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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
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The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
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This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3

Page 3 of 70



DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 62196629 Document Date: 07/24/2015

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):

e USPTO employees may access SCORE content via eDAN using the Supplemental Content
tab, or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: August 26, 2013

Page 4 of 70



DocCode — APPENDIX

SCORE Placeholder Sheet for IFW Content

Application Number: 62196629 Document Date: 07/24/2015

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Appendix

At the time of document entry (noted above):

e USPTO employees may access SCORE content via eDAN using the Supplemental Content
tab, or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: August 26, 2013

Page 5 of 70



Docket No. ONS01639

SEMICONDUCTOR COMPONENT AND METHOD OF MANUFACTURE
TECHNICAL FIELD

[0001] The present invention relates, in general, to electronics and, more
particularly, to semiconductor structures thereof, and methods of forming semiconductor

devices.

BACKGROUND
[0002] In the past, semiconductor manufacturers have used a combination of
silicon semiconductor materials and III-N semiconductor materials to manufacture
cascoded devices, such as a normally-on III-N depletion mode HEMT cascoded with a
silicon device. Using this combination of materials helps achieve a normally-off state
using a III-N depletion mode device that is normally-on. In cascoded devices
configured as switches, the silicon device often operates in avalanche mode due to high
leakage currents of the III-N device operating under a high drain bias. In the avalanche
operating mode, the gate of the III-N device is under a large stress in which the absolute
gate to source voltage exceeds the devices pinch-off voltage. Hard stress conditions
such as operating the silicon device in the avalanche mode degrades device reliability,
lowers the breakdown voltage, and increases leakage currents. Cascoded semiconductor
devices have been described in U.S. Patent Application Publication Number
2013/0088280 A1 by Rakesh K. Lai et al. and published on April 11, 2013.
[0003] After manufacturing cascoded devices from different semiconductor
substrate materials, semiconductor component manufacturers typically protect the
silicon device and the depletion mode devices in separate packages and connect the
devices in the separate packages together via leadframe leads to form a cascode device.
A drawback with this approach is that increasing the number of packages increases the
cost of a cascoded semiconductor component and degrades the performance of the
cascoded devices because of increased parasitics such as parasitic capacitance and
parasitic inductance.
[0004] Accordingly, it would be advantageous to have a cascoded

semiconductor device and a method for manufacturing the cascoded semiconductor
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device. It would be of further advantage for the structure and method to be cost efficient

to implement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present invention will be better understood from a reading of the
following detailed description, taken in conjunction with the accompanying drawing
figures, in which like reference characters designate like elements and in which:

[0006] FIG. 1 is a perspective view of a semiconductor component in a cascode
configuration in accordance with an embodiment of the present invention;

[0007] FIG. 2 is a cross-sectional view of the semiconductor component of FIG.

1 taken along section line 2-2 of FIG. 1;

[0008] FIG. 3 is a bottom view of the semiconductor component of FIGs. 1 and
2
[0009] FIG. 4 is a perspective view of a semiconductor component in a cascode

configuration in accordance with another embodiment of the present invention;
[00010] FIG. 5 is a perspective view of a semiconductor component in a cascode
configuration in accordance with another embodiment of the present invention;
[00011] FIG. 6 is a perspective view of a semiconductor component in a cascode
configuration in accordance with another embodiment of the present invention;
[00012] FIG. 7 is a cross-sectional view of the semiconductor component of FIG.
6 taken along section line 7-7 of FIG. 6;

[00013] FIG. 8 is a perspective view of a semiconductor component in a cascode
configuration in accordance with another embodiment of the present invention;
[00014] FIG. 9 is a perspective view of a semiconductor component in a cascode
configuration in accordance with another embodiment of the present invention;
[00015] FIG. 10 is a perspective view of a semiconductor component in a
cascode configuration in accordance with another embodiment of the present invention;
[00016] FIG. 11 is a perspective view of a semiconductor component in a
cascode configuration in accordance with another embodiment of the present invention;
[00017] FIG. 12 is a cross-sectional view of the semiconductor component of

FIG. 11 taken along section line 12-12 of FIG. 11; and
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[00018] FIG. 13 is a perspective view of a semiconductor component in a
cascode configuration in accordance with another embodiment of the present invention.
[00019] For simplicity and clarity of illustration, elements in the figures are not
necessarily to scale, and the same reference characters in different figures denote the
same elements. Additionally, descriptions and details of well-known steps and elements
are omitted for simplicity of the description. As used herein current carrying electrode
means an element of a device that carries current through the device such as a source or
a drain of an MOS transistor or an emitter or a collector of a bipolar transistor or a
cathode or anode of a diode, and a control electrode means an element of the device that
controls current flow through the device such as a gate of an MOS transistor or a base of
a bipolar transistor. Although the devices are explained herein as certain n-channel or
p-channel devices, or certain n-type or p-type doped regions, a person of ordinary skill
in the art will appreciate that complementary devices are also possible in accordance
with embodiments of the present invention. It will be appreciated by those skilled in the
art that the words during, while, and when as used herein are not exact terms that mean
an action takes place instantly upon an initiating action but that there may be some small
but reasonable delay, such as a propagation delay, between the reaction that is initiated
by the initial action. The use of the words approximately, about, or substantially means
that a value of an element has a parameter that is expected to be very close to a stated
value or position. However, as is well known in the art there are always minor
variances that prevent the values or positions from being exactly as stated. It is well
established in the art that variances of up to about ten per cent (10%) (and up to twenty
per cent (20%) for semiconductor doping concentrations) are regarded as reasonable

variances from the ideal goal of exactly as described.

DETAILED DESCRIPTION

[00020] FIG. 1 is a perspective view of a semiconductor component 10 in
accordance with an embodiment of the present invention and FIG. 2 is a cross-sectional
view of semiconductor component 10 taken along section line 2-2 of FIG. 1. FIGs. 1
and 2 are described together. What is shown in FIGs. 1 and 2 are a molded device
support structure 12 having a top surface 14 and a bottom surface 16. Molded support
structure 12 includes a device receiving area 18, a device receiving area 20, and a bond

pad 22 at top surface 14 and a contact 24 at bottom surface 16. Device receiving areas
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18 and 20 may be referred to as device receiving structures. Device receiving area 18 is
configured for receiving a compound semiconductor device such as, for example, a III-
nitride device whereas device receiving area 20 is configured for receiving a silicon
semiconductor device. In accordance with an embodiment, device receiving area 18,
device receiving area 20, and bond pad 22 are substantially coplanar with surface 14.
Leadframe leads 26, 28, and 30 protrude from a side or an edge of molded device
support structure 12. Molded support structure 12 may be formed by placing an
electrically conductive strip in a mold having a mold cavity and injecting a mold
compound into the mold cavity. The electrically conductive strip may include pads or
plates 18 and 20 that serve as device receiving areas, an interconnect structure 21 that
includes bond pad 22 integrally formed with contact 24 through a conductor 25, and a
plurality of leadframe leads such as, for example, leadframe leads 26, 28, and 30. After
injecting the mold compound into the cavities, the electrically conductive strip may be
singulated into a plurality of molded support structures 12. Suitable materials for the
electrically conductive strips include copper, aluminum, or the like. As mentioned,
molded support structure 12 is illustrated and described as a single element; however, it
may be a portion singulated from a leadframe strip encapsulated in a mold compound.
[00021] A semiconductor chip 40 is bonded to surface 18A of device receiving
area 18 using a die attach material 42, wherein die attach material 42 is an electrically
and thermally conductive die attach material. More particularly, surface 44 of
semiconductor chip 40 is bonded to surface 18A of device receiving area 18 through
electrically insulating die attach material 42. In accordance with an embodiment,
semiconductor chip 40 is a compound semiconductor chip having opposing major
surfaces 44 and 46, wherein semiconductor chip 40 includes a field effect
semiconductor device having a drain contact 50 formed on or from a portion of surface
46, a source contact 52 formed on or from another portion of surface 46, and gate
contacts 54 and 55 formed on or from other portions of surface 46. It should be noted
that semiconductor device 48 is not limited to being a field effect transistor. For
example, semiconductor device 48 may be an insulated gate bipolar transistor, a bipolar
transistor, a junction field effect transistor, a diode, or the like. In accordance with
embodiments in which a discrete semiconductor device such as for example, a field
effect transistor, is formed from semiconductor chip 40, semiconductor chip 40 may be

referred to as a semiconductor device. In addition, die attach material 42 is not limited
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to being an electrically conductive material but may be an electrically insulating
material or a thermally conductive material. By way of example, semiconductor chip 40
is a II-nitride semiconductor chip, i.e., the substrate material of III-nitride
semiconductor chip 40 comprises aluminum nitride. A III-nitride semiconductor
material may be referred to as a ITII-N semiconductor material, a [[I-nitride based
semiconductor material, a III-N based semiconductor material, or the like.

[00022] A semiconductor chip 60 is bonded to surface 20A of device receiving
area 20 using die attach material 42. In accordance with an embodiment, semiconductor
chip 60 is a silicon chip having opposing major surfaces 64 and 66, wherein
semiconductor chip 60 includes a vertical field effect semiconductor device having a
drain contact 75 formed on or from surface 64, a source contact 72 formed on or from a
portion of surface 66, and a gate contact 74 formed on or from another portion of
surface 66. Drain contact 75 is bonded to surface 20A of device receiving area 20
through die attach material 42. It should be noted that semiconductor device 60 is not
limited to being a vertical field effect transistor or a field effect transistor. For example,
the semiconductor device may be an insulated gate bipolar transistor, a bipolar
transistor, a junction field effect transistor, a diode, or the like. By way of example,
semiconductor chip 60 is a silicon semiconductor chip, i.e., the substrate material of
silicon semiconductor chip 40 comprises silicon. A silicon semiconductor material may
be referred to as silicon based semiconductor material, a silicon semiconductor material,
or the like. In accordance with embodiments in which a discrete semiconductor device
such as for example, a field effect transistor, is formed from semiconductor chip 60,
semiconductor chip 60 may be referred to as a semiconductor device.

[00023] Drain contact 50 of semiconductor device 40 is electrically connected to
bond pad 22 through bond wires 76, source contact 52 of semiconductor device 40 is
electrically connected to device receiving area 20 through bond wires 78, gate contact
54 of semiconductor device 40 is electrically connected to source contact 72 through a
bond wire 80, and gate contact 55 of semiconductor device 40 is electrically connected
to leadframe lead 30 through a bond wire 82. Gate contact 74 of semiconductor device
60 is electrically connected to leadframe lead 26 through a bond wire 84, source contact
72 is connected to surface leadframe lead 28 through a bond wire 86 and to leadframe
lead 30 through bond wires 88, and drain contact 75 is electrically connected to surface

20A of device receiving area 20 through electrically conductive die attach material 42.
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It should be noted that gate contact 54 is electrically conducted to gate contact 55
through a metallization system (not shown). Bond wires may be referred to as
wirebonds. It should be noted that in accordance with this embodiment semiconductor
devices 40 and 60 are electrically connected to device receiving areas 18 and 20,
respectively through electrically conductive die attach material 42.

[00024] As those skilled in the art are aware, device receiving areas 18 and 20,
semiconductor chips 40 and 60, and bond wires 76, 78, 80, 82, 84, 86, and 88 and
portions of molded support structure 12 may be encapsulated in a protection material 90
such as, for example a mold compound. It should be noted that leadframe lead 26
serves as a gate leadframe lead or a gate lead, leadframe lead 28 serves as a Kelvin
leadframe lead or a Kelvin lead, leadframe lead 30 servers as a source leadframe lead or
a source lead, and contact 24 serves as a drain contact.

[00025] Thus, semiconductor component 10 includes a III-N cascode switch in
which the substrate of the III-N semiconductor material is electrically floating and bond
pads are not formed over active regions of semiconductor device 40.

[00026] FIG. 3 is a bottom view of semiconductor component 10 in accordance
with an embodiment of the present invention. FIG. 3 further illustrates contact 24 and
leadframe leads 26, 28, and 30.

[00027] FIG. 4 is a perspective view of a semiconductor component 100 in
accordance with another embodiment of the present invention. Semiconductor
component 100 is similar to semiconductor component 10 except that bond wires 76
have been replaced by an electrically conductive clip 102, bond wires 78 have been
replaced by an electrically conductive clip 104, and bond wires 88 have been replaced
by an electrically conductive clip 106. It should be noted that mounting semiconductor
chips 40 and 60 to device receiving areas 18 and 20, respectively, have been described
with reference to FIGs. 1 and 2. Thus, semiconductor component 100 includes a ITII-N
cascode switch in which the substrate of the III-N semiconductor material is electrically
floating and bond pads are not formed over active regions of semiconductor device 40.
[00028] As those skilled in the art are aware, device receiving areas 18 and 20,
semiconductor chips 40 and 60, and bond wires 80, 82, 84, 86, and 88, clips 102, 104,
and 106, and portions of molded support structure 12 may be encapsulated in a

protection material such as, for example a mold compound.
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[00029] FIG. 5 is a perspective view of a semiconductor component 120 in
accordance with another embodiment of the present invention. Semiconductor
component 120 is similar to semiconductor component 10 except that semiconductor
component 120 includes bond wires 122 connecting source electrode 72 with surface
18A of device receiving area 18. It should be noted that mounting semiconductor chips
40 and 60 to device receiving areas 18 and 20, respectively, has been described with
reference to FIGs. 1 and 2. Bond wires 122 electrically connect source electrode 72,
hence the source, of semiconductor device 60 to the body of semiconductor material of
semiconductor device 40 through die receiving area 18 and die attach material 42.
Thus, semiconductor component 120 includes a III-N cascode switch in which the
substrate of the III-N semiconductor material is grounded and bond pads are not formed
over active regions of semiconductor device 40.

[00030] As those skilled in the art are aware, device receiving areas 18 and 20,
semiconductor chips 40 and 60, and bond wires 76, 78, 80, 82, 84, 86, and 88 and
portions of molded support structure 12 are typically encapsulated in a protection
material such as, for example a mold compound.

[00031] FIG. 6 is a perspective view of a semiconductor component 130 in
accordance with another embodiment of the present invention. FIG. 7 is a cross-
sectional view of semiconductor component 130 taken along section line 7-7 of FIG. 6.
FIGs. 6 and 7 are described together. What is shown in FIGs. 6 and 7 are a molded
device support structure 132 having a top surface 134 and a bottom surface 136.
Molded support structure 132 includes a device receiving area 138, a bond pad 140 at
top surface 134, and a contact 142 at bottom surface 136. In accordance with an
embodiment, bond pads 138 and 140 are coplanar with surface 134. Leadframe leads
26, 28, and 30 protrude from a side or an edge of molded device support structure 132.
Device receiving area 138 may be referred to as a device receiving structure. Molded
support structure 132 may be formed by placing an electrically conductive strip in a
mold having a mold cavity and injecting a mold compound into the mold cavity. The
electrically conductive strip may include a pad or plate 138 having a contact region 140,
wherein pad or plate 138 serves as a device receiving area, and a plurality of leadframe
leads such as, for example, leadframe leads 26, 28, and 30. After injecting the mold
compound into the cavities, the electrically conductive strip may be singulated into a

plurality of molded support structures 132. Suitable materials for the electrically
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conductive strips include copper, aluminum, or the like. As mentioned, molded support
structure 132 is illustrated and described as a single element; however, it may be a
portion singulated from a leadframe strip encapsulated in a mold compound.

[00032] A semiconductor chip 40 is bonded to surface 138A of device receiving
area 138 using a die attach material 42, wherein die attach material 42 is an electrically
and thermally conductive die attach material. In accordance with an embodiment,
semiconductor chip 40 is a compound semiconductor chip having opposing major
surfaces 44 and 46, wherein semiconductor chip 40 includes a field effect
semiconductor device having a drain contact 50 formed on or from a portion of surface
46, a source contact 52 formed on or from another portion of surface 46, and gate
contacts 54 and 55 formed on or from other portions of surface 46. Thus, surface 44 of
semiconductor chip 40 is bonded to surface 138 A of device receiving area 138 through
die attach material 42. It should be noted that semiconductor device 40 is not limited to
being a field effect transistor. For example, semiconductor device 40 may be an
insulated gate bipolar transistor, a bipolar transistor, a junction field effect transistor, a
diode, or the like. As discussed above, in accordance with embodiments in which a
discrete semiconductor device such as for example, a field effect transistor, is formed
from semiconductor chip 40, semiconductor chip 40 may be referred to as a
semiconductor device.

[00033] Drain contact 50 of semiconductor device 40 is electrically connected to
surface 138A of device receiving area 138 through bond wires 76, source contact 52 of
semiconductor device 40 is electrically connected to leadframe lead 28 through a bond
wire 86 and to leadframe lead 30 through bond wires 88, gate contact 54 of
semiconductor device 40 is electrically connected to leadframe lead 26 through bond
wire 84, gate contact 55 is electrically connected to leadframe lead 30 through a bond
wire 82, and bond pad 140 is electrically connected to leadframe lead 26 through a bond
wire 85. In accordance with the embodiment of FIG. 6, leadframe lead 26 is a gate
leadframe lead or a gate lead, leadframe lead 28 is a Kelvin leadframe lead or a Kelvin
lead, and leadframe lead 30 is a source leadframe lead or a source lead. Bond wires
may be referred to as wirebonds. It should be noted that in accordance with this
embodiment drain contact 50 of semiconductor device 40 is electrically connected to
surface 138A of device receiving area 138. Thus, semiconductor component 130

includes a III-N cascode switch in which the substrate of the III-N semiconductor
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material is electrically floating and bond pads are not formed over active regions of
semiconductor device 40.

[00034] As those skilled in the art are aware, device receiving area 138,
semiconductor chip 40, and bond wires 76, 82, 84, 86, and 88 and portions of molded
support structure 132 are typically encapsulated in a protection material such as, for
example a mold compound.

[00035] FIG. 8 is a perspective view of a semiconductor component 140 in
accordance with another embodiment of the present invention. Semiconductor
component 140 is similar to semiconductor component 130 except that semiconductor
component 140 includes bond pad 141 and a bond wire 142, wherein bond wire 142
connects device receiving area 138 with leadframe lead 30 and a bond pad 141 is
connected to drain contact 50 through bond wires 76, unlike semiconductor component
130 in which bond wires 76 connect drain contact 50 with device receiving area 138.
Bond pad 141 is spaced apart from device receiving area 138. It should be noted that
gate leadframe lead 26 is electrically connected to gate electrode 54 via bond wire 84
and to bond pad 140 through bond wire 85. It should be further noted that mounting
semiconductor chip 40 to device receiving area 138 has been described with reference to
FIGs. 6 and 7. Bond wire 142 electrically connects the substrate of semiconductor chip
40 to source electrode 52 of semiconductor device 40 through leadframe lead 30, hence
the source, of semiconductor device 40 is electrically connected to the body of or
semiconductor material of semiconductor device 40. Thus, semiconductor component
140 includes a discrete III-N field effect transistor in which the substrate of the ITII-N
semiconductor material is grounded and bond pads are not formed over active regions of
semiconductor device 40.

[00036] As those skilled in the art are aware, device receiving area 138,
semiconductor chip 40, and bond wires 76, 82, 84, 85, 86, and 88 and portions of
molded support structure 132 are typically encapsulated in a protection material such as,
for example a mold compound.

[00037] FIG. 9 is a perspective view of a semiconductor component 150 in
accordance with another embodiment of the present invention. Semiconductor
component 150 is similar to semiconductor component 100 described with reference to
FIG. 4 except the semiconductor device is identified by reference character 40A, i.e.,

the letter A has been appended to reference character 40, because drain contact 50 has
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been replaced by a drain contact SOA which extends over a portion of an active area of
III-N of semiconductor device 40A and source contact 52 has been replaced by a source
contact 52A which extends over another portion of the active area of III-N of
semiconductor device 40A. It should be noted that mounting semiconductor chips to
device receiving areas has been described with reference to FIGs. 1 and 2. Thus,
semiconductor component 150 includes a III-N cascode switch in which the substrate of
the III-N semiconductor material is electrically floating and bond pads are formed over
active regions of semiconductor device 40A.

[00038] As those skilled in the art are aware, device receiving areas 18 and 20,
semiconductor chips 40A and 60, and bond wires 80, 82, 84, 86, and 88, clips 102, 104,
and 106, and portions of molded support structure 12 are typically encapsulated in a
protection material such as, for example a mold compound.

[00039] FIG. 10 is a perspective view of a semiconductor component 160 in
accordance with another embodiment of the present invention. Semiconductor
component 160 is similar to semiconductor component 120 described with reference to
FIG. 5 except that drain contact 50 has been replaced by a drain contact 50B which
extends over a portion of an active area of III-N of semiconductor device 40B, source
contact 52 has been replaced by a source contact 52B which extends over another
portion of the active area of III-N of semiconductor device 40B, and gate contacts 54
and 55 have been replaced by a gate contact 54B which extends over another portion of
the active area of III-N semiconductor device 40B, bond wire 80 has been replaced by
bond wires 80B, and bond wire 82 is not present in the embodiment of FIG. 10.
Similarly, a reference character B has been appended to reference character 40 to
distinguish a semiconductor chip having bond pads over active areas from a
semiconductor chip without bond pads over active areas. It should be noted that
mounting semiconductor chips to device receiving areas has been described with
reference to FIGs. 1 and 2. Thus, semiconductor component 160 includes a ITII-N
cascode switch in which the substrate of the III-N semiconductor material is electrically
grounded and bond pads are formed over active regions of semiconductor device 40B.
[00040] As those skilled in the art are aware, device receiving areas 18 and 20,
semiconductor chips 40B and 60, and bond wires 76, 78, 80B, 84, 86, 88, and 122, and
portions of molded support structure 12 are typically encapsulated in a protection

material such as, for example a mold compound.
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[00041] FIG. 11 is a perspective view of a semiconductor component 170 in
accordance with another embodiment of the present invention. FIG. 12 is a cross-
sectional view of semiconductor component 170 taken along section line 12-12 of FIG.
11. FIGs. 11 and 12 are described together. What is shown in FIGs. 11 and 12 are a
molded device support structure 132 that includes device receiving area 138 and bond
pad 140, and leadframe leads 26, 28, and 30. Molded device support structure 132 has
been described with reference to FIGs. 6 and 7.

[00042] A semiconductor chip 40B is bonded to surface 138A of device receiving
area 138 using a die attach material 42, wherein die attach material 42 is an electrically
and thermally conductive die attach material. Thus, surface 44 is bonded to surface
138A of device receiving area 138 through an electrically and thermally conductive die
attach material 42. In accordance with an embodiment, semiconductor chip 40B is a
compound semiconductor chip having opposing major surfaces 44 and 46, wherein
semiconductor chip 40B includes a field effect semiconductor device having a drain
contact 50B formed on a portion of an active area of semiconductor device 40B, a
source contact 52B formed on another portion of the active area of semiconductor
device 40B, and a gate contact 54B formed on another portion of the active area of
semiconductor device 40B. Semiconductor device 40B has been described with
reference to FIG. 10.

[00043] Drain contact S0B of semiconductor device 40B is electrically connected
to device receiving area 138 through bond wires 76, source contact 52B of
semiconductor device 40B is electrically connected to leadframe lead 28 through a bond
wire 86 and to leadframe lead 30 through bond wires 88, gate contact 54B of
semiconductor device 40B is electrically connected to leadframe lead 26 through bond
wire 84. Bond pad 140 is electrically connected to leadframe lead 26 through a bond
wire 172. In accordance with the embodiment of FIGs. 11 and 12, leadframe lead 26 is
a gate leadframe lead or a gate lead, leadframe lead 28 is a Kelvin leadframe lead or a
Kelvin lead, and leadframe lead 30 is a source leadframe lead or a source lead. Bond
wires may be referred to as wirebonds. It should be noted that in accordance with this
embodiment drain contact 50B of semiconductor device 40B is electrically connected to
surface 138A of device receiving area 138 by bond wire 172. Thus, semiconductor

component 170 includes a III-N cascode switch in which the substrate of the III-N
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semiconductor material is electrically floating and bond pads are formed over active
regions of semiconductor device 40B.

[00044] FIG. 13 is a perspective view of a semiconductor component 180 in
accordance with another embodiment of the present invention. Semiconductor
component 180 is similar to semiconductor component 170 except that semiconductor
component 180 includes a bond wire 182 connecting leadframe lead 30 with surface
138A of device receiving area 138. Bond wire 182 electrically connects source
electrode 52B, hence the source of semiconductor device 40B, to the substrate of the
semiconductor material of semiconductor device 40B. Thus, semiconductor component
180 includes a III-N cascode switch in which the substrate of the III-N semiconductor
device is grounded and bond pads are formed over active regions of semiconductor
device 40.

[00045] Although certain preferred embodiments and methods have been
disclosed herein, it will be apparent from the foregoing disclosure to those skilled in the
art that variations and modifications of such embodiments and methods may be made
without departing from the spirit and scope of the invention. It is intended that the
invention shall be limited only to the extent required by the appended claims and the

rules and principles of applicable law.

12

Page 17 of 70



Docket No. ONS01639

CLAIMS
WHAT IS CLAIMED IS:

1. A semiconductor component having at least first and second terminals,
comprising:

a support having first and second sides and a plurality of leads, the first side of
the support having a first device receiving structure and a first interconnect structure and
the second side of the support having second interconnect structure;

a first semiconductor device mounted to the first device receiving structure, the
first semiconductor device having a control terminal and first and second current
carrying terminals and configured from a III-N semiconductor material;

a first electrical interconnect coupled between the control terminal of the first
semiconductor device and a first lead of the plurality of leads;

a second electrical interconnect coupled between the first current carrying
terminal of the first semiconductor device and a second lead of the plurality of leads;
and

a third electrical interconnect coupled between the second current carrying
terminal of the first semiconductor device and one of the first device receiving structure

or the first interconnect structure.

2. The semiconductor component of claim 1, wherein the first semiconductor

device is a gallium nitride semiconductor device.

3. The semiconductor component of claim 1, wherein the first semiconductor
device is a first field effect transistor having a control electrode and first and second
current carrying electrodes, the control electrode of the first field effect transistor
serving as the control terminal, the first current carrying electrode of the first field effect
transistor serving as the first current carrying terminal, and the second current carrying

electrode of the first transistor serving as the second current carrying terminal.
4. The semiconductor component of claim 1, further including a fourth electrical
interconnect coupled between the first current carrying terminal of the first

semiconductor device and a third lead of the plurality of leads.
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5. The semiconductor component of claim 4, wherein the first electrical
interconnect is a bond wire, the second electrical interconnect is a bond wire, and the

third electrical interconnect is a bond wire.

6. The semiconductor component of claim 4, further including a fifth electrical
interconnect coupled between the first lead and the first interconnect structure and a
sixth electrical interconnect coupled between the first interconnect structure and the

control terminal of the first semiconductor device.

7. The semiconductor component of claim 6, further including a seventh electrical
interconnect coupled between the semiconductor component receiving structure and the

third lead of the plurality of leads.

8. The semiconductor component of claim 4, further including a fifth electrical
interconnect coupled between the semiconductor component receiving structure and the

third lead of the plurality of leads.

9. The semiconductor component of claim 4, wherein the support further includes a
second interconnect structure, and wherein the third electrical interconnect is coupled
between the second current carrying terminal of the first semiconductor device and the

first interconnect structure.

10. The semiconductor component of claim 9, further including a fifth electrical
interconnect coupled between the semiconductor component receiving structure and the

third lead of the plurality of leads.

14
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11. A semiconductor component, comprising:

a support having first and second sides and a plurality of leads, the first side of
the support having a first device receiving structure, a second device receiving structure,
and a first interconnect structure and the second side of the support having second
interconnect structure;

a first semiconductor device mounted to the first device receiving structure, the
first semiconductor device having a control terminal and first and second current
carrying terminals and configured from a III-N semiconductor material;

a second semiconductor device mounted to the second device receiving
structure, the second semiconductor device having a control terminal and first and
second current carrying terminals;

a first electrical interconnect coupled between the control terminal of the second
semiconductor device and a first lead of the plurality of leads;

a second electrical interconnect coupled between the first current carrying
terminal of the second semiconductor device and a second lead of the plurality of leads;

a third electrical interconnect coupled between the second current carrying
terminal of the second semiconductor device and a first current carrying terminal of the
first semiconductor device;

a fourth electrical interconnect coupled between the second current carrying
terminal of the first semiconductor device and the first interconnect structure; and

a fifth electrical interconnect coupled between the control terminal of the first
semiconductor device and the first current carrying terminal of the second

semiconductor device.

12. The semiconductor component of claim 11, further including a sixth electrical
interconnect coupled between the first current carrying terminal of the second
semiconductor device and the first device receiving structure.

13.  The semiconductor component of claim 12, further including a seventh electrical

interconnect coupled between the first current carrying terminal of the second

semiconductor device and a third lead of the plurality of leads.
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14. The semiconductor component of claim 11, further including a sixth electrical
interconnect coupled between the first current carrying terminal of the second

semiconductor device and a third lead of the plurality of leads.

15. The semiconductor component of claim 14, wherein the third electrical
interconnect, the fourth electrical interconnect, and the sixth electrical interconnect are

clips or bond wires.

16. The semiconductor component of claim 11, wherein the first current carrying
terminal and the second current carrying terminal of the first semiconductor device are

configured to be over active areas of the semiconductor device.

17. The semiconductor component of claim 11, wherein the support comprises a
mold compound having first and second surfaces that are opposite to each other and a
third surface that is perpendicular to the first and second surfaces, and wherein the
plurality of leads extend from the first surface, the first device receiving structure is a
first electrically conductive material embedded in the mold compound, the first device
receiving structure is a second electrically conductive material embedded in the mold
compound, and the first interconnect structure is a third electrically conductive material

embedded in the mold compound.

18. The semiconductor component of claim 17, wherein the electrically conductive
material of the first device receiving structure extends through the mold compound from

the first surface to the second surface of the mold compound.

19. The semiconductor component of claim 11, wherein the second semiconductor

device is a silicon based semiconductor device.

20. A method for manufacturing a semiconductor component, comprising:

forming a support having first and second sides and second sides that are parallel
to each other and a third side that is perpendicular to the first side and the second side,
wherein the support has a plurality of leads extending from the third side and a device

receiving structure extending from the first side into the support;
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mounting a first semiconductor device to the first device receiving structure, the
first semiconductor device having a control terminal and first and second current
carrying terminals and configured from a III-N semiconductor material;

electrically coupling the control terminal of the first semiconductor device to a
first lead of the plurality of leads;

electrically coupling first current carrying terminal of the first semiconductor
device to a second lead of the plurality of leads; and

electrically coupling the second current carrying terminal of the first
semiconductor device to one of the first device receiving structure or the first

interconnect structure.

17
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ABSTRACT

In accordance with an embodiment, a semiconductor component includes a
support having a side in which a device receiving structure and an interconnect structure
are formed and a side from which a plurality of leads extends. A semiconductor device
having a control terminal and first and second current carrying terminals and configured
from a III-N semiconductor material is mounted to the device receiving structure. The
control terminal of the first electrical interconnect is coupled to a first lead by a first
electrical interconnect. A second electrical interconnect is coupled between the first
current carrying terminal of the semiconductor device and a second lead. The second
current carrying terminal of the first semiconductor device is coupled to the device

receiving structure or to the interconnect structure.
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Si FET attach: conductive solder
GaN HEMT attach: non-conductive solder
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Si FET attach: conductive solder
GaN HEMT attach: non-conductive solder
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Si FET attach: conductive solder
GaN HEMT attach: conductive solder
GaN HEMT: back-grinded, back

solderable metal, connect GaN
substrate to the source
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GaN HEMT attach: conductive solder

GaN HEMT: back-grinded, back
solderable metal, connect GaN
substrate to the source
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Si FET attach: conductive solder
GaN HEMT attach: non-conductive solder

Clip bonding + BOA
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Si FET attach: conductive solder
GaN HEMT attach: conductive solder

.
.

+

GaN HEMT: back-grinded, back
solderable metal, connect GaN
substrate to the source
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Si FET attach: conductive solder

GaN HEMT attach: conductive solder

GaN HEMT: back-grinded, back
solderable metal, connect GaN
substrate to the source
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 For effective heat dissipation and electrical solation, Cu plates hosting GaN and Si devices are
placed and arranged m molding or ceramics onto nxm PQFN leadless package.

» AGaN device and a Si device are placed and arranged on top of the Cu plates where the source
of GaN device 15 electrically connected to the drain of Si device by wire bonding, clip bonding,
or other means to form a cascode configuration for switch and rectifier.

» GaN device may have a bond over active design to form a cascode configuration for switch and
rectifier.

+ The GaN device substrate can be electrically connected to the source pm of the cascode
configuration for switch and rectifier, and thus grounding the GaN device substrate. Otherwise,
the GaN substrate 1s floating,

» A single GaN device can be packaged mto nxm PQFN with a Cu bar for connecting gate for
high frequency performance.
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BOA is bond over active
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Si FET attach: conductive solder
GaN HEMT attach: non-conductive solder
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Si FET attach: conductive solder
GaN HEMT attach: non-conductive solder

\ \ \

Clip bonding
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Si FET attach: conductive solder
GaN HEMT attach: conductive solder
GaN HEMT: back-grinded, back

solderable metal, connect GaN
substrate to the source
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GaN HEMT attach: conductive solder

GaN HEMT: back-grinded, back
solderable metal, connect GaN
substrate to the source
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Si FET attach: conductive solder
GaN HEMT attach: non-conductive solder

Clip bonding + BOA
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Si FET attach: conductive solder
GaN HEMT attach: conductive solder

.
.

+

GaN HEMT: back-grinded, back
solderable metal, connect GaN
substrate to the source
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Si FET attach: conductive solder

GaN HEMT attach: conductive solder

GaN HEMT: back-grinded, back
solderable metal, connect GaN
substrate to the source
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 For effective heat dissipation and electrical solation, Cu plates hosting GaN and Si devices are
placed and arranged m molding or ceramics onto nxm PQFN leadless package.

» AGaN device and a Si device are placed and arranged on top of the Cu plates where the source
of GaN device 15 electrically connected to the drain of Si device by wire bonding, clip bonding,
or other means to form a cascode configuration for switch and rectifier.

» GaN device may have a bond over active design to form a cascode configuration for switch and
rectifier.

+ The GaN device substrate can be electrically connected to the source pm of the cascode
configuration for switch and rectifier, and thus grounding the GaN device substrate. Otherwise,
the GaN substrate 1s floating,

» A single GaN device can be packaged mto nxm PQFN with a Cu bar for connecting gate for
high frequency performance.
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