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(57) ABSTRACT 

Provided are power device packages, which include thermal 
electric modules using the Peltier effect and thus can improve 
operational reliability by rapidly dissipating heat generated 
during operation to the outside, and methods of fabricating 
the same. An exemplary power device package includes: a 
thermal electric module having a first Surface and a second 
Surface opposite each other, and a plurality of n-type impurity 
elements and a plurality of p-type impurity elements alter 
nately and electrically connected to each other in series; a lead 
frame attached to the first surface of the thermal electric 
module by an adhesive member; at least one power semicon 
ductor chip and at least one control semiconductor chip, each 
chip being mounted on and electrically connected to the lead 
frame; and a sealing member sealing the thermal electric 
module, the chips, and at least a portion of the lead frame, but 
exposing the second Surface of the module. 
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POWER DEVICE PACKAGES HAVING 
THERMAL ELECTRIC MODULES USING 
PELTEREFFECT AND METHODS OF 

FABRICATING THE SAME 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of Korean Patent 
Application No. 10-2008-0029311, filed on Mar. 28, 2008, in 
the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to power device pack 
ages and methods of fabricating the same, and more particu 
larly, to power device packages, each of which includes a 
thermal electric module using the Peltier effect and thus can 
improve operational reliability by rapidly dissipating heat 
generated during operation to the outside, and methods of 
fabricating the power device packages. 
0004 2. Description of the Related Art 
0005. As the power electronic industry develops power 
devices, such as power transistors, insulated-gate bipolar 
transistors (IGBTs), MOS transistors, silicon-controlled rec 
tifiers (SCRs), power rectifiers, servo drivers, power regula 
tors, inverters, and converters, demands for lighter and 
Smaller power products with improved performance are 
increasing. To meet these demands, research is being actively 
conducted on Smart power modules or intelligent power mod 
ules, which can integrate not only various power semicon 
ductor chips into a single package but also include control 
semiconductor chips, such as integrated circuit chips, for 
controlling the power semiconductor chips. 
0006 Conventional power device packages have been fab 
ricated by mounting a plurality of semiconductor chips on a 
substrate. For example, U.S. Pat. No. 5,703,399 assigned to 
Mitsubishi discloses a power device package in which power 
semiconductor chips and control semiconductor chips 
mounted on one lead frame are molded into one package. 
Typically, since power device packages generate heat during 
operation, it is important to rapidly dissipate the heat to the 
outside for reliable operation. Since the generated heat is 
generally discharged to the outside through a Substrate, when 
a Substrate. Such as a ceramic Substrate, having a low heat 
transfer coefficient, is used, there is a limitation in improving 
heat transfer characteristics. 

BRIEF SUMMARY OF THE INVENTION 

0007. The present invention provides power device pack 
ages that include thermal electric modules using the Peltier 
effect and thus can improve operational reliability by rapidly 
dissipating heat generated during operation to the outside. 
0008. The present invention also provides methods of fab 
ricating power device packages that include thermal electric 
modules using the Peltier effect and thus can improve opera 
tional reliability by rapidly dissipating heat generated during 
operation to the outside. 
0009. According to an aspect of the present invention, 
there is provided a power device package including: athermal 
electric module having a first Surface and a second Surface 
opposite each other, and a plurality of n-type impurity ele 
ments and a plurality of p-type impurity elements alternately 
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and electrically connected to each other in series; a lead frame 
attached to the first surface of the thermal electric module by 
an adhesive member; one or more power semiconductor chips 
disposed on and electrically connected to the lead frame; one 
or more control semiconductor chips disposed on and elec 
trically connected to the lead frame to control at least one the 
power semiconductor chip; and a sealing member sealing the 
thermal electric module, the one or more power semiconduc 
torchips, the one or more control semiconductor chips, and at 
least a portion of the lead frame so as to expose the second 
surface of the thermal electric module. 

0010. In an embodiment of the present invention, the ther 
mal electric module may include: an impurity element array 
portion having the n-type impurity elements and the p-type 
impurity elements alternately arranged with respect to each 
other; a plurality of conductive members respectively formed 
on and below the impurity element array portion and electri 
cally connecting the n-type impurity elements and the p-type 
impurity elements in series; a power wiring electrically con 
nected to a portion of the conductive members So as to Supply 
DC (direct current) power to the impurity element array por 
tion from the outside; and a plurality of insulating members 
respectively attached on and below the conductive members 
opposite to the impurity element array portion. 
0011. In an embodiment of the present invention, the 
impurity element array portion comprises a semiconductor 
Substrate, the n-type impurity elements are n-type impurity 
regions formed by doping or ion implanting n-type impurities 
in the semiconductor substrate, and the p-type impurity ele 
ments are p-type impurity regions formed by doping or ion 
implanting p-type impurities in the semiconductor Substrate. 
0012. In an embodiment of the present invention, the con 
ductive members may include aluminum, an aluminum alloy, 
copper, a copper alloy, nickel, a nickel alloy or a combination 
thereof. The power wiring may be electrically connected to 
the lead frame so as to supply DC power to the impurity 
element array portion. 
0013. In an embodiment of the present invention, the 
n-type impurities included in the n-type impurity elements 
include one or more selected from the group consisting of N. 
P. As, Sb, Bi, S, Se, Te, and Po, and the p-type impurities 
included in the p-type impurity elements include one or more 
selected from the group consisting of B, Al. Ga, In, Tl, Zn, Cd, 
and Hg. 
0014. In an embodiment of the present invention, one or 
both of the power semiconductor chips and the control semi 
conductor chips may be mounted to be electrically connected 
to the lead frame in the form of flip chips or are electrically 
connected to the lead frame by using wires or solder balls. 
Each wire may include aluminum (Al) or gold (Au). 
0015. In an embodiment of the present invention, the 
power semiconductor chips may include power metal oxide 
semiconductor field effect transistors (MOSFETs), bipolar 
junction transistors (BJTs), insulated-gate bipolar transistors 
(IGBTs), diodes, or combinations thereof. 
0016. In an embodiment of the present invention, the seal 
ing member may include an epoxy molding compound 
(EMC), a polyimide, a silicone, a silicone rubber, or a com 
bination thereof. 

0017. In an embodiment of the present invention, the 
power device package may further include a heat sink 
attached to the second surface of the thermal electric module 
and dissipating heat. The heat sink may include aluminum, an 
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aluminum alloy, copper, a copper alloy, Al2O, BeO, AIN. 
SiN, an epoxy-based resin, or a combination thereof. 
0018. In an embodiment of the present invention, the lead 
frame adhesive member may include an elastomer or an 
epOXy. 
0019. According to another aspect of the present inven 

tion, there is provided a power device package including: a 
thermal electric module having a first Surface and a second 
Surface opposite each other, and a plurality of n-type impurity 
elements and a plurality of p-type impurity elements alter 
nately and electrically connected to each other in series; a 
wiring pattern disposed on the first Surface; a lead frame 
attached to the first surface of the thermal electric module by 
a conductive adhesive member and electrically connected to 
the wiring pattern; one or more power semiconductor chips 
disposed on and electrically connected to the wiring pattern; 
one or more control semiconductor chips disposed on and 
electrically connected to the lead frame, the wiring pattern, or 
both to control at least one power semiconductor chip; and a 
sealing member sealing the thermal electric module, the one 
or more power semiconductor chips, the one or more control 
semiconductor chips, and at least a portion of the lead frame 
So as to expose the second surface of the thermal electric 
module. 

0020. In an embodiment of the present invention, the wir 
ing pattern may include aluminum, an aluminum alloy, cop 
per, a copper alloy, or a combination thereof. The wiring 
pattern may further include nickel, gold, or an alloy thereof. 
The conductive adhesive member may include a solder, a 
solder paste, a silver (Ag) paste, or a combination thereof. 
0021. In an embodiment of the present invention, one or 
both of the power semiconductor chips and the control semi 
conductor chips may be mounted to be electrically connected 
to the wiring pattern or the lead frame in the form of flip chips 
or be electrically connected to the wiring pattern or the lead 
frame by using wires or solder balls. Each wire may include 
aluminum (Al) or gold (Au). 
0022. According to another aspect of the present inven 

tion, there is provided a method of fabricating a power device 
package, the method including: assembling a lead frame and 
a first Surface of a thermal electric module together using an 
adhesive member, the thermal electric module having a sec 
ond Surface opposite to the first Surface, a plurality of n-type 
impurity elements, and a plurality of p-type impurity ele 
ments, the n-type impurity elements and the p-type impurity 
elements being alternately and electrically connected to each 
other in series; mounting one or more power semiconductor 
chips and one or more control semiconductor chips on the 
lead frame; electrically connecting at least one power semi 
conductor chip and at least one control semiconductor chip to 
the lead frame; and sealing the thermal electric module, the 
one or more power semiconductor chips, the one or more 
control semiconductor chips, and a portion of the lead frame 
with a sealing member so as to expose the second Surface of 
the thermal electric module. 
0023. According to another aspect of the present inven 

tion, there is provided a method of fabricating a power device 
package, the method including: preparing a thermal electric 
module having a first Surface and a second Surface opposite to 
each other, and a plurality of n-type impurity elements and a 
plurality of p-type impurity elements alternately and electri 
cally connected to each other in series; attaching a lead frame 
onto the first surface of the thermal electric module using a 
lead frame adhesive member, mounting one or more power 
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semiconductor chips and one or more control semiconductor 
chips on the lead frame; electrically connecting the power 
semiconductor chips and the control semiconductor chips 
respectively to the lead frame; and sealing the thermal electric 
module, the power semiconductor chips, the control semicon 
ductor chips and a portion of the lead frame by using a sealing 
member so as to expose the second Surface of the thermal 
electric module. 
0024. In an embodiment of the present invention, the 
attaching of the lead frame further may include electrically 
connecting the thermal electric module and the lead frame. 
0025. In an embodiment of the present invention, after the 
sealing of the Substrate, the power semiconductor chips, and 
the portion of the lead frame, the method further includes: 
performing trimming to leave only external leads exposed to 
the outside of the sealing member among other leads of the 
lead frame; and performing forming to bend the external 
leads. 
0026. According to another aspect of the present inven 
tion, there is provided a method of fabricating a power device 
package, the method including: forming a wiring pattern on a 
first surface of a thermal electric module, the thermal electric 
module having a second Surface opposite to the first Surface, 
a plurality of n-type impurity elements, and a plurality of 
p-type impurity elements, the n-type impurity elements and 
the p-type impurity elements being alternately and electri 
cally connected to each other in series; mounting one or more 
power semiconductor chips on the thermal electric module so 
as to electrically connect to the wiring pattern; assembling a 
lead frame and the first surface of the thermal electric module 
together using a conductive adhesive member so that the lead 
frame and the wiring pattern are electrically connected; and 
sealing the thermal electric module, the power semiconductor 
chips, the control semiconductor chips and a portion of the 
lead frame with a sealing member So as to expose the second 
surface of the thermal electric module. 
0027. According to another aspect of the present inven 
tion, there is provided a method of fabricating a power device 
package, the method including: preparing a thermal electric 
module having a first Surface on which a wiring pattern is 
formed and a second Surface opposite to the first Surface, and 
a plurality of n-type impurity elements and a plurality of 
p-type impurity elements alternately and electrically con 
nected to each other in series; attaching a lead frame to the 
first surface of the thermal electric module using a lead frame 
adhesive member, mounting one or more power semiconduc 
torchips and one or more control semiconductor chips on the 
lead frame; electrically connecting at least one power semi 
conductor chip and at least one control semiconductor chip 
respectively to the lead frame; and sealing the thermal electric 
module, one or more the power semiconductor chips, the one 
or more control semiconductor chips and a portion of the lead 
frame by using a sealing member so as to expose the second 
surface of the thermal electric module. 
0028. In an embodiment of the present invention, the 
mounting the power semiconductor chips on the wiring pat 
tern to be electrically connected further includes mounting 
one or more control semiconductor chips on the wiring pat 
tern so as to be electrically connected to the wiring pattern. 
0029. In an embodiment of the present invention, the 
action of attaching the lead frame further includes electrically 
connecting the thermal electric module and the lead frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 The above and other features and advantages of the 
present invention will become more apparent by describing in 
detail exemplary embodiments thereof with reference to the 
attached drawings in which: 
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0031 FIG. 1 is a schematic cross-sectional view of a 
power device package according to an embodiment of the 
present invention; 
0032 FIG. 2 is a view for describing an operational prin 
ciple of a thermal electric module included in the power 
device package of FIG. 1; 
0033 FIG. 3A is a schematic perspective view of an 
example of the thermal electric module included in the power 
device package of FIG. 1; 
0034 FIG. 3B is a schematic cross-sectional view of 
another example of the thermal electric module included in 
the power device package of FIG. 1; 
0035 FIGS. 4A through 4F are schematic cross-sectional 
views illustrating a method of fabricating the power device 
package of FIG. 1 according to an embodiment of the present 
invention; 
0.036 FIG. 5 is a schematic cross-sectional view of a 
power device package according to another embodiment of 
the present invention; and 
0037 FIGS. 6A through 6D are schematic cross-sectional 
views illustrating a method of fabricating the power device 
package of FIG. 5 according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0038 Reference will now be made in detail to example 
embodiments, examples of which are illustrated in the 
accompanying drawings. However, example embodiments 
are not limited to the embodiments illustrated hereinafter, and 
the embodiments herein are rather introduced to provide easy 
and complete understanding of the scope and spirit of 
example embodiments. In the drawings, the thicknesses of 
layers and regions are exaggerated for clarity. 
0039. It will be understood that when an element, such as 
a layer, a region, or a Substrate, is referred to as being “on”, 
“connected to’ or “coupled to another element, it may be 
directly on, connected or coupled to the other element or 
intervening elements may be present. In contrast, when an 
element is referred to as being “directly on.” “directly con 
nected to’ or “directly coupled to another element or layer, 
there are no intervening elements or layers present. Like 
reference numerals refer to like elements throughout. As used 
herein, the term “and/or” includes any and all combinations 
of one or more of the associated listed items. 
0040. It will be understood that, although the terms first, 
second, third etc. may be used herein to describe various 
elements, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections should 
not be limited by these terms. These terms are only used to 
distinguish one element, component, region, layer or section 
from another region, layer or section. Thus, a first element, 
component, region, layer or section discussed below could be 
termed a second element, component, region, layer or section 
without departing from the teachings of example embodi 
mentS. 

0041 Spatially relative terms, such as “above.” “upper.” 
“beneath.” “below,” “lower,” and the like, may be used herein 
for ease of description to describe one element or feature's 
relationship to another element(s) or feature(s) as illustrated 
in the figures. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures. For example, if the device in the 
figures is turned over, elements described as “below' or 
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“beneath other elements or features would then be oriented 
“above' the other elements or features. Thus, the exemplary 
term “above' may encompass both an orientation of above 
and below. The device may be otherwise oriented (rotated 90 
degrees or at other orientations) and spatially relative descrip 
tors used herein interpreted accordingly. 
0042. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of example embodiments. As used herein, the 
singular forms “a” “an and “the are intended to include the 
plural forms as well, unless the context clearly indicates oth 
erwise. It will be further understood that the terms “com 
prises' and/or "comprising, when used in this specification, 
specify the presence of stated features, integers, steps, opera 
tions, elements, and/or components, but do not preclude the 
presence or addition of one or more other features, integers, 
steps, operations, elements, components, and/or groups 
thereof. 
0043. Example embodiments are described herein with 
reference to cross-sectional illustrations that are schematic 
illustrations of example embodiments (and intermediate 
structures). As such, variations from the shapes of the illus 
trations as a result, for example, of manufacturing techniques 
and/or tolerances, are to be expected. Thus, example embodi 
ments should not be construed as limited to the particular 
shapes of regions illustrated herein but may be to include 
deviations in shapes that result, for example, from manufac 
turing. For example, an implanted region illustrated as a rect 
angle may, typically, have rounded or curved features and/or 
a gradient of implant concentration at its edges rather than a 
binary change from implanted to non-implanted region. Like 
wise, a buried region formed by implantation may result in 
Some implantation in the region between the buried region 
and the Surface through which the implantation takes place. 
Thus, the regions illustrated in the figures are schematic in 
nature and their shapes may not be intended to illustrate the 
actual shape of a region of a device and are not intended to 
limit the scope of example embodiments. 
0044) Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which example embodiments belong. It will be further under 
stood that terms, such as those defined in commonly used 
dictionaries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
004.5 FIG. 1 is a schematic cross-sectional view of a 
power device package 10 according to an embodiment of the 
present invention. 
0046 Referring to FIG. 1, the power device package 10 
includes a thermal electric module 100 and a lead frame 120, 
one or more power semiconductor chips 140 and 142, one or 
more control semiconductor chips 144 and 146, and a sealing 
member 160. The thermal electric module 100 includes a first 
Surface 112 and a second Surface 114 opposite each other, and 
a plurality of n-type impurity elements 101 (shown in FIG. 2) 
and a plurality of p-type impurity elements 102 (shown in 
FIG. 2) alternately and electrically connected to each other in 
series. Components and an operational principle of the ther 
mal electric module 100 will now be described in detail. The 
lead frame 120 is attached to the first surface 112 of the 
thermal electric module 100 by using a lead frame adhesive 
member 110. The one or more power semiconductor chips 
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140 and 142 are mounted (i.e., disposed) on the lead frame 
120 and are electrically connected to one another. The one or 
more control semiconductor chips 144 and 146 are mounted 
(i.e., disposed) on the lead frame 120 and are electrically 
connected to one another to control one or more of the power 
semiconductor chips 140 and 142. The sealing member 160 
seals the thermal electric module 100, the power semiconduc 
tor chips 140 and 142, the control semiconductor chips 144 
and 146, and at least a portion of the lead frame 120 so as to 
expose the second surface 114 of the thermal electric module 
100. The power device package 10 may further include a heat 
sink 170 attached to the second surface 114 of the thermal 
electric module 100; heat sink 170 is used to dissipate heat. 
0047 FIG. 2 is a view for describing an operational prin 
ciple of a thermal electric module included in the power 
device package of FIG. 1. 
0048 Referring to FIG. 2, the thermal electric module 100 
includes the n-type impurity element 101 and the p-type 
impurity element 102 which are electrically connected to 
each other. In detail, an upper portion of the n-type impurity 
element 101 and an upper portion of the p-type impurity 
element 102 are electrically connected to each other by an 
upper conductive member 105. A lower portion of the n-type 
impurity element 101 and a lower portion of the p-type impu 
rity element 102 are spaced apart from each other and con 
nected to an external power source 190 through a lower con 
ductive member 106. Insulating members 107 and 108, such 
as ceramic materials, are respectively attached on and below 
the upper conductive member 105 and the lower conductive 
member 106, which are opposite each other. 
0049. The n-type impurity element 101 includes a 
medium, Such as silicon or silicon-germanium, with n-type 
impurities. The n-type impurities include one or more 
selected from the group consisting of nitrogen (N), phospho 
rus (P), arsenic (As), antimony (Sb), bismuth (Bi), sulphur 
(S), selenium (Se), tellurium (Te), and polonium (Po). The 
p-type impurity element 102 includes a medium, Such as 
silicon or silicon-germanium, with p-type impurities. The 
p-type impurities include one or more selected from the group 
consisting of boron (B), aluminum (Al), gallium (Ga), indium 
(In), thallium (Tl), Zinc (Zn), cadmium (Cd), and hydrargy 
rum (Hg). 
0050. When direct current (DC) electrical power is 
applied to the n-type impurity element 101 and the p-type 
impurity element 102 by the external power source 190, elec 
trons move in a direction opposite to the current flow direc 
tion, and holes move in a same direction as the current flow 
direction. Accordingly, the main carriers in the n-type impu 
rity element 101 are the electrons 1 which move in a down 
ward direction opposite to the current flow direction, that is, 
from a region adjacent to the upper conductive member 105 to 
a region adjacent to the lower conductive member 106. On the 
other hand, the main carriers in the p-type impurity element 
102 are the holes 2 which move in a same downward direction 
as the current flow direction, that is, from a region adjacent to 
the upper conductive member 105 to a region adjacent to the 
lower conductive member 106. Consequently, both the elec 
trons 1 and the holes 2 flow in the same direction. The elec 
trons 1 and the holes 2 moved by the DC current become 
carriers for transferring heat through the external power 
source 190, and the heat transfer direction is illustrated with 
arrows in FIG. 2. As such, when current is applied across 
different types of solid matter or semiconductors, heating or 
heat absorption different from Joule heat is generated, and 
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this is called the Peltier effect. Typically, the Peltier effect 
denotes movement of heat generated due to current flow when 
different materials, such as metals or semiconductors, are 
joined to each other to become a junction. Accordingly, in 
FIG. 2, the n-type impurity element 101 is joined to the upper 
conductive member 105 and the lower conductive member 
106 to become a junction, and separately, the p-type impurity 
element 102 is also joined to the upper conductive member 
105 and the lower conductive member 106 to become another 
junction. Consequently, the upper conductive member 105 
and the lower conductive member 106 respectively become a 
low-temperature portion and a high-temperature portion by 
the heat transferas described above. 
0051. The power semiconductor chips 140 and 142 and/or 
the control semiconductor chips 144 and 146 are mounted on 
the upper conductive member 105 as illustrated in FIG.1. The 
heat, generated due to operation of the power semiconductor 
chips 140 and 142 and/or the control semiconductor chips 
144 and 146, moves toward the lower conductive member 106 
via the n-type impurity element 101 or the p-type impurity 
element 102 according to the aforementioned principle, and 
then is dissipated to the outside. 
0.052 FIG. 3A is a schematic perspective view of an 
example of the thermal electric module 100 included in the 
power device package of FIG. 1. 
0053 Referring to FIG. 3A, the thermal electric module 
100 includes an impurity element array unit 103, the upper 
and lower conductive members 105 and 106, a power wiring 
109, and the insulating members 107 and 108. The impurity 
element array unit 103 includes the n-type impurity elements 
101 and the p-type impurity elements 102 alternately 
arranged as described above with reference to FIG. 2. The 
upper and lower conductive members 105 and 106 are respec 
tively formed (i.e., disposed) on and below the impurity ele 
ment array unit 103, as shown in FIG. 3A. The conductive 
members 105 and 106 electrically connect the n-type impu 
rity elements 101 and the p-type impurity elements 102 in 
series. The upper and lower conductive members 105 and 106 
may include aluminum, an aluminum alloy, copper, a copper 
alloy, nickel, or a nickel alloy, or a combination thereof. The 
power wiring 109 is connected to a portion of the conductive 
members 105 and 106 so as to apply DC current to the impu 
rity element array unit 103. To apply the DC current, the 
power wiring 109 may be electrically connected to the lead 
frame 120 (see FIG. 1) or to a separate external circuit. The 
insulating members 107 and 108 are respectively attached to 
the upper and lower conductive members 105 and 106, which 
face each other across the impurity element array unit 103. 
According to the above structure, the DC current applied 
through the power wiring 109 from the outside alternately 
passes through the n-type impurity elements 101 and the 
p-type impurity elements 102. Thus, heat is transferred from 
the upper conductive members 105 to the lower conductive 
members 106 by the Peltier effect described above with ref 
erence to FIG. 2, and consequently, the heat is dissipated to 
the outside. 

0054 FIG. 3B is a schematic cross-sectional view of 
another example of the thermal electric module 100a 
included in the power device package of FIG. 1. For conve 
nience and accuracy, repeated explanations of overlapped 
features will not be given. 
0055 Referring to FIG. 3B, the thermal electric module 
100a includes an impurity element array unit 103a, conduc 
tive members 105a and 106a, a power wiring 109, and insu 
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lating members 107a and 108a. The thermal electric module 
100a according to the current embodiment has the following 
main features. The impurity element array unit 103a com 
prises a semiconductor Substrate 104a, such as a silicon Sub 
strate or a silicon-germanium Substrate, a plurality of n-type 
impurity elements 101 a disposed in substrate 104a, and a 
plurality of p-type impurity elements 102a disposed in sub 
strate 104a. The plurality of n-type impurity elements 101a 
may comprise n-type impurity regions formed by doping or 
ion implanting n-type impurities in the semiconductor Sub 
strate 104a, and the plurality of p-type impurity elements 
102a may comprise p-type impurity regions formed by dop 
ing or ion implanting p-type impurities in the semiconductor 
substrate 104a. The conductive members 105a and 106a may 
comprise conductive patterns formed on the n-type impurity 
elements 101a and the p-type impurity elements 102a, 
respectively. The insulating members 107a and 108a may 
comprise an oxide, a nitride, or the like, and may beformed by 
a layer forming method used in a conventional semiconductor 
manufacturing method. However, this is exemplary and the 
present invention is not limited thereto. The arrangement of 
the n-type impurity elements 101a and the p-type impurity 
elements 102a and an electrical connection between the 
n-type impurity elements 101a and the p-type impurity ele 
ments 102a via the conductive members 105a and 106a have 
been described with reference to FIG. 3A. That is, the n-type 
impurity elements 101a and the p-type impurity elements 
102a are electrically connected to each other in series by the 
conductive members 105a and 106a, and DC current is 
applied to the n-type and p-type impurity elements 101a and 
102a from an external power source by the power wiring 
109a, and thus heat transfer is realized by the Peltier effect as 
described above. 

0056 FIGS. 4A through 4F are schematic cross-sectional 
views illustrating a method of fabricating the power device 
package 10 of FIG. 1 according to an embodiment of the 
present invention. 
0057 Referring to FIG. 4A, athermal electric module 100 
having a first Surface 112 and a second surface 114 opposite 
each other is prepared. The thermal electric module 100 
includes a plurality of n-type impurity elements and a plural 
ity of p-type impurity elements alternately and electrically 
connected to each other in series, and the operational prin 
ciple thereofhas been described above with reference to FIG. 
2 and its components are the same as those of embodiments 
described with reference to FIG.3A or FIG.3B. However, the 
materials are exemplary and the present invention is not lim 
ited thereto. A lead frame adhesive member 110 is formed on 
the first surface 112 of the thermal electric module 100 and 
may include an elastomer or an epoxy. The elastomer denotes 
a polymer having good elasticity, and thus the elastomer 
stretches when an external force is applied to the elastomer 
and returns to its original state when the external force is 
removed from the elastomer. The elastomer is called an elas 
tic polymer. An elastic rubber, such as butadiene or styrene, or 
an elastic fiber, such as spandex, may be representative of an 
elastic polymer. The lead frame adhesive member 110 may be 
conductive or non-conductive. For example, the lead frame 
adhesive member 110 may be formed by plating, or may 
comprise a conductive paste or a conductive tape. Also, the 
lead frame adhesive member 110 may comprise a solder, a 
metal epoxy, a metal paste, a resin-based epoxy, or an adhe 
sive tape with high heat resistance. For example, the adhesive 
tape may comprise a well-known high temperature-resistant 
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tape Such as a common glass tape, a silicone tape, a Teflon 
tape, a stainless foil tape, or a ceramic tape. Alternatively, the 
lead frame adhesive member 110 may be formed by combin 
ing the aforementioned materials. However, the forming of 
the lead frame adhesive member 110 and thematerials thereof 
are exemplary and the present invention is not limited thereto. 
0058 Referring to FIG. 4B, a lead frame 120 is attached to 
the lead frame adhesive member 110 formed on the first 
surface 112 of the thermal electric module 100 (that is, in 
general, the lead frame and the thermal electric module are 
assembled together). In a later process, the power semicon 
ductor chips 140 and 142 are mounted on an end portion 120a 
of the lead frame 120, which is directly attached to the lead 
frame adhesive member 110. On the other hand, in a later 
process, the control semiconductor chips 144 are mounted on 
another end portion 120b of the lead frame 120, which is not 
directly attached to the lead frame adhesive member 110. The 
end portion 120a of the lead frame 120 and the end portion 
120b of the lead frame 120 are electrically connected to each 
other by a lead frame wiring 122. Alternatively, the lead frame 
120 may be integrally formed with the end portion 120a and 
the end portion 120b, or may be separately formed to respec 
tively include the end portion 120a and the end portion 120b. 
0059 Next, the thermal electric module 100 and the lead 
frame 120 are electrically connected to each other. That is, the 
power wiring 109 illustrated in FIG. 3A or FIG. 3B is elec 
trically connected to the lead frame 120, so that electric power 
can be supplied to the thermal electric module 100. In FIG. 
4B, the power wiring 109 is connected to the other endportion 
120b of the lead frame 120; however, this is exemplary, and 
the power wiring 109 may be connected to the end portion 
120a of the lead frame 120. The electrical connection 
between the lead frame 120 and the power wiring 109 may be 
realized by using a conventional method, such as a soldering 
method. Although not shown in the drawing, the power wir 
ing 109 may be connected to an external circuit without being 
connected to the lead frame 120, so that power can be sup 
plied to the thermal electric module 100. 
0060 Referring to FIG. 4C, one or more power semicon 
ductor chips 140 and 142 are mounted on the lead frame 120. 
The power semiconductor chips 140 and 142 may be attached 
to the lead frame 120 by using a chip adhesive member 130. 
The chip adhesive member 130 may comprise the same mate 
rial as the aforementioned lead frame adhesive member 110. 
The power semiconductor chips 140 and 142 may comprise 
power circuit chips for power conversion or power control 
Such as servo drivers, inverters, power regulators, or convert 
ers. For example, the power semiconductor chips 140 and 142 
may include power metal oxide semiconductor field effect 
transistors (MOSFETs), bipolar junction transistors (BJTs), 
insulated-gate bipolar transistors (IGBTs), diodes, or combi 
nations thereof. In other words, the power semiconductor 
chips 140 and 142 may include any or all of the listed items. 
For example, two power semiconductor chips 140 and 142 
shown in FIG. 4C may comprise an IGBT and a diode, respec 
tively. As such, the power device package 10 may include six 
power semiconductor chip pairs, each Such pair including one 
IGBT and one diode. However, this is exemplary and the 
present invention is not limited thereto. 
0061. One or more control semiconductor chips 144 and 
146 (which will be electrically connected so as to control the 
power semiconductor chips 140 and 142) are mounted on the 
lead frame 120. The control semiconductor chips 144 and 146 
may be generally mounted on the end portion 120b of the lead 
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frame 120, and also may be mounted on the end portion 120a 
of the lead frame 120. The control semiconductor chips 144 
and 14.6 may comprise microprocessors, passive devices, 
Such as resistors, inverters, or condensers, and/or active 
devices, such as transistors, etc. One power device package 
10 may include a few to tens of control semiconductor chips 
144 and 146. It may be appreciated that the type and number 
of the control semiconductor chips 144 and 146 can be deter 
mined according to the type and number of the power semi 
conductor chips 140 and 142. 
0062 Referring to FIG. 4D, the power semiconductor 
chips 140 and 142 and the lead frame 120 are electrically 
connected to each other. The power semiconductor chips 140 
and 142 may be electrically connected to the lead frame 120 
in the form of flip chips, or may be electrically connected to 
the lead frame 120 by using wires or solder balls. In FIG. 4D, 
the power semiconductor chip 140 is electrically connected to 
the lead frame 120 by using one or more wires 150, and the 
power semiconductor chip 142 is electrically connected to the 
lead frame 120 in the form of flip chips or by using a solder 
ball (not shown). However, this is exemplary and the present 
invention is not limited thereto. Each wire 150 may include a 
metal Such as aluminum (Al), an aluminum alloy, gold (Au), 
or a gold alloy. Each wire 150 may be connected to the power 
semiconductor chips 140 and to the lead frame 120 by ball 
bonding, wedge bonding, or Stitch bonding, all of which are 
well known in the art. For this electrical connection, each of 
the power semiconductor chips 140 and 142 and the lead 
frame 120 may include a connection portion such as a typical 
connection pad. It may be appreciated that only one or both 
types of the power semiconductor chip 140 (which is electri 
cally connected to the lead frame 120 by using the wire 150) 
and the power semiconductor chip 142 (which is electrically 
connected to the lead frame 120 in the form offlip chips or by 
using the solder ball) may be mounted in the power device 
package 10. 
0063 Similarly, the control semiconductor chips 144 and 
146 and the lead frame 120 are electrically connected to each 
other. The control semiconductor chips 144 and 146 may be 
electrically connected to the lead frame 120 in the form offlip 
chips, or may be electrically connected to the lead frame 120 
by using wires or solder balls. In FIG. 4D, the control semi 
conductor chips 144 are electrically connected to the lead 
frame 120 by using wires 150, and the control semiconductor 
chips 146 are electrically connected to the lead frame 120 in 
the form of flip chips or by using a solder ball (not shown). 
However, this is exemplary and the present invention is not 
limited thereto. The wire 152 may include a metal such as 
aluminum (Al), an aluminum alloy, gold (Au), or a gold alloy. 
Each wire 152 may be connected to the control semiconduc 
torchip 144 and to the lead frame 120 by ball bonding, wedge 
bonding, or stitch bonding, all of which are well known in the 
art. For this electrical connection, each of the control semi 
conductor chips 144 and 146 and the lead frame 120 may 
include a connection portion Such as a typical connection pad. 
It may be appreciated that only one or both types of the 
control semiconductor chip 144 (which is electrically con 
nected to the lead frame 120 by using the wire 152) and the 
control semiconductor chip 146 (which is electrically con 
nected to the lead frame 120 in the form of a flip chip or by 
using Solder balls) may be mounted in the power device 
package 10. Accordingly, the control semiconductor chips 
144 and 146 are electrically connected to the power semicon 
ductor chips 140 and 142 through the lead frame 120, so that 

Oct. 1, 2009 

the control semiconductor chips 144 and 146 can control the 
operations of the power semiconductor chips 140 and 142. 
0064. In addition to the method described above with ref 
erence to FIGS. 4B through 4D, a method of attaching the 
lead frame 120 to the thermal electric module 100 after 
mounting the power semiconductor chips 140 and 142 and/or 
the control semiconductor chips 144 and 146 on the lead 
frame 120 is included in the scope of the present invention. 
0065 Referring to FIG. 4E, the power device package 10 

is encapsulated by using a sealing member 160 by performing 
a typical transfer molding process or a curing process. The 
sealing member 160 may seal the thermal electric module 
100, the power semiconductor chips 140 and 142, and the 
control semiconductor chips 144 and 146, and may expose 
the second surface 114 of the thermal electric module 100. 
Also, the sealing member 160 seals a portion of the lead frame 
120, and external leads 120c and 120d of the lead frame 120 
which are exposed to the outside are electrically connected to 
the outside of the power device package 10. The sealing 
member 160 may include an insulating resin, for example, an 
epoxy molding compound (EMC), a polyimide, a silicone, or 
a silicone rubber, or a combination thereof. It may be appre 
ciated that the power device package 10 may have various 
shapes depending on the shape of an external mold (not 
shown) in which the sealing member 160 is made. 
0.066 Referring to FIG. 4F, trimming of the leads of lead 
frame 120 is performed so that only the external leads 120c 
and 120d are left exposed to the outside of the sealing member 
160, and bending of the external leads 120c and 120d is 
performed, thereby completing the power device package 10. 
As a result of the trimming, the trimmed leads of lead frame 
120 are encased by sealing member 160 and do not extend out 
from the package. 
0067 Referring to FIG. 1 again, the power device package 
10 may further include aheatsink 170 attached to the exposed 
second surface 114 of the thermal electric module 100; the 
heat sink 170 is used to dissipate heat. The heat sink 170 may 
include a metal, a metal nitride, a ceramic, a resin, or a 
combination thereof For example, the heat sink 170 may 
include aluminum, an aluminum alloy, copper, a copper alloy, 
an aluminum oxide (Al2O), a beryllium oxide (BeO), an 
aluminum nitride (AIN), a silicon nitride (SiN), an epoxy 
based resin, or a combination thereof The heat sink 170 may 
have various dimensions and shapes in order to more effec 
tively dissipate heat. The heat sink 170 may be attached to the 
thermal electric module 100 by using a solder, a metal epoxy, 
a metal paste, a resin-based epoxy, or an adhesive tape with 
high heat resistance. The adhesive tape may comprise a well 
known high temperature-resistant tape such as a glass tape, a 
silicone tape, a Teflon tape, a stainless foil tape, or a ceramic 
tape, or a tape including an aluminum oxide, an aluminum 
nitride, a silicon oxide, or a beryllium oxide. The solder may 
include a metal such as lead (Pb), lead/tin (Pb/Sn), tin/silver 
(Sn/Ag), or lead/tin/silver (Pb/Sn/Ag). 
0068 FIG. 5 is a schematic cross-sectional view of a 
power device package 20 according to another embodiment 
of the present invention. For convenience and accuracy, 
repeated explanations of overlapped features will not be 
given. 
0069. Referring to FIG. 5, the power device package 20 
includes athermal electric module 100, and lead frames 220, 
one or more power semiconductor chips 140 and 142, one or 
more control semiconductor chips 144 and 146, and a sealing 
member 160. The power device package 10 may further 
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include a heat sink 170 attached to the second surface 114 of 
the thermal electric module 100; the heat sink 170 is used to 
dissipate heat. The main features of the power device package 
20 according to the current embodiment are as follows. A 
wiring pattern 210 is formed on a first surface of the thermal 
electric module 100, and the power semiconductor chips 140 
and 142 and/or the control semiconductor chips 144 and 146 
are mounted on the wiring pattern 210. 
0070 FIGS. 6A through 6D are schematic cross-sectional 
views illustrating a method of fabricating the power device 
package 20 of FIG.5 according to another embodiment of the 
present invention. 
(0071 Referring to FIG. 6A, athermal electric module 100 
having a first Surface 112 and a second surface 114 opposite 
each other is prepared or otherwise obtained. The thermal 
electric module 100 includes a plurality of n-type impurity 
elements and a plurality of p-type impurity elements which 
are alternately and electrically connected to each other in 
series. An operational principle of the thermal electric module 
100 has been described above with reference to FIG. 2 and 
components of the thermal electric module 100 are the same 
as those of embodiments described with reference to FIG. 3A 
or FIG. 3B. However, the materials are exemplary and the 
present invention is not limited thereto. 
0072 Next, a wiring pattern 210 is formed on the first 
surface 112 of the thermal electric module 100. The first 
surface 112 of the thermal electric module 100 may comprise 
a surface of the insulating members 107 and 107a described 
above with reference to FIGS. 3A and 3B. The wiring pattern 
210 may be formed by a typical film deposition method, such 
as chemical vapor deposition (CVD) or physical vapor depo 
sition (PVD), or a plating method, Such as electroplating or 
electroless plating. The wiring pattern 210 may include a 
conductive material Such as a metal. For example, the wiring 
pattern 210 may include aluminum, an aluminum alloy, cop 
per, or a copper alloy, or a combination thereof. The wiring 
pattern 210 may further include nickel, gold, or an alloy 
thereof. In other words, when the wiring pattern 210 is formed 
ofa material with poor oxidation resistance, such as copperor 
a copper alloy, the wiring pattern 210 may be coated with a 
layer including nickel, gold, or an alloy thereof to prevent 
oxidation of the copper or copper alloy. However, the mate 
rials of the wiring pattern 210 are exemplary and the present 
invention is not limited thereto. 

0073 Referring to FIG. 6B, one or more power semicon 
ductor chips 140 and 142 are mounted on the wiring pattern 
210. The power semiconductor chips 140 and 142 may be 
attached to the wiring pattern 210 by using a chip adhesive 
member 130. Also, one or more control semiconductor chips 
146 may be mounted on the wiring pattern 210, and may be 
electrically connected so as to control one or more of the 
power semiconductor chips 140 and 142. The type and num 
ber of the power semiconductor chips 140 and 142 and the 
control semiconductor chips 146 are described above. The 
power semiconductor chips 140 and 142 and/or the control 
semiconductor chip 146 are electrically connected to the wir 
ing pattern 210. As described above, the power semiconduc 
torchips 140 and 142 and/or the control semiconductor chips 
146 may be electrically connected to the wiring pattern 210 in 
the form of flip chips, or may be electrically connected to the 
wiring pattern 210 by using wires 150 or solder balls. Wire 
150 may include a metal Such as aluminum (Al), an aluminum 
alloy, gold (Au), or a gold alloy. 

Oct. 1, 2009 

(0074) Referring to FIG. 6C, a lead frame 220 is attached to 
the wiring pattern 210 of the thermal electric module 100 by 
using a conductive adhesive member 212 (that is, in general, 
the lead frame and the thermal electric module areassembled 
together). The conductive adhesive member 212 may include 
a solder, a solder paste, or an Ag paste, or a combination 
thereof. In FIG. 6C, an end portion 220a of the lead frame 220 
is electrically connected to the wiring pattern 210 by using the 
conductive connecting member 212, the control semiconduc 
tor chip 144 is mounted on another end portion 220b of the 
lead frame 220, and the end portion 220b of the lead frame 
220 is electrically connected to the wiring pattern 210 by 
using a lead frame wiring 222. As described above, the con 
trol semiconductor chips 144 may be electrically connected 
to the lead frame 220 in the form of flip chips, or may be 
electrically connected to the lead frame 220 by using wires 
152 or solder balls. Wire 152 may include a metal such as 
aluminum (Al), an aluminum alloy, gold (Au), or a gold alloy. 
However, the lead frame 220 is exemplary and the present 
invention is not limited thereto. Alternatively, the lead frame 
120 may be integrally formed with the end portion 220a and 
the end portion 220b, or may be separately formed to respec 
tively include the end portion 220a and the end portion 220b 
from each other. 

0075. Next, the thermal electric module 100 and the lead 
frame 220 are electrically connected to each other. That is, the 
power wiring 109 shown in FIG.3A or FIG.3B is electrically 
connected to the lead frame 220, so that power can be sup 
plied to the thermal electric module 100 through the lead 
frame 220. In FIG. 4B, the power wiring 109 is connected to 
power wiring 109 of the lead frame 220. However, this is 
exemplary, and alternatively, the power wiring 109 may be 
connected to the end portion 220a of the lead frame 220. An 
electrical connection between the lead frame 220 and the 
power wiring 109 can be realized using a conventional 
method Such as a soldering method. Although not shown in 
the drawing, the power wiring 109 may be connected to an 
external circuit without being connected to the lead frame 
220, so that power can be supplied to the thermal electric 
module 100. 

0076 Referring to FIG. 6D, the power device package 10 
is encapsulated by using a sealing member 160 by performing 
a typical transfer molding process or a curing process. The 
type of the sealing member 160 and the sealing process using 
the sealing member 160 are described above with reference to 
FIG. 4E. Also, trimming of the lead frame's leads is per 
formed so that only the external leads 220c and 220d are left 
exposed to the outside of the sealing member 160 (while other 
leads are trimmed), and bending of the external leads 220c 
and 220d is performed, thereby completing the power device 
package 20. 
0077 Referring back to FIG. 5, the power device package 
10 may further include aheatsink 170 attached to the exposed 
second surface 114 of the thermal electric module 100; the 
heat sink 170 is used to dissipate heat. The heat sink 170 has 
been described above with reference to FIG. 1. 

0078 Power device packages according to the present 
invention use thermal electric modules realizing the Peltier 
effect, which can transfer heat by applying current, instead of 
using ceramic Substrates with poor thermal conductivity, so 
that heat generated from power semiconductor chips is rap 
idly dissipated to the outside, thereby increasing operation 
reliability of the devices. 
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0079 Moreover, since a power device package according 
to the present invention puts the power semiconductor chips 
and the control semiconductor chips for controlling and driv 
ing the power semiconductor chips into one package, Smart 
power modules or intelligent power modules can be realized. 
0080. The foregoing is illustrative of example embodi 
ments and is not to be construed as limiting thereof. Although 
example embodiments have been described, those skilled in 
the art will readily appreciate that many modifications are 
possible in example embodiments without materially depart 
ing from the novel teachings and advantages of example 
embodiments. Accordingly, all such modifications are 
intended to be included within the scope of the claims. There 
fore, it is to be understood that the foregoing is illustrative of 
example embodiments and is not to be construed as limited to 
the specific embodiments disclosed, and that modifications to 
the disclosed embodiments, as well as other embodiments, 
are intended to be included within the scope of the appended 
claims. Example embodiments are defined by the following 
claims, with equivalents of the claims to be included therein. 
What is claimed is: 
1. A power device package comprising: 
a thermal electric module having a first Surface and a sec 
ond Surface opposite each other, and a plurality of n-type 
impurity elements and a plurality of p-type impurity 
elements alternately and electrically connected to each 
other in series; 

a lead frame attached to the first surface of the thermal 
electric module by an adhesive member; 

one or more power semiconductor chips disposed on and 
electrically connected to the lead frame; 

one or more control semiconductor chips disposed on and 
electrically connected to the lead frame to control at 
least one power semiconductor chip; and 

a sealing member sealing the thermal electric module, the 
one or more power semiconductor chips, the one or more 
control semiconductor chips, and at least a portion of the 
lead frame so as to expose the second Surface of the 
thermal electric module. 

2. The power device package of claim 1, wherein the ther 
mal electric module comprises: 

an impurity element array portion having the n-type impu 
rity elements and the p-type impurity elements arranged 
in an alternating manner; 

a first plurality of conductive members disposed on the 
impurity element array portion and a second plurality of 
conductive members disposed below the impurity ele 
ment array portion, the conductive members electrically 
connecting the n-type impurity elements and the p-type 
impurity elements in series; 

a power wiring electrically connected to a portion of the 
conductive members and adapted to convey electrical 
power to the impurity element array portion from the 
outside; and 

a first insulating member disposed on at least a portion of 
the first conductive members, and a second insulating 
member disposed below at least a portion of the second 
conductive members. 

3. The power device package of claim 2, wherein the impu 
rity element array portion comprises a semiconductor Sub 
Strate, 

wherein the n-type impurity elements comprise n-type 
impurity regions in the semiconductor Substrate, the 
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n-type regions having n-type doped or ion-implanted 
impurities disposed in the semiconductor Substrate, and 

wherein the p-type impurity elements comprise p-type 
impurity regions in the semiconductor Substrate, the 
p-type regions having p-type doped or ion-implanted 
impurities disposed in the semiconductor Substrate. 

4. The power device package of claim 2, wherein the con 
ductive members comprise aluminum, an aluminum alloy, 
copper, a copper alloy, nickel, a nickel alloy, or a combination 
thereof. 

5. The power device package of claim 2, wherein the power 
wiring is electrically connected to the lead frame and adapted 
to convey electrical power to the impurity element array por 
tion. 

6. The power device package of claim 1, wherein the n-type 
impurities included in the n-type impurity elements comprise 
one or more selected from the group consisting of N. P. As, 
Sb, Bi, S, Se, Te, and Po, and the p-type impurities comprised 
in the p-type impurity elements comprise one or more 
selected from the group consisting of B, Al. Ga, In, Tl, Zn, Cd, 
and Hg. 

7. The power device package of claim 1, wherein at least 
one semiconductor chip is disposed so as to be electrically 
connected to the lead frame in the form of a flip chip or is 
electrically connected to the lead frame with at least one wire 
or at least one solder ball, wherein the at least one semicon 
ductor chip is a power semiconductor chip or a control semi 
conductor chip. 

8. The power device package of claim 7, wherein the at 
least one wire comprises aluminum or gold. 

9. The power device package of claim 1, wherein the one or 
more power semiconductor chips comprise one or more 
power metal oxide semiconductor field effect transistors, one 
or more bipolar junction transistors, one or more insulated 
gate bipolar transistors, or one or more diodes, or a combina 
tion thereof. 

10. The power device package of claim 1, wherein the 
sealing member comprises an epoxy molding compound, a 
polyimide, a silicone, a silicone rubber, or a combination 
thereof. 

11. The power device package of claim 1, further compris 
ing a heat sink attached to the second Surface of the thermal 
electric module. 

12. The power device package of claim 11, wherein the 
heat sink comprises aluminum, an aluminum alloy, copper, a 
copper alloy, an aluminum oxide, a beryllium oxide, an alu 
minum nitride, a silicon nitride, or an epoxy-based resin, or a 
combination thereof. 

13. The power device package of claim 1, wherein the lead 
frame adhesive member comprises an elastomer or an epoxy, 
or a combination thereof. 

14. A power device package comprising: 
a thermal electric module having a first Surface and a sec 

ond Surface opposite each other, and a plurality of n-type 
impurity elements and a plurality of p-type impurity 
elements alternately and electrically connected to each 
other in series; 

a wiring pattern disposed on the first Surface; 
a lead frame attached to the first surface of the thermal 

electric module by a conductive adhesive member and 
electrically connected to the wiring pattern; 

one or more power semiconductor chips disposed on and 
electrically connected to the wiring pattern; 
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one or more control semiconductor chips disposed on and 
electrically connected to the lead frame or the wiring 
pattern, or both, to control the at least one power semi 
conductor chip; and 

a sealing member sealing the thermal electric module, the 
one or more power semiconductor chips, the one or more 
control semiconductor chips, and at least a portion of the 
lead frame so as to expose the second Surface of the 
thermal electric module. 

15. The power device package of claim 14, wherein the 
thermal electric module comprises: 

an impurity element array portion having the n-type impu 
rity elements and the p-type impurity elements arranged 
in an alternating manner; 

a first plurality of conductive members disposed on the 
impurity element array portion and a second plurality of 
conductive members disposed below the impurity ele 
ment array portion, the conductive members electrically 
connecting the n-type impurity elements and the p-type 
impurity elements in series; 

a power wiring electrically connected to a portion of the 
conductive members and adapted convey electrical 
power to the impurity element array portion from the 
outside; and 

a first insulating member disposed on at least a portion of 
the first conductive members, and a second insulating 
member disposed below at least a portion of the second 
conductive members. 

16. The power device package of claim 15, wherein the 
impurity element array portion comprises a semiconductor 
Substrate, 

wherein the n-type impurity elements comprise n-type 
impurity regions in the semiconductor Substrate, the 
n-type regions having n-type doped or ion-implanted 
impurities disposed in the semiconductor Substrate, and 

wherein the p-type impurity elements comprise p-type 
impurity regions in the semiconductor Substrate, the 
p-type regions having p-type doped or ion-implanted 
impurities disposed in the semiconductor Substrate. 

17. The power device package of claim 15, wherein the 
power wiring is electrically connected to the lead frame and 
adapted to convey electrical power to the impurity element 
array portion. 

18. The power device package of claim 14, wherein the 
wiring pattern comprises aluminum, an aluminum alloy, cop 
per, or a copper alloy, or a combination thereof. 

19. The power device package of claim 18, wherein the 
wiring pattern further comprises nickel, gold, or an alloy 
thereof. 

20. The power device package of claim 14, wherein the 
conductive adhesive member comprises a solder, a solder 
paste, or a silver paste, or a combination thereof. 

21. The power device package of claim 14, wherein at least 
one semiconductor chip is disposed so as to be electrically 
connected to the lead frame in the form of a flip chip or is 
electrically connected to the lead frame with at least one wire 
or at least one solder ball, wherein the at least one semicon 
ductor chip is a power semiconductor chip or a control semi 
conductor chip. 

22. The power device package of claim 21, wherein the at 
least one wire comprises aluminum or gold. 

23. The power device package of claim 14, further com 
prising a heat sink attached to the second Surface of the 
thermal electric module. 
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24. The power device package of claim 23, wherein the 
heat sink comprises aluminum, an aluminum alloy, copper, a 
copper alloy, an aluminum oxide, a beryllium oxide, an alu 
minum nitride, a silicon nitride, or an epoxy-based resin, or a 
combination thereof. 

25. A method of fabricating a power device package, the 
method comprising: 

assembling a lead frame and a first Surface of a thermal 
electric module together using an adhesive member, the 
thermal electric module having a second Surface oppo 
site to the first Surface, a plurality of n-type impurity 
elements, and a plurality of p-type impurity elements, 
the n-type impurity elements and the p-type impurity 
elements being alternately and electrically connected to 
each other in series; 

mounting one or more power semiconductor chips and one 
or more control semiconductor chips on the lead frame; 

electrically connecting at least one power semiconductor 
chip and at least one control semiconductor chip to the 
lead frame; and 

sealing the thermal electric module, the one or more power 
semiconductor chips, the one or more control semicon 
ductor chips, and a portion of the lead frame with a 
sealing member so as to expose the second Surface of the 
thermal electric module. 

26. The method of claim 25, wherein assembling the lead 
frame and the thermal electric module together comprises 
electrically connecting the thermal electric module and the 
lead frame. 

27. The method of claim 25, after the sealing of the sub 
strate, the power semiconductor chips, and the portion of the 
lead frame, the method further comprising: 

trimming the leads of the lead frame to leave only some of 
the leads exposed to the outside of the sealing member; 
and 

bending the exposed leads. 
28. A method of fabricating a power device package, the 

method comprising: 
forming a wiring pattern on a first Surface of a thermal 

electric module, the thermal electric module having a 
second Surface opposite to the first Surface, a plurality of 
n-type impurity elements, and a plurality of p-type 
impurity elements, the n-type impurity elements and the 
p-type impurity elements being alternately and electri 
cally connected to each other in series; 

mounting one or more power semiconductor chips on the 
thermal electric module so as to electrically connect to 
the wiring pattern; 

assembling a lead frame and the first surface of the thermal 
electric module together using a conductive adhesive 
member so that the lead frame and the wiring pattern are 
electrically connected; and 

sealing the thermal electric module, the power semicon 
ductor chips, the control semiconductor chips and a 
portion of the lead frame with a sealing member so as to 
expose the second surface of the thermal electric mod 
ule. 

29. The method of claim 28, wherein the mounting of the 
power semiconductor chips on the thermal electric module 
further comprises mounting one or more control semiconduc 
tor chips on the wiring pattern so as to be electrically con 
nected to the wiring pattern. 

30. The method of claim 28, wherein assembling the lead 
frame and the first surface of the thermal electric module 
together comprises electrically connecting the thermal elec 
tric module and the lead frame. 
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