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SEMCONDUCTOR DEVICE HAVING ACLP 
CONTACT 

TECHNICAL FIELD 

0001. This invention relates to the technique of packaging, 
and in particular to the technique of packaging a semiconduc 
tor chip using a clip contact. 

BACKGROUND 

0002 Semiconductor device manufacturers are constantly 
striving to increase the performance of their products, while 
decreasing their cost of manufacture. A cost intensive area in 
the manufacture of semiconductor devices is packaging the 
semiconductor chips. As those skilled in the art are aware, 
integrated circuits are fabricated on wafers, which are then 
singulated to produce semiconductor chips. Subsequently, 
the semiconductor chips may be mounted on electrically con 
ductive carriers, such as leadframes. Packaging methods pro 
viding Small component sizes at low expenses are desirable. 
0003 For these and other reasons, there is a need for the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 The accompanying drawings are included to pro 
vide a further understanding of embodiments and are incor 
porated in and constitute a part of this specification. The 
drawings illustrate embodiments and together with the 
description serve to explain principles of embodiments. Other 
embodiments and many of the intended advantages of 
embodiments will be readily appreciated as they become 
better understood by reference to the following detailed 
description. The elements of the drawings are not necessarily 
to scale relative to each other. Like reference numerals des 
ignate corresponding similar parts: 
0005 FIG. 1 schematically illustrates a top view of an 
embodiment of a semiconductor package with the encapsu 
lation body assumed to be transparent for illustrative pur 
poses; 

0006 FIG. 2 schematically illustrates a cross-sectional 
view of the semiconductor package shown in FIG. 1 along 
line A-A; 
0007 FIGS. 3A-3E schematically illustrate cross-sec 
tional views of an exemplary process of a method of packag 
ing a semiconductor chip; 
0008 FIG. 4 schematically illustrates a perspective view 
of a contact clip having a plurality of edge contact portions in 
accordance with several embodiments; 
0009 FIG. 5 illustrates a cross-sectional view of the con 
tact clip shown in FIG. 1 along line A-A: 
0010 FIGS. 6A-6B illustrate cross-sectional views of the 
contact clip shown in FIG. 1 along line B-B in accordance 
with several embodiments; 
0011 FIG. 7 schematically illustrates a top view of an 
embodiment of a semiconductor package using a contact clip 
having a plurality of edge contact portions; 
0012 FIGS. 8A-8B illustrate cross-sectional views of the 
contact clip shown in FIG. 7 along line B-B in accordance 
with several embodiments; and 
0013 FIG. 9 illustrates a cross-sectional view of the con 
tact clip shown in FIG. 7 along line A-A. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0014. In the following detailed description, reference is 
made to the accompanying drawings, which form a part 
thereof, and in which is shown by way of illustration specific 
embodiments in which the invention may be practiced. In this 
regard, directional terminology, such as “top. “bottom.” 
"front,” “back.” “leading.” “trailing.” etc., is used with refer 
ence to the orientation of the figure(s) being described. 
Because components of embodiments can be positioned in a 
number of different orientations, the directional terminology 
is used for purposes of illustration and is in no way limiting. 
It is to be understood that other embodiments may be utilized 
and structural or logical changes may be made without 
departing from the scope of the present invention. The fol 
lowing detailed description, therefore, is not to be taken in a 
limiting sense, and the scope of the present invention is 
defined by the appended claims. 
0015. It is to be understood that the features of the various 
exemplary embodiments described herein may be combined 
with each other, unless specifically noted otherwise. 
0016. As employed in this specification, the terms 
“coupled and/or “electrically coupled are not meant to 
mean that the elements must be directly coupled together; 
intervening elements may be provided between the “coupled 
or “electrically coupled’ elements. 
0017 Devices containing semiconductor chips are 
described herein. In particular, one or more semiconductor 
chips having a vertical structure may be involved, that is to 
say that the semiconductor chips may be fabricated in Such a 
way that electric currents can flow in a direction perpendicu 
lar to the main Surfaces of the semiconductor chips. A semi 
conductor chip having a vertical structure has electrodes on 
its two main Surfaces, that is to say on its top side and bottom 
side. 
0018. In particular, power semiconductor chips may be 
involved. Power semiconductor chips may have a vertical 
structure. The Vertical power semiconductor chips may, for 
example, be configured as power MOSFETs (Metal Oxide 
Semiconductor Field Effect Transistors), IGBTs (Insulated 
Gate Bipolar Transistors), JFETs (Junction Gate Field Effect 
Transistors), power bipolar transistors or power diodes. By 
way of example, the Source electrode and gate electrode of a 
power MOSFET may be situated on one main surface, while 
the drain electrode of the power MOSFET is arranged on the 
other main Surface. The semiconductor chips need not be 
manufactured from specific semiconductor material, for 
example, Si, SiC. SiGe, GaAs, and, furthermore, may contain 
inorganic and/or organic materials that are not semiconduc 
tors. The semiconductor chips may be of different types and 
may be manufactured by different technologies. 
0019. The semiconductor chips may have electrodes 
which allow electrical contact to be made with the integrated 
circuits included in the semiconductor chips. The electrodes 
may include one or more metal layers which are applied to the 
semiconductor material of the semiconductor chips. The 
metal layers may be manufactured with any desired geomet 
ric shape and any desired material composition. The metal 
layers may, for example, be in the form of a layer or land 
covering an area. By way of example, any desired metal 
capable of forming a solder bond or diffusion solder bond, for 
example Cu, Ni, NiSn, Au, Ag, Pt, Pd, and an alloy of one or 
more of these metals may be used as the material. The metal 
layers need not be homogenous or manufactured from just 
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one material, that is to say various compositions and concen 
trations of the materials contained in the metal layers are 
possible. 
0020. One or more semiconductor chips are mounted on a 

carrier. In one embodiment, the carrier may be a metal plate or 
sheet Such as, e.g., a die pad of a leadframe. The metal plate or 
sheet may be made of any metal or metal alloy, e.g., copper or 
copper alloy. In other embodiments, the chip carrier may be 
made of plastics or ceramics. For instance, the chip carrier 
may comprise a layer of plastics coated with a metal layer. By 
way of example, such chip carrier may be a single-layer PCB 
or a multi-layer PCB. The PCB may have at least one insu 
lating layer and a structured metal foil layer attached to the 
insulating layer. The insulating layer is typically made on the 
basis of epoxy resin, polythetrafluoroethylene, aramid fibers 
or carbon fibers and may include reinforcement means Such 
as fiber mats, for example glass or carbon fibers. In other 
embodiments, the chip carrier may comprise a plate of ceram 
ics coated with a metal layer. By way of example, Such chip 
carrier may be DCB (direct copper bonded) ceramics sub 
Strate. 

0021 One or more power semiconductor chips are at least 
partly surrounded or embedded in at least one electrically 
insulating material. The electrically insulating material forms 
an encapsulation body. The encapsulation body may com 
prise or be made of a mold material. Various techniques may 
be employed to form the encapsulation body of the mold 
material, for example compression molding, injection mold 
ing, powder molding or liquid molding. Further, the encap 
Sulation body may have the shape of a piece of a layer, e.g., a 
piece of a sheet or foil that is laminated on top of the power 
semiconductor chip(s) and the carrier(s). The encapsulation 
body may form part of the periphery of the package, i.e., may 
at least partly define the shape of the semiconductor device. 
0022. The electrically insulating material may comprise or 
be made of a thermoset material or a thermoplastic material. 
A thermoset material may e.g., be made on the basis of an 
epoxy resin. Athermoplastic material may e.g., comprise one 
or more materials of the group of polyetherimide (PEI), poly 
ether-sulfone (PES) polyphenylene-sulfide (PPS) or polya 
mide-imide (PAI). Thermoplastic materials melt by applica 
tion of pressure and heat during molding or lamination and 
(reversibly) harden upon cooling and pressure release. 
0023 The electrically insulating material forming the 
encapsulation body may comprise or be made of a polymer 
material. The electrically insulating material may comprise at 
least one of a filled or unfilled mold material, a filled or 
unfilled thermoplastic material, a filled or unfilled thermoset 
material, a filled or unfilled laminate, a fiber-reinforced lami 
nate, a fiber-reinforced polymer laminate, and a fiber-rein 
forced polymer laminate with filler particles. 
0024. In some embodiments, the electrically insulating 
material may be a laminate, e.g., a polymer foil or sheet. Heat 
and pressure may be applied for a time Suitable to attach the 
polymer foil or sheet to the underlying structure. During 
lamination, the electrically insulating foil or sheet is capable 
of flowing (i.e., is in a plastic state), resulting in that gaps 
between the power semiconductor chips and/or other topo 
logical structures on the chip carriers are filled with the poly 
mer material of the electrically insulating foil or sheet. The 
electrically insulating foil or sheet may comprise or be made 
of any appropriate thermoplastic or thermoset material. In 
one embodiment, the insulating foil or sheet may comprise or 
be made of a prepreg (short for pre-impregnated fibers), that 
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is e.g., made of a combination of a fibermat, for example glass 
or carbon fibers, and a resin, for example a thermoset or 
thermoplastic material. Prepreg materials are known in the art 
and are typically used to manufacture PCBs (printed circuit 
boards). 
0025. A contact clip is provided to electrically connect an 
electrode of the semiconductor chip to an external terminal of 
the semiconductor device. The contact clip may be an integral 
part having a bond portion bonded to the first electrode and 
having a terminal portion forming an external terminal of the 
semiconductor device. By way of example, the external ter 
minal of the semiconductor device may comprise an external 
contact area exposed at the encapsulation body of a leadless 
package. The external terminal of the semiconductor device 
may also be a lead of a leaded package. 
0026. A variety of different types of electronic devices 
may be designed to use a contact clip as described herein or 
may be manufactured by the techniques described herein. By 
way of example, an electronic device in accordance with the 
disclosure may constitute a power Supply containing two or 
more power MOSFETs and, optionally, one or more logic 
integrated circuits. For instance, an electronic device dis 
closed herein may comprise a half-bridge circuit including a 
high side transistor, a low side transistor and, optionally, a 
logic integrated circuit chip as a driver. A half-bride circuit 
which may e.g., be implemented in electronic circuits for 
converting DC voltages, so-called DC-DC converters. DC 
DC converters may be used to convert a DC input voltage 
provided by a battery or rechargeable battery into a DC output 
Voltage matched to the demands of electronic circuits con 
nected downstream. By way of example, a DC-DC converter 
described herein may be a buck converter or down-converter. 
0027 FIG. 1 illustrates a top view of an exemplary semi 
conductor device 100 in accordance with one embodiment. 
The semiconductor device 100 may be a package comprising 
a carrier 101, a semiconductor chip 102, a contact clip 103 
and an encapsulation body 104. FIG. 2 schematically illus 
trates a cross-sectional view of the semiconductor device 100 
shown in FIG. 1 along section line A-A. 
0028. The carrier 101 may comprise or be made of a flat 
metal plate, e.g., a die pad of a leadframe. In other embodi 
ments the carrier 101 may comprise or be made of a plastic 
plate or a ceramic Substrate coated by a metal layer on the 
upper Surface (i.e., the Surface facing the semiconductor chip 
102) thereof. 
0029. The semiconductor chip 102 may be mounted on the 
carrier 101 with its bottom surface facing the carrier 101 (e.g., 
die pad of a leadframe) and its top surface facing away from 
the carrier 101. The semiconductor chip 102 may have a first 
electrode (or contact pad) 110 on the top surface and a second 
electrode (or contact pad) 111 on the bottom surface. The first 
and second electrodes 110, 111 may be load electrodes of a 
power semiconductor chip 102. Furthermore, the semicon 
ductor chip 102 may have a third electrode (or contact pad) 
112 on its top surface. The third electrode 112 may e.g., be a 
control electrode of a power semiconductor chip 102. 
0030 The semiconductor chip 102 may be configured as a 
power transistor, for example, a power MOSFET, IGBT, 
JFET or power bipolar transistor, or a power diode. In the case 
of a power MOSFET or a JFET, a first electrode 110 is a 
source electrode, the second electrode 111 is a drain elec 
trode, and the third electrode 112 is a gate electrode. In the 
case of an IGBT, the first electrode 110 is an emitter electrode, 
the second electrode 111 is a collector electrode, and the third 
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electrode 112 is a gate electrode. In the case of a power 
bipolar transistor, the first electrode 110 is an emitter elec 
trode, the second electrode 111 is a collector electrode, and 
the third electrode 12 is a base electrode. In the case of a 
power diode, the first and second electrodes 110, 111 are 
cathode and anode, respectively, and there is no third elec 
trode. During operation, voltages higher than 5, 50, 100, 500 
or 1000 V may be applied between the first and second elec 
trodes 110, 111. The switching frequency applied to the third 
electrode 112 may be in the range from 1 kHz to 100 MHz, but 
may also be outside of this range. 
0031. The second electrode 111 may be electrically and 
mechanically coupled to the upper surface of the carrier 101 
by a bond layer 121. The bond layer 121 may e.g., comprise 
or consist of solder, a soft Solder, a diffusion Solder, a paste, a 
nanopaste, or an electrically conductive adhesive. 
0032 More specifically, the bond layer 121 may e.g., be 
made of a diffusion soldering material Such as e.g., AuSn, 
AgSn, CuSn, AgIn, Auln, CuIn, AuSi, Snor Au, or by a paste 
containing metal particles distributed in a polymer material or 
resin Such as e.g., a-terpineol. Pastes containing metal par 
ticles can, for example, be purchased from the companies 
Coocson Electronic (product name: N 1000), Advanced 
Nano-Particles (ANP), Harima Chemicals (product names: 
NPS-H and NHD-1) or NBE Technologies (product name: 
NBE Tech). The metal particles may, for example, be made of 
silver, gold, copper, tin or nickel. The extensions (average 
diameter) of the metal particles may e.g., be smaller than 100 
nm and, in particular, smaller than 50 nm or 10 nm. These 
pastes are also referred to as nanopastes in the art. 
0033. The first electrode 110 may be electrically and 
mechanically coupled to a bond portion 103 1 of the contact 
clip 103 by a bond layer 120. As to the bond layer 120, the 
same materials, Substances and bonding techniques may be 
used as disclosed herein with reference to the bond layer 121. 
0034. The contact clip 103 further comprises a terminal 
portion 103 3 and an intermediate portion 103 2 extending 
between the bond portion 103 1 and the terminal portion 
103 3. The bonding clip 103 is integral, i.e., the bond portion 
103 1, the intermediate portion 103 2 and the terminal por 
tion 103 3 may be made of one single part and/or do not have 
any assembly connections such as, e.g., Solder bonds to inter 
connect the bond portion 103 1, the intermediate portion 
103 2 and the terminal portion 103 3. 
0035. The bond portion 103 1 may comprise a depression 
125 configured to provide for a bonding contact area 103b. 
The bonding contact area 103b may be slightly lowered in 
relation to the residual extension of the bond portion 103 1. 
The bonding contact area 103b may be bonded to the bond 
layer 120. 
0036. The bond portion 103 1 and the terminal portion 
103 3 may run in a substantially parallel direction. The inter 
mediate portion 103 2 may run substantially inclined or even 
perpendicular to the bond portion 103 1 and/or to the termi 
nal portion 103 3. 
0037. The encapsulation body 104 of the semiconductor 
device 100 may embed the carrier 101 and the semiconductor 
chip 102 at side and top faces. The terminal portion 103 3 of 
the contact clip 103 forms an external terminal of the semi 
conductor device 100 and, therefore, protrudes out of the 
encapsulation body 104. By way of example, as illustrated in 
FIGS. 1 and 2, the semiconductor device may have a leadless 
package. In this and other cases the terminal portion 103 3 of 
the contact clip 103 may have an external contact area 103a 
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exposed at the encapsulation body 104, e.g., at the bottom of 
the package. The external contact area 103a may be coplanar 
with a reference plane defined by a bottom surface 101a of the 
carrier 101. The bottom surface 101a of the carrier 101 may 
also be exposed at the bottom of the package. Further, a 
bottom surface portion 104b of the encapsulation body 104 
may be coplanar with the reference plane defined by the 
bottom surface 101a of the carrier 101. In this case, the 
bottom surface 101a of the carrier, the bottom surface portion 
104b of the encapsulation body 104 and the external contact 
area 103a of the terminal portion 103 may all be arranged 
substantially level with each other. They may form the bottom 
of the package. 
0038 A top surface 101b of the carrier 101 may define a 
reference plane of the package. This reference plane is 
referred to as an internal (package) reference plane. The inter 
nal reference plane may e.g., be coplanar with top Surfaces of 
other Supporting structures within the package such as, e.g., a 
top surface 130b of a lead post 130 and/or a top surface of 
another carrier (not shown) accommodated in the package of 
the semiconductor device 100. The contact clip 103 may 
intersect the internal reference plane at the intermediate por 
tion 103 2. The intersection of the contact clip 103 with the 
internal reference plane may be situated within the encapsu 
lation body 104, i.e., within the Zone defined by the peripheral 
line 104a. 
0039. The lead post 130 may form another external termi 
nal of the semiconductor device 100. Abottom surface 130a 
of the lead post 130 may be exposed at the bottom surface of 
the package of the semiconductor device 100 in order to e.g., 
provide for another SMT external contact area of the package. 
0040. The third electrode 112 may be coupled to the lead 
post 130 by an interconnect such as, e.g., a bond wire 140, 
another contact clip (not shown), etc. As may be seen from 
FIG. 2, the interconnect 140 may be completely accommo 
dated in the package without having any external contact 
areas exposed at the package outside. The interconnect 140 
may be connected to a top surface 130b of the lead post 130. 
The interconnect 140 may not intersect the internal reference 
plane of the semiconductor device 100 in case the top surface 
130b of the lead post 130 is level with or above the internal 
reference plane. 
0041. The semiconductor device 100 may be a SMT (Sur 
face Mounted Technology) package and/or a THT (Through 
Hole Technology) package. In all cases the contact clip 103 is 
partly exposed at the encapsulation body 104 of the package. 
The contact area 103a of the terminal portion 103 3 of the 
contact clip 103 may be configured to be bonded to an appli 
cation board such as, e.g., a PCB (Printed Circuit Board) of a 
customer's device. 

0042. Reference numeral 104a indicates a peripheral out 
line of the encapsulation body 104 at a lower edge of the 
encapsulation body 104. In FIG. 1 the encapsulation body 
104 is assumed to be transparent in order to illustrate the 
internal structure of the package of the semiconductor device 
100. As may be seen from FIGS. 1 and 2, a lateral end face 
103c of the terminal portion 103 3 may be exposed at the 
periphery of the package of the semiconductor device 100. By 
way of example, the end face 103c of terminal portion 103 3 
may protrude a small distance (e.g., less than 1 mm) over the 
peripheral line 104a of the encapsulation body 104. In other 
examples the end face 103c may be covered by encapsulation 
body 104 such that the encapsulation body 104 completely 
covers the lateral Surfaces of the package. 
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0043. The encapsulation body 104 may completely cover 
the top surface of the package. In other examples the encap 
Sulation body 104 may have an opening (not shown) arranged 
over the contact clip 103. The opening may be used to couple 
the bond portion 103 1 of the contact clip 103 to a heat sink 
(not shown) disposed on top of the package of the semicon 
ductor device 100. 
0044) The package of the semiconductor device 100 may 
also be a leaded package. In this case, the terminal portion 
103 3 of the contact clip 103 is a lead protruding out of the 
package of the semiconductor device 100. In this case, no 
exposed contact area 103a situated at the bottom side of the 
package may not be provided. Rather, the bottom side of the 
package may exclusively be defined by the bottom Surface 
101a of the carrier 101 and the bottom Surface 104b of the 
encapsulation body 104. The terminal portion 103 3 forming 
a terminal lead of the package may protrude out of the pack 
age over a distance greater than 1 mm, 3 mm, 5 mm, etc. 
0045. The package of the semiconductor device 100 may 

e.g., have a thickness (height) B in the range from about 0.5-2 
mm, in particular about 1 mm. The semiconductor chip 102 
may have a thickness (height) in the range from about 20, 50. 
100 to about 200, 300, 500 um. The carrier 101 may have a 
thickness (height) in the range from about 100-200 um or 
even up to e.g., 500 um. The interconnect 140, e.g., a bond 
wire, may have a diameter in the range from e.g., about 
20-200 um, in particular of about 50 um. The semiconductor 
chip 102 may have a chip area of about 1-10 mm times 1-10 
mm. By way of example, the length L of the semiconductor 
chip 102 may be about 5 mm or smaller and the width W of the 
semiconductor chip 102 may be about 6 mm or smaller. 
0046. The thickness (height)T of the contact clip 103 may 

e.g., be greater than 100 um, 150 lum, 200 um, 250 lum, 300 
um, and may e.g., be smaller than 200um,300 um or 500 um. 
The difference in height AH overcome by the contact clip 103 
(i.e., by the intermediate portion 103 2), may range from 
about 150 um to 1000 um and may e.g., be greater than 200 
um, 250 um, 300 um, 350 lum, or 400 um. It is to be noted that 
the difference in height AH between the contact area 103a at 
the terminal portion 103 3 of the contact clip 103 and a lower 
surface of the bond portion 103 1 of the contact clip 103 is 
exclusively bridged by the integral contact clip 103 without 
any further parts of the package contributing to overcome this 
level difference AH. 
0047 FIGS. 3A-3E illustrate by way of example process 
stages of an embodiment of a method of packaging a semi 
conductor chip 102 to provide a semiconductor device Such as 
e.g., semiconductor device 100 as shown in FIGS. 1 and 2. It 
is to be noted that the stages of production illustrated in FIGS. 
3A-3E may be understood as simplifications, since further 
processes may be used which are not illustrated in these 
figures. For instance, further dielectric layers or structured 
metal layers may be applied during the assembly of the semi 
conductor device 100. 
0048. According to FIG. 3A, the carrier 101 for the semi 
conductor chip 102 and, e.g., further Support structures Such 
as e.g., the lead post 130 are provided. The lead post 130 and 
the carrier 101 may form part of the same leadframe. 
0049. The carrier 101 may e.g., be a die pad of a leadframe, 
a PCB (Printed Circuit Board), a DCB (Direct Copper Bond), 
which is a ceramic Substrate with copper layers on its top and 
bottom surface, etc. The carrier 101 is made of or has the top 
surface 101b be made of any desired metal. In particular, 
metals capable of forming a diffusion solder bond, for 
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example Cu, Ni, NiSn, Au, Ag, Pt, Pd, or an alloy of one or 
more of these metals, may be used. 
0050. The bond layer 121 of solder material or any other 
electrically and mechanically bonding Substance Such as e.g., 
a conducting adhesive may then be applied to the top surface 
101b of the carrier 101. By way of example, the bond layer 
121 may be deposited by using a sputtering process, an elec 
trochemical deposition process, a printing or a dispensing 
process. By way of example, a solder material paste may be 
printed or dispensed on the top surface 101b of the carrier 
101. The solder material paste may contain metal particles, 
e.g., a flux material and e.g., an organic solvent known in the 
art to be used to separate the metal particles. 
0051. In particular, any solder material capable of forming 
diffusion solder bonds may be used, for example solder mate 
rial comprising one or more of Sn, Snag, Snau, In, InAg, and 
In Au. The solder material may be free of Pb. If the solder 
material is a diffusion solder material paste, it may e.g., 
comprise metal particles made e.g., of one or more of the 
above cited materials. 
0052 FIG. 3B schematically illustrates the process of 
placing the semiconductor chip 102 on the carrier 101 with 
the second main surface facing the carrier 101. The bond layer 
121 is arranged between the second main Surface of the semi 
conductor chip 102 and the top surface 101b of the carrier 
101. The second chip electrode 111 may be arranged opposite 
to and in abutment with the bond layer 121. 
0053. The semiconductor chip 102 may then be bonded to 
the carrier 101. By way of example, if the bond layer 121 
comprises a solder material, the arrangement shown in FIG. 
3B may be heated to a temperature in order to attach the 
semiconductor chip 102 to the carrier 101 firmly. Heating 
may be accomplished e.g., in a furnace. In other examples, the 
semiconductor chip 102 may merely be placed on the bond 
layer 121 and the attachment of the semiconductor chip 102 to 
the carrier 101 is performed later at the process stage shown 
in FIG. 3E. 
0054) Then, with reference to FIG.3C, the bond layer 120 
may be deposited on the first electrode 110 at the first main 
surface of the semiconductor chip 102. The material of the 
bond layer 120 may be identical to the material of the bond 
layer 121 as described above. Further, the same processes of 
application as described with reference to bond layer 121 may 
be used to deposit bond layer 120 on the semiconductor chip 
102. 

0055 Referring to FIG. 3D, the interconnect 140 may be 
bonded to the third electrode 112 and the top surface 130b of 
the lead post 130 in order to electrically connect the semicon 
ductor chip 101 to the bottom surface 130a of the lead post 
130 representing an external terminal of the semiconductor 
device 100. The bonding of the interconnect 140 may also be 
done at another stage of the manufacturing process, e.g., 
before the process of applying the bond layer 120 or after the 
process of applying the contact clip 103 as shown in FIG.3E. 
0056. In FIG. 3E the contact clip 103 is placed over the 
semiconductor chip 102. The contact clip 103 may be made of 
any desired metal, e.g., of a metal capable of forming a 
diffusion solder bond, for example, Cu, Ni, NiSn, Au, Ag, Pt, 
Pd, or any alloy of one or more of these metals. 
0057 The contact clip 103 forms an external terminal of a 
semiconductor device 100. By way of example, the contact 
clip 103 may be part of a leadframe referred to as a contact 
clip leadframe. The contact clip leadframe may be a second 
leadframe, i.e., a leadframe which is different to the first 
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leadframe comprising the carrier (or chip pad) 101 and the 
lead post 130. One possibility of placing the contact clip 103 
on the arrangement shown in FIG. 3C or 3D is to bring the 
second leadframe ("contact clip leadframe’) in alignment 
with the first leadframe (“chip carrier leadframe'). In this 
case, the frames (not shown) of the two leadframes may both 
be positioned at the same level, e.g., at the level given by the 
peripheral or bottom reference plane defined by the bottom 
Surface 101a of the carrier 101. 
0058. The process of using two leadframes for obtaining 
the structure shown in FIG. 3E is an example of a parallel 
process for placement of the contact clip(s) 103. It is also 
possible to place the contact clip(s) 103 on the arrangement 
shown in FIG. 3C or 3D in a sequential process, i.e., clip-by 
clip for each semiconductor device 100. 
0059. The contact clip 103 may then be bonded to the 
carrier 101. By way of example, if the bond layer 121 com 
prises a solder material, the arrangement shown in FIG. 3E 
may be heated to a temperature in order to attach the contact 
clip 103 to the semiconductor chip 102 firmly. Heating may 
be accomplished e.g., in a furnace. In some examples, as 
mentioned above, the process of bonding the semiconductor 
chip 102 to the carrier 101 and the process of bonding the 
contact clip 103 to the semiconductor chip 101 may be per 
formed concurrently. 
0060 An electrically insulating material may then be 
applied to form the encapsulation body 104, see FIG. 2. The 
electrically insulating material may e.g., be applied by using 
molding techniques as described before. 
0061 The electrically insulating material may e.g., be 
applied by using lamination techniques as described before. 
0062 FIG. 4 illustrates a perspective view of an exemplary 
contact clip 203. The contact clip 203 may be identical to 
contact clip 103 in accordance with the above disclosure. In 
particular, contact clip 203 may comprise or be made of the 
same material as described above. Thus, in order to avoid 
reiteration, reference is made to the above disclosure to con 
tact clip 103. 
0063 Contact clip 203 comprises a bond portion 203 1 
which may be equipped with a depression 225 corresponding 
to the bond portion 103 1 of the contact clip 103 described 
above. The contact clip 203 may further comprises an inter 
mediate portion 203 2 and a terminal portion 203 3 corre 
sponding to the intermediate portion 103 2 and terminal por 
tion 103 3 of the contact clip 103 described above. All 
disclosures described herein with reference to contact clip 
101 may also apply to contact clip 203. 
0064. The terminal portion203 3 forms a first lateral edge 
of the contact clip 203. The first lateral edge is configured to 
form an external terminal of a package (such as the package 
shown in FIGS. 1 and 2 or the package shown further below 
in FIGS. 7-9) accommodating the contact clip 203. 
0065. A cross-sectional view of the contact clip 203 along 
line A-A is shown by way of example in FIG. 5. The cross 
sectional shape of contact clip 203 may be similar or identical 
to the cross-sectional shape of contact clip 103 as shown in 
FIG. 2. In particular, the same level difference AH may be 
bridged by the intermediate portion203 2 of contact clip 203. 
0066. The contact clip 203 may have a second portion 
233 3 comprising a second lateral edge of the contact clip. 
The second lateral edge may be orientated Substantially per 
pendicular to the first lateral edge. 
0067. In accordance with one example, the second portion 
233 3 may be designed similar or identical to the first portion 
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203 3. Thus, the same level difference AH may be bridged by 
an intermediate portion 233 2 interconnecting the second 
portion 233 3 with the bond portion 203 1. In this case, the 
second portion 233 3 may form an external terminal of a 
package, e.g., a SMT package as explained above. By way of 
example, FIG. 6A illustrates a cross-sectional view of a con 
tact clip 203 along line B-B in accordance with this contact 
clip design. 
0068 Alternatively, contact clip 203 may be designed to 
show a cross-sectional shape along line B-B in accordance 
with FIG. 6B. In this case, the second portion 233 3 com 
prising the second lateral edge of the contact clip 203 does not 
form an external terminal of the contact clip 203. Rather, the 
second portion 233 3 of contact clip 203 may extend at the 
same level as the bond portion 203 1 and/or may have a 
downward protrusion comprising a contact area 233a. Con 
tact area 233a is a contact area to form a contact to an internal 
structure of the package in which the contact clip 203 is 
(intended to be) used. The difference in height Ahbetween the 
contact area 233a and a bottom surface of the bond portion 
203 1 of the contact clip 203 is significantly smaller than AH. 
That is, in this example, the second lateral edge 233 3 and the 
first lateral edge 203 3 of the contact clip 203 are arranged on 
different levels relative to the bond portion 203 1 of the 
contact clip 203. When implemented in a package (see e.g., 
FIG. 7), the second lateral edge 233 3 and the first lateral 
edge 203 3 are arranged on different levels relative to a 
bottom plane of the package (which may be defined by the 
bottom surface 101a of the carrier 101 as illustrated in FIGS. 
1-3E). 
0069. In other words, in accordance with one example, 
contact clip 203 may have two or more lateral edges serving 
as external terminals of a package in which the contact clip 
203 is used. Further, in accordance with one example, the 
contact clip 203 may have at least one lateral edge serving as 
an external terminal of the package in which the contact clip 
203 is used and may have at least one (other) lateral edge 
serving as an internal contact within the package in which the 
contact clip 203 is used. 
(0070 FIG. 7 schematically illustrates a top view of an 
embodiment of a semiconductor device 400 employing a 
contact clip 203 having two edge contact portions as 
described above. The semiconductor device 400 may com 
prise a first carrier 401 1, a second carrier 401 2 and a third 
carrier 401 3. All carriers 401 1,401. 2 and 401 3 may level 
with each other. All carriers 401 1,401. 2 and 401 3 may be 
die pads of one leadframe. 
0071. The semiconductor device 400 may be a multi-chip 
device. By way of example, the semiconductor device 400 
may be a DC-DC converter. The semiconductor device 400 
may comprise a first semiconductor chip 402 1, a second 
semiconductor chip 402. 2 and third semiconductor chip 
402. 3. The first and second semiconductor chips 402 1, 
402 2 may be power semiconductor chips such as, e.g., 
power MOSFETs. The third semiconductor chip 402 3 may 
e.g., be a logic integrated circuit (IC) configured to control the 
power semiconductor chips 402 1, 402. 2. DC-DC convert 
ers may be used to convert a DC input voltage provided by a 
battery or rechargeable battery into a DC output voltage 
matched to the demands of electronic circuits connected 
downstream. 
0072. In FIG. 7, a so-called half-bridge circuitry is 
depicted. The first semiconductor chip 402 1 may form the 
low side power Switch and the second semiconductor chip 
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402 2 may form the high side power switch of the half 
bridge. The logic integrated circuit 403 1 controls gate elec 
trodes of the low side and high side power semiconductor 
chips 402 1 and 402 2, respectively. The source electrode of 
the high side power semiconductor chip 402. 2 is connected 
to the first carrier 401 1 by a contact clip 405. The contact clip 
405 may be a conventional contact clip which bridges a level 
difference Ahas, by way of example, exemplified in FIG. 6B. 
That is, the contact clip 450 may reach down to the internal 
reference plane of the package defined by the top Surface 
401b of the first carrier 401 1 (corresponding to the top 
surface 101b of the carrier 101 illustrated in FIGS. 1-3). That 
way, the source electrode of the high side power semiconduc 
torchip 402. 2 is electrically connected to the drain electrode 
of the low side power semiconductor chip 402 1. 
0073. A contact clip 203, as illustrated by way of example 
in FIGS. 4, 5 and FIG. 6A or FIG. 6B, is employed in the 
semiconductor device 400. The contact clip 203 may contact 
the source electrode of the low side power semiconductor 
chip 402 1 and provide for external terminal(s) of the pack 
age. 
0074. In one example, the contact clip 203 may be 
designed in accordance with the disclosure of FIGS. 4, 5 and 
6A. Such implementation is illustrated in FIGS. 7, 8A and 9. 
In this case, both the first lateral edge 203 3 and the second 
lateral edge 233 3 of the contact clip 203 are configured to 
form external terminals of the package. 
0075. In another example, the contact clip 203 may be 
designed as illustrated in FIGS. 4, 5 and 6B. In this case, the 
second lateral edge 233 3 of the contact clip 203 does not 
form an external terminal of the package. Rather, as may be 
seen in FIG.8B, the lateral edge 233 3 of the contact clip 203 
may contact a terminal 460. The terminal 460 forms an exter 
nal terminal of the package similar to the terminal portion 
103 3 of the contact clip 103. However, the terminal 460 is 
connected to the contact clip 203 by a bond layer 461, i.e., is 
not integral with the contact clip 203. Further, the second 
lateral edge portion 233 3 of the contact clip 203 may merely 
reach down to a level above the internal reference plane of the 
package defined by the top surface 401b of the first carrier 
401 1 (corresponding to the top surface 101b of the carrier 
101 as described further above). 
0076 Comparing FIG. 8A with FIG.8B, it is apparent that 
the integral contact clip and external terminal design of FIG. 
8A is less space consuming in a lateral direction than the 
two-part contact clip and external terminal design shown in 
FIG. 8B. By way of example, assuming a given size of the 
package, the chip area may be increased by AL in the lateral 
direction when using the integral contact clip and external 
terminal design of FIG. 8A. Or, assuming a given chip area, 
the lateral dimension of the package may be decreased in the 
same amount when using the integral contact clip and exter 
nal terminal design of FIG. 8A. Therefore, the integral contact 
clip and external terminal designs as describe herein may 
promote package miniaturization and/or increase of chip 
area. Further, bond layers as exemplified by bond layer 461 in 
FIG. 8B may no longer be needed when using the integral 
contact clip and external terminal design as disclosed herein. 
0077 FIG. 9 illustrates a sectional view along line A-A in 
FIG. 7. As described before in relation with FIGS. 1-5, the 
first lateral edge 203 3 of contact clip 203 is used as an 
external terminal of the package of the semiconductor device 
400. As may e.g., be seen in FIGS. 8A, 8B and 9, the package 
of semiconductor device 400 may comprise an encapsulation 
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body 404 having the same characteristics as described herein 
with reference to encapsulation body 104. 
0078. Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those of 
ordinary skill in the art that a variety of alternate and/or 
equivalent implementations may be substituted for the spe 
cific embodiments shown and described without departing 
from the scope of the present invention. This application is 
intended to cover any adaptations or variations of the specific 
embodiments discussed herein. By way of example, the first 
electrical interconnect 131 may e.g., be a bonding wire in 
some embodiments. Therefore, it is intended that this inven 
tion be limited only by the claims and the equivalents thereof. 

1. A semiconductor device, comprising: 
a carrier; 
a semiconductor chip comprising a first main Surface and a 

second main Surface opposite to the first main Surface, 
wherein a first electrode is arranged on the first main 
Surface and the semiconductor chip is mounted on the 
carrier with the second main Surface facing the carrier, 

an encapsulation body embedding the semiconductor chip; 
and 

a contact clip, wherein the contact clip is an integral part 
comprising: 
a bond portion bonded to the first electrode: 
a first terminal portion comprising a first lateral edge 

forming a first part of an external terminal of the 
semiconductor device; and 

a second terminal portion comprising a second lateral 
edge forming a second part of the external terminal of 
the semiconductor device, 

wherein the first lateral edge and the second lateral edge 
extend Substantially perpendicular to each other. 

2. The semiconductor device of claim 1, wherein the first 
terminal portion comprises an external contact area exposed 
at the encapsulation body. 

3. The semiconductor device of claim 1, wherein the semi 
conductor chip is a power semiconductor chip. 

4. The semiconductor device of claim 1, wherein a second 
electrode is arranged on the second main Surface of the semi 
conductor chip. 

5. The semiconductor device of claim 1, wherein the con 
tact clip intersects an internal reference plane defined by a top 
surface of the carrier. 

6. The semiconductor device of claim 2, wherein the exter 
nal contact area of the contact clip is Substantially coplanar 
with a bottom reference plane defined by a bottom surface of 
the carrier. 

7. The semiconductor device of claim 1, wherein a bottom 
Surface of the encapsulation body is substantially coplanar 
with a bottom reference plane defined by a bottom surface of 
the carrier. 

8. The semiconductor device of claim 1, wherein the bond 
portion bonded to the first electrode and the first terminal 
portion exposed at the encapsulation body are Substantially in 
parallel with each other. 

9. The semiconductor device of claim 1, wherein the con 
tact clip further comprises an intermediate portion intercon 
necting the bond portion to the first terminal portion, the 
intermediate portion extending Substantially inclined or per 
pendicular to at least one of the bond portion and the terminal 
portion. 

Page 12 of 13



US 2014/0084.433 A1 

10. The semiconductor device of claim 2, wherein the 
external contact area of the terminal portion is a leadless 
package contact area. 

11. The semiconductor device of claim 1, wherein the first 
terminal portion is a lead of a leaded package. 

12. The semiconductor device of claim 1, wherein the 
carrier is a die pad of a leadframe. 

13. A contact clip configured to electrically contact an 
electrode of a semiconductor chip within a package, the con 
tact clip comprising: 

a bond portion configured to be bonded to the electrode of 
the semiconductor chip; 

a first terminal portion comprising a first lateral edge of the 
contact clip and being configured to form a first external 
contact of the package; and 

a second terminal portion comprising a second lateral edge 
of the contact clip and being configured to form a second 
external contact of the package, 

wherein the first lateral edge and the second lateral edge 
extend Substantially perpendicular to each other. 

14. (canceled) 
15. The contact clip of claim 13, wherein the first lateral 

edge and the second lateral edge are arranged on the same 
level relative to a bottom plane of the package. 

16. A contact clip configured to electrically contact an 
electrode of a semiconductor chip within a package, the con 
tact clip comprising: 

a bond portion configured to be bonded to the electrode of 
the semiconductor chip; 

a first portion comprising a first lateral edge of the contact 
clip and being configured to forman external terminal of 
the package; 

an intermediate portion interconnecting the bond portion to 
the first portion, the intermediate portion extending Sub 
stantially inclined or perpendicular to at least one of the 
bond portion and the first portion; and 

a second portion comprising a second lateral edge of the 
contact clip, the second portion being configured to form 
an internal interconnect of the package, 

wherein the second portion is distinct from the intermedi 
ate portion. 

17-19. (canceled) 
20. The contact clip of claim 16, wherein the first lateral 

edge and the second lateral edge extend Substantially perpen 
dicular to each other. 

21. The contact clip of claim 16, wherein the first lateral 
edge and the second lateral edge are arranged on different 
levels relative to a bottom plane of the package. 

22. A method of manufacturing a semiconductor device, 
the method comprising: 

providing a semiconductor chip comprising a first main 
Surface and a second main Surface opposite to the first 
main Surface, wherein a first electrode is arranged on the 
first main Surface; 

mounting the semiconductor chip on a carrier, wherein the 
semiconductor chip is mounted on the carrier with the 
second main Surface facing the carrier; 
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bonding a contact clip to the semiconductor chip, wherein 
the contact clip is an integral part having a bond portion 
bonded to the first electrode and a first terminal portion 
comprising a first lateral edge and a second terminal 
portion comprising a second lateral edge, wherein the 
first lateral edge and the second lateral edge extend 
Substantially perpendicular to each other; and 

forming an encapsulation body embedding the semicon 
ductor chip, wherein the first terminal portion and the 
second terminal portion of the contact clip forman exter 
nal terminal exposed at the encapsulation body. 

23. The method of claim 22, further comprising: 
bonding a bonding wire to a second electrode arranged on 

the first main Surface of the semiconductor chip. 
24. The method of claim 22, wherein the carrier is a die pad 

of a first leadframe and the contact clip is part of a second 
leadframe, comprising: 

aligning the first leadframe and the second leadframe when 
bonding the contact clip to the semiconductor chip. 

25. A semiconductor device comprising: 
a first power semiconductor chip mounted on a first die pad 

of a carrier; 
a second power semiconductor chip mounted on a second 

die pad of a carrier, 
a first contact clip interconnecting an electrode on a top 

surface of the first power semiconductor chip to the 
second die pad, wherein the first contact clip is distinct 
from the second die pad; and 

a second contact clip being an integral part having a bond 
portion bonded to an electrode on a top surface of the 
second power semiconductor chip and having a terminal 
portion forming an external terminal of the semiconduc 
tor device. 

26. The semiconductor device of claim 25, further com 
prising: 

an encapsulation body embedding the first power semicon 
ductor chip and the second power semiconductor chip; 
and wherein the terminal portion has an external contact 
area exposed at the encapsulation body. 

27. The semiconductor device of claim 25, wherein the 
semiconductor device is a DC-DC converter. 

28. The semiconductor device of claim 13, wherein the 
contact clip further comprises an intermediate portion inter 
connecting the bond portion to the first terminal portion, the 
intermediate portion extending Substantially inclined or per 
pendicular to at least one of the bond portion and the first 
terminal portion. 

29. The semiconductor device of claim 13, wherein the first 
external contact is a leadless package contact. 

30. The semiconductor device of claim 13, wherein the first 
terminal portion is a lead of a leaded package. 

31. The semiconductor device of claim 13, wherein the 
semiconductor chip is a vertical power semiconductor chip. 

k k k k k 
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