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(57) 	 ABSTRACT 

An electronic device includes multiple semiconductor chips 
in a single housing. Such semiconductor chips may comprise 
different semiconductor materials, for example they may 
comprise GaN. Using bonding clips instead of bonding wires 
is an efficient way of connecting such semiconductor chips to 
a substrate. 
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ELECTRONIC DEVICE 

TECHNICAL FIELD 

[0001] This invention relates to an electronic device and a 
method for fabricating electronic devices. 

BACKGROUND 

[0002] Growing demand for application oriented electronic 
devices leads to increasingly complex layouts of semiconduc-
tor elements in a housing. Such elements may be arranged in 
different configurations like "chip by chip", "chip on chip", 
"chip on clip", etc. The term "system in package" (SIP) refers 
to devices comprising a multi-chip module in a single hous-
ing. A SIP may be used to simplify the assembly of a module 
and reduce the required space on a board. Furthermore, there 
is an increasing demand to utilize semiconductor materials 
other than those employed in conventional devices in order to 
benefit from their electronic properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] 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. 
[0004] FIG. 1, which comprises FIG. 1A-1E, schematically 
shows an embodiment of an electronic device as well as 
various stages of an assembly thereof. 
[0005] FIG. 2, which comprises FIG. 2A-2D, schemati-
cally shows further embodiments of the electronic device. 
[0006] FIG. 3, which comprises FIGS. 3A and 3B, shows 
circuit diagrams of circuits which are realized using some 
embodiments of the electronic device. 
[0007] FIG. 4 shows a flow diagram of an embodiment of a 
method for fabricating electronic devices. 

DESCRIPTION OF EMBODIMENTS 

[0008] The aspects and embodiments are now described 
with reference to the drawings, wherein like reference numer-
als are generally utilized to refer to like elements throughout. 
In the following description, for purposes of explanation, 
numerous specific details are set forth in order to provide a 
thorough understanding of one or more aspects of the 
embodiments. It may be evident, however, to one skilled in 
the art that one or more aspects of the embodiments may be 
practiced with a lesser degree of the specific details. In other 
instances, known structures and elements are shown in sche-
matic form in order to facilitate describing one or more 
aspects of the embodiments. 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. It should be noted further that the drawings 
are not to scale or not necessarily to scale. 
[0009] In addition, while a particular feature or aspect of an 
embodiment may be disclosed with respect to only one of 
several implementations, such feature or aspect may be com-
bined with one or more other features or aspects of the other 

implementations as may be desired and advantageous for any 
given or particular application. Furthermore, to the extent that 
the terms "include", "have", "with" or other variants thereof 
are used in either the detailed description or the claims, such 
terms are intended to be inclusive in a manner similar to the 
term "comprise". The terms "coupled" and "connected", 
along with derivatives may be used. It should be understood 
that these terms may be used to indicate that two elements 
cooperate or interact with each other regardless whether they 
are in direct physical or electrical contact, or they are not in 
direct contact with each other. Also, the term "exemplary" is 
merely meant as an example, rather than the best or optimal. 
The following detailed description, therefore, is not to be 
taken in a limiting sense, and the scope of the present inven-
tion is defined by the appended claims. 
[0010] The embodiments of an electronic may use various 
types of transistor devices. The embodiments may use tran-
sistor devices embodied in semiconductor dies or semicon-
ductor chips wherein the semiconductor dies or semiconduc-
tor chips may be provided in a form of a block of 
semiconducting material as fabricated from a semiconductor 
wafer and diced out from the semiconductor wafer, or in 
another form in which further process steps have been carried 
out like, for example, applying an encapsulation layer to the 
semiconductor die or semiconductor chip. The embodiments 
may also use transistor devices comprising MOS transistor 
structures or IGBT (Insulated Gate Bipolar Transistor) struc-
tures, wherein those structures may be provided in a form in 
which the contact elements of the transistor device are pro-
vided on one of the main faces of the semiconductor die 
(horizontal transistor structures) or in a form in which at least 
one electrical contact element is arranged on a first main face 
of the semiconductor die and at least one other electrical 
contact element is arranged on a second main face opposite to 
the main face of the semiconductor die (vertical transistor 
structures). 
[0011] In any case the semiconductor dies or semiconduc-
tor chips may comprise contact elements or contact pads on 
one or more of their outer surfaces wherein the contact ele-
ments serve for electrically contacting the semiconductor 
dies. The contact elements may have any desired form or 
shape. They can, for example, have the form of lands, i.e. flat 
contact layers on an outer surface of the semiconductor die. 
The contact elements or contact pads may be made from any 
electrically conducting material, e.g. from a metal as alumi-
num, nickel, silver, gold, or copper, for example, or a metal 
alloy, or an electrically conducting organic material, or an 
electrically conducting semiconductor material. The contact 
elements may also be formed as layer stacks of one or more of 
the above-mentioned materials. 
[0012] According to embodiments of an electronic device it 
is desirable to provide a package for embedding the semicon-
ductor dies. According to an embodiment thereof the elec-
tronic device may conform to a single inline package format. 
In addition or independent thereof the electronic device may 
comprise a package with outside leads arranged in such a way 
that the package resembles a TO (transistor outline) style 
package, such as for example a TO-220 or TO-247 or TO-264 
package. According to embodiments of the electronic device, 
a plurality of leads as outside leads is provided, so that the 
electronic device can be mounted to a board like a printed 
circuit board (PCB). 
[0013] The embodiments of an electronic device or the 
embodiments of a transistor device may comprise an encap- 
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sulant or encapsulating material having the semiconductor 
dies or transistor devices embedded therein. The encapsulat-
ing material can be any electrically insulating material like, 
for example, any kind of molding material, any kind of resin 
material, or any kind of epoxy material. The encapsulating 
material can also be a polymer material, a polyimide material, 
a thermoplast material, a silicone material, a ceramic mate-
rial, and a glass material. The encapsulating material may also 
comprise any of the above-mentioned materials and further 
include filler materials embedded therein like, for example, 
thermally conductive increments. These filler increments can 
be made of AlO or A1203, A1N, BN, or SiN, for example. 
[0014] The devices described herein may include one or 
more semiconductor chips. The semiconductor chips may be 
of different types and may be manufactured by different tech-
nologies. For example, the semiconductor chips may include 
integrated electrical, electro-optical or electro-mechanical 
circuits, or passives. The integrated circuits may be designed 
as logic integrated circuits, analog integrated circuits, mixed 
signal integrated circuits, power integrated circuits, memory 
circuits, integrated passives, ormicro-electro mechanical sys-
tems that may include micro-mechanical structures, such as 
bridges, membranes, or tongue structures. The semiconduc-
tor chips need not be manufactured from specific semicon-
ductor material, for example, Si, SiC, SiGe, GaAs, GaN and, 
furthermore, may contain inorganic and/or organic materials 
that are not semiconductors, such as, for example, insulators, 
plastics or metals. Moreover, the semiconductor chips may be 
packaged or unpackaged. 
[0015] In FIG. 1A-1E an embodiment of an electronic 
device 100 and the assembly thereof is shown. The electronic 
device may comprise two semiconductor elements 101 and 
102 like they are shown in FIG. 1A. Semiconductor element 
101 may comprise a multitude of contact elements (elec-
trodes), for example the semiconductor element 101 may 
comprise three electrodes 103A, 103B, 103C. According to 
an embodiment electrode 103A may be a drain electrode, 
103B may be a source electrode and 103C may be a gate 
electrode. 
[0016] According to one embodiment all electrodes maybe 
arranged on one main surface of the semiconductor element 
101. Arranging the electrodes in this manner may be advan-
tageous when integrating semiconductor elements 101, 102 
into one electronic device as described further below. 
[0017] According to one embodiment semiconductor ele-
ment 102 may comprise two electrodes 104. The two elec-
trodes 104 may be arranged on the two main surfaces of the 
semiconductor element 102 facing each other. 
[0018] According to one embodiment the semiconductor 
element 101 may comprise a III-V based semiconductor 
material like for example GaN. In other embodiments semi-
conductor element 101 may comprise other suitable materials 
or material compositions. 
[0019] Semiconductor element 101 may comprise a high 
electron mobility transistor (HEMT) in some embodiments. 
[0020] Semiconductor element 102 may comprise a diode, 
in particular a flyback diode, a MOSFET or an IGBT in some 
embodiments. Semiconductor element 102 may comprise 
functionalities well known in the art in other embodiments. 
[0021] FIG. 1B shows a substrate 105 arranged on semi-
conductor element 101. Substrate 105 may for example com-
prise a leadframe, a printed circuit board (PCB) or a direct 
bonded copper (DBC). In one embodiment substrate 105 may 
comprise a plurality of contacts 105A, 105B, 105C designed 

to electrically contact the electrodes 103A, 103B, 103C. Sub-
strate 105 may be connected to semiconductor element 101 
via soldering, conductive paste or glue, conductive glue type, 
diffusion soldering or any other suitable process well known 
in the art. 

[0022] Substrate 105 may have any suitable shape, for 
example the contacts 105A, 105B, 105C need not necessarily 
exhibit a regular shape like the one schematically depicted in 
FIG. 1B. Substrate 105 may comprise a metal like aluminum, 
nickel, silver, gold, or copper in some embodiments or a metal 
alloy or other suitable electrically conducting materials in 
other embodiments. Contacts 105A, 105B, 105C may for 
example be designed to cover the surface of electrodes 103A, 
103B, 103C to a large part or even completely. This may 
improve the electrical and thermal performance of the elec-
tronic device 100. 
[0023] Substrate 105 may comprise a plurality of leads 
extending out of the area of the semiconductor element 101. 
The leads may be designed to connect the electronic device 
100 to a PCB. According to one embodiment the connection 
may be realized via through-hole technology. The leads may 
be bent and need not necessarily be arranged in one plane but 
may be arranged in different planes. For example, some leads 
may be bent such that they extend out of the area of semicon-
ductor element 101 parallel to the other leads but in a plane 
above or below the other leads. 
[0024] FIG. 1C shows an arrangement of semiconductor 
elements 101, 102 above and below substrate 105 such that 
substrate 105 is sandwiched between the two semiconductor 
elements. Semiconductor element 102 may be connected to 
the substrate 105 using the same techniques as when connect-
ing the semiconductor element 101 mentioned above. FIG. 
1C further shows a bonding clip 106 designed to electrically 
connect an electrode on semiconductor element 102 to the 
substrate 105 that is not in direct contact to the substrate. The 
clip may be contacted to the electrode on semiconductor 
element 102 via soldering, conductive paste or glue, conduc-
tive glue type, diffusion soldering or any other suitable pro-
cess well known in the art. 

[0025] Bonding clip 106 may comprise a metal like alumi-
num, nickel, silver, gold, or copper in some embodiments or 
a metal alloy or other suitable electrically conducting mate-
rials in other embodiments. In particular, bonding clip 106 
may comprise the same material as the substrate 105. 
[0026] According to an embodiment bonding clip 106 may 
comprise a single structural element. According to another 
embodiment bonding clip 106 is composed of more than one 
connected structural elements. Furthermore, bonding clip 
106 may have any suitable shape and orientation. 

[0027] Bonding clip 106 maybe designed to cover most or 
all of an electrode 104. This may improve the electrical and 
thermal performance of the electronic device 100. 
[0028] According to an embodiment the semiconductor 
element 102 maybe connected to the substrate 105B such that 
an anode of the semiconductor element 102 is in electrical 
contact to the source electrode 103B. A bonding clip 106 is 
used to connect a cathode on the semiconductor element 102 
to the substrate 105A and therefore the drain electrode 103A. 
[0029] Using a bonding clip with a large contact area 
instead of bonding wires may improve the electrical and 
thermal conductance and therefore the performance of the 
electronic device 100. Using a bonding clip instead of bond-
ing wires may therefore be necessary in order to efficiently 
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use semiconductor elements 101 comprising III-V based 
semiconductor materials like GaN. 
[0030] FIG. 1D shows a view along arrowAl as depicted in 
FIG. 1C. As can be seen the bonding clip 106 may be used to 
connect an electrode on the opposite side of semiconductor 
element 102 to the substrate 105. 
[0031] FIG. 1E shows a view along arrow A2 as depicted in 
FIG. 1C. FIG. 1E further shows an encapsulant 107 encapsu-
lating the semiconductor chips 101, 102, the bonding clip 106 
and part of the substrate 105 according to an embodiment of 
electronic device 100. Such an electronic device 100 may be 
termed a system in package (SIP). The electronic device 
shown in FIG. 1E comprises a semiconductor element 101 
with a horizontal transistor structure and a semiconductor 
element 102 with a vertical transistor structure. In one 
embodiment the substrate 105 and clip 106 are partially 
exposed from the encapsulating material 107. 
[0032] According to some embodiments the electronic 
device 100 may follow a transistor outline like TO-220 or 
TO-247 or TO-264 or another transistor outline. 
[0033] In some embodiments the electronic device 100 
may comprise further elements which are not depicted in FIG. 
1E. 
[0034] According to an embodiment electronic device 100 
is a signal converter or an inverter. 
[0035] Embodiments of electronic device 100 may offer 
several advantages such as allowing a higher level of integra-
tion in one housing, providing better thermal and electrical 
conductance due to leadframe or DBC construction and 
reducing an inductance due to a direct connection between 
the electrodes and the leads. 
[0036] In FIG. 2A-2D embodiments 200A, 200B of an 
electronic device are shown. As depicted in FIG. 2A the 
electronic device 200A may comprise a first semiconductor 
element 201, a second semiconductor element 202 and a 
substrate 205. The substrate 205 may comprise two electri-
cally disconnected parts wherein in one embodiment the first 
part may comprise leads 205A, 205B, 205C and the second 
part may comprise a holder 205D whereupon the semicon-
ductor elements 201, 202 are arranged. 
[0037] Semiconductor element 201 maybe arranged on the 
holder 205D in source-down configuration, that is the source 
electrode faces holder 205D and is electrically connected to 
it. Drain electrode 203A and gate electrode 203B are arranged 
on the top surface of semiconductor element 201 facing away 
from holder 205D. Conversely, semiconductor element 202 
may be arranged on the holder 205D in drain-down configu-
ration, that is the drain electrode faces holder 205D and is 
electrically connected to it. Source electrode 208A and gate 
electrode 208B are arranged on the top surface of semicon-
ductor element 202 facing away from the holder 205D. 
[0038] According to the embodiment 200A bonding wires 
may be used to create electrical connections between the top 
electrodes 203A, 203B, 208A, 208B and the leads 205A, 
205B, 205C. 
[0039] According to an embodiment semiconductor ele-
ment 201 may comprise a III-V based semiconductor mate-
rial, in particular GaN and may be configured as a high-
voltage, that is more than 200V, capable HEMT. 
Semiconductor element 202 may comprise Si or SiC and may 
be configured as a low-voltage, that is less than 200V, power 
MOSFET. According to a further embodiment semiconduc-
tor elements 201 and 202 may be arranged in reverse to the 
above, that is semiconductor element 202 may be configured 

as a HEMT and semiconductor element 201 may be config-
ured as a power MOSFET as described above. 
[0040] According to some embodiments some or all of the 
bonding wires 209 may be replaced by bonding clips. In the 
embodiment 200B shown in FIG. 2B bonding clips 206A, 
206B are used to realize the electrical connections to the 
power electrodes 203A (source electrode) and 208A (drain 
electrode). Note that bonding clip 206A also connects to gate 
electrode 208B. Using bonding clips instead of bonding wires 
may be advantageous as noted above. 
[0041] The substrate 205 and the bonding clips 206A, 206B 
may comprise a metal like aluminum, nickel, silver, gold, or 
copper, for example, or a metal alloy or any other suitable 
conductive material. The bonding clips may comprise a single 
structural element or may be composed of more than one 
connected structural elements. 
[0042] As shown in FIG. 2C an encapsulant 207 may be 
used in embodiments 200A, 200B of the electronic device to 
provide protection. According to some embodiments the 
encapsulant 207 may encapsulate the holder 205D only 
partly. In particular, part of the holder 205D comprising a 
through-hole may stick out of encapsulant 207. 
[0043] FIG. 2D shows a side view of electronic device 
200B. Note that the first and second parts of the substrate 205, 
that is leads 205A, 205B, 205C and holder 205D in the 
embodiment shown in FIG. 2D may be arranged in different 
planes. According to another embodiment the first and second 
parts of the substrate 205 are arranged in the same plane. 
[0044] According to an embodiment the electronic devices 
200A, 200B follow a transistor outline like TO-220 or 
TO-247 or TO-264. 
[0045] According to an embodiment the electronic devices 
200A, 200B comprise a cascode circuit in order to create a 
transistor outline cascode device. The cascode circuit may 
comprise the semiconductor elements 201, 202. According to 
some embodiments the electronic devices may comprise a 
half bridge or a power semiconductor element and an inte-
grated circuit or two integrated circuits. 
[0046] Note that electronic devices 200A, 200B may com-
prise further elements that are not drawn. Furthermore, the 
semiconductor elements 201, 202 may not only be arranged 
next to one another (chip-by-chip) as shown in FIG. 2A-2D 
but according to some embodiments may also be arranged 
such that one chip is situated on top of the other (chip-on-
chip). 
[0047] FIG. 3A shows a circuit diagram 300A of an elec-
tronic device comprising a III-V based bipolar junction tran-
sistor (BJT) like a GaN BJT, and a flyback diode. The letters 
B, C, E denote the base, collector and emitter respectively. 
According to an embodiment electronic device 100 is used to 
realize such a circuitry. 
[0048] FIG. 3B shows a circuit diagram 300B of an elec-
tronic device comprising a cascode circuitry. The cascode 
circuitry comprises a first transistor 301 and a second transis-
tor 302. The letters D, G, S denote the drain, gate and source 
respectively. According to an embodiment the first transistor 
301 comprises GaN and is configured as a HEMT and the 
second transistor 302 may comprise Si or SiC and may be a 
power MOSFET. According to an embodiment electronic 
devices 200A, 200B are used to realize such a circuitry. 
[0049] FIG. 4 shows a flow diagram of a method 400 for 
fabricating electronic devices. Method 400 comprises steps 
401, 402, 403. Step 401 comprises providing a first semicon-
ductor element, a second semiconductor element and a sub- 
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strate. Each semiconductor element may comprise several 
electrodes. Step 402 comprises arranging the first and second 
semiconductor elements on the substrate. 
[0050] According to an embodiment of the method 400 step 
402 further comprises fastening the semiconductor elements 
to the substrate such that an electric connection between the 
electrodes on the semiconductor elements facing the sub-
strate and the substrate is realized. 
[0051] Step 403 comprises electrically connecting an elec-
trode on the second semiconductor element to the substrate 
using a bonding clip. According to an embodiment of method 
400 step 403 further comprises connecting an electrode on the 
first semiconductor element to the substrate using a bonding 
clip. 
[0052] According to an embodiment method 400 may com-
prise a further step of encapsulating the electronic device in 
encapsulant such that leads stick out of the encapsulant. 
[0053] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions and alterations can be made 
herein without departing from the spirit and scope of the 
invention as defined by the appended claims. 

[0054] Moreover, the scope of the present application is not 
intended to be limited to the particular embodiments of the 
process, machine, manufacture, composition of matter, 
means, methods and steps described in the specification. As 
one of ordinary skill in the art will readily appreciate from the 
disclosure of the present invention, processes, machines, 
manufacture, compositions of matter, means, methods, or 
steps, presently existing or later to be developed, that perform 
substantially the same function or achieve substantially the 
same result as the corresponding embodiments described 
herein may be utilized according to the present invention. 
Accordingly, the appended claims are intended to include 
within their scope such processes, machines, manufacture, 
compositions of matter, means, methods, or steps. 

[0055] While the invention has been illustrated and 
described with respect to one or more implementations, alter-
ations and/or modifications may be made to the illustrated 
examples without departing from the spirit and scope of the 
appended claims. In particular regard to the various functions 
performed by the above described components or structures 
(assemblies, devices, circuits, systems, etc.), the terms (in-
cluding a reference to a "means") used to describe such com-
ponents are intended to correspond, unless otherwise indi-
cated, to any component or structure which performs the 
specified function of the described component (e.g., that is 
functionally equivalent), even though not structurally equiva-
lent to the disclosed structure which performs the function in 
the herein illustrated exemplary implementations of the 
invention. 

1. An electronic device, comprising: 

a substrate; 
a first semiconductor element comprising one or more first 

contact elements, the first semiconductor element 
arranged on the substrate; 

a second semiconductor element comprising one or more 
second contact elements, the second semiconductor ele-
ment arranged on the substrate; and 

a bonding clip electrically connecting one or more of the 
first and second contact elements on the first and second 
semiconductor elements to the substrate, 

wherein the first semiconductor element and the second 
semiconductor element are arranged on opposite sides 
of the substrate. 

2. The electronic device according to claim 1, wherein the 
first semiconductor element comprises a III-V based semi-
conductor material. 

3. The electronic device according to claim 2, wherein the 
III-V based semiconductor material comprises a GaN based 
semiconductor material. 

4. The electronic device according to claim 1, wherein the 
second semiconductor element comprises a Si based semi-
conductor material. 

5. The electronic device according to claim 1, wherein the 
second semiconductor element comprises a diode, a MOS-
FET, an IGBT or a flyback diode. 

6. The electronic device according to claim 1, wherein the 
substrate comprises a leadframe or a direct bonded copper 
substrate. 

7. The electronic device according to claim 1, wherein the 
substrate comprises a plurality of lead elements. 

8. The electronic device according to claim 1, wherein the 
device comprises a single inline package (SIP). 

9. An electronic device, comprising: 
a first semiconductor element comprising first contact ele-

ments; 
a second semiconductor element comprising second con-

tact elements; and 
a first substrate element and a second substrate element 

distinct from the first substrate element, 
wherein the first semiconductor element and the second 

semiconductor element are arranged on the first sub-
strate element, 

wherein a source contact of the first semiconductor ele-
ment and a drain contact of the second semiconductor 
element are electrically connected to the first substrate 
element, 

wherein a gate contact of the first semiconductor element is 
connected to a source contact ofthe second semiconduc-
tor element and a drain contact of the first semiconductor 
element and the source contact of the second semicon-
ductor element and a gate contact of the second semi-
conductor element are connected to the second substrate 
element. 

10. The electronic device according to claim 9, wherein the 
first semiconductor element comprises a III-V based semi-
conductor material. 

11. The electronic device according to claim 10, wherein 
the III-V based semiconductor material comprises GaN. 

12. The electronic device according to claim 9, wherein the 
first semiconductor element comprises a high electron mobil-
ity transistor (HEMT) and the second semiconductor element 
comprises a power MOSFET. 

13-14. (canceled) 
15. The electronic device according to claim 9, wherein the 

second substrate element comprises a plurality of leads. 
16. The electronic device according to claim 9, wherein 

one or more of the connections comprises a bonding clip, the 
bonding clip comprising aluminum, nickel, silver, gold, cop-
per or a metal alloy. 

17. An electronic device, comprising: 
a first semiconductor device comprising first contact ele-

ments; 
a second semiconductor device comprising second contact 

elements; and 
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a first substrate element and a second substrate element 
distinct from the first substrate element, 

wherein the first semiconductor device and the second 
semiconductor device are arranged on the first substrate 
element, 

wherein the electronic device comprises a cascode circuit, 
wherein the second substrate element comprises exactly 

three outer leads of the electronic device. 
18. The device according to claim 17, wherein the elec-

tronic device comprises a transistor outline package. 
19. The device according to claim 17, wherein at least one 

of the semiconductor devices comprises a III-V based semi-
conductor material. 

20. The device according to claim 17, wherein one of the 
semiconductor devices is a power chip. 

21. The device according to claim 17, wherein the first 
semiconductor device and the second semiconductor device 
are each electrically connected to exactly two of the three 
outer leads. 
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