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ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

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 89 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 Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.
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INVENTORC(S) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Antti Iihola, Helsinki, FINLAND;
Timo Jokela, Halikko, FINLAND;

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

IMBERATEK, LLC, Cedar Park, TX;

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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Receipt date: 03/07/2023 17/364,593 - GAU: 2811

PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

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.

( Substitute for form 1449A/PTO Complete if Known \
Application Number 171364,593
INFORMATION DISCLOSURE Filing Date 2021-06-30
STATEMENT BY APPLICANT First Named Inventor IIHOLA, Antti
Art Unit 2811
(Use as many sheets as necessary) Examiner Name PAREKH, NITIN
\_ Sheet | 1 | of | 5 Altorney Docket Number | IMBE-0003US1 )
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initiel * No. R 2, MM-DD-YYYY Applicant of Clted Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear
1 US-20020017711 02-01-2002 Kwon et al.
2 | US-20020053465 - A 05-09-2002 Yoshihiro Kawakita et al.
3 | Us-20020117743 08-01-2002 Nakatani et al.
4 US-20020185303 12-01-2002 Takeuchi et al.
5 | US-20030067074 04-01-2003 Kinsman
6 | US-20030068877 04-01-2003 Kinsman
7 | US-20030090883 - A1 05-15-2003 ASAHI, T. et al.
8 | US-20030100142 05-01-2003 Shin et al.
9 | US-20030137045 07-01-2003 Sugaya et al. —
10 | US-20030159852 08-01-2003 Nakamura
11 | US-20030209796 11-01-2003 Kindo et al.
12 | US-20040000710 01-01-2004 Qya
; Change(s) app L1 13 | US-20030068852 04-15-200% > Tm.Me etal.
14 | US-20040266067 12-01-2004 Bai
to document 15 | US-20050000729 01-01-2005 lljima et al.
/]) H / 16 | US-20050285244 12-01-2005 Chen
17 | US-20060105500 05-01-2006 Chang
5/20/202% 18 | US-20060163740 07-01-2006 Ohno et al,
19 | US-20060278967 12-01-2006 Tuominen et al.
FOREIGN PATENT DOCUMENTS
E\’i(t?;?i'mr Si:,1 Foreign Patent Document Publication Date Numc.of Pulentge or Rpeia:ve:r‘\(cglaus::gsésl- l::le;'e‘g\:‘:r:t
Cg::;ry" Number‘(lnd Code (if known)5 MM-DD-YYYY Appm:t":;"cl"ed Figures Appear T
20 [Jp 04283987 10-01-1992 Hisashi et al. &
21 |EP 0774888 - X 05-21-1997 Matsuhita Electric Industrial H
22 |JP 11103165 04-01-1999 Kyocera Corp L
23 {EP 1111662 06-01-2001 General Electric Company i
24 |EP  1156525-A 11-21-2001 ibiden Co., Lid &
25 [P 2001053447 02-01-2001 Hiroyasu i
Examiner Date
Signature Considered
* EXAMINER: Inttial if ref onsidered, wh or not citation Is in conformance with MPEP 609. Draw line through citation If not in conformance and not

Considered. Include copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPEP 901.04. 3. Enter Office that issued the document, by the two-letter code (W1PO Standard ST.3). 4. For

Ji patent d its, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 18 if possible. 6. Applicant is to place a check mark here if English language
Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to abtain 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 2 hours to complete,
including gathering, preparing, and submitting the completed application form 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, 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,

If you need assisstance in completing the form, call 1-800-PTO-9199 (1-800-786.9199) and select option 2.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.P/
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated 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 maintenance fee notifications.

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

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

37013 7590 03/13/2023 Certificate of Mailing or Transmission

Rossi, Kimms & McDowell LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
i States Postal Service with sufficient postage for first class mail in an envelope
20609 Gordon Park Square addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 150 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
AShbul'n VA 20147 (Typed or printed name)
(Signature)
(Date)|
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/364,593 06/30/2021 Antti Tihola IMBE-0003US1 3850

TITLE OF INVENTION: METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC MODULE

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 06/13/2023
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PAREKH, NITIN 2811 361-728000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363).

(1) The names of up to 3 registered patent attorneys ROSSI, KIMMS & McDOWELL LLP
or agents OR, alternatively, 1

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

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

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

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 must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

IMBERATEK, LLC CEDAR PARK, TX

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual X1 Corporation or other private group entity [ Government

4a. Fees submitted: Xlissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

X Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

PSI The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 18-2056

5. Change in Entity Status (from status indicated above)

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.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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 /Richard T. Schachner/ Date June 13. 2023
Typed or printed name Richard T. Schachner Registration No. 48,342
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 17364593

Filing Date: 30-Jun-2021

Title of Invention:

METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC

MODULE
First Named Inventor/Applicant Name: Antti lihola
Filer: Richard Thomas Schachner/Karim Sosa
Attorney Docket Number: IMBE-0003US1
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sul:’-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 1501 1 1200 1200




Description

Fee Code

Quantity

Amount

Sub-Total in
USD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1200




Electronic Acknowledgement Receipt

EFS ID: 48142198
Application Number: 17364593
International Application Number:
Confirmation Number: 3850
. . METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC
Title of Invention:
MODULE
First Named Inventor/Applicant Name: Antti lihola
Customer Number: 37013
Filer: Richard Thomas Schachner/Karim Sosa
Filer Authorized By: Richard Thomas Schachner
Attorney Docket Number: IMBE-0003US1
Receipt Date: 13-JUN-2023
Filing Date: 30-JUN-2021
Time Stamp: 10:54:53
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1200
RAM confirmation Number E20236CA55099204
Deposit Account
Authorized User

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




File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
172937
1 Issue Fee Payment (PTO-85B) IMBE—0003U51_dI;:_TransmlttaI. no 1
p b4a54a5cef11e3d7a7931b902124609ad0b
Warnings:
Information:
37935
2 Fee Worksheet (SB06) fee-info.pdf no 2
5b22cc11548819cc25d 10a008d9970697 71|
fo9a
Warnings:
Information:
Total Files Size (in bytes){ 210872

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.

10




Receipt date:

03/07/2023

17/364,5983 - GAU: 2811

PTO/SB/08a (07-09)
Approved for use through 07/31/2012. OMB 0851-0031
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.

Substitute for form 1440A/PTO Complete if Known \
Application Number 17/364,593
INFORMATION DISCLOSURE Filing Date 2021-06-30
STATEMENT BY APPLICANT First Named Inventor IIHOLA, Anti
Art Unit 2811
(Use as many sheets as necessary) Examiner Name PAREKH, NITIN
\ Sheet | 1 | of | 5 Attorney Docket Number | IMBE-0003US1 J
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial * No - > MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear
1 US-20020017711 02-01-2002 Kwon et al.
2 US-20020053465 - A 05-09-2002 Yoshihiro Kawakita et al.
“““““““ 3 “Uné-ZOOZO'I 17743 08-01-2002 Nakatani et al. T
- 4 | Us-20020185303 12-01-2002 Takeuchietal. |
5 US-20030067074 04-01-2003 Kinsman
6 US-20030068877 04-01-2003 Kinsman
7| US-20030090883 - A1 05-15-2003 ASAHI T.etal.
8 US-20030100142 05-01-2003 Shin et al.
9 US-20030137045 07-01-2003 Sugaya et al.
10 | US-20030159852 08-01-2003 Nakamura
1" US-20030209796 11-01-2003 Kindo et al.
12 | US-20040000710 01-01-2004 Oya
13 | US-20030068852 04-15-2004 | Towle etal.
14 | Us-20040266067 12-01-2004 Bai
15 | US-20050000729 01-01-2005 lljima et al.
16 | US-20050285244 12-01-2005 Chen
17 | US-20060105500 05-01-2006 Chang
18 | US-20060163740 07-01-2006 Ohno et al.
19 | US-20060278967 12-01-2006 Tuominen et al.
FOREIGN PATENT DOCUMENTS
E\)i(ﬁ:;li‘ner 32_81 Forelgn Patent bocument Publication Date Namevof Patentge or ;F;Tsf:r}tcg:;n;:gsé:gf;e}/:\?::
Country®  \umber’ing Code (if known)® MM-DD-YYYY Applicant of Cited _
Code Document Figures Appear T
20 [JP 04283987 10-01-1992 Hisashi et al.
21 |EP 0774888 - X 05-21-1997 Matsuhita Electric Industrial
22 |JP 11103165 04-01-1999 Kyocera Corp i
23 |EP 1111662 06-01-2001 General Electric Company N
24 |EP 1156525 - A 11-21-2001 bidenCo.ttd |
25 |JP 2001053447 02-01-2001 Hiroyasu
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 809. Draw line through citation if not in conformance and not
Considered. Include copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPEP 901.04. 3. Enter Office that issued the document, by the two-letter code (W IPO Standard ST.3). 4. For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by
the appropriate symbols as indicated on the document under WIPQO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. 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 2 hours to complete,
including gathering, preparing, and submitting the completed application form 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, 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.

If you need assisstance in completing the form, call 1-800-PTO-9199 (1-800-786.9199) and select option 2.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.P/
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Receipt date:

03/07/2023

17/364,5983 - GAU: 2811

PTO/SB/08a (07-09)
Approved for use through 07/31/2012. OMB 0851-0031
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.

Substitute for form 1440A/PTO Complete if Known \
Application Number 17/364,583
INFORMATION DISCLOSURE Filing Date 2021-06-30
STATEMENT BY APPLICANT First Named Inventor IIHOLA, Anti
Art Unit 2811
(Use as many sheets as necessary) Examiner Name PAREKH. N.
\_ Sheet | 2 [ of | 5 Aliorney Dockel Number | IMBE-0003US1 )
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial * No. - > MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear
26 | US-20070166886 07-19-2007 lihola et al.
27 | US-20070267136 11-01-2007 Tuominen et al.
“““““““““ 28 “UH§—20080202801 08-01-2008 Tuominen et al. T
- 29 | Us20080295326 12-01-2008 Tuominenetal. |
30 | US-20100202115 02-01-2010 Tuominen et al
31 | US-4237607 - A 12-09-1980 OHNO, HIDESi—II
32 | US-4731645 03-01-1988 Parmentieretal.
33 | US-4993148 - A 02-19-1991 Kohei Adachi et al.
34 | US-5042145 - X 08-27-1991 Boucquet Jan P.
35 | US-5048179 09-17-1991 Shindo et al.
36 | US-5081562 01-14-1992 Adachi et al.
37 | US-5216806 06-01-1993 Lam
38 | US-5227338 07-01-1993 ‘Iz‘r‘)‘/‘zaniwsky “““““
39 | us 5227583 07-13-1993 Jones
40 | US-5248852 09-28-1993 Kumagai
41 | US-5306670 04-26-1994 Mowatt et al.
42 | US-5407864 04-01-1995 Kim Gu-Sung
43 | US-5497033 03-05-1996 Fillion et al.
44 | US-5510580 04-01-1996 Shirai Masaharu et al.
FOREIGN PATENT DOCUMENTS
E\)i(ﬁ:;li‘ner 32_81 Forelgn Patent bocument Publication Date Namevof Patentge or ;F;Tsf:r}tcg:;n;:gsé:gf;e}/:\?::
Country®  \umber’ing Code (if known)® MM-DD-YYYY Applicant of Cited _
Code Document Figures Appear T
45 [P 2001274034 10-01-2001 Shinko Electric
46 [JP 2001345560 12-01-2001 Kodera et al.
47 |up 2002016327 01-01-2002 Kodera et al. ™
48 |JP 2002158307 05-01-2002 Masayuki et al. §
49 |up 2002271033 09-01-2002 | Sefjietal. | T
50 |wo 2003065779 08-01-2003 Imbera Electronics Oy
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 809. Draw line through citation if not in conformance and not
Considered. Include copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPEP 901.04. 3. Enter Office that issued the document, by the two-letter code (W IPO Standard ST.3). 4. For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by

the appropriate symbols as indicated on the document under WIPQO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. 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 2 hours to complete,
including gathering, preparing, and submitting the completed application form 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, 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.

If you need assisstance in completing the form, call 1-800-PTO-9199 (1-800-786.9199) and select option 2.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.P/
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Receipt date: 03/07/2023 17/364,5983 - GAU: 2811

PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0851-0031

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
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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 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted 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 (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. 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
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated 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 maintenance fee notifications.

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

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

37013 7590 03/13/2023 Certificate of Mailing or Transmission

Rossi, Kimms & McDowell LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
i States Postal Service with sufficient postage for first class mail in an envelope
20609 Gordon Park Square addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 150 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
AShbul'n VA 20147 (Typed or printed name)
(Signature)
(Date)|
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/364,593 06/30/2021 Antti Tihola IMBE-0003US1 3850

TITLE OF INVENTION: METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC MODULE

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 06/13/2023
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PAREKH, NITIN 2811 361-728000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1

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

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

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

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 must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jssue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

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.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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 DOCKET NO. |  CONFIRMATION NO. |
17/364,593 06/30/2021 Antti Tihola IMBE-0003US1 3850
| EXAMINER |
37013 7590 03/13/2023
Rossi, Kimms & McDowell LLP PAREKH, NITIN
20609 Gordon Park Square
. | ART UNIT PAPER NUMBER |
Suite 150
Ashburn, VA 20147 2811

DATE MAILED: 03/13/2023

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 3 of 3
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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 30 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. Arecord 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)
) » 17/364,593 lihola et al,
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
NITIN PAREKH 2811 No

-- 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 appropriate 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. This communication is responsive to 3/2/23.

[ 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. The allowed claim(s) is/are 1,3-9 and 11-16 . 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) VAl b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J 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 number (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.[¥) Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment’/Comment

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

3.0J Examiner's Comment Regarding Requirement for Deposit 7. J Other -

of Biological Material
4.(v] Interview Summary (PTO-413),
Paper No./Mail Date. 3/6/23.
INITIN PAREKH/
Primary Examiner, Art Unit 2811

U.S. Patent and Trademark Office :
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230305
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Application/Control Number: 17/364,593 Page 2
Art Unit: 2811

DETAILED ACTION

Allowable Subject Matter
1. Claims 1, 3-9 and 11-16 are allowed.

Claims 2 and 10 have been canceled.

Examiner’s Amendment
2. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

A. Claim 8, line 2: Delete “than the" and insert ---“ than a material of the” ---.

Authorization for this examiner's amendment was given in a telephone interview

with Richard Schachner on 3/6/23.

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.”

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NITIN PAREKH whose telephone number is (571)272-

1663. The examiner can normally be reached on 10:30AM-8:30PM.
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Application/Control Number: 17/364,593 Page 3
Art Unit: 2811

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, Lynne Gurley can be reached on 2-1670. 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.

/NITIN PAREKH/

Primary Examiner, Art Unit 2811
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Application No. Applicant(s)

17/364,593 lihola et al.
. pp . i AlA (First | t
Exarminer-Initiated Interview Summary ET;T\:';:;EKH o | toriie st | P29
2811 | No Tof1

NITIN PAREKH Primary Examiner Telephonic
RICHARD SCHACHNER Attorney

Date of Interview: 06 March 2023

Issues Discussed:

Proposed Amendment(s)

Examiner's amendment approved to clarify the claim language in claim 8, to place the application in
condition for allowance.

/NITIN PAREKH/
Primary Examiner, Art Unit 2811

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions:|t is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20230305
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Notice of References Cited

Application/Control No. Applicant(s)/Patent Under
17/364,593 Reexamination
lihola et al.
Examiner Art Unit
NITIN PAREKH 2811 Page 1 of 1

U.S. PATENT DOCUMENTS

* Countzogs;;-er\TJrr’:lbL;Tsiig Code MMD- ?}\e(YY Name CPC Classification US Classification
* [ A | US-6734534-B1 05-2004 Vu; Quat T. HO01L24/19 257/680
* B | US-6396148-B1 05-2002 Eichelberger; Charles W. HO01L21/568 257/781
* [ C | US-6734534-B1 05-2004 Vu; Quat T. HO01L24/19 257/680

D

E

F

G

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS

* CountBOSSdme?hT:rEbiTgiiz Code MI\/ID- e\l;\e(YY Country Name CPC Classification

N

O

P

Q

R

S

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U

\

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i;/364 593 ihola et al.
H “ “HH Examiner Art Unit
NITIN PAREKH 2811
CPC
Symbol Type Version
HO5K F 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
Y10T A 2015-01-15
Y10T A 2015-01-15
Y10T A 2015-01-15
Y10T A 2015-01-15
HO1L A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
HO5K A 2013-01-01
HO5K A 2013-01-01
HO5K A 2013-01-01
HO5K A 2013-01-01
HO5K A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
HO1L A 2013-01-01
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 14
g.:;lglwpé‘;fn}?ﬁe/r’ Art Unit 2811 06 March 2023 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 31
U.S. Patent and Trademark Office Part of Paper No.: 20230305

Page 1 of 4
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Issue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination
17/364,593 lihola et al.

Examiner Art Unit

NITIN PAREKH 2811

CPC

Symbol Type Version

HO1L A 2013-01-01

Y10T A 2015-01-15

HO1L A 2013-01-01

HO5K A 2013-01-01

HO5K A 2013-01-01

CPC Combination Sets

Symbol Type Set Ranking Version

HO1L 2924 A 1 1 2013-01-01

HO1L 2924 A 1 2 2013-01-01
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 14

/NITIN PAREKH/
Primary Examiner, Art Unit 2811

(Primary Examiner)

06 March 2023

(Date)

1

O.G. Print Claim(s) | O.G. Print Figure

31

U.S. Patent and Trademark Office

Page 2 of 4
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Issue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination
17/364,593 lihola et al.

Examiner Art Unit

NITIN PAREKH 2811

INTERNATIONAL CLASSIFICATION

CLAIMED

HO5K

NON-CLAIMED

US ORIGINAL CLASSIFICATION

(Assistant Examiner)

CLASS SUBCLASS
361 728
CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE

Total Claims Allowed:

(Date) 14

/NITIN PAREKH/
Primary Examiner, Art Unit 2811

(Primary Examiner)

06 March 2023 O.G. Print Claim(s) | O.G. Print Figure

(Date) 1 31

U.S. Patent and Trademark Office

Part of Paper No.: 20230305

Page 3 of 4
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/364,593 lihola et al.
Examiner Art Unit
NITIN PAREKH 2811

[0 Claims renumbered in the same order as presented by applicant

O CPA (O T.D. [O R.1.47

CLAIMS

Final |Original|Final OriginallFinaI Original|Final |Original|Final |Original]Final |Original|Final |Original|Final |Original
1 1 10

2 9 11

2 3 10 12
3 4 11 13
4 5 12 14
5 6 13 15
6 7 14 16
7 8
8 9

NONE

(Assistant Examiner)

(Date)

Total Claims Allowed:

14

/NITIN PAREKH/
Primary Examiner, Art Unit 2811

(Primary Examiner)

06 March 2023

(Date)

O.G. Print Claim(s) | O.G. Print Figure

1 31

U.S. Patent and Trademark Office

Page 4 of 4
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Nofes 17/364,593 ihola et al.
NITIN PAREKH 2811

CPC - Searched*
Symbol Date Examiner
Updated HO1L23/5383, 5385, 5389; HO1L24/24; HO1L25/0655; NP
H01L2224/04105 11/28/2022, 3/5/23
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner
257 773,786 11/28/2022 NP

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
PE2E/CPC, JPO, EPO, Derwent, IBMTDB/NPL, Inventor search 11/28/2022, 3/5/23 NP
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

PE2E/CPC (

see text search 11/28/2022, 3/5/23 NP
history)

INITIN PAREKH/
Primary Examiner, Art Unit 2811

U.S. Patent and Trademark Office
Page 1 of 1
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator [Equivalents
L1 1 "7696005".pn. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/29
USOCR) 06:57 PM
L2 1 "5796165".pn. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/29
USOCR) 07:11 PM
L3 1 "7220989".pn. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/29
USOCR) 07:14 PM
L4 349 HO05K1/188.cpc. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:35 PM
L5 3012 HO01L23/5383.cpc. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:36 PM
L6 2759 H01L23/5385.cpc. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:36 PM
L7 9375 HO01L23/5389.cpc. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:36 PM
L8 0 HO01L23/4846.cpc. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:37 PM
L9 2623 HO01L21/4846.cpc. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:37 PM
L10 9379 H01L2224/04105.cpc. |(US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:37 PM
L11 3638 257/787 .ccls. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:41 PM
L12 5495 257/778.ccls. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:41 PM
L13 3821 257/723.ccls. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:41 PM
L14 66 L4 and ((chip ordie or |(US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
component)with USOCR) 05:46 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L15 66 L4 and ((chip ordie or |(US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
component) with USOCR) 05:47 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
03/05/2023 09:29:36 PM Page 1 of 11
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L16

L17

L18

L19

205

78

106

62

or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

L5 and ((chip or die or
component) with
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

L6 and ((chip or die or
component) with
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

L9 and ((chip or die or
component) with
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

L11 and ((chip or die or
component) with
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2020/06/30
05:47 PM

2020/06/30
05:48 PM

2020/06/30
05:48 PM

2020/06/30
05:48 PM

03/05/2023 09:29:36 PM
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L20 123 L12 and ((chip or die or |(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
component) with USOCR) 05:49 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L21 938 L7 and ((chip ordie or |(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
component) with USOCR) 05:49 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L22 841 L10 and ((chip or die or |(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
component) with USOCR) 05:49 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L23 832 L21 and (extend$3 or [(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
higher) USOCR) 05:52 PM
L24 740 L22 and (extend$3 or [(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
higher) USOCR) 05:52 PM
L25 3736 257/787 .ccls. (EPO; JPO; OR OFF OFF 2020/06/30
DERWENT; IBM_TDB) 05:52 PM
L26 2932 257/778.ccls. (EPO; JPO; OR OFF OFF 2020/06/30
DERWENT; IBM_TDB) 05:52 PM
L27 65 ((("lihola") near3 (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
("Antti"))).INV. USOCR) 05:53 PM
L28 14 ((("Jokela") near3 (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
("Timo"))).INV. USOCR) 05:53 PM
L29 0 L27 orL28 (EPO; JPO; OR OFF OFF 2020/06/30
DERWENT; IBM_TDB) 05:53 PM
L30 72 L27 or L28 (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:54 PM
03/05/2023 09:29:36 PM Page 3 of 11
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L31 23 L30 and ((chip or die or [(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
component) with USOCR) 05:54 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L32 1 "6709897".pn. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 06:05 PM
L33 1 "6274391".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:05 PM
L34 1 "6506632".pn. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 06:06 PM
L35 1 "6399418".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:07 PM
L36 1 "6093970".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:07 PM
L37 1 "6093584".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:07 PM
L38 1 "5882957".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:07 PM
L39 1 "4997791".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:08 PM
L40 1 "10798823".pn. (US-PGPUB; USPAT; |OR OFF OFF 2022/11/21
USOCR) 07:44 PM
L41 1 "6709897".pn. (US-PGPUB; USPAT; |OR OFF OFF 2022/11/21
USOCR) 10:29 PM
L42 1 "5841193".pn. (US-PGPUB; USPAT) |OR ON ON 2022/11/28
05:16 PM
L43 535 ("5841193").urpn. AND |[(US-PGPUB; USPAT; [OR ON ON 2022/11/28
(PGPB | USPT | USOCR) 10:03 PM
USOC).dbnm.
L44 29 ("6709897").urpn. AND |[(US-PGPUB; USPAT; [OR OFF OFF 2022/11/28
(PGPB | USPT | USOCR) 10:07 PM
USOC).dbnm.
L45 44 ("3903590" | "4866501" |(US-PGPUB; USPAT; |OR OFF OFF 2022/11/28
| "5073814" | "5280192" [USOCR) 10:08 PM
| "56315486" | "5324687"
| "56331203" | "5432677"
| "5434751" | "5527741"
| "56546654" | "5565706"
| "56745984" | "5757072"
| "5841193" | "5866952"
| "5936305" | "6057593"
| "6175161" | "6181569"
| "6214642" | "6228687"
| "6236109" | "6239367"
03/05/2023 09:29:36 PM Page 4 of 11
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L46

L47

L48

L49

L50

L51

L52

8430

7671

19235

12401

19508

65

113

| "6274391" | "6350668"
| "6365438" | "6368896"
| "6389691" | "6423570"
| "6506664" | "6518163"
| "6521530" | "6555906"
| "6617687" | "6709897"
| "6709898" | "6734534"
| "6756662" | "6867499"
| "20020050585" |
"20020070443" |
"20030036257" |
"20030227095").pn.
AND (PGPB | USPT |
USOC).dbnm.

HO01L23/5383.cpc.

HO01L23/5385.cpc.

HO01L23/5389.cpc.

HO01L23/5389.cpc.

H01L2224/04105.cpc.

L47 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

L46 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper

(US-PGPUB; USPAT,
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2022/11/28
10:12 PM

2022/11/28
10:12 PM

2022/11/28
10:13 PM

2022/11/28
10:13 PM

2022/11/28
10:13 PM

2022/11/28
10:14 PM

2022/11/28
10:15 PM

03/05/2023 09:29:36 PM
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L53

L54

L55

L56

L57

338

297

90

32

OR top) AND (first OR
third) AND planar

L49 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

L50 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

((("IHOLA") near3
("Antti")) OR
(("JOKELA") near3
("Timo")).INV.

L55 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

(Artificial Intelligence)
More like doc:
US-6709897-B2

Text:
(US-20030134455-A1

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2022/11/28
10:15 PM

2022/11/28
10:15 PM

2022/11/28
10:16 PM

2022/11/28
10:16 PM

2022/11/28
10:18 PM

03/05/2023 09:29:36 PM
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L58

39

OR US-20030100212-
A1 OR US-6779783-B2
OR US-20060186531-
A1 OR US-
20120235309-A1 OR
TW-1264094-B OR US-
7449363-B2 OR US-
20050200006-A1 OR
US-8487426-B2 OR
TW-201237971-A OR
US-6670219-B2 OR
US-20050205978-A1
OR US-20010035576-
A1 OR CN-102244057-
B OR TW-201721772-A
OR US-6274391-B1 OR
TW-1301660-B OR JP-
5153099-B2 OR TW-
201721773-A OR US-
7321164-B2).did.

(Artificial Intelligence)
Similar to:

17/364,593 with 0 CPC
Selections and 0 Text
Selections

Text:
(US-20200187358-A1
OR US-20100188823-
A1 OR JP-2010527876-
A OR JP-4977464-B2
OR US-7696005-B2 OR
KR-20060066115-A OR
US-20210329788-A1
OR US-7951352-B2 OR
US-8351214-B2 OR
CN-101027948-B OR
US-5144747-A OR RU-
2415818-C1 OR CN-
101679115-A OR US-
20100166640-A1 OR
TW-200629497-A OR
JP-2007503713-A OR
US-20080313894-A1
OR CN-1853451-B OR
GB-2422054-A OR GB-
1201285-A OR TW-
200535954-A OR TW-
1252513-B OR TW-
200721406-A OR US-
5351001-A OR Us-
20150124411-A1 OR
WO-2008141898-A3
OR CA-2685984-A1 OR
DE-102007024188-B3
OR FR-2150923-A1 OR
EP-2148366-A1 OR
EP-2150504-B1 OR

EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN): FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, 8I, 8K,
TH, TN, TR, TW, UA,
VN))

OR

OFF

OFF

2022/11/28
10:20 PM

03/05/2023 09:29:36 PM
Workspace: Embedded6
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L59

L60

L61

L62

L63

L64

5331

5667

453

743

79

123

CN-101679115-B OR
JP-4510020-B2 OR
WO-2008141627-A1
OR EP-2110849-A3 OR
WO-2011089424-A3
OR US-9232658-B2 OR
KR-101121656-B1 OR
TW-200740317-A OR
WO-2007120959-A3
OR US-7719851-B2 OR
UA-92123-C2 OR ES-
2402838-T3 OR CN-
1853451-A OR US-
8785788-B2 OR US-
9633977-B1 OR US-
10798823-B2 OR WO-
2008155967-A1 OR JP-
3641002-B2 OR WO-
2009096594-A1) did.

HO01L23/5385.cpc.
HO01L23/5383.cpc.
HO05K1/188.cpc.

HO05K1/188.cpc.

L59 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

L60 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2023/03/05
09:22 PM

2023/03/05
09:23 PM

2023/03/05
09:23 PM

2023/03/05
09:23 PM

2023/03/05
09:24 PM

2023/03/05
09:25 PM

03/05/2023 09:29:36 PM
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L65

L66

12

47

OR top) AND (first OR
third) AND planar

L62 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

(Artificial Intelligence)
Similar to:

17/364,593 with 0 CPC
Selections and 0 Text
Selections

Text:
(US-20200187358-A1
OR US-7696005-B2 OR
US-20150201484-A1
OR US-20210329788-
A1 OR CN-206059367-
U OR KR-
20060066115-A OR
CN-101027948-B OR
US-9362232-B2 OR
US-20150145121-A1
OR US-10798823-B2
OR JP-2007503713-A
OR CN-1853451-B OR
TW-201309127-A OR
EP-2513970-A2 OR
US-9232658-B2 OR
EP-2148366-A1 OR
US-20200176386-A1
OR US-20150124411-
A1 OR DE-
112004001727-B4 OR
JP-4510020-B2 OR US-
20080212287-A1 OR
JP-3641002-B2 OR JP-
2010114111-A OR CN-
1853451-A OR CN-
105379437-B OR KR-
20160080826-A OR JP-
4731394-B2 OR EP-
1609339-B1 OR WO-
2012164720-A1 OR
US-20070131349-A1
OR JP-2007305692-A
OR US-20110147920-

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO))

OR

OR

OFF

OFF

OFF

OFF

2023/03/05
09:25 PM

2023/03/05
09:26 PM

03/05/2023 09:29:36 PM
Workspace: Embedded6
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L67

L68

L69

1478

3333

A1 OR FI-115601-B OR
DE-102018121403-A1
OR US-7663215-B2 OR
US-7719851-B2 OR
US-6985364-B2 OR
US-20150245492-A1
OR US-20070262430-
A1 OR WO-03032389-
A1 OR CN-105845639-
B OR JP-5201271-B2
OR JP-
WO2011043382-A1 OR
CN-106304634-A OR
TW-1694612-B OR US-
20130147058-A1 OR
JP-2010199536-A OR
WO-2006056648-A2
OR US-8785788-B2 OR
US-8487194-B2).did.

361/728.ccls.

361/728.ccls.

L68 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

(EPO; JPO;
DERWENT; IBM_TDB)
(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

2023/03/05
09:28 PM

2023/03/05
09:28 PM

2023/03/05
09:28 PM

PE2E SEARCH - Search History (Interference)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1

3714

((chip OR die OR
component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole

OR opening OR

(US-PGPUB; USPAT)

OR

OFF

OFF

2022/11/28
10:16 PM

03/05/2023 09:29:36 PM
Workspace: Embedded6
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N2 1369

aperture)) AND (upper
OR top) AND (first OR
third) AND planar

N1 AND (conduct$3 OR
metal) WITH planar

(US-PGPUB; USPAT)

OR

OFF

OFF

2022/11/28
10:17 PM

03/05/2023 09:29:36 PM
Workspace: Embedded6
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National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).
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purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
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Electronics Module and Method for Manufacturing the Same

The present invention relates to an electronics module, according to claim 1, which

contains embedded components.

An electronics module of this kind can be a module like a circuit board, the components
contained by which are connected to each other electrically through conductor structures
made in the electronics module. The invention particularly relates to an electronics module,
which contains microcircuits, to which several contact terminals are connected. In addition
to, or instead of microcircuits, also other components, for example passive components,

can be embedded in the installation base of the electronics module.

In addition, the invention relates to a method according to the preamble to claim 12 for

manufacturing such an electronics module.

Known methods, in which components are embedded an installation base during the
creation of the base, are disclosed in patent applications WO 03/065778 and WO
03/065779, as well as in patent publications US 6 038 133 and US 6 489 685. With the aid
of the methods disclosed in the publications, it is possible to manufacture, for example,
multi-layer circuit boards, inside which integrated microcircuits, for example
microprocessors and memory circuits, are embedded. The components are connected
electrically to conductor structures made in the surface of the installation base, with the aid
of vias. Patent publication US 6 292 366 discloses a circuit board, which includes a rigid
layer, which is made from two aluminium sheets on top of each other. Microcircuits
positioned next to each other are attached to the rigid layer, in such a way that their contact
terminals point in opposite directions. Thanks to the construction, the microcircuits can be
set in two layers and connected directly on both sides of the metal sheet acting as an

installation base.
In the techniques disclosed in the aforesaid publications, components are used, in which

there is one contacting surface, i.e. their contact terminals are located essentially on one

side of the component. These contact terminals can be connected directly only to the
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conductor structures and contact surfaces of one surface of the base, in order to create
electrical connection between the components and going outside the module. If it is wished
to connect such a component electrically to the other surface of the base as well, this must
be done through separate vias. The vias then take up space on the circuit board, as they
cannot be made at the positions of the components on the board, without damaging the
components. If the components are set in two layers, in order to optimize the use of the
surface area of the circuit board, the electronic-module construction may become
disadvantageously thick and complicated to manufacture. For this reason, circuit boards
that include embedded components are not optimal in many such applications, in which the

aim is to minimize the size of an electronic product.

Industry therefore has a great need to reduce the size of circuit boards by placing

components in them in less space than before.

The invention is intended to make possible an electronic-module construction that will

save more space than the prior art.

The invention is based on the idea of embedding in an insulating material layer a
component, which has a first contacting surface, on which there are first contact terminals,
and a second contacting surface, on which there is at least one second contact terminal, and
which is opposite to the first contacting surface. In addition, the component is connected
electrically from its contact terminals to the conductor structures contained in the

electronics module.

Preferably, the contact terminals on the first contacting surface of the component are in
direct contact with the conductor structures of the first surface of the base and the contact
terminals on the second contacting surface of the component are in direct contact with the

conductor structures on the second surface of the base.

First of all, a component can be put on top of the first conductor layer forming the first
surface of the base, after which inéulating material and a conductor layer forming the
second surface of the base are put onto the first surface of the base, in such a way that the

insulating material surrounds the component. Holes can be made through the conductor
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layers situated on both sides of the insulating layer, as far as the level of the surface of the
contact terminals of the components, and additional insulating material can be put into
these holes, in order to connect the components electrically to the conductor layers. In the
final stage, the desired circuit pattern can be created in the conductor layers on both sides
of the base.

More specifically, the electronics module according to the invention is characterized by

what is stated in the characterizing portion of claim 1.

The manufacturing method of the electronics module according to the invention is, in turn,

characterized by what is stated in claim 12.

Considerable advantages are gained with the aid of the invention.

The component to be embedded, for example, a microprocessor or memory circuit, can
include, for example, tens or hundreds of contact terminals, so that in terms of the size of
the circuit, it is often advantageous to manufacture the contact terminals on both sides of
the component. In the electronics module according to the invention, such two-sided
components can be utilized, when the module will be thin and the surface area of both the

components and the electronics module can be effectively exploited.

According to one embodiment, the component can be glued to the first conductor layer.

The adhesive can be insulating, or isotropically or anisotropically conductive.

According to one embodiment, the particles contained in the adhesive that may be in the
contact area are exploited in creating an electrical contact between the component and the
electronics module, in which case the contact is generally formed with the aid of heat and
pressure. Always depending on the application, the electrical contact can be achieved not
only with the aid of electrically conductive adhesive, but also of a metallurgical joint, for
example, an ultrasound joint or thermo-compression, or even with solder. The possible
adhesive can be put between the component and the conductor layer also after the creation

of the electrical contact.
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According to some embodiments, vias are formed, in conductor layers forming the first
and/or second surfaces of the base, at the positions of the contact terminals of the
components, before the attachment of the component. This is possible, because the
positions of the contact terminals on both sides of the two-sided components are known
very precisely. This in turn permits more reliable contacting between the contact terminals

of the components and the conductor layers.

In some embodiments, there is a similar contact terminal pattern on both surfaces of the
component being embedded while similar contact patterns can be manufactured on both
surfaces of the base. Several of such electronics modules can further be connected on top
of each other, to form an operational totality, which in turn brings new opportunities for
efficient electronic design. The modules can of course also be connected on top of each
other, even if the contact patterns of the conductor layers being attached to each other were

to be different.

Other advantages of the invention are described later in connection with the more detailed

description of the various embodiments.

Heretofore and hereinafter the term ‘hole’ can refer not only to a hole that extends through
the structure, but also to a recess, which is created, for example, by drilling or with the
effect of a laser, and which need not extend through the structure (the base or some other

layer) in question.

The components’ contact terminals can be, for example, protrusions, such as bumps, or
other kinds, for example flat contact areas, on the surface of the component. The term
contacting surface of the component, on the other hand, refers to a surface of the
component, which includes at least one contact terminal, or in the direction of the surface
of which at least one contact terminal can be approached in order to create an electrical

contact, for example, by using the method disclosed in this application.
The term upper surface refers to one surface of the module, module blank, or component

while the term lower surface refers to the opposite surface to this. Generally, the terms

‘upper’ and ‘lower’ refer to the directions according to the accompanying figures, or which
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are apparent from them. In the following, the invention is examined with the aid of

examples and with reference to the accompanying drawings.

Figures 1 - 12 show a series of cross-sections of some examples of the application of the

invention, in connection with one manufacturing method.
Stage A (Figure 1):

In stage A, a suitable conductor layer 4 is selected as the starting material for the process.
A layered sheet, in which the conductor layer 4 is located on the surface of a support base
12, can also be selected as the starting material. The layered sheet can be manufactured, for
example, by taking a support base 12 suitable for processing and attaching a suitable
conductor membrane to the surface of this support base 12, for the creation of a conductor

layer 4.

The support base 12 can be, for example, of an electrically conductive material, such as
aluminium (Al), or of an insulating material, such as a polymer. The conductor layer 4 can
be created, for example by attaching thin metal foil to one surface of the support base 12,
for example, by laminating it from copper (Cu). The metal foil can be attached to the
support base, for example, by using an adhesive layer, which is spread on the surface of the
support base 12 or metal foil, prior to the lamination of the metal layer. At this stage, there

need be no patterns in the metal foil.

In the example of Figure 1, holes 3, which penetrate the support base 12 and the conductor
layer 4, are made in the base, for alignment during the installation and connection of the
components 6. For example, two through-holes 3 can be made for each component 6 to be
installed. The holes 3 can be made using some suitable method, for example, mechanically
by milling, stamping, drilling, or with the aid of a laser. However, it is not essential to
make through-holes 3, instead other suitable alignment markings can also be used to align
the components. In the embodiment shown in figure 1, the through-holes 3 used to align
the components extend through both the support base 12 and the conductor membrane 4.
This has the advantage that the same alignment marks (through-holes 3) can be used in

aligning on both sides of the installation base.
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In stage A in the preferred embodiment, contact holes 2 are also made in the conductor
layer 4 for the components 6, at the positions of the contact terminals 7 of the components
6. The holes 2 can extend through the conductor layer 4, or be recesses on that side of the
conductor layer, to which the components 6 will be glued at a later stage. If the contacting
holes are made in the conductor layer 4 already at this stage, there is no danger that the
drilling will damage the components. For example, when using laser drilling, a tolerance of
about 5 um is associated with drilling at typical drilling depths. When proceeding in this
way, it is either possible to avoid making contacting holes entirely, or at least make it

easier to create contacts to this side of the base.

Stage A can also be performed in the same way in embodiments, in which a self-

supporting conductor layer 4 is used and which thus entirely lack the support layer 12.
Stage B (Figure 2):

In stage B, an adhesive layer 5 is spread on the conductor layer 4, in the areas to which the
components 6 are to be attached. These areas can be termed connection areas. The
adhesive layers 5 can be aligned, for example, with the aid of through-holes 3. The
thickness of the adhesive layer is selected in such a way that the adhesive completely fills
the space between the component 6 and the conductor layer 4, when the component 6 is
pressed onto the adhesive layer 5. If the component 6 includes contact protrusions 7, the
thickness of the adhesive layer 5 should be greater, for example, 1.5 - 10 times, than the
height of the contact protrusions 7, so that the space between the component 6 and the
conductor layer 4 will be well filled. The surface area of the adhesive layer 5 formed for
the component 6 can also be slightly greater than the surface area corresponding to the

component 6, which will also help to reduce the risk of inadequate filling.

The adhesive used in the embodiments is typically a heat-cured epoxy, for example, NCA
(non conductive adhesive). The selection of the adhesive must ensure that the adhesive

used will adhere sufficiently to the conductor membrane, the circuit-board, and the

‘component. One preferred property of the adhesive is a suitable thermal expansion

coefficient, so that during the process the thermal expansion of the adhesive will not differ
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excessively from the thermal expansion of the surrounding material. The adhesive selected
should also preferably have a short curing time of at most a few seconds. Within this time,
the adhesive should harden at least partly to an extent that will allow the adhesive to hold
the component in place. The final hardening can take a clearly longer time and indeed the
final curing can be planned to occur in connection with the later process stages. The
adhesive should also withstand the process temperatures used, for example, heating to a
temperature of 100 - 265 °C a few times, as well as other stresses, for example, chemical
and mechanical stress, in the manufacturing process. The electrical conductivity of the

adhesive should preferably be of the same order as that of the insulating materials.

Stage B can be modified in such a way that the adhesive layer 5 is spread on the connector -
surfaces of the components 6, instead of on the connector areas of the conductor layer 4.
This can be performed, for example, in such a way that the component is dipped in
adhesive before it is assembled in place in the electronics module. It is also possible to
proceed by spreading the adhesive on both the connector areas of the conductor layer 4 and

on the connector surfaces of the components 6.

The adhesive used is thus an electrical insulator, so that electrical contacts between the

contacting terminals of the component 6 do not arise in the adhesive layer 5 itself.
Stage C (Figure 3):

In stage C, the components 6 are set in place in the electronics module. This can be done,
for example, by using the aid of an assembly machine to press the components 6 into the
adhesive layer 5. In the assembly stage, the through-holes 3 made for alignment, or other

available alignment marks are used to align the component 6.

The components 6 can be glued singly, or in suitable groups. The typical procedure is for
the conductor layer, which can be referred to as the bottom of the installation base, to be
brought to a suitable position relative to the assembly machine, after which the component
6 is aligned and pressed onto the bottom of the installation base, which is held stationary

during alignment and attachment.
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The components 6 are preferably assembled on the installation base in such a way that the
contact surfaces of their contact terminals 7 come close to the surface of the component 6
side of the conducting layer 4 (or to holes 2 that may have been made in it). According to a
particularly preferred embodiment, the contact terminals 7 are assembled essentially in
direct contact with the conductor layer 4. In the embodiment show in Figure 3, a thin layer

of adhesive is left between the contact terminals 7 and the conductor layer 4.
Stage D (Figure 4):

In Figure 4, an insulating-material layer 1, in which there are ready-made holes 2 or
recesses for the components 6 glued to the conductor layer 4, is placed on top of the
conductor layer 4. The insulating-material layer 1 can be manufactured from a suitable
polymer base, in which holes or recesses, selected according to the size and position of the
components 6, are manufactured using some suitable method. The polymer base can be, for
example, a pre-preg base, which is known and widely used in the circuit-board industry,
which is made from a glass-fibre mat and so-called b-state epoxy. It is best to perform
stage D only after the adhesive layer 5 has been cured, or otherwise hardened sufficiently

for the components 6 to remain in place while the insulating-material layer 1 is set in place.
Stage E (Figure 5):

According to one embodiment, in stage E, an unpatterned insulating-material layer 11 is
set on top of the insulating-material layer 1 and then a conductor layer 9 is set on top of it.
Like the insulating-material layer 1, the insulating-material layer 11 can be manufactured
from a suitable polymer membrane, for example, from the aforementioned pre-preg base.
The conductor layer 9 can be, for example, copper foil, or some other membrane suitable
for the purpose. The insulating material layer 11 is preferably thin, so that the distance
between the contact terminals 7' and the conductor layer 9 will not become great, in which
case the making, at a later stage, of holes 17 through the insulating material layer and the

arranged of the conductor material will be facilitated.

It has been observed that it is particularly advantageous if the thickness of the layer

remaining between the contact terminals 7 and the conductor layer 4, and the contact
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terminals 7' and the conductor layer 9 is less that the diameter of the holes made in it,
generally being less than 50 pum, typically less than 30 pm, and even less than 20 um. If
the depth of the holes is substantially greater than their diameter, it is more difficult to

manufacture holes, and thus vias, of good quality.

According to one preferred embodiment, the contact terminals 7' of the component 6' come
in stage E essentially in contact with the conductor layer 9, so that the making of a good
electrical contact between the contact terminals and the conductor layer is further
facilitated.

In some embodiments, the insulating layer 11 can be entirely omitted.
Stage F (Figure 6):

In stage F, the layers 1 and 9, as well as the layer 11 that may possibly remain between
them, are pressed with the aid of heat and pressure, in such a way that the polymer (in the
layers 1 and 11) forms a unified, tight, and durable layer, which protects the components
well, around the components 6 between the conductor layers 4 and 9. This procedure
makes the second conductor layer 9 quite even and flat. The method can, however, also be

applied to the manufacture of electronics modules that are not flat.

Stage G (Figure 7):

In stage G, the support base 12 is detached or otherwise removed from the structure. The
removal can take place, for example, mechanically or by etching. Naturally, stage G can be

omitted in embodiments in which a support base 12 is not used. At the start of the

following stages, the base is thus essentially the same on both sides.
Stage H (Figure 8):
In stage H, holes 17 are made for the contacting vias. The holes 17 are made in both sides

of the base, through the conductor layers 4 and 9 and, if necessary, through the adhesive

layer 5, in such a way as to reveal the material of the contact terminals 7 and 7' of the
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components 6. If contacting holes 2 have been made in the conductor layer 4 in stage A
and the conductor material of the contact terminals 7 is bare, it will not be essentially to
make holes 17 on this side of the base. The holes 17 can be made, for example, by drilling
with the aid of a laser. The holes 17 can be aligned, for example, with the aid of the holes 3

or 2.

If contact holes 2 have been made in the conductor layer 4 in an earlier stage, in this stage
it will only be necessary to open the holes, in such a way that the contact surfaces of the
contact terminals 7 are revealed. After this, the holes 2 are shown merged with the holes
17.

In order to bring the conductor layer 4 and 9 into mutual electrical contact, in stage Hitis
also possible to make holes 23 for the vias extending through the entire insulating material
layer 1. One or more of these can be made at desired location in the base, always
depending on the conductor patterning that will be implemented at a later stage. The holes
23 are preferably made like the holes 17, either with the aid of a laser, or by mechanical

drilling.

In some embodiments, the desired electrical connection is made by the components 6 and
there will be no need to make vias 23. In this case, the desired electrical connection can
also mean that there is no electrical contact and ‘both sides’ of the electronics module
operate separately. This can be the case, for example, if the microcircuit 6 being embedded

contains two semiconductor chips that are not connected to each other.
The holes 23 can be used in the following stages as alignment markings, in addition to the
alignment holes 3 and holes 17. This is advantageous, as the holes 23 extend through the

entire base structure, so that they defined the relative positions of the upper and lower

surface of the base and can be used quite as well on the lower as on the upper surface of
the base.

Stage I (Figure 9):

In stage I, conductor material 18 is grown in the holes 17 and possible holes 23 made in
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stage H, in order to create vias. In the example process, the conductor material is grown at
the same time also elsewhere on top of the base, thus increasing the thickness of the

insulating layers 4 and 9 too.

The conductor material 18 to be grown can be, for example, copper, or some other
sufficiently electrically conductive material. The selection of the conductor material 18
takes into account the ability of the material to form an electrical contact with the material
of the contact protrusions 7 and 7' of the component 6. In one example process, the
conductor material 18 is mainly copper. The copper metallizing can be performed by
depositing a thin layer of chemical copper in the holes 17 and 23 and then continuing
plating using an electrochemical copper-growing method. Chemical copper is used, for
example, because it will also form a deposit on top of the adhesive and act as an electrical
conductor in electrochemical plating. The metal can thus be grown using a wet-chemical

method, so that the growing is cheap.

In the example process, the vias 17 are first of all cleaned using a three-stage desmear
process. After this, the vias are metallized, in such a way that first a polymer catalyzing
SnPd coating is formed, after which a thin layer (about 0.5 um) of chemical copper is
deposited on the surface. The thickness of the copper is increased by electrochemical

deposition.

Stage I is intended to form an electrical contact between the component 6 and the
conductor layers 4 and/or 9 and possibly directly between the conductor layers 4 and 9.
Thus, in stage I it is not essential to increase the thickness of the conductor layers 4 and 9,
but instead the process can equally well be designed so that in stage I the holes 17 and 23
are only filled. The conductor layer 18 can be manufactured, for example, by filling the
holes 17 with an electrically conductive paste, or by using some other suitable microvia

metallizing method.

In the later figures, the conductor layer 18 is shown merged with the conductor layers 4
and 9.

Stage J (Figure 10):
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In stage J, the desired conductor patterns 14 and 19 are made from the conductor layers 4
and 9 on the surfaces of the base. The conductor patterns 14 and 19 can be made by
removing the conductor material of the conductor layer 4 and 9 from outside the conductor
patterns. The conductor material can be removed, for example, using some of the
patterning and etching methods that are widely used and well known in the circuit-board

industry, for example, by etching.

After stage ], the electronics module includes a component 6, or several components 6, as
well as conductor patterns 14 and 19, and possible electrical vias 23. With the aid of the
conductor patterns 14 and 19 and the vias 23, the components 6 can be connected to an
external circuit, or to each other. The preconditions then exist for manufacturing an
operational totality. The process can thus be designed in such a way that the electronics
module is ready after stage J and Figure 12 indeed shows an example of one possible

electronics module consisting of two component layers.

If desired, the process can also continue after stage J, for example, by coating the
electronics module with a protective agent, or by manufacturing additional conductor
pattern layers on the first and/or second surface of the electronics module. It is also
possible to stack several such electronics modules and thus form modules with several
layers, as is described, for example in the same applicant’s earlier publications WO
03/065778 and WO 03/065779. Sub-modules of the multi-layer electronics module (the
bases 1 with their components 6 and conductors 14 and 19) can be manufactured, for
example, using one of the electronic-module manufacturing methods described above.
Some, or all of the sub-modules to be attached to the layered structure can, of course, be

manufactured quite as well using some other method suitable for the purpose.

According to one preferred embodiment, essentially the same conductor patterns can be
made on both surface of the module, so that two or more such modules can be placed on
top of each other so that their conductor patterns lie next to each other. The contact
patterns can consist of conductor structures 14 and 19 arranged directly on top of the

insulating material. The advantage of this embodiment is that some method known in the

98



10

15

20

25

30

WO 2005/104636 PCT/FI12005/000200

13

field can be used to form electrical contact between the contact patterns. In the manner
described, it is then possible to manufacture electronics modules, the operationally of
which is improved by increasing their dimension by layering in the direction at right angles
to the surface of the base. The electronics modules that are placed on top of each other can
even be very different operationally. Externally they need not be completely similar,
instead one or more of the components smaller units, the contact patterns of which
coincide with the contact pattern of a large base at some specific point in the base, can be

connected on top of the larger base.

The examples of Figures 1 - 10 show some possible processes, with the aid of which our
invention can be exploited. However, our invention is not restricted only to the processes
described above, but instead the invention also covers other various processes and their end
products, taking into account the full scope and equivalence interpretation of the claims.
The invention is also not restricted to only the constructions and methods shown by the
examples, but instead it will be obvious to one versed in the art that the various
applications of our invention can be used to manufacture very many different kinds of
electronics modules and circuit-boards, which differ even greatly from the examples
described above. The components and circuits of the figures are thus shown only for the
purpose of illustration. Thus many alterations can be made to the processes of the
examples described above, without, however, deviating from the basic idea according to
the invention. The changes can related, for example, to the manufacturing techniques

described in the different stages, or to the mutual order of the process stages.

Our invention can thus also be applied in connection with very many different kinds of
known manufacturing methods. For example, publications WO 03/065778 and WO
03/065779 disclose methods for embedding a component in a base, in which the insulating
material layer is put on top of a ready patterned conductor layer, before the components are
attached. Similarly, the characteristic features of the method disclosed in the publication

WO 04/089048, for example, can be applied to the present invention.
In addition, the invention can also be applied in connection with the method and

electronics modules disclosed in the same applicant’s international patent applications,

which are still unpublished at the moment of making the present application. An example

99



10

15

20

WO 2005/104636 PCT/FI12005/000200

14

that can be given of such a method is the method disclosed in our application FI 20031341,
in which manufactured is commenced from an insulating sheet surfaced with a conductor’
layer on at least one side. A recess is made in the insulation, which opens onto one surface
of the sheet, but does not penetrate the conductor layer on the opposite side of the sheet.
The component is attached to the recess and electrical contacts are formed between the

conductor layer and the contact areas, or contact bumps of the component.

Also the method disclosed in our application FI 20040592, for example, together with its
various embodiments for conducting heat away from an embedded component, can be
easily and effectively applied to the electronic-module construction according to the
present invention and its manufacturing method. In the solution, thermal vias, through
which heat is conducted away from the components, are formed in the vicinity of the
components, on one or other side of the base. Within the framework of this invention,
thermal vias can be created, for example, in the areas between the contact terminals 7
and/or 7', in such a way that they extend to close to the body of the component, or even
onto it. In the application referred to, a technique is also described, in which such thermal
vias are used to form, for example, a ground contact between the component and the
conductor structure 4 or 9. Thus, at least one thermal via is arranged in the insulating-
material layer, which can be on either of the sides of the base, which can form an electrical
contact directly between the body material of the component, for example, with a
semiconductor material, and the conductor structures of the first or second surface of the
insulating material layer, for example, in order to form a ground contact. The surface of the
component then acts as one contact terminal. Generally the contacts, also the ground

contact, are formed, however, through the actual contact terminals in the component.
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Claims:

1. An electronics module, having an insulating-material layer (1), which has two opposite
surfaces, and which electronics module includes at least one embedded component (6),
which has first contact terminals (7), from which the component (6) is electrically
connected to the conductor structures contained in the electronics module,
characterized inthatthecomponent(6)hasa second contact surface opposite
to the first contact surface, in which there is at least one second contact terminal (7'), from
which the component (6) is electrically connected to the conductor structures contained in

the electronics module.

2. An electronics module accordingtoclaiml, characterized inthatthe

insulating-material layer (1) is a unified layer, consisting of essentially the same material.

3. An electronics module accordingtoclaim lor2, characterized inthatthe
insulating-material layer is formed by hardening a material layer containing at least one

unhardened or pre-hardened polymer.

4. An electronics module according to any of the preceding claims, charac -
terized inthatthe first contact terminals (7) of the component (6) are electrically
connected to conductor structures (14) situated on the first surface of the insulating-
material layer (1) and at least one second contact terminal (7') is electrically connected to

conductor structures (19) situated on the second surface of the insulating-material layer (1).

5. An electronics module according to any of claim4, characterized inthat
at least one second contact terminal (7") is electrically connected to the conductor
structures (19) situated on the second surface of the insulating-material layer (1) with the
aid of a conductor material arranged in a contacting hole (17) made in the insulating-

material layer (1).
6. An electronics module according toclaim 5, characterized inthatatleast

one via arranged to the second surface of the insulating-material layer (1) forms an

electrical contact between the body material of the component (6), for example, a
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semiconductor material, and the conductor structures (19) of the second surface of the

insulating-material layer, for example in order to create a ground contact.

7. An electronics module according to any of claims 4-6, characterized in
that the conductor structures (14, 19) are connected to each other electrically through vias

(23), in order to create an operational totality.

8. An electronics module according to any of claims 4-7, characterized in
that the conductor structures (14) of the first surface, which it includes, include one or
more patterned conductor layers (4) arranged on top of the first surface of the insulating-
material layer (1) and the conductor structures (19) of the second surface, which it
includes, include on or more patterned conductor layers (9) arranged on top of the second

surface of the insulating-material layer (1).

9. An electronics module according to any of the preceding claims, c harac -
terized inthatthe distance of the contact surface of the first contact terminal (7) to
the conductor structures (14) situated on the first surface of the insulating-material layer
(1) and/or the distance of the second contact terminal (7') to the patterned conductor
structures (19) situated on the second surface of the insulating-material layer (1) is less
than the diameter of the contacting holes (17), generally being at most 50 pum, typically at

most 30 um, and especially advantageously about 0 pm.

10. An electronics module according to any of the preceding claims, charac -
terized inthatthere are at least two, preferably at least four of the second contact

terminals (7').

11. An electronics module according to any of the preceding claims, charac -
terized inthatatleast one second contact terminal (7') is intended for conducting a

ground-plane potential, signal voltage, or power voltage to the component (6).
12. A method for manufacturing an electronics module, in which method at least one

component (6), which has a first contacting surface, in which there are first contact

terminals (7), is embedded inside an insulating-material layer (1) comprising two opposing
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surfaces, and contacts are made to connect the component (6) electrically from the contact
terminals (7) to the conductor structures contained in the electronics module,
characterized inthatthe component (6) has a contacting surface (6) opposite
to the first contacting surface, in which there is at least one second contact terminal (7'),
and contacts are made to electrically connect the component (6) from the contact terminal

(7") to the conductor structures contained in the electronics module.

13. A method according to claim 12, characterized inthata first conductor
layer (4) is arranged on the first surface of the insulating-material layer (1) and a second

conductor layer (9) on the second surface

14. A method accordingto claim 13, characterized inthatatleastone
second contact terminal (7') of the component (6) is electrically connected to the second
conductor layer (9), with the aid of conductor material arranged in a contacting hole (17)

arranged to the second surface of the insulating-material layer.

15. A method according to claim 130r 14, characteriz e d inthatcontacting
holes (2) and/or alignment holes (3) are made in the first conductor layer (4) before it is

arranged on the first surface of the insulating-material layer (1).

16. A method according to any of claims 13-15, characterized inthatthe

first contacting surface of the component (6) is glued to the first conductor layer (4).

17. A method according to claim 15, characterize d inthatatleast part of the
insulating-material layer (1, 11) is put on the electronics module after the gluing of the

component (6).
18. A method according to any of claims 12-17, characterized inthatthe
insulating-material layer (1, 11) is formed of at least two separate material sheets, which

are pressed together to form a single unified insulating-material layer (1).

19. A method according to any of claims 13-18, characterize d inthatvias

(23) are made to connect the conductor layers (4, 9) electrically to each other.
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20. A method according to any of claims 12-19, characterized inthatthere

are at least two, preferably at least four, second contact terminals (7').
21. A method according to any of claims 12-19, characterized inthatat

least one second contact terminal (7') is intended to conduct a ground-place potential,

signal voltage, or power voltage to the component (6).
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Antti IHOLA
Application No.: 17/364,593

Filed: June 30, 2021

METHOD FOR MANUFACTURING
AN ELECTRONIC MODULE AND
ELECTRONIC MODULE

Group Art Unit: 2811

Title:

Examiner: N. PAREKH
Attorney Docket No.: IMBE-0003US1
Confirmation No.: 3850

VIA EFS-WEB

DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT TRANSMITTAL

Dear Director:

Per Rules 56, 97, and 98, Applicant submits this Information Disclosure Statement

disclosing all the references cited in U.S. Parent Applications No. 16/788,701 filed on February
12, 2020, 14/580,257 filed on December 23, 2014, and 10/572,340 filed on November 14, 2006.
The disclosed references are listed on the attached Forms PTO/SB/08. Copies of the

references that were cited in the parent applications are not being furnished per Rule 98(d).

March 7, 2023
Date

JAH/ks

Attachment(s):
PTO/SB/08 (2)

Respectfully submitted,
ROSSI, KIMMS & McDOWELL LLP

/Jayme A. Huleatt/

Jayme A. Huleatt
Reg. No. 34,485

20609 Gordon Park Square
Suite 150

Ashburn, VA 20147
703-726-6020 (Phone)
703-726-6024 (fax)
mail@rkmllp.com (email)
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DIRECTOR FOR PATENTS
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AMENDMENT & REQUEST FOR RECONSIDERATION

In reply to the Office Action dated December 2, 2022, this application has been

amended as indicated below. This reply is timely. No fee is due. The Director, however, is

authorized to charge any unaccounted fee(s), such as for extension of time, excess claim fees,

etc., required to maintain pendency of this application to Deposit Account No. 18-2056.

Amendments to the Claims begin on page 2.

Remarks/Arguments begin on page 5.
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AMENDMENTS TO THE CLAIMS
The status of the claims as presently amended is as follows:

1. (currently amended) An electronic module, comprising:

a first conductive pattern layer, and a first insulating-material layer arranged on at least
one surface of the first conductive pattern layer;

at least one opening in the first insulating-material layer that extends through the first
insulating-material layer;

a component comprising contact terminals, the component being arranged at least
partially within the at least one opening, the contact terminals electrically connected to the first
conductive pattern layer;

a second insulating-material layer disposed on the first insulating-material layer; and

a second conductive pattern layer spaced apart from the first conductive pattern layer by
at least the first and second insulating-material layers,

wherein the first conductive pattern layer and the second conductive pattern layer are

each substantially planar.

2. (canceled)

3. (original) The electronic module of claim 1, wherein the second insulating-material
layer directly contacts the component.

4. (original) The electronic module of claim 1, wherein the second conductive pattern

layer is spaced apart from the first conductive pattern layer by the component.

5. (original) The electronic module of claim 4, wherein the second conductive pattern
layer is spaced apart from the component by the second insulating-material layer.

6. (original) The electronic module of claim 5, wherein the second insulating-material
layer is continuously disposed between the second conductive pattern layer and the component.

7. (original) The electronic module of claim 1, wherein the first insulating-material layer
is spaced apart from the component.
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8. (original) The electronic module of claim 1, wherein the first insulating-material layer
comprises a different material than the second insulating-material layer.

9. (currently amended) An electronic module, comprising:

a first conductive pattern layer, and a first insulating-material layer arranged on at least
one surface of the first conductive pattern layer;

an opening in the first insulating-material layer that extends through the first insulating-
material layer;

a component comprising contact terminals, the component being arranged at least
partially within the opening, the contact terminals electrically connected to the first conductive
pattern layer;

a second insulating-material layer disposed on the first insulating-material layer;

a third insulating-material layer disposed on the second insulating-material layer; and

a second conductive pattern layer spaced apart from the first conductive pattern layer by
at least the first, second, and third insulating-material layers,

wherein the first conductive pattern layer and the second conductive pattern layer are

each substantially planar.

10. (canceled)

11. (original) The electronic module of claim 9, wherein the second insulating-material

layer directly contacts the component.

12. (original) The electronic module of claim 9, wherein the second conductive pattern
layer is spaced apart from the first conductive pattern layer by the component.

13. (original) The electronic module of claim 12, wherein the second conductive pattern
layer is spaced apart from the component by the second and third insulating-material layers.

14. (original) The electronic module of claim 13, wherein the second insulating-material
layer is continuously disposed between the second conductive pattern layer and the component.
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15. (original) The electronic module of claim 9, wherein the first and third insulating-
material layers are spaced apart from the component.

16. (original) The electronic module of claim 9, wherein the first and third insulating-

material layers comprise a first material, the second insulating-material layer comprises a

second material, the first material being different than the second material.
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REMARKS
Claims 1 and 9 have been amended, and claims 2 and 10 have been canceled without
prejudice or disclaimer. Thus, claims 1, 3-9, and 11-16 are pending, of which claims 1 and 9
are independent. Applicant appreciates the indication that claims 2 and 10 contain allowable
subject matter.
Support for the amendments may be found, for example, at least in the filed claims.

Reconsideration and timely withdrawal of the pending rejections is requested.

Rejections under 35 U.S.C. §102 & §103

Claims 1, 3-7, 9, and 11-15 stand rejected under 35 U.S.C. §102(a)(1) as allegedly
anticipated by Cheng et al. (US 6,709,897) (“Cheng”).

Claims 8 and 16 stand rejected under 35 U.S.C. §103 as allegedly obvious over Cheng
in view of Eichelberger (US 5,841,193).

Claims 1 and 9 have been amended to include the allowable subject matter of claims 2
and 10, respectively. Thus, claims 1 and 9 are allowable for at least the same reasons as
claims 2 and 10, respectively.

It should be noted that Applicant (a) does not concede that any previous version of the
claims is not patentable, (b) has merely amended the claims in the manner described herein in
an effort to expedite the issuance of a patent, and (c) reserves the right to pursue broader or
otherwise different claims in one or more continuing applications should resources permit.

The remaining claims in this application depend from one of the independent claims
discussed above and, therefore, also are submitted to be patentable for at least the same
reasons. Since each dependent claim is deemed to define at least an additional inventive
aspect, individual reconsideration of the patentability of each claim on its own merits is
respectfully requested.
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CONCLUSION
In view of the above, all of the claims in this case are believed to be in condition for
allowance, notice of which is respectfully urged. Should the Examiner feel that there are any
issues outstanding after consideration of this response, the Examiner is invited to contact
Applicant’s undersigned representative at the number below to expedite prosecution.

Respectfully submitted,
ROSSI, KIMMS & McDOWELL LLP

MARCH 2, 2023 /Richawrd T. Schachner/
DATE RICHARD T. SCHACHNER, REG. NO. 48,342

20609 GORDON PARK SQUARE, SUITE 150
ASHBURN, VA 20147

703-726-6020 (PHONE)

703-726-6024 (FAX)
MAIL@RKMLLP.COM (EMAIL)
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Application/Control Number: 17/364,593 Page 2
Art Unit: 2811

DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
Claim Rejections - 35 USC § 102
2. 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.
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.

3. Claims 1, 3-7, 9 and 11-15 are rejected under 35 U.S.C. 102(a)(1) as being

anticipated by Cheng et al., (US Pat. 6709897, hereinafter Cheng).

Regarding claim 1, Cheng discloses an electronic module (EM), comprising:

- afirst conductive pattern layer(CPL), and a first insulating-material layer/IML
(220a and 200a respectively in Fig. 11; col. 3, line 51, col. 4, lines 15 and 29)
arranged on/over at least one surface of the first CPL;

- atleast one opening (see 206 in Fig. 4; col. 3, line 66) in the first IML that

extends there through;
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- a component comprising contact terminals (see chip 210 and pads 212
respectively in Fig. 11; col. 3, lines 64- col. 4, line 1), the component being
arranged at least partially within the at least one opening, the contact terminals
electrically connected to the first CPL (212 and 220c respectively in Fig. 11);

- asecond IML disposed on the first IML (see dielectric layer 214a and 200a
respectively in Fig. 11 col. 4, line 27); and

- asecond CPL spaced apart from the first CPL by at least the first and second
IMLs (208 and 220a and 200a, 214a respectively in Fig. 11 col. 3, line 58)

(Fig. 11).

Regarding claim 3, Cheng discloses the entire claimed structure as applied to claim 1
above, wherein the second IML directly contacts the component (see 214a and 210

respectively in Fig. 11).

Regarding claim 4, Cheng discloses the entire claimed structure as applied to claim 1
above, wherein the second CPL is partially spaced from the first CPL by the component

(see 208, 220a and 210 respectively in Fig. 11).

Regarding claim 5, Cheng discloses the entire claimed structure as applied to claim 1

above, wherein the second CPL is spaced from a top surface of the component by the

second IML (see 208, 210 and 214a respectively in Fig. 11).
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Regarding claim 6, Cheng discloses the entire claimed structure as applied to claim 1
above, wherein the second IML is continuously disposed between the second CPL and

the component (see 214a, 208 and 210 respectively in Fig. 11).

Regarding claim 7, Cheng discloses the entire claimed structure as applied to claim 1

above, wherein the first IML is spaced from component (see 200a and 210 respectively

in Fig. 11).

Regarding claim 9, Cheng discloses an electronic module (EM), comprising:

a first conductive pattern layer(CPL), and a first insulating-material layer/IML
(220a and 200a respectively in Fig. 11; col. 3, line 51, col. 4, lines 15 and 29)
arranged on/over at least one surface of the first CPL;

- an opening (see 206 in Fig. 4; col. 3, line 66) in the first IML that extends there
through;

- a component comprising contact terminals (see chip 210 and pads 212
respectively in Fig. 11; col. 3, lines 64- col. 4, line 1), the component being
arranged at least partially within the opening, the contact terminals electrically
connected to the first CPL (212 and 220c respectively in Fig. 11);

- asecond IML disposed on the first IML (see dielectric layer 214a and 200a
respectively in Fig. 11 col. 4, line 27);

- athird IML disposed on the second IML (see dielectric layer 224 and 214a

respectively in Fig. 11 col. 4, line 29); and
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- asecond CPL spaced apart from the first CPL by at least the first, the second
and the third IMLs (see solder layer 230, 220a and 200a, 214a and 224
respectively in Fig. 11 col. 4, line 50)

(Fig. 13).

Regarding claim 11, Cheng discloses the entire claimed structure as applied to claim 9
above, wherein the second IML directly contacts the component (see 214a and 210

respectively in Fig. 11).

Regarding claim 12, Cheng discloses the entire claimed structure as applied to claim 9
above, wherein second CPL is partially spaced from portions of the first CPL by the

component (see 230, bottom portions of 220a and 210 respectively in Fig. 11).

Regarding claim 13, Cheng discloses the entire claimed structure as applied to claim 9
above, wherein the second CPL is spaced from a top surface of the component by the

second and the third IMLs (see 230, 210 and 214a, 224 respectively in Fig. 11).

Regarding claim 14, Cheng discloses the entire claimed structure as applied to claim 9

above, wherein the second IML is continuously disposed between the second CPL and

the component (see 214a, 230 and 210 respectively in Fig. 11).
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Regarding claim 15, Cheng discloses the entire claimed structure as applied to claim 9
above, wherein the first and the third IML are spaced from component (see 200a, 224
and 210 respectively in Fig. 11).
Claim Rejections - 35 USC § 103

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.

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 of this title, 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.

5. Claims 8 and 16 are rejected under 35 U.S.C. 103 as being unpatentable over
Cheng et al., (US Pat. 6709897, hereinafter Cheng) in view of Eichelberger (US Pat.,

5841193).

Regarding claim 8, Cheng teaches substantially the entire claimed structure as applied

to claim 1 above, but does not explicitly teach: a) the first IML comprising a different

material than the second IML.
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Eichelberger teaches an EM wherein a structural material/first IML between chips
is a different material than a second IML (see 104 and 106 respectively in Fig. 4; col. 8,
line 65- Col. 9, line 5) to provide processing flexibility.

Cheng and Eichelberger are analogous art because they are directed to
Semiconductor Device Packaging and Interconnect technology art and one of ordinary
skill in the art would have had a reasonable expectation of success to modify Cheng,
because they are from the same field of endeavor.

It would have been obvious to a person of ordinary skill in the art at the time,
before the effective filing date of the claimed invention, to incorporate the element a), as
taught by Eichelberger, so that the processing can be simplified and the reliability can

be improved in Cheng's EM.

Regarding claim 16, Cheng teaches substantially the entire claimed structure as applied
to claim 9 above, but does not explicitly teach: a) the first and the third IML comprising a
first material , the second IML comprising a second material, the first material being
different than the second material.

Eichelberger teaches a variety of insulating material in an EM wherein a
structural material/first IML between chips is a different material than a second IML (see
104 and 106 respectively in Fig. 4; col. 8, line 65- Col. 9, line 5) to provide processing
flexibility.

Furthermore, the determination and selection of materials and parameters
including dimensions (size/width, length, thickness, surface area, etc.) and type of

materials for an insulating/dielectric layer (organic, inorganic, etc.), a CPL/bump (metal,
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conductive adhesive, etc.) in Chip Packaging/Encapsulation and Interconnect
Technology art is a subject of routine experimentation and optimization to achieve the
desired processing flexibility, improved bonding strength/reliability and reduced stress.

Cheng and Eichelberger are analogous art because they are directed to
Semiconductor Device Packaging and Interconnect technology art and one of ordinary
skill in the art would have had a reasonable expectation of success to modify Cheng,
because they are from the same field of endeavor.

It would have been obvious to a person of ordinary skill in the art at the time,
before the effective filing date of the claimed invention, to incorporate the element a), as
taught by Eichelberger, so that the processing can be simplified, the reliability can be
improved and the stress can be reduced in Cheng's EM.

Allowable Subject Matter
6. Claims 2 and 10 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of
the base claim.

Reasons for Allowance

7. The references of record either alone or in combination, do not teach the
limitations [A] or [B] in an EM having a component, as follows:
[A] “a first conductive pattern layer, and a first insulating-material layer arranged on at
least one surface of the first conductive pattern layer’, “a second insulating-material
layer disposed on the first insulating-material layer” and "a second conductive pattern

layer spaced apart from the first conductive pattern layer by at least the first and second
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insulating-material layers” and “the first conductive pattern layer and the second
conductive pattern layer are each substantially planar”

[B] “a first conductive pattern layer, and a first insulating-material layer arranged on at
least one surface of the first conductive pattern layer”, “a second insulating-material
layer disposed on the first insulating-material layer; a third insulating-material layer
disposed on the second insulating-material layer” and "a second conductive pattern
layer spaced apart from the first conductive pattern layer by at least the first, second

and third insulating-material layers” and “the first conductive pattern layer and the

second conductive pattern layer are each substantially planar”.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NITIN PAREKH whose telephone number is (5671)272-
1663. The examiner can normally be reached on 10:30AM-8:30PM.

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, Lynne Gurley can be reached on 2-1670. 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
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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.

/NITIN PAREKH/
Primary Examiner, Art Unit 2811
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or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L15 66 L4 and ((chip ordie or |(US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
component) with USOCR) 05:47 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
11/28/2022 10:21:48 PM Page 1 of 8
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L16

L17

L18

L19

205

78

106

62

or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

L5 and ((chip or die or
component) with
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

L6 and ((chip or die or
component) with
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

L9 and ((chip or die or
component) with
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

L11 and ((chip or die or
component) with
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2020/06/30
05:47 PM

2020/06/30
05:48 PM

2020/06/30
05:48 PM

2020/06/30
05:48 PM

11/28/2022 10:21:48 PM
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L20 123 L12 and ((chip or die or |(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
component) with USOCR) 05:49 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L21 938 L7 and ((chip ordie or |(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
component) with USOCR) 05:49 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L22 841 L10 and ((chip or die or |(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
component) with USOCR) 05:49 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L23 832 L21 and (extend$3 or [(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
higher) USOCR) 05:52 PM
L24 740 L22 and (extend$3 or [(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
higher) USOCR) 05:52 PM
L25 3736 257/787 .ccls. (EPO; JPO; OR OFF OFF 2020/06/30
DERWENT; IBM_TDB) 05:52 PM
L26 2932 257/778.ccls. (EPO; JPO; OR OFF OFF 2020/06/30
DERWENT; IBM_TDB) 05:52 PM
L27 65 ((("lihola") near3 (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
("Antti"))).INV. USOCR) 05:53 PM
L28 14 ((("Jokela") near3 (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
("Timo"))).INV. USOCR) 05:53 PM
L29 0 L27 orL28 (EPO; JPO; OR OFF OFF 2020/06/30
DERWENT; IBM_TDB) 05:53 PM
L30 72 L27 or L28 (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 05:54 PM
11/28/2022 10:21:48 PM Page 3 of 8
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L31 23 L30 and ((chip or die or [(US-PGPUB; USPAT; [OR OFF OFF 2020/06/30
component) with USOCR) 05:54 PM
(embedded or
encapsulat$3)) and
(conduct$3 or metal)
and (pattern or wiring)
and (terminal or
electrode) and (pad or
contact) and ((insulat$3
or dielectric) with (hole
or opening or aperture))
and (upper or top) and
(first or third)
L32 1 "6709897".pn. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 06:05 PM
L33 1 "6274391".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:05 PM
L34 1 "6506632".pn. (US-PGPUB; USPAT; |OR OFF OFF 2020/06/30
USOCR) 06:06 PM
L35 1 "6399418".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:07 PM
L36 1 "6093970".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:07 PM
L37 1 "6093584".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:07 PM
L38 1 "5882957".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:07 PM
L39 1 "4997791".PN. (USPAT; USOCR) OR OFF OFF 2020/06/30
06:08 PM
L40 1 "10798823".pn. (US-PGPUB; USPAT; |OR OFF OFF 2022/11/21
USOCR) 07:44 PM
L41 1 "6709897".pn. (US-PGPUB; USPAT; |OR OFF OFF 2022/11/21
USOCR) 10:29 PM
L42 1 "5841193".pn. (US-PGPUB; USPAT) |OR ON ON 2022/11/28
05:16 PM
L43 535 ("5841193").urpn. AND |[(US-PGPUB; USPAT; [OR ON ON 2022/11/28
(PGPB | USPT | USOCR) 10:03 PM
USOC).dbnm.
L44 29 ("6709897").urpn. AND |[(US-PGPUB; USPAT; [OR OFF OFF 2022/11/28
(PGPB | USPT | USOCR) 10:07 PM
USOC).dbnm.
L45 44 ("3903590" | "4866501" |(US-PGPUB; USPAT; |OR OFF OFF 2022/11/28
| "5073814" | "5280192" [USOCR) 10:08 PM
| "56315486" | "5324687"
| "56331203" | "5432677"
| "5434751" | "5527741"
| "56546654" | "5565706"
| "56745984" | "5757072"
| "5841193" | "5866952"
| "5936305" | "6057593"
| "6175161" | "6181569"
| "6214642" | "6228687"
| "6236109" | "6239367"
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L46

L47

L48

L49

L50

L51

L52

8430

7671

19235

12401

19508

65

113

| "6274391" | "6350668"
| "6365438" | "6368896"
| "6389691" | "6423570"
| "6506664" | "6518163"
| "6521530" | "6555906"
| "6617687" | "6709897"
| "6709898" | "6734534"
| "6756662" | "6867499"
| "20020050585" |
"20020070443" |
"20030036257" |
"20030227095").pn.
AND (PGPB | USPT |
USOC).dbnm.

HO01L23/5383.cpc.

HO01L23/5385.cpc.

HO01L23/5389.cpc.

HO01L23/5389.cpc.

H01L2224/04105.cpc.

L47 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

L46 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper

(US-PGPUB; USPAT,
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2022/11/28
10:12 PM

2022/11/28
10:12 PM

2022/11/28
10:13 PM

2022/11/28
10:13 PM

2022/11/28
10:13 PM

2022/11/28
10:14 PM

2022/11/28
10:15 PM

11/28/2022 10:21:48 PM
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L53

L54

L55

L56

L57

338

297

90

32

OR top) AND (first OR
third) AND planar

L49 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

L50 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

((("IHOLA") near3
("Antti")) OR
(("JOKELA") near3
("Timo")).INV.

L55 AND ((chip OR die
OR component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

(Artificial Intelligence)
More like doc:
US-6709897-B2

Text:
(US-20030134455-A1

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2022/11/28
10:15 PM

2022/11/28
10:15 PM

2022/11/28
10:16 PM

2022/11/28
10:16 PM

2022/11/28
10:18 PM

11/28/2022 10:21:48 PM
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L58

39

OR US-20030100212-
A1 OR US-6779783-B2
OR US-20060186531-
A1 OR US-
20120235309-A1 OR
TW-1264094-B OR US-
7449363-B2 OR US-
20050200006-A1 OR
US-8487426-B2 OR
TW-201237971-A OR
US-6670219-B2 OR
US-20050205978-A1
OR US-20010035576-
A1 OR CN-102244057-
B OR TW-201721772-A
OR US-6274391-B1 OR
TW-1301660-B OR JP-
5153099-B2 OR TW-
201721773-A OR US-
7321164-B2).did.

(Artificial Intelligence)
Similar to:

17/364,593 with 0 CPC
Selections and 0 Text
Selections

Text:
(US-20200187358-A1
OR US-20100188823-
A1 OR JP-2010527876-
A OR JP-4977464-B2
OR US-7696005-B2 OR
KR-20060066115-A OR
US-20210329788-A1
OR US-7951352-B2 OR
US-8351214-B2 OR
CN-101027948-B OR
US-5144747-A OR RU-
2415818-C1 OR CN-
101679115-A OR US-
20100166640-A1 OR
TW-200629497-A OR
JP-2007503713-A OR
US-20080313894-A1
OR CN-1853451-B OR
GB-2422054-A OR GB-
1201285-A OR TW-
200535954-A OR TW-
1252513-B OR TW-
200721406-A OR US-
5351001-A OR Us-
20150124411-A1 OR
WO-2008141898-A3
OR CA-2685984-A1 OR
DE-102007024188-B3
OR FR-2150923-A1 OR
EP-2148366-A1 OR
EP-2150504-B1 OR

EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN): FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, 8I, 8K,
TH, TN, TR, TW, UA,
VN))

OR

OFF

OFF

2022/11/28
10:20 PM

11/28/2022 10:21:48 PM
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CN-101679115-B OR
JP-4510020-B2 OR
WO-2008141627-A1
OR EP-2110849-A3 OR
WO-2011089424-A3
OR US-9232658-B2 OR
KR-101121656-B1 OR
TW-200740317-A OR
WO-2007120959-A3
OR US-7719851-B2 OR
UA-92123-C2 OR ES-
2402838-T3 OR CN-
1853451-A OR US-
8785788-B2 OR US-
9633977-B1 OR US-
10798823-B2 OR WO-
2008155967-A1 OR JP-
3641002-B2 OR WO-
2009096594-A1) did.

PE2E SEARCH - Search History (Interference)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1

N2

3714

1369

((chip OR die OR
component) WITH
(embedded OR
encapsulat$3)) AND
(conduct$3 OR metal)
AND (pattern OR
wiring) AND (terminal
OR electrode) AND
(pad OR contact) AND
((insulat$3 OR
dielectric) WITH (hole
OR opening OR
aperture)) AND (upper
OR top) AND (first OR
third) AND planar

N1 AND (conduct$3 OR
metal) WITH planar

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OFF

OFF

OFF

OFF

2022/11/28
10:16 PM

2022/11/28
10:17 PM

11/28/2022 10:21:48 PM
Workspace: Embedded6
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
17/364,593 06/30/2021 Antti Iihola PIM0003USCI1C1
CONFIRMATION NO. 3850
167455 PUBLICATION NOTICE

Capitol IP Law Group, PLLC

1555 X Siroet N St 505 A

Washington, DC 20006-1631

Title:METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC MODULE

Publication No.US-2021-0329788-A1
Publication Date:10/21/2021

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, 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
17/364,593 06/30/2021 1737 1820 PIM0003USCIC1 16 2
CONFIRMATION NO. 3850
167455 FILING RECEIPT

1015 16th St UntA NW 00 A M

Washington, DC 20009
Date Mailed: 07/15/2021

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

Inventor(s)
Antti lihola, Helsinki, FINLAND;
Timo Jokela, Halikko, FINLAND;
Applicant(s)
IMBERATEK, LLC, Cedar Park, TX;

Power of Attorney: The patent practitioners associated with Customer Number 167455

Domestic Priority data as claimed by applicant
This application is a CON of 16/788,701 02/12/2020
which is a CON of 14/580,257 12/23/2014 PAT 10798823
which is a CIP of 10/572,340 11/14/2006 PAT 7696005
which is a 371 of PCT/FI2004/000053 09/15/2004

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
FINLAND 20031341 09/18/2003 No Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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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: 07/14/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/364,593

Projected Publication Date: 10/21/2021
Non-Publication Request: No

Early Publication Request: No
Title

METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC MODULE
Preliminary Class

430
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
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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).

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
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 17/364,593
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 CFR 1.16(a), b), or (@) N/A N/A N/A N/A 320
SEARCH FEE
(37 CFR 1.16(K). (), or () N/A N/A N/A N/A 700
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a) N/A N/A N/A N/A 800
TOTAL CLAIMS .
(37 CFR 1.16(i)) 16 minus 20= OR [|x 100 = 0.00
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 2 minus 3 = x 480 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1820
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * i =
= (37 CF; Iav16(i)) Mins = OR |x =
2 Independent * Minus | *** =
E (37 CFR 1.16(h) = OR |x =
<§( Application Size Fee (37 CGFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total . Minus | ** = -
= (37 oFg{ ?16@)) OR |x -
% Independent Minus - = _ OR M _
W | Grcrr11sM) = =
<§E Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |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
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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035

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 displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 17/364,593

Filing Date 2021-06-30

First Named Inventor Antti lihola

Title METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND
ELECTRONIC MODULE

Art Unit

Examiner Name

Attorney Docket Number |PIMO003USC1C1

SIGNATURE of Applicant or Patent Practitioner

Signature /benjamin c rothermel/ pae Optonad 1 2021-06-30
Name Benjamin C. Rothermel Eﬁﬂi]zter?tioﬂ 61,893

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

|:| *Total of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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
1.11 and 1.14. This collection is estimated to take 3 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, 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.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 43142245
Application Number: 17364593
International Application Number:
Confirmation Number: 3850

Title of Invention:

METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC

MODULE

First Named Inventor/Applicant Name:

Antti lihola

Correspondence Address:

Capitol IP Law Group, PLLC

1918 18th St., Unit 4, NW

Washington DC
us 434-906-2975

patent@capitoliplaw.com

20009

Filer:

Benjamin Caen Rothermel

Filer Authorized By:

Attorney Docket Number: PIM0003USC1C1
Receipt Date: 30-JUN-2021
Filing Date:
Time Stamp: 19:26:13

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:
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Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
113187
1 Power of Attorney PIMO003USCTC- no 1
POASZA_F' LE Dpdf 7086ae21ee04067d45ca658008a19b52c46)

Warnings:

Information:

Total Files Size (in bytes){ 113187

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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Doc Code: PA..

PR PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035
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 displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 167455

|:| | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

|:| The address associated with Customer Number:
OR

|:| Firm or
Individual Name
Address

City [ state | Zip
Country
Telephone | Email |

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

IMBERATEK, LLC

I:l Inventor or Joint Inventor (title not required below)

I:l Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

|:| Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature HL. M K | Date (Optional) |
Name Nelson M. Kee
Title General Counsel

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

DTotaI of forms are submitted.

— —
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 1.11 and 1.14. This collection is estimated to take 3 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, 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.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

. . METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC
Title of Invention:

MODULE
First Named Inventor/Applicant Name: Antti lihola
Filer: Benjamin Caen Rothermel
Attorney Docket Number: PIM0003USC1C1
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sul:’-s'l'g(tsa\)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 320 320
UTILITY SEARCH FEE 1111 1 700 700
UTILITY EXAMINATION FEE 1311 1 800 800
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description

Fee Code

Quantity

Amount

Sub-Total in

USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1820
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Electronic Acknowledgement Receipt

EFS ID: 43142199
Application Number: 17364593
International Application Number:
Confirmation Number: 3850

Title of Invention:

METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRONIC
MODULE

First Named Inventor/Applicant Name:

Antti lihola

Customer Number:

167455

Filer:

Benjamin Caen Rothermel

Filer Authorized By:

Attorney Docket Number: PIM0003USC1C1
Receipt Date: 30-JUN-2021
Filing Date:
Time Stamp: 19:22:20

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1820

RAM confirmation Number E20216TJ23024186
Deposit Account 603320

Authorized User

Benjamin Rothermel

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 {(Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document s . File Size(Bytes Multi Pages
“ Document Description File Name ile Size( y v " I. . 9
Number Message Digest | Part/.zip| (ifappl.)
136102
1 Application Data Sheet WebADS.pdf no 8
8619d80c54df25a164b65f377a8d82e62db
bd3e
Warnings:
Information:
287065
2 Oath or Declaration filed PIMOOO3USC.1C1_ no 3
Oath_Declaration.pdf
68c6e6215e74a2f566c585624 1fc389e3218|
8a9f
Warnings:
Information:
99432
3 Drawings-only black and whiteline | - o,\10,035¢1¢1-Drawings.pdf no 14
drawings
7444d01ad12e22fcbad7f3d7e7ff0db83639
aa05
Warnings:
Information:
8470467
4 PIMOOO3USC1C;;Speaﬂcatlon. yes 33
p 644a182cabldeelcelc103d8ebc21bfbffca
Multipart Description/PDF files in .zip description
Document Description Start End
Abstract 33 33
Claims 29 32
Specification 1 28
Warnings:
Information:

516869

5 Power of Attorney PIMOOO3USCICT- no 1

POA82B_FILED.pdf

476f2eb2fc557e9f14fc9ed255aeeb0c37b5
2cde
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Warnings:

Information:

34682
6 Fee Worksheet {SB06) fee-info.pdf no 2
58d954cef93459e46a9f68f918c7be2adecf|
Warnings:
Information:
Total Files Size (in bytes){ 9544617

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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PTO/AIA/14
U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

.. Attorney Docket Number PIMO003USC1C1
Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRCNIC MODULE

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:

Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Antti lihola

Residence Information (Select One) (O) US Residency (®) NonUS Residency (O Active US Military Service

City Helsinki Country of Residence i FI

Mailing Address of Inventor:

Address 1 Koskelantie 33 A 5

Address 2

City | Helsinki | State/Province ‘

Postal Code 00610 Country i FI

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Timo Jokela

Residence Information (Select One) () US Residency (® Non US Residency (O Active US Military Service

City Halikko Country of Residence i FI

Mailing Address of Inventor:

Address 1 Luhtimaentie 2b, As. 1

Address 2

City Halikko | State/Province ‘
Postal Code 24800 ‘ Country i FI

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

within this form by selecting the Add button.

WEB ADS 1.0
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PTO/AIA/14 (08-15)

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

U.5. 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 PIMO003USCIC1

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRCNIC MODULE

Correspondence Information:

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

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

Customer Number 167455

Email Address patent@capitoliplaw.com | | Add Email | |Remove Email

Application Information:

Title of the Invention METHOD FOR MANUFACTURING AN ELECTRONIC MCDULE AND ELECTRONIC MODULE
Attorney Docket Number | PIM0003USCIC1 Small Entity Status Claimed ]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 14 Suggested Figure for Publication {if any)

Filing By Reference:

Only complete this section when filing an applicaticn by reference under 35 U.S.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 Informaticn®).

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 te the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country 7
filed application

Publication Information:
[ ] RequestEarly 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 35US5.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.

WEB ADS 1.0
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PTO/AIA/14 (08-15)

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

U.5. 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 PIMO003USCIC1

Application Data Sheet37 CFR 1.76
Application Number

Title of Invention METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRCNIC MODULE

Please Select One: (® Customer Number | (O US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 167455
Prefix Given Name Middle Name Family Name Suffix

Remove

Registration Number

Prefix Given Name Middle Name Family Name Suffix

Remove

Registration Number

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.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 | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 16788701 20620-02-12

Prior Application Status | Patented

Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16788701 Continuation of 14580257 2014-12-23 10798823 2020-10-06

Prior Application Status | Patented

Application e Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
14580257 Continuation in part of 10572340 2006-11-14 7696005 2010-04-13

Prior Application Status

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
10572340 a 371 of international PCT/FI2004/000053 2004-09-15

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

WEB ADS 1.0
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PTO/AIA/14 (08-15)

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

U.5. 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 PIMO003USC1C1
Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRCNIC MODULE

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.S.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) 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).

Application Number CountryI Filing Date (YYYY-MM-DD) Access Codei(if applicable)
20031341 Fl 2003-09-18
Additional Foreign Priority Data may be generated within this form by selecting the Add
button.

Statement under 37 CFR 1.55 or 1.78 for AlA (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.

WEB ADS 1.0
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PTO/AIA/14 (08-15)

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

U.5. 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 PIMO003USCIC1

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND ELECTRCNIC MODULE

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed 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 (EPQ) 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 below, 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 PTQ/SB/69 must be used as appropriate.

1. Authorization 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 USPTQ authority to provide the European Patent Office (EPO), the Japan Patent Office (JPO), the Korean
Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of China (SIPO), the World
Intellectual Property Organization (WIPQ), and any other foreign intellectual property office participating with the USPTO in a
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Abstract:

This publication discloses an electronic module, comprising a
first conductive pattern layer and a first insulating-material layer
on at least one surface of the first conductive pattern layer, at
least one opening in the first insulating-material layer that
extends through the first insulating-material layer, a component
having a contact surface with contact terminals, the component
being arranged at least partially within the opening with its
contact terminals electrically coupled to the first conductive
pattern layer, a second insulating-material layer provided on the
first insulating-material layer, and a conductive pattern
embedded between the first and second insulating material
layers. This publication additionally discloses a method for

manufacturing an electronic module.
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CLAIMS

1. An electronic module, comprising;:

a first conductive pattern layer, and a first insulating-material layer arranged on at
least one surface of the first conductive pattern layer;

at least one opening in the first insulating-material layer that extends through the
first insulating-material layer;

a component comprising contact terminals, the component being arranged at least
partially within the at least one opening, the contact terminals electrically connected to
the first conductive pattern layer;

a second insulating-material layer disposed on the first insulating-material layer;
and

a second conductive pattern layer spaced apart from the first conductive pattern

layer by at least the first and second insulating-material layers.

2, The electronic module of claim 1, wherein the first conductive pattern

layer and the second conductive pattern layer are each substantially planar.

3. The electronic module of claim 1, wherein the second insulating-material

layer directly contacts the component.

4. The electronic module of claim 1, wherein the second conductive pattern

layer is spaced apart from the first conductive pattern layer by the component.
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5. The electronic module of claim 4, wherein the second conductive pattern

layer is spaced apart from the component by the second insulating-material layer.

6. The electronic module of claim 5, wherein the second insulating-material
layer is continuously disposed between the second conductive pattern layer and the

component.

7. The electronic module of claim 1, wherein the first insulating-material

layer is spaced apart from the component.

8. The electronic module of claim 1, wherein the first insulating-material

layer comprises a different material than the second insulating-material layer.

9. An electronic module, comprising:

a first conductive pattern layer, and a first insulating-material layer arranged on at
least one surface of the first conductive pattern layer;

an opening in the first insulating-material layer that extends through the first
insulating-material layer;

a component comprising contact terminals, the component being arranged at least
partially within the opening, the contact terminals electrically connected to the first
conductive pattern layer;

a second insulating-material layer disposed on the first insulating-material layer;

a third insulating-material layer disposed on the second insulating-material layer;

and
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a second conductive pattern layer spaced apart from the first conductive pattern

layer by at least the first, second, and third insulating-material layers.

10. The electronic module of claim 9, wherein the first conductive pattern

layer and the second conductive pattern layer are each substantially planar.

11.  The electronic module of claim 9, wherein the second insulating-material

layer directly contacts the component.

12. The electronic module of claim 9, wherein the second conductive pattern

layer is spaced apart from the first conductive pattern layer by the component.

13.  The electronic module of claim 12, wherein the second conductive pattern
layer is spaced apart from the component by the second and third insulating-material

layers.

14. The electronic module of claim 13, wherein the second insulating-material

layer is continuously disposed between the second conductive pattern layer and the

component.

15.  The electronic module of claim 9, wherein the first and third insulating-

material layers are spaced apart from the component.

249



32

1 16.  The electronic module of claim 9, wherein the first and third insulating-
2 material layers comprise a first material, the second insulating-material layer comprises a
3 second material, the first material being different than the second material.

250



10

15

20

25

30

1

METHOD FOR MANUFACTURING AN ELECTRONIC MODULE AND
ELECTRONIC MODULE

RELATED APPLICATIONS

This application is a Continuation of U.S. Patent Application No. 16/788,701, filed on
February 12, 2020, which is a Continuation of U.S. Patent Application No. 14/580,257,
filed on December 23, 2014, which is a Continuation-in-Part of U.S. Patent Application
Ser. No. 10/572,340, filed on September 15, 2004. The subject matter of which is

incorporated by reference herein in its entirety.

FIELD OF THE INVENTION
Aspects of the present invention relate to an electronic module.
Further aspects of the present invention relate to a method for manufacturing an

electronic module.

In particular, embodiments of the invention relate to an electronic module, in which one
or more components are embedded in an installation base. The electronic module being
manufactured can be a module like a circuit board, which includes several components,
which are connected to each other electrically, through conducting structures
manufactured in the module. Embodiments of the invention relate to an electronic
module, which contains microcircuits, to which several contact terminals are connected.
In addition to, or in place of microcircuits, other components too, for example, passive
components, can, of course, be embedded in the installation base. Thus, the intention is
to embed in the electronic module such components as are typically attached in an
unpackaged form to the circuit board (to the surface of the circuit board). Another
important group of components are components that are typically packaged for
connection to a circuit board. The electronic modules to which the invention relates can,

of course, also include other types of components.

BACKGROUND OF THE INVENTION
The installation base can be of a type similar to the bases that are generally used in the
electronics industry as installation bases for electrical components. The task of the base is

to provide components with a mechanical attachment base and the necessary electrical
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connections to both components that are on the base and those that are outside the base.
The installation base can be a circuit board, in which case the construction and method to
which the invention relates are closely related to the manufacturing technology of circuit
boards. The installation base may also be some other base, for example, a base used in

the packaging of a component or components, or a base for an entire functional module.

The manufacturing techniques used for circuit boards differ from those used for
microcircuits in, among other things, the fact that the installation base in microcircuit
manufacturing techniques, i.e. the substrate, is of a semiconductor material, whereas the
base material of an installation base for circuit boards is some form of insulating
material. The manufacturing techniques for microcircuits are also typically considerably

more expensive that the manufacturing techniques for circuit boards.

The constructions and manufacturing techniques for the cases and packages of
components, and particularly semiconductor components differ from the construction and
manufacture of circuit boards, in that component packaging is primarily intended to form
a casing around the component, which will protect the component mechanically and
facilitate the handling of the component. On the surface of the component, there are
connector parts, typically protrusions, which allow the packaged component to be easily
set in the correct position on the circuit board and the desired connections to be made to
it. In addition, inside the component case, there are conductors, which connect the
connector parts outside the case to connection zones on the surface of the actual
component, and through which the component can be connected as desired to its

surroundings.

However, component cases manufactured using conventional technology demand a
considerable amount of space. As electronic devices have grown smaller, there has been
a trend to eliminate component cases, which take up space, are not essential, and create
unnecessary costs. Various constructions and methods have been developed to solve this

problem, with the aid of which components can placed inside the circuit-board structure.

US patent publication 4 246 595 discloses one solution, in which recesses are formed in

the installation base for the components. The bottoms of the recesses are bordered by a
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two-layered insulation layer, in which holes are made for the connections of the
component. The layer of the insulation layer that lies against the components is made of
an adhesive. After this, the components are embedded in the recesses with their
connection zones facing the bottom of the recess, electrical contacts being formed to the
components through the holes in the insulation layer. If it is wished to make the structure
mechanically durable, the component must also be attached to an installation base, so
that the method is quite complicated. It is extremely difficult to use a complicated
method, which demands several different materials and process stages, to profitably

manufacture cheap products.

JP application publication 2001-53 447 discloses a second solution, in which a recess is
made for the component in an installation base. The component is placed in the recess,
with the component’s contact areas facing towards the surface of the installation base.
Next, an insulation layer is made on the surface of the installation base and over the
component. Contact openings for the component are made in the insulation layer and
electrical contacts are made to the component, through the contact openings. In this
method, considerable accuracy is demanded in manufacturing the recess and setting the
component in the recess, so that the component will be correctly positioned, to ensure the

success of the feed-throughs, relative to the width and thickness of the installation board.

International patent application publication WO 03/065778 discloses a method, in which
at least one conductive pattern is made in the base, as are through-holes for
semiconductor components. After this, the semiconductor components are placed in the
holes, aligned relatively to the conductive pattern. The semiconductor components are
attached to the structure of the base and one or more conductive-pattern layers are
manufactured in the base, in such a way that at least one conductive pattern forms an

electrical contact with the contact areas on the surface of the semiconductor component.

International patent application publication WO 03/065779 discloses a method, in which
through-holes are made in the base for semiconductor components, in such a way that the
holes extend between the first and second surfaces of the base. After the manufacture of
the holes, a polymer film is spread over the second surface of the base structure, in such a

way that the polymer film also covers the through-holes made for the semiconductor
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components, on the second side of the base structure. Before the hardening of the
polymer film, or after its partial hardening, the semiconductor components are placed in
the holes made in the base, from the direction of the first surface of the base. The
semiconductor components are pressed against the polymer film so that they adhere to
the polymer film. After this, the final hardening of the polymer film is performed and
additional conductive-pattern layers are manufactured, in such a way that at least one
conductive pattern forms an electrical contact with the contact areas on the surface of the

semiconductor components.

SUMMARY OF THE INVENTION
It is an object of certain embodiments of the invention to provide an electronic module. It
is another object of certain embodiments of the invention to create a simple and reliable

method with low manufacturing costs, for embedding components in an installation base.

Embodiments of the invention are based on commencing manufacture from an insulating
board, which is surfaced on at least one side with a conductive layer. After this, a recess
or opening is made in the insulation, which opens onto one surface of the board, but does
not penetrate the conductive layer on the opposite surface of the board. A component is
attached to the recess or opening and electrical contacts are formed between the
conductive layer and the contact areas, or contact protrusions of the component. After the
attachment of the component, conductive patterns are formed from this conductive layer,
which become part of the circuit-board structure, or other electronic module. An
additional conductive pattern is embedded in the insulating-material of the module.

According to one example, there is an electronic module, comprising a first conductive
pattern layer and a first insulating-material layer on at least one surface of the first
conductive pattern layer, at least one opening in the first insulating-material layer that
extends through the first insulating-material layer, a component having a contact surface
with contact terminals, the component being arranged at least partially within the
opening with its contact terminals electrically coupled to the first conductive pattern
layer, a second insulating-material layer provided on the first insulating-material layer,
and a conductive pattern embedded between the first and second insulating material

layers.
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Considerable advantages are gained with the aid of embodiments of the invention. This is
because embodiments of the invention can be used to design a simple and reliable
method with low manufacturing costs, which can be used to manufacture electronic
modules containing embedded components. The conductively surfaced insulating board
used as the basic material is one of the basic raw materials of the circuit-board industry
and boards of this kind are available cheaply and reliably. In the method, the use of the
raw material is extremely efficient, as the conductively surfaced insulating board is
exploited to manufacture the conductive patterns of the electronic module. Even circuits
that are embedded inside the insulating board can be connected electrically to this
conductive-pattern layer. An additional conductive pattern can be embedded in the
insulating material of the board which can be connected electrically to the conductive-
pattern layer. The embedded conductive pattern can be totally separated from the

environment by means of the insulating-material layers.

According to certain embodiments of the invention, at least one neutral bending axis of
the electronic module can be in the middle of or inside the embedded conductive pattern.
Such a location of an embedded conductive pattern in the electronic module can
minimize the risk of breaking an embedded conductive pattern due to bending of the
structure during manufacturing steps of the electronic module at a later stage or due to
unintentional bending of the module as such after manufacture. This can improve

reliability and lifetime of the embedded conductive pattern and the module as such.

The invention has embodiments, according to which relatively few process stages are
required in the manufacturing process. Embodiments with fewer processing stages
correspondingly also need less process equipment and various manufacturing methods.
With the aid of such embodiments, in many cases it is also possible to reduce the

manufacturing costs, compared to more complicated processes.

The number of the conductive-pattern layers of the electronic module in addition to the at
least one embedded conductive pattern can also be selected according to the
embodiments. There can be, for example, one or two conductive-pattern layers. In

addition, additional conductive-pattern layers can also be manufactured on top of them,

255



10

15

20

25

30

6

in the manner known in the circuit-board industry. There can thus be a total of, for
example, three, four, or five conductive-pattern layers in a module. In the very simplest
embodiments, there is only a single conductive-pattern layer, and, indeed, any conductive
layer. In some embodiments, each of the conductive layers contained in an electronic

module can be utilized to form conductive patterns.

There are also embodiments of the invention, in which conductive patterns can be
manufactured at the locations of the components. This will increase the wiring capability
of the structure, which, in turn, will permit the components to be placed closer together.
The wiring capability can also be improved by placing some of the components “upside-

down’, so that the active surfaces of components will face both surfaces of the board.

BRIEF DESCRPTION OF THE FIGURES
For a more complete understanding of particular embodiments of the present invention
and their advantages, reference is now made to the following descriptions, taken in

conjunction with the accompanying drawings. In the drawings:

Figures 1 - 17 show a series of cross-sections of an example of a manufacturing method

of an electronic module.

Figures 18 - 27 show a series of cross-sections of another example of a manufacturing

method of an electronic module.

Figures 28 and 29 show two intermediate stages of the manufacture of an electronic

module.
Figures 30 and 31 show two intermediate stages of the manufacture of an electronic
module in manufacturing methods according to certain embodiments of the present

invention.

Figures 32 and 33 show two intermediate stages of the manufacture of an electronic

module in manufacturing methods according to certain embodiments of the present
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Figures 34 and 35 show two intermediate stages of the manufacture of an electronic
module in manufacturing methods according to certain embodiments of the present

invention.

Figures 36, 37 and 38 show examples of patterned conductive layers from the conductive
layers of figures 31, 33 and 35 respectively.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE
INVENTION

In the methods of the examples, manufacturing is started by manufacturing an
installation base of insulating material, which has a conductive layer on at least one
surface. Typically, a commercially available sheet 1 of insulating material, both surfaces
1a, 1b of which are surfaced with a conductive layer 4, is selected as the installation base.
The insulating material 1 can be, for example, glass-fibre-reinforced epoxy (e.g., FR4).

The conductive material 4 is, for its part, usually copper.

The installation base is typically selected in such a way that the thickness of the
insulating material layer 1 is greater than the thickness of the components 6 to be later
attached to the base, although this is not essential. Recesses or openings 2, the size of
which is selected according to the size of the components 6 being installed, are
manufactured by a suitable method in the insulating-material layer 1. The recesses or
openings 2 are manufactured in such a way that the conductive layer 4 on the surface of
the insulating material layer 1 closes one or other end of the recess or opening 2. This is
achieved, for example, by removing the conductive material 4 on the first surface of the
installation base around the recess or opening 2. In connection with the removal of the
conductive material 4, other patterns can also be formed in the conductive-pattern layer
4, for example, the patterns of the conductors of the circuit that will be formed. After
this, the making of recesses or openings 2 is continued using a suitable selective method,
which affects the insulating material 1 but not the conductive layer 4. The recess or
opening 2 thus manufactured should extend through the entire insulating material layer 1,
while the conductive layer 4 at the other end of the recess or opening 2 remains

undamaged. Recesses or openings 2 can be made in a corresponding manner from the
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directions of both surfaces.

Suitable alignment marks are also required to align the components 6, for the creation of
which several different methods are available. One possible method is the making of

small through-holes in the vicinity of the installation holes 2 of the components 6.

The components 6 are aligned in their installation holes 2 with the aid of the alignment
holes or other alignment marks and the components are attached to the conductive layer
4. The components 6 can be attached to the conductive layer 4 using a method that
permits the formation of an electrical contact between the conductive layer 4 and the
contact areas of the component. Such methods are, for example, the ultrasonic bonding
method, the thermo-compression method, and gluing with an electrically conductive
adhesive. Alternatively, it is possible to use a method, in which an electrical contact is
formed between the conductive layer 4 and the contact areas of the component. Such a
method, is, for example, gluing with an insulating adhesive. In the following, the
procedure of the process is described in greater detail, in connection with the attachment

methods referred to above.

The term ultrasonic methods refers to a method, in which two pieces containing metal are
pressed together and vibration energy is brought to the attachment area at an ultrasound
frequency. The ultrasound and the pressure created between the surfaces being attached
cause the pieces being attached to bond metallurgically to each other. Methods and
devices for creating ultrasound joints (ultrasonic bonding) are commercially available.
Ultrasonic bonding has the advantage that a high temperature is not required to form the

joint.

The term thermo-compression method refers to a method, in which two pieces containing
metal are pressed against each other and thermal energy is applied to the joint area. The
thermal energy and the pressure created between the surfaces being attached cause the
pieces being attached to bond metallurgically to each other. Methods and devices for
making thermo-compressed joints (thermo-compression bonding) are also commercially

available.
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The term adhesive refers to a material, by means of which the components can be
attached to the conductive layer. One property of the adhesive is that the adhesive can be
spread on the surface of the conductive layer, and/or of the component in a relatively
fluid form, or otherwise in a form that will conform to the shape of the surface. Another
property of the adhesive is that, after spreading, the adhesive hardens, or can be
hardened, at least partly, so that the adhesive will be able to hold the component in place
(relative to the conductive layer), at least until the component is secured to the structure
in some other manner. A third property of the adhesive is its adhesive ability, i.e. its

ability to stick to the surface being glued.

The term gluing refers to the attachment of the component and conductive layer to each
other with the aid of an adhesive. Thus, in gluing, an adhesive is brought between the
component and the conductive layer and the component is placed in a suitable position
relative to the conductive layer, in which the adhesive is in contact with the component
and the conductive layer and at least partly fills the space between the component and the
conductive layer. After this, the adhesive is allowed (at least partly) to harden, or the
adhesive is actively hardened (at least partly), so that the component sticks to the
conductive layer with the aid of the adhesive. In some embodiments, the contact
protrusions of the component may, during gluing, extend through the adhesive layer to

make contact with the conductive layer.

The components 6 can thus be attached to the surface of the conductive layer 4 with the
aid of an electrically conductive adhesive. Electrically conductive adhesives suitable for
this purpose are generally available in two basic types: isotropically conductive
adhesives and anisotropically conductive adhesives. An isotropically conductive
adhesive conducts in all directions, whereas an anisotropically conductive adhesive has a
conductive direction and a direction diametrically opposite to this, in which the
conductivity of the adhesive is extremely low. An anisotropically conductive adhesive
can be formed, for example, from an isolating adhesive, into which suitable conductor
particles are mixed. If an anisotropically conductive glue is used, the glue can be dosed
over the component’s entire surface that is being glued. When using an isotropically
conductive glue, dosing should be performed by area, so that short-circuits are not

created between the contact areas.
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After the attachment of the components, the space remaining in the installation recess or
opening 2 is typically filled with a filler 8. Afier this, the conductive layer 4 can be
patterned, so that conductive patterns 14 are formed, at least some of which are
connected to the contact areas of some of the components 6. After this, the process can
be continued by manufacturing additional conductive-pattern layers and manufacturing

the necessary through-holes.

Manufacturing exploiting the ultrasonic method and the thermo-compression method are
disclosed in greater detail in the same applicant’s Finnish patent application F120030292,
filed on 26 February 2003.

Manufacturing exploiting conductive glues are, in turn, disclosed in greater detail in the

same applicant’s Finnish patent application F120031201, filed on 26 August 2003.

Thus, instead of attachment methods forming an electrical contact, it is also possible to
use methods, in which an electrical contact is not formed. Such a joint can be made, for
example, by gluing the component 6 to the surface of the conductive layer 4 with the aid
of an insulating adhesive. After gluing, the installation recess or opening 2 can be filled
with a filler 8 and the feed-throughs made, through which electrical contacts can be
formed between the contact areas of the components 6 and the conductive layer 4. Holes
17 for the feed-throughs are made in the conductive layer 4, at the contact areas of the
components 6. The holes 17 are made in such a way that they also break through the
adhesive layer that has remained on top of the contact areas, or the contact protrusions.
The holes 17 thus extend as far as the material of the contact protrusions or other contact
areas of the components 6. The holes 17 can be made, for example, by drilling with a
laser device, or by using some other suitable method. After this, conductive material is
brought to the holes 17, in such a way that an electrical contact is formed between the

component 6 and the conductive layer 4.
After this, the conductive layer 4 can be patterned, so that conductive patterns 14 are

formed, at least some of which are connected to some of the contact areas of the

components 6. After this, the process can be continued by manufacturing additional
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conductive-pattern layers and manufacturing the necessary feed-throughs.

Manufacturing processes exploiting an insulating adhesive are disclosed in greater detail

in the same applicant’s Finnish patent application F120030493, filed on 1 April 2003.

The manufacturing processes according to the embodiments of the invention can be
implemented using manufacturing methods that are generally known to one versed in the

art of manufacturing circuit boards.

In the following, the stages of the method shown in Figures 1 - 17 are examined in

greater detail.

Stage A (Figure 1):

In stage A, a sheet of suitable insulating material 1, from which the body of the
installation base is formed, is selected for the electronic-module manufacturing process.
In the example using single insulating-material layer, the insulating-material layer 1
should preferably be thicker that the component being installed. It will then be possible
to embed the component entirely inside the installation base and the electronic module
will be smooth on both sides. Thicker special components, the rear surface of which will
protrude beyond the insulating-material layer 1, can, of course, also be embedded in the
installation base. This is the preferred procedure particularly in such examples, in which
several insulating-material layers are used, which are joined together during the process.
In that case, the components can be embedded entirely in the structure, if the total
thickness of the insulating-material layer exceeds the thickness of the component. On
account of the durability of the structure, it is preferable for the components in the

finished electronic module to be located entirely inside the installation base.

The insulating-material layer 1 can be, for example, a polymer base, such as a sheet of
glass-fibre reinforced epoxy FR4. Other materials suitable for the insulating-material
layer 1 are PI (polyimide), FRS, aramid, polytetrafluoroethylene, Teflon®, LCP (liquid
crystal polymer), and a pre-hardened binder layer, i.e. prepreg.
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Prepeg refers to one of the basic materials of the circuit-board industry, which is
generally a glass-fibre-reinforced insulating mat saturated with B-stage resin. A pre-
hardened binder layer is typically used as a binding insulating material, when
manufacturing multi-layer circuit-boards. Its B-stage resin is cross-bridged in a
controlled manner with the aid of temperature and pressure, for example, by pressing or
laminating, so that the resin hardens and becomes C-stage. In the controlled hardening
cycle, during the rise in temperature, the resin softens and its viscosity diminishes.
Forced by the pressure, the fluid resin fills the holes and openings in its boundary
surface. When using a pre-hardened binder layer, this property is exploited to fill the
empty space remaining around the components. In this way, it is possible to further
simplify the electronic-module manufacturing methods described in the examples, as the
installation recesses or openings for the components need not be filled with a separate

filler.

The insulating-material layer 1 is surfaced on both sides 1a, 1b, with a conductive layer
4, for example, a metal layer. The manufacturer of the electronic module can also select a

ready surfaced insulating sheet as the basic material.

Stage B (Figure 2):

In stage B, conductive patterns 14 are formed from the conductive layer 4, using some
suitable method. The removal of the conductive material can be performed, for example,
using vaporization with a laser, or some selective etching method, which are widely used
and well known in the circuit-board industry. The conductive pattern 14 is made in such
a way that the surface of the insulating-material layer 1 is exposed at the installation
recesses or openings 2 made for the components 6, or the side of the surface 1a or 1b.
Correspondingly, the conductive material layer 14 on the opposite surface 1a or 1b of the

insulating-material layer 1 is left intact.

Stage C (Figure 3):

In stage C, suitably sized and shaped recesses or openings 2 are made in the insulating-

material layer 1, for the embedding of the components. The recesses or openings 2 can be
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made as required, using, for example, some known method used in circuit-board
manufacture. The recesses or openings 2 can be made, for example, using CO2. The
recesses or openings 2 are made from the direction of the second surfaces 1b and extend
through the entire insulating-material layer 1, as far as the surface 1a of the conductive

material layer 14 on the opposite surface of the layer.

Stage D (Figure 4):

In stage D, the blank of the electronic module is turned the other way round.

Stage E (Figure 5):

In stage E, additional installation recesses or openings 2 in the insulating-material layer 1
are made for components in the direction of the first surface 1a. Otherwise, the recesses

or openings 2 can be made in the same way as in stage C.

Stage F (Figure 6):

In stage F, an adhesive layer 5 is spread on the bottom of the installation recesses or
openings 2, on top of the conductive layer 14. The thickness of the adhesive layer 5 is
selected so that the adhesive suitably fills the space between the component 6 and the
conductive layer 14, when the component 6 is later pressed onto the adhesive layer 5. If
the component 6 includes contact protrusions 7, it would be good for the thickness of the
adhesive layer 5 to be greater, for example about 1.5 - 10 times, the height of the contact
protrusions, so that the space between the component 6 and the conductive layer 4 will be
well filled. The surface area of the adhesive layer 5 formed for the component 6 can also
be slightly larger than the corresponding surface area of the component 6, which will also

help to avoid the risk of inadequate filling.

Stage F can be modified in such a way that the adhesive layer 5 is spread on the
attachment surfaces of the components 6, instead of on the attachment areas of the
conductive layer 14. This can be carried out, for example, by dipping the component in

adhesive, prior to setting it in place in electronic module. It is also possible to proceed by
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spreading the adhesive on both the attachment areas of the conductive layer 14 and on

the attachment surfaces of the components 6.

The adhesive used in this example is thus an electrical insulator, so that the adhesive
layer 5 itself does not form electrical contacts between the contact areas of the

component 6.

Stage G (Figure 7):

In stage G, the components 6 to be installed from the direction of the first surface 1a are
set in place in the electronic module. This can be done, for example, by pressing the

components 6 into the adhesive layer 5, with the aid of an assembly machine.

Stage H (Figure 8):

In stage H, the blank of the electronic module is turned the other way round (see stage
D).

Stage I (Figure 8):

In stage I, an adhesive layer 5 is spread on the bottom of the installation recesses or
openings 2 opening onto the second surface 1b. Stage I is performed correspondingly to
stage F, but from the direction of the opposite surface of the electronic module.

The work stages (e.g., stage F and ) made from opposite sides of the electronic module
can, in principle, also be performed simultaneously or consecutively without turning the

blank, if the manufacturing equipment being used permits the work stages to be made

from two directions.

Stage J (Figure 9):

In stage J, the components 6 to be installed from the direction of the second surface 1b

are set in place, correspondingly to stage G of the electronic module.
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Stage K (Figure 10):

In stage K, the space remaining between the components 6 and the installation base is
filled entirely with a filler 8, which is, for example, some suitable polymer. If the

insulating material 1 is a pre-hardened binder layer (prepreg), this stage can be omitted.

Stage L (Figure 11):

In stage L, holes 17 are manufactured for the electrical contacts of the components 6. The
holes 17 are made through the conductive layer 14 and the adhesive layer 5, in such a
way that the material of the contact protrusions, or the corresponding contact areas of the
components 6 is exposed. The holes 17 can be made, for example, by drilling with the
aid of a laser. A sufficient number of holes 17 is made at the contact areas of the
components 6. If, in the process, it is intended to form direct contacts to the components
6 not only through the conductive layer 14, but also through some other conductive layer,
the holes 17 need not necessarily be made at contact area participating in such a contact.
Typically, in order to form a reliable contact between the contact areas of a component 6
and, for example, a conductive layer 24, a hole 28 is made in two parts; first a hole 17 is
made between the component 6 and the conductive layer 14 and then a hole 27 is made

directly on top of this.

Stage M (Figure 12):

In stage M, holes 11 are made in the module for the feed-throughs. The holes 11 can be

made, for example, mechanically by drilling.

Stage N (Figure 13):

In stage N, conductive material 15 is grown into the holes 17 made in stage L and into
the through-holes 11 made in stage M. In the example process, the conductive material

15 is also grown elsewhere on top of the base, so that the thickness of the conductive

layers 14 also increases.
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The conductive material 15 being grown can be, for example, copper, or some other
sufficiently electrically conductive material. In the selection of the conductive material
15, attention must be paid to the ability of the material to form an electrical contact with
the material of the contact protrusions 7 or other contact areas of the component 6. In one
example process, the conductive material 15 is mainly copper. Copper metallization can
be made by surfacing the holes 11 and 17 with a thin layer of chemical copper and after
this the surfacing can be continued using an electrochemical copper-growing method.
Chemical copper is used, for example, because it will also form a surface on top of
adhesive and will act as an electrical conductor in electrochemical surfacing. The growth
of the metal can thus be performed using a wet-chemical method, so that the growth is

cheap.

Stage N is intended to form an electrical contact between the components 6 and the
conductive layer 14. In stage N, it is not essential to increase the thickness of the
conductive layer 14, instead the process can be equally well designed in such a way that,
in stage 1, the holes 17 and 11 are only filled with a suitable material. The conductive
layer 15 can be manufactured, for example, by filling the holes 17 and 11 with an
electrically conductive paste, or by using some other metallization method suitable for

micro-feed-throughs.

In the later figures, the conductive layer 15 is shown merged with the conductive layer

14.

Stage O (Figure 14):

In stage O, the conductive layers 14 are patterned in such a way that conductive patterns
14 are formed on both surfaces of the sheet 1. The patterning can be performed, for
example, in the manner described in stage B.

After stage O, the electronic module contains a component 6 or several components 6, as

well as conductive patterns 14, with the aid of which the component or components 6 can

be connected to an external circuit or to each other. The preconditions then exist for
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manufacturing an operational totality. The process can thus be designed in such a way
that the electronic module is ready after stage O and figure 14 indeed shows one possible
electronic module. If desired, the process can also be continued after stage O, for
example, by covering the electronic module with a protective substance, or by

manufacturing additional conductive-pattern layers on the first and/or second surface.

Stage P (Figure 15):

In stage P, an insulating-material layer 21 is made on both surfaces of the sheet 1 as well
as a conductive layer 24 on top of the insulating-material layer 21. Stage P can be
performed, for example, by pressing suitable RCF foils onto both surfaces of the sheet 1.
The RCF foil then includes both an insulating-material layer 21 and a conductive layer
24. When the RCF foils are pressed onto the sheet 1 with the aid of heat and pressure, the
polymer of the layer 21 forms a unified and tight insulating-material layer between the
conductive layer 14 and 24. By means of this procedure, the conductive layer 24 too

becomes quite flat and smooth.

Stage Q (Figure 16):

In stage Q, holes 27 are made for forming feed-throughs between the conductive layer 14
and 24. The holes can be made, for example, as in stage L using a laser. In some
examples, it is also possible to make holes 28, with the aid of which a straight feed-
through can be formed with the conductive layer 24 and the contact protrusion or contact

area of the component 6.

Stage R (Figure 17):

In stage R, conductive material 15 is grown in the holes 27 (and the holes 28) while at
the same time the thickness of the conductive layer 24 can also be increased. Stage R can

be performed correspondingly to Stage N.

After stage R, the process can be continued by patterning the conductive layers 24 and

possibly by manufacturing additional conductive layers on either or both of the surfaces.
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Separate components can also be connected to the conductive layer on the surface of the

electronic module, in the conventional manner of circuit-board technology.

The following will deal, with the aid of Figures 18 - 27, with some possible

modifications of the manufacturing process.

Stage A2 (Figure 18):

In stage A2, as in stage A, a suitable insulating-material sheet 1, from which the body of
the installation base is formed, is selected for the manufacturing process of the electronic
module. In the example process, the insulating-material layer 1 is surfaced from the first

surface 1a with a conductive layer 4, for example, a metal layer.

Stage B2 (Figure 19):

In stage B2, as in stage C, suitably sized and shaped recesses or openings 2 are
manufactured in the insulating-material layer 1, for the components to be embedded in
the sheet. The recesses or openings 2 are made from the direction of the second surface
1b and extend through the entire insulating-material layer 1 as far as the surface of the

conductive-material layer 4 on the opposite surface of the layer.

Stage C2 (Figure 20):

In stage C2, the components 6 to be installed from the direction of the second surface 1b
are set in place in the recesses or openings 2 and connected to the conductive layer 4.
Electrical contacts are then also formed between the contact protrusions or contact areas
of the components and the conductive layer 4. The connection of the components 6 can
be made, for example, by gluing with an isotropically or anisotropically electrically
conductive adhesive. The attachment can also be performed using some other applicable

method, for example, the ultrasonic or thermo-compression method.

Stage D2 (Figure 20):
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In stage D2, the space remaining between the component 6 and the installation base is

entirely filled with a filler 8, which is, for example, some suitable polymer.

Stage E2, (Figure 21):

In stage E2, conductive patterns 14 are formed from the conductive layer 4, using some
suitable method. The removal of the conductive material can be performed, for example,
by vaporization with a laser, or using one of the selective etching methods, which are

widely using and well known in the circuit-board industry.

Stage F2 (Figure 22):

In stage F2, a conductive layer 9 is formed on the second surface 1b of the sheet 1. Stage

F2 can be performed, for example, by laminating an RCF-foil onto the second surface 1b.
Stage G2 (Figure 23):

In stage G2, recesses or openings 2 for components are made in the insulating-material
layer 1, as in stage B2. Now the recesses openings 2 are manufactured from the direction
of the first surface 1a and extend as far as the surface of the conductive-material layer 9.

Stage H2 (Figure 24):

In stage H2, the components 6 to be installed from the direction of the first surface la are

connected to the conductive layer 9. The stage can be performed as in stage C2.

Stage 12 (Figure 20):

In stage 12, the space remaining between the components 6 and the installation base is

entirely filled with a filler 8, which is, for example, some suitable polymer.

Stage J2 (Figure 25):
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In stage J2, conductive patterns 19 are formed from the conductive layer 9, using a

suitable method.

Stage K2 (Figure 26):

In stage K2, holes 27 are made to form feed-throughs between the conductive-pattern
layers 14 and 19.

Stage L2 (Figure 27):

In stage L2, conductive material is grown in the holes 27. Stage L2 can be performed

correspondingly as stage N.

After stage L2, the electronic module includes two conductive-pattern layers and
embedded components 6 connected to them. If several conductive layers are not required
in the electronic module being manufactured, the module can, for example, be protected
with a protective substance after stage L2. After stage 1.2, it is also possible, if wished, to
manufacture additional conductive layers in the module, or to connect surface-assembled
components to it. The modules can also be connected to each other to create a multi-layer

structure.

The above descriptions are of -examples, in which the insulating-material layer 1 is
formed from a single unified insulating-material sheet, for example, a glass-fibre-
reinforced epoxy sheet, or a prepreg sheet. However, the insulating-material layer 1 can
equally well be manufactured from more than one part. It is then also possible to proceed
in such a way that the insulating-material layer 1 is formed of more than one insulating

material. Figures 28 - 31 shows two suchexamples.

Figure 28 shows an element, which includes a first insulating-material layer 1, with
components 6 set in recesses or openings made in it. In addition, the element includes a
conductive layer 4 on the surface of the insulating-material layer 1. The thickness of the
first insulating-material layer 1 is preferably greater than the height of the components 6.

An element like that shown in the figure can be manufactured, for example, by
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combining the sub-processes of the previous series of figures. In addition to the element,
the figures also show a second insulating-material layer 11, in which recesses or

openings 22 for components 6, as well as a second conductive layer 9 are also made.

In the aboveexample, the second insulating-material layer 11 is prepreg. The first
insulating-material layer 1 can then also be of some other insulating material, for
example, a glass-fibre-reinforced epoxy sheet. After this, the layers are joined together,
resulting in the element depicted in figure 29. As can be seen from figure 28, the resin
contained in the prepreg fills the space between the component 6 and its surroundings.
After this, the manufacture of the electronic module can be continued with the aid of the

sub-processes described above.

In the following, stages of the manufacture of an electronic module in manufacturing
methods according to certain embodiments of the present invention are examined in
greater detail in Figures 30-35. Features of the manufacturing methods described above

can also be used in the manufacturing methods described below.

In Figures 30 and 31 two intermediate stages of the manufacture of an electronic module
in manufacturing methods according to certain embodiments of the present invention are
illustrated. Figure 30 shows a first and a second element, both of which include a first
insulating-material layer 1 and components 6 in recesses or openings manufactured in the
insulating-material layer 1. In addition, the elements include conductive layers 4 on the
first surfaces of the insulating-material layers 1 and conductive patterns 19 on the second
surfaces of the insulating-material layers 1. The conductive patterns 19 are each located
on the level of the respective components 6. In both elements, the thickness of the first
insulating-material layer is greater than the height of the components 6. The second
element is rotated relative to the first element in such a way that the conductive patterns
19 face each other and a second insulating-material layer 11, in which recesses 22 or
openings are also made for components 6, is placed between the elements. After this, the
elements are attached to each other, resulting in the module structure shown in figure 31.
The structure of figure 31 is compact and thin, and, at this stage of the process, it already
includes four conductive layers (layers 4, 4, 19, and 19). The conductive layers 19 are

each located on the level of a respective component 6. The conductive layers 19 are
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embedded in insulating material of the structure. Feed throughs or so called via openings,
which are not shown in Figures 30 and 31, are typically made in the first insulating
material layers 1 and electrical contacts are subsequently formed between the conductive
patterns 19 and the first conductive layers 4. High-quality electrical contacts can be
made, for example, by forming a metallurgical connection by growing the conductor
material chemically or by an electrochemical method. Another option is to grow a thin
layer by a chemical method and continue the growing using a cheaper electrochemical
method. Of course, any other suitable method can be used instead or in addition to the
aforementioned methods. Thus, the possible methods include, for example,
electrochemical plating, chemical deposition methods, sputtering and vaporization. The
contact structure can include one, two or several layers of one, two or several metals.
Possible metals include, but are not limited to, aluminum, copper, zinc, nickel, gold,
titanium and iron, for instance. Also conducting adhesive, conductive paste or solder can

be used, for instance.

In the embodiment shown in figures 30 and 31 too, prepreg can be used as the second
insulating-material layer 11. The first insulating-material layer 1 of both elements can
then also be some other insulating material, for example, a glass-fibre-reinforced epoxy
sheet. With the aid of the prepreg, excellent filling is achieved in the space between the
elements, as shown in the example of figure 29. The modules shown in figures 30 and 31
can be made, for example, with the aid of the sub-processes described above. The
manufacture of the electronic module can also be continued in a corresponding manner
as, for example, that of the elements shown in figure 10 or figure 24, making allowance
for the selected connection techniques, the patterning requirement of the conductive

layers 4, and other similar special requirements of the process.

In figures 32 and 33 two intermediate stages of the manufacture of an electronic module
in manufacturing methods according to certain embodiments of the present invention are
illustrated. In Fig. 32 a first insulating-material layer 1 is provided on one surface of a
first conductive layer 4. Subsequently, two openings are made in the first insulating-
material layer 1 that extend through the first insulating-material layer 1 as far as the first
conductive layer 4. Two components 6 having a contact surface, i.e. a first surface 31

with contact areas or contact protrusions, are then placed in the openings with their
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contact surfaces facing the first conductive layer 4 and attached to the conductive layer 4.
A portion of the first insulating-material layer 1 can be between at least a portion of the
component and the conductor layer. Additionally, an insulating material which is either
the same or different from the insulating material of the first insulating-material layer 1
can be between at least a portion of the component and the conductor layer. Vias, for
example, can be formed in the insulating material between contact surface(s) of the

component and the conductive layer.

A conductive pattern 19 can be made from conductor material on the first insulating-
material layer 1. The conductive pattern 19 is located on the same level as the component
6. Further, a second insulating-material layer 11 is provided on the first insulating-
material layer 1 and the conductive pattern 19 such that the components 6 and the
conductive pattern 19 are embedded in the first and second insulating-material layers 1,
11. Additionally, a second or third conductive layer 9 can be provided on the second

insulating-material layer 11.

The distance between a first surface 29 of the embedded conductive pattern 19 and the
second conductive layer 9 in a direction perpendicular to the surface of the first
conductive layer 4 is less than the distance between a first surface 31 of the component 6
and the second conductive layer 9. The first surface 29 of the embedded conductive
pattern 19, the first surface 31 of the component 6, and the second conductive layer 9 are
arranged substantially parallel to each other. The first surface 29 of the embedded
conductive pattern 19 and the first surface 31 of the component 6 are facing towards the
first conductive layer 4. The first conductive layer 4 is arranged substantially parallel to
the second conductive layer 9. The distance between a second surface 30 of the
embedded conductive pattern 19 and the first conductive layer 4 in a direction
perpendicular to the surface of the first conductive layer 4 is also less than the distance
between the second surface 32 of the component 6 and the first conductive layer 4. The
second surface 30 of the embedded conductive pattern 19, the second surface 32 of the
component 6, and the first conductive layer 4 are also arranged substantially parallel to
each other. The second surface 30 of the embedded conductive pattern 19 and the second
surface 32 of the component 6 are facing towards the second conductive layer 9. In other

words, the embedded conductive pattern 19 is substantially located on the same level as
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the component 6, but the height of the embedded conductive pattern 19 is less than the
height of the component 6. The height of the embedded conductive pattern 19 is defined
as the distance between the first surface 29 of the embedded conductive pattern 19 and
the second surface 30 of the embedded conductive pattern 19 in a direction perpendicular
to the surface of the first conductive layer 4. The height of the component 6 is defined as
the distance between the first surface 31 of the component 6 and the second surface 32 of

the component 6 in a direction perpendicular to the surface of the first conductive layer 4.

According to certain embodiments, the second insulating-material layer 11 can be made
of a different material than the first insulating-material layer 1. One example is that the
first insulating-material 1 layer can be a glass-fibre reinforced epoxy sheet and the
second insulating-material layer 11 can be prepreg. Other examples of materials of the
first and/or second insulating material are polyimide, polyimide based materials, epoxies
with or without fillers (e.g. fillers which are ceramic particles), epoxy based materials,

non-glass fiber containing materials or combinations thereof.

According to certain examples, the material of the first insulating material layer 1 and/or
the material of the second insulating material layer 11 can be materially different before
and after manufacturing. For example, a pre-final product can have a first insulating
material layer 1 made from a polyimide film and the second insulating material layer 11
can be made from an unfilled epoxy. During a curing process of manufacturing after the
first and second insulating material layers have been placed in contact with one another,
the polyimide of the first insulating material layer 1 will generally hold its form but the
unfilled epoxy of the second insulating material layer will flow. In a case where both
materials of the first and second insulating material layers would be effected by a
manufacturing step, a final product may have only one combined insulating material
layer, or an additional insulating material layer which is a combination of at least a

portion of both first and second initial insulating material layers.

The embedded conductive pattern 19 is made of conductor material such as, for example,
copper, aluminum, zinc, nickel, gold, titanium or iron, a combination of two or more of
the afore-mentioned metals, or any other suitable conductive material. Also the first and

second conductive layers 4, 9 are made of conductor material such as, for example,
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copper, aluminum, zinc, nickel, gold, titanium or iron, a combination of two or more of

the afore-mentioned metals, or any other suitable conductive material.

After this, the layers are joined together, resulting in the element depicted in figure 33.
As can be seen from figure 32, the resin contained in the prepreg fills the space between
the component 6 and its surroundings. Afier this, the manufacture of the electronic
module can be continued with the aid of the sub-processes described above.

In the final electronic module, e.g. after the manufacturing process, an embedded
conductive pattern 19 is arranged such that it is separated from the environment. At least
one of the first and second conductive layers 4, 9 will be further formed as conductive
pattern layers. Additionally, feed throughs are provided in the first or second insulating
material layer and an electrical contact is formed between the embedded conductive

pattern and the first or second conductive pattern layer.

In figures 34 and 35 two intermediate stages of the manufacture of an electronic module
in manufacturing methods according to certain embodiments of the present invention are
illustrated. In Fig. 34 a first insulating-material layer 1 is provided on one surface of a
first conductive layer 4. Subsequently, at least one opening is made in the first insulating-
material layer 1 that extends through the first insulating-material layer 1 as far as the first
conductive layer 4. At least one component 6 having a contact surface, i.e. a first surface
31 with contact areas or contact protrusions, is then placed in the opening with its contact
surfaces facing the first conductive layer 4 and attached to the conductive layer 4. A
conductive pattern 19 is made from conductor material on the first insulating-material
layer 1. The conductive pattern 19 is located on the same level as the component 6.
Further, a second insulating-material layer 11 is provided on the first insulating-material
layer 1 and the conductive pattern 19 such that the components 6 and the conductive
pattern 19 are embedded in the first and second insulating-material layers 1, 11.
Additionally, a second conductive layer 9 is provided on the second insulating-material

layer 11.
After this, the layers can bejoined together, resulting in an element as depicted in figure

35. The first and second insulating-material layers 1, 11 can be of the same material,

though they may be different and/or have together formed one or more additional
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combined layers during a manufacturing process as discussed above.. Further, the height
of the embedded conductive pattern 19 is greater than in the previous embodiments.
Additionally, the distance between a first surface 29 of the embedded conductive pattern
19 and the first conductive layer 4 in a direction perpendicular to the surface of the first
conductive layer 4 substantially equals a distance between a second surface 30 of the

embedded conductive pattern 19 and the second conductive layer 9.

According to other embodiments, the distance between the second surface 30 of the
embedded conductive pattern 19 and the first conductive layer 4 in a direction
perpendicular to the surface of the first conductive layer 4 substantially equals or equals
the distance between the second surface 32 of the component 6 and the first conductive

layer 4.

In further embodiments, the distance between the first surface 29 of the embedded
conductive pattern 19 and the second conductive layer 9 in a direction perpendicular to
the surface of the first conductive layer 4 substantially equals or equals the distance

between the first surface 31 of the component 6 and the second conductive layer 9.

In certain embodiments, the height of the embedded conductive pattern 19 substantially
equals the height of the component 6. In other certain embodiments, the height of the

embedded conductive pattern 19 is greater or less than the height of the component 6.

In case that the beam theory is applied to a cross-sectional portion of the electronic
module, the neutral bending axis of the electronic module is located in the middle of the
embedded conductive pattern 19 according to certain embodiments, thus minimizing the
risk of breaking the embedded conductive pattern 19 due to bending of the structure
during manufacturing steps of the electronic module at a later stage or due to
unintentional bending of the module as such after manufacture. According to certain
other embodiments, the neutral bending axis of the embedded conductive pattern 19 is
located inside the embedded conductive pattern 19. According to certain embodiments,
the neutral bending axis is located inside of at least a portion of the embedded conductive

pattern 19 or located totally outside of the embedded conductive pattern 19.
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In the final electronic module, i.e. after the manufacturing process, an embedded
conductive pattern 19 is arranged such that it is separated from the environment. At least
one of the first and second conductive layers 4, 9 will be further formed as conductive
pattern layers. Additionally, feed throughs are provided in the first or second insulating
material layer and an electrical contact is formed between the embedded conductive

pattern and the first or second conductive pattern layer.

The embodiments of the previous figure series show some possible processes, with the
aid of which the invention can be exploited. The invention is not, however, restricted to
only the processes disclosed above, but instead the invention also covers other different
processes and their end products, taking into account the full scope and equivalence
interpretation of the Claims. The invention is also not restricted to the constructions and
methods described in the embodiments, it being obvious to one versed in the art that
various applications of our invention can be used to manufacture very many different
electronic modules and circuit boards, which differ from the embodiments described
above to even a great extent. The components and connections of the figures are thus
presented only to illustrate the manufacturing process. Thus, a great many alterations can
be made to the process of the embodiments given above, without, however, deviating
from the basic idea according to the invention. The alterations can relate, for example, to
the manufacturing techniques described in the different stages, or to the mutual sequence

of the process stages.

In the processes described above, it is possible, for example, to use several techniques for
attaching the components, for example, in such a way that the components to be attached
from the direction of the first surface are attached using some first technique and the
components to be attached from the direction of the second surface are attached using

some second technique, which differs from the said first technique.

In the embodiments given above, electronic modules are manufactured, which include
components embedded from a first and a second direction. Of course, within the scope of
the invention, it is also possible to manufacture such simpler modules, which include
only components embedded from one direction. With the aid of such simpler modules, it

is also possible to manufacture a module including components embedded in two
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directions. The module can be manufactured, for example, in such a way that two
modules are laminated together from their ‘back’ sides, so that the active surfaces
contained in the sub-modules face the opposite outward surface of the module that has
been laminated together. The embodiments according to the invention include at least
one embedded conductive pattern. The embodiments according to the invention may
include one or more embedded conductive patterns, e.g. in case that the components are

embedded from a first and a second direction.

Although the present invention has been described in detail for the purpose of
illustration, various changes and modifications can be made within the scope of the
claims. In addition, it is to be understood that the present disclosure contemplates that, to
the extent possible, one or more features of any embodiment may be combined with one

or more features of any other embodiment.

It is to be understood that the embodiments of the invention disclosed are not limited to
the particular structures, process steps, or materials disclosed herein, but are extended to
equivalents thereof as would be recognized by those ordinarily skilled in the relevant
arts. It should also be understood that terminology employed herein is used for the

purpose of describing particular embodiments only and is not intended to be limiting.
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