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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

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

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

malntenance fee notifications.

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

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

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

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

Certificate of Mailing or Transmission

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

95002 ) 7550 03/31/2015 I hereby certify that this Fee(s f) Transmittal is being deposited with the United
Seppo Laine Oy States Postal Service with sufficient postage for first class mail in an envelope
Joshua P. Wert addressed to the Mail Stog ISSUE FEE address above, or being facsimile

oshua I. e transmitted to the USPTO (571) 273-2885, on the date indicated below.
Itamerenkatu 3B -
Helsinki, FI00180 (Depostors pame)
FINLAND (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/231,758 04/01/2014 Petteri Palm IMB 22 US CON 1010
TITLE OF INVENTION: CIRCUIT MODULE AND METHOD OF MANUFACTURING THE SAME
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 30 $960 06/30/2015
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
NORRIS, JEREMY C 2847 257-762000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). 1
(1) The names of up to 3 registered patent attorneys
(| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2

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

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON 1

HE PATENT (print or type)

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

(A) NAME OF ASSIGNEE

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

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

[ Individual [ Corporation or other private group entity [ Government

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

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

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

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

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

(| Applicant asserting small entity status. See 37 CFR 1.27

(| Applicant changing to regular undiscounted fee status.

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

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

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

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

Authorized Signature

Date

Typed or printed name

Registration No.

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

Page 2 of 3
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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.“SP[O.gOV

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
14/231,758 04/01/2014 Petteri Palm IMB 22 US CON 1010
| EXAMINER |
95002 7590 03/31/2015
Seppo Laine Oy NORRIS, JEREMY C
Joshua P. Wert
Ttamerenkatu 3B l ART UNIT PAPER NUMBER |
Helsinki, FI00180 2847
FINLAND

DATE MAILED: 03/31/2015

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
PTOL-85 (Rev. 02/11)
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IApplication No. IApplicant(s)

14/231,758 Petteri Palm
Notice Requiring Inventor’s Oath or
Declaration [Examiner IArt Unit
INORRIS, JEREMY C 2847

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).
An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each

inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR
1.64, executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or
substitute statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is
paid. See 35 U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:
INFORMAL ACTION PROBLEMS

A new inventor's oath or declaration that identifies this application (e.g., by Application Number and filing
date) is required. The inventor's oath or declaration does not comply with 37 CFR 1.63 in that it:

*does not state that the above-identified application was made or authorized to be made by the person
executing the oath or declaration: Petteri Palm, Risto Tuominen , and Antti lihola.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office

PTO-2306 (01-13) Notice Requiring Inventor’s Oath or Declaration
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/231,758 PALM ET AL.
. I i i AlA (First Inventor to
Notice of Allowability X ORRIS P It | Fiey status
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. X] This communication is responsive to the Declaration filed 05/20/2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3. X The allowed claim(s) is/are 1-20. 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
hitpwww.usolo.gov/patenis/init_events/oph/indax.jsp or send an inquiry to PPHisedback@usplo.aoy .

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

a)X Al b)[] Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. 12/990,785 .
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.

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

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

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150323
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Application/Control Number: 14/231,758 Page 2
Art Unit: 2847

DETAILED ACTION
Notice of Pre-AlA or AlIA Status

The present application is being examined under the pre-AlA first to invent
provisions.

Priority

Acknowledgment is made of applicant’s claim for foreign priority under 35 U.S.C.
119 (a)-(d). The certified copy has been filed in parent Application No. 12/990,785, filed
on 11/03/2010.

Allowable Subject Matter

Claims 1-20 are allowed.

The following is an examiner’s statement of reasons for allowance: Claim 1
states the limitation “contact elements between the contact terminals and the
conductors for forming electrical contacts, the contact elements comprising an
intermediate layer on the surface of the contact terminal, the intermediate layer
containing a third metal, a contact surface area (Acont 1) between the intermediate
layer and the contact terminal being less than a surface area (Apad) of the contact
terminal.” This limitation, in conjunction with the other claimed features, was neither
found to be disclosed in nor suggested by the prior art. Claim 17 states the limitation “a
contact surface area (Acont 1) between the intermediate layer and the contact terminal
being less than a surface area (Apad) of the contact terminal”. This limitation, in
conjunction with the other claimed features, was neither found to be disclosed in nor

suggested by the prior art. Claim 19 states the limitation “a contact surface area (Acont
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Application/Control Number: 14/231,758 Page 3
Art Unit: 2847

1) between the intermediate layer and the contact terminal being less than a surface
area (Apad) of the contact terminal. This limitation, in conjunction with the other claimed
features, was neither found to be disclosed in nor suggested by the prior art.

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

Conclusion

The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

US 6,396,148,

US 2006/0056152 A1,

US 2004/0246690 A1.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JEREMY C. NORRIS whose telephone number is
(571)272-1932. The examiner can normally be reached on Mon, Wed, Fri 10am-6pm;
Tues, Thurs, 9am-5pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Timothy J. Thompson can be reached on 571-272-2342. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Application/Control Number: 14/231,758 Page 4
Art Unit: 2847

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.

JEREMY C. NORRIS
Primary Examiner
Art Unit 2847

/JEREMY C. NORRIS/
Primary Examiner, Art Unit 2847
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Application/Control No. Applican‘t(s)/lPatent Under
14/231,758 Eziﬁg{] Ztll_c_m
Notice of References Cited _ .
Examiner Art Unit
JEREMY C. NORRIS 2847 Page 1of 1
U.S. PATENT DOCUMENTS
* Gourtry Ootie Nurmberid Gode | MMLYYYY Name Classification
* A | US-6,396,148 05-2002 Eichelberger et al. 2571758
* | B | US-2006/0056152 03-2006 Lietal. 361/697
* | ¢ | US-2004/0246690 12-2004 Nakamura et al. 361/763
D | US-
E | US-
F | US-
G | US-
H | US-
I us-
J | Us-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Courty Godoumber ind Gode. | MVLYYYY Country Name Classification
N
(e}
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
A
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 Part of Paper No. 20150323
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

14231758 PALM ET AL.
LT
JEREMY C NORRIS 2847
CPC- SEARCHED
Symbol Date Examiner
h05k 1/188 3-13-15 jcsn
h011 24/19, 24/24 3-13-15 jcsn
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
reviewed file wrapper of 12/990,785 3-16-15 jcsn
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
hO1l 24/19, 24/24 3-13-15 jcsn
hQ5k 1/188 3-13-15 jcsn

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ;051755 PALM ET AL
ARMANTVATNCN ==
JEREMY C NORRIS 2847
CPC
Symbol Type Version
HO5K = 1 188 F 2013-01-01
Y10T 29 4913 A 2015-01-15
Y10T 29 49117 A 2015-01-15
HO1L 21 486 A 2013-01-01
HO1L 23 5384 | 2013-01-01
HO1L 23 5389 | 2013-01-01
HO1L 24 24 | 2013-01-01
Ho1L 24 82 | 2013-01-01
HO1L 2221 68359 A 2013-01-01
HO1L 2224 13144 A 2013-01-01
HO1L 2224 13147 A 2013-01-01
HO1L 2224 24227 A 2013-01-01
Ho1L 2924 01005 A 2013-01-01
HO1L 2924 01013 A 2013-01-01
HO1L 2924 0102 A 2013-01-01
HO1L 2924 01027 A 2013-01-01
HO1L 2924 01029 A 2013-01-01
Ho1L 2924 0103 A 2013-01-01
HO1L 2924 01033 A 2013-01-01
HO1L 2924 01074 A 2013-01-01
HO1L 2924 01075 A 2013-01-01
HO1L 2924 01078 A 2013-01-01
Ho1L 2924 01079 A 2013-01-01
HO1L 2924 01082 A 2013-01-01
HO1L 2924 14 A 2013-01-01
HO1L 2924 1433 A 2013-01-01
HO1L 2924 15153 A 2013-01-01
Ho1L 2924 1517 A 2013-01-01
HO5K 3 305 A 2013-01-01
HO5K 2201 0355 A 2013-01-01
HO5K 2201 09509 A 2013-01-01
NONE
Total Claims Allowed:
20
(Assistant Examiner) (Date)
/JEREMY C NORRIS/
Primary Examiner.Art Unit 2847 03/23/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 9
U.S. Patent and Trademark Office Part of Paper No. 20150323
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ;051755 PALM ET AL.

H““H“H““H““H“Hm “‘HH“N “‘ o o
JEREMY C NORRIS 2847

HO5K 0969 A 2013-01-01
HO5K 10674 A 2013-01-01
HO5K 063 A 2013-01-01
HO1L 19 | 2013-01-01
HO1L 01006 A 2013-01-01
HO1L 01023 A 2013-01-01
HO1L 01024 A 2013-01-01
HO1L 01047 A 2013-01-01
HO1L 24137 A 2013-01-01
HO1L 04105 A 2013-01-01
HO1L 12105 A 2013-01-01
HO1L 92144 A 2013-01-01
HO1L 49866 | 2013-01-01
HO1L 12041 A 2013-01-01
HO1L 1461 A 2013-01-01
HO1L 0401 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
HO1L A 1 1 2013-01-01
HO1L A 1 2 2013-01-01
HO1L A 2 1 2013-01-01
HO1L A 2 2 2013-01-01
HO1L A 3 1 2013-01-01
HO1L A 3 2 2013-01-01
HO1L A 4 1 2013-01-01
HO1L A 4 2 2013-01-01
NONE
Total Claims Allowed:
20
(Assistant Examiner) (Date)
/JEREMY C NORRIS/
Primary Examiner.Art Unit 2847 03/23/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 9
U.S. Patent and Trademark Office Part of Paper No. 20150323

40



Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14231758 PALM ET AL.
Examiner Art Unit
JEREMY C NORRIS 2847

US ORIGINAL CLASSIFICATION

INTERNATIONAL CLASSIFICATION

CLASS SUBCLASS CLAIMED NON-CLAIMED
H|o K 1/18 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE

Total Claims Allowed:
20

(Assistant Examiner) (Date)

/JEREMY C NORRIS/

Primary Examiner.Art Unit 2847 03/23/2015 O.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 9

U.S. Patent and Trademark Office

Part of Paper No. 20150323
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Application/Control No. Applicant(s)/Patent Under Reexamination

JEREMY C NORRIS 2847
X Claims renumbered in the same order as presented by applicant O CPA O T.D O R147

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
NONE
Total Claims Allowed:
20

(Assistant Examiner) (Date)
/JEREMY C NORRIS/
Primary Examiner.Art Unit 2847 03/23/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 °

U.S. Patent and Trademark Office

Part of Paper No. 20150323
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

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

CONFIRMATION NO. 1010

FILING FEE
RECEIVED |No.

1600 No. for following:

FEES: Authority has been given in Paper
to charge/credit DEPOSIT ACCOUNT

SERIAL NUMBER FILINgAgI)_rE 371(c) CLASS GROUP ART UNIT ATTORN'\IIE(\)( DOCKET
14/231,758 04/01/2014 257 2847 IMB 22 US CON
RULE
APPLICANTS
INVENTORS
Petteri Palm, Helsinki, FINLAND;
Risto Tuominen, Helsinki, FINLAND;
Antti lihola, Helsinki, FINLAND;
*k CONTINUING DATA kkkkkhkkhkhkhkhhhhkhkhhkhhhkhhkk
This application is a CON of 12/990,785 11/03/2010 PAT 8699233 *
which is a 371 of PCT/FI09/50383 05/11/2009
(*)Data provided by applicant is not consistent with PTO records.
*k FOREIGN APPLICATIONS dekdeddkdkdkkdkdkkdkdkkdkkkkkkkhkkhk
FINLAND 20085443 05/12/2008
** |F REQUIRED, FOREIGN FILING LICENSE GRANTED **
04/22/2014
Foreign Priority claimed M ves Uno STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met aYes D No D Xll(\eotv?;tr?ée COUNTRY DRAWINGS CLAIMS CLAIMS
hekowiodged  “Evarmers Sora— e FINLAND 15 20 3
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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. DOCKET NO./TITLE |
14/231,758 04/01/2014 Petteri Palm IMB 22 US CON
CONFIRMATION NO. 1010
95002 PUBLICATION NOTICE

Seppo Laine Oy

Joshua P. Wert LR LA
Iltamerenkatu 3B 0000000

Helsinki, FI00180

FINLAND

Title:Circuit module and method of manufacturing the same

Publication No.US-2014-0210090-A1
Publication Date:07/31/2014

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 Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, 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 http://pair.uspto.gov/. 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

page 1 of 1
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Docket No.: IMB 22 US CON
Declaration Filed under 37 CFR 1.63(d)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 14/231,758  Confirmation No. : 1010
Applicant : GE Embedded Electronics Oy

Filed : 2014-04-01

TC/AU : Not Yet Assigned

Examiner : Not Yet Assigned

Attorney Docket No. : IMB 22 US CON

M/S Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

DPECLARATION FILED UNDER 37 CFR 1.63(d)

In response to the INFORMATIONAL NOTICE TO APPLICANT mailed April
22, 2014, a copy of a previously cxccuted declaration is attached herein in accordance with 37
CFR 1.63(d}. The present declaration was filed in the parent application 12/990,785 on March
11, 2010. Should there be any problems with the acceptance of the present declaration, the
Office is respectfully requested to call the undersigned at 571-480-8372 in order to expedite the

pre-cxamination formalities process.

Respectfully submitted,

_/ Joshua P. Wert Reg. INo, 65880/

Joshua P. Wert

Reg. No. 65880

Seppo Laine Oy
itimerenkaty 3 B
FIN-00180 Helsinki, Finland
Tebl (US) +1 571-4R0-8372

May 20, 2014

Seppo Laine Oy IPW /rw
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PTO/SBIOIA {01-03)
Appraved for use through 08/30/2010. ORS 0651-0032
U8, Patent and Trademark Ofce; U.S. DEPARTMENT OF COMMERDE

Undsr the Papenwork Raduction Act of 1995, no persons are required to respond ic a coltection of information unless & displays @ vaiid OME contro! number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Toentton ICIRCUIT MODULE AND METHOD OF MANUFACTURING THE SAME

invention

Ag the below namad inventor(s), iiwe dedars that
This declaration i dirscled to:
@ The attached application, or
E Agpplication No. fited on
{: As amendad on {if spplicable};
ifwe :eisaves that liwe am/are the original and first inventor(s) of the subject matter which is claimed and for which a patent is
sought;

tAwe have reviewed and understand the contents of the abova-identified application, including the claims, as amendsd by any
amendment apecifically referred to above;

iiwe acknowiedge the duty to disclose to the United Stales Patent and Trademark Office all information known to me/us o be
material to patentabllity as defined in 37 CFR 1.56, including for continuation-in-part applications, material information which
became available betwssen the filing date of the prior application and the national or PCT International filing date of the

continualion-in-part application.
WARNING:

Petitionsr/applicant is cautioned to avoid submitting personal information in documents filed in a patent spplication that may
contribute o identity thefl.  Personal information such as social security numbers, bank account numbers, or oredit card
numbers {other than a chack or credit card authorization form PTO-2038 subrmilied for payment purposes) is never required by
the USPTO to suppont & petition or an application. if this type of personal information is included in documents submilted to the
USPTO, petiticnars/applicants should consider redacting such persanal information from the documents before submitting them
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication
of the application (unless a non-publication request in compliance with 37 CFR 1.213(a} is made in the application} o issuance
of a patent. Furthermore, the record from an abandoned application may also be available to the public if the apgpilication is
raferenced in a published application or an issuad patent (ses 37 CFR 1,14). Checks and credit card authorization forms
PTC-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

All statements mads hersin of my/our own knowladge sre true, all statements made herein on information and belief are
bealisved to be true, and further that these statements ware mads with the knowledgs that willfui faise staterments and the like
are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validily of the application or any

patant issuing thereon.
FULL NAME OF iNV; TOR(S)

7z, 4/‘//('“ h; e P
favenior one: Psﬁeﬁ/@/&r};ﬁ'{; ;/-'-v Date: e)({jf G KO
FE ST
Neeg? L/ Citizen of: K

Signature:

inventor two: Risio ;l”ueménen N Date: (0,2 i e

Signature: ,; ‘%’r{’;zl\) Citizen of: F!

L}g E Additional ;{nvsamcw or 3 fegal representative are belng named on 1 additional form(s) attached hereto,

This collection of information is requirad by 35 U.S 18 and 37 CFR 1.83. The information is requirad 1o obiain or retein 2 benefit by the public which is 1o fils (and
by the USPTO o process) an application. Condidentiality is governad by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This sollection iz astimated 1o take 1 minute to
compdete, induding gathering, prapsring, and submitiing the completed application fom 10 the USFTO. Tims will vary depending upon the indivicual case. Any
commants on the amowurt of time you require fo camplets this form andlor suggestions for reducing this burden, should be sent 1o the Chief Information Officer, ULS.
Patent and Trademark Office. U.S. Department of Commerce, P.O. Bax 1450, Alexandiia, VA 223131450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. BEND TO: Comminsioner for Patents, P.O. Box 1450, Alexandris, VA 22313-1450.

i you neexd sesistance in completing the foam, calf 1-800-PT0O-2198 and select aption 2.
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QECLARAﬁQN

PTOISBIG2A (07-07)
Approved for use through 09/30/2010. OMB 0851-003 2
U.S. Patent and Tradermark Offica; U S. DEPARTMEMNT OF COMMERC

i fid OME contrat number. .
ADDITIONAL iNVENTQR(S)
Supplemental Sheet

Page 2 of

Name of Additional Joint inventor, if any:

§ A petition has been filed for this unsigned inventor

Given Name {first and middie (f anv})

Family Name or Sumame

Attt ithota

~ .4 Y T
inventor's f Gt PRSI
Signature W A/ﬁ "M Date

£

Residence; City State Country Citizenship
Mailing Address
City Siate Zip Country

Name of Additional Joint invanior, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middie (f any})

Family Name or Surname

inventor's

Signature Date

Residence: City State Country Citizenship
Mailing Address

City State Zin Country

Name of Additional Joint Inventor, if any:

L]

A petition has been filed for this unsigned inventor

Given Name (first and middie {f any}}

Family Name or Surnarme

inventor's

Signature Date

Residenca: Cily State Country Citizenship
Mailing Addrass

City State Zip Country

This callection of information is required by 35 U, S.
(and by the USPTO to process) an apphcat-on

If you need assistance inn completing the form,

Confidentiatity is governad by 35 Li.8.C
minules o complete, indluding gathenng, preparing. and submitling the completed application form io the USPTO. Time wi
case Any comments on the amount of time you require to \ompeeie ¥
Officer, 11.S. Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 148
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450 Alexandria, VA 22313-1450.

form and/or sug

o122 and 3

call 1-800-PTO-9185 (1-800-786-3198) and s
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C. 115 and 37 CFR 1.63. The information is required 10 obtxin or retain a benefit by the public which is to fife
7 CFR 1.11 and 1.14. This collection is estimated {o take 21
vary depending upon the individual
s for reducing this burden, should be sent to the Chief information
), Alexandria, VA 22313-1450. DO NOT SEMD FEES OR COMPLETED

elect option 2.




Electronic Acknowledgement Receipt

EFS ID: 19072825
Application Number: 14231758
International Application Number:
Confirmation Number: 1010

Title of Invention:

Circuit module and method of manufacturing the same

First Named Inventor/Applicant Name:

Petteri Palm

Customer Number:

95002

Filer:

Joshua Paul Wert/Ross Worrell

Filer Authorized By:

Joshua Paul Wert

Attorney Docket Number: IMB 22 US CON
Receipt Date: 20-MAY-2014
Filing Date: 01-APR-2014
Time Stamp: 07:45:28

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number P Message Digest | Part/.zip| (ifappl.)
229286
1 IMB22USCON_2014-05-20_Res s 3
ponse_NOMP.pdf Y
ebc352255196f9066703 cee4b010438cd95

84444
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Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Response to Pre-Exam Formalities Notice 1 1
Oath or Declaration filed 2 3
Warnings:
Information:
Total Files Size (in bytes):i 229286

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Application or Docket Number

Substitute for Form PTO-875 14/231,758
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 280
SEARCH FEE
(37 CFR 1.16(K). (), or () N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a) N/A N/A N/A N/A 720
TOTAL CLAIMS .
(37 CFR 1.16(i)) 20 minus 20= OR [« 80 - 0.00
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 3 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Golumn 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
] Total 0 " -
= (37 CF; Iav16(i)) Mins = OR |x =
=] Independent * Minus | *** =
E (37 orR 1.16(h) = OR |x =
<§( Application Size Fee (37 CGFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) 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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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
14/231,758 04/01/2014 2811 1600 IMB 22 US CON 20
CONFIRMATION NO. 1010
95002 FILING RECEIPT

Seppo Laine Oy

Joshua P. Wert I LA DO A
Itamerenkatu 3B 000000067946827

Helsinki, FI00180

FINLAND

Date Mailed: 04/22/2014

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

Inventor(s)
Petteri Palm, Helsinki, FINLAND;
Risto Tuominen, Helsinki, FINLAND;
Antti lihola, Helsinki, FINLAND;
Applicant(s)
Petteri Palm, Helsinki, FINLAND;
Risto Tuominen, Helsinki, FINLAND;
Antti lihola, Helsinki, FINLAND;
Assignment For Published Patent Application
GE EMBEDDED ELECTRONICS QY, Helsinki, FINLAND

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 12/990,785 11/03/2010 PAT 8699233 *
which is a 371 of PCT/FI09/50383 05/11/2009
(*)Data provided by applicant is not consistent with PTO records.

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 20085443 05/12/2008 No Access Code Provided

If Required, Foreign Filing License Granted: 04/22/2014
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/231,758

Projected Publication Date: 07/31/2014
page 1 of 3
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Non-Publication Request: No

Early Publication Request: No
Title

Circuit module and method of manufacturing the same
Preliminary Class
257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

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

NOT GRANTED

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

SelectUSA

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

page 3 of 3
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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. DOCKET NO./TITLE |
14/231,758 04/01/2014 Petteri Palm IMB 22 US CON
CONFIRMATION NO. 1010
95002 NOTICE

Seppo Laine Oy

Joshua P. Wert R LA TR
Iltamerenkatu 3B 0000000 82

Helsinki, FI00180

FINLAND

Date Mailed: 04/22/2014

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

A new inventor's oath or declaration that identifies this application (e.g., by Application Number and filing
date) is required. The inventor's oath or declaration does not comply with 37 CFR 1.63 in that it:
+ does not state that the above-identified application was made or authorized to be made by the person
executing the oath or declaration.
Petteri Palm
Risto Tuominen
Antti lihola

page 1 of 1
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PTO/SB/05 (08-08)
Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it d

See MPEP chapter 600 concerning utility patent application contents.

isplays a valid OMB control number.
[ UTl LlTY Attorney Docket No. IMB 22 US CON
PATENT APPLICATION First Inventor PALM, Petter
TRANSMITTAL Title Circuit module and method of manufa
k (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. )
APPLICATION ELEMENTS ADDRESSTO:  Po.Box 1450 o

Alexandria VA 22313-1450

1. Fee Transmittal Form (e.g., PTO/SB/17)

2. |:| Applicant claims small entity status.
See 37 CFR1.27.

3. Specification [Total Pages 47 1
Both the claims and abstract must start on a new page
(For information on the preferred arrangement, see MPEP 608.01(a))

4. Drawing(s) (35 U.S.C. 113) [Total Sheets 15 ]

5. Oath or Declaration [Total Sheets
a. [ | Newly executed (original or copy)
A copy from a prior application (37 CFR 1.63(d))
for continuation/divisional with Box 18 completed)

i DELETION OF INVENTOR(S)

Signed statement attached deleting inventor(s)

name in the prior application, see 37 CFR

1.63(d)(2) and 1.33(b).

3 1

6. Application Data Sheet. See 37 CFR 1.76

7. |:| CD-ROM or CD-R in duplicate, large table or
puter Program (Appendix)
Landscape Table on CD

8. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — c¢. are required)
a. Computer Readable Form (CRF)

b. Specification Sequence Listing on:

i I:l CD-ROM or CD-R (2 copies); or
ii. Paper

C. D Statements verifying identity of above copies

ACCOMPANYING APPLICATION PARTS

9. l:l Assignment Papers (cover sheet & document(s))

Name of Assignee

10. [_] 37 CFR 3.73(b) Statement
(when there is an assignee)

Power of
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CIRCUIT MODULE AND METHOD OF MANUFACTURING THE SAME

Technical Field

The present invention relates to circuit modules, which comprise an insulator layer and,
inside the insulator layer, at least one component, which comprises contact areas. In
addition, the circuit modules comprise conductors on the surface of the insulator layer,
through which a component can be connected to become part of a circuit outside the
component. For creating electrical contacts, the circuit modules comprise contact

elements between the contact areas of the component and the conductors.

The invention also relates to methods for manufacturing the aforementioned circuit

modules.

Background Art

In the background art, several different ways are described, by means of which circuit
modules containing components located inside an insulator material can be
manufactured. The background art also discloses several solutions for manufacturing
clectrical contacts to the contact terminals of a component, by means of contact
clements, and methods for manufacturing a conductor-pattern layer connected to the

contact elements.

When evaluating circuit modules and manufacturing methods, attention can be paid, for
example, to the circuit module’s properties achieved by the method, for example, its
price, mechanical durability, and the thickness (thinness) that can be achieved.
Depending on the applications, significant factors can also be the quality and durability
of the electrical contacts and the reliability and quality of the electrical properties of the
whole module. Significant properties to be examined in terms of manufacturing can also
be, for example, the reliability, yield, efficiency, price, and environmental friendliness of
the manufacturing methods to be used. The practicability of the manufacturing method is

also affected by the availability of raw materials and the ability of the method to place
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different types of component in a circuit module.

All in all, the requirements set for manufacturing methods and circuit modules are thus
very diverse and vary according to the application. This being the case, there is still a
need in the sector to develop new circuit-module structures and manufacturing methods,

which can offer new or improved properties, or combinations of properties.

One line of development has been the placing of components inside the electronics
module in a bumpless form, i.e. without growing bumps of top of the contact areas of the
component. Cost benefits can then be gained, as the components need no longer be

transported during manufacture to a separate production plant to make the bumps.

The applicant’s own patent and application publications disclose manufacturing
techniques, which can also be used in connection with bump-free components. The
techniques described are particularly suitable for components, in which the material of
the contact arcas is copper. Of the applicant’s own publications, those that can be
referred to as most closely relating to the invention are the international patent
application publications WO 2004/089048, WO 2005/027602, WO 2005/125298,
WO 2006/013230, WO 2006/056643, WO 2006/134216, WO 2006/134217, and
WO 2007/107630.

However, at present copper is quite little used as a conductor material in semiconductor
processes. The most common conductor material is aluminium. In circuit-board
manufacture, on the other hand, copper is the principal material for conductors. Copper
conductors of a circuit module can be grown directly on top of aluminium contact areas,
but the contact between copper and aluminium is brittle, so that a module of this kind is

not optimal in applications, in which mechanical stress acts on the circuit module.

An improved possibility to use contact arcas of aluminium or contact areas containing
aluminium would mean that, in circuit modules and manufacturing methods, normal
semiconductor circuits in a bumpless form could be used immediately after the

semiconductor manufacturing processes and the passivation of the surface. As
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aluminium is the conductor material most widely used in the semiconductor industry,
good compatibility between the contact element of the circuit module and aluminium
would also ensure that suitable semiconductor circuits would be abundantly and
economically available. Attempts to develop such manufacturing methods have indeed
already been made for several decades in the field of component packaging technology.
In component packaging solutions of this kind, the goal has been a technique, by means
of which a relatively small component package could be manufactured around a
component, to which a circuit board could then be attached later. Unlike packaging
technology, the goal of the manufacturing techniques of the circuit module to which the
present invention relates is the ability to manufacture the entire circuit board in the same
process, so as to completely eliminate the packaging stage of the separate component. Of
course, this does not exclude the possibility of using the manufacturing method of the

circuit module to manufacture only a component package.

The patent US 4 246 595, Noyori et al., discloses a method, in which the contact arecas of
a component are brought into contact with an insulator sheet, in which V-shaped
openings have been made. First of all, a layer of titanium (Ti) or chromium (Cr) is
grown on the surfaces of the openings and the aluminium contact areas. This
intermediate metal layer is intended to prevent the copper from diffusing into the
aluminium and the semiconductor component, as well as to improve the adhesion
between the copper and the aluminium. In addition, the intermediate layer acts as an
electrical conductor later during electrochemical growing (electroplating), so that the
intermediate metal layer will reliably cover also the side walls of the openings. The
growing of the titanium or chromium layer requires the use of the sputtering technique,
for which reason the openings must also have a clear V shape. Sputtering is expensive
when used on large surfaces (on circuit modules) while additionally the open V shape
reduces the available conducting density. Contract structures of a corresponding type are
also disclosed in patents US 4 783 695 and US 4 894 115, Eichelberger et al., and in
patent US 5 353 195, Fillion et al.

Later, in patent US 6 396 148, Eichelberger at al., an attempt is made to solve the

problems relating to sputtering, by forming the intermediate metal layer by growing a

59



10

15

20

25

30

4

layer of nickel on the surface of the aluminium contact areas. According to the patent,
the growing of the nickel is performed by means of a chemical growing method
(electroless plating). Yet another layer, which also covers the side walls of the openings
made in the insulating material for the contacts, is growing on top of the nickel layer by
means of a chemical growing method. In the method, the components are attached firs
by their side and rear surfaces to the insulator layer and, after this, a photo-patternable
polymer is spread on the front surface of the component and on top of the contact arcas.
The polymer is patterned by exposing it to light and developing it, to form openings for

the contacts.

One possibility is to grow bumps on the surface of the conductors of the circuit-board
part of the circuit module and attach the component to the conductors by a flip-chip
mounting technique, for example, by ultrasound bonding. Such a method is disclosed in
the applicant’s own international patent application WO 2006/134220. Problems relating
to both production and the quality of the contacts are associated with methods using flip-

chip methods.

Disclosure of Invention

The object of the invention is to develop a new contact-element structure envisaging the
utilization of bumpless components, as well as a circuit module and manufacturing

technique using such a structure.

According to an aspect of the invention, a bumpless component is used in the circuit
module, the material of the contact areas of which being of a different metal, or metal
alloy to the conductors of the conductor layer of the circuit module. The contact areas of
the component and the conductors of the circuit module are connected to each other with
the aid of contact elements, which contain an intermediate layer, which contains a third
metal or metal alloy, which differs from the material of the contact areas and conductors,
on the surface of the material of the contact arca. In addition, the contact surface arca
between the intermediate layer of each contact element and the contact areca of the

component is smaller that the surface area of the contact area.
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According to another aspect of the invention, a manufacturing method is created in order
to manufacture the circuit module described above, in which the component is attached
to a conductor foil or conductor-pattern layer with the aid of a polymer layer and contact
clements are made through the polymer layer. When making the contact elements,
contact holes are made in the polymer layer on top of the contact areas, at the locations
of the contact arcas. The contact holes are dimensioned in such a way that the contact
surface arca between cach contact hole and the corresponding contact arca is smaller
than the total surface area of the contact arca. After this, the contact holes are filled with
a conductor material, in such a way that filling is started by coating the surface of the
contact arcas with an intermediate layer, for example, by using one or more chemical

metal-growing methods.

Thus, a new type of circuit module and manufacturing method is obtained, which can

offer some advantages in terms of the applications of some circuit modules.

In addition, the invention has numerous special embodiments, which provide additional

advantages.

In one embodiment, components are used in the circuit module, the material of the
contact arcas of which contains aluminium and the contact elements comprise a layer
containing zinc on the surface of these contact areas containing aluminium. In addition,
the contact clements are manufactured in such a way that the contact surface arca
between the layer containing zinc and the contact area is smaller than the total surface

areca of the actual contact area.

A layer containing zinc has been observed to be useful in terms of the quality of the
clectrical contact, as coating a layer containing zinc on the surface of an aluminium
contact area prevents the re-oxidation of the aluminium surface and permits the creation
of good adhesion between the aluminium and the next layer. In addition, the layer
containing zinc improves the mechanical durability against lateral stress of the contact

formed through the interface between the aluminium and the intermediate layer of other
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We have observed that extremely good mechanical durability is achieved by using a
double zincate process, in which the blank containing the components is subjected to the
zincate process at least twice. Thus a more even and denser layer of zinc is made to grow
on top of the aluminium contact surfaces. After a single zincate treatment, there is zinc
on only some areas of the contact surfaces, or else the layer is porous, therefore a double

zincate process is used in the preferred embodiment.

The possibility to use contact elements that are narrower than the contact area can, for its
part, provide advantages, for example, by allowing the conductors connected to the
contact clements to also be made narrow, especially in embodiments, in which the
contact clement is essentially of even width vertically, or only narrows moderately

towards the component.

In an embodiment of the manufacturing process, in which contact openings are made in
the conductor foil of the conductor-pattern layer prior to attaching the component, the
component can be attached aligned relative to the contact openings while, in addition,
the contact holes needed for the manufacture of the contact elements can be made
through these contact openings, by using the material of the conductor foil or conductor-
pattern layer as a mask. In such an embodiment, an advantage is obtained in the case of
the alignment between the contact elements and the contact areas. In addition, an
advantage is obtained in terms of the manufacture of the contact holes, because the holes

can be opened using a CO; laser, for example.

In an embodiment, in which the contact holes are opened using a laser, the contact holes
can be opened one component or component-group at a time, and thus the first
intermediate layer can be manufactured first through the contact holes, on top of the
contact areas of the first components, and then later the second intermediate layer can be
manufactured through the contact holes opened later, on top of the contact arcas of the
second components. Thus, components, the materials of the contact arcas of which differ

from ecach other and are incompatible with the growth processes of the same
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intermediate layer, can be fitted in the same process.

In the embodiments, it is also possible to attach the components to the conductors by
means of mutually differing polymer layers. Thus the properties of the insulation
between the component and the conductor can be arranged to also be suitable for

different mechanical and electrical requirements.

Brief Description of Drawings

Figures 1 - 8 show the intermediate stages of a circuit module when using a

manufacturing method according to one embodiment.

Figure 9 shows one example of a circuit module according to one embodiment.

Figures 10 - 17 show the intermediate stages of a circuit module when using a

manufacturing method according to a second embodiment.

Figures 18 - 23 show the intermediate stages of a circuit module when using a

manufacturing method according to a third embodiment.

Figure 24 shows one intermediate stage of a circuit module when using a manufacturing

method according to a fourth embodiment.

Figure 25 shows one possible example of a contact hole and its dimensions made for a

contact element of a circuit module.

Figure 26 shows examples of possible contact holes.

Figure 27 shows some embodiments of intermediate layers manufactured in the contact

hole of Figure 26.

Figure 28 shows one contact-clement structure.
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Figure 29 shows a second contact-element structure.

Figure 30 shows a third contact-clement structure.

Figure 31 shows a fourth contact-element structure.

Figure 32 shows a fifth contact-clement structure.

Figure 33 shows a sixth contact-element structure.

Modes for Carrying Out the Invention

Figures 1 - 9 show one exemplary application of the manufacturing method according to
onc embodiment. In this embodiment, manufacture begins from a conductor foil 12,
which of metal, for example. A suitable conductor foil 12 is, for example, a copper film,
the thickness of which is in the range 1 - 70 um, typically in the range 3 - 12 um. Instead
of a bare conductor foil 12, it is also possible to use as the base material a layered sheet,
which comprises a conductor foil 12 and an insulator layer 13, which is shown by a
broken line in Figure 1, on the surface of this. In the embodiments described in the
following, it is possible to use such a layered sheet 12, 13, in place of the conductor foil
12.

Differing from what is shown in Figure 1, it is also possible to use a layered sheet, which
comprises a support membrane on the second surface of the conductor foil 12. The
support membrane is on the opposite surface of the conductor foil relative to the
components to be attached to the conductor foil. If the layered sheet also comprises an
insulator layer 13, the support membrane will then be on the opposite side of the
conductor foil to the insulator membrane 13. The support membrane can be used, for
example, to improve the mechanical stiffness and ease of handling at the start of the
manufacturing process of the conductor foil 12, or the layered sheet 12, 13. The support

membrane is, however, intended to be removed at a later stage in the process. It is also
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possible to proceed by starting manufacture from a support membrane while a conductor
foil 12, which is patterned or unpatterned, is made on the surface of this. The process
examples and stages described in the application example can also be performed
correspondingly when using a support membrane, though this is not stated separately. In
the description hereinafter, however, reference will be made to a support membrane only
when calling attention to something particularly noteworthy in the case of an
embodiment using a support membrane. The actual support membrane can be, for
example, of an electrically conductive material, such as aluminium (Al), steel, or copper,
or an insulating material, such as a polymer. The thickness of the support membrane can
be, for example, 25 - 400 um. The thickness of the support membrane is typically in the
range 35 - 105 pm.

Next, contact openings 8 are made in the conductor foil 12, which are located on the
conductor foil 12 in such a way that they are placed at the positions of the contact
terminals of the components being placed in the module being manufactured. Thus, an
individual contact opening 8 is made in the conductor foil 12 for each contact terminal
of the component. In this embodiment, the contact openings 8 can be manufactured with
the aid of a UV laser. The contact openings 8 can also be manufactured, for example,
mechanically by drilling, milling, or ectching. In an embodiment using a support
membrane, the contact openings 8 are preferably made from the direction of the opposite
surface, in such a way that they penetrate the conductor foil 12 completely. However,
the contact openings need not penetrate the sheet, instead the method can equally well
also be designed in such a way that the contact openings 8 only extend as far as the
surface of the material of the support membrane, or form recesses in the material of the
support membrane, without, however, passing entirely through it. Also, the contact
openings need not pass entirely through the conductor foil, if a thick conductor foil is

used, which is thinned by etching in a later stage.

In the embodiment of Figure 1, the contact openings 8 are manufactured in such a way
that the size of a contact opening 8 is less than the contact surface arca of the contact
material to be placed at the opening 8. The contact opening is typically circular in shape,

though other shapes too can be used. The shape and size of the contact opening &8 are
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selected in such a way that the contact surface of the contact terminal can cover the

contact opening 8 entirely.

According to Figure 2, manufacture is continued by spreading adhesive layers 5 on the
surface of the conductor foil 12, in the connection arcas of the components. The
adhesive layers will then also cover the contact openings 8. Alternatively, the adhesive 5
can be spread on the surface of the components. The adhesive can also be spread on the
surface of both the component and the conductor foil 12. Typically, the adhesive is
spread locally, so that the adhesive layers 5 will be located only in the connection arecas

of the components.

The term adhesive refers to a material, by means of which the components can be
attached to the conductor foil 12 or insulator layer 13 that acts as a base. One property of
the adhesive is that the adhesive can be spread on the surface to be glued in a relatively
fluid form, or one that otherwise conforms to the surface shapes, for example, in the
form of a film. A second property of the adhesive is that, after spreading, the adhesive
hardens, or can be hardened, at least partly, in such a way that the adhesive is able to
hold the component in place (relative to the conductor foil 12) at least until the
component is secured to the construction in some other way. A third property of the

adhesive is an adhesive capability, i.c. an ability to stick to the surfaces being glued.

The term gluing, for its part, refers to the attachment of pieces to be glued to each other
with the aid of an adhesive. In the embodiments, the adhesive is brought between the
component and the conductor foil 12 or insulator layer 13 acting as a base and the
component is placed in a suitable position relative to the base, in which the adhesive is
in contact with the component and the base and at least partly fills the space between the
component and the base. After this, the adhesive is allowed (at least partly) to harden, or
the adhesive is (at least partly) actively hardened, so that the component attaches to its
base with the aid of the adhesive. In some embodiments, the contact protrusions of the
component may protrude during gluing through the adhesive layer to come into contact

with the base.
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The adhesive used in the embodiments is typically an epoxy-based adhesive, for
example a heat-cured epoxy adhesive. The adhesive is selected in such a way that the
adhesive to be used will have sufficient adhesion to the base and the component. One
preferred property of the adhesive is a suitable coefficient of thermal expansion, so that
the thermal expansion of the adhesive will not differ too much from the thermal
expansion of the surrounding material during the process. It would also be preferable for
the adhesive selected to have a short hardening time, preferably of a few seconds at
most. Within this time, it would be good for adhesive to harden at least partly, so that the
adhesive can hold the component in place. Final hardening can take a clearly longer time
and can even be planned to take place in connection with later process stages. In
addition, the stresses caused by the later process stages, such as thermal, chemical, or
mechanical stress, are taken into account when seclecting the adhesive. The electrical
conductivity of the adhesive will be preferably in the order of the electrical conductivity

of the insulator materials.

Next, components 6 and 16, which comprise contact terminals 7 and 17, are taken. Both
components 6 and 16 are semiconductor components, for example, processors, memory
chips, or other microcircuits. The contact terminals of the component 6 are contact areas
7, which are located essentially on the level of the surface of the component. Such
contact arcas 7 of the component 6 are created at the semiconductor factory during the
manufacturing process of the semiconductor component. The contact areca 7 typically
forms the surface of a conductor pattern on the metal used in the process. The metal used
in the manufacturing process of semiconductor components is typically aluminium,
though other metals, metal alloys, or other conductor materials can also be used. For
example, the use of copper has become common in semiconductor-component

manufacturing processes.

The contact terminals of the component 16 are contact bumps 7, which protrude from
the level of the surface of the component. Such contact bumps 17 are manufactured in a
bump-making process after the manufacture of the semiconductor component 16,
typically in a separate factory. The contact bump 17 can contain one or more metals,

metal alloys, or other conductor materials. Typically, the outer surface of the contact

67



10

15

20

25

30

12

bump 17, i.c. the contact surface, is made from copper or gold.

The components 6 and 16 are aligned relative to the contact openings 8, in such a way
that each contact terminal 7, 17 comes next to the corresponding contact opening 8, and
is pressed against the adhesive layer 5. After this, the adhesive is at least partly
hardened, so as to prevent, or minimize the relative movement of the components 6, 16
and the conductor foil 12 after alignment. In alignment and gluing, the aim is to position

the contact opening 8 to be in the centre of the corresponding contact terminal 7, 17.

After this, insulator sheets 11, in which openings are made for the components 6, 16, as
well as a unified insulator sheet 10, which is of unhardened or pre-hardened polymer, are
laminated on top of the conductor foil 12. During lamination, the insulator sheets 10, 11
are melted together and form a unified insulator layer 1 around the components 6, 16. In
the embodiment of Figure 2, the insulator sheets 11 are fibre mats impregnated with
polymer, or sheets containing pre-hardened polymer and reinforced with a fibre material.
The polymer can be, for example, epoxy and the fibre reinforcement can be, for
example, glass-fibre mat. A typical example of a suitable insulating-sheet 11 material is
an FR4-type glass-fibre reinforced epoxy sheet. Other reinforcement and polymer
material combinations can be used, of course. When using several insulator sheets 11,

the sheets can also differ mutually.

In Figures 2 and 3, the fibre material is shown by wavy shading 19. In the figures
hereinafter, the fibre material 19 is not shown, but these structures too include fibre
material 19. The fibre material 19 contained in the insulator sheet 11 or the insulator
sheets 11 acts as a reinforcement, which provides the electronic module being
manufactured with mechanical strength. According to the example of Figure 2, holes 4
are made in the insulator sheets 11 at the locations of the components 6, 16. The
insulator sheets 11 are perforated particularly to make openings for components in the
fibre material 19 contained in the insulator sheets 11. Without perforation, the
components would press against the fibre-material layers 19 during lamination. The
unperforated insulator sheet 10, on the other hand, can be fibre-reinforced or

unreinforced, depending on the embodiment.
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The insulator sheets 10, 11 are typically selected in such a way that they contain enough
fluid polymer for the polymer flowing in the lamination stage to be sufficient to fill the
holes 4 made in the insulator sheets 11 for the component 6, 16, around the components.
The structure shown in Figure 3 is then obtained, in which the insulator layer 1 contains
a tight polymer layer, which contains one or more reinforcements of a fibre material 19.
The polymer layer is bound tightly to the fibre layer 19 while the tight polymer layer
also attaches the components 6, 16 to the surfaces, so that a tight, unified, and
mechanically strong insulator layer is formed, which contains the components 6, 16, and

which is, in addition, reinforced with fibre material 19.

In the example of Figure 2, a unified insulator sheet 10 is used, though the insulator
sheet 10 can also be omitted from the structure. In that case, the insulator sheet 11 or
insulator sheets 11 are selected in such a way that they themselves already contain
sufficient fluid polymer to fill the holes 4 in the insulator sheets 11 around the
components 6, 16. However, it is typically easier to ensure the filling of the holes 4 by

using a separate insulator sheet 10.

A conductor foil 14, which is preferably of a material that is similar to, and equally as
thick as the conductor foil 12, is also laminated with the insulator sheets 10, 11 into a
single structure. Thus, the insulator layer 1 and the components 6, 16 remains between
the corresponding conductor foils 12 and 14. Figure 3 shows this intermediate stage of
the module manufacture. In the intermediate stage of Figure 3, there is adhesive on the
contact surface of the contact terminals 7, 17 and typically also in the contact openings
18. In the stage shown in Figure 4, this adhesive is removed and contact holes 18, which
extend to the contact surfaces of the contact terminals 7, 17 are formed at the positions

of the contact openings 8.

With reference to Figure 3, it can be further stated that the structure can also be
manufactured in such a way that a unified layer of fibre material 19 runs between the
components 6, 16 and the conductor foil 14. Such a construction can be used when the

thickness of the components 6, 16 is sufficiently less than the thickness of the insulator
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layer 1. The structure can be manufactured, for example, in such a way that a unified
insulator sheet 10, which contains the fibre material 19 of the layer, can be laminated

onto the structure.

If a support membrane is used in the embodiment on the surface of the conductor foil 12,
as depicted in connection with the description of Figure 1, it is most suitable to remove
the support membrane after the lamination, i.e. between the intermediate stages shown in

Figures 3 and 4.

After lamination and the removal of the possible support layer, the adhesive layer, which
has been created in the contact openings 8 and between the contact openings 8 and the
contact terminals 7, 17, is removed. In the embodiment of the figures, the removal of the
adhesive is implemented by the laser-ablation method, using a CO, laser. The ability of a
CO, laser to vaporize organic insulating substances, such as epoxy-base adhesive, is
good, but its ability to vaporize copper or other metals is poor, to that the conductor foil
12 can be used as mask for making the contact holes 18. Thus, it is possible to
manufacture contact holes 18, the diameter of which is less than the diameter of the
beam of the CO; laser. This property creates a significant advantage, as the minimum
diameter of the beam of a CO; laser is typically in the order of 75 um, which is too large
when considering the manufacture of precise electronic module structures. A UV laser,
on the other hand, can typically be used to manufacture clearly more precise structures.
The minimum diameter of the beam of a UV laser can be, for example 25 um, but a UV
laser is not, on the other hand, suitable for removing adhesive from the contact openings

8 and from between the contact openings 8 and the contact terminals 7, 17.

Thus, the use of a conductor mask permits the manufacture of very precisely limited and
precisely positioned contact holes 18 in an insulator material, such as the adhesive 5
using in the embodiment. In addition, the use of a CO; laser permits the cleaning of the
contact surfaces of the contact terminals 7, 17 in the same process stage, without any
significant danger of destroying or damaging the contact terminals 7, 17. In the
embodiment, the conductor foil 12 is of copper while the contact terminals 7, 17 of the

component are also of metal, so that they are not sensitive to the beam of the CO; laser,
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so that the process can be designed in such a way that the contact surfaces of the contact
terminals 7, 17 will be sure to be cleaned sufficiently well. Thus, the advantage of the
method described is that contact openings 8 can be made in the conductor foil 12 very
precisely with the aid of a UV laser and, after this, the contact openings can be used as a
mask for the making of the contact holes 18 by means of a CO; laser that is less precise,

but safer for the structure.

If the contact holes 8 of the conductor foil 12 were to be manufactured only in this
process stage, the method used for machining the metal of the conductor foil 12, for
example, a UV laser, would more easily damage also the contact terminals 7, 17,
because the energy required to penctrate the conductor foil 12 is significantly greater
than the energy required to penetrate the adhesive or other insulation between the
contact terminals 7, 17 and the conductor foil 12. In such a manufacturing method, it
would be challenging to stop the drilling at precisely the correct depth. In addition,
aligning the drilling would be more difficult, due to the deformations arising during
lamination and for the reason that the contact terminals 7, 17 of the components cannot
be seen through the solid metal film. The use of contact holes 8 pre-manufactured in the
conductor foil 12 provides significant advantages, both in the alignment of the

components 7, 17 and in the manufacture of the contact holes 18.

In Figure 5, an intermediate layer 2, which is of a suitable conductor material, is made in
the contact holes 18. The intermediate layer 2 is manufactured using a suitable chemical
conductor-material growing method (electroless plating). The intermediate layer 2 can
also consist of a layer of two or more different materials, which are manufactured
correspondingly using two or more methods. One purpose of the intermediate layer 2 is
to form a conductor membrane for the side walls of the contact holes 18, which connects
the contact terminals 7, 17 and the conductor foil 12 to each other. A second purpose of
the intermediate layer 2 is to provide a material adapter between the material of the of
the contact terminals 7, 17 and the conductor-pattern material to be connected to them.
Such a material adapter can be required, for example, in order to ensure the quality of
the mechanical or electrical contact and durability, for example, when the material of the

conductor-pattern layers of the circuit module is copper and the material of the contact
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terminals 7, 17 is something other than copper (Cu), for example aluminium (Al).

When manufacturing the intermediate layer 2, a suitable chemical growing method is
used, because by means of such a method the conductor material can also be grown on
the vertical surfaces of the contact holes 18, unlike when using sputtering, for example.
An electrochemical method (electroplating) cannot be used in this stage, because the
side walls of the contact holes 18 are not conducting. Alternatively, V-shaped-opening
contact holes can be used and the intermediate layer 2 made by sputtering. Sputterable
materials suitable for this purpose are, for example, titanium-wolfram (TiW) and
chromium (Cr). A layer of nickel (Ni) and gold (Au) ca also be grown on top of the TiW
or Cr layer. In the example of Figure 5, nickel frown by a chemical method is used as the
intermediate layer 2 in the example of Figure 5, however, so that the intermediate layer 2
will grow at the same time also on the surfaces of the conductor foils 12 and 14. Another
example of the intermediate layer 2 is a layer containing zinc, manufactured on the
surface of the contact terminals 7, 17, on top of which a layer of nickel (Ni) can further
be manufactured. More alternatives that are possible are depicted in connection with the

description of Figures 26 - 33.

In this embodiment, after the manufacture of the intermediate layer 2, manufacture is
continued by spreading resist layers 3, typically photoresist layers, on both surfaces of
the module. The resist layers 3 are patterned with the aid of a conductor-pattern mask by
exposure and development, in such a way that the resist 3 is removed from the desired
parts of the conductor patterns of the conductor-pattern layers. This intermediate stage is
shown in Figure 6. After this, the module is taken to an electrochemical bath and voltage
is led to the intermediate layers 2 of the module. The desired conductors of the
conductor-pattern layer are then grown in the openings of the resist layers 3. The
conductor material also grows in the contact holes 18, forming a conductor core to the
contact clements, as can be seen from Figure 7. In the example of Figure 7, the
conductors 22, 24 are electrochemically grown copper. Finally, thin etching-mask layers
arc grown on the surface of the conductors 22, 24. A layer of tin (Sn), for example, can

act as the etching mask.
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Next, the resist layers 3 are removed, when, in the embodiment of the figures, the
intermediate layer 2 is revealed from under the removed resist. The revealed part of the
intermediate layer 2 is removed, for example, by etching, the same procedure being use
for the parts of the conductor foils 12 and 14 revealed outer the conductors 22 and 24.
The etching-mask layer then protects the outermost surfaces of the conductors 22 and 24
from the effects of the etching. An electronic module, which contains two components 6
and 16 connected clectrically to conductors 22, comprising two conductor-pattern layers

(conductors 22 and 24), and shown in Figure 8, is then obtained.

In the example of Figures 6 and 7, the conductors 22 and 24 are grown directly into their
correct shape in the openings made in the resist layer 3. However, the conductors 22 and
24 can also be manufactured in another way, both in this example and in the examples
described hereinafter. One alternative way of manufacture is to grow a unified layer of
conductor material over the surfaces of the entire module blank and to pattern the
conductor layer later by means of a lithography method, in order to form the conductors
22 and 24. Described in greater detail, it is possible to proceed, for example, in such a
way that, continuing from the intermediate stage of Figure 5, copper is grown on the
surfaces of both intermediate layers 2 by means of an electrochemical method. In that
case, the contact holes 18 too are filled with copper. After this, resist layers are spread
on top of the copper layers, the resists are patterned, and the excess parts of copper, or
the intermediate layer 2 and the conductor foils 12 and 14 are etched. After this, the
resist mask is removed. Using either manufacturing method, the result is the structure

shown in Figure 8.

Figure 8 can show an already finished simple circuit module, but manufacture is usually
continued by manufacturing additional insulator and conductor layers on the surfaces of
the circuit module, which are connected electrically with the aid of vias to the structure
shown in Figure 8. In addition, it should be noted that vias can be manufactured in the
module too of Figure 8, which connect the conductors 22 to the conductors 24. Such vias
can be manufactured in a corresponding manner to, and in the same process stages as

described above in the manufacture of the contact elements.
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The module of Figure 8 can be further refined in the manner shown in Figure 9, in such
a way that the surfaces of the module are protect by protecting layers 20. In addition, in
the example of Figure 9, external contact elements, which comprise bases 21 made on
top of the conductor patterns 22, 24 and contact balls 23 made on their surfaces, are

manufactured in the module.

Figures 10 - 16 show a manufacturing method according to a second embodiment, up to
a stage corresponding to the intermediate stage shown in Figure 5. Manufacture can be
continued from the intermediate stage of Figure 16, for example, as shown by Figures
6 - 9, or suitably also in an alternative manner, in which the material of the conductors
22 and 24 is first of all grown over the entire surface and after that patterned to form
conductors 22 and 24. The technical features and parameters presented in connection
with the description of Figures 1 - 5 can also be applied in the process stages shown in
Figures 10 - 16, so that there is no need to repeat all the details of the manufacturing
process and their advantages in the following embodiment. On the other hand, the
essential differences between the embodiments shown by Figures 1 - 9 and Figures 10 -

16 are brought out in the following.

In the embodiment of Figures 10 - 16, manufacture starts, as in Figure 1, from a
conductor foil 12, in which contact openings 8 are made. After this, a spacer 15 is
attached to the future attachment point of the component 6 on the surface of the
conductor foil 12. The spacer 15 is of a suitable insulating material, for example, of pre-
hardened adhesive or some other polymer, which has sufficient adhesion with the
surface of the conductor foil 12. The spacer 15 can also be of hardened polymer, in
which case it can be attached to the surface of the conductor foil 12, for example with

the aid of separate adhesive.

A spacer 15 can be used for many different reasons. One use of a spacer is to increase
the insulating thickness between the component 6 and the conductor foil 12. The need to
increase the insulating thickness can be imposed, for example, by the requirements set
by the electrical operation of the circuit module or the component 6. In that case, with

the aid of the spacer 15 it is possible to set the properties of the insulation between the
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component 6 and the conductor foil 12 as desired. The properties selected can be, for
example, a desired specific resistance and spark-over resistance, which can be
influenced by the selection of the material of the spacer 15 and the adhesive 5. The
spacer can also be used to prevent a short-circuit between the component and the
conductor foil 12. Such a use will come into question especially in embodiments in
which the surface of the component 6 is pressed very close to the conductor foil, when a
risk arises of unintended electrical contacts being formed between the conductor
structures on the surface of the component and the conductor foil. A spacer can also be
used to weaken the capacitive connection between the internal circuit elements of the

component 6 and conductors 22 running next to the location of the component 6.

In addition to, or instead of a spacer 15, it is possible to use for the same purpose an
insulator layer 13 entirely covering the surface of the conductor foil 12, as described in

connection with Figure 1.

In the examples of Figures 10 - 16, a spacer 15 is used in connection with a bumpless
component 6, but the contact terminals of a component 16 with bumps must be made to
extend closer to the surface of the conductor foil 12, so that a sufficient insulating gap
can be ensured between the opposite surface of the component 16 and the conductor foil
14. In the embodiment, spacers 15 selected component-specifically can be placed in the
circuit module, in order to optimize the electrical and/or mechanical properties of the
circuit-board module. The same module can thus also contain different kinds of spacers
15 and thus spacers 15 can also be used in series production, in order to make
components 6, 16 coming from different sources and with different properties to each
other compatible with the circuit-board manufacturing process being used. One example
of a mechanical property requiring optimization is the thickness of the insulator layer 1
(and at the same time of the entire module), which can be reduced with the aid of

suitable selected spacers 15, which can be seen, for example, in Figure 12.
According to Figure 11, manufacture is continued by spreading adhesive layers 5 on the

surfaces of the conductor foil 12 and the spacer 15 in the connection arcas of the

components. The components 6 and 16 are aligned relative to the contact openings 8 and
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glued in place. After that, in the example of Figure 11, insulator sheets 10, 11 and a
conductor foil 14 are laminated on top of the conductor foil 12. Next, photo-resist layers
30, which are patterned in such a way that openings larger than the contact openings 8
arc created at the positions of the contact openings 8, are spread on the surface of the
conductor foils 12 and 14, or a coating is made clectrophoretically on top of the entire
conductor layer. This photo-resist layer 30 is used to limit the growth of an intermediate-
layer material grown using a non-sclective method to the contact holes and the
immediate surroundings of the contact openings 8. Such a procedure can also be used in
connection with the example described above, nor, on the other hand, is it essential in
the examples of Figures 10 - 16. Figure 12 shows the module after these stages. The
contact terminals 7 of the component 6 are covered by both a spacer 15 and adhesive 5.
There is adhesive on the surface of the contact bumps 17 of the component 16 and in the

corresponding contact openings 8.

In the stage shown in Figure 13, contact holes 18 are made at the positions of the contact
openings 8 of the component 6. The contact holes are opened through the spacer 15 and
the adhesive layer 5, as far as the contact surfaces of the contact terminals 7. In the
embodiment of the figure, the opening of the contact holes 8 is implemented by the
laser-ablation method, using a CO; laser, as described in connection with Figure 4. In
the embodiment of Figures 10 - 16, the important fact is that contact holes are not
opened at this stage of the position of the contact terminals 17 of the second component

16.

In the stage shown in Figure 14, an intermediate layer 2, which is of a suitable material,
is made in the contact holes 18 of the component 6. The conductor material of the
intermediate layer 2 is selected on the basis of the material of the contact terminals 7 of
the component 6 and manufactured using a suitable chemical conductor-material
growing method. In the example of the figure, the material of the contact terminals 7 of
the component is aluminium and the material of the intermediate layer 2 is mainly a
metal alloy containing zinc. The principles described in connection with Figure 5 above
are applied to the growing of the intermediate layer. Unlike the example of Figure 5, in

the case of Figure 14, it is, however, also possible to proceed in such a way that in this
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stage the intermediate layer 2 is grown with the aid of a selective method only on the
surface of the contact terminals 7, i.e. on the bottom of the contact holes 18 and not on
the edges of the contact holes 18. In this embodiment, the intermediate layer 2 coming
on the edges of the contact holes 18 is grown later in connection with the growing of the
intermediate layer relating to the contact bumps 17 of the component 16. The
embodiment using a selective growing method has the advantage that the intermediate
layer 2 does not grow on top of the adhesive layer covering the contact bumps 17 of the

component 16.

Manufacture is continued in the stage shown in Figure 15 by manufacturing contact
holes 28 at the positions of the contact openings 8 of the second component 16. After
this, the module according to Figure 16 is subjected to a suitable chemical conductor-
material growing method. In the example of Figure 15, the growing method in non-
selective and the conductor material grows on all the free surfaces of the module and
thus also in the contact holes 18 of component 6 and in the contact holes 28 of
component 16. However, the photo-resist layer 30 protects the surfaces of the module, so
that the intermediate layer 2 grows only in the contact holes 18 and 28 and in their
surroundings. After this, the photo-resist and the conductor material that may have
grown on its surface is removed. Such an embodiment using a photo-resist layer 30 can
be useful, for example, when nickel or some other metal differing from copper is grown
in the openings of the photo-resist layer, for example, using a non-selective method. The

conductors 22 and 24 can then be manufactured to consist of solely a copper layer.

In other embodiments, suitably selected selective growing methods can also be used and
the conductor material frown only on the surfaces of the contact bumps 17 of the
component 16, correspondingly as described above in connection with Figure 14. In any
case, at this stage the intermediate layer 2 is grown at least on the surfaces of the contact
bumps 17 of the component 16 and on the surfaces of the side walls of the contact holes
28 and, in addition, if desired also on the surface of the intermediate layer 2 connected to
the contact terminals 17 of the component 6 and/or on the surfaces of the side walls of

the contact holes 18 of the component 6.
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If the example of Figures 10 - 16 were to be implemented without the use of a photo-
resist 30, in the example of Figure 16 the material of the surface of the contact bumps 17
of the component 16 could suitably also be copper and the material of intermediate layer
2 to be grown of the surface of the contact bumps 17 would then be copper

manufactured suitably using a chemical growing method.

After the manufacture of the intermediate layer 2, in this embodiment manufacture can
be continued, for example, in the manner stated in connection with the description of
Figures 6 - 9, by manufacturing conductor patterns on the surface of the module and

conductor cores for the contact elements located in the contact holes 18 and 28.

Another alternative is to coat copper on both conducting surfaces of the module, after
the removal of the photo-resist layer 30. After this, the copper layers can be patterned to
form conductors 22 and 24, when the structure shown in Figure 17 will be obtained, in
which the conductors 22 and 24 are formed of the first and second copper layers in the
surroundings of the contact clements, as well as of an intermediate layer 2, which is of
nickel for example, between them. Elsewhere, the conductors 22 and 24 are formed of a
first and second copper layer, between which is the interface to be analysed. Once the
structure of Figure 17 has been manufactured, it is possible, if desired, to continue in

some manner described in connection with any of the previous examples.

Figure 18 - 23 show a manufacturing method according to a third embodiment, which is
a variation of the embodiment shown in Figures 10 - 16. From the intermediate stage of
Figure 23, manufacture can be continued, for example, in the manner shown in Figures
6 - 9. The technical features and parameters presented in connection with the description
of Figure s 1 - 5 and 10 - 16 can thus also be applied in the process stages shown in
Figures 18 - 23, to that all the details and their advantages of the manufacturing process
need not be unnecessarily repeated in the following embodiment. However, in the
following the essential difference between the embodiments shown in Figures 10 - 16

and Figures 18 - 23 is presented.

In the embodiment of Figures 18 - 23, manufacture is commenced, as in the case of
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Figure 10, from a conductor foil 12, in which contact openings 8 are made. After this,
spacers 15 are attached to the surface of the conductor foil 12, to the future attachment
points of the components 6 and 26. The spacers 15 of the components 6 and 26 can be
mutually identical or selected component specifically, for example, in such a way that
the spacer 15 of the component 6 is of a different material and/or thickness to the spacer

15 of the component 26.

According to Figure 18, manufacture is continued by spreading adhesive layers 5 on the
connection arcas of the components and by laminating insulator sheets 10, 11 and a
conductor foil 14 to the blank, exactly as described in connection with Figure 11. Figure

19 show the module after these stages.

In the stage shown in Figure 19, contact holes 18 are made at the positions of the contact
openings 8 of the component 6, as described in connection with Figure 13. At this stage,
contact holes are not yet opened at the positions of the contact terminals 27 of the

component 26.

The stage shown in Figure 21 corresponds completely to the method stage described in
connection with Figure 14. In this embodiment, an intermediate layer 2, which is of two
layers, is manufactured in the contact holes 18 of the component 6. In the example of the
figure, the material of the contact terminals 7 of the component is aluminium. The two-
layer intermediate layer 2 of the example comprises first a grown layer containing zinc
and after this a grown nickel-aluminium layer. The nickel-aluminium layer is grown by

means of a chemical method and is used to scal the layer containing zinc.

Manufacture is continued in the stage shown in Figure 22, by making contact holes 28 at
the positions of the contact openings 8 of the second component 26. After this, according
to Figure 23 the module is subjected to a suitable chemical conductor-material growing
method. This stage corresponds to the method stage described in connection with Figure
16. In the example of Figure 23, the material of the surface of the contact terminals 27 of
the component 26 is copper and the material of the intermediate layer 2 grown of the

surface of the contact terminals is also copper.
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Figure 24, for its part, shows a modification of the embodiment of Figures 18 - 23, in
which, after the stage shown by Figure 22, a first intermediate layer is grown on top of
the contact terminals 27 of the component 26, by means of a selective growing method
and, after his, the growing of the intermediate layer 2 is continued using a non-selective
method. In the example of Figure 24, the material on the surface of the contact terminals
27 of the component 26 is gold and the material of the intermediate layer 2 grown on the

surface of the contact terminals 27 is nickel.

In the embodiments of these Figures 18 - 24, after the manufacture of the intermediate
layers 2 it is possible to continue, for example, by making conductor patterns on the
surface of the module and conductor cores for the contact elements located in the contact
holes 18 and 28, for example, by means of the manner stated in connection with the

description of Figures 6 - 9.

Figure 25 shows in greater detail the shape of the contact hole and correspondingly also
the shape of the contact element to be manufactured in this opening. The example of
Figure 25 shows one possible shape, which can be achieved when using the
embodiments described above. The shape can be affected with the aid of the shape of the
contact openings 8 to be made in the conductor foil 12, the properties of the insulation
between the conductor foil 12 and the component, and the operating parameters of the
CO; laser. The contact hole of Figure 25 is rotationally symmetrical and the cross-
section shown in the figure is taken through the central axis of the contact hole, i.c. it
shows the widest possible cross-section. In Figure 25, the size and shape of the contact

hole are determined with the aid of the following parameters:

- greatest width Wiy, from which the greatest cross-sectional area Ay x can be

calculated,
- the width Weonr of the contact between the contact clement and the contact

surface 7 of the component 6, from which the contact surface-area 4conr ; between the

contact element and the contact surface of the component can be calculated, and
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- the width Wgorr of the contact opening, from which the contact surface-arca
Acownt 2 between the contact element and the conductor of the conductor-pattern layer

can be calculated.

The figure also shows the width Wpsp of the contact surface of the component, from
which the surface arca Ap4p of the contact surface can be calculated, if the shape of the
contact surface is known. The contact surface 7 can be, for example, square in shape
and, when Wp,p represents the width of a side, the surface area of the contact surface is
obtained as: Apsp = Wpap x Wpap. Of course, the surface arecas can also be determined
with the aid of surface-areca measurement, which can be more practical if the surface

arca to be determined is of an irregular shape.

In the figure, the contact surface 7 is surrounded by a passivation layer 9 made on the
surface of the component 6. In that case, the surface area Apsp refers precisely to the
surface area free to form a contact, i.e. the surface area of the surface that is revealed in
the opening made in the passivation layer 9. In addition, the figure shows the distance H
of the distance between the conductor foil 12 and the contact surface 7, which
corresponds to the depth of the contact hole and is thus the height of the contact element
to be made in the contact hole. Because the contact hole is filled entirely with conductor
material, the other dimensions too of the contact hole correspond to the dimensions of
the contact element and the parameters Wy and Wrore can also be used to refer to the

corresponding dimensions of the contact element.

The following presents some typical parameters in connection with the embodiments

described above:

H=1-50 um, usually 5 - 30 um;

Wpap =20 - 1000 um, usually 50 - 200 um, and most usually about 100 um; and

Wrore =5 - 500 um, usually 20 - 75 um, and most usually about 30 - 50 um.
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In addition, generally Wrorr = H, which represents the reliable filling of the contact
hole. The contact hole 18 is intended to be manufactured in such a way that the side
walls of the hole would be vertical. In other words, the goal is a contact hole, the width
and shape of which remains constant over the whole distance A between the conductor
foil 12 and the contact surface 7, i.e. the contact hole would have the shape of the
contact opening 8 over all of this distance. A shape that narrows towards the contact
surface 7 is also good. In practice, when using the laser process described above the
contact hole can, however, become widening towards the contact surface 7, or first
widening and then narrowing, so that the contact hole is widest somewhere between the
conductor foil 12 and the contact surface 7. Figure 25 shows a contact hole of this kind.
Such a non-optimal shape is not problematic, provided the widening is not too great and

the filling of the hole succeeds well.

Of the dimension values of the widths referred to above, the width Wpyp of the contact
surface 7 of the component is determined through the selection of the component. If
necessary, Wp4p can be measured separately from each straight line that runs through the
centre point of the contact surface 7. This definition may be required when examining
the dimension values referred to above and their ratios, if the shape of the contact
surface 7 or of the contact opening 8 is irregular. In the most usual cases, the contact
surface is, however, square, in which case the width of the side of the square can

generally be used as the width Wp4p of the contact surface 7.

The width Wgore of the contact opening 8 is a parameter, which is selected when
planning the manufacturing process. One parameter to be taken into account when
selecting the width of the contact opening 8 is the width of the contact surface 7 of the
component being used. The width of the contact opening 8 is selected in such a way that
the contact hole to be made through the contact opening will meet the contact area 7 of
the component over its entire cross-sectional area are the component end, and will not
miss the contact area, for example, on the surface of the passivation layer. If the contact
opening is circular in shape, with width Wgorr of the contact opening is the diameter

measured through the centre point of the circle. If, on the other hand, the contact opening
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is irregular I shape, Wyorr can, if necessary, be measured separately along each straight
line that runs through the centre point of the contact opening 8. In the case of an
irregular shape, when comparing the width Wrorr of the contact opening with the width
Wpap of the contact surface, the comparison can always be made separately for each pair
of widths measured through parallel straight lines. If necessary, the widths Wyorr and
Wpap can also be compared in a corresponding manner to the other parameters

described.

The ratios of the parameters described above can also be applied in connection with the
contact bumps 17, in which case the surface areca and width of the contact area will be
replaced by the surface arca and width of the contact bump and the distance H will be

measured to the surface of the contact bump.

The shape of the contact hole can be influenced with the air of the laser parameters,
which are selected according to the hole parameters and the properties of the insulation
to be removed. The manufacturing result is, of course, also affected by the laser device
being used. The suitability of the selected parameters for the process is indeed examined
with the aid of a pilot manufacturing batch and, if necessary, the parameters are altered

so that the desired result will be achieved.

In general, it is sensible in the manufacturing method to try to achieve a contact-hole

shape, in which

Weonr=0.5 - 1.5 times Wrorr, preferably 0.7 - 1.2 times Wrorr, and most preferably 0.8

- 1.0 times Wrors, however, in such a way that Weonr < Wpap; and

Waax = at most 100 um, preferably at most 30 u, and most preferably at most 10 um
larger than whichever of the parameters Wryorr and Weonr is greater. Presented
relatively, the objective would be for Wyx = at most 40 %, preferably at most 20 %, and
most preferably at most 10 % greater than whichever of the parameters Wyorr and

Weconr is greater.
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In the most optimal shape of a contact clement, Wj .y is essentially as large as Wyorr

and, in addition, Wconris 0 - 20 % smaller than Wjyx.

In the most typical embodiments, the contact surface 7 has a square shape and the
contact opening 8 is circular in shape. In that case, Acoyr; 18 typically 10 - 75 % of the
surface area Ap4p. Aconr 1 and Aconr » are typically mutually approximately of equal

size, for example, with an accuracy of £20 %.

Figure 26 shows examples of other possible shapes of the contact holes 18. Figure 27,
for its part, shows examples of intermediate layers 2 manufactured in such contact holes.
In the examples of Figures 26 and 27, the component to be attached is bumpless. As can
be seen from Figure 27, the intermediate layers 2 do not extend at all on top of the
passivation layer 9 of the component, but instead are in contact only with the contact
surface 7 of the component. With the aid of this feature, it is possible to see even from
the finished clectronic module whether the component embedded in the electronic
module has bumps or is bumpless. The bumps grown on the contact surface 7 of the
component in the bump-creation processes always fill the entire contact surface 7 and
always also spread slightly on top of the passivation layer 9. If, on the other hand,
bumpless components are used in the embodiments described above, the intermediate
layer 2 and the contact element grow only into the contact hole 18, when in the finished
electronic module the intermediate layer 2 will not extend on top of the component’s
passivation layer 9 and part of the contact surface 7 of the component will always
remain free of the intermediate layer 2 (the edges of the contact surface 7) when the
alignment and manufacture of the contact hole 8 have succeeded. Also in a possible
contact-hole 18 alignment-error situation, in which the contact opening 8 is not
completely aligned with the contact surface 7, at least part of the edge arcas of the
contact surface 7 and of the passivation layer surrounding the edge arca will be free of

the intermediate layer 2.
If a bumpless component is manufactured by a semiconductor process using copper

conductors, the contact areca 7 is copper. In that case, the intermediate layer can be

manufactured directly from chemically grown copper, which forms a conductor
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surfacing also on the side walls of the contact hole 18. After this, the contact holes 18
can be filled and the thickness of the conductor layer increased using an electrochemical

copper-growing method.

At the moment of writing of the present application, the most commonly used conductor
material in semiconductor processes is, however, aluminium. Thus, the most common
material of the contact arca 7 of bumpless components too is aluminium and it is
preferable to use an intermediate layer, with one or more layers manufactured from
different materials, between the aluminium contact arca and the copper conductors of the
electronics module. In the following, reference is made to a few possible intermediate-

layer constructions:

Intermediate-layer construction 1

First of all, a layer containing zinc is grown on the surface of the aluminium contact arca
7. The layer containing zinc manufactured by a zincate process does not grow on the
polymer surfaces of the side walls of the contact hole 18. A layer of nickel, which does
not grow at all or only poorly on a polymer surface, is grown by a chemical method on
the surface of the layer containing zinc. A layer of copper is grown by a chemical
method on the surface of the nickel. The copper grown by a chemical growing method
can be made to grow reliably also on top of polymer, thus making the side walls of the

contact holes 18 conductive for later electrochemical growing.

Intermediate-layer construction 2

First of all, a layer containing zinc is grown on the surface of the aluminium contact arca
7. The layer containing zinc manufactured by a zincate process does not grow on the
polymer surfaces of the contact hole 18. A layer of copper is grown by a chemical
method on the surface of the layer containing zinc. The copper grown by a chemical
growing method can be made to grow reliably also on top of polymer, thus making the

side walls of the contact holes 18 conductive for later clectrochemical growing.
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Intermediate-layer construction 3

First of all, a layer containing zinc is grown on the surface of the aluminium contact arca
7. The layer containing zinc manufactured by a zincate process does not grow on the
polymer surfaces of the contact hole 18. A layer of nickel-aluminium, which does not
grow on a polymer surface, is grown by a chemical method on the surface of the layer
containing zinc. A layer of copper is grown by a chemical method on the surface of the
nickel-aluminium. The copper grown by a chemical growing method can be made to
grow reliably also on top of polymer, thus making the side walls of the contact holes 18

conductive for later electrochemical growing.

Intermediate-layer construction 4

First of all, a layer containing zinc is grown on the surface of the aluminium contact arca
7. A layer of nickel-aluminium is grown by a chemical method on the surface of the
layer containing zinc. A layer of nickel is grown by a chemical method on the surface of
the nickel-aluminium and a layer of copper is grown by a chemical method on the

surface of the nickel.

Intermediate-layer construction 5

First of all, a layer containing zinc is grown on the surface of the aluminium contact
layer 7. A layer of nickel is grown by a chemical method on the surface of the layer

containing zinc.

Intermediate-layer construction 6

A layer of nickel is grown by a chemical method on the surface of the aluminium contact

area 7, which grown nickel layer alone forms the intermediate layer 2.
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Intermediate-layer construction 7

A layer of nickel is grown by a chemical method on the surface of the aluminium contact

arca 7, and a layer of copper is grown by a chemical method on the surface of the nickel.

In the above examples of intermediate-layer constructions, the layer containing zinc
contains, for example, about 80 % zinc, about 16 % copper, about 2 - 3 % nickel, and
about 2 - 3 % iron. This is only one possible example of alloy ratios suitable for the
application, so that the alloy ratios can, of course, vary according to the applications. In
the above examples of intermediate constructions, the thickness of the layer containing
zinc is less than 1 um, usually as a single layer about 0.1 um and as several layers, for
example 0.3 - 0.4 um. At its thinnest, the layer containing zinc can be about 5 - 10 nm
after manufacture. When growing a layer containing nickel or nickel-aluminium on top
of the layer containing zinc, at least some of the zinc atoms dissolve and are replaced
with nickel atoms. In the finished circuit module, it can be possible for the layer
containing zinc to be observable as mainly a concentration profile of zinc in the interface
between the aluminium and the material of the next layer. The layer containing zinc
need not necessarily be precisely limited in the final product, because the zinc can
diffuse to the adjacent material layers, particularly in stages of the manufacturing

process using higher temperatures.

In one preferred embodiment, the layer containing zinc is grown by a double zincate
process. With a single zincate process, the zinc forms a non-uniform and uneven surface
on top of the aluminium. The adhesion of a nickel layer grown on top of such a surface
is weaker and is less suitable for use with small micro-via openings. The quality of the
grown zinc surface can be significantly improved by using a double zincate process.
Typically, in such a process, after the first zincate treatment, the layer containing zinc is
stripped using nitric acid (HNO3), after which a second layer containing zinc is coated.
By means of the double zincate process, a tight and uniform layer containing zinc is

obtained on the surface of the component’s aluminium junction interface.

The thickness of the nickel-aluminium layer, for its part, can be, for example, 0.2 - 2
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um. The thickness of the nickel layer, on the other hand, can be, for example 0.5 - 20
um, typically 2 - 10 um. The layer thicknesses too are only examples of the possible

layer thicknesses and other layer thicknesses can also be used.

In the embodiments, the electrochemically grown copper layer can have a thickness of,
for example, 5 - 30 um, typically 10 - 20 um. The copper layer grown by a chemical
growing method, for its part, is generally manufactured to be clearly thinner, and its

thickness in the embodiments is, for example, 0.1 - 2 um, typically 200 - 800 nm.

In the manufacturing methods described above, it is, of course, also possible to use
intermediate-layer constructions and materials, for example tin, other than those referred
to above. It is also possible to grown a nickel layer directly on the surface of the
aluminium, for example, by alkali etching and flushing the surface after this with
propan-2-ol and immediately after this coating with propan-2-ol at boiling point in a
warm chemical nickel bath. In addition, the surface of the layer containing zinc could

also be coated with chromium and gold on the surface of the nickel.

Figure 28 shows yet another possible contact structure, in which it is possible to use
components, the contact arca of which is pre-equipped with base-metallurgical layers,
though bumps as such are not made. Figure 29 shows one possible corresponding

contact structure, implemented with a bumpless component.

Figure 28 shows a passivation layer 9 on the surface of the component, in which there is
an opening at the position of the contact area 7 of the component. There is a polymer
layer 25 of the surface of the passivation layer 9. The polymer layer 25 can consist of
onc or more polymer layers. The material of the polymer layer 25 can contain, for
example, an insulator layer 13 depicted in connection with Figure 1, adhesive 5 depicted
in connection with Figure 2, and/or a spacer depicted in connection with Figure 11. The
base metallurgy, which in this case comprises two layers, is made on the surface of the
contact arca 7 of the component. The first base-metallurgy layer 26 is a layer of, for
example, chromium (Cr) or titanium-wolfram (TiW) manufactured by sputtering. The

second base-metallurgy layer 27 is a layer of, for example, nickel (Ni), copper (Cu), or
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gold (Au), manufactured by sputtering. The actual bump comprises further a gold or
copper layer, for example, grown chemically or electrochemically, on the surface of the

second base-metallurgy layer 27.

In the example of Figure 28, the component is attached by a polymer layer 25 to a
conductor foil 12, in which contact openings 8 have been made as depicted in the
methods described above. Contact holes 18 or 28, in which a contact element is made in
contact with the second base-metallurgy layer 27, are made through the contact openings
8. The contact element is made in such a way that first of all an intermediate layer 2 is
made using one or more chemical growing methods, in a corresponding manner to that
depicted in the methods described above. In the example of Figure 28, the intermediate
layer 2 is of copper grown using a chemical growing method. On top of this intermediate
layer a layer 32 of copper is grown using an electrochemical growing method. The
electrochemically grown copper also forms the conductor core 29 of the contact element.
It can be seen from Figure 28 that the conductor foil 12, the intermediate layer 2, and the
copper layer 32 together form the material of the conductor 22. In the example, the
conductor foil 12, the intermediate layer 2, and the copper layer 32 are all of copper, but
the layers and the interfaces between them, can, however, also be detected by analysing

the finished structure.

Like Figure 28, Figure 29 shows a passivation layer 9, in which there is an openings at
the position of the contact area 7 of the component, on the surface of the component. On
the surface of the passivation layer 9 is a polymer layer 25, which corresponds to that
shown in connection with Figure 28. In the example of Figure 29, the surface of the
contact arca 7 of the component has been a uncoated component when it was brought to
the circuit-module manufacturing process. In such a component, the outer surface of the
contact arca 7, i.c. the contact surface, is thus typically formed alrcady at the
semiconductor factory. In the example of Figure 29, the material of the contact area 7 is

aluminium.

In the example of Figure 29, the component is attached by a polymer layer 25 to the

conductor foil 12, in which contact openings 8 are made in the manner depicted in the
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methods described above. Contact holes 18 or 28, in which a contact element is made in
contact with the contact area 7, have been made through the contact openings 8. The
contact element is made in such a way that first of all an intermediate layer 2 is made
using one or more chemical growing mecthods, in a corresponding manner to that
described above. In the example of Figure 29, the intermediate layer 2 is made in several
parts and comprises several layers. In Figure 28, the intermediate layer is, in addition, to
facilitate the description, divided into three parts, a base part 36, a wall part 37, and a
conductor part 38. The base part 36 is the part that grows on the surface of the contact
terminal 7, 17 to the bottom of the contact hole 18, 28, the wall part 37 is the part that
grows on the surfaces of the side walls of the contact hole 18, 28, and the conductor part

38 is the part that grows to form part of the conductor 22 being manufactured.

The intermediate layer 2 of Figure 29 comprises a first intermediate layer 33, a second
intermediate layer 34, and a third intermediate layer 35. The first intermediate layer 33
can be made, for example, by using a chemical growing method to grow a layer
containing zinc. In the example of Figure 29, the conductor foil 12 is of copper, so that
when using a zincate process the first intermediate layer 33 grows only on the base part
36 of the intermediate layer 2. From this, manufacture can be continued, for example, by
using a chemical nickel-growing method to make the second intermediate layer 34. The
nickel grows on both the base part 36 and the conductor part 38 of the intermediate layer
and, when using some growing methods, on the wall part 37 too on the surface of the
polymer 25. The third intermediate layer 35 is made from copper on top of the second
intermediate layer 34 using a chemical growing method, so that the copper grows on the
base part 36, the wall part 37, and the conductor part 38. A layer 32 of copper is grown
on top of the third intermediate layer using an electrochemical growing method, which

also forms the conductor core 29 of the contact element.

In the case of Figure 29, it should be noted that, in the finished circuit module, the layers
33 and 34 do not have precise boundaries as shown in the figure, but instead the layers
can appear as overlapping or mixed, for example, from the effect of diffusion. For
example, in the case of the first intermediate layer 33 containing zinc, the zinc can be

located as a concentration profile in the interface between the aluminium and nickel 34
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and partly inside the aluminium 7 and the nickel layer 34.

In the contact structure of Figure 29, other material combinations can also be used. For
example, suitably selected intermediate-layer structures from the intermediate-layer
constructions 1 - 7 described above can be used to form the contact structure depicted by
Figure 29 and also the contact structures depicted by Figures 30 - 33. In addition, the
contact structure of Figure 29 can also be manufactured with the aid of the materials
shown by Figure 28, in such a way that the first intermediate layer 33 and the second
intermediate layer 34 are made by sputtering. In that case, the sputtered intermediate
layers 33 and 34 will grow to the base part 36 and the conductor part 38, but not to any
substantial extent to the wall part 37, provided the contact hole 18, 28 does not widen
towards the contact opening 8. One possibility is to use a first intermediate layer 33
containing zinc and on the surface of this either directly a third intermediate layer 35
made from nickel by a chemical growing method, or a construction, in which a second
intermediate layer 34 made from nickel-aluminium is used between the layers 33 and 35.
In such an embodiment, there is no need at all of chemical copper growing, as the nickel

forms a vertical contact along the side wall of the contact hole.

Figure 30 shows yet another contact-clement structure. In the structure of Figure 30, the
intermediate layer 2 comprises a first intermediate layer 33, a second intermediate layer
34, and a third intermediate layer 35. The first intermediate layer 33 can be made, for
example, by using a chemical growing method to grow a layer containing zinc. The
second intermediate layer 34 is of nickel-aluminium and the third intermediate layer 35
is of nickel grown by a chemical growing method. This, in the structure of Figure 30,
the contact hole is filled with nickel, i.e. the conductor core 29 of the contact element is
nickel. Otherwise, the technical features described in connection with Figures 28 and 29

apply in the case of the structure of Figure 30.

Figure 31 shows yet another contact-clement structure. In the structure of Figure 31, the
intermediate layer 2 comprises a first intermediate layer 33 and a second intermediate
layer 34. The first intermediate layer 33 can be manufactured, for example, by using a

chemical growing method to grow a layer containing zinc. The second intermediate
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layer 34 is of copper grown by a chemical growing method, or alternatively of nickel
grown by a selective chemical growing method. Alternatively, the structure of Figure 31
can also be made in such a way that the first and second intermediate layers 33 and 34
are replaced with a single layer of chemically grown nickel. The conductor core 29 is
typically copper and the conductor 22 comprises a first and second copper layer 12 and
32. Otherwise the technical features described in connection with Figures 28 and 29

apply in the case of the structure of Figure 31.

Figure 32 shows yet another contact-clement structure. In the structure of Figure 32, the
intermediate layer 2 comprises a first intermediate layer 33, a second intermediate layer
34, and a third intermediate layer 35. The first intermediate layer 33 can be made, for
example, by using a chemical growing method to grow a layer containing zinc. The
second intermediate layer 34 is of nickel grown by a chemical growing method. In the
method, the growing method is selective, in such a way that the nickel grows on top of
conductive material. The third intermediate layer 35 is of copper grown by a chemical
growing method. Alternatively, the structure of Figure 32 can also be made in such a
way that the first intermediate layer 33 is omitted. The conductor core 29 is typically of
copper. Otherwise the technical features described in connection with Figures 28 and 29

apply in the case of the structure of Figure 32.

Figure 33 shows yet another contact-clement structure. The method described in
connection with Figures 10 - 17, for example, in which a photo-resist layer 30 is used,
can be used for making the structure of Figure 32. In the structure of Figure 33, the
intermediate layer 2 comprises a first intermediate layer 33, a second intermediate layer
34, and a third intermediate layer 35. The first intermediate layer 33 can be made, for
example, by using a chemical growing method to grow a layer containing zinc. The
second intermediate layer 34 is of nickel grown by a chemical growing method. In the
method of the example, the growing method is selective, in such a way that the nickel
grows only on top of conductive material. The third intermediate layer 35 is of copper
grown by a chemical growing method. Alternatively, the structure of Figure 33 can also
be made in such a way that the first intermediate layer 33 is omitted. The conductor core

29 is typically of copper. Otherwise the technical features described in connection with
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Figures 28 and 29 apply in the case of the structure of Figure 33.

Thus, in the embodiments a method is presented for the manufacture of a circuit module,

in which method

- a conductor foil 12 is taken,

- a component 6, which comprises contact arcas 7, the material of which contains a

first metal, is taken,

- the component 6 is attached to a conductor foil 12 by means of a polymer layer

25,

- an insulator layer 1 is manufactured around the component 6 attached to the

conductor foil 12,

- contact holes 18, 28 are made in the polymer layer 25 at the positions of the
contact areas 7, in such a way that the contact surface area 4coyy ; between each contact
hole 18, 28 and the corresponding contact area 7 is less that the surface area 4p4p of the

contact area 7, and

- an intermediate layer 2, which contains at least a third metal, is grown at least on

the surface of the contact areas 7 in the contact holes 18, 28, and

- a layer 32 of a second metal is grown, which layer 32 is in contact with the

surface of the intermediate layer 2 and extends along the conductors 22 being made, and
- conductors 22 are formed by patterning the conductor foil 12, and, if necessary,
also the intermediate layer 2 on the surface of the conductor foil 12 and/or the layer 32

of a second metal.

In a typical embodiment, the contact holes 8 are made in the conductor foil 12 before
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attaching the component, so that the component is thus attached to a conductor foil 12
equipped with contact openings. In the commonest form of this type of embodiment, the
contact openings do not extend to the surfaces of the contact areas 7, so that after the
attaching of the component 6 contact holes 18, 28 are further opened through the contact

openings 8.

In one embodiment, the first metal is aluminium, the second metal is copper, and the
third metal is zinc. In such an embodiment, the intermediate layer 2 can, of course, in

addition to zinc, also contain other metals or metal alloys, as stated above.

In a second embodiment, the first metal is aluminium, the second metal is copper, and
the third metal is nickel. In such an embodiment, the intermediate layer 2 can, of course,
in addition to nickel, also contain other metals or metal alloys, as stated above.

In a third embodiment, the first metal is gold, the second metal is copper, and the third
metal is nickel. In such an embodiment, the intermediate layer 2 can, of course, in
addition to zinc, also contain other metals or metal alloys, as stated above.

In the commonest embodiment, the material of the contact arecas 7 is mainly aluminium
and the material of the conductors is copper and between them is one of the

intermediate-layer constructions 1 - 7 described above.

When making the intermediate-layer construction, at least one chemical growing method

is typically used.

The embodiments depict a circuit module, which comprises

- an insulator layer 1,

- inside the insulator layer 1, at least one component 6, which comprises contact

arcas 7, the material of which contains a first metal,
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- on the surface of the insulator layer 1, conductors 22, which comprise at least a
first layer 12 and a second layer 32, in such a way that at least the second layer 32

contains a second metal, and

- contact clements for forming eclectrical contacts between the contact areas 7 and
the conductors 22, which contact elements comprise an intermediate layer 2, which

contains a third metal, on the surface of the material of the contact arca 7,

- in which the first, second, and third metals are different metals, and

- the contact surface area Acor ; between the intermediate layer 2 and the contact

area 7 is less than the surface area 4pyp of the contact area.

In one embodiment, the first metal is aluminium, the second metal is copper, and the
third metal is zinc. In such an embodiment, the intermediate layer 2 can, of course, in

addition to zinc, also contain other metals or metal alloys, as stated above.

In a second embodiment, the first metal is aluminium, the second metal is copper, and
the third metal is nickel. In such an embodiment, the intermediate layer 2 can, of course,

in addition to nickel, also contain other metals or metal alloys, as stated above.

In a third embodiment, the first metal is gold, the second metal is copper, and the third
metal is nickel. In such an embodiment, the intermediate layer 2 can, of course, in

addition to nickel, also contain other metals or metal alloys, as stated above.

In the commonest embodiment, the material of the contact areas 7 is mainly aluminium
and the material of the conductors is copper and between them is one of the

intermediate-layer constructions 1 - 7 described above.
In a typical embodiment, the contact elements comprise a copper core 29 made using an

electrochemical growing method, which, in the direction of the side walls and the

component 6 is bounded by the intermediate layer 2 and in the direction of the conductor
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22 connects continuously, i.e. without an interface to the material of the second layer 32
of the conductor 22. In order words, the material of the copper core 29 of the contact
clement and of the second layer 32 of the conductor 22 is manufactured in the same
process, so that the parts are attached permanently to each other and there is no interface
between them. Between the first layer 12 and second layer 22 of the conductor, on the
other hand, there is typically an interface, or a corresponding transition zone, which can
be detected, for example, by analysing the crystalline structure or impurity concentration

of the metal.

In one embodiment, the width Weonr of the contact surface between the contact element
and the contact arca 7 of the component is 0 - 20 % less than the greatest width Wiy of

the contact element in the same direction.

The contact elements usually fill entirely the contact holes 18, 28, i.e. the contact

clements are not hollow, but are solidly of conductor material.

Usually, the aim in the embodiments is for the height H of the contact element to be less

than, or equal to the greatest width Wi.4x of the contact element.

There are also embodiments of the circuit module, in which the insulator layer 1
includes at least one layer of fibre material 19, in which there is an opening in the fibre
material 19 for the component 6, as well as a uniform polymer layer, which is attached

to the fibre material 19 and to the components 6, 16.

The manufacturing processes described above and their sub-processes can be modified
in many ways. For example, the use of an actual adhesive depicted above in attaching
the component to the conductor foil 12 can be replaced with some other adhesion
mechanism. On example that can be given is the use of an insulator layer 13 possessing
an adhesion property on the surface of the conductor foil 12 (see Figure 1 and the
corresponding description). The components 6 are then pressed directly against the
insulator layer 13, so that the components attach sufficiently in place in a manner

correspondingly to that described in connection with the embodiment using adhesive.
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Such an insulator layer 13 can contain, for example, a tape-like surfacing, or consist of a

polymer or similar material that is shapable at least in its surface part.

The method can also be implemented without the use of an adhesive 5 or an adhesion
property. In that case, the components 6 can be attached in place, for example,
mechanically or with the aid of a vacuum. The vacuum or similar temporary attachment
can then be maintained until the component 6 is sufficiently secured in place with the aid

of the insulator material 1.

The component 6 to be attached can be, for example, an integrated circuit, such as a
memory chip, processor, or ASIC. The component to be attached can also be, for
example, a MEMS, LED, or passive component. The component to be attached can be
cased or uncased and its contact terminals can consists of contact areas 7, contact bumps
17, or similar. There can also be a conductor coating thinner than an actual contact bumb

on the surface of the contact areas of the component.

A different material of the insulator layer 1 from those in the examples described above
can also be selected. The insulator layer 1 can be manufactured from a suitable polymer
or from a material containing polymer. The material of manufacture of the insulator
layer 1 can be, for example, in a liquid or pre-hardened form (such as prepreg). In the
manufacture of the insulator layer 1 it is possible to use, for example, glass-fibre
reinforced sheet, such as an FR4 or FR5-type sheet. Other examples of materials, which
can be used in the manufacture of the insulator layer 1 are PI (polyimide), aramide,
polytetrafluorocthylene, and Teflon®. Instead of, or as well as thermosetting plastics,
thermoplastics too, for example some suitable LCP (liquid crystal polymer) material can

be used in the manufacture of the insulator layer 1.

In addition, it is obvious to one skilled in the art that the features described above of the
invention can be used as part of some larger totality, for example, in such a way that the
electronics module is manufactured partly using some method according to the prior art
and partly using the embodiments depicted here. It is also possible to manufacture

additional circuit-board layers on the surface or surfaces of the electronic-module
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structures described above, or also to attach components, for example, by means of the

surface-mounting technique.

One skilled in the art will also understand that, when reference is made in the present
document to a specific material, for example, aluminium, nickel, or copper, the reference
is to a material, which in terms of the application is substantially of the said material.
The material referred to can thus, in addition to the said principal element contain, from
the point of view of the application, insubstantial amounts of impurities and other
clements. For example, an aluminium contact area is usually of a material that typically

contains a minimum of 95 % aluminium.

When, on the other hand, reference is made to a material containing some specific
clement, this means that the material contains an essentially large content of the said
element. In addition, the material can contain substantial or insubstantial amounts of
other clements. For example, the layer containing zinc will thus contain an amount of
zinc that is of significance in terms of the contact properties between the aluminium and

the next metal.

The examples given above depict some possible methods and structures, which the aid
of which our invention can be exploited. However, our invention is not restricted to only
the examples and embodiments described above, but instead the invention covers
numerous other methods and structures, taking into account the full scope of the Claims

and the equivalence interpretation.
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Claims:

1. Circuit module, comprising

a first insulator layer having a first surface and a second surface;

at least one second insulator layer on the first surface;

at least one component inside the at least one second insulator layer, the at least
onc component comprising contact terminals containing a first metal,

conductors on the second surface of the first insulator layer, the conductors
comprising at least a first layer and a second layer, in such a way that at least the second
layer contains a second metal, and

contact elements between the contact terminals and the conductors for forming
clectrical contacts, the contact elements comprising an intermediate layer on the surface
of the contact terminal, the intermediate layer containing a third metal, a contact surface
area (Aconr 1) between the intermediate layer and the contact terminal being less than a

surface area (4p4p) of the contact terminal.

2. The circuit module of Claim 1, wherein the first metal is aluminium, the second metal

is copper, and the third metal is at least one of the metals zinc and nickel.

3. The circuit module of Claim 1, wherein the first metal is gold, the second metal is

copper, and the third metal is nickel.

4. The circuit module of Claim 1, wherein the intermediate layer comprises a layer

containing zinc.

5. The circuit module of Claim 1, wherein the intermediate layer comprises a layer

containing copper.

6. The circuit module of Claim 1, wherein the intermediate layer comprises at least one

layer of nickel and/or of nickel and aluminium.

7. The circuit module of Claim 1, wherein the intermediate layer extends along the side
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walls of the contact elements between the contact terminals and the conductors.

8. The circuit module of Claim 1, wherein each contact element comprises a copper

core, which connects continuously to the material of the second layer of the conductors.
9. The circuit module of Claim 1, wherein the conductors comprise

a first layer of copper on the second surface of the first insulator layer, and

a second layer of copper on the surface of the first copper layer.
10. The circuit module of Claim 1, wherein the conductors comprise

a first layer of copper on the second surface of the first insulator layer,

an intermediate layer on the surface of the first copper layer, and

a second layer of copper on the surface of the intermediate layer.
11. The circuit module of Claim 10, wherein the intermediate layer between the first and
second coppers layers comprises copper grown by a chemical growing method or nickel
grown by a chemical growing method.
12. The circuit module of Claim 1, wherein a width (Wconr) of the contact surface
between the contact element and the contact terminal of the component is 0 - 20 % less

than a greatest width (#,.4y) of the contact element in the same direction.

13. The circuit module of Claim 1, wherein a height (H) of the contact element is less

than, or equal to a greatest width (Wyux) of the contact element.

14. The circuit module of Claim 1, wherein the at least one second insulator layer

contains at least one layer of fibre material and an opening in the fibre material for the at
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least one component.

15. The circuit module of Claim 1, comprising a polymer layer between the first
insulator layer and the at least one component and contact holes for the contact elements

in the polymer layer.

16. The circuit module of Claim 15, wherein the polymer layer comprises layer of a

hardened adhesive.

17. Circuit module, comprising

a conductor layer comprising conductors, the conductors having a first surface
and a second surface and at least two layers of metal between the first surface and the
second surface;

a first insulator layer having a first surface and a second surface, the second
surface of the first insulator layer covering the first surface of the conductors;

at least one second insulator layer on the first surface of the first insulator layer;

at least one component inside the at least one second insulator layer, the at least
one component comprising contact terminals containing at least one layer of metal;

contact elements between at least some of the contact terminals and at least some
of the conductors for forming electrical contacts, the contact elements comprising an
intermediate layer on the surface of the contact terminal, the intermediate layer
containing at least one layer of metal, a contact surface area (Aconr 1) between the
intermediate layer and the contact terminal being less than a surface arca (4p4p) of the
contact terminal;

at least one layer of metal in the contact terminals containing a first metal;

at least one layer of metal in the conductors containing a second metal; and

the intermediate layer containing a third metal.
18. The circuit module of claim 18, comprising

a layer of hardened adhesive between the first insulator layer and the at least one

component.
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19. Circuit module, comprising

a conductor layer comprising conductors, the conductors having a first surface
and a second surface and at least two layers of metal between the first surface and the
second surface;

a first insulator layer having a first surface and a second surface, the second
surface of the first insulator layer entirely covering the first surface of the conductors;

at least one second insulator layer on the first surface of the first insulator layer;

at least one component inside the at least one second insulator layer, the at least
one component comprising contact terminals containing at least one layer of metal; and

contact clements between at least some of the contact terminals and at least some
of the conductors for forming eclectrical contacts, the contact clements comprising an
intermediate layer on the surface of the contact terminal, the intermediate layer
containing at least one layer of metal, a contact surface arca (Aconr ;) between the
intermediate layer and the contact terminal being less than a surface area (4p4p) of the

contact terminal.
20. The circuit module of claim 18, comprising

a layer of hardened adhesive between the first insulator layer and the at least one

component.
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47

(57) Abstract:

Manufacturing method and circuit module, which comprises an
insulator layer and, inside the insulator layer, at least one
component, which comprises contact areas, the material of
which contains a first metal. On the surface of the insulator layer
are conductors, which comprise at least a first layer and a second
layer, in such a way that at least the second layer contains a
second metal. The circuit module comprises contact clements
between the contact arcas and the conductors for forming
clectrical contacts. The contact eclements, for their part,
comprise, on the surface of the material of the contact area, an
intermediate layer, which contains a third metal, in such a way
that the first, second, and third metals are different metals and
the contact surface areca (Aconr ), between the intermediate layer
and the contact area is less that the surface area (4Ap4p) of the

contact arca.
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APPLICATION DATA SHEET (37 CFR 1.76)

f
vention ICIRCUIT MODULE AND METHOD OF MANUFACTURING THE SAME

invention

As the below namad inventor{s), I/we dedars that:
This declaration Is dirgclad to:
@ The attached application, or

E Agpplication No. fited on

{: As amended on

{if spplicable};

thwe believs that we am/are the original and first inventor(s} of the subject matter which is claimed and for which a patent is
sought;

lfwe have reviewsd and understand the contents of the above-identified application, including the claims, as amendsd by any
gmendment apecificaily referred to above;

ihwe acknowlsdge the duty to disclose to the United States Patent and Trademark Office all information known i me/us 1o be
material {0 patentabliity as defined in 37 CFR 1.56, inclixding for continuation-in-part applications, material information which
became available betwesn the filing date of the prior applicaion and the national or PCT Internationad filing date of the

continuation-in-part application.
WARNING:

Patitionsr/applicant is cautioned to avoid submitling personal information in documents filed in 2 patent spplication that may
contribute o identity thefl.  Personal information such as social secuwrity numbers, bank account numbers, or oredit card
numbaers {other than a chack or credit card authorization form PTO-2038 submitted for payment purposes) is never reguired by
the USPTO to support a petition or an application. If this type of personal information is included in documents submitied to the
USPTO, petiticnars/applicants should consider redacting such personal information from the documents before submitting them
to the USPTO. Petitioner/applicant is advised that the record of a patent application is avaiiable to the public after publication
of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application} or issuance
of a patent. Furthermors, the record from an abandoned application may alse be available to the public if the application is
referanced in a published application or an issuad palent (see 37 CFR 1.14). Checks and ¢redit card  authorization forms
PTO-2038 submitted for payment purposes are not retained n the application file and therefore are not publicly available.

All statemants made herein of my/our own knowledge are true, all statements made herein on information and belief are
balisved to be true, and further that these statemenis were mads with the knowladge that willful faise statements and the like
are punishable by fine or imprisonment, or both, under 18 U.8.C. 1001, and may jecpardize the validity of the application or any

patent issuing thereon.
FULL NAME OF INVENTOR(S)

4 //"7 P - P

/s s 7 &
invanior one: 'mﬁﬁ@ﬁ"‘fés WS Data: j"i‘ /G Her O

/’/(;/ / 7 [
Signature: o b Citizen of: £
Inventor two: Risto Tuominen pate: (2. /0, 2 Qi
Signature: Citizen of: F1
;5(: E Additional ir,wentora of 2 legal rapresentative are belng named on 1 additional form(s) attached hersto,

This coliscion of information is required by 35 U.S.C. 118 and 37 CFR 1.83, The nfarmation is required to ottain of retain 3 banefit by the pubbic which is 1o il (and
ty the USPTO 1o process) an application. Confidantality is govemed by 386 U.S.C. 122 and 37 CFR 1.11 and 1,14, This collection is astimated to take 1 minute to
compiete, induding gathering, prepsring, snd submitiing the compieted application form to the USPTO. Time will vary depending upon the individual case, Any
commiants on the amourt of time you require to compleie this form andfor suggestions for reducing this burden, should be sent 1o the Chief Infamation Officer, I1.S.
Fatent and Trademark Office. U.S. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. BEND 7O: Commissioner for Patents, P.O, Box 1450, Alexandris, VA 22313-1450.

i you need assistance in completing the form, call 1-800-PT0 3799 and solect aption 2.
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PTCYSEIO2A (07-07)
Approved for use through 09/30G/2010. OMB 0881-0032
1.8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ADDHTIONAL INVENTORI(S)
Supplemental Sheet

ficd OMB controf number,

Page 2 of

Name of Additional Joint Inventor, if any:

g ..... A petition has been filed for this unsigned inventor

Given Name (first and middie (f any})

Family Name or Sumame

Antt fihota
s e e NIE
inventors P Ut D
Signature | /i %y L Date
&1
Rasidence:; City State Country Citizenship
Mailing Address
City Siate Zip Country

Name of Additional Joint invantor, if any:

D A petition has been filed for this unsigned inventor

Given Name {(first and middie (f any})

Family Name or Surname

inventor's

Signature Date

Residence: City State Country Citizenship
Mailing Address

City State Zin Country

Name of Additional Joint Inventor, if any:

L]

A petition has been filed for this unsigned inventor

Given Name (first and middle {f any)}

Family Name or Surnarme

inventor’s
Signature Date
Residence: City State Country Citizenship
Mailing Address
City State Zip Country
37 CFR 1.63. The information is required 1o obtain or retain a benefit by the public which is to file

This collection of information is required by 38 U.S.C. 115 and

{and by the LUSPTO to process) an application.  Confidentiatity is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. T

This coftection is estimated to take 21

minuies o complete, including gathering, preparing. and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any commenis on the amount of time you requite to compiete this form and/or suggastions for raducing this burden, should be sent to the Chief inforrmation

Officer, .3, Patent and Trademark Office, U.S. Dex

artment of Sommerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NQT SEND FEES OR COMPLETED

FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 223131850,

if vou nead assistance in completing the form, cali 1-800-PTO-8189 (1-800-786-3198) and select option 2.
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 14231758 Document Date: 04/01/2014

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

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

Drawing

At the time of document entry (noted above):

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

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

Form Revision Date: August 26, 2013
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