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(57) ABSTRACT 

A power module includes a first heat sink, first and second 
power chips, a thermo-conductive insulating layer, a lead 
frame and a molding compound. The first heat sink has a first 
area and a second area. The first power chip is disposed in the 
first area. The thermo-conductive insulating layer is disposed 
in the second area. The second power chip is disposed on the 
heat sink through the thermo-conductive insulating layer. The 
lead frame is electrically connected to at least one of the first 
and second power chips. The molding compound covers the 
first and second power chips, the thermo-conductive insulat 
ing layer and a portion of the lead frame. The first heat sink is 
electrically connected to at least one of the first and second 
power chips. Because the first power chip is not disposed on 
the first heat sink through the thermo-conductive insulating 
layer, the cost can be reduced. 
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FIG. 4 (Prior Art) 
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FIG. 5 (Prior Art) 
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FIG. 10 
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FIG. 24B 
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POWER MODULE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This Non-provisional application claims priority 
under 35 U.S.C. S 119(a) on Patent Application No(s). 
201010230160.7 filed in People's Republic of China on Jul. 
15, 2010, the entire contents of which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of Invention 
0003. The invention relates to a power module, and more 
particularly to a power module applied to a power converter. 
0004 2. Related Art 
0005. There are more kinds of power converters due to 
different applications of the power converters. The power 
converters may be classified into a non-isolated AC/DC 
power converter, a non-isolated DC/DC power converter, an 
isolated DC/DC converter, an isolated AC/DC power con 
verter and DC/AC, AC/AC power converters according to the 
type of the electric energy being converted. The non-isolated 
AC/DC power converter is, for example, composed of an 
AC/DC conversion circuit for a power factor correction (here 
inafter referred to as PFC) circuit. The isolated AC/DC power 
converter is composed of one PFC circuit and one or multiple 
DC/DC converters. Because the electric energy properties to 
be converted and the conversion levels are different, the 
power densities and efficiencies, which can be easily 
achieved by various converters, are not always the same. 
Taking the isolated AC/DC power converter as an example, 
the general industrial power density is 10 Winch, and the 
efficiency is about 90%. The non-isolated AC/DC power con 
verter, the isolated DC/DC converter and the DC/AC power 
converter have the higher efficiencies and power densities. 
0006. The high efficiency of the power converter repre 
sents the low energy consumption. If the efficiency is 90%, 
the converted energy consumption is equal to about 10% of 
the total input energy of the power converter. If the power 
converter has the efficiency of 91%, its converted energy 
consumption is reduced to 9% of the total input energy. That 
is, when the efficiency is increased by one point, the energy 
consumption is reduced by 10% as compared with the power 
converter with the efficiency of 90%, and the improvement is 
very considerable. In fact, the efforts on the efficiency 
improvement of the power converter are often proceeded with 
the order of magnitude equal to 0.5% or even 0.1%. 
0007. The energy consumption of the power converter is 
mainly composed of the on-state loss and the Switch loss, 
especially the switch loss of the active device. The switch loss 
is more significantly affected by the working frequency. The 
power converter, especially the Switch power converter, has 
the working frequency usually higher than 20 kHz in order to 
decrease the audio noise. The selection of the actual working 
frequency of the power converter is more significantly 
affected by the inactive device, especially the magnetic ele 
ment. If the magnetic element has the Small size, the high 
frequency is usually needed to decrease the magnetic flux 
density of the working element in order to achieve the reliable 
work. Thus, the high switch loss is induced. Alternatively, the 
wire diameter of the wire set and the number of loops in the 
magnetic element can be increased so that the on-state loss is 
increased and the high loss is further induced. On the con 
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trary, if the magnetic element has the large size, the working 
frequency can be lowered under the precondition of assuring 
the reliable work, and the Switch loss is thus decreased. Also, 
the wire diameter of the wire set and the number of loops in 
the magnetic element may be decreased, so that the on-state 
loss is decreased, the total loss is decreased and the high 
efficiency is obtained. 
0008. Therefore, it is easy to understand that one of the key 
factors of obtaining the high power density or the high effi 
ciency is to enhance the space availability inside the power 
converter. As the space availability gets higher, the larger 
space for the inactive device, especially the magnetic ele 
ment, which is very important to the power converting effi 
ciency, is left. Thus, the large-size inactive element can be 
easily used so that the power efficiency is increased. Also, the 
total power of the power Source can be increased by using the 
large-size inactive device, so that the power density of the 
power converter can be enhanced. Thus, for the high power 
space availability, the high efficiency can be achieved more 
easily under the specific power density, or the high power 
density can be achieved more easily under the specific effi 
ciency, and it is possible to possess both the high power 
density and the high efficiency concurrently. 
0009. The semiconductor device is one of the important 
factors for determining the efficiency of the power converter. 
However, the use of the semiconductor device tends to 
unavoidably need to use the additional materials, such as the 
package material for protecting the semiconductor, the heat 
sink for heat dissipating, the fixture for fixing the semicon 
ductor device, and the like, which are not useful to the power 
converting efficiency. As the ratio of these materials to the 
power converter gets greater, the internal space availability of 
the power converter gets worse. At present, the excellent 
product has well utilized the internal space of the power 
converter. As a result, the ratio of the space, occupied by the 
power semiconductor device, to the total size of the power 
converter gets larger and larger, and gets more and more 
emphasized. 
0010. At present, many advanced techniques in the indus 
try have been disclosed. For example, the heat sink is opti 
mized, and the mounting is simplified to reduce the space 
occupied by the heat sink and the space for mounting. For 
example, a new insulation washer technique is provided, and 
a screw and a fixture are eliminated to reduce the size and 
improve the design of the power converter. 
0011. In order to enhance the power performance, the 
space availability has to be continuously enhanced. The pack 
age space availability of the semiconductor device becomes a 
bottleneck. For an integrated power module (IPM), many 
semiconductor devices are integrated within a device package 
to provide a possibility for the enhancement of the space 
availability within the package. The integrated modules have 
different integrated contents because the applications are dif 
ferent. One single power semiconductor device and its con 
troller or driver may be integrated together. Multiple power 
semiconductor devices may be integrated together. Many 
semiconductor devices and their corresponding controllers or 
drivers may be integrated together. The different integrated 
contents cause different consideration points and difficulty 
levels. For the sake of distinguishing, the power module men 
tioned hereinbelow includes two power chips to emphasize 
the integration of multiple power chips. 
0012. The power module with the integrated power device 
may further be integrated with some controlling and driving 
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devices in Some occasions. The frequently used power chips 
include the MOSFET, IGBT, the power diode and the like. 
The controlling and driving elements often include a few 
transistors, ICs, passive devices and like. Because multiple 
devices are integrated as one device, the power module has 
the advantages including the convenient usage and the long 
time without fault, and is widely applied to various occasions. 
Because the power module has many power chips integrated 
together, the generated heat is high and the power chips are 
distributed in many points. The thermal management thereof 
thus becomes very important. Among many existing arts, the 
heat dissipating ability is optimized. 
0013. In a first existing art, an internal cross-sectional 
view of a typical power module 30 is as shown in FIG. 1. 
Element devices 32 and 34 and a lead frame 35 areassembled 
in the existing art. Taking some chips 32, 34 of the power chip 
as an example, its front-side electrode can be electrically 
connected to the lead frame through wire bonding, copper 
strap bonding, or the like, and its backside can be electrically 
and/or mechanically connected the pin-frame through strap 
bonding, silver paste, sintering, epoxy adhesive or the like. 
After the element device and the lead frame are assembled, 
the areas to be protected are covered by a molding compound 
36 so that the mechanical, dustproof, moisture-proof, insula 
tion protection functions may be achieved. This structure has 
the advantage of the low price. 
0014. In the existing art, the heat dissipating Surface insu 
lated by the molding compound plays the role of the mechani 
cal protection at the same time. So, the thickness thereof is 
thicker, and is usually greater than 0.5 mm. In general, the 
thermal conductivity of the molding compound is about 1 
W/m.K. The thermal conductivity from the chip surface to the 
case is calculated as follows: 

Thermal conducting distance it (mm) 
x 100 T Thermal conductivityx area Tk(w/ m. k)x A (mm?) 

0015 For the area with the size of 10 mm by 10 mm and 
the thickness of 0.5 mm, if the thermal conductivity of the 
molding compound is 1 W/m.K., the thermal resistance can 
reach as high as 5K/W. As a result, the package usually has 
the worse heat dissipating performance. That is, the thermal 
resistance (Ric) from the junction of the chip to the case is 
greater in the example of the power semiconductor device. In 
addition, because the molding compound has the Smaller 
coefficient of heat conductivity, its transversal thermal diffus 
ing ability is also lower. Thus, the heat concentration spot (hot 
spot) tends to occur, thereby decreasing the device reliability 
and lifetime. 
0016. Therefore, the first existing art has the poor heat 
dissipating ability, and is not suitable for the occasion requir 
ing the high heat dissipating ability. In order to optimize the 
performance of the power module, many techniques have 
been further proposed. 
0017. In a second existing art, as shown in FIG. 2, a heat 
sink 31 is added to one side of the molding based on the first 
existing art. Because the heat sink has the higher thermal 
conductivity (e.g., the thermal conductivity of the copper is 
higher than 300 W/m.K), the average temperature perfor 
mance of the module is increased and the problem of the hot 
spot can be eased by a predetermined level so that the thermal 
managementability of the module is increased. However, the 
heat sink is usually requested to be electro-insulated, the 
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molding compound 36 is usually filled in between the wire 
frame 35 and the heat sink. Due to the limitation of the 
molding technique, the thickness of the molding compound 
layer is typically greater than 0.2 mm, usually greater than 0.3 
mm. According to the calculating method of the first existing 
art, the thermal resistance corresponding to the 10 mmx10 
mm area is about 3K/W. That is, although the overall heat 
dissipating performance of this structure is improved, the 
performance thereof is still poor. 
0018. In a third existing art, as shown in FIG. 3, a circuit 
pattern is formed on a direct bonded copper (DCB) ceramic 
Substrate 31a, which serves as a mounting carrier of the 
element devices. The element devices 32 and 34 are 
assembled with the DBC ceramic substrate. For a portion of 
the semiconductor chip, the wire bonding technique has to be 
adopted to accomplish the electrical signal connections 
between the front-side electrodes of the semiconductor chips 
32 and 34 and the DBC Substrate/lead frame 35. The essence 
of the structure is based on the second existing art, and adopts 
the ceramic medium layer with the higher heat conductance 
coefficient to replace the molding compound layer. Because 
the frequently used aluminum-oxide ceramic has the coeffi 
cient of heat conductivity equal to about 24W/m.K., which is 
a great improvement with respect to 1 W/m.Kof the molding 
compound. For the DBC substrate with the 10 mm-by-10 mm 
area (the ceramic thickness is 0.38 mm, and the copper layers 
on two sides have the thickness of 0.3 mm), its thermal 
resistance is 0.17K/W, which is relatively enhanced with 
respect to 5K/W in the first existing art, and the reduction is 
higher than 90%. 
0019. However, all the element devices 32 and 34 need to 
be mounted on the DBC substrate, so the required area of the 
DBC carrier is larger, and the price of the DBC substrate is 
higher, so that the cost is higher. Because the production 
technique of the DBC substrate is the high-temperature sin 
tering, the DCB substrate is the product with the high energy 
consumption, and the use of the large area DBC substrate 
cannot satisfy the technological progressing trend of the cur 
rent green environment protection. In addition, the aluminum 
oxide has the coefficient of heat conductivity equal to about 
24W/m.K., which has been improved as compared with that 
of the molding compound (usually lower than 1 W/m.K). 
However, compared with metal (e.g., the copper with the 
coefficient equal to about 300 W/m.K), the coefficient differ 
ence therebetween is still very large so that the transversal 
heat diffusionability is not good enough, and the poorthermal 
uniformity tends to occur. Thus, the heat dissipating perfor 
mance still can be further enhanced. 

0020. In a fourth existing art, as shown in FIG. 4, this 
structure is improved based on the third existing art, wherein 
a heat sink 31b is further assembled to the other side of the 
element device 31a opposite the side where the DBC sub 
strate is assembled. This can enhance the average temperature 
performance of the module. However, due to the application 
of the large-area DBC substrate, the warpage, induced by the 
mismatch between the coefficients of thermal expansion 
(CTEs) of the DBC substrate, the heat sink 31b and the 
molding compound 36, may be larger, thereby decreasing the 
reliability. If the DBC substrate has the too-large dimension, 
and the DBC substrate and the heat sink 31b are generally 
soldered together, the defect of too many bubbles in the solder 
layer may occur. In addition, the problem of the high cost still 
cannot be solved. 
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0021. In a fifth existing art, as shown in FIG. 5, a controller 
or a driver is integrated with the fourth existing art. Because 
the controller and the driver itself have the energy consump 
tion that is not high, and are more sensitive to the temperature, 
they are usually designed to be thermally insulated from the 
material with the higher temperature. In the existing art, the 
controller 38 or the driver portion serves as one unit (inte 
grated through the PCB substrate or IC), which is connected 
to the heat sink 31a through a thermally insulated body (the 
thermally insulated body made of a PCB, a molding material 
or a dedicated filler, which usually has the coefficient of heat 
conductivity smaller than 1 W/m.K). The insulation body is 
formed by way of adhering or filling, or may be coated on the 
surface. Thus, the device, such as the controller or driver, 
having the low self power consumption and being more sen 
sitive to the heat, can be reliably used in the package body and 
be free from the influence of the high temperature of the 
power chip, so that it can be integrated into the power module 
and be reliably used. 
0022. As mentioned hereinabove, the current power mod 
ule has the insulating case under the consideration of the 
commonality so that the mounting and the selection of the 
heat sink can be simplified. Similar to the fourth existing art, 
the case is a good electrical conductor (e.g., copper), which is 
often designed to be electro-insulated. Thus, the metal mate 
rial. Such as copper, in the module tends to provide the single 
electroconductive function (lead frame, DBC copper layer) or 
the single heat dissipating function (copper heat sink). The 
application of the copper layer providing the electro-conduc 
tive property and the function of exchanging the heat with the 
environment directly is rarely seen. Thus, the potential of the 
material is not completely discovered, so that the space avail 
ability is reduced. 
0023. In addition, in order to simply the user in mounting 
the heat sink, screws or fixtures may be adopted to fix the 
power module to the heat sink. So, the power module is 
usually designed to withstand the greater mechanical stress. 
To ensure the reliable usage, the power module is usually 
designed to have the thicker molding compound to withstand 
the greater stress. This increases the thickness and the mate 
rial cost, and greatly reduces the space availability. In addi 
tion, the power module is usually requested to have the higher 
Surface Smoothness to reduce the stress induced when the heat 
sink is mounted, thereby increasing the design cost and the 
mold cost. 
0024. Accordingly, it is obtained that the conventional 
power modules still have various problems including the poor 
heat dissipating performance, the material wastage, the diffi 
culty of the reliability design, the electrical performance that 
cannot be optimized, the over design caused by the over 
consideration of the commonality, the economic performance 
that is not high, or the like. More particularly, the space 
availability is insufficient and the application popularization 
in the high power density or the high efficiency occasion is 
thus restricted. 

0025 Thus, the performance of the conventional power 
module still cannot satisfy the requirement of the high power 
density or the high efficiency power. 
0026. For each semiconductor package, the costs to be 
invested at the beginning are very high, wherein the costs may 
include, for example, the mold cost, the manufacturing line 
building cost and the like. So, if the semiconductor package is 
requested to have the reasonable price, a lot of products have 
to Support and share the investment at the beginning and 
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further to decrease the manufacturing cost. So, the present 
power module is frequently used in Some occasions with the 
standard applications. For example, the IGBT three-phase 
bridge module shown in FIG. 6 is widely applied to the 
occasions of inverters. The circuits in these occasions are 
standardized and the requirements thereof are uniform, and 
the required number of productions is very great. So, the 
semiconductor factory can provide the standardized packages 
to be selected by the customers. 
0027. In the occasion of the power converter, a power 
module has been Successfully used, as shown in the biphase 
rectifying bridge of FIG. 7. Because most AC/DC power 
converters need the input rectifying bridges, a lot of power 
modules are required. In addition, the rectification circuit is 
quite standardized, and the semiconductor factory can pro 
vide the standardized packages to be selected by the custom 
CS. 

0028. For the power semiconductor devices in other por 
tions of the power converter, many factories try to provide the 
power modules, but only a few are popularized. In addition to 
the insufficient performance of the existing art, another criti 
cal reason is that the circuit structure of the power converter is 
complicated and the power converter cannot be easily stan 
dardized. If the power modules are provided according to one 
circuit design, the cost of the power module is higher because 
only a few power modules are manufactured. Thus, the appli 
cation there of is restricted. 
0029. In order to enhance the power density or converting 
efficiency of the power converter, a reasonable solution to the 
power module with the high space availability and the rea 
sonable cost is required. The existing arts, however, cannot 
easily satisfy these conditions. 

SUMMARY OF THE INVENTION 

0030. In view of the foregoing, an objective of the inven 
tion is to provide a power module Suitable for a power con 
Verter to enhance the power density or efficiency, and pro 
vides an implementation of the power module Supporting the 
solution. The solution is suitable for the power converter with 
the power density higher than 15 W/inch, or the power con 
verter with the highest efficiency higher than 91%, and is 
particularly suitable for the power converter with the power 
density greater than 20 W/inch, or the highest efficiency 
higher than 93%. 
0031. To achieve the above objective, one embodiment of 
the invention discloses a power module including a first heat 
sink, a first power chip, a thermo-conductive insulating layer, 
a second power chip, a lead frame and a molding compound. 
The first heat sink has a first area and a second area. The first 
power chip is disposed in the first area. The thermo-conduc 
tive insulating layer disposed in the second area has an insu 
lating layer. The second power chip is disposed on the heat 
sink through the thermo-conductive insulating layer. The lead 
frame is electrically connected to at least one of the first power 
chip and the second power chip. The molding compound 
covers the first power chip, the thermo-conductive insulating 
layer, the second power chip and a portion of the lead frame. 
The first heat sink is electrically connected to at least one of 
the first power chip and the second power chip. 
0032. As mentioned hereinabove, the power module of 
one embodiment of the invention is integrated with a plurality 
of power chips, so the power density or efficiency can be 
significantly enhanced. In addition, the first power chip of the 
invention is not disposed on the heat sink through the thermo 
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conductive insulating layer, and the thermo-conductive insu 
lating layer can be usually implemented by a thermo-conduc 
tive substrate. So, the cost of the thermo-conductive substrate 
can be reduced. In addition, with the package method and 
structure of the invention capable of enhancing the power 
density or efficiency of the power converter, it is possible to 
obtain the better thermal performance, electric performance, 
economic performance, EMC performance or the higher reli 
ability as compared with the prior art. The internal space 
availability of the power module is very high, and the power 
module can be conveniently used so that the power density or 
efficiency of the converter can be advantageously enhanced. 
The invention provides the specific implementation for the 
power module, which is quite practical and effective. The 
invention is very suitable for the enhancement of the overall 
performance of the power converter and the cost effective 
CSS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033. The present invention will become more fully 
understood from the Subsequent detailed description and 
accompanying drawings, which are given by way of illustra 
tion only, and thus are not limitative of the present invention, 
and wherein: 
0034 FIGS. 1 to 5 are schematic illustrations showing 
different aspects of the conventional power module: 
0035 FIG. 6 shows an IGBT three-phase bridge module: 
0036 FIG. 7 shows a biphase rectifying bridge; 
0037 FIG. 8 is a schematic illustration showing a power 
module according to a preferred embodiment of the inven 
tion; 
0038 FIGS. 9 and 16 show different aspects of a full 
bridge circuit applied to the power module according to the 
preferred embodiment of the invention; and 
0039 FIGS. 10 to 15 and FIGS. 17 to 26 are schematic 
illustrations showing different aspects of the power module 
according to the preferred embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0040. The present invention will be apparent from the 
following detailed description, which proceeds with refer 
ence to the accompanying drawings, wherein the same refer 
ences relate to the same elements. 
0041 Referring to FIG. 8, a power module 10 according to 
a preferred embodiment of the invention may be applied to, 
for example, a power converter or any other device that 
requires the power to be converted. The power converter may 
be an AC/DC or a DC/AC converter or an isolated DC/DC 
converter. If applied to the power converter, the power module 
10 may be applied to a power factor correction (PFC) portion, 
a DC/DC primary side portion (hereinafter referred to as 
D2D Pri) or a DC/DC secondary side portion (hereinafter 
referred to as D2D Sec) of the power converter. 
0042. The power module 10 is a package body, which 
includes a first heat sink 11, a first power chip 12, a thermo 
conductive insulating layer 13, a second power chip 14, a lead 
frame 15 and a molding compound 16. The first heat sink 11 
disposed on a bottom side of the package body has a first area 
111 and a second area 112. The first power chip 12 is disposed 
in the first area 111, and the thermo-conductive insulating 
layer 13 is disposed in the second area 112. The second power 
chip 14 is disposed on the thermo-conductive insulating layer 
13 and electrically connected to the lead frame 15. The first 
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heat sink 11 is electrically connected to at least one of the first 
power chip 12 and the second power chip 14. The molding 
compound 16 covers the first power chip 12, the thermo 
conductive insulating layer 13, the second power chip 14 and 
at least one portion of the lead frame 15, and constitutes a 
main exterior of the package body. 
0043. The first heat sink 11 may be an independent part or 
may be integrally formed with the lead frame 15, and may be 
a good conductor, such as copper, for electricity and heat. 
Herein, the heat sink 11 serves as a carrier for the first power 
chip 12. The first heatsink 11 may be entirely disposed within 
the molding compound 16, partially outside the molding 
compound 16, or entirely outside the molding compound 16. 
0044) The first power chip is, for example, a metal-oxide 
semiconductor field-effect transistor (MOSFET), which usu 
ally has two parallel Surfaces including an upper Surface and 
a lower Surface. Two electrodes, the source and the gate, are 
usually disposed on the upper Surface, while the drain is the 
electrode disposed on the lower surface. The lower surface 
may be directly assembled with the heat sink 11 using a 
bonding material layer 17, which may include a strap bonding 
solder, an electroconductive silver paste, a sintering metal 
material or the like. 

0045. The thermal conductivity of the first heat sink 11 is 
usually very low, so that the thermal resistance (Ric) from the 
junction of the chips to the housing of the first heat sink 11 is 
very low. In addition, the first heat sink 11 has the higher heat 
capacity. Thus, the performance of the power chip against the 
thermal shock is very good. In Summary, the thermal perfor 
mance of the first power chip 12 directly assembled to the first 
heat sink 11 is very good. In addition, due to the presence of 
the first heat sink 11, the heat of the power module 10 
becomes more uniform, which is more advantageous to the 
thermal management. Of course, only the power chip is 
described as an example herein. 
0046 Because the package type of this embodiment is 
used inside the power source, the module Surface needs not to 
be totally electro-insulated from the internal circuits in order 
to achieve the higher space availability and enhance the per 
formance of the power module 10. Thus, the insulation cost is 
reduced, the space wastage caused by the insulation can be 
reduced, and the attenuation of the heat dissipating ability can 
be reduced. In some specific occasions, the first heat sink 11 
may be directly utilized as an electroconductive channel. 
Because the first heat sink 11 is usually made of a good 
conductor, Such as copper, aluminum or the like, and the 
thickness is relatively thicker, its electroconductive perfor 
mance is excellent. Thus, it is possible to obtain the better 
electrical performance, to reduce the generated heat, and thus 
further improve the thermal performance of the package 
body. Furthermore, the first heat sink 11 may directly serve as 
a pin, or may be connected to at least one pin. That is, the pin 
and the first heat sink 11 may be integrally formed, or the pin 
is well electrically connected to the first heat sink 11 through 
wire bonding, welding, strap bonding, conductive adhesive 
adhering, or the like, so that the good electrical conductor of 
the surface can be sufficiently utilized. This will significantly 
reduce the thermal resistance from the device to the first heat 
sink 11, and may concurrently discover the thermal and elec 
trical abilities of the good electrical conductor of the first heat 
sink 11. Thus, the space availability can be enhanced, and the 
power density of the power converter or the efficiency thereof 
can be advantageously enhanced. 
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0047. In the occasions of D2D Pri, D2D Sec and the like, 
a full-bridge circuit is frequently utilized. So, the power mod 
ule 10 of this embodiment may be used in a full-bridge circuit. 
FIG. 9 is a schematic illustration showing the full-bridge 
circuit. In order to satisfy the application, the power module 
10 needs to have eight function pins, such as Vin, GND, VA, 
VB, G1, G2. G3, G4, been arranged. 
0048. In order to enhance the performance of the power 
module 10 and sufficiently discover the potential, the power 
module 10 must have the two-side heat dissipating ability. In 
this embodiment, two maximum main Surfaces of the power 
module, a front Surface (molding compound 16) A1 and a rear 
Surface (heat sink 11 and molding compound 16) A2, can 
dissipate heat. Thus, the effective heat dissipating ability can 
be significantly enhanced, and the selfheat dissipation can be 
conducted without an additional heat sink in the low-loss 
occasion, so that the internal space availability of the power is 
significantly enhanced. In order to implement the better heat 
dissipating property, the molding compound is as thin as 
possible. 
0049. In order to reduce the mechanical stress in use and 
thus make the module be easily designed to be thin, a prede 
termined screw mounting hole may be omitted from the 
power module so that the space availability can be further 
enhanced. If an additional heat sink has to be mounted, the 
Solution without the screw, Such as direct adhering, can be 
chosen. 

0050. Thus, the power module 10 of this embodiment 
significantly increases the amount of this type of package, and 
also satisfies the requirements on the current and future power 
converters. In addition, the space availability of the power 
converter can be enhanced, and the power density or effi 
ciency of the power source can be enhanced. 
0051. In addition, as shown in FIG. 8, the second power 
chip 14 is disposed on the first heat sink 11 through a thermo 
conductive insulating layer 13, and is indirectly placed on the 
heat sink 11. The thermo-conductive insulating layer 13 may 
have an insulating layer 132. Such as a ceramic sheet for 
insulation. The thermo-conductive insulating layer 13 may 
be, for example, a metal Substrate or a metalized ceramic 
substrate, such as a direct bonded copper (DBC) ceramic 
Substrate, a metalized ceramic sheet on which a thick copper 
circuit layer is mounted, a direct bonded aluminum (DBA) 
ceramic Substrate, an aluminum Substrate, a copper Substrate, 
or any other highly thermo-conductive Substrate. In this 
example, the thermo-conductive insulating layer 13 is the 
DBC substrate, and thermo-conductive insulating layer 13 
may include a thermo-conductive layer 131, an insulating 
layer 132 and a trace layer 133. The thermo-conductive layer 
131 and the trace layer 133 may be made of copper, and the 
insulating layer 132 may be made of the ceramic material. 
0052 Taking the frequently used DBC substrate as an 
example with respect to the existing art, the invention only has 
a portion of devices (second power chip 14) mounted on the 
thermo-conductive insulating layer 13. Because the number 
of devices mounted thereon is decreased, the area of the DBC 
Substrate may also be relatively decreased. Thus, the package 
material cost can be reduced, and the economic performance 
of package can be enhanced. Since the DBC area is reduced, 
the warpage phenomenon caused by the non-uniform coeffi 
cients of thermal expansion (CTEs) of the DBC, the heat sink 
11 and the molding compound 16 is also eased. This is 
because the warpage, induced by the adaptation between the 
CTEs of different materials, becomes more and more severe 
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as the dimensions get larger and larger. Thus, the stress inside 
the package body can be reduced so that the reliability of the 
package body is further increased. A portion of devices (e.g., 
the first power chip 12) has been directly connected to the heat 
sink 11, the materials of the power module of the invention to 
be insulated are significantly decreased as compared with the 
existing arts. Thus, the cost is decreased, the thermal man 
agement ability is further enhanced, and the difficulty of the 
reliability design caused by the mismatch between the CTEs 
of the materials can be advantageously decreased. 
0053. In the actual application, in some occasions where 
the heat dissipating requirement is very severe, the molding 
compound 16 with the higher coefficient of heat conductivity 
(not smaller than 1 W/m.K. preferably greater than 1.2 
W/m.K or even 1.8 W/m.K) can be selected. Thus, the heat 
dissipating ability on one side of the molding compound can 
be enhanced, the better two-side heat dissipating ability can 
be implemented, and the heat dissipating ability of the overall 
package body can be further enhanced. 
0054 FIG. 10 shows another extended application of the 
package type, wherein the insulation processes may be per 
formed on the surface of the heat sink, so that the first heat 
sink 11 is entirely covered by the molding compound 16, and 
either surface of thereof cannot be exposed to the outside, or 
the heat sink 11 is isolated from the outside through an insu 
lation body so that it can be used in the occasion where the 
insulation is desired. 

0055. In order to extend the package type of the power 
module to more occasions, it can be configured to have two 
rows of pins, as shown in FIG. 11. When the internal circuit is 
too complicated and more pins are needed, one row of pins P2 
may be added to the features mentioned hereinabove. If this 
package type is applied to the occasion where the single-row 
of pins P1 are sufficient, then the upper row of pins P2 may be 
configured to have the heat dissipating usage. 
0056. As well known in the art, the electromagnetic radia 
tion caused by more Voltage trip points inside the power 
Source becomes stronger, thereby bringing the difficulty for 
the power electromagnetic compatibility. The heat sink 11 of 
the invention has the electric property and has the relatively 
large area, thereby bringing the hidden danger to the electro 
magnetic radiation. However, if the electric property of the 
heat sink 11 is optimized, the heat sink 11 may be possibly 
designed as the mask layer for electromagnetic radiation, 
which is further advantageous to the electromagnetic com 
patibility. For example, the heat sink 11 may be connected to 
a Voltage static location. That is, the potential is quiet and has 
the less noise relatively to the earth. For example, Vin and 
GND of FIG. 9 are quieter relatively to other voltage points. 
The heat sink 11 designed to be Vin or GND is advantageous 
to the electromagnetic compatibility. In the actual operation, 
however, only one electrode is formed on the surface of the 
power chip (the first power chip 12 in this embodiment) to be 
connected to the heat sink 11 in order to facilitate the imple 
mentation. In the MOSFET, for example, the voltage between 
its drain and its source is usually higher than the Voltage 
between the gate and the Source. So, the Source and the gate of 
the device often share one surface, while the drain often 
occupies one surface. Thus, the power chip (first power chip 
12) with the drain serving as the ground is directly connected 
to the heat sink 11, so that the electromagnetic compatibility 
may be well proceeded, and the manufacturing processes also 
become convenient. 
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0057. As shown in FIG. 12, the heat sink 11 on the back 
side may be broaden/lengthened, or even curved, so that it 
partially exceeds the portion covered by the molding com 
pound 16, and the Surface area is enlarged. The two Surfaces 
of the heat sink 11 that are not covered by the molding 
compound 16 can exchange the heat with the environment. 
Thus, the heat dissipating performance of the power module 
10 may be further enhanced. 
0.058 As shown in FIG. 13, in some occasions, some 
power semiconductor devices have to be installed in the pack 
age body, and some control functions have to be integrated 
within the package body. The control wires are usually more 
complicated, and the substrate, such as the PCB substrate or 
IC, having the higher layout density has to be used. In this 
aspect, the controller 18 (e.g., the high density layoutboard or 
the control IC) carrying the control wire can be packaged 
within the package body. 
0059. In FIG. 14, the controller 18 may be a high density 
substrate having the smaller coefficient of heat conductivity 
but the higher layout density, so that more control functions 
may be integrated. The controller 18 has the temperature 
tolerance level lower than that of the power chip. Thus, a heat 
insulating layer IL, having the thermal conductivity usually 
lower than 0.5 W/m.K), is disposed between the controller 18 
and the heat sink 11. Thus, the temperatures of the controller 
18 and the devices mounted thereon may be lowered. 
0060. In FIG. 15, the heat sink 11 mentioned hereinabove 

is not restricted to a complete block, and may be further 
divided according to the requirement to form some circuit 
patterns. That is, the heat sink 11 may also have many elec 
trodes. Thus, the flexibility of designing the power module 
can be further enhanced. 
0061. In the power module 10, multiple devices are inte 
grated together, and current flowing loops are significantly 
reduced as compared with the independent devices. Thus, the 
loop inductance and thus the loss are reduced, and the Voltage 
noise is further reduced. However, optimization may be con 
tinued. As shown in FIG. 16, taking the full-bridge circuit as 
an example, an additional high-frequency capacitor C is inte 
grated within the power module 10 to further decrease the 
loops and reduce the loop inductance. 
0062 For the security consideration, the power converter 
usually immediately monitors the temperature state of the 
power semiconductor. If the temperature is too high or the 
temperature rising speed is too fast, the circuit may be dan 
gerous and a prevention action, including shutting down the 
power, may be adopted in advance. The temperature detection 
of the independent device may be achieved only by adding a 
temperature sensor to the outside. So, the internal tempera 
ture state cannot be immediately reflected, and the mounting 
of the temperature sensor is more complicated. Thus, a tem 
perature sensor may further be integrated within the power 
module so that the temperature monitoring effect is enhanced, 
and the use can be simplified. 
0063. As shown in FIG. 17, the power module of this 
aspect further includes a second heat sink 11a disposed 
between the second power chip 14 and the thermo-conductive 
insulating layer 13. When the power chip is working, it may 
encounter, for example, the transient impact greater than sev 
eral times of the normal working current. So, the heatsink 11a 
can improve the ability of the element against the thermal 
shock without enlarging the area of the thermo-conductive 
insulating layer 13 (DBC), wherein the element is mounted 
on the DBC substrate and needs to withstand the thermal 
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shock. In addition, the lead frame 15 is extended and con 
nected to the trace layer 133 of the thermo-conductive insu 
lating layer 13. 
0064. As shown in FIG. 18, in order to improve the thermal 
shock resisting performance of the element (e.g., the second 
power chip 14), which is mounted on the thermo-conductive 
insulating layer 13 (e.g., DBC Substrate) and generates more 
heat, and to improve the ability of the trace of withstanding 
the current on the DCB substrate, the current conducting 
impedance is reduced. The area of the lead frame 15 may 
further be enlarged, and the lead frame 15 may be bonded to 
the trace layer of the DBC substrate through an electrocon 
ductive material. The photo of a real object of the power 
module developed according to this structure is shown in FIG. 
19, wherein the power module is not covered by the molding 
compound. The DBC substrate is bonded to the heat sink 11 
by way of strap bonding, and the lead frame 15 is electrically 
and mechanically connected to the trace layer of the DBC 
substrate by way of strap bonding. The DBC substrate used in 
the power module 10 of FIG. 19 has the trace layer with the 
thickness of 0.3 mm, while the lead frame 15 has the thickness 
of 0.5 mm. Thus, the conducting resistance of this structure is 
reduced by more than 60% as compared with the structure, in 
which the chip is directly bonded to the trace layer of the DBC 
substrate. Thus, the heat generated by the module can be 
effectively reduced, the electric performance of the module 
can be enhanced, and the heat dissipating performance of the 
module can be improved. 
0065. As shown in FIG. 20, in addition to the DBC sub 
strate with the good thermo-conductive ability, another sub 
strate. Such as a copper Substrate 13a, similarly having the 
better thermo-conductive ability may also be used in the 
power module 10. In the structure of the typical copper sub 
strate, an insulating layer and a thin copper trace layer are 
formed on a thicker copper Substrate. In addition, the numbers 
of the insulating layer(s) and the thin copper trace layer(s) are 
not restricted to one, and multiple layers may be adopted. In 
Some occasions, the higher layout density can be imple 
mented. 
0066. In general, signals are transmitted between the first 
power chip and the second power chip through wires formed 
by way of wire bonding. Because the wires are usually alu 
minum wires, the internal resistance thereof is very large. If 
the gold (Au) wires are adopted, the cost is too high. Although 
the copper (Cu) wires have been disclosed in the latest tech 
nique, the internal resistance is still very large. 
0067. As shown in FIG. 21, in order to reduce the loss 
caused by the internal resistance of the package, the wireless 
bond technique may be adopted in this invention. For 
example, copper sheets, instead of bonded wires, may be 
adopted to implement the current transfer, so that the internal 
resistance of the package is greatly decreased, and the cost 
thereof will not be too high. In this aspect, the lead frame 15 
is extended to be connected to at least one of the first power 
chip 12 and the second power chip 14 to replace the wire. 
0068 FIG. 22 shows a solution for further improving the 
heat transferability. The power module of the invention usu 
ally has some devices (e.g., the first power chip 12) directly 
connected to the heat sink 11, and the insulation element (e.g., 
the thermo-conductive insulating layer 13 with the insulating 
layer) is disposed between some devices (e.g., the second 
power chip 14) and the heat sink 11, thereby causing the 
non-uniform thickness of the overall module. That is, the 
distance from the local molding compound 16 to the device 
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becomes thicker so that the temperature of the molding com 
pound 16 becomes non-uniform and the heat dissipating abil 
ity of the surface of the molding compound 16 is thus 
affected. In FIG. 22, a third heat sink 11b, which is the good 
thermo-conductor disposed in the first area of the first heat 
sink 11, is added to the thicker portion of the molding com 
pound 16. The thickness from the molding compound 16 to 
the device is homogenized to improve the heat dissipating 
ability. 
0069. In addition, as shown in FIG. 25, the third heat sink 
11b penetrates through the molding compound 16 and has a 
bend. The third heatsink 11b penetrating through the molding 
compound 16 may serve as a pin, simply dissipate the heat, or 
partially serve as the pin and partially dissipate the heat. The 
third heat sink 11b can decrease the dimension of the upright 
power module 10 through the bend. 
0070. In the actual application, if the heat dissipating abil 
ity is to be further expanded, the method of FIG. 26 may be 
adopted. That is, a fourth heat sink 11c is further mounted on 
the third heat sink 11b of the power module 10. The fourth 
heat sink 11c may be connected to the third heat sink 11b by 
way of bonding, adhering or the like. Because the mounting is 
simple, the shape and the position of the fourth heat sink 11c 
are not restricted. For the actual effect, however, it is preferred 
to keep the heat dissipating ability on the surface of the power 
module 10. That is, as shown in FIG. 26, a gap is kept between 
the fourth heat sink 11c and the front surface A1 of the power 
module 10 so that the air stream may flow in the gap, and the 
front surface of the power module and the lower surface (near 
the front surface A1) of the fourth heat sink 11c can have the 
predetermined heat dissipating functions. In order to make 
the air stream flowing in the gap reach the predetermined 
level, the thickness of the gap may be greater than 1 mm, and 
preferably greater than 2 mm. 
0071. In order to explain the meanings of the invention 
more sufficiently, illustrations will be described with the aid 
of the full-bridge circuit. As mentioned hereinabove, FIG. 9 
shows the topology of the full-bridge circuit, and FIGS. 23 
and 24A to 24D are schematic illustrations showing the inter 
nal structure and the three-dimensional structures of the 
power module. FIG. 24A is a schematic front view showing 
the power module 10, FIG. 24B is a schematic rear view 
showing the power module 10, FIG.24C is a schematic front 
view showing the power module 10 with the molding com 
pound 16 being removed, and FIG. 24D is a schematic rear 
view showing the power module 10 with the molding com 
pound 16 being removed. 
0072. In the above-mentioned embodiment, the first 
power chip 12 and the second power chip 14 are illustrated as 
a non-restrictive example, the first power chip 12 represents 
that it is disposed on the heat sink 11, and the second power 
chip 14 represents that it is disposed on the heat sink 11 
through the thermo-conductive insulating layer 13. In the 
following illustrations, two first power chips S1 and S2 and 
two second power chips S3 and S4 will be described. 
0073. Referring to FIG.9, the full-bridge circuit includes 
four switch devices S1 to S4, each of which is a MOSFET, for 
example. The four switch devices constitute two electrocon 
ductive bridge arms, wherein S1 and S4 constitute one bridge 
arm, and S2 and S3 constitute the other bridge arm. The drains 
of the upper switch devices S1 and S2 of the bridge arms are 
commonly connected to a high Voltage point Vin. In the D2D 
application, the electric end Vin is a DC input terminal, and 
has a voltage waveform that is a stable DC or a DC with little 
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ripples). The sources of the lower switch devices S3 and S4 of 
the bridge arms are commonly connected to the low Voltage 
point GND. In a single bridge arm, the source of the upper 
switch device is connected to the drain of the lower switch 
device. For example, the bridge arm (S1 and S4) is connected 
to VA, and the bridge arm (S2 and S3) is connected to VB. The 
working principle is that the upper and lower Switch devices 
of the bridge arm complementarily turn on (e.g., S1 is on 
while S4 is off; S1 is off while S4 is on), wherein S1 and S4 
are offin a short period of time during the Switch-state con 
verting process. In the occasion of the D2D application, DC 
exists between the input terminals Vin-GND, while the volt 
age at the contact point VA/B at the middle of the bridge arm 
is varied between two amplitude values of 0 and Vin corre 
sponding to the Switching operations. 
0074 At present, the most typical method of extracting 
electrodes in the high power MOSFET is as follows: the drain 
is disposed on the backside of the chip, and the source and 
gate are distributed on the front side of the chip, wherein the 
gate has the Smaller dimension, such as 1 mm 1 mm. The 
strap bonding process is usually performed on the drain on the 
backside of the chip in advance, while the source and gate on 
the front side are usually the aluminum metalized electrodes, 
which may be connected to the peripheral circuit by way of 
aluminum/gold wire bonding. The drains of the switch 
devices S1 and S2 are connected to the common DC potential 
point Vin. So, the switch devices S1 and S2 may be directly 
strap-bonded to the heat sink 11, while the pin of Vin electri 
cally connected to the external device may be directly strap 
bonded to the heat sink 11. Thus, the electrical conduction is 
achieved using the heat sink 11 with the excellent electro 
conductive property, thereby reducing the electricity loss and 
the heat generated by the package body. Thus, the best ther 
maland electric performance may be obtained. In the existing 
power module, all the four MOSFETs are mounted on the 
DBC substrate and then the electrical connections between all 
the MOSFETs and the lead frame are implemented by wire 
bonding according to the conventional method mentioned 
hereinabove. As discussed hereinabove, the advantages of the 
invention becomes obvious as compared with various defects 
(poorheat dissipating ability, poor electric performance, high 
price, poor reliability and the like) of the existing arts. 
0075. The application of the invention further has the 
effect of reducing the electromagnetic interference (EMI) 
according to the basic working principle of the full-bridge 
circuit. The heat sink 11 connected to the DC input terminal 
Vin, which is a good static potential point, while the contact 
points VA and VB at the middle of the bridge arm are the 
Voltage trip points. A large piece of heat sink 11 may effec 
tively block the transfer of the trip signal. Thus, the interfer 
ence of the trip point on the peripheral circuit may be effec 
tively decreased, and the test EMI can be decreased. 
0076. As mentioned hereinabove, in order to possess the 
better EMC property and the better heat dissipating perfor 
mance, the switch devices S3 and S4 in the full-bridge module 
are placed on the insulating layer (i.e., the insulating layer of 
the thermo-conductive insulating layer), and the Switch 
devices S1 and S2 are directly placed on the heat sink 11. In 
order to facilitate the production and decrease the space wast 
age caused by the production tolerance, the switch devices S3 
and S4 are placed on the insulating layers connected together. 
In order to decrease the loop inductance and facilitate the 
usage, the device S2 is disposed on the outside of the device 
S3, and the device S1 is disposed on the outside of the device 
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S4. That is, for the full-bridge circuit of FIG. 9, the devices 
inside the module are preferably arranged in the order of 
S2-S3-S4-S1 or S1-S4-S3-S2 so that the performance 
becomes better. 

0077. The method of manufacturing the power module of 
this embodiment will be described in the following. In this 
example herein, the thermo-conductive insulating layer is a 
direct bonded copper ceramic Substrate. In addition to a 
power chip (semiconductor chip), the power module is further 
integrated with some passive devices, such as a resistor and a 
capacitor, and a temperature measuring resistor is further 
mounted on Some pins on the lead frame to provide the 
function of over-temperature protection for the module. The 
specific manufacturing processes are as follows. First, the 
soldering paste is applied to the position of the heat sink 11 
where the thermo-conductive insulating layer 13 is to be 
mounted, and the position to be connected to the lead frame 
15. Similarly, the soldering paste is applied to the position of 
the thermo-conductive insulating layer 13 where the lead 
frame 15 is to be assembled. Thereafter, the heat sink 11, the 
thermo-conductive insulating layer 13 and the lead frame 15 
are placed in a jig according to the set assembling relation 
ship. Then, the jig is placed in a reflow oven so that the heat 
sink 11, the thermo-conductive insulating layer 13 and the 
lead frame 15 may be bonded together to form an entity. 
0078. In the subsequent seeding process, the lead frame 15 
may be applied for transmission and positioning. After the 
flux cleaning, the required semiconductor devices (e.g., MOS 
and diode) are mounted by way of seeding. Herein, it is to be 
emphasized that a portion of power chips (e.g., the first power 
chip 12) is placed on the heat sink 11, and the other portion of 
the power chips (e.g., the second power chip 14) is placed on 
the thermo-conductive insulating layer 13. The connection 
interface material used for seeding is also the soldering paste. 
When the seeding machine with the single function is used, 
surface mount technology (SMT) operations still have to be 
performed on Some devices, such as resistors, capacitors or 
the like, because the seeding machine does not have the 
ability of grasping the SMT devices. That is, after the solder 
ing paste is dispensed, other element devices (SMT) are 
placed. Because the used power chip has the larger dimen 
Sion, the bonding layer formed by reflowing the soldering 
paste may have the higher porosity to cause the problem of the 
poor technology and reliability. Herein, the vacuum reflow is 
adopted to bond the elements to the heat sink 11, the thermo 
conductive insulating layer 13, the lead frame 15, the chip, the 
SMT devices. After the flux cleaning, wire bonding processes 
are performed. The main process is completed after packag 
ing (molding or other metal/ceramic packaging processes). 
0079. In some applications where the seeding process 
does not need the lead frame 15 for positioning, the techno 
logical process may be possibly simplified. First, the solder 
ing paste is applied to required positions on the heat sink 11, 
the thermo-conductive insulating layer 13 and the lead frame 
15. Then, the required elements (power chip and passive SMT 
element) are respectively disposed at the required positions. 
This step may be implement by the generally powerful 
machine (e.g., the machine with the integrated seeding and 
Surface mount technology functions) in one station, and may 
also be implemented through many machines, and the used 
connection interface material may be the soldering paste. 
Thereafter, the heatsink 11, the thermo-conductive insulating 
layer 13 and the lead frame 15, on which the elements are 
placed, are placed into a jig according to the set assembling 
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relationship to complete the assembly. Then, the vacuum 
reflow is performed. The Subsequent techniques are the same 
as those in the above-mentioned processes. Thus, the number 
of times of reflow and the corresponding cleaning processes 
can be decreased. Because the number of times of reflow is 
decreased, the reliability of the module can be advanta 
geously enhanced. 
0080 Of course, the soldering paste may also be replaced 
with a solder sheet, a conductive adhesive, a low-temperature 
sintering nano-silver paste or the like, to serve as the interface 
material of the electrical/mechanical connections when the 
module is assembled. In some occasions, more than one con 
nection interface material may even be used at different 
assembling positions in the same module assembling process. 
When these connection materials are used, the assembling 
technique and flow also need to be correspondingly adjusted. 
I0081. When the front-side electrode of the chip is 
extracted, other methods other than wire bonding may also be 
adopted. For example, an adhering/bonding metal (copper) 
sheet may be adopted to implement the interconnection 
between the front-side electrode and the external trace. 
I0082 In summary, with the package method and structure 
of the invention capable of enhancing the power density or 
efficiency of the power converter, it is possible to obtain the 
better thermal performance, electric performance, economic 
performance, EMC performance and the higher reliability as 
compared with the prior art. The internal space availability of 
the power module is very high, and the power module can be 
conveniently used so that the power density or efficiency of 
the converter can be advantageously enhanced. The invention 
provides the specific implementation for the power module, 
which is quite practical and effective. The invention is very 
suitable for the enhancement of the overall performance of 
the power converter and the cost effectiveness. 
I0083. Although the present invention has been described 
with reference to specific embodiments, this description is not 
meant to be construed in a limiting sense. Various modifica 
tions of the disclosed embodiments, as well as alternative 
embodiments, will be apparent to persons skilled in the art. It 
is, therefore, contemplated that the appended claims will 
cover all modifications that fall within the true scope of the 
present invention. 
What is claimed is: 
1. A power module, comprising: 
a first heat sink having a first area and a second area; 
a first power chip disposed in the first area; 
a thermo-conductive insulating layer disposed in the sec 

ond area; 
a second power chip disposed on the first heat sink through 

the thermo-conductive insulating layer, 
a lead frame electrically connected to at least one of the first 

power chip and the second power chip; and 
a molding compound covering the first power chip, the 

thermo-conductive insulating layer, the second power 
chip and a portion of the lead frame, 

wherein the first heat sink is electrically connected to at 
least one of the first power chip and the second power 
chip. 

2. The power module according to claim 1, further com 
prising: 

a bonding material layer, through which the first power 
chip is connected to the first heat sink, wherein the 
bonding material layer is made of a thermo-conductive 
and electro-conductive material. 
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3. The power module according to claim 2, wherein the first 
heat sink and the lead frame are integrally formed as one 
piece. 

4. The power module according to claim 2, wherein the first 
heat sink is entirely disposed within molding compound, 
partially outside the molding compound or entirely outside 
the molding compound. 

5. The power module according to claim 2, wherein the first 
heat sink is connected to a pin penetrating through the mold 
ing compound, or the first heat sink penetrates through the 
molding compound and is formed with a pin. 

6. The power module according to claim 2, wherein the first 
heat sink is electrically connected to a Voltage static location. 

7. The power module according to claim 2, wherein the first 
heat sink is divided into a plurality of portions. 

8. The power module according to claim 2, wherein the 
thermo-conductive insulating layer has a trace layer, and the 
lead frame extends and is connected to the trace layer. 

9. The power module according to claim 2, wherein the 
lead frame extends and is connected to at least one of the first 
power chip and the second power chip. 

10. The power module according to claim 2, further com 
prising: 

a second heat sink disposed between the second power chip 
and the thermo-conductive insulating layer. 

11. The power module according to claim 2, further com 
prising: 

a third heat sink, which is disposed in the first area or is 
formed by extending the first heat sink. 

12. The power module according to claim 11, wherein the 
third heat sink penetrates through the molding compound. 

13. The power module according to claim 11, wherein the 
third heat sinkpenetrates through the molding compound and 
has a bend. 

14. The power module according to claim 12, further com 
prising: 

a fourth heat sink connected to the third heat sink, wherein 
a gap is formed between the fourth heat sink and the 
molding compound. 

15. The power module according to claim 2, wherein the 
thermo-conductive insulating layer is a metal Substrate or a 
metalized ceramic Substrate. 

16. The power module according to claim 2, further com 
prising one row of pins penetrating through the molding 
compound and functioning to transmit a signal or dissipate 
heat. 

17. The power module according to claim 2, further com 
pr1S1ng: 

a controller disposed in the first area. 
18. The power module according to claim 17, further com 

pr1S1ng: 
aheat insulating layer disposed between the controller and 

the first heat sink. 
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19. The power module according to claim 2, further com 
pr1S1ng: 

a high-frequency capacitor integrated within the power 
module. 

20. The power module according to claim 2, further com 
prising: 

a temperature sensor integrated within the power module. 
21. The power module according to claim 2, wherein each 

of the power chips has at least two electrodes, and at least one 
of the power chips has at least three electrodes. 

22. The power module according to claim 21, further com 
prising: 

at least one power chip, wherein at least two of the power 
chips contained in the power module have at least three 
electrodes. 

23. The power module according to claim 2, wherein the 
molding compound has a coefficient of heat conductivity 
higher than 1.2 W/m.K. 

24. The power module according to claim 2, wherein the 
molding compound has a coefficient of heat conductivity 
higher than 1.8 W/m.K. 

25. A method of manufacturing a power module, compris 
1ng: 

an assembling step of assembling a first heat sink, a 
thermo-conductive insulating layer and a lead frame 
using a connection interface material according to a set 
assembling relationship, wherein the thermo-conduc 
tive insulating layer covers a first area of the first heat 
sink; 

a seeding and front-side electrode extracting step of dis 
posing a first power chip in a second area of the first heat 
sink through the connection interface material, and dis 
posing a second power chip on the thermo-conductive 
insulating layer through the connection interface mate 
rial, wherein the lead frame is electrically connected to 
at least one of the first power chip and the second power 
chip, and the first heat sink is electrically connected to at 
least one of the first power chip and the second power 
chip; 

an encapsulating step of covering the first power chip, the 
thermo-conductive insulating layer, the second power 
chip and a portion the lead frame by a molding com 
pound. 

26. The method according to claim 25, wherein in the 
assembling step, the connection interface material is applied 
to a position, where the thermo-conductive insulating layer is 
assembled onto the heat sink, a position where the heat sink is 
connected to the lead frame, and a position where the thermo 
conductive insulating layer is to be assembled onto the lead 
frame. 

27. The method according to claim 25, wherein the con 
nection interface material is a soldering paste, a solder sheet, 
a conductive adhesive or a low-temperature sintering nano 
silver paste. 

28. The method according to claim 25, wherein the front 
side electrode extracting step is to wire-bond or adhere/bond 
a metal sheet. 
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