forming the first conductive vias 101, and is not redundantly described 

herein. 

[0051] The materials of the first insulation layer 10 and second 

insulation layer 60 are selected from a group consisting of epoxy resin, 

plastic material and non-conductive material.  The materials of the first 

insulation layer 10 and second insulation layer 60 are identical or not 

identical.  The first conductive layer 12, the second conductive layer 130, 

the third conductive layer 131 and the fourth conductive layer 62 are made 

of copper or any other appropriate conductive material.  The materials of 

the first conductive layer 12, the second conductive layer 130, the third 

conductive layer 131 and the fourth conductive layer 62 are identical or not 

identical.  Each of the first electronic component 11 and the third 

electronic component 61 includes but is not limited to an integrated circuit 

chip, an integrated power component, a metal-oxide-semiconductor 

field-effect transistor (MOSFET), an insulated-gate bipolar transistor 
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(IGBT), a diode, a capacitor, a resistor, an inductor or a fuse.  The first 

electronic component 11 and the third electronic component 61 may be the 

same electronic component or different electronic component. 

[0052] FIG. 7 is a schematic cross-sectional view illustrating a 

package structure according to a seventh embodiment of the present 

invention.  In comparison with the sixth embodiment shown in FIG. 6, the 

package structure 7 of this embodiment includes a plurality of third 

electronic components 61, which are identical or different.  For example, 

as shown in FIG. 7, the package structure 7 includes three third electronic 

components 61a, 61b and 61c.  The number of the third conducting 

terminals 610 of each third electronic component 61 is determined 

according to the type of the third electronic component 61.  In case that 

the third electronic component 61 is an integrated circuit (IC) chip, the 

number of the third conducting terminals 610 may be determined according 

to the configuration of the IC chip.  As shown in FIG. 7, the third 

electronic component 61a is an IC chip with at least one third conducting 

terminal 610, for example four third conducting terminals 610.  In case 

that the third electronic component 61 is a capacitor, a resistor or a diode, 

the third electronic component 61 has two third conducting terminals 610.  

For example, as shown in FIG. 7, the third electronic component 61b is a 

resistor, and the third electronic component 61c is a resistor. 

[0053] FIG. 8 is a schematic cross-sectional view illustrating a 

package structure according to an eighth embodiment of the present 

invention.  In comparison with the seventh embodiment shown in FIG. 7, 

the package structure 8 of this embodiment further includes at least one pin 

80, which is made of a metallic material.  The at least one pin 80 is 

disposed on and in contact with the corresponding fourth conductive 

pattern 620 of the fourth conductive layer 62 by a solder paste welding 
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process, a ultrasonic welding process, a hot pressure welding process, an 

electric welding process or a mechanical embedding process.  Through the 

pin 80, the package structure 8 may be welded on a system circuit board 

(not shown).  Alternatively, after the at least one pin 80 is inserted into 

corresponding hole of the system circuit board, the package structure 8 is 

fixed on the system circuit board by a manual welding process or a wave 

soldering process. 

[0054] FIG. 9 is a schematic cross-sectional view illustrating a 

package structure according to a ninth embodiment of the present invention.  

In comparison with the eighth embodiment shown in FIG. 8, the package 

structure 5 of this embodiment further includes a second insulative 

heat-dissipating layer 90 and a third heat dissipation device 91.  The 

second insulative heat-dissipating layer 90 is arranged between the third 

heat dissipation device 91 and the fourth conductive layer 62.  The third 

heat dissipation device 91 is located at an outer side of the second 

insulative heat-dissipating layer 90 for enhancing the heat dissipating 

efficacy of the fourth conductive layer 62.  In this embodiment, the 

package structure 9 has a plurality of pins 80.  The pins 80 are disposed 

on and in contact with the corresponding fourth conductive layer 62 that is 

exposed outside the second insulative heat-dissipating layer 90.  Moreover, 

the third heat dissipation device 91 is arranged between the pins 80. 

[0055] Due to the second insulative heat-dissipating layer 90, the 

third conducting terminals 610 of the third electronic component 61 that are 

electrically connected with the fourth conductive layer 62 may be isolated 

from the third heat dissipation device 91.  Moreover, after the heat is 

transferred to the fourth conductive layer 62, the heat may be further 

transferred to the third heat dissipation device 91 through the second 

insulative heat-dissipating layer 90.  Moreover, since the second insulative 
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heat-dissipating layer 90 can prevent the occurrence of current leakage and 

high-voltage spark, the package structure 9 can withstand a high voltage. 

[0056] FIG. 10 is a schematic cross-sectional view illustrating a 

package structure according to a tenth embodiment of the present invention.  

In comparison with the ninth embodiment shown in FIG. 9, the package 

structure 100 of this embodiment further includes a metal layer 200.  The 

metal layer 200 is arranged between the second insulative heat-dissipating 

layer 90 and the third heat dissipation device 91.  Due to the metal layer 

200, the heat from the second insulative heat-dissipating layer 90 can be 

transferred to the third heat dissipation device 91 more uniformly.  

Consequently, the heat dissipating efficacy is further increased. 

[0057] From the above descriptions, the present invention provides a 

package structure.  The package structure includes an insulation layer, a 

plurality of conductive layers, a direct bond copper substrate, and an 

electronic component.  The direct bond copper substrate is partially 

embedded within the first insulation layer.  The electronic component is 

also embedded within the insulation layer.  Consequently, the heat 

generated by the electronic component can be transferred downwardly to 

the surroundings of the package structure through the direct bond copper 

substrate and the heat dissipation device.  Moreover, the heat generated by 

the electronic component can be transferred upwardly to the surroundings 

of the package structure through the corresponding conductive vias.  In 

comparison with the conventional technology, the heat dissipating efficacy 

of the package structure of the present invention is largely enhanced.  

Moreover, since the electronic component is directly embedded within the 

insulation layer and the conducting terminals of the electronic component 

are electrically connected with the corresponding conductive patterns, the 

use life of the package structure is prolonged.  Moreover, since an 
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additional electronic component or the heat dissipation device may be 

installed on an outer surface of the package structure, the integration 

density of the package structure is increased and the heat dissipating 

efficacy of the package structure is enhanced.  Moreover, since the 

package structure is mounted on a system circuit board (not shown) by a 

surface mount technology or through insertions, the applications of the 

package structure are wider when compared with the conventional 

technology.   

[0058] Moreover, in case that the package structure is a multilayered 

structure comprising a plurality of insulation layers, at least one electronic 

component is embedded within the corresponding insulation layer.  In 

other words, the electronic components are not arranged on the same layer 

of the DBC substrate.  Since the electronic components are located at 

different levels with respect to the DBC substrate (i.e. a 3D layout 

arrangement), the distance between the electronic components of different 

layers 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 package structure is 

increased. 

[0059] 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 package structure, comprising:  

a first insulation layer, wherein at least one first conductive via is 

formed in the first insulation layer; 

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

layer and in contact with the at least one first conductive via; 

a direct bond copper substrate comprising a second conductive layer, a 

third conductive layer and a ceramic base, wherein the ceramic base is 

disposed on a bottom surface of the first insulation layer and exposed to the 

first insulation layer by a press-fit operation, the second conductive layer is 

disposed on a top surface of the ceramic base and embedded within the first 

insulation layer, and the third conductive layer is disposed on a bottom 

surface of the ceramic base; and 

at least one first electronic component embedded within the first 

insulation layer and attached on the second conductive layer through a 

fixing material, wherein the first electronic component comprises at least 

one first conducting terminal, and the at least one first conducting terminal 

is electrically connected with the second conductive layer and/or 

electrically connected with the first conductive layer through the at least 

one first conductive via. 

2. The package structure according to claim 1, further comprising a first 

heat dissipation device located at an outer side of the third conductive layer. 

3. The package structure according to claim 1, wherein a length of the 

third conductive layer in a horizontal direction is shorter than a length of 

the ceramic base in the horizontal direction, and the third conductive layer 

is located at a substantially middle region of the bottom surface of the 

ceramic base. 

4. The package structure according to claim 1, wherein the first insulation 
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layer further comprises: 

a third conductive via, wherein a first end of the third conductive via is 

in contact with the first conductive layer; and 

a conducting structure having a top surface in contact with a second end of 

the third conductive via and a bottom surface in contact with the second 

conductive layer, wherein the conducting structure is made of a metallic 

material. 

5. The package structure according to claim 1, wherein the first 

conductive layer comprises at least one first conductive pattern, the second 

conductive layer comprises at least one second conductive pattern, and the 

third conductive layer comprises at least one third conductive pattern. 

6. The package structure according to claim 5, wherein the at least one 

first conductive pattern is in contact with the at least one first conductive 

via, the at least one first electronic component is disposed on the at least 

one second conductive pattern, and the at least one second conductive 

pattern is in contact with the corresponding first conducting terminal of the 

at least one first electronic component. 

7. The package structure according to claim 6, wherein the first electronic 

component has a top surface and a bottom surface, the first conducting 

terminal formed on the top surface of the first electronic component is 

electrically connected with the corresponding first conductive pattern 

through the corresponding first conductive via, and the first conducting 

terminal formed on the bottom surface of the first electronic component is 

disposed on the corresponding second conductive pattern and electrically 

connected with the corresponding second conductive pattern. 

8. The package structure according to claim 5, wherein the first insulation 

layer further comprises a second conductive via, wherein a first end of the 

second conductive via is in contact with the corresponding first conductive 
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pattern, and a second end of the second conductive via is in contact with 

the corresponding second conductive pattern. 

9. The package structure according to claim 5, further comprising a 

plurality of pins, wherein the pins are disposed on and in contact with the 

corresponding first conductive patterns. 

10. The package structure according to claim 9, further comprising at least 

one second electronic component, wherein the second electronic 

component is disposed on the first conductive layer and arranged between 

the pins, wherein the second electronic component comprises at least one 

second conducting terminal, and the second conducting terminal is 

disposed on the corresponding first conductive pattern. 

11. The package structure according to claim 10, wherein the pin 

comprises: 

an insertion part; and 

a sustaining part, wherein a first end of the sustaining part is disposed 

on the corresponding first conductive pattern, and a second end of the 

sustaining part is connected with the insertion part, wherein a width of the 

sustaining part is larger than a width of the insertion part. 

12. The package structure according to claim 11, wherein an overall 

height of the sustaining part with respect to the first conductive layer is 

larger than an overall height of the second electronic component with 

respect to the first conductive layer. 

13. The package structure according to claim 9, further comprising: 

a first insulative heat-dissipating layer disposed on the first conductive 

layer and covering the first conductive layer; and 

a second heat dissipation device located at an outer side of the first 

insulative heat-dissipating layer for enhancing heat dissipating efficacy of 

the first conductive layer. 
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14. The package structure according to claim 13, wherein the pins are 

disposed on a part of the first conductive layer that is uncovered by the first 

insulative heat-dissipating layer, wherein the second heat dissipation device 

is arranged between the pins. 

15. The package structure according to claim 5, further comprising: 

a second insulation layer disposed on the first conductive layer and 

covering the first conductive layer, wherein the second insulation layer 

comprises at least one fourth conductive via; 

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

insulation layer and in contact with the at least one fourth conductive via; 

and 

a third electronic component embedded within the second insulation 

layer and attached on the first conductive layer through the fixing material, 

wherein the third electronic component comprises at least one third 

conducting terminal, and the at least one third conducting terminal is 

electrically connected with the first conductive layer and/or electrically 

connected with the fourth conductive layer through the at least one fourth 

conductive via. 

16. The package structure according to claim 15, wherein the fourth 

conductive layer comprises at least one fourth conductive pattern, the third 

electronic component has a top surface and a bottom surface, the third 

conducting terminal formed on the top surface of the third electronic 

component is in contact with the corresponding fourth conductive via, and 

the third conducting terminal formed on the bottom surface of the third 

electronic component is disposed on the first conductive layer and 

electrically connected with the first conductive layer. 

17. The package structure according to claim 16, wherein the second 

insulation layer further comprises a fifth conductive via, wherein a first end 
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of the fifth conductive via is in contact with the corresponding fourth 

conductive pattern, and a second end of the fifth conductive via is in 

contact with the corresponding first conductive pattern. 

18. The package structure according to claim 16, further comprising a 

plurality of pins, wherein the pins are disposed on and in contact with the 

corresponding fourth conductive patterns. 

19. The package structure according to claim 18, further comprising: 

a second insulative heat-dissipating layer disposed on the fourth 

conductive layer and covering the fourth conductive layer; and 

a third heat dissipation device located at an outer side of the second 

insulative heat-dissipating layer for enhancing heat dissipating efficacy of 

the fourth conductive layer. 

20. The package structure according to claim 19, further comprising a 

metal layer arranged between the second insulative heat-dissipating layer 

and the third heat dissipation device. 


