UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/997,914 02/20/2018 9899481 1012-1287 / 2015P51742 US 2194
57579 7590 01/31/2018
MURPHY, BILAK & HOMILLER/INFINEON TECHNOLOGIES
1255 Crescent Green
Suite 200

CARY, NC 27518

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Ralf Otremba, Kaufbeuren, GERMANY;
Infineon Technologies Austria AG, Villach, AUSTRIA;
Klaus Schiess, Allensbach, GERMANY:;

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE ¥EE
Commissioner for Patents
P.0. Box 1456
Alexandria, Virginia 22313-145¢
or Fax (571)-273-2885

EE and PUBLICATION PEE (if required). Blocks 1 through §
5 and potification of maintenance fees will be mailed to the curre 1
\[K‘Llf‘/l rg 4 new correspondence address; and/or (b) indicating a nepam[c

INSTRUCTIONS: This form should be used for transmitting the ISSU
appropriate. All further correspondence including the Patent, advance ord
indicated unless corrected below or directed otherwise in Block 1, by {a)
maintenance fee notifications.

ould be completed where
¥ sndence address as
E ADDRESS" for

g can only be used for domestic mailings of the

cate cannot be used for any other accompanying
uunal paper, such as an assignment or formal drawing, must
ificate of maling or ransmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block § for any ok of address)

Certificate oi' Mailing or Traxnsma-snon
that this Transmittal 2 deposited with the United
Service with sufficient postage for first class mail in an enve lope

57879 7390 L0/G62017

MURPHY, BILAK & HOMILLER/INFINEON TECHNOLOGIE S&m

‘T}

0
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
1255 Crescent Green transmitted {o the USFTO (:%—’1) 273-2885, on the date indicated below.
Suite 200
( AARY 1\( -7 25 (Depositor's name )
(Signature}
{Date}
APPLICATION MNO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKE Q. CONFIRMATION NO.
14/997,914 01/18/2015 Ralf Crremba 1012-1287 7 2015P51742 2194
; . Gariteh Creti Us
TITLE OF INVENTION: Electronic Component and Switch Cireunit
5 APPLN. TYPE ENTITY STATUS I SSUE FEE DUE E PUBLICATION FEE DUE ‘ PREV. PAID JSSUE FEE TOTAL FEE(S) DUE DATEDUE
nonprovistogal UNDISCOU] $960 S0 $0 $960 0170872018
a EXAMINER | ART UNIT E CLASS-SUBCLASS [
RETEBO, METASEBIA T 2842 327-434000
. Change of cotrespondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
g 15 . : 3 e ol
R 1.363). (1} The names of up to 3 registered patent attorneys 1 Murphy, Bilak & Homilter, PELC
L3 Change of correspondence address {or Change of Correspondence or agents OR, alternatively,

Addres h p
Mdress form PTO/SB/122) attached. The n:ﬁ.mc gﬁ a single firm (having as a member a 2

Id "Fee Address" indication (or "Fee Address” Indication form or agent) and the names of up to
PTO/SB/AT; Rev 03-02 or more recent) attached. Use of a Customer 2re \\Mt‘d pllt At attorneys or agents. [f no name is
Numiber is reguired. h‘s‘ei no name will be printed.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless
recordation as set forth in

1

[}

%)

assignee is identified below, no assignee data will appear on the patent. I an a e is identified below, the document has been filed for

7 CFR 3.11. Compietion of this form is NOT a substitute for filing an assignment.

{Ay NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE GR COUNTRY)
Infineon Technologics Austria AG Villach, AT

Please check the appropriate assignee category of categories {will not be printed on the patent) : L tndividual & Corporation or other private group entity 3 Governn

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previomsiy paid issue fee shown above)
B fssue Fee [ A check is enclosed.
md Publication Fee ( {No small entity discount permitted)

d. Form PTO-203% 15

s
ind Advance Order - # of Copies m The director is hereby authorized to charge the required fee(s), any deficiency. or credits any
overpayment, to Deposit Account Number 0 enclose an extra copy of this form).

. Change in Eatity Status (from status indicated above)

wh

4

L3 Applicant certifying micro entity status. See 37 CFR 1.29 N

QTE: Absent a valid certification of Micro Entity Status (see forms FTO/SB/15A and 15B), issue
wment in the micro entity amount will not be a,cucpicd at the risk of application abandonment.

all entity status. See 37 CFR 1.27

bk Applicant asserting s v status, ¢

¥ king this box will be taken
O fnmy Status.

If the application was previously

ation of foss of entitlement to
“hecking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as 4pphc4h]e

.....i Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CER 1.31 and 1.33. See 37 CEFR 1.4 for signature requirements and certifications.

Authorized Signamre __/Mark R, Bilak, Reg. No. 47,423/ Date __ 2018-01-05
Typed or printed pame Mark R. Bilak Registration No 47423
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Electronic Patent Application Fee Transmittal

Application Number:

14997914

Filing Date:

18-Jan-2016

Title of Invention:

Electronic Component and Switch Circuit

First Named Inventor/Applicant Name:

Ralf Otremba

Filer:

Mark Ronald Bilak/Katie Kennedy

Attorney Docket Number:

1012-1287/ 2015P51742 US

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 960 960
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

260
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Electronic Acknowledgement Receipt

EFS ID: 31423625
Application Number: 14997914
International Application Number:
Confirmation Number: 2194
Title of Invention: Electronic Component and Switch Circuit
First Named Inventor/Applicant Name: Ralf Otremba
Customer Number: 57579
Filer: Mark Ronald Bilak/Katie Kennedy
Filer Authorized By: Mark Ronald Bilak
Attorney Docket Number: 1012-1287/2015P51742 US
Receipt Date: 05-JAN-2018
Filing Date: 18-JAN-2016
Time Stamp: 17:16:19
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $960
RAM confirmation Number 010818INTEFSW00004424505650
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
201636
1 Issue Fee Payment (PTO-85B) 1012-1 287_I55L|1e_d]F‘ee_Transm|t no 1
ta p a0f19b6af6946e8221d4ba725a1e9ce46954
7b56
Warnings:
Information:
30718
2 Fee Worksheet (SB06) fee-info.pdf no 2
38a45a4bede6b3911c34a7c1a39aba24471)
4005a
Warnings:
Information:
Total Files Size (in bytes){ 232354

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
57579 7590 10/06/2017
MURPHY, BILAK & HOMILLER/INFINEON TECHNOLOGIES RETEBO, METASEBIA T
1255 Crescent Green
Suite 200 I ART UNIT PAPERNUMBER |
CARY, NC 27518 2842
DATE MAILED: 10/06/2017
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
14/997,914 01/18/2016 Ralf Otremba 1012-1287 / 2015P51742 2194
TITLE OF INVENTION: Electronic Component and Switch Circuit us
APPLN. TYPE ENTITY STATUS ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 01/08/2018

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

L. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. It is
patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commnssnoner for Patents
P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will

be mailed to the current correspondence address as

(flcated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

mamtenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

57579 7590 10/06/2017

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapms Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United

MURPHY, BILAK & HOMILLER/INFINEON TECHNOILOGIESStates Postal Service with sufficient postage for first class mail in an envelope

1255 Crescent Green
Suite 200
CARY, NC 27518

addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/997.914 01/18/2016 Ralf Otremba 1012-1287/ 2015P51742 2194
TITLE OF INVENTION: Electronic Component and Switch Circuit us
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 01/08/2018
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
RETEBO, METASEBIA T 2842 327-434000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). 1

a Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ “Fee Address” indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

2

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be printed on the patent) :

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

[ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted:
[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 8 of 179
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
14/997.914 01/18/2016 Ralf Otremba 1012-1287 / 2015P51742 2194
us
57579 7590 10/06/2017 I EXAMINER |
MURPHY, BILAK & HOMILLER/INFINEON TECHNOLOGIES RETEBO, METASEBIA T
1255 Crescent Green
Suite 200 I ART UNIT PAPERNUMBER |
CARY, NC 27518 2842

DATE MAILED: 10/06/2017

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3of 3
PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/997,914 OTREMBA ET AL.
H il i i AlA (First Inventor to File)
Notice of Allowability II\EA)I(Ea'I[j‘AgErBIA RETEBO ggzg““ Statue
Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other approptiate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 09/19/2017.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 1-4.6 and 8-19. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d Al b)y[JSome *c) ] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application nhumber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [J Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. X Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [] Interview Summary (PTO-413),
Paper No./Mail Date .

/M. R./ /LINCOLN DONOVAN/
Examiner, Art Unit 2842 Supervisory Patent Examiner, Art Unit 2842

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170929
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Application/Control Number: 14/997,914 Page 2
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DETAILED ACTION
The present application, filed on or after March 16, 2013, is being examined under the first inventor to file
provisions of the AlA.
Election/Restrictions
1. Claims 1-4, 6, 8, 10-19 are allowable. Claim 9, previously withdrawn from consideration as a
result of a restriction requirement, hereby rejoined and fully examined for patentability under 37 CFR
1.104.

Because all claims previously withdrawn from consideration under 37 CFR 1.142 have been
rejoined, the restriction requirement as set forth in the Office action mailed on 1/26/2017 is hereby
withdrawn. In view of the withdrawal of the restriction requirement as to the rejoined inventions,
applicant(s) are advised that if any claim presented in a continuation or divisional application is
anticipated by, or includes all the limitations of, a claim that is allowable in the present application, such
claim may be subject to provisional statutory and/or nonstatutory double patenting rejections over the
claims of the instant application. Once the restriction requirement is withdrawn, the provisions of 35
U.S.C. 121 are no longer applicable. See In re Ziegler, 443 F.2d 1211, 1215, 170 USPQ 129, 131-32
(CCPA 1971). See also MPEP § 804.01.

REASONS FOR ALLOWANCE
2. The following is an examiner's statement of reasons for allowance:

Regarding claim 1, the prior art of record, either singularly or in combination, does not disclose or
suggest the combination of limitations of an electronic component, comprising: a compound
semiconductor transistor device comprising a first current electrode, a second current electrode and a
control electrode; a die pad; and a first lead, a second lead and a third lead, wherein the first lead, the
second lead and the third lead are spaced at a distance from the die pad, wherein the control electrode is
coupled to the first lead, the first current electrode is coupled to the die pad, the second current electrode
is coupled to the second lead and the third lead is coupled to the compound semiconductor transistor
device and provides a source sensing functionality, wherein the compound semiconductor transistor

device is a lateral transistor device and a drain or a source of the compound semiconductor
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transistor device is coupled to the die pad, wherein the first current electrode is coupled to the die
pad by a plurality of bond wires or a contact clip.

Regarding claims 2-4, 6 and 8-11, these claims are allowed since they depend on claim 1.

Regarding claim 12, the prior art of record, either singularly or in combination, does not disclose
or suggest the combination of limitations of a switch circuit, comprising: a first transistor device comprising
a compound semiconductor, a first current electrode, a second current electrode and a control electrode,
a die pad, a first lead, a second lead, and a third lead, the first lead, the second lead and the third lead
being spaced at a distance from the die pad, wherein the control electrode is coupled to the first lead, the
first current electrode is coupled to the die pad, the second current electrode is coupled to the second
lead and the third lead is coupled to the transistor device and provides a source sensing functionality;
and a second transistor device, wherein the first transistor device has a current path coupled serially or
antiserially with a current path of the second transistor device, wherein the first transistor device is a
lateral transistor device and a drain or a source of the first transistor device is coupled to the die
pad, wherein the first current electrode is coupled to the die pad by a plurality of bond wires or a
contact clip.

Regarding claims 13-18, these claims are allowed since they depend on claim 12.

Regarding claim 19, the prior art of record, either singularly or in combination, does not disclose
or suggest the combination of limitations of an electronic component, comprising: a Group I nitride-
based transistor device having a blocking voltage capability of at least 400V and a switching frequency
capability of at least 100 kHz, a first current electrode, a second current electrode and a control electrode,
wherein the control electrode is coupled to a first lead, the first current electrode is coupled to a die pad,
the second current electrode is coupled to a second lead and a third lead is coupled to the Group IlI
nitride-based transistor device and provides a source sensing functionality; and a housing, wherein the
first lead, the second lead and the third lead are spaced at a distance from the die pad, wherein lower
surfaces of the die pad, of the first lead, of the second lead and of the third lead are exposed from the
housing and provide substantially planar contact surfaces, wherein the Group Il nitride-based

transistor device is a lateral transistor device and a drain or a source of the Group Il nitride-based
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transistor device is coupled to the die pad, wherein the first current electrode is coupled to the die
pad by a plurality of bond wires or a contact clip.

Any comments considered necessary by applicant must be submitted no later than the payment
of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such
submissions should be clearly labeled "Comments on Statement of Reasons for Allowance."

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to METASEBIA RETEBO whose telephone number is (571)272-9299. The examiner can
normally be reached on Monday - Friday 7:30am to 5:00pm EST.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Lincoln Donovan can be reached on 571-272-1988. The fax phone number for the organization where
this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/M. R./

Examiner, Art Unit 2842

/LINCOLN DONOVAN/

Supervisory Patent Examiner, Art Unit 2842
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor: Otremba
Serial No.: 14/997,914 PATENT PENDING
Filed: January 18, 2016 Examiner: RETEBO, METASEBIA T
For: Electronic Component and Switch Circuit Group Art Unit: 2842

Docket No: 1012-1287 / 2015P51742 US Confirmation No.: 2194

e e N N N N N N N N N

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
RESPONSE TO OFFICE ACTION
Applicant submits this paper in response to the Office Action mailed June 23, 2017 and
requests favorable reconsideration in light of the following remarks and/or amendments. No fees

should be required for entry of this response, but the Commissioner is hereby authorized to

charge any required fees to Deposit Account No. 50-5650.
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Application Ser. No.: 14/997,914
Attorney Docket No. 1012-1287 / P11871US/DM/JCM/mr / 2015P51742 US

AMENDMENTS TO THE DRAWINGS
Please replace drawing sheets 1/13 - 13/13 with replacement drawing sheets 1/8 - 8/8

submitted herewith.

20f 12
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AMENDMENTS TO THE CLAIMS
1. (Currently Amended) An electronic component, comprising:
a compound semiconductor transistor device comprising a first current electrode, a
second current electrode and a control electrode;
a die pad; and
a first lead, a second lead and a third lead,
wherein the first lead, the second lead and the third lead are spaced at a distance from the
die pad,
wherein the control electrode is coupled to the first lead, the first current electrode is
coupled to the die pad, the second current electrode is coupled to the second lead
and the third lead is coupled to the compound semiconductor transistor device and
provides a source sensing functionality,

wherein the compound semiconductor transistor device is a lateral transistor device and a

drain or a source of the compound semiconductor transistor device is coupled to

the die pad,

wherein the first current electrode is coupled to the die pad by a plurality of bond wires or

a contact clip.
2. (Original) The electronic component of claim 1, wherein the compound semiconductor
transistor device is one of a SiC transistor device, a III-V compound semiconductor transistor

device and a Group IlI-nitride transistor device.

3. (Original) The electronic component of claim 1, wherein the compound semiconductor

3of 12
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transistor device has a blocking voltage capability of at least 400V and a switching frequency

capability of at least 100 kHz.

4. (Original) The electronic component of claim 1, further comprising a housing, wherein
lower surfaces of the die pad, the first lead, the second lead and the third lead are exposed from

the housing and provide substantially planar contact surfaces.

5. (Cancelled).

6. (Original) The electronic component of claim 1, wherein the compound semiconductor

device is a vertical transistor device and a drain of the compound semiconductor transistor device

is coupled to the die pad.

7. (Cancelled).

8. (Original) The electronic component of claim 1, wherein the second current electrode is

coupled to the second lead by a plurality of bond wires or a contact clip.
9. (Withdrawn) The electronic component of claim 4, wherein the first current electrode is
coupled to the die pad by a contact clip and a portion of the contact clip is exposed from the

upper surface of the housing.

10. (Original) The electronic component of claim 4, wherein the second current electrode is

4 0of 12
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coupled to the second lead by a contact clip and a portion of the contact clip is exposed from the

upper surface of the housing.

11. (Original) The electronic component of claim 1, wherein the electronic component

conforms to a TO leadless package outline or a ThinPAK8x8 package outline.

12. (Currently Amended) A switch circuit, comprising:

a first transistor device comprising a compound semiconductor, a first current electrode, a
second current electrode and a control electrode, a die pad, a first lead, a second
lead, and a third lead, the first lead, the second lead and the third lead being
spaced at a distance from the die pad, wherein the control electrode is coupled to
the first lead, the first current electrode is coupled to the die pad, the second
current electrode is coupled to the second lead and the third lead is coupled to the
transistor device and provides a source sensing functionality; and

a second transistor device,

wherein the first transistor device has a current path coupled serially or antiserially with a
current path of the second transistor device,

wherein the first transistor device is a lateral transistor device and a drain or a source of

the first transistor device is coupled to the die pad,

wherein the first current electrode is coupled to the die pad by a plurality of bond wires or

a contact clip.

13. (Original) The switch circuit of claim 12, wherein a drain of the first transistor device and

Sof 12
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a source of the second transistor device are coupled to a common die pad.

14. (Original) The switch circuit of claim 12, wherein the first transistor device is housed in a
package comprising a first die pad coupled to a drain of the first transistor device and the second
transistor device is housed in a package comprising a second die pad coupled to a source of the

second transistor device.

15. (Original) The switch circuit of claim 14, wherein the first die pad and the second die pad

are mounted on a common conductive layer.

16. (Original) The switch circuit of claim 12, wherein a first contact clip is coupled to one of
a source and a drain of the first transistor device and a second contact clip is coupled to the other
one of a source and a drain of the second transistor device, wherein the first contact clip and the

second contact clip are at least partially uncovered.

17. (Original) The switch circuit of claim 16, wherein the first contact clip and the second

contact clip are coupled to a common heat dissipation member.

18. (Original) The switch circuit of claim 12, wherein a source of the first transistor device is

coupled to a source of the second transistor device.

19. (Currently Amended) An electronic component, comprising:

a Group III nitride-based transistor device having a blocking voltage capability of at least

60of 12
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400V and a switching frequency capability of at least 100 kHz, a first current
electrode, a second current electrode and a control electrode, wherein the control
electrode is coupled to a first lead, the first current electrode is coupled to a die
pad, the second current electrode is coupled to a second lead and a third lead is
coupled to the Group III nitride-based transistor device and provides a source
sensing functionality; and

a housing,

wherein the first lead, the second lead and the third lead are spaced at a distance from the
die pad,

wherein lower surfaces of the die pad, of the first lead, of the second lead and of the third
lead are exposed from the housing and provide substantially planar contact
surfaces,

wherein the Group III nitride-based transistor device is a lateral transistor device and a

drain or a source of the Group III nitride-based transistor device is coupled to the

die pad

wherein the first current electrode is coupled to the die pad by a plurality of bond wires or

a contact clip.

20. (Cancelled).

7of 12
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REMARKS
The June 23, 2017 Office Action has been carefully studied and considered. Claims 1-20
were pending, of which claim 9 was withdrawn from consideration, and claims 1-8 and 10-20
were rejected. Applicant respectfully submits that all pending claims are allowable over the

references cited in the Office Action at least for the following reasons.

Claim Amendments
Claim 1 is amended to include the features of claims 5 and 7. Claims 12 and 19 are
amended in a similar manner. Claims 5, 7 and 20 are cancelled. No new matter is added by way

of these amendments, and entry is respectfully requested.

Drawings Objections
The drawings objections should be moot in view of the replacement drawings submitted

herein, and withdrawal of the drawings objections is respectfully requested.

§102/§103 Rejections

Independent claim 1 is rejected under 35 USC 102 (a) (1) as being anticipated by the
reference Otremba 284 (US 2009/022284). Independent claims 1, 12 and 19 are rejected under
35 USC 103(a) in view of Otremba 313 (US2015/0115313) and Lui (US 2011/0049580).
Applicant respectfully submits that all claims presented herein are patentable over the cited
references for at least for the following reasons.

§102 Rejection

Claim 1 is amended to include features from pending claims 5 and 7, and now recites the

features of “wherein the first transistor device is a lateral transistor device and a drain or a

8of 12
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source of the first transistor device is coupled to the die pad”. Otremba 284 fails to anticipate at
least these features of amended claim 1.

In rejecting prior claim 1 over Otremba ‘284, the Office points to Otremba ‘284’s FIGS.
1-9 as anticipating prior claim 1. However, Otremba ‘284 fails to teach at least the feature of a
lateral transistor device as recited in amended claim 1. Otremba ‘284 teaches a vertical
transistor which includes current electrodes on opposing surfaces, see the electrodes 12 and 14 in
figure 5C, for example. Further, paragraph [0015] describes the vertical structure of the
semiconductor chips taught by Otremba 284. However, Otremba ‘284 does not teach a lateral
transistor device.

Otremba ‘284 fails to anticipate claim 1 for at least these reasons. Claim 1 and all claims
depending therefrom are patentable over Otremba ‘284 at least for these reasons.

§103 Rejections

Amended claim 1 recites, inter alia, the following:

wherein the first lead, the second lead and the third lead are spaced at a distance

from the die pad, ...

wherein the control electrode is coupled to the first lead, the first current

electrode is coupled to the die pad, the second current electrode is coupled to

the second lead and the third lead is coupled to the compound semiconductor

transistor device and provides a source sensing functionality,

wherein the first transistor device is a lateral transistor device and a drain or a

source of the first transistor device is coupled to the die pad,

wherein the first current electrode is coupled to the die pad by a plurality of
bond wires or a contact clip.

The combination of Otremba ‘313 and Lui fails to render obvious at least the above-
highlighted features of amended claim 1. In rejecting prior claim 1 over the cited references, the
Office equates Otremba ‘313’s lead 66 to the claimed first lead coupled to the claimed control

electrode, its lead 67 to the claimed second lead coupled to the claimed second electrode, its lead

9of 12
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64 (which extends from its die pad 42) to the claimed third lead, and its drain electrode 50
(which is mounted on and electrically coupled to the die pad 42; see paragraph [0035]) to the
claimed first current electrode. The Office acknowledges that Otremba ‘313 “does not teach the
third lead is spaced at a distance from the die pad” (see Office Action, p. 5, first para.), and
points to Lui as disclosing this feature. The Office further alleges that it would have been
obvious to modify Otremba ‘313 in view of Lui. Applicant respectfully disagrees for at least the
following reasons.

Firstly, Otremba “313’s lead 64 does not provide source sensing functionality as
indicated in the Office Action (see Office Action, p. 5, first para.). Indeed, Otremba ‘313 states
that its lead 64 represents a drain lead (see paragraph [0041]); however, Otremba ‘313 states
nothing regarding drain lead 64 providing a sensing function. Secondly, Otremba ‘313 does not
disclose a lateral transistor device. Indeed, contrary to what the Office states at the bottom of
page 5 of the Office Action in its rejection of prior claim 5 (prior claim 5 previously recited a
“lateral transistor device”, the feature now forming part of amended claim 1), Otremba ‘313’s
paragraphs [0012], [0024] and [0040] state nothing regarding a lateral transistor device; instead,
the cited paragraphs use the term “lateral” to refer to the lateral direction (as opposed to the
vertical direction; see para. [0012], for example). In stark contrast, as is well-known in the
semiconductor arts, a lateral transistor device is a bipolar transistor in which current flows

across the base in the direction parallel to the wafer surface; in contrast to conventional

100f 12
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vertical bipolar transistor in which current across the base flows in the direction normal to the
surface.!

Importantly, neither Lui nor Otremba ‘313 teaches or otherwise renders obvious a
package for a lateral transistor which includes three leads configured as recited in claim 1,
each of the three leads being spaced at a distance from the die pad with one of the leads (i.e. the
claimed third lead) providing a source sensing functionality, the package further including a first

current electrode coupled to the die pad by a plurality of bond wires or a contact clip.

Otremba ‘313 discloses a package with a bidirectional switch with two vertical transistors
mounted and electrically coupled to two separate portions of a die pad by the drain
electrodes. The upwardly facing source electrodes are coupled by the clip 45 to provide the
bidirectional switch. Lui, on the other hand, discloses a cascode arrangement that does not
include a source sensing function. Accordingly, there is further no motivation for the person of
ordinary skill in the art to replace the vertical transistor as taught by Otremba ‘313 with a
lateral transistor as claimed because as the circuit arrangement taught by Otremba ‘313 would
no longer be operational as the circuit arrangement depends on the drain electrode located on
the rear side of the transistor being electrically connected to the die pad.

The combination of the cited references fails to render amended claim 1 obvious for at

least these reasons. Claim 1 and all claims depending therefrom are patentable over the cited

! See definition of “lateral transistor” at

http://www.semilsource.com/glossary/default.asp?searchterm=lateral+transistor.
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reference at least for these reasons. For analogous reasons, claims 12 and 19 and all claims
depending therefrom too are patentable over the cited references.

Withdrawal of all claim rejections is respectfully requested.

Conclusion

The present application should be in condition for allowance in view of the amendments
and remarks made herein. Action to such effect is respectfully requested. The Examiner is
encouraged to contact the undersigned at (919)-948-3390 if any outstanding matters can be
readily addressed by a phone call.

Respectfully submitted,
Murphy, Bilak & Homiller, PLL.C

[Parthiban A. Mathavan, Reg. No. 73,024/
Dated: September 19, 2017 Parthiban A. Mathavan
Registration No.: 73,024

1255 Crescent Green, Suite 200
Cary, NC 27518

Telephone: (919) 948-3390
Facsimile: (919) 948-3357
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7)X Claim(s) 1-8 and 10-20 is/are rejected.

8)[1 Claim(s) ____is/are objected to.

9 Claim(s) are subject to restriction and/or election requirement.
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participating intellectual property office for the corresponding application. For more information, please see
hitn /raww.usplo.gov/patenis/init_events/pphvindex.jsp or send an inquiry to PPHfeedback@uspio.qoy.

Application Papers
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Priority under 35 U.S.C. § 119
12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
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2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) IZ Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
2) Iz Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 D Other:
Paper No(s)/Mail Date . ) ther: .
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170614
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DETAILED ACTION
The present application, filed on or after March 16, 2013, is being examined under the first inventor to file
provisions of the AlA.
Election/Restrictions
1. Applicant’s election without traverse of Species I, shown in figure 3, reading on claims 1-8 and
10-20 in the reply filed on 03/20/2017 is acknowledged.
Drawings
2. The drawings are objected to as failing to comply with 37 CFR 1.84(k) because the zcals o which
the drawing is made not iarge encugh 1o show the mechanism without crowding.

Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to the Office
action to avoid abandonment of the application. Any amended replacement drawing sheet should include
all of the figures appearing on the immediate prior version of the sheet, even if only one figure is being
amended. Each drawing sheet submitted after the filing date of an application must be labeled in the top
margin as either "Replacement Sheet" or "New Sheet" pursuant to 37 CFR 1.121(d). If the changes are
not accepted by the examiner, the applicant will be notified and informed of any required corrective action
in the next Office action. The objection to the drawings will not be held in abeyance.

Claim Rejections - 35 USC § 112
3. The following is a quotation of 35 U.S.C. 112(f):

(f) Element in Claim for a Combination. — An element in a claim for a combination may be

expressed as a means or step for performing a specified function without the recital of

structure, material, or acts in support thereof, and such claim shall be construed to cover the

corresponding structure, material, or acts described in the specification and equivalents

thereof.

The following is a quotation of pre-AlA 35 U.S.C. 112, sixth paragraph:

An element in a claim for a combination may be expressed as a means or step for performing

a specified function without the recital of structure, material, or acts in support thereof, and

such claim shall be construed to cover the corresponding structure, material, or acts

described in the specification and equivalents thereof.

Use of the word “means” (or “step for”) in a claim with functional language creates a rebuttable

presumption that the claim element is to be treated in accordance with 35 U.S.C. 112(f) (pre-AlA 35
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U.S.C. 112, sixth paragraph). The presumption that 35 U.S.C. 112(f) (pre-AlA 35 U.S.C. 112, sixth
paragraph) is invoked is rebutted when the function is recited with sufficient structure, material, or acts
within the claim itself to entirely perform the recited function.

Absence of the word “means” (or “step for”) in a claim creates a rebuttable presumption that the
claim element is not to be treated in accordance with 35 U.S.C. 112(f) (pre-AlA 35 U.S.C. 112, sixth
paragraph). The presumption that 35 U.S.C. 112(f) (pre-AlA 35 U.S.C. 112, sixth paragraph) is not
invoked is rebutted when the claim element recites function but fails to recite sufficiently definite structure,
material or acts to perform that function.

Claim elements in this application that use the word “means” (or “step for”) are presumed to
invoke 35 U.S.C. 112(f) except as otherwise indicated in an Office action. Similarly, claim elements that
do not use the word “means” (or “step for”) are presumed not to invoke 35 U.S.C. 112(f) except as
otherwise indicated in an Office action.

Claim 20 is presumed to invoke 35 U.S.C. 112(f) (pre-AIA 35 U.S.C. 112, sixth paragraph) except as

otherwise indicated in an Office action.

Claim Rejections - 35 USC § 102

4, In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102 and
103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory basis for
the rejection will not be considered a new ground of rejection if the prior art relied upon, and the rationale
supporting the rejection, would be the same under either status.
5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for
the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use,

on sale or otherwise available to the public before the effective filing date of the claimed
invention.
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6. Claim 1 is rejected under 35 U.S.C. 102(a) (1) as being anticipated by Otremba et al. (US Pub.
No. 2009/0212284 and Otremba hereinafter)

Regarding claim 1, Otremba discloses an apparatus [see figures 1-9]; comprising: a compound
semiconductor transistor device comprising a first current electrode [12], a second current electrode [14]
and a control electrode [11]; a die pad [22]; and a first lead [16], a second lead [17] and a third lead [18],
wherein the first lead, the second lead and the third lead are spaced at a distance from the die pad [par.
25], wherein the control electrode is coupled to the first lead, the first current electrode is coupled to the
die pad, the second current electrode is coupled to the second lead and the third lead is coupled to the
compound semiconductor transistor device and provides a source sensing functionality [par. 47].

Claim Rejections - 35 USC § 103
7. In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102 and
103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory basis for
the rejection will not be considered a new ground of rejection if the prior art relied upon, and the rationale
supporting the rejection, would be the same under either status.
8. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections
set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed

invention is not identically disclosed as set forth in section 102, if the differences between the

claimed invention and the prior art are such that the claimed invention as a whole would have

been obvious before the effective filing date of the claimed invention to a person having

ordinary sKill in the art to which the claimed invention pertains. Patentability shall not be

negated by the manner in which the invention was made.

9. Claims 1-6, 8 and 10-19 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Otremba et al. Otremba et al. (US Pub. No. 2015/0115313 and Otremba hereinafter) in view of Lui et al
(US 2011/0049580 and Lui hereinafter)

Regarding claim 1, Otremba discloses an apparatus [see figures 1-5]; comprising: a compound

semiconductor transistor device [40, fig. 4] comprising a first current electrode [50, fig. 4], a second

current electrode [46, fig. 4] and a control electrode [49, fig. 4]; a die pad [42, fig. 4]; and a first lead [66,

fig. 4], a second lead [67, fig. 4] and a third lead [64, fig. 4], wherein the first lead and the second lead are
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spaced at a distance from the die pad [see fig. 4], wherein the control electrode is coupled to the first
lead, the first current electrode is coupled to the die pad [drain electrode 50 is positioned on the lower
surface 51 of the first transistor 41 and is mounted on, and electrically coupled to an upper surface 52 of
the first die pad 42, par. 35], the second current electrode is coupled to the second lead and the third lead
is coupled to the compound semiconductor transistor device and provides a source sensing functionality
[third lead 64 coupled to 40]. Otremba does not teach the third lead is spaced at a distance from the die
pad.

However, Lui teaches [see fig. 2A and 2B] leads 30b, 30c and 30d are spaced at a distance from
the semiconductor die. In view of such teaching, it would have been obvious to one of ordinary skill in the
art before the effective filling date of the claimed invention to Otremba semiconductor device to provide a
lead space at a distance from semiconductor die pads to utilize well known capable option, since it has
been held to be within the general skill of a worker in the art to select a known package on the basis of its
suitability for the intended use as a matter of obvious design choice. In re Leshin, 227 F.2d 197, 125
USPQ416 (CCPA 1960).

Regarding claim 2, Otremba in view of Lui discloses an apparatus [see figures 1-5]; wherein the
compound semiconductor transistor device is one of a SiC transistor device, a Ill-V compound
semiconductor transistor device and a Group lll-nitride transistor device [par. 23].

Regarding claim 3, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein the
compound semiconductor transistor device has a blocking voltage capability of at least 400V and a
switching frequency capability of at least 100 kHz [par. 14-15].

Regarding claim 4, Otremba in view of Lui discloses an apparatus [see figures 1-5], further
comprising a housing [60, fig. 4], wherein lower surfaces of the die pad, the first lead, the second lead
and the third lead are exposed from the housing and provide substantially planar contact surfaces.

Regarding claim 5, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein the
compound semiconductor transistor device is a lateral transistor device and a drain or a source of the

compound semiconductor transistor device is coupled to the die pad [par. 12, 24, 40].
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Regarding claim 6, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein the
compound semiconductor device is a vertical transistor device and a drain of the compound
semiconductor transistor device is coupled to the die pad [par. 12].

Regarding claim 8, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein the
second current electrode is coupled to the second lead by a plurality of bond wires or a contact clip [73,
fig. 4].

Regarding claim 10, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein the
second current electrode is coupled to the second lead by a contact clip and a portion of the contact clip
is exposed from the upper surface of the housing [73, fig. 4].

Regarding claim 12, Otremba discloses an apparatus [see figures 1-5], comprising: a first
transistor device [41] comprising a compound semiconductor, a first current electrode [50, fig. 4], a
second current electrode [46, fig. 4] and a control electrode [49, fig. 4], a die pad [42, fig. 4], a first lead
[66, fig. 4], a second lead [67, fig. 4], and a third lead [64, fig. 4], the first lead and the second lead lead
being spaced at a distance from the die pad, wherein the control electrode is coupled to the first lead, the
first current electrode is coupled to the die pad [drain electrode 50 is positioned on the lower surface 51 of
the first transistor 41 and is mounted on, and electrically coupled to an upper surface 52 of the first die
pad 42, par. 35] , the second current electrode is coupled to the second lead and the third lead is coupled
to the transistor device and provides a source sensing functionality [par. 20,27, 30, 44]; and a second
transistor device [43, fig. 4], wherein the first transistor device has a current path coupled serially or
antiserially with a current path of the second transistor device [par. 24-27]]. Otremba does not teach the
third lead is spaced at a distance from the die pad.

However, Lui teaches [see fig. 2A and 2B] leads 30b, 30c and 30d are spaced at a distance from
the semiconductor die. In view of such teaching, it would have been obvious to one of ordinary skill in the
art before the effective filling date of the claimed invention to Otremba semiconductor device to provide a
lead space at a distance from semiconductor die pads to utilize well known capable option, since it has

been held to be within the general skill of a worker in the art to select a known package on the basis of its
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suitability for the intended use as a matter of obvious design choice. In re Leshin, 227 F.2d 197, 125
USPQ416 (CCPA 1960).

Regarding claim 13, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein a
drain of the first transistor device and a source of the second transistor device are coupled to a common
die pad.

Regarding claim 14, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein the
first transistor device is housed in a package comprising a first die pad [42, fig. 4] coupled to a drain of the
first transistor device [50, fig. 4] and the second transistor device is housed in a package comprising a
second die pad [44, fig. 4] coupled to a source [47, fig. 4] of the second transistor device.

Regarding claim 15, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein the
first die pad and the second die pad are mounted on a common conductive layer.

Regarding claim 16, Otremba discloses an apparatus [see figures 1-5], wherein a first contact clip
[73] is coupled to one of a source and a drain of the first transistor device and a second contact clip [74] is
coupled to the other one of a source and a drain of the second transistor device, wherein the first contact
clip and the second contact clip are at least partially uncovered.

Regarding claim 17, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein the
first contact clip and the second contact clip are coupled to a common heat dissipation member.

Regarding claim 18, Otremba in view of Lui discloses an apparatus [see figures 1-5], wherein a
source of the first transistor device is coupled to a source of the second transistor device [the conductive
connector 45 is provided, in the form of a clip which extends between the source electrode 46 of the first
transistor 41 and the source electrode 47 of the second transistor 43, par. 39].

Regarding claim 19 recites the corresponding claim limitations in claims 1-4, therefore is rejected

for the same reasoning as stated above.

10. Claims 7 and 11 are rejected under 35 U.S.C. 103(a) as being unpatentable over Otremba et al.

in view of Lui et al.
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With respect to claim 7, Otremba in view of Lui teaches all the features with respect to claim 1 as
outlined above. Otremba does not explicitly teach wherein the first current electrode is coupled to the die
pad by a plurality of bond wires or a contact clip.

It would have been obvious to one having ordinary skill in the art at the time the invention was to
utilize plurality of bond wires or a contact clip to couple the first current electrode is coupled to the die
pad. A person of ordinary skill in the art has good reason to pursue the known options within his or her
technical grasp. If this leads to the anticipated success, it is likely the product not of innovation but of
ordinary skill and common sense. KSR Int'l Co v. Teleflex Inc

With respect to claim 11, Otremba teaches all the features with respect to claim 1 as outlined
above. Otremba does not explicitly teach, wherein the electronic component conforms to a TO leadless
package outline or a ThinPAK8x8 package outline.

It would have been obvious to one having ordinary skill in the art at the time the invention was
made to Ofremba semiconductor device package, since it has been held to be within the general skill of a
worker in the art to select a known package on the basis of its suitability for the intended use as a matter
of obvious design choice. In re Leshin, 227 F.2d 197, 125 USPQ416 (CCPA 1960).

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to METASEBIA RETEBO whose telephone number is (571)272-9299. The examiner can
normally be reached on Monday - Friday 7:30am to 5:00pm EST.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Lincoln Donovan can be reached on 571-272-1988. The fax phone number for the organization where

this application or proceeding is assigned is 571-273-8300.

Page 55 of 179



Application/Control Number: 14/997,914 Page 9
Art Unit: 2842

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/M. R./

Examiner, Art Unit 2842

/LINCOLN DONOVAN/

Supervisory Patent Examiner, Art Unit 2842
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor:
Otremba

PATENT PENDING
Serial No.: 14/997,914
Examiner: RETEBO, METASEBIA T
Filed: January 18, 2016
Group Art Unit: 2842
For: Electronic Component and Switch Circuit
Confirmation No.: 2194
Docket No: 1012-1287 / 2015P51742 US

e e N N e N e N N N N

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
RESPONSE TO RESTRICTION REQUIREMENT

In response to the Restriction Requirement mailed January 26, 2017, Applicant elects
Species 11 of Figure 3 (claims 1-8 and 10-20) without traverse.

In the Office Action, the Examiner requires Applicant to elect one of the following

Species:

Species I: the embodiment of Figure 1;
Species 1I: the embodiment of Figure 3;
Species I1I: the embodiment of Figure 4; and

Species IV: the embodiment of Figure 7.

The bond wires recited in claims 7 and 8 are illustrated in Figure 3 (and Figure 7). Claim
9 is illustrated in Figure 4. Claim 6 is illustrated in Figure 8a, which is not mentioned in the
Restriction Requirement. The contact clip of claim 8 is illustrated in Figures 5 and 6, which are

also not mentioned in the Restriction Requirement. The embodiments with two transistors of
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claims 12-18 are illustrated in Figures 8-11, which are not mentioned in the Restriction
Requirement. As such, claims 1-8 and 10-20 should be examined.

No fees should be required for entry of this response. However, if any fees are required,
please charge them to Murphy, Bilak & Homiller, PLLC, Deposit Account No. 50-5650.

Respectfully submitted,
Murphy, Bilak & Homiller, PLLC

/Mark R. Bilak, Reg. No. 47,423/

Dated: March 20, 2017 Mark R. Bilak
Registration No.: 47,423

1255 Crescent Green, Suite 200
Cary, NC 27518

Telephone: (919) 948-3390
Facsimile: (919) 948-3357

20f2
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Application No. Applicant(s)
14/997,914 OTREMBA ET AL.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
METASEBIA RETEBO 2842 f(‘gtsus

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 01/18/2016.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 1-20is/are pending in the application.

5a) Of the above claim(s) ___is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)1 Claim(s) ____is/are rejected.
8)[] Claim(s) ____is/are objected to.
9X] Claim(s) 1-20 are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww. usplo.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) |:| Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170113
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DETAILED ACTION
The present application, filed on or after March 16, 2013, is being examined under the first inventor to file
provisions of the AlA.
Election/Restrictions
1. This application contains claims directed to the following patentably distinct species:
a) Species |: The embodiment of Figure 1 regarding a device having an electronic
component 20 includes a compound semiconductor transistor device 21 which includes a
first current electrode 22, a second current electrode 23 and a control electrode 24. The
electronic component 20 further includes a die pad 25, a first lead 26, a second lead 27
and a third lead 28. The first lead 26, the second lead 27 and the third lead 28 are
spaced apart from the die pad 25. The first lead, 26, the second lead 27, and the third
lead 28 are arranged adjacent and spaced apart from a single side face 29 of the die pad
25. The control electrode 24 is coupled to the first lead 26, the first current electrode 22 is
coupled to the die pad 25, the second current electrode 23 is coupled to the second lead
27 and the third lead 28 is coupled to the compound semiconductor transistor device 21
and provides a source sense functionality.
b) Species Il: The embodiment of Figure 3 regarding a device having an

electronic component 40 includes a compound semiconductor transistor device 41 which,
in this particular embodiment, is a Group lll-nitride based High Electron Mobility
Transistor (HEMT). The electronic component 40 includes a package 42 having a
ThinPak 8x8 package outline. The package 42 includes a die pad 43 having an L-shaped
form which extends on one side face 44 to provide two substantially parallel leads 45, 46
and forms a cutaway 47 in which two further leads 48, 49 are arranged. The further
leads 48, 49 are spaced apart at a distance form the side face 44 of the die pad 43 and
are arranged in a row adjacent the lead 46. On the opposing side 50 of die pad 43, the
package 42 includes four leads 51, 52, 53, 54 which are electrically coupled by a bar 56

extending substantially parallel and spaced apart form the side face 50 of the die pad 43.
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The lower surfaces of the leads are 45, 46, 48, 49, 51, 52, 53, 54 arranged at

two opposing sides of the electronic component 40 and provide surface mountable
contact pads. The lower surface of the die pad 43 is substantially parallel with the lower
surfaces of the leads and also provides a surface mountable contact pad for the
electronic component 40.

c) Species lll: The embodiment of Figure 4 regarding a device having an electronic
component 70, therefore, includes a die pad 43, and leads arranged adjacent two
opposing sides of the die pad 43 of which a drain lead 51 and the source lead 45 which
extends from the die pad 43. The electronic component 70 also includes a HEMT 41
which is mounted on the upper surface 62 of the die pad 43. The drain pad 58 is
electrically coupled to the lead 51 by bond wires 63. The gate pad 59 is electrically
coupled to a gate lead and a source sense functionality is provided by a bond wire 66
extending to a further lead. The gate lead and the further lead are spaced apart from the
die pad 43. The electronic component 70 differs from the electronic component 40 of the
second embodiment in the form and arrangement of the electrical connection between
the source pad 57 of the transistor device 41 and the die pad 43.

d) Species IV: The embodiment of Figure 7 regarding a device having an
electronic component 110 includes a compound semiconductor device 111 and a
leadframe 112 including a die pad 113 and a plurality of leads 114 arranged on two
opposing sides 115, 116 of the die pad 113. Four leads 117 extend from the die pad 113
on the first side 115 and a further four leads 118 are arranged adjacent and spaced apart
from the opposing side 116 of the die pad 113. Two of the four leads 118 are coupled
together by a connector strip 119. Two leads 120, 121 are arranged adjacent the
connector strip 119 such that the four leads 118 are arranged in a row and substantially

parallel to one another.
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The species are independent or distinct because of the reasons listed above. In addition, these
species are not obvious variants of each other based on the current record.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or a single grouping
of patentably indistinct species, for prosecution on the merits to which the claims shall be restricted if no
generic claim is finally held to be allowable.

There is a search and/or examination burden for the patentably distinct species as set forth above
because at least the following reason(s) apply:

There is an examination and search burden for these patentably distinct species due to their
mutually exclusive characteristics. The species require a different field of search (e.g., searching different
classes/subclasses or electronic resources, or employing different search queries); and/or the prior art
applicable to one species would not likely be applicable to another species; and/or the species are likely
to raise different non-prior art issues under 35 U.S.C. 101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must include (i) an
election of a species or a grouping of patentably indistinct species to be examined even though the
requirement may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing the
elected species or grouping of patentably indistinct species, including any claims subsequently added.
An argument that a claim is allowable or that all claims are generic is considered nonresponsive unless
accompanied by an election.

The election may be made with or without traverse. To preserve a right to petition, the election
must be made with traverse. If the reply does not distinctly and specifically point out supposed errors in
the election of species requirement, the election shall be treated as an election without traverse.
Traversal must be presented at the time of election in order to be considered timely. Failure to timely
traverse the requirement will result in the loss of right to petition under 37 CFR 1.144. If claims are added
after the election, applicant must indicate which of these claims are readable on the elected species or
grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of patentably indistinct

species from which election is required, are not patentably distinct, applicant should submit evidence or
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identify such evidence now of record showing the species to be obvious variants or clearly admit on the
record that this is the case. In either instance, if the examiner finds one of the species unpatentable over
the prior art, the evidence or admission may be used in a rejection under 35 U.S.C. 103 or pre-AlA 35
U.S.C. 103(a) of the other species.

Upon the allowance of a generic claim, applicant will be entitled to consideration of claims to
additional species which depend from or otherwise require all the limitations of an allowable generic claim
as provided by 37 CFR 1.141.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to METASEBIA RETEBO whose telephone number is (571)272-9299. The examiner can
normally be reached on Monday - Friday 7:30am to 5:00pm EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Lincoln Donovan can be reached on 571-272-1988. The fax phone number for the organization where
this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/M.R./

Examiner, Art Unit 2842

/LINCOLN DONOVAN/

Supervisory Patent Examiner, Art Unit 2842
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B

Verschiedens Ausfilhrungsformen sieflen
sine Chiptrgersirukiur {200) bergit. Die
Chiptragerstruldur (200} kann sinen
strukiurienten metallischen Chiptréger
{202}, ein Einkapselungsmaterial (204},
das die Strukiur (200) zumindest tellweise
ausfallt; wobel die Haupioberflachen des
metalischen Chiptrdgers (202) frel von
Einkapselungsmatertal {204) sind,
umfassen.
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{54) Bezeichnung: Chiptrigerstrukiur, Chipgehause und Verfahren zu deren Herstellung

(57) Zusammenfassung: Verschiedene Ausfihrungsformen 432
stellen eine Chiptrégerstruktur (200) bereit. Die Chiptrager-
struktur {200) kann einen strukturierten metallischen Chip- 200
trger (202); ein Einkapselungsmaterial (204), das die Struk-
tur (200} zumindast teilweise ausfallt; wobei die Hauptober-
flachen des metallischen Chiptragers (202) frei von Einkap- 7
selungsmaterial (204} sind, umfassen. 202 204

Page 81 of 179



DE 10 2014 102 910 A1

Beschreibung

{88417 Verschiedens Ausfiihrungsformen betreffen
allgemein eine Chiptragerstrukiur, ein Chipgehduse,
ein Verfahren zur Herstellung einer Chipiragersiruk-
tur und ein Verfahren zur Herstellung eines Chipge-
hduses.

{00821 Leistungshalbleiterchips kéninen in eine Elek-
tronikeinheit integriert werden, z. B. in ein Gehause
fur Durchsteckmontage (THP) oder sine Vorrichtung
fiir Oberflachenmontage (SMD).

[8803] Gegenwartig konnen Standardieistungsge-
hduse, z. B. TO218, TO220, TO247, TO251, fikr Leis-
tungshaibleitarchips (z. B. Hochvoii-(HV)-Halbleiter-
chips} in Leistungsanwendungen, z. B. flir Hochspan-
nungsenwendungen grofler als 200 V, eingesetat
werdern.

{06084} Doch kénnen diese Standardieistungsgehau-
se aufgrund der Gehauseindultivitdlen [nH} bei den
in der Zukunft wachsenden Anforderungen an die
Stromstarke [A] zu beirdchtichen Schaltveriusten
(Pswitch W) fuhren,

{08857 Fig. 1 zeigt Simulationsergebnisse 100 der
Abhangigkeit von Schaltverlusten von der Source-
Pin-Induktivitat auf einen 45 mOhm J-FET {Junction
Gate Figld Effect Transistor).

{43067 Wie in Fig. 1 dargestelif, erhghen sich mit
steigendsr Stromstérke die Schaltverluste bei ver-
schiedanen fir sinen 45 mOhm J-FET varwende-
ten Gehdusen TO247, TO220, ThinPAK 8 = 8 und
Blade HV. Ebenso ist dargastelll, dass die Schait-
verluste bei verschiedenen Gehausen TO247, TO
220, ThinPAK und Blade HV bei gleicher Stromstar-
ke abnehmen, wobei das Gehause TO247 die hdchs-
ten Schaltveriuste zeigt und das Biade HV-Gehdu-
se die geringsten Schaltveriusts aufweist. Entspre-
chend fassen sich mit einem optimierten Gehauss, z.
B. den Gehausen Blade HVY und ThinPAK 8 % &, im
Vergleich zu den Gehdusen TO220 und TO247 ge-
ringere Schaltverlusie erreichen.

{88677 Verschiedens Ausfithrungsiormen stelien ei-
ne Chiptragerstrukiur bereit. Die Chiptragerstrukiur
kann einen strukturisrten metallischen Chiplrager,
ein Einkapselungsmaterial, das die Struktur zumin-
dest teilweise ausfUllt; wobei die Hauptoberflachen
des metallischen Chiptragers frei von Einkapselungs-
material sind, umfassen.

{0808} In verschisdenen Ausfiihrungsformen kann
der strukturierte metaliische ChiplrZger einen An-
schiusskamim umfassen.

[0008] In verschiedenen Ausfiihrungsformen kann
das Einkapselungsmaterial eine Vergussmasse wie
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gefulites Epoxidharz, z. B. mit SIO gafilites Epoxid-
harz, umfassen.

[6046] In verschiedenen Ausflhrungsformen kann
die Einkapselungsstrukiur ain Laminat umfassen.

{60117 In verschiedensn Ausflhrungsformen kann
der Chip frei von Einkapselungsmaterial sein, das die
Struktur zumindest teilweise ausfilt.

[0012] Nach verschiedenasn Ausfiihrungsformen
kann das Verfahren weiterhin sinen Klebstoff zwi-
schen dem Chip und dem strukturierten metallischen
Chiptréger bildan, um den Chip an den strukturiertien
metallischen Chiplrdger anzukleben. Bei dem Kieb-
stoff kann es sich um einen isolierenden Klebstoff
oder singn slekirisch leitenden Kiebstoff handeln.

[8013] Verschiedene Ausfiihrungsformen des oben
beschricbenen Chipgehfuses gelien analog fir das
Verfahren zur Herstellung sines Chipgehéuses.

[0044] Verschiedene Ausfiihrungsformen stellen ei-
ne Chiplragerstrukiur bereit. Die Chiptrégersirukiur
kann einen strukturierten metallischen Chiptréger,
ein Einkapselungsmaterial, das die Struktur zumin-
dest teibweise ausfiiill; wobei die Hauptoberflachen
des metallischen Chiptragers frei von Einkapselungs-
material sind, umfassen.

[0018] Der strukturierte metallische Chiprdger kann
einen Anschiusskamm umfassen. Der Anschiuss-
kamm kann aus einem Metall oder siner Matalllegie-
rung gefertigt sein, die z. B. einen Werkstoff umfasst,
der aus der Gruppe bestehend aus: Kupler (Cu), Ei-
sen-Nickel (FeNi}, Staht und dergleichen ausgewahit
ist. Der metallische Chiplrager kann eine Mehrzaht
von Teilen oder Bidcken umfassen, wobei die mehre-
ren Teile oder Bidcke durch das isoliermaterial von-
cinander isoliert sind.

[0016] In verschiedenen Ausithrungsformen kann
das Einkapselungsmaterial Pressmasse oder ein ver-
gleichbares Material umfassen. Das Einkapselungs-
material kann gine Vergussmasse wie geflilites Epo-
xidharz, z. B. mit SiO gefiilites Epoxidharz, umfassen.

[6047] In verschiedenen Ausfihrungsformen kann
die Chiptrégerstruktur als Leistungs-Chiptragerstruk-
tur fiir das Tragen eines oder mehrerer Leistungs-
Chips darauf ausgestaltet sein.

[8048] In verschiadenen Ausfubrungsformen kann
die Chiptragerstrukiur weiterhin eine an eine der
Hauploberftachen des metallischen Chiptrdgers an-
gebrachie Folie umfassen. Die Folie kann zur Kith-
lung oder Trennung verwendst werden.

[0019] Verschiedene Ausfihrungsiormen stellen ein
Chipgehauss bereit. Das Chipgehduse kann eine

2/19
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Chiptrégerstruktur umfassen. Die Chiptragersirukiur
kann einen strukturierten metallischen Chiptréger
und ein Einkapselungsmaterial, das die Strukiur zu-
mindest teilweise ausfiillt; wobei die Hauptoberfla-
chen des metallischen Chiptrdgers frei von Einkap-
selungsmaterial sind, umfassen. Das Chipgehause
kann weiterhin einen (ber der Chiptrigerstrukiur an-
geordneten Chip und eine ber dem Chip gebilde-
ts Einkapselungsstruktur umfassen, wohei die Ein-
kapselungsstrukiur eine elekirisch leitende Umver-
teilungsstrukiur umfassen kann. Das Chipgehause
kann mindestens ein Uber der Einkapsslungsstrukiur
gehildetes Kortakipad umfassen, wobei das zumin-
dest eine Kontakipad Gber die elektrisch leitende Um-
verieilungsstrukiur elektrisch an den Chip gekoppelt
ist,

{66207 Der strukturierte metallische Chiptrager kann
einen Anschiusskamm umfassen. Das Einkapse-
ungsmaterial kann eine Vergussmasse wie gafilites
Epoxidharz, z. B. mit Si0 gefilites Epoxidharz, um-
fassen. In verschiedenen Ausfithrungsformen kann
die Chiptragerstruktur als Leistungs-Chiptragerstruk-
tur flir das Tragen eines oder mehrerer Leistungs-
Chips darauf ausgestaliet sain.

[0021] In verschiedenen Ausfihrungsformen kann
das Chipgehause weiterhin einen Klebstoff zwischen
dem Chip und dem strukturierten metallischen Chip-
trager umfassen, um den Chip an den strukturierten
metallischen Chipiréger anzukieben. In verschiede-
nen Ausfithrungsformen kann es sich bei dem Kleb-
stoff um einen isolierenden Klebstofi handeln; in die-
sem Fall kann die Chiptragerstrukiur als Kihistrukiur
verwendet werden. In verschiedenen Ausfihrungs-
formen kann der Klebstoff ein slekirisch leitender
Klebstoff sein; in diesemn Fall kann die Chiplrager-
struktur zum elekirischen Verbinden des Anschiuss-
kontakis des Chips mit dem strulturierten metalii-
schen Chiptréger verwendet werden,

{0022} In verschiedenen Ausfihrungsformen kann
der Chip frei von Einkapselungsmaterial sain, das die
Strukiur zumindest teilweise ausfulll. In verschiede-
nen Ausfithrungsformen kann das Einkapselungsma-
terial, z. B. die Vergussmasse, lediglich den strukiu-
rierten metallischen Chiptrager umgeben oder kann
zusatzlich den Klebsioff flir das Die-Bonden des
Chips an die Chiptrégerstrukiur umgeben.

{8023} In verschisdenen Ausfihrungsformen kann
der strukiurierte metallische Chiptrager als sine
Leistungs-Chiptragerstruktur ausgestaliet sein. Zum
Beispie!l kann ein Leistungs-Chip an dem stuk-
turierten metallischen Chiptriger angebrachi sein.
Der Leistungs-Chip kann sinen Leistungsdioden-
chip und/oder einen Leistungstransistorchip (z. B.
einen Leistungs-MOSFET (Metalloxidhalblaiterfeld-
effektiransisior), einen JFET (Sperrschichtfeldeffeki-
transistor}, einen IGBT (Bipolartransistor mit isolier-
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tem Gate), einen Leistungsbipolariransistor oder der-
gleichen umfassen.

[6024] In verschiedenen Ausflhrungsformen kann
die iher dem Chip gebildele Einkapselungsstritkiur
ein Laminat umfassen. Das Laminat kann Polymer-
material mit Glasfasern umfassen.

[8025] In verschisdenen AusfUbrungsformen kann
die elekirisch leitende Umverteilungsstrukiur eine
oder mehrere elekirisch leitende Schichten (auch als
Umvertsilungsschichten bezeichnet) und Kontaktli-
cher fiir die elekirische Kopphung einer oder mehwerer
alekirisch leitender Schichten mit dem Chip und fir
die elekirische Kopplung einer oder mehrerer slek-
trisch leitender Schichien miteinandar umfassen.

[0028] Verschiedene Ausfihrungsformen stellen ein
Verfahren zur Herstellung einer Chiptragerstrukiur
bereit. Das Verfahren kann das Strukiurieren eines
metallischen Chiptrigers; das zumindast leilweise
Ausfilien der Struktur mit Einkapselungsmaterial urn-
fassen; wobei die Hauptoberflachen des metallischen
Chiptrigers frei von Einkapselungsmaterial bleiben.

[0027] In verschisdenen Ausfihrungsformen Kann
der sirukiurierte metallische Chipirager sinen An-
schlusskamm umfassen.

[6028] In verschisdenen Ausflihrungsformen kann
das Einkapselungsmaterial eine Vergussmasse wie
gefiilites Epoxidharz, z. B. mit SiO gefilites Epoxid-
harz, umfassen.

[0028] Verschiedene Ausfithrungsformen siellen ein
Verfahren zur Hersteliung sines Chipgehiuses be-
reil. Das Verfahren kann das Herstellen einer Chip-
tragerstruktur umfassen; wozu das Sirukiurieren ei-
nes metallischen Chiplrégers; das zumindest teilwel-
se Ausiiillen der Struktur mit Einkapselungsmaterial
gehdren kann, wobei die Hauptoberfiachen des me-
talfischen Chiptragers frai von Einkapselungsmaleri-
al bleiben. Das Verfahren kann weiterhin das Anord-
nen eines Chips Gber der Chiptragersirukiur; das Bil-
den einer Einkapsealungsstruktur {her dem Chip, wo-
bei die Einkapselungsstruktur eine eleldrisch leiten-
de Umverteilungsstrukiur ist; und das Bilden mindes-
tens ein Kontakipad dber der Einkapselungsstruitur
zur elekirischan Kopplung des zumindest ainen Kon-
taktpads {iber die elekirisch leitende Umverteliungs-
strukivr an den Chip umfassen.

[8038] In verschiadenen Ausfubrungsformen kann
der strukiurierte metallische Chiplrdger einen An-
schlusskamm umfassen.

[6031] In verschiedenen AusfUhrungsformen kann
das Einkapselungsmaterial eine Vergussmasse wie
gefiilites Epoxidharz, z. B. mit SIiO gefilites Epoxid-
harz, umfassen.

319
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{0032} In verschiedenen Ausflhrungsformen kann
dis Einkapselungsstrultur ein Laminat umiassern.

{0833] In verschiedenen Ausflihrungsformen kann
der Chip frei von Einkapselungsmaterial sein, das die
Strukiur zumindest {eihvaise ausfilit.

[0034] Nach verschiedenen Ausfithrungsformen
kann das Verfahran weiterhin sinen Klehstoff zwi-
schen dem Chip und dem strukturierten metallischen
Chiptrager bilden, um den Chip an den strukturisrien
meiaiiischen Chiptrager anzukleben. Bei dem Kleb-
stoff kann es sich um einen isolierenden Klebsioff
oder einan elektrisch leitenden Kilebstoff handein.

{8035] In den Zeichnungen verweisen gleiche Be-
zugszeichen in den unterschiedlichen Ansichten ge-
nerell auf die gleichen Teile. Die Zeichnungen sind
richt unbedingt malstabgerechi, statidessen wird
der Schwerpunki generclt auf die Darstellung der
Grundprinzipien der Erfindung gelegt. in der fol-
genden Beschreibung werden verschiedens Ausfih-
rungsformen der Erfindung unter Bezugnahme auf
die folgenden Zeichnungen beschrieben, worin:

{00367 Fig. 1 Simulationsergebnisse der Abhéngig-
keit von Schaltverlusien von der Source-Pin-induk-
tivitat auf einem 45 mOhm Sperrschicht-Feldeffeki-
fransistor zeigt.

[0037] Fig. 2 eine Chiptrdgerstruktur gemai ver-
schiedenan Ausfihrungsformen zeigt;

{8638] Fig. 3 eine Chiptragersirukiur geman ver-
schiedenan Ausfihrungsformen zeigt;

[0038] Fig. 4 ein Chipgehause gemall verschiede-
nen Ausfihrungsformen zeigt;

{00407 Fig. 5A und Fig. 58 ein Chipgehause gemafl
verschiedenan Ausfiihrungsformen zeigen;

{0841} Fig. 6 ein Chipgehduse gemafl verschiede-
nen Ausflhrungsiormen zeigl;

[0042] Fig. 7A ein Gehause gem3R verschiedenen
Ausfihrungsformen zeigt, und Fig. 7B eing Chipan-
ordnung gemall verschiedenen Ausfihrungsformen
Zeigt;

{0043] Fig. & eine Kaskadenschaltung gemél ver-
schiedenen Ausfliihrungsformen zeigt;

{00447 Fig. S ein Gehduse gemadll verschiedenen
Ausflihrungsformen zeigt;

[0045] Fig. 10 ein Ablaufdiagramm zeigt, das ein
Verfahren fir die Herstellung einer Chiptragersirukiur
gemal verschisdenen Ausfiihrungsformen darstelit;
und
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[0048] Fig. 11 ein Ablaufdiagramm zsigt, das ein
Verfahren fiir die Herstellung eines Chipgehdusses
gemafl verschiedenen Ausfihrungsformen darstelit.

[8047] In der fnlgenden ausfithriichen Beschreibung
wird auf die begleitenden Zeichnungen Bezug ge-
noiimien, in densen einige bestimmie Details und Aus-
fiibrungsbeispiele fiir die Erfindung beispielhaft dar-
gestelit werdan.

[0048] Das Wort beispielhaft” wird hisr in der Be-
deutung ,als Beispiel, Ausprégung oder zur Veran-
schaulichung dienend” verwendet. Eine hierin bei-
spiethaft’ beschriebene Ausfibrungsform oder Kon-
struktion ist nicht unbedingt als bevorzugt oder vor-
teithaft gegendber anderen Ausfithrungsformen oder
Konstruktionen auszulegen.

[0049] Das Wort Uber”, das in Bezug auf ein aufge-~
dampftes Materiat (iber” einer Seite oder Oberflache
verwendet wird, kann hierin bedeuten, dass das auf-
gedampfte Material direkt auf”, z. B. in direktem Kon-
takt mit der jeweiligen Seite oder Oberflache gebildet
wird. Das Wort Gber”, das in Bezug auf ein aufge-
dampfites Material {iber” einer Seite oder Oberflache
verwendet wird, kann hierin bedeuten, dass das auf-
gedampfte Matsrial indirekt auf der jewelligen Seite
oder Oberflache gebildet wird, wobei eine oder meh-
rere Schichten zwischen der jeweiligen Seite oder
Oberflache und dem aufgedampfien Material ange-
ordnet sind.

[6050] Verschiedene Ausflihrungsformen bieten ei-
ne Chiptragerstrukiur mit guter elektrischer und ther-
mischer Leistung, die zur Ausfiihrung eines hochvolt-
fahigen Gehauses (z. B. > 200 V} verwendet werden
kann. Verschiedene Ausfihrungsformen bieten auch
ein hochvoltfahiges eingebatieles Gehduse (z. B. »
200 V) fir Leistungshalbleiter.

[0051] Fig. 2 zeigt eine Chipirégerstruktur 200 ge-
maf verschiedensn Ausfiihrungsformen.

[06052] Die Chiptragerstruktur 200 kann einen struk-
turierien matallischen Chiptréger 202 (der vor der
Einkapselung vorstrukturiert worden sein kann); Ein-
kapselungsmaterial 284, das dig Strukiur 288 zumin-
dest teilweise ausfiilt; wobei die Hauptoberflachen
(z. B. dis Oberseiie und die Unterseile} des metalli-
schen Chiptragers 202 frel von Einkapselungsmate-
rial 204 sind, umfassen.

[0053] Der struldurierte metallische Chiptrager 202
kann einen Anschiusskamm umfassen. Der An-
schlusskamm kann aus einem Metall oder einer Me-
talllegierung gefertigt sein, die z. B. einen Werkstoff
umfasst, der aus der Gruppe bestehend aus: Kupfer
{Cu}, Eisen-Nickel (FeNi}, Stahi und dergleichen aus-
gewahit ist.
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{0054} In verschiedenen Ausflhrungsformen kann
das Einkapsslungsmaterial 204 Pressmasse oder ein
vergleichbares Material umfassen. Das Einkapse-
fungsmaterial 204 kann eine Vergussmasse wie ge-
fiiiites Epoxidharz, z. B. mit Si0 geflliies Epoxidharz,
umfassen.

[0055] In verschiedenen Ausflhrungsformen kann
die Chiptragerstrukiur 200 als Leistungs-Chiptrager-
struktur fir das Tragen eines oder mehrerer Leis-
tungs-Chips darauf ausgestaltet sein.

[0056] Fig. 3 zeigt eine Chiptragerstrultur 300 ge-
mah verschiedanen Ausflihrungsiormen.

085771 Ahnlich wie bsi der Chiptragerstruktur 200
von Fig. 2 kann die Chiptragerstrukiur 308 sinen
strukturierien metallischen Chiptriger 382 (der vor
der Einkapselung vorstrukturiert worden sein kann)
; Einkapselungsmaterial 304, das die Struktur 300
zumindest teilweise ausfilit; wobei die Hauptoberfla-
chen {z. B. die Oherseite und die Unterseile) des
metallischen Chipiragers 302 frei von Einkapselungs-
maierial 304 sind, umfassen. Verschiedene in Bezug
auf die Chiptragerstruktur 280 beschricbene Ausfiih-
rungsformen sind analog flir die Chiptragerstruktur
300 glitig.

[0058] In verschiedsnen Ausfihrungsformen von
Fig. 3 kann der metaliische Chipirager 302 sine
Mehrzahi von Teilen oder Bldcken 3086 umfassen.
Zum Beispiel kann es sich bsi der Mehrzahi von Tei-
ten 386 um eine Mehrzahi von Anschiusskammiteilen
handeln. Diese Anschiusskammieile 306 kdnnen als
Metalibliécke bezeichnet werden.

{08587 In verschiedenen AusfUhrungsformen kann
die Chiptragerstruktur 388 weiterhin eine an eine der
Hauptoherfiachen des metallischen Chiptragers 302
angebrachte Folie 308 umfassen. Die Folie 388 kann
zur Kihiung oder Trennung verwendet werden.

{06607 Gemall verschiedenen Ausfiihrungsformen
von Fig. 2 und Fig. 3 cben ist eine Chiptragersiruk-
tur mit einem Einkapselungsmaterial versehen, das
die Struktur zumindest {eilweise ausfilit. In verschie-
denen Ausfihrungsformen kann eine soiche Chip-
tragerstrukiur auch als vorgeformter Anschlusskamm
bezeichnet werdern.

{0061] Dis Chiptragerstrukiur kenn fir Leistungs-
komponenten wie Transistoren mit hoher Elekiro-
nenbeweglichkeit {(High Electron Mobility Transistors;
HEMT), z. B. GaN-~{(Galliumnilrid)-HEMT, SiC-(Silick-
umearbid)-HEMT oder Hochspannungs-Si-(Silicium)
-HEMT, oder Niederspannungs-MOSFET (p-Kanal
oder n~Kanal) (z. B. kleiner als 200 V), z. B. einen
SFET (Silicium-Feldeffakitransistor) verwendet wer-
den.
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[8062] Die Chiptrégerstruktur kann fir Multi-Chip-
Module, die z. B. eine durch mehrers Chips gebildete
Halbbrickenschaltung oder Kaskadenschaltung um-
fassen, verwendet werden.

[8083] Die Chiptragerstrukiur kann fiir ein Standard-
Chipgehduse oder ein singebeltetes Chipgehause
verwendet warden.

[0084] Die Chiptragerstruktur gemaf verschiedenen
Ausfithrungsforman ermoglicht die Realisierung ei-
nes hochvolifahigen eingebetisten Gehauses (z. B. »
280 V), denn die dafir erforderliche eleklrische (z. B.
Kriachstrecke) und thermische Leistung (z. B. War-
mekapazitél) zusatzlich zur Anforderung einer nied-
rigen Induktivitdt kann unabhéngig vom Einbeliungs-
prozess in die Chiplragerstrukiur eingebaut wer-
den. Mit der Chiptragerstruktur verschiedener Aus-
flihrungsformen kann eine Kriechsirecke im Bereich
von etwa 1 mm bis zu etwa 10 mm (z. B. im Bereich
von etwa 3 mm bis zu etwa 8 mm, z. B. im Bereich
vort elwa 4 mm bis zu elwa 6 mim) erreichi werden.
Der Einbettungsprozess wird auf die Chiptragerstruk-
tur verschiedener Ausfihrungsformen angewendet,
um ein Chipgehause verschiedener Ausfiihrungsfor-
men zu bilden, und gestatiel Integrationsfahigkesit zu-
satziich zur gewiinschien niedrigen induktivitdt (z. B
< 1 nH).

[6085] Fig. 4 zeigt ein Chipgehduse 400 gemail ver-
schiedenen Ausflihrungsformen.

[6088] Das Chipgshiuse 400 kann eine Chiptrager-
sirukiur 208 wie in Fig. 2 dargestelit umfassen. Die
Chiptrdgerstrukiur 200 kann einen strukturierten me-
tallischen Chiptrager 202; ein Einkapselungsmateri-
al 204, das die Struktur zumindest teilweise ausfillt;
wabel die Hauptoberflachen des metallischen Chip-
tragers 202 frai von Einkapselungsmaterial 204 sind,
umfassen.

[0087] Verschiedene in der Chiplragersiruktur 200
von Fig. 2 oben beschriebene Ausflihrungsformen
sind analog fuir das Chipgehause 400 glitig.

[0068] Der strukturierte metallische Chipirager 202
kann einen Anschiusskamm umfassen. Das Einkap-
selungsmaterial 204 kann eine Vergussmasse wie
gefilites Epoxidharz, z. B. mit Si0O gafilltes Epoxid-
harz, umfassen. in verschiedenen Ausfiihrungsfor-
men kann die Chiptragerstruktur 200 als Leistungs-
Chiptragerstruktur fiir das Tragen eines oder mehre-
rer Leistungs-Chips darauf ausgestaltet sein.

[0062] Das Chipgehduse 400 kann weiterhin einen
Uber der Chiptragerstrukiur 200 angeordneten Chip
412 und eine ber dem Chip 412 gebildete Einkap-
selungssirukiur 428 umfassen, wobel die Einkapse-
lungsstrukiur 428 eine elekirisch leitende Umvertei-
fungsstruktur 422 umfassen kann. Mindestens ein
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Kontakipad 432 kenn (Uber der Einkapselungssiruk-
tur 420 gebildet werden, wobsi das zumindest eine
Kontakipad 432 ber die slekirisch leitends Umver-
tellungsstruktur 422 elekirisch an den Chip 412 ge-
koppelt ist

{86701 In verschisdenen Ausfiihrungsformen kann
das Chipgehause 488 zwischen dem Chip 412 und
dem strukturierten metalfischen Chiptrager 202 Kleb-
stoff (in Fig. 4 nicht dargestelil) aufweisen, um den
Chip 412 an den strukturierten metallischen Chiptra-
ger 282 anzukleben. In verschiedenan Ausfiihrungs-
formen kann es sich bei dem Kiebstoff um einen
isolisrenden Kiebstoff handeln; in dissem Fall kann
die Chiptrégerstruktur 200 als Kihistrukiur verwendet
werden. In verschiedenen Ausfihrungsformen kann
der Klebstoff ein elekirisch leifender Kiebsicff sein;
in diesem Fall kann die Chiptragerstruktur 200 zum
elektrischan Verbinden des Anschiusskontakis des
Chips 412 mit dem strukturierten metallischen Chip-
trager 202 verwendet werden.

{68711 In verschiedenen Ausflihrungsformen kann
der Chip 412 frei von Einkapselungsmaterial 204
sein, das die Chiptragerstruktur 200 zumindest teil-
weise ausfillt. Das Einkapselungsmaterial 204, z. B.
gie Vergussmasse, kann lediglich den strukiurierien
metailischen Chiptrager 202 umgeben oder kann zu-
satzlich den Klebsioff fiir das Die-Bonden des Chips
412 an die Chiptrdgerstruktur 200 umgeben.

{6872} In verschiedenen Ausflihrungsformen kann
der strukturierte metallische Chiptrager 202 als Leis-
tungs-Chiptragersiruiiur ausgestaitet sein. Zum Bei-
spiel kann ein Leistungs-Chip 412 an dem strukturier-
ten metallischen Chiptrager 202 angebracht werden.
Der Leistungs-Chip 412 kann einen Leistungsdioden-
chip und/oder sinen Leistungstransistorchip (z. B.
einen Leistungs-MOSFET (Metalioxidhalbleiterfeld-
effekttransistor), einen JFET (Sperrschichtfeldeffekt-
transistor), einen IGBT {Bipolartransisior mit isolier-
tem Gats), einen Leistungsbhipolartransistor oder der-
gleichen umfassen).

{0873} In verschiedenen Ausflhrungsformen kann
die tiber dem Chip 412 gebildets Einkapselungssiruk-
tur 428 ein Laminat umfassen. Das Laminat kann Po-
lymermaterial mit Glasfasern umfassen.

{0074} In verschiedenen Ausflihrungsformen kann
die efekirisch leitende Umverteliungsstrukiur 422 ei-
ne cder mehrere elekirisch leifende Schichten 424
(auch als Umverteilungsschichten bezeichnet) und
Kontsktiticher 428 fir die elektrische Kopplung ei-
ner oder mehrerer elekirisch leitender Schichtan 424
mit dem Chip 412 und fir die elekirische Kupplung
einer oder mehrerer slektrisch leitender Schichten
424 miteinander umfassen. Zum Belispiel zeigen die
Ausfithrungsformen von Fig. 4 sine elekirisch lei-
tende Umverteiiungsstruktur 422 mit zwel Umvertel-
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lungsschichien 424, doch kann die elekirisch leitende
Umverteilungsstrukiur 422 in verschiedenen anderen
Ausfihrungsformen sine anderg Anzahi (z. B. sine,
drei, vier, ...} an Umverteilungsschichten umfassen.

[BG75] Fig. 5A zeigt ein Chipgehduse 580 gemal
verschiedenen Ausfihrungsformen.

[8078] In verschiedsnen Ausflhrungsiormen von
Fig. 5A umfasst das Chipgehduse 500 verschiedeane
Komponenten des in Fig. 4 dargesteliten Chipgehdu-
ses 400 und zusatzlich einen weiteren {iber der Chig-
tragerstruktur 280 angeordneten Chip 512 sowie ei-
ne weitere in der Einkapselungsstruktur 420 enthal-
tene alekirisch laitende Umverteiiungsstrukiur 822. in
verschiedenen Ausflhrungsformen kann das Chip-
gehduse 500 eine Mehrzahl von Chips (z. B. drei,
vier, finf, ...) umfassen.

[0077] Das Chipgehduse 508 kann somit ein Multi-
Chip-Gehduse bilden, wobet der Chip 412 und der
weitere Chip 812 elekirisch mileinander gekoppelt
sein kinnen, z. B. durch den strukiurierten metalli-
schen Chiptrager 202 und/oder die elekirisch isiten-
den Umverteilungsstrukiuren 422, 522, In verschie-
denen Ausfihrungsformen kdnnen die Chips 412,
§12 zur Bildung verschiedensr Schaltungen, z. B. ei-
ner Halbbriickenschaltung, einer Kaskadenschaltung
oder dergleichen, eleklrisch miteinander gekoppelt
s&in.

[0078] In verschisdenen Ausfihrungsformen kann
die Summe der Abmessungen A, B, C etwa 2,7 mm
betragen, wobei A die Lange des Einkapsslungsma-
terials 204, B dis HOhe des Chipgehduses 508 und C
den Abstand zwischen den elekirisch lsitenden Um-
verteilungsstrukturen 422 und der Kante des Chipgs-~
hauses 508 darsisiit.

[0079] Fig. 5B zeigt ein Chipgehause 550 gemafd
verschiedenen Ausfiihrungsformen.

[6088] Das Chipgehiuse 550 enthidlt das Chipge-
hause 500 von Fig. 5A und kann weiterhin auf einer
Hauptoberfidche der Chiptragerstruktur 208 gegen-
(ber den Chips 412, 512 sine Folie 5348 aufweisen.
Dia Folie 588 kann zu Kihlzwecken verwendet wer-
den.

[8081] Die Chipgehiuse 508, 550 sind kopfiber dar-
gestelit und kdénnen so weiterhin auf einer Platine
montiert werden, beispielswaise mittels Oberfldchen-
montagetaechnik (Surface-Mounted Device; SMD).

[0082] Fig. 6 zeigt ein Chipgehduss 800 gemal ver-
schiedenen Ausflihrungsformen.

[8083] In verschiedenen Ausflhrungsiormen von
Fig. 8 kann das Chipgehause 880 eine Chiptréger-
strukiur wie in Fig. 3 umfassen, einschiiefilich ei-
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nes strukturierten metallischen Chiptragers 302 und
Einkapselungsmaterials 304, das die Struklur zumin-
dest teilweise ausfilit; wobei die Hauptoberfiichen
(z. B. die Oberseite und die Unterseite) des metalii-
schen Chiptrégers 302 frei von Einkapselungsmate-
rial 304 sind. Der metallische Chiptrager 302 kann el
nem Mehrzahi von Teilen oder Bldcken 3086, z. B. ei-
ne Mehrzahl von Anschlusskammiteilen {auch als Me-
taliblocke bezeichnet) umfassen.

[0084] Ahnlich dem Chipgehduse 508 von Fig. 5A
kann das Chipgehiuse 868 einen Chip 412 und ei-
nen weiteren Uber der Chiptragerstruktur, z. B. Gber
einem Teil 306 des mataliischen Chiptrégers 302, an-
geordneten Chip 812 umfassen. Eine Einkapselungs-
struktur 428 kann Gher den Chips 412, 5§12 gebiidet
sein, wobei die Einkapselungsstrukiur 420 eine slek-
trisch leitende Umverteilungsstrukiur 422, 522, die
elektrisch an die Chips 412, 512 gekoppelt ist, um-
fassen kann. Verachiedene in Bezug auf das Chip-
gehause 580 beschriebene Ausflihrungsformen sind
analog fiir das Chipgehause 800 giitig.

[0885] Das Chipgehause 800 kann weiterhin zusatz-
fiche, Gber einem anderen Teil 306 des metallischen
Chiptragers 302 angeordnete Chips 612, 614 umfas-
san, wobei die Chips 812, 814 elekirisch mit der elek-
trisch leitenden Umvereilungsstruktur 522 gekoppslt
sind.

[0086] In dieser Ausflihrungsformen sind die Chips
612, 614 durch eine Schicht 16 aus Isclisrmaterial,
z. B. isolierendem Kiebstoff, an dem Teil 306 des me-
tallischen Chipirégers 302 angebracht. Indiesem Fall
kénnen die Chips 812, 814 vom metallischen Chip-
fréger 302 elektrisch getrennt sein und Kann der me-
tallische Chiptrager 342 als Kithistruktur fir die Chips
§12, 814 dienen.

[0087] In verschisdenen Ausfiihrungsformen kdn-
nen die Chips 612, 614 esinen Logik-Chip, z. B. ek
nen Treiber-Chip, umfassen. Der Logik-Chip kann
mindestens sinen Logikbaustein aus der Grupps be-
stehend aus einem ASIC (Application Specific Inte-
grated Circuit), einem Treiber, siner Steuerung, eb-
nem Sensor umfassen. Dis Chips 412, §12 kbnnen
ginen Leistungs-Chip, z. B. sinen Leistungsdioden-
und/oder einen Leistungstransistor-Chip umfassen.
Die Logik-Chips 812, 6814 knnen zur Steterung der
Leistungs-Chips 412, 512 verwendet werden.

{0088] Fig. 7A zsigt ein Cehduse 700 gemil ver-
schiedenen Ausfihrungsformen.

{00897 Das Gehause 700 kann Mehrzahi von Chip-
gehdusen 580 wis in Fig. § dargesieiit umfassen, die
tber der Chiptragerstruktur 380 aus Fig. 3 sinschliefi-
lich siner Folie 308 ausgebildet sind.
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[8098] In verschisdenen Ausfihrungsformen kenn
ein entsprechendss Paar der Chips 412, 512 ber ei-
nem entsprechenden Tell 306 des strukturierten me-
tallischen Chiplridgers angeordnet sein. in verschie-
densn Ausflihrungsformen kann der Chip 418 ein
HEMT, zum Beispiel ein GaN-HEMT oder ein SiC-
HEMT oder sin Hochspannungs-Si-HEMT sein. Bel
dem Chip 512 kann es sich um einen Niederspan-
nungs-MOSFET (p-Kanal oder n-Kanal) (z. B. kisiner
als 200 V) wie zum Beispiel einen SFET handein.

[6081] Die elekirisch leitende Umverisilungssiruk-
tur 422, 522 kann eine oder mehrere Umvertei-
lungsschichten umfassen, die zum Erreichen der ge-
witnschten Kriechanforderungen beitragan kénnen.
Zum Beispiel kann in dem Chipgehdusse nach ver-
schiedenen Ausiithrungsformen ein Kriechabstand D
von 2,7 mm erreicht werden.

(0092} Es versteht sich, dass es sich bei den Chips
412, 12 um verschisdene Arten der oben beschrie-
benen Leistungstransistoren handeln kann. In einer
beispiethaften Ausfihrungsform kann der Chip 412
ein GaN-HEMT und der Chip 512 ein SFET sein.

[0093] Der GaN-HEMT-Chip 412 kann so angeord-
net sein, dass seine Quellenelekirode zum Teil 306
des metallischen Chiptragers weist, und der SFET-
Chip 842 kann so angeordnel sein, dass seine Drain-
Eiekirode zum Teill 306 des metallischen Chiptragers
weist. Die Quellenelskirode des GaN-HEMT-Chips
442 und die Drain-Elekfrode des SFET-Chips 512
kénnen durch das Tell 306 des metallischen Chiptra-
gers elekirisch mitainander verbunden sein.

[8094] In verschisdenen Ausfiibrungsformen kann
der GaN-HEMT-Chip 412 so angeordnet sein, dass
seine Gate-Elekirode zur elekirisch leifenden Umver-
teilingsstruktur 422 weist und mit dieser elekirisch
gekoppelt ist, und der SFET-Chip 812 kann so an-
geordnet sein, dass seine Quellenelekirods zur slek-
trisch leitenden Umverteilungssirukiur 822 weist und
mit dieser glektrisch gekoppell ist. Die Gate-Elekiro-
de des GaN-HEMT-Chips 412 kann elekirisch mit
der Quellenelektrode des SFET-Chips §12 gekop-
pelt sein, z. B. durch die elektrisch leitends Umvertai~
lungssiruktur 422, 522, wobei der Knotenpunkt zwi-
schen der Gate-Elekirode des GaN-HEMT-Chips 412
und der Quellenelekirode des SFET-Chips 812 bei
Berugszeichen 710 dargestelit ist.

[6095] Entsprechend kénnen der GaN-HEMT-Chip
412 und der SFET-Chip 512 in dieser Anordnung ei-
ne in Fig. 8 dargestellte Kaskadanschaitung 800 bil-
den, die im Folgenden beschrieben wird.

(00981 Obwohl die Chips 412, 512 in Fig. 6 und
Fig. 7A auf dem gleichen Tail 306 des metallischen
Chiptrégers dargestellt sind, kann ein einzelnes Tell
346 sinen oder mehrers Anschiusskammiegile fiir die
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elektrische Kopplung zwischen den Chips 412, 512
durch den metallischen Chiptrager umfassen.

{46087] Fig. 7B zeigt eine Chipanordnung 758, die
gemal verschiedenen Ausfihrungsiormen dem im
Gehduse 780 von Fig. 7A enthalienen Chipgehause
§00 enispricht.

[6088] Wie in Fig. 7B dargesielit, kann ein einzel
nes Teil 306 der Chiptragerstrukiur 38¢ sin erstes
Anschlusskammieil 702 und ein zweites Anschiuss-
kammieit 784 umfassen. Der GaN-HEMT-Chip 412
kann {iber dem ersten Anschlusskammteil 702 und
der SFET-Chip 812 kann Obsr dem zwsiten An-
schlusskammteil 704 angeordnet sein. Nach ver-
schiedenen Ausfihrungsformen kann die Quellen-
elekirode des GaN-HEMT-Chips 412 zum ersten An-
schiusskammteil 762 und dis Drain-Elektrode des
SFET-Chips 812 zum zweiten Anschiusskammieil
704 weisen. In verschindenen Ausfihrungsformen
kann die Quelienelekirode des GaN-HEMT-Chips
412 elektrisch mit dem zweiten Anschlusskammieil
704 gekoppelt seirt, so dass er mit der Drain-Elekro-
de des SFET-Chips 512 elekirisch gekoppeif ist.

{06891 In verschiedenen Ausflhrungsformen kann
ein einzelnes Teil 308 der Chiplrdgerstrukiur 308 ei-
ne unterschiedliche Anzahl an Anschlusskammieilen
umiassen, was von der Anordnung der Chips 412,
5§12 abhangt.

{61807 Die verschiedenen Ausfihrungsformen von
Fig. 7B kdnnen in gleicher Weise auf die Strukturen
von Fig. 2 bis Fig. 4, Fig. 5A, Fig. 5B, Fig. 6, Fig. 7A
oben angewendet! werden.

{04017 In den unter Bezugnahme auf Fig. 7A und
Fig. 7B cben dargesteliten Ausfithrungsformen kann
der GaN-Chip 412 ein Hochspannungs-HEMT-Gchal-
ter (z. B. griler als 200 V) und der SFET-Chip 5§12
ein Niederspannungs-Leistungs-MOSFET (z. B. klel-
ner als 200 V) sein. Dor GaN-HEMT 412 ist sine
setbstleitende Vorrichtung (Normally On) und wird mit
Einflihrung des Niederspannungs-SFET 812 zu eb-
nem salbstsperrenden Transistor (Normally Off). Ei-
ne solche GaN-SFET-Anordnung entspricht der Kas-
kadenschaitung 880 in Fig. 8. Das Chipgshause 700
kann fir einen Mormally-Off-GalN geeignet sein.

{61827 Die Kaskadenschaiiung 80 kann einen Nie-
derspannung-SFET 512 in Source-Schaltungskonfi-
guration und einen Hochspannungs-GaN-HEMT 412
in Gate-Schaltungskonfiguration umfassen. Die dar-
aus resultierende 3-Tor-Schaliung kann als Schaler
fungieren. Die Drain-Elekirode des GaN-HEMT 412
definiert das 600 V-Verhalten der Kaskadenschal-
tung 800.
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[8103] Die Chips 412, 512 kénnen auch anders var-
bunden sein und so stalt der Kaskadenschaltung 808
von Fig. 8 andere Arten von Schaltungen bilden.

[0104] Fig. S zeigl ein Diagramm, in dem das Ge-
hause 700 von Fig. 7A zur Bildung einzelner Chipge-
hiuse, z. B. entsprachender Chipgehiduse 550 von
Fig. 5B, vereinzell werden kann.

[8105] Die Vereinzelung kann durch standardmaii-
ges Durchsdgen vor allem des Einkapselungsmateri-
als 304 der Chiptragerstrukiur 308 erfolgen. Zum Bei-
spiel kann das Einkapselungsmaterial 304, z. 8. die
Form, eina Dicke von 1000-1500 pm haben und eine
Harztrennscheibe mit einer Breite von 160 pym flirden
Sageprozess verwendet werden.

[8108] Wie oben beschrigbhen kann die Chiptrager-
struktur 280, 300 in den obigen verschiedenen Aus-
fuhrungsformen als Basis fiir ein Chipgehause, 2. B.
ein eingebeltetes Chipgehduse, dienan. Einer oder
mehrere Chips kdnnen mit der Chiptragerstruktur
280, 300 verbunden sein, z. B. durch Kleben, Lo~
ten, Sintern usw.; und sie kdnnen Ober die elekirisch
leitende Umverteilungsstruktur galvanisch umverieil
oder neu verdrahtet werden, so dass sig z. B. das
Gehause 700 von Fig. 7A bilden. Nach der gailvani-
schen Umverteilung oder Neuverdrahtung kann das
Gehause 700 zur Bildung sinzelner Chipgshduse, 2.
B. der cben beschriebenan Chipgehduse 400, 500,
580, 600 vereinzelt werden. Die einzelnen Chipge-
hause kdnnen weiterhin auf eine Platine montiert war-
den, z. B. mittels SMD-Montage.

[0107] Die Chiptragerstruktur verschiedener Ausfih-
rungsformen hietet eine optimierte (dicke) Warmeka-
pazitadt und kann die gewinschien Kriechanforderun-~
gen erfillen.

[0108] Das Chipgehduse gemdl verschiedshen
Ausfiihrungsformen kombiniert das Vorvergiefien {(d.
h. das Einkapselungsmalerial der Chiplragersiruk-
tur, z. B. die Vergussmasse} mit dem Einbetten
(d. h. die Einkapselungsstruktur (ber dem Chip, 2.
B. das Leminat) und erreichi eine niedrige Induk-
tivitat, einen niedrigen Drain-Source-Einschaltwider~
stand (Rpgqn), &ine oplimierte Warmakapazitét und
kann Hochvolt-Kriechanforderungen erfilien.

[0109] Fig. 10 zeigt ein Ablaufdiagramm 1000, das
ein Verfahren fir die Herstellung einer Chiptriger-
sirukiur gema verschiedenen Ausfihrungsformen
darstelit.

[0110] Bei1002 kann ein metallischer Chiplrager der
Chiptrégerstrukiur strukturiert werden.

(81111 Bei 1804 kann die Chiptragerstruktur zumin-

dest tellweise mit Einkapselungsmaterial ausgefiiiit
warden, wobel die Hauptoberfldchen des metalli-
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schen Chipirggers frei von Einkapselungsmaterial
blaiben.

{0112} In verschiedenen Ausflihrungsformen kann
der strukturierte metallische Chiptréger einen An-
schlusskamm umfassen.

[0413] In verschiedenen Ausflhrungsformen kann
das Einkapselungsmalerial sine Vergussmasse wie
gefiilites Epoxidharz, z. B. mit SiO gefiilites Epoxid-
harz, umfassen.

[0414] Verschiedene Ausfihrungsformen der oben
beschriebenen Chiptrégerstrukiur gelten analog fir
das Verfahren zur Herstellung einer Chiptrégerstruk-
g

[6415] Fig. 11 zeigt ein Ablaufdiagramm 1100, das
ein Verfahren fir die Herstellung eines Chipgehauses
gemal verschiedenen Ausflihrungsformen darstellt.

{0116} Bei 1102 kann ein metallischer Chiptréger ei-
ner Chiptragerstruktur strukiuriert werden,

{81171 Bei 1104 kann die Chiplrdgerstruktur zumin-
dest feilweise mit Einkapselungsmaterial ausgefiilit
werden, wobei die Hauptoberflachen des muetalii-
schen Chiptragers frei von Einkapselungsmaterial
blaibern.

{01181 Bei 1106 kann ain Chip (iber dar Chiptriger-
struktur angecrdnet werden.

{01181 Bei 1108 kann eine Einkapsalungsstrukiur
iber dem Chip gebildet werden, wobei die Einkapse-
lungsstruktur eine elektrisch leitende Umvertellungs-
struktur umfassen kann.

{0120} Bei 1110 kann mindestens ein Kontakipad
iber der Einkapselungsstrukiur gebildet werden,
um das zumindsst eine Konfakipad iber die eiek-
trisch leitende Umvertsilungsstruktur eleklrisch an
den Chip zu koppeln.

{01211 Wahrend die Erfindung insbesondere unter
Bezugnahme auf bestimmis Ausfihrungsformen dar-
gestelll und beschrieben wurde, sollte dem Fach-
mann kiar sein, dass verschiedene Anderungen an
Form und Detaiis vorgenommean warden konnen, oh-
ne vom Geist und Umfang der Erfindung, wie sie in
den angefiglen Ansprichen definierl isl, abzuwei-
chen. Der Umfang der Erfindung wird somit durch die
angefigten Anspriche angegeben, wobei sémitliche
Anderungen im Sinne und innerhalb des Gleichwer-
tigkeitshereichs der Anspriiche darin eingeschiossen
sein sollen.

Patentanspriiche

1. Chiptrdgerstruktur (200), aufweisend:
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sinen strukturierten metallischen Chiptrager (262);
Einkapselungsmaterial (204}, das die Struktur (200}
zumindest teilweise ausflillt;

wobei die Hauptoberflachen des metailischen Chip-
tragers (202) frel von dem Einkapselungsmaterial
(204) sind.

2. Chiptragerstruktur (200} nach Anspruch 1, wobei
der strukturierte metallische Chiplrager (202) einen
Anschiusskamm aufweist.

3. Chiptragerstruktur (280) nach Anspruch 1 oder
2, wobel das Einkapselungsmaterial (204) Verguss-
masse urmfasst

4. Chiptragerstrukiur (200) nach einem der Ansprii-
che 1 bis 3, die als sine Leistungs-Chiptragerstrukiur
{200) ausgesialiet ist.

5. Chipgehause (400), aufweisend:
eine Chiptrdgerstruktur {200), aufweisend:
sinen strukturierten metailischen Chiplrager (202);
Einkapselungsmaterial (204}, das dis Struktur (208)
zumindest teilweise ausfifllt;
waobei die Hauptoberfidchen des metaifischen Chip-
tragers (202) frei von dem Einkapselungsmaterial
(204) sind;
einen {ber der Chiptragerstruktur (200) angeordne-
ten Chip (412); und
eine Gber dem Chip {412} gebildete Einkapselungs-
strukiur (420}, wobei die Einkapselungsstruktur (428)
gine elektrisch leitende Umvertgilungsstruktur auf-
waist;
mindasiens ein Gber der Einkapsslungsstruktur (428)
gebildetes Kontakipad (432);
wobei das mindestens eine Kontakipad (432) {ber
die elekirisch leitende Umverteilungssirukiur elek-~
trisch an den Chip (412} gekoppelt ist.

8. Chipgehéuse (400) nach Anspruch 5, wobei der
strukturierte metaliische Chiptrager (2062) einen An-
schiusskamm aufweist.

7. Chipgehause (408} nach Anspruch 5 oder 6,
vobel das Einkapselungsmaterial (204) Verguss-
masse und/oder
wobel die Einkapselungssirukiur (420) ein Laminal
umfassi.

8. Chipgehause (480} nach einem der Anspriche
5 bis 7, wobei der Chip (412) frei von dem Einkap-
selungsmaterial (204) ist, das die Struktur zumindast
teilweise ausfilit.

§. Chipgehause (4d0) nach einem der Anspriiche
5 bis 8, weiterhin aufweisend:
Kiebstoff zwischen dem Chip (412) und dem strukiu-
rierten metallischen Chiplrdger (202}, um den Chip
(412) an den strukturierten metallischen Chiptrager
(202) anzukieben;
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wobei vorzugsweise der Kiebstoff ein isolierender
Kiehstoff oder ein eleklrisch leitender Klabstoff ist.

10. Chipgehause {(400; nach einem der Anspriiche
5 his 9, wobei der strukturierte metallische Chiptra-
ger (242) als eine Leistungs-Chiptragerstruktur (200)
ausgestaltat ist.

11. Verfahren zur Herstellung einer Chiptrager-
struktur (260), das folgende Schwitte aufweist:
Strukturieren eines metallischen Chiptrigers (202);
zumindest teilweises Ausfillien der Struktur mit ginem
Einkapselungsmaterial (204};
waobei die Hauptobserflachen des metallischan Chip-
fragers (202} frei von dem Einkapsslungsmaterial
(204) bleiben.

12, Verfahren nach Anspruch 11, wobei der
strukiurierte metallische Chiptrager (202) einan An-
schiusskamm aufweist.

13. Verfahren nach Anspruch 11 oder 12, wobhei
das Einkapselungsmaterial (204) Vergussmasse (z.
B. gefiiites Epoxidharz, Fllisioff: z. B. SiO) umfasst.

14. Verfahren zur Herstellung eines Chipgehduses
(408}, das folgende Schritte aufweist: Herstellen ei-
ner Chiptragerstruktur (200), umfassend:
Strukturieren eines metallischen Chipirdgers (202);
zumindest tellweises Ausfilien der Struktur mit einem
Einkapselungsmaterial (204};
wobei die Hauptoberflachen des metallischen Chip-
tragers (202) frei von dem Einkapselungsmaterial
(204) bleiben;

Anordnen eines Chips (412) iber der Chiptrager-
struktur (200);

Bilden einer Einkapselungsstrukiur (420) (ber dem
Chip (412}, wobei die Einkapselungsstrukiur {420) ei-
ne elektrisch leitende Umvertailungsstruktur umfasst;
Bilden mindestens eines Kontakipads (432} iiber der
Einkapselungssirukiur (428), um das zumindest eine
Kontakipad (432) iiber die slekirisch leitende Umver-
teilungsstrukiur elekirisch an den Chip (412} zu kop-
pein.

15.  Verfahren nach Anspruch 14, wobsi der
strukturierte metallische Chiplrdger (202} sinen An-
schiusskamm aufweist,

16. Verfahren nach Anspruch 14 oder 15,
wobei das Einkapselungsmaterial (204) Verguss-
masse umfasst; und/oder
wobel die Einkapselungsstruktur (420) ein Laminat
ymfassi.

17. Verahren nach einem der Anspriiche 14 bis 16,
wobei der Chip (412) frei von dem Einkapselungsma-
terial (204) ist, das die Struktur zumindest tellweise
ausfuiit.

2014.09.11

18. Verfahren nach einen der Anspriiche 14 bis 17,
waiterhin aufweisend:
das Bilden von Kiebstoff zwischen dem Chip
{412) und dem strukturierten metallischen Chiplréger
(202}, um den Chip (412) an den strukturisrten me-
tallischen Chiptrager (202) anzukieben;
wobel vorzugsweise der Klebstoff ein isolierender
Kiebstoff oder ein glekirisch leitender Kiebstoff ist.

Es folgen 9 Seiten Zeichnungen
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mindestens teilweises Ausfillen der Struktur mit 1104
Einkapselungsmaterial, wobei die Hauptoberflichen des 1
metallischen Chiptragers frei von Einkapselungsmaterial /—
sind -
Anordnen eines Chips Uiber der Chiptrigerstruktur 1106
Bilden einer {iber dem Chip gebiideten 1108

Einkapselungsstruktur, wobei die Einkapselungsstrukiur ~
eine elektrisch leitende Umverteilungsstruktur aufweist /
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*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.

Substitute for Form PTO-875 14/997,914
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR1.18(a), (b}, or (0)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.16(K). ), or (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (8}, or (a) N/A N/A N/A N/A 720
L?l?&ﬁé@;m 20 minus 20= OR [x 80 - 0.00
\(§7DCEiEwQE;VT CLAMS 4 minus 3 = | 1 x 420 - 420
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 2020
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR [x =
) Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR |x -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus | ** = =
= (37 CF?H.IB(H) X OR |«x -
% Independent * Minus | *** = X = OR |x =
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

Page 108 of 179




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
14/997,914 01/18/2016 2811 2020 1012-1287 /1 2015P51742 US 20
CONFIRMATION NO. 2194
57579 FILING RECEIPT
MURPHY, BILAK & HOMILLER/INFINEON TECHNOLOGIES
1255 Crescent Green ACKR I AL A AREIAT
Suite 200

CARY, NC 27518
Date Mailed: 02/03/2016

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Ralf Otremba, Kaufbeuren, GERMANY;

Klaus Schiess, Allensbach, GERMANY;
Applicant(s)

Infineon Technologies Austria AG, Villach, AUSTRIA;

Power of Attorney: None

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 01/29/2016
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/997,914

Projected Publication Date: 07/20/2017
Non-Publication Request: No

Early Publication Request: No
Title

Electronic Component and Switch Circuit
Preliminary Class
257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

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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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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
37 CFR 5.13 or 5.14.

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.
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) } Attorney Docket Number | 1012-1287/2015P51742 US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Electronic Component and Switch Circuit

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:

Remove
Inventor |1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ El Falf ‘ Ptremba ‘ El
Residence Information (Select One) US Residency ® Non US Residency Active US Military Service
City |Kaufbeuren | country of Residence | PE |

Mailing Address of Inventor:

Address 1 Peter-Dorfler-Strasse 11
Address 2
City | Kaufbeuren | state/Province | |
Postal Code | }87600 | Countryi | ‘DE
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ ] feaus ‘ [chiess ‘ [
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service
City |Pllensbach || country of Residence i pe |

Mailing Address of Inventor:

Address 1 Bilvaner Weg 19

Address 2

City | I'-\Ilensbach I State/Province | |

Postal Code | [r8476 | Countryi | PpE

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

EFS Web 2212
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | 1012-1287 7/ 2015P51742 US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Electronic Component and Switch Circuit

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number h7579

Email Address official@mbhiplaw.com | [ AddEmail |  [Remove Emai

Application Information:

Title of the Invention Flectronic Component and Switch Circuit

Attorney Docket Number| [1012-1287 / 2015P51742 US Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter | Htility v
Total Number of Drawing Sheets (if any) 13 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)
Customer Number H71579

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | 1012-1287 7/ 2015P51742 US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Electronic Component and Switch Circuit

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate

National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form Add
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g){1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codé (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 1012-1287 7/ 2015P51742 US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Electronic Component and Switch Circuit

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 1012-1287 7/ 2015P51742 US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Electronic Component and Switch Circuit

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant }

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

lnﬂneon Technologies Austria AG

Mailing Address Information For Applicant:

Address 1 Biemensstrasse 2

Address 2

City Villach State/Province

Country ‘ IC\T Postal Code 9500
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.12
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 1012-1287 7/ 2015P51742 US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Electronic Component and Switch Circuit

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

] | i

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature [jMark R. Bilak, Reg. No. 47,423/ Date (YYYY-MM-DD)| [2016-01-18
First Name Nark Last Name | Pilak Registration Number 7423
Additional Signature may be generated within this form by selecting the Add button.
EFS Web 2212
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | 1012-1287 7/ 2015P51742 US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Electronic Component and Switch Circuit

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.5. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.SC. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
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ELECTRONIC COMPONENT AND SWITCH CIRCUIT
BACKGROUND

[0001] An electronic component may include one or more
semiconductor devices in a package. The package includes
internal electrical connections from the semiconductor device
to a substrate or a leadframe which includes outer contacts.
The outer contacts are used to mount the electronic component
on a redistribution board, such as a printed circuit board.
The package may include a housing which covers the
semiconductor device and the internal electrical connections.
The housing may include a plastic material, such as epoxy
resin, and may be formed by a mold process, such as injection

molding.

[0002] To date, transistors used in power electronic
applications have typically been fabricated with silicon (Si)
semiconductor materials. Common transistor devices for power
applications include Si CoolMOS®, Si Power MOSFETs, and Si
Insulated Gate Bipolar Transistors (IGBTs). More recently,
compound semiconductor devices such as silicon carbide (SiC)
power devices and Group III-N semiconductor devices, such as
gallium nitride (GaN) devices, have been considered. These
devices are now emerging as attractive candidates to carry
large currents, support high voltages and to provide very low
on-resistance and fast switching times. The high voltages and
fast switching times of such devices result in additional

challenges for package development.
SUMMARY
[0003] In an embodiment, an electronic component includes a

compound semiconductor transistor device having a first

current electrode, a second current electrode and a control
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electrode, a die pad, a first lead, a second lead and a third
lead. The first lead, the second lead and the third lead are
spaced at a distance from the die pad. The control electrode
is coupled to the first lead, the first current electrode is
coupled to the die pad and the second current electrode is
coupled to the second lead. The third lead is coupled to the
compound semiconductor transistor device and provides a source

sensing functionality.

[0004] In an embodiment, a switch circuit includes a first
transistor device and a second transistor device. The first
transistor device includes a compound semiconductor, a first
current electrode, a second current electrode and a control
electrode, a die pad, a first lead, a second lead, and a third
lead, the first lead. The second lead and the third lead are
spaced at a distance from the die pad. The control electrode
is coupled to the first lead, the first current electrode is
coupled to the die pad and the second current electrode is
coupled to the second lead. The third lead is coupled to the
transistor device and provides a source sensing functionality.
The first transistor device has a current path coupled
serially or antiserially with a current path of the second

transistor device.

[0005] In an embodiment, an electronic component includes a
Group IITI nitride-based transistor device having a blocking
voltage capability of at least 400V and a switching frequency
capability of at least 100 kHz and a housing. The Group III
nitride-based transistor device includes a first current
electrode, a second current electrode and a control electrode.
The control electrode is coupled to a first lead, the first
current electrode is coupled to a die pad, the second current
electrode is coupled to a second lead and a third lead is
coupled to the Group III nitride-based transistor device and

provides a source sensing functionality. The first lead, the
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second lead and the third lead are spaced at a distance from
the die pad and lower surfaces of the die pad, of the first
lead, of the second lead and of the third lead are exposed
from the housing and provide substantially planar contact

surfaces.

[0006] In an embodiment, an electronic component includes
means for coupling a control electrode of a compound
semiconductor transistor device to a first lead, means for
coupling a first current electrode of the compound
semiconductor transistor device to a die pad, means for
coupling a second current electrode of the compound
semiconductor transistor device to a second lead and means for

providing source sensing at a third lead.

[0007] Those skilled in the art will recognize additional
features and advantages upon reading the following detailed

description, and upon viewing the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The elements of the drawings are not necessarily to
scale relative to each other. Like reference numerals
designate corresponding similar parts. The features of the
various illustrated embodiments can be combined unless they
exclude each other. Exemplary embodiments are depicted in the

drawings and are detailed in the description which follows.

[0009] Fig. la illustrates a plan view of an electronic

component according to a first embodiment.

[0010] Fig. 1lb illustrates a cross-sectional view of the

electronic component according to the first embodiment.
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[0011] Fig. 2 illustrates a circuit diagram of a transistor

with source sense functionality.

[0012] Fig. 3 illustrates a plan view of an electronic

component according to a second embodiment.

[0013] Fig. 4 illustrates a cross-sectional view of an

electronic component according to a third embodiment.

[0014] Fig. 5 illustrates a plan view of an electronic

component according to a fourth embodiment.

[0015] Fig. 6 illustrates a cross-sectional view of the

electronic component according to the fourth embodiment.

[0016] Fig. 7 illustrates a plan view of an electronic

component according to a fifth embodiment.

[0017] Fig. 8a illustrates a cross-sectional view of a switch
circuit including a compound semiconductor device and source

sense functionality.

[0018] Fig. 8b illustrates a circuit diagram of a half-bridge

circuit.

[0019] Fig. 9 illustrates a plan view of an electronic
component including a switch circuit with two compound
semiconductor transistor devices and a source sensing

functionality.
[0020] Fig. 10a illustrates a plan view of electronic

component including a bidirectional switch with source sense

functionality.
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[0021] Fig. 10b illustrates a circuit diagram of a

bidirectional switch with source sense functionality.

[0022] Fig. 11 illustrates a cross-sectional view of a switch
circuit including two compound semiconductor transistor

devices with source sense functionality and topside cooling.
DETATILED DESCRIPTION

[0023] In the following detailed description, reference is
made to the accompanying drawings, which form a part hereof,
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., 1s used with
reference to the orientation of the figure(s) being described.
Because components of the 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
following detailed description, thereof, is not to be taken in
a limiting sense, and the scope of the present invention is

defined by the appended claims.

[0024] A number of exemplary embodiments will be explained
below. In this case, identical structural features are
identified by identical or similar reference symbols in the
figures. In the context of the present description, "lateral"
or "lateral direction" should be understood to mean a
direction or extent that runs generally parallel to the
lateral extent of a semiconductor material or semiconductor
carrier. The lateral direction thus extends generally parallel

to these surfaces or sides. In contrast thereto, the term
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"vertical” or "vertical direction” is understood to mean a
direction that runs generally perpendicular to these surfaces
or sides and thus to the lateral direction. The vertical
direction therefore runs in the thickness direction of the

semiconductor material or semiconductor carrier.

[0025] As employed in this specification, when an element such

AN I

as a layer, region or substrate is referred to as being “on
or extending “onto” another element, it can be directly on or
extend directly onto the other element or intervening elements
may also be present. In contrast, when an element is referred
to as being “directly on” or extending “directly onto” another

element, there are no intervening elements present.

[0026] As employed in this specification, when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no

intervening elements present.

[0027] As used herein, a "high-voltage device™, such as a
high-voltage depletion-mode transistor, is an electronic
device which is optimized for high-voltage switching
applications. That is, when the transistor is off, it is
capable of blocking a high voltage of 400 V or higher, about
600 V or higher, or about 1200 V or higher, and when the
transistor is on, it has a sufficiently low on-resistance
(RON) for the application in which it is used, i.e., it
experiences sufficiently low conduction loss when a
substantial current passes through the device. A high-voltage
device can at least be capable of blocking a voltage equal to
the high-voltage supply or the maximum voltage in the circuit

for which it is used. A high-voltage device may be capable of
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blocking 400 VvV, 600 V, 1200 V, or other suitable blocking

voltage required by the application.

[0028] As used herein, a "low-voltage device", such as a low-
voltage enhancement-mode transistor, is an electronic device
which is capable of blocking low voltages, such as between 0 V
and View, but is not capable of blocking voltages higher than
View. View may be about 10 V, about 20 V, about 30 V, about 40
V, or between about 5 V and 50 V, such as between about 10 V
and 30 V.

[0029] As used herein, the phrase "Group III-Nitride" refers
to a compound semiconductor that includes nitrogen (N) and at
least one Group III element, including aluminum (Al), gallium
(Ga), indium (In), and boron (B), and including but not
limited to any of its alloys, such as aluminum gallium nitride
(AlxGa(1-x)N), indium gallium nitride (InyGa(i1-y)N), aluminum
indium gallium nitride (AlxzInyGa(i-x-y)N), gallium arsenide
phosphide nitride (GaAsaPpN(i-a-p)), and aluminum indium gallium
arsenide phosphide nitride (AlyInyGa(i-x-y)ASaPbN(1-a-p)), for
example. Aluminum gallium nitride and AlGaN refers to an alloy

described by the formula AliGa (1-yyN, where 0 < x < 1.

[0030] Fig. la illustrates a plan view and Fig. 1lb a cross-
sectional view of an electronic component 20 according to a
first embodiment. Fig. 2 illustrates a circuit diagram of the

electronic component 20.

[0031] The electronic component 20 includes a compound
semiconductor transistor device 21 which includes a first
current electrode 22, a second current electrode 23 and a
control electrode 24. The electronic component 20 further
includes a die pad 25, a first lead 26, a second lead 27 and a
third lead 28. The first lead 26, the second lead 27 and the

third lead 28 are spaced apart from the die pad 25. In the
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electronic component 20 according to the first embodiment, the
first lead, 26, the second lead 27, and the third lead 28 are
arranged adjacent and spaced apart from a single side face 29
of the die pad 25. However, the arrangement of the leads with
respect to the die pad may differ. For example, more than
three leads may be provided and one or more of the leads may

be arranged on adjacent two or more side faces of die pad 25.

[0032] As can be seen in the cross-sectional view of Fig. 1lb,
the die pad 25 has lower surface 30 which is substantially
coplanar with the lower surfaces 31 of the leads 26, 27, 28.
These lower surfaces 30, 31 provide the outer contact surfaces
of the electronic component 20 and are surface mountable so
that the electronic component 20 is a surface mountable device
(SMD) . The upper surface 38 of the die pad 25 and the upper
surfaces 39 of the leads 26, 27, 28 are substantially
coplanar. The die pad 25, first lead 25, second lead 27 and

third lead 39 may include a metal such as copper.

[0033] The compound semiconductor transistor device 21 is a
lateral device which has a lateral drift path. A first current
electrode 22, second current electrode 23 and the control
electrode 24 are arranged on an upper surface 32 of the

compound semiconductor transistor device 21.

[0034] The control electrode 24 is coupled to the first lead
26, the first current electrode 22 is coupled to the die pad
25, the second current electrode 23 is coupled to the second
lead 27 and the third lead 28 is coupled to the compound
semiconductor transistor device 21 and provides a source sense

functionality.
[0035] In the embodiment illustrated in Figs la and 1b, the

first current electrode 22 is the source electrode of the

compound semiconductor device 21 and is electrically coupled
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to the die pad 25 by a conductive connector 33. The conductive
connector 33 may the provided by one or more bond wires or a
contact clip. In this embodiment, the die pad 25 is coupled to
source so that the lower surface 30 of the die pad 25 provides
a source contact for the electronic component 20. The second
current electrode 23 is the drain electrode of the compound
semiconductor transistor device 21 which is coupled to the
second lead 27 by a conductive connector 34 which may include
one or more bond wires or a contact clip. The control
electrode 24 is a gate electrode which is coupled to the first

lead 26 by a conductive connector 35 such as a bond wire.

[0036] In order to provide a source sensing functionality for
the electronic component 20, a further electrical connection
is made between the third lead 28 and source of the compound
semiconductor transistor device 21, for example by a bond wire
36, electrically coupling the third lead 28 to source of
compound semiconductor transistor device 21. The first lead 26
coupled to the gate electrode and the third lead 28 providing
a source since functionality may be arranged adjacent one
another and may be arranged on the same or on the opposing
side of the die pad 25 to the lead 27 coupled to the drain

electrode.

[0037] The electronic component 20 may include a housing 37
which encapsulates the side faces and upper surfaces of the
die pad 25, the leads 26, 27, 28 and the electrical
connections 33, 34, 35, 36 between the transistor device 21
and the upper surface 38 of the die pad 25 and upper surface
39 of the leads 26, 27, 28. The housing 37 may include an
epoxy resin, for example. The lower surfaces 30, 31 of the die
pad 25 and leads 26, 27, 28 are exposed from the housing 37
and provide contact areas or contact pads for providing an
electrical connection to the compound semiconductor transistor

device 21 within the housing 37. In some embodiments, a
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portion of the leads 26, 27, 28 and die pad 25 may be exposed
in the side faces of the housing 37. The electronic component
20 provides a compound semiconductor transistor device 21 in a

package suitable for use in surface mount technology (SMT).

[0038] The compound semiconductor transistor device 21 may
include a blocking voltage capability of at least 400 V and,
in some embodiments, at least 650 V, and switching frequency

capability of at least 100 kHz.

[0039] The compound semiconductor device 21 may be an
enhancement-mode device. An enhancement mode device has a
positive threshold voltage which means that it cannot conduct

current at zero gate voltage and is normally off.

[0040] In the drawings the leads providing the nodes of the
circuit are designated with source (S), drain (D), gate (G)

and source sense (SS).

[0041] Fig. 2 illustrates a circuit diagram of the circuit
which is provided by the electronic component 20. The circuit
includes four nodes; source (S), drain (D), gate (G) and
source sense (SS). The source sense node (SS) is coupled

directly to the source (S) of the transistor.

[0042] In some gate driving arrangements, high switching
speeds of a transistor device can result in a voltage drop
across a parasitic source inductance which is sufficiently
high to counteract the driving voltage which may result in
increased energy loss. The parasitic source inductance is
excluded from the driver circuitry by the use of the separate

connection to the source provided.

[0043] The additional electrical connection between the source

22 of the transistor device 21 and the lead 28, which is
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separate from the connection between the source pad 22 and the
die pad 25, provides the compound semiconductor device 21 and
electronic component 20 with a source sense functionality
which may be used as a reference voltage by gate driver
circuitry to exclude the parasitic source inductance from the

driver circuit.

[0044] In some embodiments, such as that illustrated in Fig.
1, the compound semiconductor transistor device 21 is a
lateral device which has a lateral drift path. In a lateral
device, the first current electrode 22, the second current
electrode 23 and the control electrode 24 are arranged on the
upper surface 32 of the compound semiconductor transistor
device 21. The compound semiconductor transistor device 21 may
include a compound semiconductor such as a Group III nitride-
based transistor device which may be a High Electron Mobility

Transistor (HEMT) .

[0045] In some embodiments, the compound semiconductor device
21 may a vertical device having a vertical drift path, in
which case one of the current electrodes is arranged on lower
surface of the body of the compound semiconductor transistor
device and the other current electrode and control electrode
are arranged on the opposing surface of the compound
semiconductor transistor device. An example of a compound
semiconductor transistor device having a vertical drift path
is silicon carbide-based compound semiconductor transistor

device.

[0046] In embodiments in which the compound semiconductor
transistor device 21 includes a vertical device, a first
current electrode and the control electrode are arranged on a
first surface and the second current electrode is arranged on

the opposing surface. In these embodiments, the second current
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electrode, typically the drain, is coupled to the die pad by

mounting the second current electrode onto the die pad.

[0047] If the compound semiconductor transistor device 21 is a
lateral device, either one of the two current electrodes, for
a HEMT source or drain, is electrically coupled to the die pad
25 by an additional connector extending between current
electrode on the upper surface of the transistor device and

the die pad 25.

[0048] In embodiments, in which the first current electrode,
such as the source, is coupled to the die pad, the second
current electrode, such as the drain, is electrically coupled
to at least one lead arranged adjacent and spaced apart from
the die pad. However, in other embodiments, the second current
electrode, such as drain, is electrically coupled to the die
pad by a connector such as one or more bond wires or a contact
clip and the source is electrically coupled to a lead which is

arranged adjacent and spaced apart from the die pad.

[0049] The electronic component may conform to a JEDEC package
outline and, in some embodiments, conforms to a TO leadless
(TOLL) package outline or ThinPak 8 x 8 package outline. Thus,
a compound semiconductor transistor device may be accommodated
within a standard package and include a source sense
functionality. Furthermore, a lateral transistor device, such
as a gallium nitride-based HEMT may be provided with a JEDEC
package outline, in particular a TO leadless (TOLL) package
outline or a ThinPak 8 x 8 package outline with a source sense
functionality. Consequently, a lateral transistor device may
be used in place of a vertical transistor device such as a
CoolMOS® silicon-based transistor device as both types of

device can be provided with the same package outline.
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[0050] The selection of the current electrode which is
electrically coupled to the die pad may be carried out
depending on the position of the electronic component in an
application such as a switch circuit. For example, if the
electronic component is to provide the low side switch of a
half bridge circuit, the drain electrode may be coupled to the
die pad, whereas if the electronic component is to provide the
high side switch of a half bridge circuit, the source
electrode may be coupled to the die pad. This combination
enables the two die pads to be mounted on, and electrically
coupled to, a common conductive trace and form the output node

of the half bridge circuit.

[0051] In some embodiments, a half-bridge circuit may be
provided by a single electronic component including two
transistor devices and a source sense functionality by
mounting both transistor devices on a single die pad and
coupling the drain of the transistor device providing low side
switch and the source of the transistor device providing the

high side switch to the die pad.

[0052] In embodiments in which a contact clip is used to
coupled one of the current electrodes is coupled to the die
pad or a lead, the entire contact clip may be encapsulated by
the housing or a portion, such as the upper surface, may be
exposed from the encapsulation material and form a portion of
the upper surface of the electronic component. The exposed
region of the contacts clip may be used as cooling surface on
to which an additional heat dissipation device such as a heat
sink may be mounted. This exposed region of the contact clip
may be used to provide top side cooling for the electronic

component.

[0053] The electronic component according to one any one of

these embodiments may be used as part of a switch circuit

Page 132 of 179



P11871US/201551742 14 1012-1287

including two transistor devices. Each transistor device has a
current path and the current path of the first transistor
device may be coupled serially or antiserially with the

current path of the second transistor device.

[0054] For example, if the switch circuit is a half bridge
circuit or a cascode, the current path of the first transistor
device 1is coupled in series with the current path of the
second transistor device. If both transistor devices include a
High Electron Mobility Transistor (HEMT), the drain of the
first transistor device is coupled with source of the second
transistor device so that the current paths are coupled

serially.

[0055] If the switch circuit is a bidirectional switch, the
current path of the first transistor device is coupled
antiserially with the current path of the second transistor
device. If both transistor devices include a High Electron
Mobility Transistor (HEMT), the source of the first transistor
device is coupled to source of the second transistor device so

that the current paths are coupled antiserially.

[0056] Fig. 3 illustrates a plan view of an electronic
component 40 according to a second embodiment. The electronic
component 40 includes a compound semiconductor transistor
device 41 which, in this particular embodiment, is a Group
ITII-nitride based High Electron Mobility Transistor (HEMT).
The electronic component 40 includes a package 42 having a

ThinPak 8 x 8 package outline.

[0057] The package 42 includes a die pad 43 having an L-shaped
form which extends on one side face 44 to provide two
substantially parallel leads 45, 46 and forms a cutaway 47 in
which two further leads 48, 49 are arranged. The further leads

48, 49 are spaced apart at a distance form the side face 44 of
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the die pad 43 and are arranged in a row adjacent the lead 46.
On the opposing side 50 of die pad 43, the package 42 includes
four leads 51, 52, 53, 54 which are electrically coupled by a
bar 56 extending substantially parallel and spaced apart form
the side face 50 of the die pad 43. The lower surfaces of the
leads are 45, 46, 48, 49, 51, 52, 53, 54 arranged at two
opposing sides of the electronic component 40 and provide
surface mountable contact pads. The lower surface of the die
pad 43 is substantially parallel with the lower surfaces of
the leads and also provides a surface mountable contact pad

for the electronic component 40.

[0058] The compound semiconductor transistor device 41
includes a Group III nitride-based HEMT which is a lateral
transistor device. The HEMT 41 includes a source pad 57, a
drain pad 58 and a gate pad 59 arranged on its upper surface
60. The source pad 57 is electrically coupled to the die pad
43 and the leads 45, 46 by a plurality of bond wires 61
extending between the source pad 57 and the upper surface 62
of the die pad 43. The drain pad 58 is electrically coupled to
the bar 56 and four leads 51, 52, 53, 54 arranged on the
opposing side 50 of the die pad 43 by a plurality of bond
wires 63. The gate pad 59 is electrically coupled to the lead
49 arranged adjacent the side face 44 of the die pad 43 by the
board wire 64. The electronic component 40 includes a source
sense functionality on lead 48 which is arranged between the

source leads 45, 46 and the gate lead 49.

[0059] The lead 48 is electrically coupled to source of the
compound semiconductor device 41 by an additional electrical
connection 66 extending between the lead 48 and source, which
is separate and spaced apart from the leads 45, 46 coupled to

the die pad 43 which is coupled to source.
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[0060] This additional electrical connection 66 to the source
of the transistor device 41 has a smaller inductance than the
electrical connection provided by the bond wires 61 between
the source pad 57 and the leads 45, 46. Thus the lead 48
provides the compound semiconductor device 21 with a source
sense functionality which may be used by a driver chip as a
reference voltage which is free from a parasitic source

inductance.

[0061] The electronic component 40 also includes a housing
material, such as an epoxy resin, which is indicated
schematically in Fig. 3 by the dashed line 67. The housing
material covers the upper surfaces of the die pad 43, the
leads, the transistor device 41 and the bond wires 61, 63, 64
and 66. In this embodiment, the upper surface of the
electronic component 40 is formed by the material of the

housing.

[0062] Fig. 4 illustrates a cross-sectional view of an
electronic component 70 according to a third embodiment. The
electronic component 70 includes a HEMT 41 arranged in a
package 42 having a ThinPak 8 x 8 package outline as in the

second embodiment.

[0063] The electronic component 70, therefore, includes a die
pad 43, and leads arranged adjacent two opposing sides of the
die pad 43 of which a drain lead 51 and the source lead 45
which extends from the die pad 43 can be seen in the cross-
sectional view of Fig. 4. The electronic component 70 also
includes a HEMT 41 which is mounted on the upper surface 62 of
the die pad 43. As in the embodiment illustrated in Fig. 3,
the drain pad 58 is electrically coupled to the lead 51 by
bond wires 63. The gate pad 59 is electrically coupled to a
gate lead and a source sense functionality is provided by a

bond wire 66 extending to a further lead. The gate lead and
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the further lead are spaced apart from the die pad 43 and

cannot be seen in the cross-sectional view of Fig. 4.

[0064] The electronic component 70 differs from the electronic
component 40 of the second embodiment in the form and
arrangement of the electrical connection between the source
pad 57 of the transistor device 41 and the die pad 43. In the
electronic component 70 according to the third embodiment, the
electrical connection is provided by a contact clip 71 which
extends from the source pad 57 on the upper surface 60 of the

HEMT 41 and the upper surface 62 of the die pad 43.

[0065] The contact clip 71 is provided by a metallic plate
which is bent into an arched form having planar portions at
the two distal ends. A first distal end is mounted on, and
electrically coupled to, the upper surface 62 of the die pad
45 and a second distal end is mounted on, and electrically
coupled to the source pad 57. In this embodiment, an uppermost
portion 72 of the arch of the contact clip 71 is exposed in
the upper surface 73 of the housing 67. Thus the exposed
surface 72 of the contact clip 71 may be used for topside
cooling. In other embodiments, the upper surface 73 of the
contact clip 71 may be encapsulated by, and positioned within,

the housing 67.

[0066] The connection between the drain pad 51 and bar 56
which is coupled to the leads 51, 52, 53, 54 may also be
provided by a contact clip in place of the plurality of bond
wires. A contact clip for the drain pad may also be embedded

entirely within or partially exposed from the housing.

[0067] Fig. 5 illustrates a plan view and Fig. 6 a cross-
sectional view of an electronic component 80 according to a
fourth embodiment. The electronic component 80 includes a

package 81 which, in this embodiment, conforms to a TO
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leadless (TOLL) package outline and a compound semiconductor
transistor device 82. In this particular embodiment, the
compound semiconductor transistor device 82 is a lateral
device including a source pad 83, a drain pad 84 and a gate
pad 85 on its upper surface 86. The lower surface of the
compound semiconductor transistor device 82 is mounted on the

upper surface 87 of a die pad 88.

[0068] The die pad 88 is substantially rectangular with a
cutaway region 89 in one corner. Two leads 90, 91 are arranged
in this cutaway region which are spaced apart from side faces
92 of the die pad 88 forming the cutaway portion 89. The die
pad 88 extends into six protruding portions 93 providing leads
having a width substantially the same as the width of the
leads 90, 91 which are arranged adjacent and substantially
coplanar with the leads 90, 91. On the opposing side 94 of the
die pad 88, the electronic component 80 includes a lead 95
having an elongate strip type shape which is spaced apart from
the side face 96 of the die pad 88 and which has a length
which is substantially the same as the long side of the
rectangular die pad 88. The leads 90, 91, 95 and die pad 88
form part of a leadframe 97 of the electronic component 80.
The leadframe 97 may include a metal such as copper. The leads
90, 91, 95 and die pad 88 may have substantially the same
thickness so that the upper surfaces and lower surfaces are

substantially coplanar.

[0069] The compound semiconductor transistor device 82 is
mounted on the upper surface 87 of the die pad 88. The source
pad 83 is electrically coupled to the die pad 88 and the leads
93 by a plurality of bond wires 98 extending between the
source pad 83 and the upper surface 87 of the die pad 88. The
drain pad 84 is electrically coupled to the elongate lead 95
on the opposing side 94 of the die pad 88 by a contact clip
99.
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[0070] The contact clip 99 has the form of a metallic plate
which is bent into an arched form having planar portions at
the two distal ends. A first distal end is mounted on, and
electrically coupled to, the drain pad 84 and a second distal
end is mounted on, and electrically coupled to, the upper

surface 100 of the elongate lead 95.

[0071] The gate pad 85 is electrically coupled to the lead 91
by a bond wire 101. The electronic component 80 has a source
sense functionality which is accessible by the lead 90. The
source sense lead 90 is arranged between the gate lead 91 and
the protruding regions of the die pad 88 forming the source
leads 93. The source sense lead (SS) 90 is electrically

coupled to the source pad 83 by a bond wire 102.

[0072] The electronic component 80 also includes a plastic
housing compound 104 in which the upper surface 87 of the die
pad 88 and upper surfaces of the leads 90, 91, 96, the
compound semiconductor transistor device 82 and the bond wires
98, 101, 102 are embedded. In a cross-sectional view of Fig.
5, 1t can be seen that in this particular embodiment, the
contact clip 99 electrically coupling the drain pad 84 to the
lead 95 is embedded within the plastic compound 104.

[0073] The lower surfaces 105 of the die pad 88, leads 90, 91,
95 and protruding portions 93 of the die pad 88 remain free of
the plastic housing compound 104 and provide outer contact
surfaces of the electronic component 80. The lower surfaces
105 are substantially coplanar with the lower surface 106 of
the plastic housing compound 104. The plastic housing compound
104 also extends over side faces 92, 95, 106 of the die pad 88
and leads 90, 91, 96.
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[0074] In some embodiments, the upper surface 103 of the
contact clip 99 remains uncovered by the plastic housing
composition 104 and forms a portion of the upper surface of
the electronic component 80. In these embodiments, the
electronic component 80 includes metallic portions on two
opposing surfaces. The exposed metallic portion of contact
clip may be used as an electrical connection, but may also be
used to assist cooling of the compound semiconductor
transistor device 82 and the electronic component 80 since
heat can be more effectively dissipated from the exposed
metallic portions than from the plastic housing composition
104. To assist cooling of electronic component 80, a further
heatsink or cooling mechanism may be mounted on be exposed

portion of the contact clip.

[0075] Fig. 7 illustrates a plan view of an electronic
component 110 according to a fifth embodiment. The electronic
component 110 includes a compound semiconductor device 111 and
a leadframe 112 including a die pad 113 and a plurality of
leads 114 arranged on two opposing sides 115, 116 of the die
pad 113. Four leads 117 extend from the die pad 113 on the
first side 115 and a further four leads 118 are arranged
adjacent and spaced apart from the opposing side 116 of the
die pad 113. Two of the four leads 118 are coupled together by
a connector strip 119. Two leads 120, 121 are arranged
adjacent the connector strip 119 such that the four leads 118
are arranged in a row and substantially parallel to one

another.

[0076] The compound semiconductor device 111 is a transistor
device which, in this embodiment, is a lateral transistor
device having a source pad 122, a drain pad 123 and a gate pad
124 on its upper surface 125. The compound semiconductor
device 111 is mounted on the upper surface 126 of the die pad

113.
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[0077] In this embodiment, the drain pad 123 is electrically
coupled to the die pad 113 by a plurality of bond wires 127.
The source pad 122 is electrically coupled to the connector
strip 119 by a plurality of bond wires 128 and the gate pad
124 is electrically coupled to the lead 121 by a bond wire
129. The electronic component 111 also includes a source sense
function on the lead 120 which is arranged between the gate
lead 121 and the connector strip 119. The source sense lead
120 is electrically coupled to source of the lateral
transistor device by the bond wire 130. The source sense lead
functionality is provided by a connection separate from the
connection between the source pad 122 and the connector strip

119.

[0078] The die pad 113 and the leads 117, 118 include copper
and have substantially the same thickness such that the upper
surfaces of the die pad 113 and the leads 117, 118 are
substantially coplanar and the lower surfaces of the leads
117, 118 and the die pad 113 are substantially coplanar. The
electronic component 110 further includes a plastic housing
composition indicated with the dashed line 131. The plastic
housing composition covers the upper surfaces of the die pad
113 and leads 117, 118, the compound semiconductor device 111
and the bond wires 127, 128, 129, 130 and leaves the lower
surfaces of the die pad 113 and leads 117, 118 exposed from
the plastic composition. In some embodiments, the distal ends
of the leads may also be exposed from the plastic housing
composition in the side faces of the plastic housing

composition.

[0079] 1In the case of a vertical transistor device such as a
SiC-based transistor device, the device includes a current
electrode on two opposing major surfaces. Therefore, one of

the current electrodes, typically the drain, is mounted on
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and, electrically coupled to, the die pad by the mounting
connection. An additional electrical connector such as a bond
wire or a contact clip is not required for this connection.
The second current electrode, typically the source, is
arranged on the upper surface and is electrically coupled to a
lead spaced apart from the die pad by an additional electrical

connector such as one or more bond wires or a contact clip.

[0080] 1In case of a lateral transistor device, either one of
the current electrodes, that is either the source or the drain
may be electrically coupled to the die pad using an additional
connector extending from the upper surface of the transistor
device to the upper surface of the die pad. This additional
electrical connector may be provided by one or more bond
wires, a contact clip or a metallic ribbon for example. In
some embodiments, the additional electrical connector is
embedded within the housing of the electronic component and is
electrically accessible only by the lower surface of the die
pad. In other embodiments, particularly for embodiments in
which the electrical connector includes a contact clip, a
portion of the contact clip may be exposed from the housing
and provide a surface which may be electrically coupled to an
external circuit or may be coupled to an additional heat sink

and used for topside cooling.

[0081] In some embodiments, both current electrodes, that is
both source and drain, may be coupled to the leadframe using a
contact clip. The bond wire electrically coupling the gate to
the gate electrode and the bond wire providing the source of
function may have smaller diameter and/or different
composition than that of any bond wires used to electrically

couple the current electrode to a lead or a die pad.

[0082] The electronic component according to any one of the

embodiments described herein includes a compound semiconductor
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transistor device housed within a SMD package and includes a
source sense functionality. One or more of these components
may be used in a variety of applications such as a switch
circuit or subcircuit of a switch circuit. Examples of switch
circuits include half bridge configurations, cascode
configurations or bidirectional switch. In these switch
circuits, the first transistor device has a current path
coupled in series with a current path of the second transistor

device.

[0083] Fig. 8a illustrates a cross-sectional view of a switch
circuit 140 including an electronic component 141 with a
compound semiconductor transistor device 142 and a source
sense functionality 143. A circuit diagram of the switch

circuit is illustrated in Fig. 8b.

[0084] The switch circuit 140 is a half bridge circuit in
which the electronic component 141 includes a silicon carbide-
based transistor device 141 which forms the Low Side Switch
(LSS) of the half bridge circuit. As discussed above, silicon
carbide-based transistor devices are vertical transistor
devices and include current electrodes on two opposing major
surfaces. As is illustrated in Fig. 8a, the drain electrode
144 is arranged on the lower surface 145 and the source
electrode 146 and gate electrode 147 are arranged on the upper
surface 148. The drain electrode 144 is mounted on, and
electrically coupled to, a die pad 149 (D1) of the electronic
component 140. The gate electrode 147 and the source electrode
146 are electrically coupled to two separate leads (S1) (G1)
not visible in the schematic cross-sectional view of Fig. 8a
The electronic component 141 includes a source sense
functionality 143 provided by an additional electrical
connection between the source 146 and a lead 150 (SS) which is

separate from the source connection.
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[0085] The half bridge circuit includes a second electronic
component 151 providing the High Side Switch (HSS). In this
embodiment, the electronic component 151 includes a compound
semiconductor transistor device 152 in the form of a gallium
nitride-based lateral transistor device having a drain pad
153, a source pad 154 and a gate pad 155 on the upper surface
156 of the compound semiconductor transistor device 152. The
drain pad 153 is electrically coupled to a lead 157 (D2)
spaced apart from a die pad 158. The source pad 154 is
electrically coupled to the die pad 158 (S2) and the gate 155
is electrically coupled to lead (G2) which is not visible in
the cross-sectional view Fig. 8a and which is arranged
adjacent and spaced apart from the die pad 158. The half
bridge circuit is formed by mounting die pad 158 of the
electronic component 151 and the die pad 149 of the electronic
component 141 on a common conductive trace 159 to electrically
couple the drain pad 144 of the transistor device 141 to the
source pad 156 of the second transistor device 151 and,
therefore, the drain D1 of the Low Side Switch to the source
(S2) of the High Side Switch. The conductive trace 159 may be

part of a redistribution board 160.

[0086] The second transistor device 151 may also include a
source sense functionality 161, but providing a second
connection to the source pad 154 which is separate from the

connection between the source pad 154 and the die pad 158.

[0087] In some embodiments, the Low Side Switch of the half
bridge circuit may be provided by a silicon-based transistor
device. In some embodiments, both of the Low Side Switch and
the High Side Switch of the half bridge circuit may be
provided by compound semiconductor devices and, in some

embodiments, by gallium nitride-based transistor devices.
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[0088] The semiconductor material of the transistor device for
the low side switch may be selected depending on the duty
cycle. If the duty cycle is around 50%/50% between the High
Side Switch and the Low Side Switch, a gallium nitride-based
transistor device may be used for the Low Side Switch. For a
duty cycle of 90%/10%, a silicon-based, silicon carbide-based
or gallium nitride-based transistor device may be used for the
Low Side Switch. At ratios of grater than 2 : 1, a gallium

nitride-based transistor device is typically used.

[0089] In some embodiments, a switch circuit may be provided

by single electronic component.

[0090] Fig. 9 illustrates a plan view of an electronic
component 170 providing a switch circuit 171 including two
compound semiconductor transistor devices 172, 173. The switch

circuit 171 is a half bridge circuit.

[0091] The electronic component 170 includes a leadframe 174
including a die pad 175 and a plurality of leads 176 arranged
on two opposing sides of the die pad 175. The electronic
component 170 includes eight contact surfaces provided by
lower surfaces of the plurality of leads 176 and a contact

surface provided by the lower surface of the die pad 175.

[0092] Four leads 177 178, 179 and 180 are arranged adjacent
and spaced apart from a first side 181 of the die pad 175. Two
leads 177, 178 are coupled together by a connector strip. The
leadframe 171 includes a similar arrangement on the opposing
side 182 of the die pad 175 and includes four leads 183, 184
185 186 arranged adjacent and spaced part from the side 182 of
the die pad 175. Two of the leads 183, 184 are coupled

together by a connector strip.
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[0093] The two transistor devices 172, 173 are mounted on an
upper surface 187 of the die pad 175. In this embodiment, the
first transistor device 172 provides the Low Side Switch and
the second semiconductor device 173 the High Side Switch of
the half bridge circuit. The transistor devices 172, 173 may
be Group III nitride based High Electron Mobility Transistors,

for example.

[0094] The first transistor device 172 includes a source pad
188, a drain pad 189, a gate pad 190 and a source sensing pad
191 arranged on its upper surface 192. The source pad 188 is
electrically coupled to the leads 177, 178 by one or more bond
wires 193. The source sensing pad 191 is electrically coupled
to the lead 179 by a bond wire 194 and the gate pad 190 is
electrically coupled to the outermost lead 186 on first side
181 of the die pad 175 by the bond wire 195. The drain pad 189
is electrically coupled to the die pad 175 by a plurality of

bond wires 196.

[0095] The second compound semiconductor transistor device 173
also includes a source pad 196, a drain pad 197, a gate pad
198 and a source sensing pad 199 on its upper surface 200. The
drain pad 197 is electrically coupled to the leads 183, 184 by
a plurality of bond wires 202. The gate pad 198 is
electrically coupled to the outermost lead 186 by a bond wire
203 and the source pad 199 is electrically coupled to the lead
185 by bond wire 204. The source pad 196 is electrically
coupled to the die pad 175 and, therefore, to the drain of the
first compound semiconductor transistor device 172 by a

plurality of bond wires 201.

[0096] The electronic component 170 provides a switch circuit
having a half bridge configuration in which a source sense
function is provided for both the first compound semiconductor

transistor device 172 providing the Low Side Switch of the
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half bridge circuit and for the second compound semiconductor
device 173 providing High Side Switch of the half bridge
circuit. The electrical connection between the drain of the
Low Side Switch and source of the High Side Switch is provided
by the die pad 175 on which both transistor devices 172, 173
are mounted and to which the drain pad 189 of the first
transistor device 172 and the source pad 196 of the second
transistor device 173 are electrically coupled by their

respective plurality of bond wires 196, 201.

[0097] The electrical connections are not limited to bond
wires and one or more of the pluralities of bond wires may be
replaced by a contact clip, for example. The electronic
component 170 provides outer contact surfaces arranged
substantially underneath the lead frame 171 and the housing.
The position of the housing is indicated by a dashed line in
Fig. 9. The electronic component 170 provides a surface mount
device (SMD) including a half bridge circuit provided by two
compound semiconductor transistor devices 172, 173 and a
source sense function 179, 185 for both the Low Side Switch
and the High Side Switch of the half bridge circuit. The node
of the half bridge circuit may be electrically accessed by the
contact surface provided by the lower surface of the die pad

175.

[0098] The footprint of the electronic component 170 may

conform to a ThinPak 8 x 8 package footprint.

[0099] Fig. 10a illustrates a plan view of an electronic
component 210 providing a bidirectional switch circuit 211
including two compound semiconductor transistor devices 212,
213 and a lead frame 171. Fig. 10b illustrates a circuit

diagram of the bidirectional switch circuit 211.
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[0100] The leadframe 171 has the same configuration as that
illustrated in Fig. 9 and includes a die pad 175 and leads
177, 178, 179, 180 arranged adjacent and spaced apart from the
first side 181 of the die pad 175 and leads 183, 184, 185, 186
arranged adjacent and spaced apart from the opposing side 182
of the die pad 175. The compound semiconductor devices 212,
213 each include a Group III nitride-based High Electron
Mobility Transistor. The first compound semiconductor
transistor device 212 includes a source pad 214, a drain pad
215, a gate pad 216 and a source sense pad 217 arranged on its
upper surface 218. The second compound semiconductor
transistor device 213 also includes a source pad 219, a drain
pad 220, a gate pad 221 and a source sense pad 222 on its

upper surface 223.

[0101] A bidirectional switch circuit is formed by
electrically coupling the drain pad 215 of the first compound
semiconductor transistor device 212 to leads 183, 184 (D1) by
a plurality of bond wires 225, the gate pad 216 to lead 186
(G1l) by bond wire 226, the source pad 214 (S1) of the first
compound semiconductor transistor device 212 to the source pad
219 (S2) of the second compound semiconductor transistor
device 213 by a plurality of bond wires 227. The drain pad 220
of the second compound semiconductor transistor device 213 is
electrically coupled to leads 177, 178 (D2) by a plurality of
bond wires 228 and the gate pad 221 is coupled to the lead 180
(G2) by bond wire 229. The drain pad 215 of the first compound
semiconductor transistor device 212 is electrically coupled to
that die pad 175 (D1) by one or more bond wires 232. The lower
surfaces of the leads 177, 178, 179, 180, 183, 184, 185, 186
and die pad 175 provides contact surfaces for the electronic

component 210.

[0102] A source sense functionality is provided for each of

the compound semiconductor transistor devices 212, 213 of the
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bidirectional switch 211. The lead 185 (SS1) is electrically
coupled to source of the first compound semiconductor
transistor device 212 by bond wire 233. The lead 179 (SS2) 1is
electrically coupled to source of the second compound
semiconductor transistor device 213 by the bond wire 231. The
source sense leads 179, 185 are arranged between the
respective drain lead 183, 184; 177; 178 and gate lead 188;
186. The electronic component 210 may have a footprint 234

conforming to a ThinPak 8 x 8 footprint.

[0103] Fig. 11 illustrates a cross-sectional view of a switch
circuit 240 including two electronic components 241, 242
coupled to provide a half bridge circuit. The first electronic
component 241 includes a compound semiconductor transistor
device 243 with a source sense function 244. The first
electronic component 241 provides the Low Side Switch of the
half bridge circuit. The electronic component 242 also
includes a second compound semiconductor transistor device 245
including a source sense function 246. The second component
semiconductor device 245 provides the High Side Switch of the
half bridge circuit. The switch circuit 240 includes topside
cooling of both the source S1 of the first electronic
component 241 providing the Low Side Switch of the half bridge
circuit and the drain D2 of the second electronic component

243 providing the High Side Switch 241.

[0104] The first compound semiconductor device 243 and the
second compound semiconductor device 245 are lateral
transistor devices with a source pad, drain pad, gate pad on
their upper surface. The first compound semiconductor device
243 and the second compound semiconductor device 245 may be

gallium nitride-based High Electron Mobility devices.

[0105] The source 247 of the first compound semiconductor

device 243 is electrically coupled to the die pad 248 of the
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electronic component 202 by contact clip 249 which has a
portion 250 which is exposed in an upper surface 251 of the
electronic component housing 252 of the electronic component
242 . The drain 253 of the second compound semiconductor
transistor device 245 providing the High Side Switch is
electrically coupled to die pad 254 of the second electronic
component 241 by a contact clip 255 which has a portion 256
exposed from the housing 257 in the upper surface 258 of the
housing 257.

[0106] These exposed portions 250, 256 of the contact clips
249, 255, respectively, may be used to provide topside cooling
of the of the half bridge circuit using a common heat
dissipator 259 which may be mounted on the upper surfaces of
the electronic components 241, 242 and thermally coupled to

the exposed portions of the contact clips.

[0107] The half bridge circuit may be formed by electric
coupling the drain D1 of the Low Side Switch to the source S2
of the High Side Switch using conductive traces of the
rewiring substrate on which the electronic components 241, 242

mounted.

[0108] A compound semiconductor transistor device, such as a
lateral gallium nitride-based HEMT, may be arranged in a
package having a SMD outline and the package include a source
sense functionality. One of the current electrodes, i.e. the
source or the drain, of the lateral transistor device is
coupled to the die pad and a source sense connection is
provided by a second connection from the source to a lead
spaced apart from the die pad which is separate from the
connection providing the source node of the lateral transistor
device. The transistor device may have a blocking voltage

capability of at least 400V and a switching frequency
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capability of at least 100 kHz. The package may conform to a
standard SMD package outline or footprint.

[0109] Spatially relative terms such as "under", "below",
"lower", "over", "upper" and the like are used for ease of
description to explain the positioning of one element relative
to a second element. These terms are intended to encompass
different orientations of the device in addition to different
orientations than those depicted in the figures. Further,
terms such as "first", "second", and the like, are also used
to describe various elements, regions, sections, etc. and are
also not intended to be limiting. Like terms refer to like

elements throughout the description.

[0110] As used herein, the terms "having", "containing",
"including”, "comprising”" and the like are open ended terms
that indicate the presence of stated elements or features, but

do not preclude additional elements or features. The articles

a

", "an" and "the" are intended to include the plural as well
as the singular, unless the context clearly indicates
otherwise. It is to be understood that the features of the
various embodiments described herein may be combined with each

other, unless specifically noted otherwise.

[0111] Although specific embodiments have been illustrated 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 specific
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. Therefore, it is intended that
this invention be limited only by the claims and the

equivalents thereof.
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CLAIMS
What is claimed is:

1. An electronic component, comprising:

a compound semiconductor transistor device comprising
a first current electrode, a second current electrode and
a control electrode;

a die pad; and

a first lead, a second lead and a third lead,

wherein the first lead, the second lead and the third
lead are spaced at a distance from the die pad,

wherein the control electrode is coupled to the first
lead, the first current electrode is coupled to the die
pad, the second current electrode is coupled to the second
lead and the third lead is coupled to the compound
semiconductor transistor device and provides a source

sensing functionality.

2. The electronic component of claim 1, wherein the compound
semiconductor transistor device is one of a SiC transistor
device, a III-V compound semiconductor transistor device

and a Group III-nitride transistor device.

3. The electronic component of claim 1, wherein the compound
semiconductor transistor device has a blocking voltage
capability of at least 400V and a switching frequency
capability of at least 100 kHz.

4. The electronic component of claim 1, further comprising a
housing, wherein lower surfaces of the die pad, the first
lead, the second lead and the third lead are exposed from
the housing and provide substantially planar contact

surfaces.
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5. The electronic component of claim 1, wherein the compound
semiconductor transistor device is a lateral transistor
device and a drain or a source of the compound

semiconductor transistor device is coupled to the die pad.

6. The electronic component of claim 1, wherein the compound
semiconductor device is a vertical transistor device and a
drain of the compound semiconductor transistor device is

coupled to the die pad.

7. The electronic component of claim 1, wherein the first
current electrode is coupled to the die pad by a plurality

of bond wires or a contact clip.

8. The electronic component of claim 1, wherein the second
current electrode is coupled to the second lead by a

plurality of bond wires or a contact clip.

9. The electronic component of claim 4, wherein the first
current electrode is coupled to the die pad by a contact
clip and a portion of the contact clip is exposed from the

upper surface of the housing.

10. The electronic component of claim 4, wherein the second
current electrode is coupled to the second lead by a
contact clip and a portion of the contact clip is exposed

from the upper surface of the housing.
11. The electronic component of claim 1, wherein the

electronic component conforms to a TO leadless package

outline or a ThinPAK8x8 package outline.
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12. A switch circuit, comprising:

a first transistor device comprising a compound
semiconductor, a first current electrode, a second current
electrode and a control electrode, a die pad, a first
lead, a second lead, and a third lead, the first lead, the
second lead and the third lead being spaced at a distance
from the die pad, wherein the control electrode is coupled
to the first lead, the first current electrode is coupled
to the die pad, the second current electrode is coupled to
the second lead and the third lead is coupled to the
transistor device and provides a source sensing
functionality; and

a second transistor device,
wherein the first transistor device has a current path
coupled serially or antiserially with a current path of

the second transistor device.

13. The switch circuit of claim 12, wherein a drain of the
first transistor device and a source of the second

transistor device are coupled to a common die pad.

14. The switch circuit of claim 12, wherein the first
transistor device is housed in a package comprising a
first die pad coupled to a drain of the first transistor
device and the second transistor device is housed in a
package comprising a second die pad coupled to a source of

the second transistor device.

15. The switch circuit of claim 14, wherein the first die pad
and the second die pad are mounted on a common conductive

layer.
16. The switch circuit of claim 12, wherein a first contact

clip is coupled to one of a source and a drain of the

first transistor device and a second contact clip is
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coupled to the other one of a source and a drain of the
second transistor device, wherein the first contact clip
and the second contact clip are at least partially

uncovered.

17. The switch circuit of claim 16, wherein the first contact
clip and the second contact clip are coupled to a common

heat dissipation member.

18. The switch circuit of claim 12, wherein a source of the
first transistor device is coupled to a source of the

second transistor device.

19. An electronic component, comprising:

a Group III nitride-based transistor device having a
blocking voltage capability of at least 400V and a
switching frequency capability of at least 100 kHz, a
first current electrode, a second current electrode and a
control electrode, wherein the control electrode is
coupled to a first lead, the first current electrode is
coupled to a die pad, the second current electrode is
coupled to a second lead and a third lead is coupled to
the Group III nitride-based transistor device and provides
a source sensing functionality; and

a housing,

wherein the first lead, the second lead and the third
lead are spaced at a distance from the die pad,

wherein lower surfaces of the die pad, of the first
lead, of the second lead and of the third lead are exposed
from the housing and provide substantially planar contact

surfaces.
20. An electronic component, comprising:

means for coupling a control electrode of a compound

semiconductor transistor device to a first lead;
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means for coupling a first current electrode of the
compound semiconductor transistor device to a die pad;

means for coupling a second current electrode of the
compound semiconductor transistor device to a second lead;
and

means for providing source sensing at a third lead.
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ABSTRACT

In an embodiment, an electronic component includes a compound
semiconductor transistor device having a first current
electrode, a second current electrode and a control electrode,
a die pad, a first lead, a second lead and a third lead. The
first lead, the second lead and the third lead are spaced at a
distance from the die pad. The control electrode is coupled to
the first lead, the first current electrode is coupled to the
die pad and the second current electrode is coupled to the
second lead. The third lead is coupled to the compound
semiconductor transistor device and provides a source sensing

functionality.
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Docke! Number 10121287 PUISTIUS 7 2015P01742 US

DECLARATION AND ASSIGNMENT
FOR PATENT AND DESIGN APPLICATIONS
LINITED STATER PATENT RIGHTS, OR
PHITED STATES FLUS ALL FORBISK PATENT BicHTS

Lleatronic Gumponart snd Switeh (Hroudt
As a below named inverdor (herelnafler desfgnated as the urdersigned), Fheraby dockure that:

This declaration is directed tothe application altached hereto. i the application Is not attached hareto,
the application isas identifiad by the altorney docket number as set forth above andfor the following:

United Siates Application Number or PCY international Appin. No,

filed on

The above-idantified application was made or authorized to bemade by me.

P believe that | am the original invertor orarvoriginal joint inventor of a claimed invention inthe
application.

| have reviewsd and undsestand the contents of the above-identifled application, ingluding the clalms.

I acknowlsdye the duty to disclose information which is material lo patentability as defined in Title 37,
Code of Fedaral Reguiations § 1.56.

WHEREAS, theeundarsigned has inventad carlaln at laast ona claim inthe application idendified.
WHEREAS, Infineayn Technolngles Austria AL

of Siemangsirasss 2, 8500 Villach, Austria

ifs helrs, Succensors, legal represenialives and assigns {(hereinafler cesignatad as the Assignas) is
desirous of acquiring the entire right, tille and Interast in an d o said invention-and In-and o any

Latters Pateut(s) that may be granted therafor in the United States of Amarics and

& inany forsign counties.
NOW, THEREFORE, for good and valuable consideration, the receipl of which is hereby
acknowledged, the undersignad bas (have) sold, a‘ecsig"teci and ransfarred, and by these
considerations does {da) sell, assign an Hsansfc\r \mm sald Assignee the full and sxclusive right to the
said invention i the United States of Americs, its tariories, dépenidenciss snd posssssions anid the
gntive right, fitle and interest nand 1o any and ail Latiers f’atent(s) which may be granted thereforin
the United States of Anerica, its terlories, dependencies and possessions, and If the bo above iz
designated, in any and all foreigh countries; and to any and all divisions, reissies, continisations,
conversions and axiensions of alf of the ahove for the fult ter or tsrros for which the saree may be
grantad.

Trha undarsigned agroees fo-execute off papurs nacessary incomnention with this application and any
continuing, divisional, conversion or reissue applications theraof of any other proceedings before the
{inited States Patent and Trademark Offics and also o execute sepavals assigrments in connestion
with such applications as the Assignee nwy deem necessary or expedient.

The wdersigned agress to sxaoute all papers and documsnts and (o parform any act adich may be
necassary inoonnestion with claims or provisions of tha Inferaationad Convention far the Protection of
induatriat Property or simifar sagresments.,

i
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Rocket Number, 101201287 7 PUBTIUS T 201551742 U

The urdersignad agrees to porform alf alfirmative acls which may be necessary to obtain a grant of
{?ﬁ valid United States of America patent{s) and sy forsign patent{s) 1o the Assignse and to vest all
rights therain hereby cohvayad (o sakd Assignee as fully and endively a5 the sarme would have been
held by thin mfr\roignr\u if this Assignment and sale had not boen made.

The undersigned horeby autharizes and requests the Patent and Tradesmark Office Officials in the
Urdted States of Amarica and in any foreign countrias to issue any and alf Letters Patent{s) resulling
front sakd application or any continuing, divisional conversion or reissue applications thereof o ths
said Assignee, as Assignee oftheantive Interest, and bereby coverdnts that be has the full right 16
convey the entive ibterest herain assignad, and that he has hot executed, and wilt not execile, any
agreemaentin conflict herewith,

The undersigned hereby grands the Assignee’s legal represeniatives the powsr toing u‘t before of
after this dooument has been exasuted by the undersigned, ﬁny information to identify the instant
patentapplication which raay be nscsssary or desirable in order to comply with the fies of the 1.8,
Patent and Tradernark Qffics

The undersignad hereby covenants thal no assignment, sale, agresment or encumbrance has besn
or will be mads or entered into which would conflict with this assignment.

The undersigned hereby aciinowledges that any willful false statement made in this declaration s
punishable under 18 U.B.C. § 1001 by fine or imprisorimant of not rore than five {8) years, or both.

in withess whereof, sxecudad by the undersigned oh {He dale opposite the undersighad name.

Fuil Name of Inventon Klaus Schigss

Date Inventor Sigrature

Full Mame of Inventor; Ralf Qv
Datg Irvantor Signatare
Pags 2ol &
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

Electronic Component and Switch Circuit

First Named Inventor/Applicant Name:

Ralf Otremba

Filer:

Mark Ronald Bilak/Katie Kennedy

Attorney Docket Number:

1012-1287/ 2015P51742 US

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 1111 1 600 600
Utility Examination Fee 1311 1 720 720
Pages:
Claims:
Independent claims in excess of 3 1201 1 420 420

Miscellaneous-Filing:

Petition:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2020
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Electronic Acknowledgement Receipt

EFS ID: 24649745
Application Number: 14997914
International Application Number:
Confirmation Number: 2194
Title of Invention: Electronic Component and Switch Circuit
First Named Inventor/Applicant Name: Ralf Otremba
Customer Number: 57579
Filer: Mark Ronald Bilak/Katie Kennedy
Filer Authorized By: Mark Ronald Bilak
Attorney Docket Number: 1012-1287/2015P51742 US
Receipt Date: 18-JAN-2016
Filing Date:
Time Stamp: 17:41:40
Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $2020
RAM confirmation Number 12994
Deposit Account 505650
Authorized User BILAK, MARK R

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
1822843
1 Application Data Sheet 1012-1287_ADS.pdf no 8
a9208aa5bf1616b1de92e9402a1df63d8dc|
S51be
Warnings:
Information:
1163741
2 1012-1287_Application.pdf yes 50
f14cbfb72effocfcd2fbfee46d65a68060335
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 31
Claims 32 36
Abstract 37 37
Drawings-only black and white line drawings 38 50
Warnings:
Information:
1012-1287_Decl i d_A 287494
3 Oath or Declaration filed -1287_Declaration_and._ no 2
ssignment.pdf
ccledcbdb48c7d3796dd483bSdafh289369
Oeldo
Warnings:
Information:
36619
4 Fee Worksheet (SB06) fee-info.pdf no 2
5e9a827f32d9fe50257bf37aed 1370639318
Warnings:
Information:
Total Files Size (in bytes)1 4010697
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT ASSIGNMENT COVER SHEET

Electronic Version vi.1 EPAS ID: PAT3699983
Stylesheet Version v1.2
SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
Name Execution Date
KLAUS SCHIESS 01/18/2016
RALF OTREMBA 01/15/2016
RECEIVING PARTY DATA
Name: INFINEON TECHNOLOGIES AUSTRIA AG
Street Address: SIEMENSSTRASSE 2
City: VILLACH
State/Country: AUSTRIA
Postal Code: 9500
PROPERTY NUMBERS Total: 1
Property Type Number
Application Number: 14997914

CORRESPONDENCE DATA

Fax Number: (919)948-3357

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax numbetr, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone: 919-948-3390
Email: official @mbhiplaw.com
Correspondent Name: MURPHY, BILAK & HOMILLER/INFINEON TECHNO
Address Line 1: 1255 CRESCENT GREEN
Address Line 2: SUITE 200
Address Line 4: CARY, NORTH CAROLINA 27518
ATTORNEY DOCKET NUMBER: 1012-1287 / 2015P51742 US
NAME OF SUBMITTER: MARK R. BILAK
SIGNATURE: /Mark R. Bilak, Reg. No. 47,423/
DATE SIGNED: 01/18/2016
This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 2
source=1012-1287_Declaration_and_Assignment#page1.tif
source=1012-1287_Declaration_and_Assignment#page?2.tif
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Docket Numben 1012-1287 FPHISTIUS 7 25PH1742 US

DECLARATION AND ASSIGNMENT
FOR PATENT AND DESIGN APPLICATIONS
LINITED STATES PATENT RIGHTS, OR
UNITED STATES PLUS ALL FORRBIGK PATENT BIGHTS

Electronic Camponent and Switch Qlrcuit
As a below named inverdor {herelnafler designated as the undersigned), T heraby daclare that:

This declaration is directed to- the application altached herelo. § the spplication Is not altached hevel,
the application is as identified by the altorney dockst number as set forth above andfor the following:

United Siates Application Number or PCT international Appin, No,

filed on

The above-idantified application was made or authorized to be made by me.

I'believe that | am the original inverdor or arvoriginal joind inventor of a claimed invention inthe
application.

{ ave reviewsd and undavstand the contents of the above-identified application, including the clalms.

| acknowledye the duty to disclose information which is material lo patentability as defined in Title 37,
Code of Fedaral Regulations § 1.56.

WHEREAS, the undarsigned has inventad carlaln at least ona claim in the application identified.
WHEREAS, Infinean Technolngles Austrla AL

of Siemengstrasse 2, 9500 Villach, Austria

its hedrs, successors, legal representativas and wa‘grb {heveinafler oesign aﬁed as the Assignes) is
desirous of acquiring the entire ¥ight, Bitle and Interast in and o said invention end invand o any

Latters Patent(s) that may be granted thersfor in the United States of Ameri s} and

X in any foreign countries.
g

NOW, THEREFORE, for good and valuable consideration, the receipl of which is herelby
acknowledged, the undersignad has {have) sold, assigned and ransfarred, and by these
considerations does {da) sell, assign smd isansff\r unto sald Assignee the full and sxclusive right to the
sair invention i he United States of Amaeries, its tarrilories, dépendencies and possassions and the
gntire right, fitle and interest inand 1o any and aEl Latters Patent(s) which may be granted therefor in
the United States of America, its terrflories, dependencies and possessions, and If {he box above s
designaled, in any and &l foreign Count; ies; and to any and all divisions, reissues, continuations,
conversions and axtensions of alf of the above for the full term or terms for which the sarne may be
granted.

Tha undersigned agrees fo execute aff papers necassary in connection with this application and any
continuing, divisional, conversion or reissue applications thereof or any other proceedings before the
iInited States Patent and Trademark Office and also o execute sepavale assigruments In connection
with such applications ag the Assignee pwy deem necessary or expedient.

The wdersigned agress to sxeoule all papers and documesnts and (o parform any act wdich may be
necassary in oonnestion with claims or provisions of tha Inferaationat Convention for the Protection of
industriat Property or similar agresments.

Fagetof 2
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Docket Number: 10120287 1 PUISTIUS 1201551742 UB

The urdersigned agrees to perform all alfirmadive acts which may be hecessary 1o oblaln a grant of
{a) valid United States of America patant{s) and any forsign patent{s) to the Assignee and to vest all
rights therain hereby canvayed to said Assignee as fully and endively as the same would have heen

held by the undersignad if this Assigrment and sale had not been mads.

The undersigned hereby autharizes and requests the Patent and Trademark Office Officials in the
United States of Amaerica and in any foreign countries o issue any and all Letters Patent(s) resulling
front sakd application or any continuing, divisional conversion or reissue applications thereof fothe
sald Assignes, a6 Assignee of the sntive Interest, and hereby covenants that be has the fult right te
canvey the eniive inlerast hersin assignad, and that be has not sxecuted, and will not execule, any
agreamentin conflict berewith.

The undersigned hereby granis the Assignee’s legal represeniatives the powsr to Insert, before or
after this docurnent has heen executed by the undersigned, any information to identify the instant
patent application which moay be necessary of dasirable in order to conply with the rules of the LLS.
Patent and Trademark Offics.

The undersignad hereby covenants that no assighment, sale, agreament or encumbrance has besn
or will be made or entered into which would conflict with this assignment.

The undersigned hereby aciinowledges that any willful false statement made in this declaration Is
punishaple under 18 U.S.C. § 1001 by fine or imprisonment of not more than five {5} years, or both.

h

in withess whereof, execulad by the undersigned on {he dale opposite the undergignad name.

Fail Name of nventor Klaus Schiess

Date Inventor Sigrature

Full Mame of inventor: Ralf Otienmbe
Date frventor Signatare
Page 2ol &
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