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Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 13155 on 06/13/2011
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Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 13155 on 04/27/2011
« Correspondence Address

« Maintenance Fee Address

The address of record for Customer Number 13155 is:

13155

Edwards Neils PLLC

11710 Plaza America Drive, Suite 2000
Reston, VA 20190
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| APPLICATION NUMBER | PATENT NUMBER | GROUP ART UNIT | FILE WRAPPER LOCATION |

10/195,392 6841737 2841 9200

L

Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 13155 on 04/26/2011
« Correspondence Address

« Maintenance Fee Address

The address of record for Customer Number 13155 is:

13155

Edwards Neils PLLC

11710 Plaza America Drive, Suite 2000
Reston, VA 20190
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov’

APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT FILE WRAPPER LOCATION

10/195,392 6841737 2841 9200

Correspondence Address / Fee Address Change

The following fields have been set to Customer Number 57362 on 11/18/2005

*Correspondence Address
*Maintenance Fee Address

The address of record for Customer Number 57362 is:
AKERMAN SENTERFITT

801 PENNSYLVANIA AVENUE N.W.

SUITE 600

WASHINGTON,DC 20004
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10[195, 392

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :6,841,737 B2 Page 1 of 1
DATED : January 11, 2005
INVENTOR(S) : Makoto Komatsubara et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 1
Line 4, replace “2001-21812” with -- 2001-216812 --.

Column 24
Line 63, replace “red” with -- wired --.

Signed and Sealed this

Seventeenth Day of May, 2005

o WDl

JON W. DUDAS
Director of the United States Patent and Trademark Office
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Attorney Docket No.: 71450.00002
Customer No.: 35161

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Makoto KOMATSUBARA et al. Group Art Unit: 2827
Application No.: 10/ 195,392 Examiner: Vigushin, John B.
Patent Number: 6,841,737 B2— Confirmation No.: 2813

Issued: January 11, 2005
Filed: July 16, 2002
For: WIRED CIRCUIT BOARD

CERTIFICATE OF CORRECTION UNDER 37 CFR 1.322

Attention: Certificate of Corrections Branch
Commissioner for Patents

P.0. Box 1450 .
Alexandria, VA 22313-1450 Certificate
MAR 1 6 2005

Sir: of Correction

In reviewing the above-identified patent, errors were discovered tﬁerein, requiring
correction. Pursuant to the provisions of 37 C.F.R. 1.322, please enter the corrections shown in
the attached Certification of Correction (PTO/SB/44). The errors are:

1) Claim 7 should read --wired circuit board - - instead of "red circuit board", as
originally submitted by Applicants as original Claim 9.

2) Additionally, the serial number of the Japanese application from which the present
patent claims priority, was incorrectly identified as serial number 2001-21812 in column 1, line
4. Applicants' preliminary amendment adding paragraph referencing the priority claim to the
Japanese Application, identified the serial number of the Japanese Application as 2001-216812.

The PTO/SB/44 attached herewith submits corrections of these two errors.

MAR § 7 2005
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Request for Certificate of Correction Atty Dkt. No.: 71450.00002
U.S. Patent 6,841,737

Patentee respectfully requests issuance of the Certificate of Correction of the referenced
patent, and if the Office deems it appropriate, issuance of corrected Letters Patent. Since the
errors are the result of Patent Office printing mistakes, no fee is required or submitted.

However, if this is found to the contrary, please charge any shortage in fees in
connection with the filing of this paper, including extension of times fees, to Deposit Account
number 04-0160 and please credit any excess fees to such account.

Respectfully submitted,

Jean C. Edwards
Registration No. 41,728

DICKINSON WRIGHT PLLC

1901 L St., N.W.

Suite 800

Washington, D.C. 20036

Telephone: 202/659-6946

Facsimile: 202/659-1559

Date: March 14, 2005

DC 71450-2 100468v1

MAR 1 7 2005
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> PTO/SB/44 (04-04)
Approved for use through 04/30/2007. OMB 0651-0033

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 6,841,737 67’
DATED © January 11, 2005
INVENTOR(S) : Makoto KOMATSUBARA, Shigenori MORITA, Tadoa OOKAWA, and Toshio SHINTANI

It is certified that error appears in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

Column Number 1, Line 4: Replace "2001-21812" with --2001-216812 --.
Column Number 24, Line 63: Replace "red" with -- wired --.
MAILING ADDRESS OF SENDER: PATENT NO. 6,841,737

Dickinson Wright, PLLC (Customer Number 35,161)
1901 L Street N.W., Ste. 800
Washington, D.C. 20036 — O

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. 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 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

No. of additional copies

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
MAR 1 7 2005
PAGE 8 OF 422 HUTCHINSON EXHIBIT 1002



UNITED STATES PATENT AND TRADEMARK OFFIGE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW, USpto.gov

| APPLICATION NUMBER | PATENT NUMBER | GROUP ART UNIT | FLEwRaPPERLOCATION |
10/195,392 2841 28PH

Change of Address/Power of Attorney
The following fields have been set to Customer Number 35161 on

¢ Correspondence Address
o Maintenance Fee Address

The address of record for Customer Number 35161 is:
DICKINSON WRIGHT PLLC

1901 L. STREET NW

SUITE 800

WASHINGTON, DC 20036

The Practitioners of record for Customer Number 35161 are:

PTO INSTRUCTIONS:

Please take the following action when the correspondence address has been changed to a customer
number:

1) Add 'ADDRESS CHANGE TO CUSTOMER NUMBER' on the next available content line of

the File Jacket. ~
2) Put a line through the old address on the File Jacket and enter the Customer Number as the

new address.

3) File this Notice in the File Jacket.

Please take the following action when the correspondence address has NOT been changed:
1) File this Notice in the File Jacket

PAGE 9 OF 422 HUTCHINSON EXHIBIT 1002



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together w‘;f—“i\pplicable fee‘(s), to: Mail

P
|3

.

Mail Stop ISS<—FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

(703) 746-4000

/

IYSTRUCTIONS: This form should be used for transmitting the ISSUE FEE
“appropriate. All further correspondence including the Patent, advance orders and d to th
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "

maintenance fee notifications.

and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed wh
notification of maintenance fees will be mailed to the current

ondence address
ADDRESS"

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

Note: A certificate of mgl#gg can only be used for domestic mailings of
Fee(s) Transmittal. This certificate cannot be used for any other accompany
E:gers. Each additional paper, such as an assignment or formal drawing, m

35161 7590 09/09/2004 e its own certificate of mailing or transmission.
DICKINSON WRIGHT PLLC Certificate of Mailing or Transmission b tho U
NW I hereby certify that this Fee(s) Transmittal is bei osited with the Un
1901 L. STREET States Postal gervice with cient postage for ﬁ%t%gss mail in an envel
SUITE 800 addressed: to the Mail Stop ISSUE FEE address above, or being facsim
WASHINGTON. DC 20036 transmitted to the USPTO (703) 746-4000, on the date indicated below.
b
1171772004 NNGUYEN? 00000032 10193392 (Depositor’s na
Si
01 FC:1501 1370.00 OP Signat
02 FC:1504 300.00 O ®
18001 30,00 Op
APPLICATION NO. I . FleG DATE l FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. I
10/195,392 07/16/2002 Makoto Komatsubara 30015280.0001 2813
TITLE OF INVENTION: WIRED CIRCUIT BOARD
| apen.TYPE |  smawenmry | ISSUE FEE | puBucationrse | ToTALFEES)DUE | DATE DUE ]
nonprovisional NO $1330 $300 $1630 12/09/2004
| EXAMINER | ART UNIT |  cLasssuscrass |
VIGUSHIN, JOHN B 2841 174-250000
lc.F %ﬁxl;nfg;))f correspondence address or indicatiop of "Fee Address" (37 2. For printing on the patent t:ront page, list Jean C. Edwards, Esq.
e (1) the names of up to 3 registered patent attorneys 1
D Change of correspondence address (or Change of Correspondence or agents OR, alternatively, .
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera  2—

(2 "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.

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

3Dickinson Wright PLLC

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an ass}%%ee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed

recordation as set forth in 37 CF
(A) NAME OF ASSIGNEE

Nitto Denko Corporation

11. Completion of this form is NOT a substitute for filing an assignment.

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

Osaka, Japan

Please check the appropriate assignee category or categories (will not be printed on the patent) : Q) idividuat & Corporation or other private group entity [J Governm

4a. The following fee(s) are enclosed:

‘-g Issue Fee
Publication Fee (No small entity discount permitted)
& Advance Order - # of Copies 10

4b. Payment of Fee(s):
X A check in the amount of the fee(s) is enclosed.

i Payment by credit card. Form PTO-2038 is attached.

ﬂ:The Director is hereby a thoT'ZBd6bi' charge the required fee(s), or credit any tc_:vexgayment

Deposit Account Number 0 ¢

(enclose an extra copy of this form

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

Q. Applicant claims SMALL ENTITY status. See 37 CFR 1.27.

Qb Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

The Director of the USPTO is requested to(quly the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.
11 req

NOTE: The Issue Fee and Publication Fee

uired) will not be accepted

‘interest as shown by the records of the United States Patent and Trademark Office.

from anyone other than the applicant; a registered attorney or agent; or the assignee or other part

Authorized Signatwe __MAm O EAiupnda pate_NeuBambiy /o, 2004

Jean C. Edwards,

Typed or printed name

Esq.

Registration No.

41,728

This collection of information is required by 37 CFR 1.311. The information is %ed to obtain or retain a benefit by the public which is to file (and by the USPTO to proc

an spplication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14.
submutting the completed application form to the USPTO. Time will v

collection is estimated to take 12 minutes to complete, including gath
upon the individual case. Any comments on the amount of time you

erng, preparing,
uire to com,

endi
this form and/or SI:Elgestions for reducing this burden, should be sent to edggief ormation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,

Box 1450, Alexan

Alexandria, Virginia 223 450.

a, Virfiina 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 14

. 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.

PTOL 85 (Rev @/A@Eovgﬂorgf ﬂué:gz4/30/2007

OMB 0651 0033 US WIQMLM&@N, E&giuﬁ'}%ﬂm%OMMER



PTO/SB/21 (09-04)

Approved for use through 07/31/2006. OMB 0651-003 1

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
" ocs it di N o

gre ed i ed (o e
Application Number 10/195.392
TRANSMITTAL Filing Date July 16, 2002
FORM First Named Inventor Makoto KOMATSUBARA
Art Unit 2841
Examiner Name . .
. Vigush
(to be used for all correspondence after initial filing) John B. Vigushin
Attorney Docket Number
k Total Number of Pages in This Submission 71450.00002

ENCLOSURES

Fee Transmittal Form
Fee Attached

D Amendment/Reply
D After Final

|:| Affidavits/declaration(s)

Drawing(s)

Petition

Extension of Time Request

Express Abandonment Request Request for Refu

OOOOOO Ao

Information Disclosure Statement

Licensing-related Papers

Petition to Convert to a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

Terminal Disclaimer

CD, Number of CD(s)

(Check all that apply)
) After Allowance Communication to TC

Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s) (please Identify
below):

Part B - Fee(s) Transmittal (PTOL-85)

~NOOO o

nd

Table on CD

D Landscape
Certified Copy of Priority Remarks l
Document(s)

Reply to Missing Parts/
Incomplete Application
Reply to Missing Parts -
under 37 CFR 1.52 or 1.53

0O Ood

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name
Dickinson Wright PLLC

Signature n c %{W

Printed name
Jean C. Edwards

Date November 16, 2004

Reg. No. 41,728

[ CERTIFICATE OF TRANSMISSION/MAILING \

the date shown below:

I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on

Signature

Qped or printed name

Date )

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and

Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria

, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

PAGE 11 OF 422
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PTO/SB/17 (10-04v2)
Approved for use through 07/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
EE TRANSMITTAL S (e
Application Number 10/195,392

fOI’ FY 2005 Filing Date July 16, 2002

First Named In r |Makoto KOMATSUBARA
Effective 10/01/12004. Patent fees are subject to annual revision. rst Named Invento

- .

D : : _ Examiner Name John B. Vigushin
Applicant claims small entity status. See 37 CFR 1.27 ARt Unit 2841
\, TOTAL AMOUNT OF PAYMENT ($) 1,700 Attorney Docket No. |71450.00002

METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued)

Check [ ] Creditcara [ | Money [™otner [ |None [ 3. ADDITIONAL FEES
raer Large Entity ; Small Entity
Deposit Account:

- Fee Fee |Fee Fee Fee Description
ezt [0a-t061 Cote ) [code " Fee Paid
Number 1051 130 |2051 65 Surcharge - late filing fee or oath
Deposit Sl : 1052 50 |2052 25 Surcharge - late provisional filing fee or
Aﬁcoum Dickinson Wright PLLC cover sheet
ame

1053 130 |1053 130 Non-English specification
1812 2,520 | 1812 2,520 For filing a request for ex parte reexamination

1804 920°| 1804 920" Requesting publication of SIR prior to
Examiner action

The Director is duthorized to: (check all that apply)
Charge fee(s) indicated below Credit any overpayments

Charge any additional fee(s) or any underpayment of fee(s)

DCharge fee(s) indicated below, except for the filing fee 1805 1,840°| 1805 1,840* Requesting publication of SIR after
to the above-identified deposit account. Examiner action
FEE CALCULATION 1251 110 | 2251 55 Extension for reply within first month
. 1. BASIC FILING FEE 1252 430 | 2252 215 Extension for reply within second month
ILa.rge Entity Small Entity ’ 1253 980 | 2253 490 Extension for reply within third month
Fee Fee [Fee Fee Fee Description Fee Paid 1254 1.530 | 2254 765 ; b
., ode Code (5) , ExtenSfon for reply wrthfn fourth month
1001 790 2001 395 Utility filing fee 1255 2,080 { 2255 1,040 Extension for reply within fifth month
N 1002 350 2002 175 Design filing fee 1401 340 | 2401 170 Notice of Appeal
R 1003 550 2003 275 Plant filing fee 1402 340 | 2402 170 Filing a brief in support of an appeal
~ 11004 790 [2004 395 Reissue filing fee 1403 300 | 2403 150 Request for oral hearing
1005 160 2005 80 Provisional filing fee 1451 1,510 | 1451 1,510 Petition to institute a public use proceeding
SUBTOTAL (1) 1452 110 | 2452 55 Petition to revive - unavoidable
1453 1,370 | 2453 685 Petition to revive - unintentional

2. EXTRA CLAIM FEES FOR UTILIT!eeAf';lgnREISSUE 1501 1,370 | 2501 685 Utility issue fee (or reissue) 1,370

Extra Claims I_p_gl_q_ul Fee Paid| 1502 490 | 2502 245 Design issue fee

Total Claims .20 = X .
1 60 | 2 Plant issue fee
Independent o « |_| h 503 6 503 330 nt issu
Claims -3 = 1460 130 | 1460 130 Petitions to the Commissioner
Multiple Dependent
P P [ I 1 I 1807 50| 1807 50 Processing fee under 37 CFR 1.17(q)
Large Entity | Small Entit 1806 180 | 1806 180 Submission of Information Disclosure Stmt
Pee. o8 Fee Fee Eee Description Recording each patent assignment per
Cod Cod ’
e ode (3) L 8021 401 8021 40 property (times number of properties)
1202 18 2202 9 Claims in excess of 20 o T o
L 1809 790 | 2809 395 Filing a submission after final rejection
1201 88 2201 44 Independent claims in excess of 3 (37 CFR 1.128(a))
1203 300 2203 150 Multiple dependent claim, if notpaid | 1810 790 | 2810 395 For each additional invention to be
1204 88 2204 44 ** Reissue independent claims examined (37 CFR 1.129(b))
over original patent 1801 790 | 2801 395 Request for Continued Examination (RCE)
1205 18 2205 9 ** Reissue claims in excess of 20 1802 900| 1802 900 Request for expedited examination
and over original patent of a design application
Other fee (speci 330
SUBTOTAL (2) 'Reduced(bp Baf:i)c Filing Fee Paid
**or number previously paid, if greater; For Reissues, see above Y 9 SUBTOTAL (3) I($) 1,700
SUBMITTED BY (Complete (if applicable))
Name (rin/Type)  |Jean C. Edwards | Begistration No. { 44,728 Telephone 202/659-6946
Signature ean C . EHunnda Date | November 16, 2004

WARNING: Information on this form may become public. Credit card information should not

be included on this form. Provide credit card information and authorization on PTO-2038.
This collection of information is required by 37 CFR 1.17 and 1.27. 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

PAGE 1 2 @EJ Aa%sistance in completing the form, call 1-800-PT0O-9199 angJeF@MINSON EXH | B IT 1 002



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

35161 7590 09/09/2004 | EXAMINER ]
DICKINSON WRIGHT PLLC VIGUSHIN, JOHN B
1901 L. STREET NW
SUITE 800 | AarTUNIT |  papernumBer |
WASHINGTON, DC 20036 2841

DATE MAILED: 09/09/2004

| APPLICATION NO. l FILING DATE [ FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIKRMATION NO. _I
10/195,392 07/16/2002 Makoto Komatsubara 30015280.0001 2813
TITLE OF INVENTION: WIRED CIRCUIT BOARD

| APPLN. TYPE | smaLLEnTITY | ISSUE FEE |  puBLicATION FEE | TOTAL FEE(S) DUE [ T DATE DUE |

nonprovisional NO $1330 $300 $1630 12/09/2004

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM TH
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. TH _
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.C. 151. THE ISSUE FEE DUE INDICATED ABOV
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (O
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WIL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is n

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1
the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) w
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should
completed and an extra copy of the form should be submitted.

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
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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 (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed wh
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"

maintenance fee notifications.

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

35161 7590 09/09/2004
DICKINSON WRIGHT PLLC
1901 L. STREET NW
SUITE 800

Note: A certificate of mailing can only be used for domestic mailings of
Fee(s) Transmittal. This certificate cannot be used for any other accompany

apers. Each additional paper, such as an assignment or formal drawing, m
ﬁave its own certificate of mailing or transmisston.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the Un
States Postal Service with sufficient postgge for first class mail in an envel
addressed to the Mail Sto;a ISSUE FEE address above, or being facsim

WASHINGTON, DC 20036 transmitted to the USPTO (703) 746-4000, on the date indicated below.
(Depositor's na
(Signat
D
[ APPLICATION NO. | FILING DATE ] FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. ]
10/195,392 07/16/2002 Makoto Komatsubara 30015280.0001 2813
TITLE OF INVENTION: WIRED CIRCUIT BOARD
| APPLN. TYPE | SMALL ENTITY ] ISSUE FEE | PUBLICATION FEE l TOTAL FEE(S) DUE | DATE DUE
nonprovisional NO $1330 $300 $1630 12/09/2004
[ EXAMINER | ART UNIT l CLASS-SUBCLASS |
VIGUSHIN, JOHN B 2841 174-250000

1. Cha.njge of correspondence address or indication of "Fee Address" (37
CFR 1.363).

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

(J "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.

2. For printing on the patent front page, list

(1) the names of up to 3 registered patent attomeys 1
or agents OR, alternatively,

(2) the name of a single firm (having as a membera 2
registered attorney or agent) and the names of up to

2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assi%nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed

recordation as set forth in 37 CF

3.11. Completion of this form is NOT a substitute for filing an assignment.

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : O Individuat O Corporation or other private group entity Q Governm

4a. The following fee(s) are enclosed.: 4b. Payment of Fee(s):
[ Issue Fee A check in the amount of the fee(s) is enclosed.
(J Publication Fee (No small entity discount permitted) a Payment by credit card. Formm PTO-2038 is attached.
() Advance Order - # of Copies a The Director is hereby authorized by charge the required fee(s), or credit any overpayment
Deposit Account Number (enclose an extra copy of this form).

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

Qa Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ob. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-a&ply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than
interest as shown by the records of the United States Patent and Trademark Office.

e applicant; a registered attorney or agent; or the assignee or other part

Authorized Signature

Date

Typed or printed name

Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit bg the public which is to file (and by the USPTO to proc
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,

submitting the completed application form to the USPTO. Time will va.a' d
this form and/or suggestions for reducing this burden, should be sent to the

ending upon the individual case. Any comments on the amount of time you require to com
ef Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce.

Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 14

Alexandria, Virginia 223 13-1450.

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.
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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.0. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

L APPLICATION NO. ] FILING DATE ] FIRST NAMED INVENTOR J ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/195,392 07/16/2002 Makoto Komatsubara 30015280.0001 2813
35161 7590 09/09/2004 | EXAMINER —|
DICKINSON WRIGHT PLLC VIGUSHIN, JOHN B
1901 L. STREET NW
SUITE 800 [ arTUNIT | parerNumBer ]
WASHINGTON, DC 20036 2841

DATE MAILED: 09/09/2004

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

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after t
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a h
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
- Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. [ FILING DATE J FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. ] CONFIRMATION NO. l
107195392 07/16/2002 Makoto Komatsubara 30015280.0001 2813
35161 7590 09/09/2004 | EXAMINER |
DICKINSON WRIGHT PLLC VIGUSHIN, JOHN B
1901 L. STREET NW
SUITE 800 | ART UNIT | earernumBer ]

WASHINGTON, DC 20036

2841

DATE MAILED: 09/09/2004

Notice of Fee Increase on October 1, 2004

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2004, then t
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" because an increase in fe

effective on October 1, 2004 is anticipated. See Revision of Patent Fees for Fiscal Year 2005; Proposed Rule, 69 Fe

Reg. 25861, 25863, 25864 (May 10, 2004).

The current fee schedule is accessible from WEB site (http://www.uspto.gov/main/howtofees.htm).

If the fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due" but not the correct amount in vie
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid processi
delays associated with mailing of a "Notice of Pay Balance of Issue Fee," if the response to the Notice of Allowan
is to be filed on or after October 1, 2004 (or mailed with a certificate of mailing on or after October 1, 2004), t
issue fee paid should be the fee that is required at the time the fee is paid. See Manual of Patent Examining Procedu
(MPEP), Section 1306 (Eighth Edition, Rev. 2, May 2004). If the issue fee was previously paid, and the response
the "Notice of Allowance and Fee(s) Due" includes a request to apply a previously-paid issue fee to the issue f
now due, then the difference between the issue fee amount at the time the response is filed and the previously-pa

issue fee should be paid. See MPEP Section 1308.01.

Effective October 1, 2004, 37 CFR 1.18 is proposed to be amended by revising paragraphs (a) through (c) to read
set forth below. As stated above, the final fee may be a different amount, and applicant should check the WEB s

given above when paying the fee.
Section 1.18 Patent post allowance (including issue) fees.

(@) Issue fee for issuing each original or reissue patent,
except a design or plant patent:

By a small entity (Sec. 1.27(a)).........cceveene $670.00

By other than a small entity......................... $1,340.00
(b) Issue fee for issuing a design patent:

By a small entity (Sec. 1.27(2))......c..covenveee. $245.00

By other than a small entity............................ $490.00
(c) Issue fee for issuing a plant patent:

By a small entity (Sec. 1.27(a))......c.ccocvenne. $325.00

By other than a small entity............................ $650.00

Questions relating to issue and publication fee payments should be directed to the Customer Service Center of t

Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s)
. . 10/195,392 KOMATSUBARA ET AL.
Notice of Allowability Examiner Art Unit
John B. Vigushin 2841

-- 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 20 August 2004.

2. [X] The allowed ctaim(s) is/are 2-6,8 and 9 (renumbered as Claims 1-7, respectively).

3. [X] The drawings filed on 20 February 2004 are accepted by the Examiner.

4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a){(d) or (f).
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.
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. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [] CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [J 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).

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

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application (PTO-152)
2. [J Notice of Draftperson’s Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [J Examiner's Amendment/Comment
Paper No./Mail Date
4. [J Examiner's Comment Regarding Requirement for Deposit ) 8. []] Examiner's Statement of Reasons for Allowance

of Biological Material 9. [J Other . /,
{ B
Kf&/\/igushi

Primary Examiner
Art Unit: 2841

U.S. Patent and Trademark Office
PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 0904
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Attomey Docket No.: 71450.00002
Customer No.: 35161

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Makoto KOMATSUBARA et al. Group Art Unit: 2827
Application No.: 10/195,392 Examiner: Vigushin, John B.
Confirmation No.: 2813

Filed: July 16, 2002

For. WIRED CIRCUIT BOARD

AMENDMENT UNDER 37 C.F.R. §1.116

MAIL STOP AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INTRODUCTORY REMARKS

Sir:

In response to the Final Office Action dated May 21, 2004, please amend the above-

identified application as follows:

HUTCHINSON EXHIBIT 1002



Issue Classification

NAIRAARID

Application No.

Applicant(s)

10/195,392 KOMATSUBARA ET AL.
Examiner Art Unit
John B. Vigushin 2841

D Claims renumbered in the same order as presented by applicant | [] CPA [1T.D. [IR.1.47
s | £ s | 2 s | £ s | £ s | £ T | £ T | £
c ! o c | o £ | o £ | @ c | o L= k= c | o
w 6 w 5 [T 6 w 6 (M 6 [ 5 [ 6

1 31 61 91 121 151 181

1 2 32 62 92 122 152 182
2 3 33 63 93 123 153 183
3 4 34 64 94 124 154 184
4 5 35 65 95 125 155 185
5 6 36 66 96 126 156 186
7 37 67 97 127 157 187

6 8 38 68 98 128 158 188
7 9 39 69 99 129 159 189
10 40 70 100 130 160 190

11 41 71 101 131 161 191

12 42 72 102 132 162 192

13 43 73 103 133 163 193

14 44 74 104 134 164 194

15 45 75 105 135 165 195

16 46 76 106 136 166 196

17 47 77 107 137 167 197

18 48 78 108 138 168 198

19 49 79 109 139 169 199

20 50 80 110 140 170 200

21 51 81 111 141 171 201

22 52 82 112 142 172 202

23 53 83 113 143 173 203

24 54 84 114 144 174 204

25 55 85 115 145 175 205

26 56 86 116 146 176 206

27 57 87 117 147 177 207

28 58 88 118 148 178 208

29 59 89 119 149 179 209

30 60 90 120 150 180 210

U.S. Patent and Trademark Office
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http:/ne0:8000/PrexServlet/PrexAction?s.. n=display&browser Type=IE&Applld=1019

UNITED STATES PATENT AND TRADEMARK OFFIGE

UNI'TED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addcess: COMMIISSIONER FOR PATENTS

Alaxnnuffnn Virginia 22313-1450

WWW. uuptu Bov

*BIBDATASHEET* CONFIRMATION NO. 2813

Bib Data Sheet

FILING DATE : o
é ATTORNEY

07/16/2002 :
SERIAL NUMBER : CLASS i GROUP ART UNIT DOCKET NO.

10/195,392 . 2841 30015280.0001
. RULE |74 .

APPLICANTS
Makoto Komatsubara, Osaka, JAPAN;

iShigenori Morita, Osaka, JAPAN;
iTadao Ookawa, Osaka, JAPAN;Toshio Shintani, Osaka, JAPAN;

:‘k* CONTINUING DATA KhRKRAAKERIA X AT R RAARkkdhk WO/V@ ﬂ

é** FOREIGN APPLICAT‘ONS AERKKKAKRERR A Ak A Adkd
{JAPAN 2001-216812 07/17/2001

§SIF REQUIRED, FOREIGN FILING LICENSE GRANTED
#* 09/17/2002

gForeign Priority claimed yes Uno

35 USC 119 (a-d) conditions { STATEOR | SHEETS TOTAL INDEPENDENT;
imet :

Nerified and
Acknowledged

i COUNTRY : DRAWING CLAIMS CLAIMS

ADDRESS

35161

DICKINSON WRIGHT PLLC
1901 L. STREET NW
'SUITE 800

WASHINGTON , DC
20036

TITLE
‘Wired circuit board

U All Fees

FILING FEE :FEES: Authority has been given in Paper - :
No. __tocharge/credit DEPOSIT ACCOUNT  HlIME) @@ s

RECEIVED No.____ forfollowing: O 1.18 Fees (Issue )
992
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Application No. Applicant(s
Search Notes PP PP (¢)

10/195,392 KOMATSUBARA ET AL.
IR i

John B. Vigushin 2841

S
SEARCHED (INCLU DI?\I%ASSII:R“CI:%TSETRATEGY)
Class Subclass Date Examiner DATE EXMR
361 749-751 6/15/2003 JBvV
EAST Text Search (see print-out) 6/15/2003 JBvV
174 254 6/15/2003 JBv
Search Updated 11/24/2003 JBvV
174 250 11/24/2003 JBV EAST Text Search (see print-out) 11/24/2003 JBvV
255-258
261
Search Updated 5/19/2004 JBV EAST Text Search (see print-out) 5/19/2004 JBvV
INTERFERENCE SEARCHED
Class Subclass Date Examiner
174 250, 255, 9/2/2004 JBvV
257, 258
U.S. Patent and Trademark Office Part of Paper No. 0904

PAGE 21 OF 422 HUTCHINSON EXHIBIT 1002



. * .\‘
1 . Apphcatiop or Dockel Numbee
PATENT APPLICATION FEE DETERMINATION RECORD /0 /7 ;
Effective Oclober 1. 2003 .
CLAIMS AS FILED - PART 1 . = SMALL ENTITY OTHER THAN
' (Column 1) (Column 2) TYPE [ OR SMALLENTITY
TOTAL CLAIMS ! ' RATE | FEE RATE | FEE
FOR NUMBER FILED MUMBER EXTHA BASIC FCE| 385.00 |nR|BASIC FEE| 770.00
TOTAL CHARGEABLE CLAIMS minus 20 |* b 1 xso- on| xs18=
INDEPENDENT CLAIMS minus3= | | xa3- .
MULTIPLE DEPENDENT CLAIM PRESENT - D .
= - o 14dh. OR 1290~
¢ H the difference wy colunmin 148 less than zera culer 0 m (‘inllulll'l Ré 1A " lor 10T _
CLAIMS AS AMENDED - PART i _ OTHER THAN
TR e ot s 1 SRMALL ENTITY -0y SMALL ENTITY
‘. N i g T e 2oy " —y IR *-—Tr..“—.“,- __1
e e A SRNTRN KT IRYY TESTIN NTS 0PX
Gl Lemewowen | 0| s ] L ELL . FEE
§ Total . [Minus . J W9 OR K515
g independent |« Minus et :( an. onl X9 /
< FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM : . A
. 1145 OR +290= | - /
T 1oL . Ton} ¥
. ADUIT FEE OR ,non ree
. . (Calumn 1) ) (ooodunen 2 (Ucluin 2y ' ]
4 CLAIMG : T HIGHESY ; D01 ADDI-
3 3 LBER “RECEL : . . |
‘;' eeTen e T pers fnona RATE | TIONAL
) ALEHNLEHT S L ] ) FEE FEE
) Lf:(-'dl . 7 [ETTIER .o ;0 g— ‘ ;ﬂ - -.m R . a
i . ——
b Inoependent |« ({ Minus v 6 . 43 on| xes
FIRST PRESENTATION OF MULTIPLE DEPCIDENT CLAM ]
- E R OR| +290- )
Tl ) TOTAL.
ADPNT 1 OR 20T FEE
{Column 1} - 1Column 21 (Coluinn 3)

CLAME . MIGIHESY .
ol® REMAINING fuMBER PRESEMNT . AUDI- ' i ADDi
= AFTER FREVIOUSLY EXTRA - RAILE | TIONAL RATF | TIONAL
& AMENOMENT " PAID FON .| FEE : FEE
k3 . . ’

a | Total . Minus e = . X$18=
| E : : X% 9 OR
= Independent }« A - ‘Mun.us s |- . <as - on XE6=
< I'FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM d e -
. ' . » “+145= lor | +290=
* W the entry in column 1 is less than the entry in column 2. wrile "0” in column 3. " JOTAL TOTAL
-+ i{ the "Highest Number Previously Paid For" N THIS SPACE is fess than 20..enter "20.”  Ann T FEE OR ADDIT. FEE
*+|f the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3. ] ) .
The *Highest Number Previously Paid For* (Tolal o independent) is the highest number found in the appropriale box in column 1.
FORM PT.O-WS {Rev 11;.031 . . Paten! and.Trademark C¥ice. Y S. OEPARTMENT OF COMMERCE
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~r

Application Number Filing Date
CLAIMS ONLY 0 /195372
Applicant(f)
00— * May be used for additional claims or amendments
CLAIMS AS FILED AFTER FIRST AFTER SECOND o * *
AMENDMENT AMENDMENT
indep | Depend | Indep | Depend | Indep | Depend Indep | Depend | Indep | Depend | Indep | Depend

91 RS 51

2 J | 52

3 _ J | 53

4 > ‘54

5 55

6 I 56

7 SER—— 57

8 i 58

9 [ ] 59

10 M 60

11 61

12 62

13 63

14 64

15 65

16 66

17 67

18 68

19 69

20 70

21 71

22 72

23 73

24 74

25 75

26 76

27 77

28 78

29 79

30 80

31 81

32 82

33 83 =

34 84

35 .85

36 86

k14 87

38 88

39 89

40 90 *

41 91

42 92

43 93

44 94

45 95

46 96

47 97

48 - 98

49 99

50 . 100
Total u Total
(ndep Indep —I
Totat 4—J ' 4—J 4—] Tolal 4——' <.J <
Depend 3 Depend
Total Total
Claims l 7 I l Claims 1 ] I
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TRANSMITTAL
FORM

(to be used for all correspondence after initial filing)

A BE

PTO/SB/21 (02-04)

Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
¢lio j it di I

d[e e i eqg 10 e = er‘
Application Number 10/195,392

Filing Date July 16, 2002

First Named Inventor Makoto KOMATSUBARA

Art Unit 2827

Examiner Name

Vigushin, John B.

K Total Number of Pages in This Submission

-]

Attorney Docket Number

71450.00002

ENCLOSURES

(Check all that apply)

]
[v]

L1 O DO

Fee Transmittal Form

l:l Fee Attached
Amendment/Reply

After Final

D Affidavits/declaration(s)
Extension of Time Request
Express Abandonment Request

Information Disclosure Statement

Certified Copy of Priority
Document(s)

Response to Missing Parts/
Incomplete Application

Response to Missing Parts
under 37 CFR 1.52 or 1.53

HnEE .

Drawing(s)
Licensing-related Papers

Petition

Petition to Convert to a

Provisional Application

Power of Attomey, Revocation
Change of Correspondence Address

Teminal Disclaimer
Request for Refund

CD, Number of CD(s)

Himinnnin

After Allowance communication
to Technology Center (TC)
Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enciosure(s) (please
Identify below): '

| Remarks

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm
or

Individual name

Dickinson Wright PLLC

Jean C. Edwards, Esq., Reg. No. 41,728

1901 L Street, NW, Suite 800, WDC 20036

Signature

Lean o, EdAN AN

Date

August 20, 2004

CERTIFICATE OF TRANSMISSION/MAILING -

I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on
the date shown below.

Typed or printed name

anature

Date

J

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to filte (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 2 hours to complete, including

gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select aption 2.
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Attomey Docket No.: 71450.00002
Customer No.: 35161

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Makoto KOMATSUBARA et al. Group Art Unit: 2827
Application No.: 10/195,392 Examiner: Vigushin, John B.
Confirmation No.: 2813

Filed: July 16, 2002

For: WIRED CIRCUIT BOARD

AMENDMENT UNDER 37 C.F.R. §1.116

MAIL STOP AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INTRODUCTORY REMARKS

Sir:

In response to the Final Office Action dated May 21, 2004, please amend the above-

identified application as follows:
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Amendment Under 37 CFR §1.116 Atty Dkt. No.: 71450.00002
U.S. Patent Appln. No.: 10/195,392

AMENDMENTS TO THE CLAIMS:

1. (Canceled)

2. (Previously Presented) A wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive pattern formed on the
first insulating layer, a second insulating layer formed on the conductive pattern, and an
opening, formed at the same position of the conductive pattern, for allowing the metal
supporting layer and the first insulating layer, and the second insulating layer to open, so as to
form a terminal portion in which front and back sides of the conductive pattern are exposed,

wherein at least any one of the first insulating layer, the second insulating layer and the
conductive pattern has reinforcing portions for reinforcing the conductive pattern formed at the
ends of the opening in crossing areas where ends of the opening and the conductive pattern

cross each other.

3. (Original) The wired circuit board according to Claim 2, wherein the wired circuit

board is a suspension board with circuit.

4. (Previously Presented) A wired circuit board comprising a first insulating layer, a
conductive pattern formed on the first insulating layer, a second insulating layer formed on the
conductive pattern, and an opening, forméd at the same position of the conductive pattern, for
allowing the first insulating layer and the second insulating layer to open, so as to form a

terminal portion in which front and back sides of the conductive pattern are exposed,
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Amendment Under 37 CFR §1.116 Atty Dkt. No.: 71450.00002
U.S. Patent Appln. No.: 10/195,392

wherein the conductive pattern has widened portions formed to extend in a widthwise
direction substantially orthogonal to an extending direction of the conductive pattern in crossing

areas where ends of the opening and the conductive pattern cross each other.

5. (Previously Presented) A wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive pattern formed on the
first insulating'layer, a second insulating layer formed on the conductive pattern, and an
opening, formed at the same position of the conductive pattern, for allowing the metal
supporting layer and the first insulating layer, and the second insulating layer to open, so as to
form a terminal portion in which front and back sides of the conductive pattern are exposed,

wherein the conductive pattern has widened portions formed to extend in a widthwise
direction substantially orthogonal to an extending direction of the conductive pattern in crossing

areas where ends of the opening and the conductive pattern cross each other.

6. (Original) The wired circuit board according to Claim 5, wherein the wired circuit

- board is a suspension board with circuit.
7. (Canceled)

8. (Previously Presented) A wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive pattern formed on the
first insulating layer, a second insulating layer formed on the conductive pattern, and an

opening, formed at the same position of the conductive pattern, for allowing the metal

PAGE 27 OF 422 | HUTCHINSON EXHIBIT 1002



Amendment Under 37 CFR §1.116 Atty Dkt. No.: 71450.00002
U.S. Patent Appln. No.: 10/195,392

supporting layer and the first insulating layer, and the second insulating layer to open, so as to

form a terminal portion in which front and back sides of the conductive pattern are exposed,
wherein at least one of the first insulating layer and the second insulating layer have

projections projecting from ends of the opening onto the conductive pattern in the opening in

the crossing areas where the ends of the opening and the conductive pattern cross each other.

9. (Original) The wired circuit board according to Claim 8, wherein the wired circuit

board is a suspension board with circuit.
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Amendment Under 37 CFR §1.116 . Atty Dkt. No.: 71450.00002
U.S. Patent Appln. No.: 10/195,392

REMARKS

Claims 2-9 are presently pending in the application. Claims 2-6, 8 and 9 are allowed,
and Claims 1 and 7 have been canceled without prejudice or disclaimer. Reconsideration and
allowance of all claims are respectfully requested.

The Examiner has finally rejected Claims 1 and 7 under 35 U.S.C. §102(b) as being
anticipated by Iwayama et al.

Although the Applicants disagree with the Examiner's characterization of the claims, in
order to move prosecution forward, Cl:;.lims 1 and 7 have been canceled without prejudice or
disclaimer.

Accordingly, the application is in form for allowance and such action is hereby solicited.

If the Examiner believes that there is any issue which could be resolved by a telephone
or personal interview, the Examiner is respectfully requested to contact the undersigned attorney
at the telephone number listed below.

Applicants hereby petition for any extension of time which may be required td maintain
the pendency of this case, and any required fee for such an extension is to be charged to Deposit
Account No. 04-1061.

Respectfully submitted,

Jean C. Edwards

. Registration No. 41,728
DICKINSON WRIGHT PLLC
1901 L St., N.W.
Suite 800
Washington, D.C. 20036
Telephone: 202/659-6946
Facsimile: 202/659-1559
Date: August 20, 2004

DC 71450-2 95711
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Application No. Applicant(s)

10/195,392 | KOMATSUBARA ET AL.
Offic Action Sum.ma’y Examiner Art Unit

John B. Vigushin 2827 pr

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

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

after SIX (6) MONTHS from the mailing date of this communication.
- lithe period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. .
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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

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

Status

1)XI Responsive to communication(s) filed on 20 February 2004.
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Dlsposmon of Claims

’4)IZI Claim(s) 1-9 is/are pending in the appllcatnon
4a) Of the above claim(s) __ is/are withdrawn from consideration.
5 Claim(s) 2-6.8 and 9 is/are allowed.
6)X] Claim(s) 1 and 7 is/are rejected.
7)0 Claim(s) ____isfare objected to. .
8)[] Claim(s) _____are subject to restriction and{oq election requiremeht.

| Application Papers
9] The specification is objected to by the Examiner.

10)[X] The drawing(s) filed on 20 February 2004 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).-

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

Attachment(s)

1)._] Notice of References Cited (PTO-892) ) 4) [ interview Summary (PTO-413)

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) - Paper No(s)/Mail Date.

3y[] Information Disclosure Staterrient(s) (PTO-1449 of PTO/SB/08) ~= = 5) ] Notice of Informal Patent Appl Application (PTO-152) ="~
Paper No(s)/Mait Date ____. 6) D Other: ______

U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 0504
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Application/Control Number: 10/195,392 | Page 2
Art Unit: 2827 -

DETAILED ACTION
1. The present Office Action is responsive tc Applicant’s Amendment filed February
| 20, 2064. The Examiner acknowledges the amendments to Claims 1 and 7. Claims 1,-9‘

remain pendlng in the instant amended Apphcatlon
2. The Examlner further acknowledges the recelpt of the corrected Formal
Drawings, filed February 20, 2004, which have been approved by the Examiner. -

"3. The Examiner further acknowledges the receipt of the verified translation of
priority document JP 2.001‘-216812 which has been reviewed by the Examiner and
which perfects the claim to foreign priority of the above-cited document having the
oﬁ|C|aI filing date of July 17, 2001.
4, The Examiner further acknowledges the Apphcant’s statement brldglng pp. 7-8
in the Remarks section of the above C|ted instant Amendment, that the 35 USC §
102(e)/103(c) Yamato et al. reference (US 6,388, 201 B2) and the instant Appllcatlon
were owned by the same assignee at the time the invention was made, in accordance
with MPEP § 706.02(1)(1) and § 706.02(!)(5). Therefore, the Examiner's 35 USC §. . :
103(a) rejections, in the previous Office Action of chember 28, 2003, of Applicant’s

| Claims 2 3 8 and 9 using Yamato et al. have been withdrawn. |
5. The Examiner further acknowledges that the perfecticn of foreign priority, as
indicated in section 3, above, precludes a 35 USC § 102(e) lack of ncvelt_y rejection

based on the above-cited Yamato et al. reference (US 6,388,201 B2):
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Application/Control Number: 10/195,392 ‘ . ‘ Page 3
Art Unit: 2827

References Based On Prior Art

6. The following references were relied upon for the rejeétions hereinbelow:
lwayama et al. (US 5,446,245)*

*Already made of record in the instant Application.

Claim Rejections - 35 USC § 102 |
7. The fo‘IIoning is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that
form the basis for the rejections under this section made in this Office action:

‘A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foréign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United .
States.

8. .Claims1and7 'z‘are rejected under 35 U‘.S.C. 102(b) as being anticipated by.
lwayama et al.

.A) As to Claim 1, Iwayama et al. disdoses, in Figs. 1, 2 and 3C: a wired circuit
board comprising a first insulating layer 4, a conductive plattem 2 (i.e., pattern 2
including protruding terminal portio-n 2A) formed on the first i‘nsula‘ting layer 4, é second
insulating layer 1 formed on con‘ductive pattern 2, and an opening (cor'réspon’ding to
element 12 in Fig. 1 and corresponding to aperture 8 in mask 9 in Fig. 3C) formed at the

same position of the conductive pattern 2, for allowing the first insulating layer 4 and the

“second insulating layer 1to open at the same position (Fig. 1), so as to form a terminal
portion 2A in which front and back sides of the conductive pattern 2 at terminal portion

2A are exposed at the same position (col.2: 59-col.3: 4‘), wherein first insulating layer 4

has reinforcing portions 6 for reinforcing the conductive pattern 2 (at terminal portion
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Application/Control Number: 10/195,392 ‘ : . Page 4
Art Unit: 2827

2A), formed at ends of the opening 8 in crossing areas where ends of the opening 8 and

* conductive pattern 2 cross each other (col.2: 37-41). Examiner’s Note: It is clear from

Fig. 1, col.2: 34-41 and col.2: 59-col.3: 11 of Iwayama et al. that the first and second

insulating layers are open at the same position. Also, the limitation “front and back
sides of the conductive pattern are exposéd at the same position” does not preclude
each of the subportions 6 of terminals 2A from being covered, i.e., reinforced, by
extensions of the insulating layer 4, as disclosed in Iwayama et al. (F|gs 1 and 2;
col.2: 35-41), because the Applicant’s claim recntatlon “front and back S|des is broad

enough to be met by the remaining uncovered subportions-of terminal portions 2A, in

lwayama et al., that have their front and back sides exposed at the same position with

respect to the opening 12 in layers 1 and 4 and at the same position with respect to
the two exposed sides of each of the remaining uncoveredsubportion"s of the |
terminals 2A.

B) As to Claim 7, Iwayama et él. discloses, in Figs. 1,2 and 3C: a wired circuit

~ board comprising a first insulating layer 4, a conductive pattern 2 (i.e., pattern 2

including protruding terminal portion 2A) formed_ on the first insulating layer 4, a second
insulatiné layer 1 formed on conductive pattern 2, and an o‘pe.ning (corresponding to
element 12 in Fig. 1 and corrésponding to aperture 8 in mask 9 in Fig. 3C) formed at the

same position of the conductive pattern 2, for allowing the first insulating layer 4 and the

" second insulating layer 1 to open at the same position (Fig. 1), so as to form a terminal

" portion 2A in which front and back sides of the conductive pattern 2 at terminal portion

2A are exposed at the same position (col.2: 59-col.3: 4), wherein first insulating layer 4
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Application/Control Number: 10/195,392 o ’ Page 5
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has prolectlons 6 projecting from ends of the opening 8 onto terminal portions 2A of the
conductive pattern 2 in the opening 8 in the crossing area where ends of the opening 8

and conductive pattern 2 cross each other (col.2: 37-41). Examiner’s Note: It is clear

from Fig. 1, col.2: 34-41 and col.2 59-col.3: 11 of iwayama et al.‘that the firstand -

second insulating layers are open at the same position. Also, the limitation “front and

back sides of the conductive pattern are ’ex'posed at the same position” does not
preclude each of the subportioﬁs 6 of termiﬁals 2A from being covered, i.e.,
reihforced, by extensions of the insulating layer 4, as disclosed in lwayama et al.
(Figs. 1 and 2; col.2: 35-41), because the Applicant’s claim recitation, “front and back

~ sides,” is broad enough to be met by the remaining uncovered s'ubporticl)ns of te'rmivnal
portions 2A, in lwayama et al., that have their front and back sides exposed at the

same position with respeéct to the opening 12 in layers 1 and 4, and at the same

position with respect to the 'twé expoéed sides of each of the remaining uncovered

subportions of the terminals 2A.

AIlowéble Subject Métter
9. Claims 2-6 and 8-9 have been allowed. |
10. | The following is a statement of reasons for the indication of aIIow'abIev subject
matter: |
As to Claims 2-3, patentability resides in the first insulating layer fofnvled ona
metal supporting layer, wherein the metal supporting layer has an opening

corresponding to the openings formed in the first and second insulating layers,
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Art Unit: 2827 | o

respectively, for exposing the terminal porﬁOn of the conductive pattern, in’combination
with the other limitations of base Claim 2.

As_ to Claim 4, patentability resides in the |irﬁitation wherein ‘the conductive

pattern has widened portions formed to extend in a widthwise direction é’ubstantial/y

, orthogqna/ to an extending direction of the conductive pattérn in crossing areas where
ends of the bpening and the conductive patfern crosé each other, in cohbination with
the other limitations of the claim.

As to Claims 5-6, patentability resides, at least in part, in the first insulating layer
fofmed on a metal supporting layer, wherefn the metal supporting layer has an Opening
corresponding to the openings formed in the first and second insulating layers,
respectively, for exposing the terminé/ poﬂion of theAconductive pattern, in combination
with the other limitations of base CI}aim 5. |

As to Claims 8-9, p.atentabiliftyv resideé in the first insu)ating layer fofmed oh a
metal supporting layer; wherein the metal suppofting laygr has an opeh/jng i |
corresponding to the openings formed in the first and second insulating layers,
respectively, for exposing the terminal portion of the conductive pattern, in combination '

. with the other iimitations of base Claim 8.

Response to Arguments
1;1' 7 Applicant's arguments, filed in the instant Amendrhent of February 20, 2004,
regardihg the Examiner's 35 USC § 102(b) rejection of Claims 1 and 7 over iwayama et .

al. have been fully considered but they are not persuasive.
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As explainéd in the rejectioné above, the added claim language, “at the same
position,” regarding the opening of the first and second layers and regarding exposed
front and back sides of the conductive pattern is not sufficient to overcome.the structure

- disclosed by lwayama et al.

Cong:fusion
"12. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a). |
A shortened stat_Uthy period for reply to this final action is set to expire THREE
MONTHS. from the mailing date of this action. Inthe eveht a first reply is filed within
TWO MONTHS of theAmaiIing date of this final action énd the advisory action is not .
" mailed until after the end of the THREE-MONTH shortened statutory péribd, then the - |
shortened statuto'ry period will ‘expire on the date the advisory action is rhailéd, and any
' extensidh‘ fee pursuant to 37 CFR 1.1 36(a) will be calcUIated from the mailing date of
‘the advisory action: In ho event, however, will the statutory‘ period for reply expi‘re later
“than SIX MONTHS ffom the mailing date of this final action. | |
13.  Any inquiry concefning this communication or earlier communications from the
examiner shquld bé'directed' to John B. Vigushin Whose telephoné number is 571-272-
1936. The-examiner can normally be reached on 8:30AM-5:00PM Mo-Fri.
If attempts to reach the examiner by telephone are unsuccessful, the exéminer’s
-supervisor, Kamand Cuneo can be reached on 571-272-1957. The fax phone number

for the organization where this application or proceeding is assigned is 703-872-9306.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applicatiohs may be obtainéd from either Privéte PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only. -
For more information about the PAIR system, see http'://p.air-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

John B. Vigushin
Primary Examiner

Art Unit 2827

Business Center (EBC) at 866-217-9197 (toll-free).

" jov |
May 19, 2004

PAGE 38 OF 422 HUTCHINSON EXHIBIT 1002



Search Notes ,Applic?tion No. Applicant(s)
10/195,392 ' ] KOMATSUBARA ET AL.
: Examiner ‘Art Unit
' John B. Vigushin 2827

 SEARCH NOTES :
SEARCHED
(INCLUDING SEARCH STRATEGY)
Class Subclass Date Examiner DATE EXMR
361 ° 749-751 6/15/2003 Jav
’ EAST Text Search (see print-out) 6/15/2003 | JBV
174 254 6/15/2003 JBV
Search Updated 11/24/2003 JBV
174 250, 11/24/2003 JBV EAST Text Search (see print-out) 11/24/2003 JBv
255-258,
261
Search Updated 5/19/2004 JBv EAST Text Search (see print-out) 5/19/2004 JBvV
i
INTERFERENCE SEARCHED
. Class Subclass Date Examiner
U.S. Patent and Trademark Office Part of Paper No. 0504

PAGE 39 OF 422 HUTCHINSON EXHIBIT 1002



L # | Hits Search Text DBs

| L1 [999 [(361/749-751).ccls. Us-P

(174/250,254-258,261).c

2 (L2 |4698
. cls.

3 L3 531312 _ uUs-P

4 |L4 [288 |3 and @pd>=20031107 US-P

4 and (reinforc$6

> L5 113 strength$5)

5 and (opening$1

6 |L6 |53 aperture$1 cut$1out$1)

("4942452" | "6169253" |USP
| "6441316").PN. AT

8 |Ls |60 |5n t6 | US-P

[S

PAGE 40 OF 422  05/18/2004, EAST Vergiepa hdali\ EviiBiT 1002



L # | Hits S arch Text DBs

USP
: AT;

9 L9 175 4n t5 ‘ Us-P
GPU

usP
AT;
Us-P
GPU

9 and (taper$3 widen$3

10 L1036 s3)

USP

C AT;
9 and (expose$1 US-P

11 |L11 98 .
exposing) GPU

USP

. AT;
12 |L12 1112 1011 L US-P
| GPU

("3978375" | "5699235"
13 [L13 4 | "5777851" |
' »6373720").PN.

UsSP
AT .

PAGE 41 OF 422  05/18/2004, EAST VergiepeihNsHN EXHIBIT 1002



Applicatio

PATENT APPLICATION FEE DETERMINATION RECORD /0 /? ;
Effective Oclober 1, 2003 .

ar Docket Nombe s

CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) (Column 2) TYPE [ OR SMALLENTITY
< *
TOTAL CLAIMS RATE | FEE RATE | FEE
FOR NUMBER FILED MUMBER EXTRA BASIC FEE[ 385.00 |y [BASIC FEE[ 770.00
TOTAL CHARGEABLE CLAIMS minus 20= | , ' %8 9. or| X518=
INDEPENDENT CLAIMS ' minus 3 = ‘ _ | xaz- OR X86=
MULTIPLE DEPENDENT CLAIM PRESENT : D . ‘
: - 1 14dh. orl| 1290-
*ifthe difference wi column 115 less than Zera cater 0 i coluini il AL e TaTAL
CLAIMS AS AMENDED - PART I | OTHER THAN
s 0 e SRAALL EMTITY s SMALL ENTITY
? o ¥ Y ) T !.‘.A....‘-..,.n.m...r. ., - {ﬂ R — ‘ﬂ~.~ ......1
<« L EAAIRI Tetei e B Co S Qi IPEN
= Tt PP oLn o, e R Licipgal, foiid ERIRENY
@ FHAEHDLEN] el ] CLL o vEE
ZZJJ Total . ? M.Intlb . ( o >—;:_ 5 OR
s Independent |« é Minus aee [l . ¥ OR XB6: /
< [ FIRST PRESENTATION OF MULTIPLE DEPENDENT cLai T[] + _
' » ' 1145 oR| +290= /
S A Torall ¥
ADT FEE L OR apon ree
(Celumn 1) ' ol 2 (Caduisin gy . )
CLAIKS : CHIGHELY P A
m REMAIING HUKDEDR CrparnT ' . ;""UD l . _ ADDI
[ AFTER (R SR A R L L iien ] e TIDONAL R&TE TIONAL
L% _ ARSEHOMAL T TR T ) b orFE 1 FEE
a | Totai ‘ . .. - C e o AL
& . L .
‘é Inaependent |« Minus e . _ ' e onl xes-
FIRST PRESENTATION CF MULTIPLE DEPCHDENT CLam [
' Cidn OR| +290-
Pl . TOTAL
AOOUT FE OR oo ree
(Column 1) - (Column 20 (Calumn 3)
N CLAIME A HIGHE ST - —
O REMAINING NUMBES PRESENT ADLDI- : ADUI-
E‘ AFTER PREVIOUSLY EXTRA - RHATE | TIONAL RATF ] TIONAL
o AMENDMENT " PAID FOR : FEE : FEE
< : . 4
‘ % Totgl * Minus . = XS 9= oR X$18=
‘:.;_" Independent |« Minus o = i .
< : S : - » X3 or| X86=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D . -
. ‘ o  4145= | doa | +290=
* If the entry in column 1 is less than the entry in column 2. write “0” in column 3. TOTAL TOTAL
-+ if the *Highest Number Previously Paid For” IN THIS SPACE is less than 20.enter “20."  apoiT FEE OR .poiT FEE

“+f the "Highest Number Previously Paid For" IN THIS SPACE s less than 3, enter "3.”
The "Highest Number Previously Paid For™ (Total or Independent) is the highest number found in the appropriate box in column 1.

FORM PTO-875 (Rev 10:03) Patent and Trademark C*ice. U S. DEPARTMENT OF COMMERCE

PAGE 42 OF 422 ' ' _ - HUTCHINSON EXHIBIT‘1002



Claim Date Claim Date Claim Date

- _ _ R A
clc clc cle
i |0 iL|o
51 101
52 102)
53 103
| { 54 104
55 105
6 56 106
57 107

8 58 108 N
9 59 109
10 60 H10
1 61 111
12 62 112
13 63 113

14 64 114 N ] -
15 65 115,
16 66 116,
17 67 117]
18 68 118
19 69 119)
20 70 120
21 71 121
22 72 o2
123 73 123
24 74 124]
25 75 125)
26| . 76| 126
271" 77 27
28 78] 128
29 79 f29
30 80 130
31 81| 31
32 82 132
33 83 33
34 84 134
35 85 135
36 86 136
37 87 137
38 88 138
39 89 39
40 90 140
41 91 144
42 92 142
43 93 143
44 94 144
45 95 145
46 96 146
47 97 147
48 98] 148
‘|49 99 149
50 H00) 150

PAGE 43 OF 422

If more than 150 claims or 10 actions
staple additional sheet here

HUTCHINSON EXHIBIT 1002

(LEFT INSIDE)



TRANSMITTAL
FORM

(to be used for all correspondence after initial ﬁling)

Application Number

S

PTO/SB/21 (08-03)
Approved for use through 08/30/2003. OMB 0651-0031

U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

gllectio er.
10/195,392

Fil‘ing_, Date

July 16, 2002

First Named Inventor

Makoto Komatsubara

Art Unit

2827

Examiner Name

John B. Vigushin

\ Total Number of Pages in This Submission

93 Attorney Docket Number

71450.0002

J

ENCLOSURES

(Check all that apply)

=
[v]

Fee Transmittal Form

D Fee Attached
Amendment/Reply

|_.__| After Final

[:I Affidavits/declaration(s)
Extension of Time Request
Express Abandonment Request

Information Disclosure Statement

Certified Copy of Priority
Document(s)

Response to Missing Parts/
Incomplete Application

0 0000

Response to Missing Parts
under 37 CFR 1.52 or 1.53

Drawing(s)

Licensing-related Papers

Petition

Petition to Convert to a
Provisional Application
Power of Attorney, Revocation

Terminal Disclaimer

Request for Refund

OOoDogo

CD, Number of CD(s)

g

p

Change of Correspondence Address

After Allowance communication
to Technology Center (TC)

Appeal Communication to Board
of Appeals and Interferences
Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

/5

e

Proprietary Information

Status Letter

Other Enclosure(s) (please
Identify below):

ROOOOO

Verification of Translation of Priority
Document and Assignment of U.S.
Patent App!. No. 09/866,813

| Remarks

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm
or
Individual name

Jean C. Edwards, Reg. No. 41,728

"
o~

Signature

2ean C.Edwrands

Date February 20, 2004

CERTIFICATE OF TRANSMISSION/MAILING

the date shown below.

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on

Typed or printed name

Signature

Date

J

This collection of information is required by 37 CFR 1.5. 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 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

PAGE 44 OF 422

HUTCHINSON EXHIBIT 1002



L x
‘.) Attorney Docket No.: 71450.0002
/ Customer No.: 35161

UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Makoto KOMATSUBARA, et al. Group Art Unit: 2827
Application No.: 10/195,392 , Examiner: John B. Vigushin
Filed: July 16, 2002

Confirmation No.: 2813

For: WIRED CIRCUIT BOARD

AMENDMENT UNDER 37 C.F.R. §1.111

MAIL STOP - NON FEE AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandna, VA 22313-1450

INTRODUCTORY REMARKS

Sir:

In response to the Non-Final Office Action dated November 28, 2003, Paper No. 1103, please amend

the above-identified application as follows:
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AMENDMENTS TO THE DRAWINGS:

The Formal Drawings, Figs. 1-21, have been amended to correct for improper margins, and to
correct the orientation of the label of Fig. 9 with respect to the drawing, in response to the Official
Drafsperson's PTO-948 Form dated November 14, 2003. Fifteen (15) Replacement Sheets of Corrected
Formal Drawings Figs. 1-21 are attached herewith which should overcome the Official Draftsperson's

objections.
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AMENDMENTS TO THE CLAIMS:

1. (Currently amended) A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for allowing the first insulating

layer and the second insulating layer to open at the same position, so as to form a terminal portion in

which front and back sides of the conductive pattern are exposed at the same position,

wherein at least any one of the first insulating layer, the second insulating layer and the
conductive pattern has reinforcing portions for reinforcing the conductive pattern formed at ends of the

opening in crossing areas where ends of the opening and the conductive pattern cross each other.

2. (Previously presented) A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern formed on the first insulating
layer, a second insulating layer formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the metal supporting layer aﬁd the first insulating layer,
and the second insulating layer to open, so as to form a terminal portion in which front and back sides of
the conductive pattern are exposed,

wherein at least any one of the first insulating layer, the second insulating layer and the
conductive pattern has reinforcing portions for reinforcing the conductive pattern formed at the ends of

the opening in crossing areas where ends of the opening and the conductive pattern cross each other.

3. (Original) The wired circuit board according to Claim 2, wherein the wired circuit board is a

suspension board with circuit.
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4. (Previously presented) A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for allowing the first insulating
layer and the second insulating layer to open, so as to form a terminal portion in which front and back
sides of the conductive pattern are exposed,

wherein the conductive pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to an extending direction 6f the conductive pattern in crossing areas where ends

of the opening and the conductive pattern cross each other.

5. (Previously presented) A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern formed on the first insulating
layer, a second insulating layer formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the metal supporting layer and the first insulating layer,
and the second insulating layer to open, so as to form a terminal portion in which front and back sides of
the conductive pattern are exposed,

wherein the conductive pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to an extending direction of the conductive pattern in crossing areas where ends

of the opening and the conductive pattern cross each other.

6. (Original) The wired circuit board according to Claim 5, wherein the wired circuit board is a

suspension board with circuit.
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7. (Currently amended) A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer formed on the conductive pattern,

and an opening, formed at the same position of the conductive pattern, for allowing the first insulating

layer and the second insulating layer to open at the same position, so as to form a terminal portion in

which front and back sides of the conductive pattern are exposed _at the same position,

wherein at least one of the first insulating layer and the second insulating layer have projections
projecting from ends of the opening onto the conductive pattern in the opening in the crossing area where

the ends of the opening and the conductive pattern cross each other.

8. (Previously presented) A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern formed on the first insulating
layer, a second insulating layer formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the metal supporting layer and the first insulating layer,
and the second insulating layer to open, so as to form a terminal portion in which front and back sides of
the conductive pattern are exposed,

wherein at least one of the first insulating layer and the second insulating layer have projections
projecting from ends of the opening onto the conductive pattern in the opening in the crossing areas

where the ends of the opening and the conductive pattern cross each other.

9. (Original) The wired circuit board according to Claim 8, wherein the wired circuit board is a

suspension board with circuit.
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U.S. Application No.: 10/195,392 Attorney Docket No.: 71450.0002

REMARKS

Claims 1-9 are presently pending in the application. Reconsideration and allowance of all claims
are respectfully requested in view of the following remarks.

The Official Draftsperson has objected to the drawings as filed on July 16, 2002, due to improper
margins and improper orientation of the label of Fig. 9 with respect to the drawing, as shown by the PTO-
948 Form. Fifteen (15) Replacement Sheets of Corrected Formal Drawings Figs. 1-21 are attached
hereith which should overcome the Official Draftsperson's objections.

The Examiner has rejected Claims 1 and 7 under 35 U.S.C. §102(b) as being anticipated by
Iwayama et al. The Examiner has also rejected Claims 2, 3, 8 and 9 under 35 U.S.C. §103(a) as being
obvious over Iwayama et al. in view of Yamato et al.

However, the Examiner has found Claims 4 and 5-6 allowable "if rewritten into independent form
including all of the limitations of the base claim and any intervening claims". The Applicants respectfully
point out to the Examiner that Claims 4-5 are in independent form, and Claim 6 depends from
independent Claim 5. Thus, Claims 4-6 should stand allowed.

Claim 1 has been amended to further define the position of the opening with respect to the
insulating layers and the conductive pattern.

For the following reasons, the prior art rejections are respectfully traversed.

The Applicants respectfully submit that Iwayama et al. do not teach or suggest a wired circuit
board including an opening, formed at the same position of the conductive pattern, for allowing the first

insulating layer and the second insulating layer to open at the same position, so as to form a terminal

portion in which front and back sides of the conductive pattern are exposed at a same position, as recited

in amended Claims 1 and 7, and wherein at least any one of the first insulating layer, the second
insulating layer and the conductive pattern has reinforcing portions for reinforcing the conductive pattern

formed at ends of the opening in crossing areas where ends of the opening and the conductive pattern

cross each other, as recited in Claim 1.
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Rather, Iwayama et al. disclose an opening (aperture 12) where the first insulating layer
(insulating film 4) and second insulating layer (insulating base member 1) open at different positions with
respect to the conductive pattern (circuit wiring pattern 2) (see Fig. 2); and where the terminal portion is
formed such that the front and back sides of the conductive pattern 2 are exposed at different positions
(see Fig. 2).

Further, vs;ith respect to Claim 1, Iwayama et al. disclose a first insulating layer 4 which has a
reinforcing portion 6 which reinforces the conductive pattern (protruding conductor 2A) within the
opening 12 (see Fig. 2), rather than at ends of the opening 12 in crossing areas wherein ends of the
opening 12 and the conductive pattern 2 cross each other.

However, the present invention in Figs. 1-2, includes a first insulating layer 12 and second
insulating layer 14 which open at the same position (i.e., opening 17 (18)) with respect to the conductive
pattern 13; where the terminal portion 16 is formed such that the front and back sides of the conductive
pattern 13 are exposed at the same position (17 (18)).

Further, the present invention discloses in Figs. 1-2, a first insulating layer 12 which has a
reinforcing portion (i.e., at widened portion 22) which reinforces the conductive pattern 13 at ends of the
opening 17 (18) in crossing areas 21 wherein ends of the opening 17 (18) and the conductive pattern 13
cross each other.

Accordingly, Iwayama et al. do not anticipate, nor or obvious over, Claims 1 and 7 of the present
invention, and the rejection of Claims 1 and 7 under 35 U.S.C. §102(b) should be withdrawn.

With respect to the rejection of Claims 2, 3, 8, and 9 over the combination of the Iwayama et al.
and Yamato et al. references, since the Yamato et al. reference is a 35 U.S.C. §102(e)/103 reference, the
Applicants respectfully invoke the provisions of 35 U.S.C. §103(c), asserting that the subject matter of the
reference and the claimed invention were, at the time the invention was made, owned by the same person

~ namely, Nitto Denko Corporation (see MPEP 706.02(1)(1) and (2), and 35 U.S.C. §103(c)).
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As evidence thereof, the Applicants respectfully submit concurrently herewith, a copy of the
Assignment document for the Yamato et al. reference, which shows that at the time of the present
invention, the subject matter of the reference and the claimed invention were commonly owned by Nitto
Denko Corporation. Since the Yamato et al. reference no longer stands as prior art based on 35 U.S.C.
§102(e)/103 with respect to the present application, the Examiner's rejection of Claims 2, 3, 8, and 9 over
the combination of the Iwayama et al. and Yamato et al. references must fail.

Further, in the event that the Examiner should return a 35 U.S.C. §102(a) rejection of the present
claims o;'er Yamato et al., asserting that the publication date of Yamato et al. of January 8, 2002 is prior
to the U.S. filing date of the present application (i.e., July 16, 2002), the Applicants respectfully submit
concurrently herewith, a verified translation of priority document JP 2001-216812, dated July 17, 2001,
and which was submitted August 7, 2002, which will overcome this potentially applied rejection.

Accordingly, Claims 2, 3, 8, and 9 should now be allowed.

If the Examiner believes that there is any issue which could be resolved by a telephone or
personal interview, the Examiner is respectfully requested to contact the undersigned attorney at the
telephone number listed below.

Applicant hereby petitions for any extension of time which may be required to maintain the
pendency of this application, and any required fee for such an extension is to be charged to Deposit
Account No. 04-1061.

Respectfully submitted,

Jean C. Edwards
Registration No. 41,728

DICKINSON WRIGHT PLLC
1901 L St.,, N.W.

Suite 800

Washington, D.C. 20036
Telephone: 202/659-6946
Facsimile: 202/659-1559
Date: February 20, 2004

DC 71450-2 90197
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of: /
Makoto KOMATSUBARA, et al. Group Art Unit: 2827
Application No.: 10/195,392 | Examiner: John B. Vigushin
Filed: July 16, 2002
Confirmation No.: 2813
For: WIRED CIRCUIT BOARD

SUBMISSION OF CORRECTED FORMAL DRAWINGS

ATTN: OFFICIAL DRAFTSPERSON
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Please find attached fifteen (15) replacement sheets of corrected formal drawings of Figures 1-21,
which now includes the proper orientation of the label of Figure 9 and the corrected margins for the
figures, as requested by the Examiner. These replacement drawings should overcome the Official
Draftperson's objections. The Examiner is respectfully requested to acknowledge receipt of these
replacement drawings.

Respectfully submitted,

tamn C. Eduando
Jean C. Edwards
Registration No. 41,728

DICKINSON WRIGHT PLLC
1901 L Street NW

Suite 800

Washington DC 20036-3506
Telephone: 202/659-6946
Facsimile: 202/659-1559
Date: February 20, 2004

DC 71450-2 91496
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Attorney Docket No.: 71450.0002
Customer No.: 35161

In re Patent Application of:

Makoto KOMATSUBARA, et al. Group Art Unit: 2827
Application No.: 10/195,392 Examiner: John B. Vigushin
Filed: July 16, 2002

Confirmation No.: 2813

For: WIRED CIRCUIT BOARD

SUBMISSION OF VERIFICATION OF TRANSLATION OF

PRIORITY DOCUMENT JP 2001-216812

Commuissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Please find attached a verification of translation of the priority document JP 2001-216812, filed
July 17, 2001, for the above-identified application. The Examiner is respectfully requested to

acknowledge receipt of this verified translation.

Respectfully submitted,

e ©.Eummdos

Jean C. Edwards
Registration No. 41,728

DICKINSON WRIGHT PLLC
1901 L Street NW

Suite 800

Washington DC 20036-3506
Telephone: 202/659-6946
Facsimile: 202/659-1559
Date: February 20, 2004

DC 71450-2 91498

PAGE 69 OF 422 HUTCHINSON EXHIBIT 1002



VERIFICATION OF TRANSLATION

I, Hiroyuki OKAMOTO, c/o Okamoto International Patent
Attorneys Of,fiée, of Kawaramachi. NK Building, 8-5, Kawaramachi

4-chome, Chuo-ku, Oséka, Japan

do hereby solemnly and sincerely declare that I amwell acquainted
with both Japanese and English languages and that the following

is a true translation of the certified document of
Japanese Patent Application No.2001-216812
into English to the best of my knowledge and belief.

I also hereby declare that all statements made herein of
my own knowledge are true and that all statements made on
information and belief are believed to be true; and further that
these statements were made wifh the knowledge that willful false
statements and the 1like so made are punishable by fine or
imprisonment, or both, under Se;tion 1001 of Title 18 of the
United States Code and that such willful false statements may
jeopardize the validity of the application or any patent issued

thereon.

Date: 'Z_(Zn/m/? /M 7%/ W}L

Signature: /JA/KTVW O/é’

1royuk1 Okamoto
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[(Document Name) Specification

[Title of the Invention] Wired Circuit Board

(Claim]}

[Claim 1) A wired circuit board comprising a first insulating layer, a.
conductive pattern formed on the first insulating layer, a second insulating
layer formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, so as to form a terminal portion in
which front and back sides of the conductive pattern are exposed,

wherein at least any one of the first insulating layer, the second
insulating layer and the conductive patterh has reinforcing portions for
reinforcing the conductive pattern formed at ends of the opening in crossing
areas where ends of the opening and the conductive pattern are crossed
each other.

[Claim 2] A wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive
pattern formed on the first insulating layer, a second insulating layer
formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the metal supporting layer
and the first insulating layer, and the second insulating layer to open, so as
to form a terminal portion in which front and back sides of the conductive
pattern are exposed,

wherein at least any one of the first insulating layer, the second
insulating layer and the conductive pattern has reinforcing portions for

reinforcing the conductive pattern formed at ends of the opening in crossing
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areas where ends of the opening and the conductive pattern are crossed
each other.
(Claim 3] A wired circuit board comprising a first insulating layer, a
conductive pattern formed on the first insulating layer, a second insulating
5 layer formed on the conductive pattern, and an opening, formed at the éame
position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, éo as to form a terminal portion in
which front and back sides of the conductive pattern are expoéed,
wherein the conductive pattern has widened portions formed to extend
10 in a widthwise direction substantially orthogonal to an extending direction
of the conductive pattern in crossing areas where ends of the opening and
the conductive pattern are crossed each other.
[Claim 4] A wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive
15 pattern formed on the first insulating layer, a second insulating layer
formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the metal supporting layer
and the first insulating layer, and the second insulating layer to open, so as
to form a terminal portion in which front and back sides of the conductive
20 pattern are exposed,
wherein the conductive pattern has widened portions formed to extend
in a widthwise direction substantially orthogonal to an extending direction
of the conductive pattern in crossing areas where ends of the opening and
the conductive pattern are crossed each other.

25 [Claim 5] A wired circuit board comprising a first insulating layer, a
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conductive pattern formed on the first insulating layer, a second insulating
layer formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, so as to form a terminal portion in
5  which front and back sides of the conductive pattern are exposed,

wherein the first insulating layer and/or the second insulating layer
have projections projecting from ends of the opening onto the conductive
pattern in the opening in the crossing area where the ends of the opening
and the conductive pattern are crossed each other.

10 [Claim 6] A wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive-
pattern formed on the first insulating layer, a second insulating layer
formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the metal supporting layer

15 and the first insulalting layer, and the second insulating layer to open, so as
to form a terminal portion in which front and back sides of the conductive
pattern are exposed,

wherein the first insulating layer and/or the second insulating layer
have projections projecting from ends of the opening onto the conductive

20 pattern in the opening in the crossing areas where the ends of the opening
and the conductive pattern are crossed each other.

[Claim 7] The wired circuit board according to any one of Claims 1-6,
wherein the wired circuit board is a suspension board with circuit.
[Detailed Description of the Invention)

25 (0001)
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[Techni.cal Field to Which the Invention Belongs]

The present invention relates to a wired circuit board and, more
particularly, to a wired circuit board suitably used for a suspension board
with circuit.

(0002]
(Prior Art]

The wired circuit boards used for electronic/electric equipments are
usually provided with terminal ﬁortions to connect with external connecting
terminals.

(0003

In recent years, the so-called "flying lead” in which the terminal
portions are formed on both sides of the cond.uctive pattern, rather than in
only either side thereof, is being in widespread use in order to meet the
demand for electronic/electric equipment to have increasingly higher
density and reduced size. It is known, for example, in suspension board
with circuit used for a hard disk drive that the terminals are provided in the
form of flying lead.

(0004)

To be more specific, the suspension board with circuit comprises a
supporting board 1 of stainless steel foil, a base layer 2 of an insulating
material formed on the supporting board 1, a conductive pattern 3 formed
on the base layer 2 in the form of a specified circuit patfern, and a cover
layer 4 of an insulating matenrial, for covering the conductive pattern 3, as
shown in FIG. 21. The terminal portions 5 provided in the form of the

flying lead are formed on both sides of the conductive pattern 3 in the

4
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following manner. The cover léyer 4 is opened to expose a front side of the
conductive pattern 3, while also-the supporting board 1 and the base layer 2
are opened to expose a back side of the conductive pattern 3. If necessary,
metal plated layers 6 are formed on the both sides of the thus exposed
conductive pattern 3 by nickel/gold plating and the like.

(0005]

Thereafter, these terminal portions formed as the flying lead are
bonded to external connecting terminals by applying supersonic vibration
thereto by use of a bonding tool and the like.

[0006]
(Problems To Be Solved By the Invention)

In this terminal portion formed as the flying lead, since the both sides
of the conductive pattern are exposed, the supersonic vibration is easily
transmitted to the terminais. This is suitable for the bonding using the
supersonic vibration: on the other hand, this provides the disadvantage that
the conductive pattern exposed at both sides thereof is weak in physical
strength and is subject to stress concentration at edge portions of the
openings in the base layer and cover layer, to cause disconnection of the
conductive pattern with ease.

(0007)

It is the object of the invention to provide a new wired circuit board
having a terminal portion formed as a flying lead in which both sides of a
conductive pattern are exposed that can provide enhanced strength of the
conductive pattern by simple construction to effectively prevent occurrence

of disconnection of the conductive pattern.
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[0008]
[Means For Solving the Problems)

To accomplish the object mentioned above, the present invention
provides a wired circuit board comprising a first insulating layer, a
conductive pattern formed on the first insulating layer, a second insulating
layer formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the f;lrst msulating layer and
the second insulating layer to open, so as to form a terminal portion in
which front and back sides of the conductive pattern are exposed, wherein
at least any one of the first insulating layer, the second 1nsulating layer and
the conductive pattern has reinforcing portions for reinforcing the
conductive pattern formed at ends of the opening in crossing areas wheré
ends of the opening and the conductive pattern are crossed each other.

[0009)

Also, the present invention provides a wired circuit board comprising a
metal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the
metal supporting layer and the first insulating layer, and the second
insulating layer to open, so as to form a terminal portion in which front and
back sides of the conductive pattern are exposed, wherein at least any one of
the first insulating layer, the second insulating layer and the conductive
pattern has reinforcing portions for reinforcing the conductive pattern

formed at ends of the opening in crossing areas where ends of the opening
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and the conductive pattern are crossed each other.
[0010]

In the wired circuit boards mentioned above, since at least any one of

the first insulating layer, the second insulating layer and the conductive

5 pattern has the reinforcing portions for reinforcing the conductive pattern
formed at the ends of the opening in the crossing areas where the ends of

the opening and the conductive pattern are crossed each other, the physical
strength of the conductive pattern at the ends of the opening can be
reinforced. This can produce the effect that for example when the

10 conductive pattern both sides of which are exposed i1s Subject to stress
concentration at the end portions of the opening in the process of bonding

the terminal portion and the external connecting terminal by applying
supersonic vibration of a bonding tool, the disconnection of the conductive
pattern can be effectively prevented, thus providing improved bonding

215 rehabilhity.
[0011)

In addition, the present invention proizides a wired circuit board
comprising a first insulating layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern,

20 and an opening, formed at the same position of the conductive pattern, for
allowing the first insulating layer and the second insulating layer to open,
so as to form a terminal portion in which front and back sides of the
conductive pattern are exposed, wherein the conductive pattern has
widened portions formed to extend 1n a widthwise direction substantially

25 orthogonal to an extending direction of the conductive pattern in crossing
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areas where ends of the opening and the conductive pattern are crossed
each other.
[0022]

Also, the present invention provides a wired circuit board comprising a
metal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the
metal supporting layer and the first insulating layer, and the second
insulating layer to open, so as to form a terminal portion in which front and
back sides of the conductive pattern are exposed, wherein the conductive
pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to an extending direction of the conductive pattern
1n crossing areas where ends of the opening and the conductive pattern are
crossed each other.

[0013]

In the wired circuit boards mentioned above, since the conductive
pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to the extending direction of the conductive
pattern in the crossing areas where the ends of the opening and the
conductive pattern are crossed each other, the physical strength of the
conductive pattern at the ends of the opening can be reinforced. This can
produce the effect that for example when the conductive pattern both sides
of which are exposed is subject to stress concentration at the end portions of

the opening in the process of bonding the terminal portion and the external
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connecting terminal by applying supersonic vibration of the bonding tool,
the disconnection of the conductive pattern can be effectively prevented,
thus providing improved bonding reliability.

[0014]

Further, the present invention provides a wired circumait board
comprising a first insulating layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for
allowing the first insulating layer and the second insulating layer to open,
so as to form a terminal portion in which front and back sides of the
conductive pattern are exposed, wherein the first insulating layer and/or
the second insulating layer have projections projecting from ends of the
opening onto the conductive pattern in the opening in the crossing areas
where the ends of the opening and the conductive pattern are crossed each
other.

{0015)

Also, the present invention provides a wired circuit board comprising a
metal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the
metal supporting layer and the first insulating layer, and the second
insulating layer to open, so as to form a terminal portion in which front and
back sides of the conductive pattern are exposed, wherein the first

msulating layer and/or the second insulating layer have projections

9
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projecting from ends of the opening onto the conductive pattern in the
opening in the crossing areas where the ends of the opening and the
conductive pattern are crossed each other.
(0016]
In the wired circuit boards mentioned above, since the first insulating

layer and/or the second insulating layer have projections projecting from

the ends of the opening onto the conductive pattern in the opening in the

crossing areas where the ends of the opening and the conductive pattern are

crossed each other, the physical strength of the conductive pattern at the
ends of the opening can be reinforced. This can produce the effect that for
example when the conductive pattern both sides of which are exposed is
subject to stress concentration at the end portions of the opening in the
process of bonding the terminal portion and the external connecting
terminal by applying supersonic vibration of the bonding tool, the
disconnection of the conductive pattern can be effectively prevented, thus
providing improved bonding reliability.
[0017]

The wired circuit board of the present invention can provide high
bonding reliability so that the wired circuit board can be used as the
suspension board with circuit, even when formed as the flying lead in which
both sides of the conductive pattern are exposed.

(0018]
[(Embodiments of the Invention]
Referring to FIG. 1, there is shown an embodiment of a wired circuit

board of the present invention. FIG. 1(a) is a sectional view of a principal

10

HUTCHINSON EXHIBIT 1002



10

15

20

25

PAGE 83 OF 422

portion of a terminal portion of the wired circuit board; and FIG. 1(b) is a
plan view of the terminal portion of the same. In FIG. 1(a), the wired
circuit board 11 comprises a base layer 12 formed as a first insulating layer
of insulating material, a conductive pattern 13 formed on the base layer 12
in the form of a specified wired circuit pattern, and a cover layer 14 formed
as a second insulating layer of insulating material on the conductive
pattern 13. The conductive pattern 13 1s provided in the form of a plurality
of lines of wires 13a, 13b, 13c and 13d arrayed in parallel with each other
with spaced at a predetermined interval, as shown in FIG. 1(b).
(0019]

The insulating materials of the base layer 12 and the cover layer 14
that may be used include, for example, synthetic resins, such as polyimide
resin, acrylic resin, polyether nitrile resin, polyether sulfonic resin,
polyethylene terephthalate resin, polyethylene naphthalate resin and
polyvinyl chloride resin. Polyimide resin is preferably used.

(0020]

The base layer 12 and the cover layer 14 usually have thickness of 1-

301m, or preferably 2-20pm.
[0021]

The conductive materials used for the conductive pattern 13 include,
for example, copper, nickel,- gold, solder or alloys thereof. Copper is
preferably used. The conductive pattern 13 usually has thickness of 2-
30nm, or preferably 5-20pm.

(0022]

This wired circuit board 11 is formed in the following way. First, as

11
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shown in FIG. 3(a), thé conductive pattern 13 is formed on the base layer 12
formed in a film-like form, in the form of the specified wired circuit pattern
by a known patterning process, such as a subtracting process, an additive
process and a semi-additive process. Then, as shown in FIG. 3(b), the base
layer 12 is covered with the cover layer 14 in a known method, for example,
by adhesive bonding a film-like resin to the conductive pattern 13 or by
applying a photosensitive resin to the conductive pattern 13 and then
curing that resin.
[0023]

In the wired circuit board 11 thus formed, as shown in FIG. 1(a), the
cover layer 14 is opened to expose a front side of the conductive pattern 13
and also the base layer 12 1s opened to expose a back side of the conductive
pattern 13 in such a manner that the exposed front side of the conductive
pattern 13 and the exposed back side of the same correspond in position to
each other so as to expose the both sides of the conductive pattern 13.
Then, on the both sides of the exposed conductive pattern 13, metal plating
layers 15 are formed thereby forming the terminal portion 16 in the form of
the flying lead.

[0024]

This terminal portion 16 is formed in the following manner. First, a
cover-side opening 17 is formed in the cover layer 14 in a portion thereof in
which the terminal portion 16 is to be formed, in a known method, such as
drilling, laser machining, etching and patterning of photosensitive resin, as
shown in FIG. 3(c). Likewise, a base-side opening 18 is formed in the base

layer 12 1n a portion thereof corresponding to the cover-side opening 17, in a

12
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known method, such as drilling, laser machining, etching and patterning of
photosensitive resin, as shown in FIG. 3(d). The cover-side opening 17 and
the base-side opening 18 are opened into a rectangular shape to cover all
the lines of wire 13a, 13b, 13c and 13d.

{0025]

As shown.in FIG. 3(e), the metal plating layers 15 are formed by
plating on both sides of the conductive pattern 13 exposed in the cover-side
opening 17 and the base-side opening 18.

(0026]

No particular limitation is imposed on the plating method uséd for
forming the metal plated layer 15. The metal plating layer 15 may be
formed by either of electrolysis plating and electroless plating. Also, no
particular limitation isrimposed on the metals used for the plating. Known
metals may be used for the plating. It is preferable that the electrolysis
nickel plating and the electrolysis gold plating are performed in sequence so
that a gold plated layer 20 is formed on a nickel plated layer 19. The
nickel plated layer 19 and thé gold plated layer 20 each have thickness of
the order of 1-5um.

(0027]

The wired circuit board 11 has the terminal portion 16 in the form of
the flying lead. In the terminal portion 16, widened portions 22 as
reinforcing portions which extend in a widthwise direction substantially-
orthogonal to an extending direction of the conductive pattern 13 are
provided in the conductive pattern 13 in crossing areas 21 where the ends of

the cover-side opening 17/the base-side opening 18 and the conductive

13
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patterns 13 are crossed each other, as shown in FIG. 1(b).
[0028])

To be more specific, the widened portions 22 are formed in the
respective lines of wire 13a, 13b, 13c and 13d at positions thereof which
correspond to the crossing areas 21 (two areas per each line of wire) and
arranged with space from each other along the longitudinal direction of the
lines of wire 13a, 13b, 13c and 13d. The widened portions 22 are formed in
such a generally round shape as to protrude widthwise from thé lines of
wire 13a, 13b, 13c and 13d.

[0029]

As shown in FIG. 2, each widened portion 22 is arranged, with its
generally outer half portion embedded in the cover layer 14/base layer 12
and its generally inner half portion exposed in the cover-side opening 1'7/
base-side opening 18, when a maximum widthwise length 23 between the
adjacent lines of wire i1s defined as a boundary between the outer half
portion and the inner half portion. Thus, the terminals 16 are formed in
such a dumbbell shape that the lines of wire 13a, 13b, 13c and 13d are
protruded widthwise at both ends thereof in the cover-side opening 17/the
base-side opening 18.

(0030)

Each widened portion 22 is so formed that the maximum widthwise
length 23 is 1.1-4 times, or preferably 2-3 times, as longer as a usual line
width 24 of the lines of wire 13a, 13b, 13¢c and 13d exposed outside in the
cover-side opening 17/base-side opening 18. To be more specific, a

widthwise part of widened portion 22 at the maximum widthwise length 23

14
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is 20-1,000pm in length and a lengthwise part of the widened portion 22
extending in a longitudinal direction of the lines of wire 13a, 13b, 13¢ and
13d 1s 50-500pm in length.

(0031)

The widened portions 22 may be formed in any shape other than the
generally round shape, as long as they are shaped to protrude widthwise
and have widths larger than the usual width. For example, the widened
portion 22 may be formed in rectangle.

[0032]

The terminal portion 16 having this widened portion 22 can be formed
in the processes given below. The widened portions 22 are formed with the
patterning of the wired circuit pattern in the process of forming the
conductive pattern 13. Then, in the processes of FIG. 3(c) and (d), the
cover layer 14 and the base layer 12 are each opened so that the maximum
widthwise length 23 of the widened portion 22 can be within the crossing
areas 21 and thereby the cover-side opening 17 and the base-side opening
18 are formed. Thereafter, in the process shown in FIG. 3(e), the metal
plated layer 15 is formed on each side of the conductive pattern 13 exposed
1n the cover-side opening 17 and the base-side opening 18.

(0033]

In this formation of the wired circuit board 11, since the widened
portions 22 widened in the widthwise direction of the conductive pattern 13
are formed in the conductive pattern 13 in the crossing areas 21 where the
ends of the cover-side opening 17/the base-side opening 18 and the

conductive pattern 13 are crossed each other, the physical strength of the

15
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conductive pattern 13 at the ends of the cover-side opening 17 and at the
ends of the base-side opening 18 can be reinforcedv. This can produce the
effect that for example when the conductive pattern 13 are subject to stress
concentration at exposed portions thereof at ends of the cover-side opening
17 and base-side opening 18 in the process of bonding the terminal portions
16 and the external connecting terminals by applying supersonic vibration
of a bonding tool, the disconnection of the conductive pattern 13 can be
effectively prevented, thus providing improved connection reliability.
[0034]

In addition, the wired circuit board 11 may be formed so that the
terminal portion 16 presented in the form of this flying lead can have
cover-side projections 25 formed as the reinforcing portions and base-side
projections 26 formed as the reinforcing portions, as shown in FIG. 4.
Specifically, the cover-side projections 25 are formed to project from the
ends of the cover-side opening 17 onto the conductive pattern 13 in the
cover-side opening 17 in the cover layer 14 in the crossihg areas 21 where
the ends of the cover-side opening 17/the base-side opening 18 and the
conductive patterns 13 are crossed each other. The base-side projections
26 are formed to project from the ends of the base-side opening 18 onto the
conductive pattern 13 in the base-side opening 18 in the base layer 12 in the
crossing areas 21.

(00351

To be more specific, the cover-side projections 25 and the base-side

projections 26 are formed in the respective lines of wire 13a, 13b, 13c and

13d at positions thereof which correspond to the crossing areas 21 (two

16
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areas per each line of wire) and arranged with space from each other along
the longitudinal direction of the lines of wire 13a, 13b, 13c and 13d, as
shown in FIG. 4(b). These projections 25, 26 are formed in a convex shape
projecting inwardly from the ends of the cover-side opening 17 and the
base-side opening 18 along the extending direction of the lines of wire 13a,
13b, 13c and 13d, respectively.

[0036]

The cover-side projections 25 and the base-side projections 26 are
overlapped with the lines of wire 13a, 13b, 13c and 13d and are so tapered
(shaped generally in triangle as viewed from the top) that the overlap can
gradually reduce toward the inside of the cover-side opening 17/base-side
opening 18, respectively. As a result of this, the terminal portions 16 are
so formed that the lines of wire 13a, 13b, 13c and 13d can be covered with
the cover-side projections 25 and the base-side projections 26 at opposite
ends thereof in the cover-side opening"17 and the base-side opening 18.

(0037]

The cover-side projections 25 and the base-side projections 26 are
formed to project at projection length 27 of one-fourth to one-thirtieth, or
preferably one-fifth to one-twentieth, to a line length 29 of each of the lines
of wire 13a, 13b, 13c and 13d exposed in the cover-side opening 17 and the
base-side opening 18, as shown in FIG. 5. To be more specific, each of the
cover-side projections 25 and the base-side projections 26 has a basal width
28 of 5-20pm slightiy smaller than a line width 24 of lines of wire 13a, 13b,
13c and 13d at the ends of the cover-side opening 17/the base-side opening

18. The cover-side projections 25 and the base-side projections 26 are

17
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- e

projected inwardly in a taped manner at a projection length 27 of 5-250pm
and are formed in a generally triangle whose top is located at a widthwise
center of lines of wire 13a, 13b, 13c and 13d.

[0038]

The shape of the cover-side projections 25 and the base-side
projections 26 1s not limited to the one shown in FIG. 5, as long as those
projections have such a shape as to overlap Wifh the lines of wire 13a, 13b,
13c and 13d along the longitudinal direction of the lines of wire 13a, 13b,
13c and 13d. For example, as shown in FIG. 6, the cover-side projections
25 and the base-side projections 26 may be formed to project toward the
inside thereof in a tapered manner from the ends of the cover-side opening
17/the base-side openihg 18, with the basal width 28 slightly larger than
the line width 24 of the lines of wire 13a, 13b, 13c and 13d. Further, those
projections 25, 26 may be formed in such a rectangﬁlar shape as to overlap
with the lines of wire 13a, 13b, 13c and 13d along the longitudinal direction
of the lines of wire 13a, 13b, 13c and 13d, without limiting to the generally
triangle shape.

[0039]

The terminal portions 16 having these cover-side projections 25 and
the base-side projections 26 are formed as follows. In the process of FIG.
3(c), the cover layer 14 is opened in such a manner as to form the cover-side
projections 25 to thereby produce the cover-side opening 17. In the process
of FIG. 3(d), the base layer 12 is opened in such a manner as to form the
base-side projections 26 to thereby produce the base-side opening 18.

Thereafter, in the process of FIG. 3(e), the metal plated layer 15 is formed

18
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on each side of the .conductive pattern 13 exposed in the cover-side opening
17 and the base-side opening 18.
[0040]

In this formation of the wired circuit board 11, since the cover-side
projections 25 and the Base-side projections 26 are formed in the cover layer
14 and the base layerv 12 in the crossing areas 21 where the ends of the
cover-side opening 17/the base-side opening 18 and the conductive patterns
13 are crossed each other, so as to project from the ends of the éover'side
opening 17/the base-side opening 18 onto the conductive pattern 13 in the
cover-side opening 17 and the base-side opening 18, respectively, the
physical strength of fhe conductive pattern 13 at the ends of the cover-side
opening 17 and at the ends of the base-side opening 18 can be reinforced.
This can produce the effect that for example when the conductive pattern 13
are subject to stress concentration at exposed portions thereof at ends of the
cover-side opening 17 and base-side opening 18 in the process of bonding the
terminal portions 16 and the external connecting terminals by applying
supersonic vibration of the bonding tool, the disconnection of the conductive
pattern 13 can be effectively prevented, thus providing improved connection
reliability.

[0041)

It is to be noted that in the wired circuit board 11, both of cover-side
projections 25 and the base-side projections 26 are not necessarily required.
For example, only the cover-side projections 25 may be formed, as shown in
FIG. 7. Alternatively, only the base-side projections 26 may be formed, as

shown 1n FIG. 8.

19
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(0042]

Further, modification may be made of the invention by forming the
widened portions 22 in the conductive pattern 13 and also forming the
cover-side projections 25 in the cover layer 14 and/or forming the base-side
projections 26 in the base layer 12, though not shown.

{0043]

The wired circuit board 11 having these terminal portions 16 is

particularly preferably applicable to a suspension board with circuit.

{0044]

| Referring to FIG. 9, there 1s shown a perspective view of a suspension

board with circuit presented as an embodiment of the wired circuit board of
the present invention. The suspension board with circuit 31 mounts
thereon a magnetic head of a hard disk driver (not shown) and suspends the
magnetic head while holding a minute interval between the magnetic head
and a magnetic disk against airflow generated when the magnetic head and
the magnetic disk run relative to each other. The suspension board with
circuit hés the lines of wire 34a, 34b, 34c, 34d, integrally formed in the form
of a specified wired circuit pattern, for connecting the magnetic head and a
read/write board 39 formed as an external circuit.

(0045]

In FIG. 9, the suspension board with circuit 31 has a base layer 33, as
a first insulating layer of insulating material, which is formed on a
supporting board 32 extending longitudinally as a metal supporting layer.
A conductive pattern 34 is formed on the base layer 33 in the form of a

specified wired circuit pattern, and a cover layer 35 (not shown) is formed

20
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on the conductive pattern 34 as a second insulating layer of insulating
material. The conductive pattern 34 is provided in the form of the
plurality of lines of wire 34a, 34b, 34c and 34d arrayed in parallel with
spaced at a predetermined interval.

[0046]

Gimbals 36 for fitting the magnetic head therein are formed in the
supporting board 32 by cutting out the supporting board 32 at a front end
portion thereof. At the front end portion of the suppor_ting board 32,
magnetic head connecting terminals 37 are formed to connect between the
magnetic head and the hines of wire 34a, 34b, 34c and 34d. At the rear end
portion of the supporting board 32, external-side connecting terminals 38 as
the terminals are formed to connect between the read/write board 39 and
the lines of wire 34a, 34b, 34c and 34d. The external-side connecting
terminals 38 are formed in the ends of the lines of wire 34a, 34b, 34c and
34d, to correspond to each of the read/write terminals 54.

(0047]

This suspension board with circuit 31 can be formed in the following
processes. First, the supporting board 32 is prepared and the base layer 33
1s formed on the supporting board 32 in the form of the specified pattern, as
shown in FIG. 10(a)-(d). A metal foil or a metal sheet is preferably used as
the supporting board 32. For example, stainless steel, 42 alloy and the like
are preferably used. The supporting board 32 used preferably has
thickness of 10-60pm, or further preferably 15-30pm, and width of 50-
500mm, or further preferably 125-300mm.

[0048)

21
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Insulating material used for forming the base layer 33 is not limited to
any particular insulating material. The insulating materiais that may be
used include, for example, synthetic resins such as polyimide resin, acrylic
resin, polyether nitrile resin, polyether sulfonic resin, polyethylene
terephthalate resin, polyethylene naphthalate resin and polyvinyl chloride
resin. Of these synthetic resins, a photosensitive resin is preferably used
as the base layer. A photosensitive polyimide resin is further preferably
used.

{0049)

Then, for example when the base layer 33 is formed in the specified
pattern on the supporting board 32 by using photosensitive polyimide resin,
liquid solution of precursor of the photosensitive polyimide resin i1s apphed
to the whole area of the supporting board 32 prepared first, and then is
dried, for example, at 60-150C, to form a coating 33p of the precursor of the
photosensitive polyimide resin, as shown in FIG. 10(a).

(0050)

Then, the coating 33p is exposed to light through a photomask 40, as

" shown in FIG. 10(b). If required, the exposed part is heated to a specified

temperature. Thereafter, the coating 33p is developed to form the coating
33p into a specified pattern, as shown in FIG. 10(c). Preferably, radiation
irradiated for the exposure has an exposure wavelength in the range of
300-450nm, or preferably 350-420nm. An integrated quantity of exposure
light is preferably in the range of 100-1,000mdJ/cm?2, or further preferably
200-700mdJ/ecm2. Further, when the exposed part of the coating 33p

irradiated 1s heated, for example, at a temperature in the range of not less
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than 130C to less than 150°C, it is solubilized (positive type) for the next
processing procedure (development), while on the other hand, when heated,
for example, at a temperature in the range of not less than 150°C to not
more than 1807, it is non-solubilized (negative type) for the next processing
procedure (development). The development can be performed by any
known method, such as a dipping process and a spraying process, by using a
known developing solution such as alkaline developer. Preferably, the
manufacturing method uses the negative type to produce the circuit pattern.
Illustrated 1n FIG. 10 i1s an embodiment using the process steps of negative
type for patterning the circuit.
[0051)

As shown in FIG. 10(d), the coating 33p of the precursor of the
polyimide resin thus patterned is finally heated, for example, to 250C or
more to be cured (imidized), whereby the base layer '33 of polyimide resin is
formed in the specified pattern. The base layer 33 thus formed have a
thickness in the range of e.g. 2-30pm, or preferably 5-20um.

(0052] |

Sequentially, the conductive pattern 34 is formed on the base layer 33
in the form of a specified wired circuit pattern, as shown in FIG. 10(e). The
conductive materials that may be used for forming the conductive pattern
34 include metals, such as copper, nickel, gold, soldér or alloys thereof.
Copper 1s preferably used. To form the conductive pattern 34 in the
specified wired circuit pattern, the conductive pattern 34 may be formed on

the base layer 33 in the specified wired circuit pattern in any known

_patterning process, such as the subtracting process, the additive process
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and the semi-additive process. In this method, the semi-additive process is
preferably used.
[0053]

The conductive pattern 34 thus formed is in the form of a pattern
formed by the plurality of lines of wire 34a, 34b, 34c and 34d which are
spaced from each other in parailel with a given interval, as mentioned
above. The conductive pattern 34 has a thickness in the range of e.g. 2-
30um, or preferably 5-20um. The lines of wire 34a, 34b, 34c and 34d have
a hine width in the range of e.g. 10-500um, or preferably 30-200um. The
interval (space width) between the adjacent lines of wire 34a, 34b, 34c and
34d is in the range of e.g. 10-500um, or preferably 30-200pm.

[0054]

Sequentially, the conductive pattern 34 is covered with the cover layer
35 of insulating material, as shown in FIG. 10(0-(G). The same insulating
material as the insulating material of the base layer 35 is used for forming
the cover layer 35. Preferably, photosensitive polyimide resin is used
therefor.

(0055]

For example when the cover layer 35 is formed by using the
photosensitive polyimide resin, liquid solution of precursor of the
photosensitive polyimide resin is applied to the whole area of the supporting
board 32 and the base layer 33, first, and then is dried at a temperature in
the range of e.g. 60-150°C. in the same manner as in the patterning of the
base layer 33, to form a coating 35p of the precursor of the photosensitive

polyimide resin, as shown in FIG. 10(f). Then, the coating 35p is exposed
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to light through the photomask 41, as shown in FIG. 10(g). If required, the
exposed part is heated to a certain temperature. Thereafter, the coating
35p is developed to be patterned so that the conductive pattern 34 can be
covered with the coating 35p, as shown in FIG. 10(h).

[0056] |

In the patterning of the coating 35p, the photomasks 41 are placed to
confront the areas where the external-side connecting terminals 38 are
formed, so that the front side of the conductive pattern 34 can be exposed
from the coating 35p to form the cover-side opening 42. To be mbre specific,
the coating 35p is opened so that the cover-side opening 42 can be formed in-
such a rectangle shape as to include the lines of wire 34a, 34b, 34c and 34d,
so as to provide the external-side connecting terminals 38 in the form of the
flying lead, as mentioned later.

{0057]

The coating 35p can be exposed to light and developed under the same
condition as the condition for exposing and developing the base layer 33.
Shown in FIG. 10 is the patterning in which the coating 35p is patterned in
the negative type in the same manner as in the case of the base layer 33.

[0058)

As shown in FIG. 10(G), the coating 35p of the precursor of the
polyimide resin thus patterned is finally heated, for example, to 250C or
more to be cured (imidized), whereby the cover layer 35 made of polyimide
resin 1s formed on the conductive pattern 34. The cover layer 35 has a
thickness in the range of e.g. 1-30um, or preferably 2-5um.

(00591
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Before the cover layer 35 is formed on the conductive pattern 34, the
conductive pattern 34 may be protected by a thin film of rigid nickel by
nickel plating.

[0060]

In the suspension board with circuit 31 thus formed, the external-side
connecting terminals 38 are presented in the form of the flying lead exposed
at both sides of the conductive pattern 34, as shown in FIG. 10G)-().

[0061)

The external-side connecting terminals 38 are presented in the form of
the terminals exposed at both sides of the conductive pattern 34 in the
following processes. First, as shown in FIG. 10(), supporting-board-side
openings 43 are formed in the supporting board 32 at portions thereof where
the external-side connecting terminals 38 are formed or at portions thereof
corresponding to the cover'éide openings 42 of the cover layer 35, so that the

base layer 33 can be exposed. The supporting-board-side openings 43 can

. be formed by any known method. For example, after all area of the

supporting board 32 but the areas of the same corresponding to the
supporting-board-side openings 43 are subjected to masking, they are
chemically etched.

[0062]

Sequentially, as shown in FIG. 10(k), base-side openings 44 are
formed 1n the base layer 33 exposed in the supporting-board-side openings
43 of the supporting board 32, so as to expose the conductive pattern 34.
Though the base-side openings 44 can be formed by a known method, the

base-side openings 44 are preferably formed by etching or by plasma
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etching,'in particular. The etching enables a portion of the base layer 33 to
be precisely cut from the exposed surface of the base layer 33 to the back
side of the conductive pattern 34.

(0063)

In the plasma etching, the supporting board 32 can be used as the
mask to etch the entire base layer 33 exposed in the supporting-board-side
openings 43 of the supporting board 32. For example, after the sample is
disposed between opposed electrodes in an atmosphere in which a
i)rescribed gas 1s filled in therebetween, high-frequency plasma is produced
therebetween. The prescribed gases that may be uéed include, for example,
He, Ne, Ar, Xe, Kr, N2, Oz, CF4 and NF3. Of these gases, Ar, Oz, CF4 and

NF3 are preferably used. These gases may be used in mixture in a

prescribed proportion. The gas pressure (degree of vacuum) is in the range

of O.5'200Pa, or preferably 10-100Pa. Cited és the conditions required for
producing the high-frequency plasma are the frequency in the range of e.g.
10kHz-20MKz, or preferably 10kHz-100kHz, and the power required for the
plasma etching in the range of e.g. 0.5-10W/cm2, or preferably 1-5W/cm2.
The frequency in the range of 10kHz-100kHz can make it easy to match
with a plasma etching device (tune for resistances). In these atmospheric
conditions, the sample is disposed on the electrodes whose temperature is
controlled to e.g. 0-1207C, or preferably 10-80°C, and is etched for the time
required for the base layer 33 to be etched to a predetermined thickness.
(0064]
Since the base-side openings 44 of the base layer 33 thus formed are

formed by using the supporting board 32 as the mask, they can be formed in
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the same size and shape as the supporting-board-side openings 43 of the
supporting board 32.
[0065]

Thereafter, as shown in FIG. 10(1), metal plated layers 45 are
simultaneously formed by plating on both sides of the conductive pattern 34
thus exposed. The metal plated layers 45 can be formed by using either
the electrolysis plating or the electroless plating, without any particular
hmitation. Also, the plating can be formed by using any known metal,
without any particular limitation. Preferably, the electrolysis nickel
plating and the electrolysis gold plating are sequentially performed to form
a gold plated layer 47 on a nickel plated layer 46. Preferably, the nickel
plated layer 46 and the gold plated layer 47 both have a thickness in the
range of about 1-5um. As a result of this, the external-side connecting
terminals 38 are formed with the conductive pattern exposed at both sides
thereof.

[0066)

As shown i1n FIG. 11, in the external-side connecting terminals 38 of
the suspension board with circuit 31, widened portions 49 as reinforcing
portions extending in a widthwise direction substantially orthogonal to an
extending direction of the conductive pattern 34 are provided in the
conductive pattern 34 in the crossing areas 48 where the ends of the cover-
side opening 42/the base-side opening 44 and the conductive patterns 34 are
crossed each other, as is the case with the wired circuit board 11.

[0067)

To be more specific, the widened portions 49 are formed in the
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respective lines of wire 34a, 34b, 34c and 34d at positions thereof which
correspond to the crossing areas 48 (two areas per each line of wire) and
arranged with space from each other along the longitudinal directions of the
lines of wire 34a, 34b, 34c and 34d. The widened portions 49 are formed 1n
such a generally round shape as to protrude widthwise from the lines of
wire 34a, 34b, 34c and 34d, as shown in FIG. 11(b). Each widened portion
49 1s arranged, with its generally outer half portion embedded in the cover
layer 35/base layer 33 and its generally inner half portion exposed in the
cover-side opening 42, the base-side opening 44 and the supporting-board-
side opening 43, when a maximum widthwise length between the adjacent
lines of wire 1s defined as a boundary between the outer half portion and the
inner half portion, as 1s the case with widened portions 22 of the wired
circuit board 11. Thus, the external-side connecting terminals 38 are
formed in such a dumbbell shape that the lines of wire 34a, 34b, 34¢ and
34d are protruded widthwise at both ends thereof in the cover-side opening
42, the base-side opening 44 and the supporting-board-side opening 43.
(0068)

The widened portions 49 may be made identical in the maximum
widthwise length and the longitudinal length extending along the
extending direction of the conductive pattern 34 with the widened portions
22 of the wired circuit board 11 mentioned above. Also, the widened
portions 49 may be formed in any shape other than the generally round
shape, as long as they are shaped to protrude widthwise and have widths
larger than the usual width. For example, the 'widened portion 49 may be

formed 1n rectangle.
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[0069)

The external-side connecting terminals 38 having these widened
portions 49 can be f(;rmed in the processes given below. The widened
portions 49 are formed with the patterning of the wired circuit pattern in
the process of forming the conductive pattern 34. Then, in the processes of
FIG. 10(h) and (k), the cover layer 35, the supporting board 32 and the base
layer 33 are each opened so that the maximurﬁ widthwise length of the
widened portion 49 can be within the crossing areas 48 and thereby the
cover-side opening 42, the supporting-board-side opening 43 and the base-
side opening 44 are formed. Thereafter, in the process shown in FIG. 10(),
the metal plated layer 45 is formed on each side of the conductive péttern 34
exposed in the cover-side opening 42 and the base-side opening
44/supporting-board-side opening 43.

(0070]

In this formation of the suspension board with circuit 31, since the
widened portions 49 widened in the widthwise direction of the conductive
pattern 34 are formed in the conductive pattern 34 in the crossing areas 48
where the ends of the cover-side opening 42/base-side opening 44 and the
conductive pattern 34 are crossed each other, the physical strength of the
conductive pattern 34 at the ends of the cover-side opening 42 and at the
ends of the base-side opening 44 can be reinforced. This can produce the
effect that for example when the conductive pattern 34 are subject to stress
concentration at exposed portions thereof at ends of the cover-side opening
42 and base-side opening 44 in the process of bonding the external-side

connecting terminals 38 and the read/write terminals 54 by applying
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supersonic vibration of the bonding tool, the disconnection of the conductive
pattern 34 can be effectively prevented, thus providing further improved
connection reliability.

[0071])

In addition, the suspension board with circuit 31 may be formed so
that the external-side connecting terminals 38 presented in the form of this
flying lead can have cover-side projections 50 formed as the reinforcing
portions and base-side projections 51 formed as the reinforcing portions, as
shown in FIG. 12. Specifically, the cover-side projections 50 are formed to
project from the ends of the cover-side opening 42 onto the conductive
pattern 34 in the cover-side opening 42 in the cover layer 35 in the crossing
areas 48 where the ends of the cover-side opening 42/the base-side opening
44 and the conductive patterns 34 are crossed each other. The base-side
projections 51 are formed to project from the ends of the base-side opening
44 onto the conductive pattern 34 in the base-side opening 44 in the base
layer 33 i1n the crossing areas 48.

(0072]

To be more specific, the cover-side projections 50 and the base-side
projections 51 are formed in the lines of wire 34%1, 34b, 34c and 34d at
positions thereof corresponding to the crossing areas 48, two for each, with
spaced from each other along the longitudinal direction of the lines of wire
34a, 34b, 34c and 34d, as shown in FIG. 12(b). These projections are
formed In a convex shape projecting inwardly from the ends of the cover-
side opening 42 and the base-side opening 44 along the extending direction

of the lines of wire 34a, 34b, 34c and 34d, respectively. The cover-side

31

HUTCHINSON EXHIBIT 1002



projections 50 and the base-side projections 51 are overlapped with the lines
of wire 34a, 34b, 34c and 34d and are so tapered (shaped generally in
triangle as viewed from the top) that the overlap can gradually reduce
toward the inside of the cover-side opening 42/base-side opening 44,

5 respectively. As a result of this, the external-side connecting terminals 38
are so formed that the lines of wire 34a, 34b, 34c and 34d can be covered
with the cover-side projections 50 and the base-side projections 51 at
opposite ends thereof in the cover-side opening 42 and the base-side opening
44.

10 [0073)

The cover-side proje(;tions 50 and the base-side projections 51 may be
made identical in projection length and basal width with the cover-side
projections 25 and the base-side projections 26 of the wired circuit board 11.
Also, the shape of the cover-side projections 50 and the base-side projections

15 51 is not limited to the one shown in FIG. 12(b), as long as those projections
have such a shape as to overlap with the lines of wire 34a, 34b, 34c and 34d
along the longitudinal direction of the lines of wire 34a, 34b, 34c and 34d.
For example, the cover-side projections 50 and the base-side projections 51
may be formed to project toward the inside thereof in a tapered manner,

20  with the basal width slightly larger than the line width of the lines of wire
34a, 34b, 34c and 34d. Further, those projections 50, 51 may be formed in
such a rectangular shape as to overlap with the lines of wire 34a, 34b, 34c
and 34d along the longitudinal direction of the lines of wire 34a, 34b, 34c
and 34d, without limiting to the generally triangle shape.

25 [0074]
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The external-side connecting terminals. 38 having these cover-side
projections 50 and the base-side projections 51 can be formed as follows. In
the processes FIG. 10(g)-(i), the cover layer 35 is opened in such a manner
as to form the cover-side projections 50 to thereby produce the cover-side
opening 42. In the process of FIG. 10(k), the base layer 33 is opened in
such a manner as to form the base-side projections 50 to thereby produce
the base-side opening 44. Thereafter, in the f)rocess of FIG. 10(D), the
metal plated layer 45 is formed on each side of the conductive pattern 34
exposed in the cover-side opening 42 and the base-side opening 44.

[0075]

In this formation of the suspension board Wifh circuit 31, since the
cover-side projections 50 and the base-side projections 51 are formed at the
cover layer 35 and the base layer 33 in the crossing areas 48 where the ends
of the cover-side opening 42/base-side opening 44 and the conductive
patterns 43 are crossed each other, so as to project from the ends of the
cover-side opening 42/the base-side opening 44 onto the conductive pattern
34 in the cover-side opening 42 and the base-side opening 44, respectively,
the physical strength of the conductive pattern 34 at the ends of the cover-
side opening 42 and at the ends of the base-side opening 44 can be

reinforced. This can produce the effect that for example when the

conductive pattern 34 are subject to stress concentration at.exposed

portions thereof at ends of the cover-side opening 42 and base-side opening
44 in the process of bonding the external-side connecting terminals 38 and
the read/write terminals 54 by applying supersonic vibration of the bonding

tool, the disconnection of the conductive pattern 34 can be effectively
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prevented, thus providing improved connection reliability.
(0076]

It 1s to be noted that 1in the suspension board with circuit 31, both of
cover-side projections 50 and the base-side projections 51 are not
necessarily required. For example, only the cover-side projections 50 may
be formed, as shown in FIG. 13. Alternatively, only the base-side
projections 51 may be formed, as shown in FIG. 14.

[0077]

Further, modification may be made of the invention by forming the
widened portions 49 in the conductive pattern 34 and also forming the
cover-side projections 50 in the cover layer 35 and/or forming the base-side.
projections 51 in the base layer 33, though not shown.

[0078]

In this suspension board with circuit 31, the external-side connecting
terminals 38 may be formed in such a manner that the conductive pattern
34 1s depressed toward the supporting board 32 with respect to the
remaining portions of the conductive pattern 34 at its portions
corresponding to the external-side connecting terminals 38 and also the
base-side opening 44 and the supporting-board-side opening 43 are made
larger than the areas in which the metal plated layers 45 are formed, as
shown in FIG. 15(a). In the external-side connecting terminals 38 thus
formed, the widened portion 49 may be formed in the conductive pattern 34
in the crossing areas 48 where the ends of the cover-side opening 42/base-
side opening 44 and the conductive pattern 34 are crossed each other, as

shown in FIG. 12(b).
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{0079]

This suspension board with circuit 31 can be formed in the processes
shown .in FIG. 16, for example. First, the coating 33p of the liquid solution
of precursor of the photosensitive polyimide resin is formed on the
previously prepared supporting board 32 in the same manner as in the
above, as shown in FIG. 16(a). Then, as shown in FIG. 16(b), in the process
of exposing the coating 33p to light, in addition to the photomasks 40 that
permit no irradiated light to transmit through the masks, photomasks 52
that permit the irradiated light to partially transmit through the masks
(average transmittance ratio in the range of 1-99%) are placed to confront
the areas for the external-side connecting terminals 38 to be formed in the
coating 33p.- Then, the coating 33p is exposed to light through the
photomask 52, such that the area in the coating 33p in which the external-
side connecting terminals 38 is to be formed is exposed to a smaller amount
of light exposure than an aniount of light exposure to the remaining areas of
the coating 33p. Sequentially, the coating is developed and cured, as
mentioned above. As a result of this, the areas of the base layer 33 in
which the external-side connecting terminals 38 is to be formed is made
smaller in thickness than the remaining areas of the base layer 33, as
shown in FIG. 16(c) and (d).

[0080])

The photomasks 52 may be foi‘med in the following manner. For
example, a semi-translucent part of the front surface of the photomask 52 is
finely roughened so that components of irregular reflection on the front

surface of the photomask 52 can be increased to reduce components of the
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transmitted light in that part. Or, an irradiated light absorbing film 1s

stuck on the semi-translucent part of the photomask 52 so that the

components of the transmitted light in that semi-translucent part can be

reduced. Or, a pattern having a light transmiting area and a light

shielding area 1s formed on the semi-translucent part of the photomask 52

so that the components of the transmitted light in that part can be reduced.
[0081)

Further, in the case of the photomask 52 comprising a thin metal film
formihg a light-shielding pattern thereon, a thin metal film smaller in
thickness t‘han the thin metal film of the photomask 52 may be formed on
the semi-translucent part of the photomask 52 so that the components of
the transmitted light in that semi-translucent part can be reduced. In
other words, this photomask 52 can be formed in the following manner: A
photomask 52 with no thin metal film formed in the semi-translucent part
thereof (a conventional photomask) is formed. After a resist is formed on
that photomask 52 so that only the semi-translucent part can be exposed, a
thin metal film made of e.g. chromium smaller in thickness than the above-
mentioned thin metal film is formed on the photomask 52 by vapor
deposition or by plating and, thereafter, the resist is peeled.

(0082]

Of these photomasks 52, the photomasks 52 each having the semi-
translﬁcent part 53 on which the pattern of the light transmiting area and
the light shielding area is formed as shown in FIG. 17 are preferably used.
These photoniasks 52 are each made of a sheet of glass, such as quartz glass

or soda glass, of thickness of 2-5mm. The thin metal film formed on the
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semi-translucent part 53 of the photomask 52 made of the glass is patterned
so that the light transmission ratio (transmissivity) in the semi-translucent
part 53 of the glass can be reduced more than in the remaining parts of the
glass. The pattern of the thin metal film can be formed, for example, by
the process that after a thin metal film made of e.g. chromium is formed on
the whole area of the glass by vapor deposition or by plating, the thin metal
film is patterned by use of laser or electron beam. To be more specific, the
pattern of the semi-translucent part 53 is preferably presented in the form
of a repeat pattern in which the light transmitting portions and the light
shielding portions being alternately arranged at a not more than 6 ¢ m pitch
(width of the light transmitting portion and the light shielding portion) and
of which averaged transmittance ratio is not more than 80% or preferably
not more than 50%. For example, a striped pattern having the average
transmission ratio of about 50% as shown in FIG. 17(a); a latticed pattern
having the average transmission ratio of about 25% as shown in FIG. 17(b);
é circular staggered pattern having the average transmission ratio of about
25% as shown in FIG. 17(c); and a circular staggered pattern having the
average transmission ratio of about 70% as shbwn in FIG. 17(d) are
preferably used.
[0083]

While the patterning is provided in the negative type in the
embodiment mentioned above, the patterning can be provided in the
positive type as well. For example when the patterning is provided in the
positive type, the photomask 52 may be so structured that the transmission

ratio of irradiated light in the semi-translucent part of the photomask can
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be increased more than in the remaining parts of the photomask.
(0084]) | |

The base layer 33 thus formed has a thickness in the range of e.g. 2-
30um, or preferably in the range of 5-20um. The base layer 33 usually has
a thickness of about 10pm. The area of the base layer 33 in which the
external-side connecting terminals 38 are to be formed has a thickness of
usually 80% or less of the thickness of the remaining areas. For example,
that area of the base layer 33 preferably has thickness of not more than
8um, or further preferably not more than 5um. Suppose that the area of
the base layer 33 in which the external-side connecting terminals 38 are to
be formed has thickness of 8um or less, when the remaining areas have a
usual thickﬁess of 10pm, the time required for the opening to be fdrmed in
the later stage can be shortened to the extent corresponding to 2pm.

[0085]

The area of the base layer 33 in which the external-side connecting
terminals 38 are to be formed has a lower limit of thickness or a minimum
thickness to serve as a barrier layer against the conductive pattern 34 when
the supporting board 32 is opened. For example, the area of the base layer
33 in which the external-side cbnnecting terminals 38 are to be formed can
have e.g. 3pm, or further about 1lpm, as the minimum thickness.
Accordingly, the area of the base layer 33 in which the external-side
connecting terminals 38 are to be formed preferably has a thickness in the
range of 0.1-8um or further preferably 1.0-5um.

{0086]

Sequentially, the conductive pattern 34 is formed on the base layer 33
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in the form of a specified wired circuit pattern in the same manner as in the
above, as shown in FIG. 16(e). Since the areas of the base layer 33 on
which the external-side connecting terminals 38 are to be formed are made

smaller in thickness than the remaining areas of the base layer 33, the

conductive pattern 34 is formed so that its portions on which metal plated

layers 45 are formed in the later stage are depressed toward the supporting
board 32 with respect to the remaining portions of the conductive pattern 34
to an extent corresponding to the reduced thickness. In this formation of
the conductive pattern 34, the widened portions 49 are formed
simultaneously with the patterning of the wired circuit pattern.

(0087]

Sequentially, as shown in FIG. 16(f)-(i), the conductive pattern 34 is
covered with the cover layer 35 in the same manner as in the above. Then,
the cover-side opening 42 is formed in the area of the conductive pattern 34
1n which the external-side connecting terminal 38 is to be formed so that the
maximum lengths of the widened portions 49 are placed in the crossing
areas 48. Thereafter, the supporting-board-side opening 43 is formed to be
larger than the area of the supporting board 32 corresponding to the cover-
side opening 42, as shown in FIG. 16G). Then, the base-side opening 44 is
formed 1n the base layer 33 exposed in the supporting-board-side opening 43
so that the maximum lengths of the widened portions 49 are placed in the
crossing areas 48, as shown in FIG. 16(k). Thereafter, the metal plated
layers 45 is formed on each side of the conductive pattern 34 exposed in the
cover-side opening 42 and in the base-side opening 44/ supporting-board-

side opening 43, as shown in FIG. 16(1). The metal plated layer 45 thus

39

HUTCHINSON EXHIBIT 1002



10

15

20

25

PAGE 112 OF 422

- )

formed is positioned with a certain space between its periphery and the
peripheries of the base-side opening 44 and supporting-board-side opening
43.

[0088)

When the suspension board with circuit 31 is produced in this method,
the base layer 33 is formed to have smaller thickness at the base-side
opening 44 for exposing the conductive pattern 34 than at the remaining
portions of the base layer 33 in the process of forming the base layer 33.
Consequently, when the base layer 33 is etched in the process of forming the
external-side connecting terminals 38, as shown in FIG. 16(k), the etching
time required for the conductive pattern 34 to be exposed can be shortened
to an extent corresponding to the difference between the reduced thickness
of the base layer 33 at the opening portions 31 and the thickness of the
remaining portions. This enables the conducti_ve pattern 34 to be exposed
in a short time, and as such can provide improved efficiency in producing
the external-side connecting terminals 38 in the form of the flying lead
exposed at both sides thereof.

[0089)

In this formation, since the base-side opening 44 and the supporting-
board-side opening 43 are formed to be larger than the exposed portion of
the conductive pattern 34, a certain space is left between the periphery of
the metal plated layer 45 and the peripheries of the base-side opening 44
and supporting-board-side opening 43. This can produce the effect that for A
example when the metal plated layer 45 is increased in thickness for

improvement in connection reliability, the metal plated layer 45 and the
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supporting board 32 can be prevented from contacting with each other.
This can surely prevent occurrence of a short circuit from the contact
between the metal plated layer 45 and the supporting board 32, thus
providing improved connection reliability and voltage proof property of the
5 suspension board with circuit 32.
(0090]

In the suspension board with circuit 31, the interval formed between
the periphery of the metal plated layer 45 and the periphery of the
supporting-board-side opening 43 1s preferablf at least 1pm, or preferébly

10  in the order of 2-100pm.
(0091] |

Further, 1in this formation, since the area of the conductive pattern 34
in which the metal plated layer 45 is formed is so formed as to be depressed
toward the supporting board 32, the distance from the front side of the

15 supporting board 32 to the front side of the metal plated layer 45 is
shortened to an extent corresponding to the depression with respect to the
remaining areas of the conductive pattern 34 and, as a result of this, the
metal plated layers 45 are placed closer to the outside of the supporting
board 32 to that extent. This can produce the effect that for example when

20 the external-side connecting terminals 38 are connected with read/write
terminals 54 of the read/write board 39 in such a manner that the
read/write terminals 54 are laid over the metal plated layers 45 and are
bonded to each other by applying supersonic vibration of the bonding tool,
the pressure bonding can be well ensured, thus providing further improved

25  connection reliability.
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[0092]

In the suspension board with circuit 31 thus formed, the thicknesswise
interval formed between the front side of the metal plated layers 45 and the
interface between the base layer 33 and the supporting board 32 is

5 preferably *6um, or further preferably +2pm.
(0093]

This suspension board with circuit 31 may be formed so that the
external-side connecting terminals 38 presented in the form of the flying
lead can have cover-side projections 50 formed as the reinforcing portions

10 and base-side projections 51 formed as the reinforcing portions, as shown in
FIG. 18. Specifically, the cover-side projections 50 are formed to project
from the ends of the cover-side opening 42 onto the conductive pattern 34 in
the cover-side opening 42 in the cover layer 35 in the crossing area 48 where
the ends of the cover-side opening 42/the base-side opening 44 and the

15 conductive patterns 34 are crossed each other. The base-side projections
51 are formed to project from the ends of the base-side opening 44 onto the
conductive pattern 34 in the base-side opening 44 in the base layer 33 in the
crossing areas 48.

[0094]

20 To be more spéciﬁc, the cover-side projections 50 and the base-side
projections 51 are formed in the respective lines of wire 34a, 34b, 34c and
34d at positions thereof corresponding to the crossing areas 48 (two areas
per each line of wire) and arranged with space from each other along the
longitudinal direction of the lines of wire 34a, 34b, 34c and 34d, as shown in

25 FIG. 18(b). These projections are formed in a convex shape projecting
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inwardly from the ends of the cover-side opening 42 and the base-side

opening 44 along the éxtending direction of the lines of wire 34a, 34b, 34c¢

and 34d, respectively. The cover-side projections 50 and the base-side

projections 51 are overlapped with the lines of wire 34a, 34b, 34¢c and 34d

5 and are so tapered (shaped generally in triangle as viewed from the top)

that the overlap can gradually reduce toward the inside of the cover-side

opening 42/base-side opening 44, respectively. As a result of this, the

external-side connecting terminals 38 are so formed that the lines of wire

34a, 34b, 34c and 34d can be covered with the cover-side projections 50 and

10 the base-side projections 51 at opposite ends thereof in the cover-side
opening 42 and the base-side opening 44.

[0095]

The cover-side projections 50 and the base-side projections 51 may be

made identical in projection length and basal width with the cover-side

15 projections 25 and the base-side projections 26 of the wired circuit board 11

mentioned above. Also, the shape of the cover-side projections 50 and the

base-side projections 51 is not limited to the one shown in FIG. 18(b), as

long as those projections have such a shape as to overlap with the lines of

wire 34a, 34b, 34c and 34d along the longitudinal direction of the lines of

20 wire 34a, 34b, 34c and 34d. For example, the cover-side projections 50 and

the base-side projections 51 may be formed to project toward the inside

thereof 1in a tapered manner, with the basal width slightly larger than the

line width of the lines of wire 34a, 34b, 34c and 34d. Further, those

projections 50, 51 may be formed in s'uch a rectangular shape as to overlap

25  with the lines of wire 34a, 34b, 34c and 34d along the longitudinal direction
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of the lines of wire 34a, 34b, 34c and 34d, without limiting to the generally
triangle shape.
[0096]

In the suspension board with circuit 31 shown in FIG. 18, the base-
side opening 44 is formed to be larger in area than the cover-side opening 42,
so that the base-side projection 51 is formed to be larger in length than the
cover-side projection 50 to that extent corresponding to the difference in
area between the base-side opening 44 and the cover-side opening 42, as
shown in FIG. 18(a).

(0097]

The external-side connecting terminals 38 having these cover-side
projections 50 and the base-side projections 51 are formed as follows. In
the process of FIG. 16(g)-(1), the cover layer 35 is opened in such a manner
as to form the cover-side projections 50 to thereby produce the cover-side
opening 42. In the process of FIG. 16(k), the base layer 33 is opened in
such a manner as to form the base-side projections 50 to thereby produce
the base-side opening 44. Thereafter, inithe process of FIG. 16(1), the
metal plated layer 45 is formed on each side of the conductive pattern 34
exposed 1n the cover-side opening 42 and the base-side opening 44.

(0098])

It 1s to be noted that in the suspension board with circuit 31 as well,
both of cover-side projections 50 and the base-side projections 51 are not
necessarily required, as 1s the case with the above. For example, only the
cover-side projections 50 may be formed, as shown in FIG. 19.

Alternatively, only the base-side projections 51 may be formed, as shown in
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FIG. 20.
(0099]
Further, modification may be made of the invention by forming the
widened portions 49 in the conductive pattern 34 and also forming the
5 cover-side projections 50 in the cover layer 35 and/or forming the base-side
projections 51_in the base layer 33, though not shown.
[0100]
Although the external-side connecting term_inals 38 provided in the
form of the flying lead have been exclusively discussed above, this

10 suspension board with circuit 31 includes magnetic-head'side connecting
terminals 37 provided in the form of the flying lead identical with the
external-side connecting terminals 38.

(0101])
[Examples)

15 While in the following, the present invention will be described in
further detail with reference to Examples, the present invention is not
limited to any Examples.

(0102]
Example 1

20 A liquiad solution of precursor of photosensitive polyimide resin was
applied on the stainless steel foil (SUS304 H-TA) having thickness of 20um
so that after dried, it could have a thickness of 24um and then dried at
130C to thereby form a coating of the precursor of the photosensitive
polyimide resin (Cf. FIG. 16(a)). Sequentially, the coating was exposed to

25 light (405nm, 1,500mdJ/cm?2) through a photomask (Cf. FIG. 16(b)). The
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exposed part of the coating was heated to 180C and then developed by

using an alkaline developer, whereby the coating was patterned with the

negativé imaging (Cf. FIG. 16(c)). Sequentially, the patterned coating of

the precursor of the photosensitive polyimide resin was heated at 350C to

5 be curéd (imidized), whereby a base layer made of polyimide resin of
thickness of 10um was formed in the specified pattern (Cf. FIG. 16(d)).

(0103)

In forming.the base layer, the photomask of metal film having a

latticed repeat pattern in which the light transmitting portions and the

10 light shielding portions are alternately arranged at a not more than 6 4 m

pitch (which corresponds to the photomask 52 having the average

transmission ratio of about 256% shown in FIG. 17(b)), was positioned over

the coating at its portion which is to be opened in the later stage and at

which an external-side connecting terminals are to be formed. Then, the

15 coating was exposed to light through the photomask, so that the amount of

light exposure in the portion of the coating at which the external-side

connecting terminals are to be formed could be reduced more than the

amount of light exposure in the remaihing portions of the coating (Cf. FIG.

16(b)). As a result of this, after the coating was developed and cured, the

20 Dbase layer having a thickness of 2um at portions thereof at which the

external-side connecting terminals are to be formed and a thickness of
10pm at the remaining portions thereof was obtained (Cf. FIG. 16(d)).

[0104]
Sequentially, a thin chrome film of thickness of 300A and a thin

25 copper film having thickness of 700 A were formed in sequence on the
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whole area of the stainless steel foil and the base layer by a sputtering
deposition process. Thereafter, a plating resist having an opposite pattern
to the specified wired circuit pattern was formed by use of a dry film resist,
and a conductive pattern having the specified wired circuit pattern was
5 formed in the part of the base layer where the plating resist was not formed,
in the semi-additive method using the electrolysis copper plating (Cf. FIG.
16(e)). As a result of the base layer being formed to be smaller in thickness
at its part at which the external-side connecting tgrminals are to be formed
than at its remaining parts, the conductive pattern thus formed had, at its
10 part at which the external-side connecting terminals are to be formed,
concave portions depressed toward the stainless steel foil from the
remaining portions of the conductive pattern with respect to the thickness
direction by about 8 £ m. The conductive pattern was formed to have
thickness of 10 # m and have the wired pattern formed by four lines of wire
15 each having width of 110 # m and spaced from . each other in parallel at
interval of 200 L m. -
(0105)

Further, generally round widened portions (Cf. FIG. 15(b)), which
were widened in the widthwise direction substantially o;'thogonal to the
20 extending direction of the lines of wire and had the maximum widthwise
length of 230 4 m and the longitudinal length of 100 &£ m, were formed in the
respective lines of wire in crossing areas where the ends of the cover-side
opening/the base-side opening and the lines of wire are crossed each other,

two for each line of wire.

25 (0106]
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Thereafter, the plating resist was removed by chemical etching and

then the thin chromium film and the thin copper film on which the plating
 resist had been formed were removed by chemical etching.
[0107]

5 Sequentially, a rigid, thin nickel film having thickness of 0.1pm was
formed on the surface of the conductive pattern and the surface of the
stainless steel foil by the electroless nickel plating. Thereafter, a liquid
solution of a precursor of the photosensitive polyimide resin was applied on
the thin nickel film and the base layer and then heated at 130°C to thereby

10 form a coating of the precursor of the photosensitive polyimide resin (Cf.
FIG. 16(f)). Sequentially, the coating was exposed to light (405nm,
1,500md/cm?) through the photomask (Cf. FIG. 16(g)). The exposed part of
the coating was heated to 180C and then developed by using an alkaline
developer, whereby the coating was patterned so that the conductive layer

15 could be covered with the coating (Cf. FIG. 16(h)). Sequentially, the
patterned coating of the precursor of photosensitive polyimide resin was
heated at 350C to be cured (imidized), whereby the cover layer comprising
polyimide resin of thickness of 3pm was formed on the conductive layer
(FIG. 163)).

20  [0108]

It i1s to be noted that in forming the cover layer, the cover-side
openings were formed in the cover layer so that when the cover layer was
patterned, the thin nickel film on the conductive pattern at its part at which
the external-side connecting terminals are to be formed could be exposed.

25 (0109)
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Sequentially, the external-side connecting terminals were formed in
the state in which their both sides were exposed. First, the supporting-
board-side openings larger than the cover-side openings were formed in the
stainless steel foil at its portions corresponding to the cover-side openings so

5 that the base layer could be exposed (Cf. FIG. 16(3)). The supporting-
board-side openings were formed in the process that after all of the areas of
the stainless steel foil, except the areas in which the supporting-board-side
openings are to be formed, were subjected to masking, the stainless steel foil
was subjected to the chemical etching. At the same time as the formation

10 of the supporting-board-side openings, the gimbals were cut into a
predetermined shape by the chemical etching.
(0110]

Sequentially, the thin nickel film as was exposed in the cover-side

openings was peeled and the thin nickel film formed on the stainless steel
15 foil was peeled.
[0111)

Then, the base layer exposed in the supporting-board-side openings of
stainless steel foil were opened and thereby the base-side openings were
formed to expose the ground formed on the back side of the conductive

20 Apattern (Cf. FIG. 16(k)). The base-side openings were formed by the
plasma etching. In the plasma etching, with the stain}ess steel foil as the
mask, the entire base layer exposed in the supporting-board-side openings
of the stainless steel foil was etched for about 2 minutes in the conditions of:
the mixed gas of CF4 and Oz (CF4/O2 =20/80) used as the gas filled; the gas

25  pressure (degree of vacuﬁin) of 25Pa; the frequency of 13.5MHz; and the
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power required for the plasma etching of 2,500W.
[0112]

The base-side openings thus formed were formed in the same size and
shape as the supporting-board-side openings, and the space of about 50 4t m
was defined between the periphery of the ground exposed in the base-side
openings and the periphery of the base-side opening/supporting-board-side
opening.

[0113])

Thereafter, the ground exposed in the base-side openings were peeled
to expose the back side of the conductive pattern. Sequentially, the metal
plated layers were formed by performing the electrolysis nickel plating and
the electrolysis gold plating being alternately, so that the nickel plated
layers having thickness of 2 # m and the gold plated layer having thickness
of 14 m were formed on the both sides of the conductive pattern thus
exposed (FIG. 16(D).

[0114]

The metal plated layers on the back side of the conductive pattern
thus formed left the thicknesswise interval of =2pm between the front side
of the metal plated layers and the interface between the base layer and the
stainless steel foil and also left the interval of 47um between the periphery
of the metal plated layer and the periphery of the base-side opening/the
supporting-board-side opening.

(0115)
After these processes, the suspension board with circuit was obtained

in which the external connecting terminals were presented in the form of
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the flying lead of the conductive paftern in which the widened portions were
formed in the lines of wire, respectively (Cf. FIG. 15).
(0116]) |
Example 2
5 The suspension board with circuit having the external-side connecting
terminals produced in the form of the flying lead of the qonductive pattern
whose lines of wire were covered with the base-side projections at their
| exposed ends was produced (FIG. 20) in the same operation as in Example 1,
except that instead of forming the widened portions in the lines of wire of
10 the conductive pattern, the base-side projections of generally triangle as
viewed from the top having the basal width of 110pm and the projection
length of 200pm were formed in the base layer in the crossing areas (two
areas per each line of wire) where the ends of the base-side opening and the
lines of wire are crossed each other, so as to project from the ends of the
15 base-side opening onto the conductive pattern in the base-side opening in
the process of opening the base layer to form the base-side openings-(Cf. FIG.
16(k)).
(0117]
- Comparative Example 1
20 Except that no widened portions were formed i1n the lines of wire of the
conductive pattern, the suspension board with circuit having the external-
side connecting terminals presented in the form of the flying lead was
produced (Cf. FIG. 21) in the same operation as in Example 1.
(0118)

25 Evaluation
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After being bonded to the external terminals comprising gold pads by
applying supersonic vibration thereto by use of the bonding tool, the
external-side connecting terminals of the suspension boards with circuit
obtained in Examples 1 and 2 and Comparative Example 1 were put to the

5 peel tests to measure the bonding strength.
(0119])

The test results are shown 1n Table 1 given below. It should be noted
that all destructions occured in the conductive patterns of the suspension
boards with circuit of Examples 1 and 2 took place in the areas where the

10 conductive pattern was covered with the cover layer and the base layer.

[0120)
[Table 1]
Example 1 Example 2 Comparative
Example 1
Bonding strength in peel 540 590 490
test (mN)
[Effects of the Invention)
15 As mentioned above, according to the wired circuit board of the

present invention, since at least any one of the first insulating layer, the
second insulating layer and the conductive pattern has reinforcing portions
for reinforcing the conductive pattern formed at ends of the opening in
crossing areas where ends of the opening and the conductive pattern are
20 crossed each other, the physical strength of the conductive pattern at the
ends of the opening can be reinforced. This can produce the effect that for
example when the conductive pattern is subject to stress concentration at

exposed portions thereof at ends of the opening in the process of bonding the
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terminal portions and the external connecting terminals by applying
supersonic vibration of a bonding tool, the disconnection of the conductive
pattern can be effectively prevented, thus providing improved connection
rehability.

5  [o121]

Hence, even when the wired circuit board of the present invention is
produced in the form of the flying lead in which both sides of the conductive
pattern are exposed, it can be sumitably used as the suspension board with
circuit with high connection relhiability.

10 [Brief Description of the Drawings)

FIG. 1 shows an embodiment of a wired circuit board (wherein a
widened portion is formed) of the present invenﬁoni (a) is a sectional view of
a principal portion of a terminal portion of the wired circuit board; and (b) is
a plan view of the terminal portion of the same.

15 FIG. 2 is an enlarged plan view of FIG. 1(b).

FIG. 3 illustrates the production processes of a wired circuit board
shown in FIG. 1:

(a) shows the step of forming a conductive paftern on a base layer;

(b) shows the step of forming a base layer on the conductive pattern;

20 (c) shows the step of forming a cover-side opening on the cover layer at
a portion thereof at which terminals are to be formed;

(d) shows the step of forming a base-side opening on the base layer at a
portion thereof at which terminals are to be formed; and

(e) shows the step of forming a metal plated layer on each of front and

25  back sides of the conductive pattern exposed in the cover-side opening and
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the base-side opening.

FIG. 4 shows another embodiment of the wired circuit board (whérein
a cover-side projection and a base-side projection are formed) of the present
invention: (a) is a sectional view of a principal portion of a terminal portion
of the wired circuit board; and (b) is a plan view of the terminal portion of
the same.

FIG. 5 is an enlarged view of the plan view shown in FIG. 4(b).

FIG. 6 is an enlarged view of the plane view of anotiler embodiment
shown in FIG. 4(b). |

FIG. 7 shows in section a principal portion of another embodiment
(only the cover-side projection is formed) of the wired circuit board shown in
FIG. 4(a).

FIG. 8 shows in section a principal portion of still another embodiment
(only the base-side projection is formed) of the wired circuit board shown in
FIG. 4(a).

FIG. 9 is a plan view of a suspension board with circuit presented as

one embodiment of the wired circuit board of the present invention.

FIG. 10 illustrates the production processes of the suspension board
with circuit shown in FIG. 9:

(a) shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on a supporting board;

(b) shows the step of exposing the coating to light through a
photomask;

(c) shows the step of developing the coating to form it into a

predetermined pattern;
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(d) shows the step of curing the patterned coating to form the Base
layer,

(e) shows the step of forming a conductive pattern on the base layer;

() shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on the conductive pattern;

(g0 shows the step of exposing the coating to light through a
photomask;

(h) shows the step of developing the coating to form it into a
predetermined pattern;

(1) shows the step of curing the patterned coating to form the cover
layer;

() shows the step of opening the supporting board at portions thereof
at which the external-side connecting terminals are formed;

(k) shows the step of opening the base layer at portions thereof at
which the external-side connecting terminals are formed; and

() shows the step of forming a metal plated layer on each side of the
exposed conductive pattern.

FIG. 11 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein a widened portion is formed) of the present
invention: (a) is a sectional view of a principal portion of an external-side
connecting terminal of the suspension board with circuit; and (b) is a plan
view of the external-side connecting terminal of the same.

FIG. 12 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein a cover-side projection and a base-side projection

are formed): (a) is a sectional view of a principal portion of an external-side
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connecting terminal of the suspension board with circuit; and (b) is a plan
view of the external-side connecting terminal of the same.

FIG. 13 shows i1n section a principal portion of another embodiment
(only the cover-side projection is formed) of the suspension board with
circuit shown in FIG. 12(a).

FIG. 14 shows in section a principal portion of still another
embodiment (only the base-side projection is formed) of the suspension
board with circuit shown in FIG. 12(a).

FIG. 15 shows ah embodiment of a suspension board with circuit
shown in FIG. 9 (wherein the conductive pattern has a concave form and a
widened portion is formed): (a) is a sectional view of a principal portion of an
external-side connecting terminal of the suspensiqn board with circuit; and
(b) 1s a plan view of the external-side connecting terminal of the same.

FIG. 16 illustrates the production processes of the suspension board
with circuit shown in FIG. 15:

(a) shows the step of forming a coating of a precursor of a
pho_tosensitive polyimide resin on a supporting board;

(b) shows the step of exposing the coating to light throﬁgh a
photomask;

(c) shows the step of developing the coating to form it into a
predetermined pattern; |

(d) shows the step of curing the patterned coating to form the base
layer,

(e) shows the step of forming a conductive pattern on the base layer;

() shows the step of forming a coating of a precursor of a
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photosensitive polyimide resin on the conductive pattern;

(2) shows the step of exposing the coating to light through a
photomask;

(h) shows the step of developing the coating to form it into a
predetermined pattern;

(1) shows the step of curing the patterned coating to form the cover
layer;

() shows the step of opening the supporting })oard at portions thereof
at which the external-side connecting terminals are formed;

(k) shows the step of opening the base layer at portions thereof at
which the external-side connecting terminals are formed; and

() shows the step of forming a metal plated layer on each side of the
exposed conductive pattern.

FIG. 17 is a schematic plan view of an embodiment of a photomask
used for exposing the coating to light in the step of FIG. 16(b):

(a) shows a semi-translucent striped pattern having an average
transmission ratio of about 50%;

(b) shows a semi-translucent latticed pattern having an averége
transmission ratio of about 25%;

(c) shows a semi-translucent circular staggered pattern having an
average transmission ratio of about 25%; and

(d) shows a semi-translucent circular staggered pattern having an
average transmission ratio of about 70%.

FIG. 18 shows an embodiment of a suspension board with circuit

shown in FIG. 9 (wherein the conductive pattern has a concave form and a
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cover-side projection and a base-side projection are formed): (a) is a

sectional view of a principal portion of an external-side connecting terminal

of the suspension board with circuit; and (b) is a plan view of the external-

side connecting terminal of the same.

5 FIG. 19 shows in section a principal part of another embodiment of a

suspension board with circuit shown in FIG. 18(a) (wherein only the cover-

side projection is formed).

FIG. 20 shows in section a principal part of still another embodiment

of a suspension board with circuit shown in FIG. 18(a) (wherein only the

10 base-side projection is formed).

FIG. 21 shows a conventional suspension board with circuit: (a) is a

sectional view of a principal portion of a terminal of the suspension board

with circuit; and (b) is a plan view of the terminal of the same.

[Description of Reference Numerals]

15 11
12

13

14

16

20 17
| 18
21

22

25

25 26

Wired circuit board
Base layer
Conductive pattern
Cover layer
Terminal portion
Cover-side opening
Base-side opening
Crossing area
Widened portion
Cover-side projection

Base-side projection
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31
32
33

34

38
42
43
44
10 48
49
50
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Suspension board with circuit
Supporting board

Base layer

Conductive pattern

Cover layer

External-side connecting terminal
Cover-side opening
Supporting-board-side opening
Base-side opening

Crossing area

Widened portion

Cover-side projection

Base-side projection
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TR PO

[(Document Name] Abstract of Disclosure
(Abstract)
[Object]To provide a wired circuit board having a terminal portion formed
as a flying lead that can provide enhanced strength of the conductive
5 pattern, both sides of which are exposed, by simple construction to
effectively prevent disconnection of the conductive pattern.
[(Solving Means] The wired circuit board 11 having the terminal portion
16 formed as the flying lead in which the both sides of the conductive
pattern 34 are exposed includes, in crossing areas 21 where ends of a
10 cover-side opening 17 and ends of a base-side opening 18 and the
conductive pattern 13 are crossed each other, (i) widened portions 22
formed in the conductive pattern 13 or (ii) cover-side projections 25 and
base-side projections 26 formed in the cover layer 35 and the base layer 33,
respectively.

15 [Selective Drawing] FIG. 1
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43) Of the above claim(s) ____is/are withdrawn from consideration.
5)[1 Claim(s) is/are allowed.
6)[X] Claim(s) 1-3 and 7-9 is/are rejected.
X Claim(s) 4-6 is/are objected to.
8)[ 1 Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)[J The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a){_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. §§ 119 and 120

12)[KXI Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)X] All b)[] Some * c)[ ] None of:
1.[J cCertified copies of the priority documents have been received.
2.[] cCertified copies of the priority documents have been received in Application No.
3. copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
13)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was included in the first sentence of the specification or in an Application Data Sheet.
37 CFR 1.78.
a) (] The translation of the foreign language provisional application has been received.
14)[C] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific
reference was included in the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.

Attachment(s)

1) DX Notice of References Cited (PTO-892) 4) [J interview Summary (PTO-413) Paper No(s). .
2) X Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) [] Notice of Informal Patent Application (PTO-152)

3) [[] Information Disclosure Statement(s) (PTO-1449) Paper No(s) . 6) [] other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-03) Office Action Summary Part of Paper No. 1103
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DETAILED ACTION
1. The present Office Action is responsive to Applicant’'s amended Response filed
August 25, 2003. The Examiner acknowledges the amendments to Claims 1, 2, 4, 5,7
and 8 that correct various minor informalities. Claims 1-9 remain pending in the instant

amended Application.

References Based On Prior Art

2. The following references were relied upon for the rejections hereinbelow:
Iwayama et al. (US 5,446,245) Yamato et al. (US 6,388,201 B2)*

*Already made of record in the instant Application.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

4. Claims 1 and 7 are rejected under 35 U.S.C. 102(b) as being anticipated by
Iwayama et al.

A) As to Claim 1, lwayama et al. discloses, in Figs. 1, 2 and 3C: a wired circuit
board comprising a first insulating layer 4, a conductive pattern 2 (i.e., pattern 2
including protruding terminal portion 2A) formed on the first insulating layer 4, a second

insulating layer 1 formed on conductive pattern 2, and an opening (corresponding to
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element 12 in Fig. 1 and corresponding to aperture 8 in mask 9 in Fig. 3C) formed at the
same position of the conductive pattern 2, for allowing the first insulating layer 4 and the
second insulating layer to open, so as to form a terminal portion 2A in which the front
and back sides of the conductive pattern 2 at terminal portion 2A are exposed (col.2:
59-col.3: 4), wherein first insulating layer 4 has reinforcing portions 6 for reinforcing the
conductive pattern 2 (at terminal portion 2A), formed at ends of the opening 8 in
crossing areas where ends of the opening 8 and conductive pattern 2 cross each other
(col.2: 37-41).

B) As to Claim 7, Iwayama et al. discloses, in Figs. 1, 2 and 3C: a wired circuit
board comprising a first insulating layer 4, a conductive pattern 2 (i.e., pattern 2
including protruding terminal portion 2A) formed on the first insulating layer 4, a second
insulating layer 1 formed on conductive pattern 2, and an opening (corresponding to
element 12 in Fig. 1 and corresponding to aperture 8 in mask 9 in Fig. 3C) formed at the
same position of the conductive pattern 2, for allowing the first insulating layer 4 and the
second insulating layer to open, so as to form a terminal portion 2A in which the front
and back sides of the conductive pattern 2 at terminal portion 2A are exposed (col.2:
59-col.3: 4), wherein first insulating layer 4 has projections 6 projecting from ends of the
opening 8 onto terminal portions 2A of the conductive pattern 2 in the opening 8 in the
crossing area where ends of the opening 8 and conductive pattern 2 cross each other

(col.2: 37-41).
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Claim Rej ctions - 35 USC § 103
5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

6. Claims 2, 3, 8 and 9 are rejected under 35 U.S.C. 103(a) as being obvious over
Iwayama et al. in view of Yamato et al.

The applied reference has a common assignee with the instant application.
Based upon the earlier effective U.S. filing date of the reference, it constitutes prior art
only under 35 U.S.C. 102(e). This rejection under 35 U.S.C. 103(a) might be overcome
by: (1) a showing under 37 CFR 1.132 that any invention disclosed but not claimed in
the reference was derived from the inventor of this application and is thus not an
invention “by another”; (2) a showing of a date of invention for the claimed subject
matter of the application which corresponds to subject matter disclosed but not claimed
in the reference, prior to the effective U.S. filing date of the reference under 37 CFR
1.131; or (3) an oath or declaration under 37 CFR 1.130 stating that the application and
reference are currently owned by the same party and that the inventor named in the
application is the prior inventor under 35 U.S.C. 104, together with a terminal disclaimer
in accordance with 37 CFR 1.321(c). For applications filed on or after November 29,
1999, this rejection might also be overcome by showing that the subject matter of the

reference and the claimed invention were, at the time the invention was made, owned
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by the same person or subject to an obligation of assignment to the same person. See
MPEP § 706.02(1)(1) and § 706.02(1)(2).

A) As to Claim 2:

I. lwayama et al. discloses, in Figs. 1, 2 and 3C: a wired circuit board comprising
a first insulating layer 4, a conductive pattern 2 (i.e., pattern 2 including protruding
terminal portion 2A) formed on the first insulating layer 4, a second insulating layer 1
formed on conductive pattern 2, and an opening (corresponding to element 12 in Fig. 1
and corresponding to aperture 8 in mask 9 in Fig. 3C) formed at the same position of
the conductive pattern 2, for allowing the first insulating layer 4 and the second
insulating layer to open, so as to form a terminal portion 2A in which the front and back
sides of the conductive pattern 2 at terminal portion 2A are exposed (col.2: 59-col.3: 4),
wherein first insulating layer 4 has reinforcing portions 6 for reinforcing the conductive
pattern 2 (at terminal portion 2A), formed at ends of the opening 8 in crossing areas
where ends of the opening 8 and conductive pattern 2 cross each other (col.2: 37-41).

Il. lwayama et al. further teaches that the wired circuit board is a thin-film
polyimide circuit (col.1: 9-13; col.2: 11-27 and 31-32) but does not teach that first
insulating layer 4 is formed on a metal supporting layer, wherein the metal supporting
layer has an opening corresponding to the openings formed in the first and second
insulating layers 4 and 1, respectively, for exposing the terminal portion 2A of
conductive pattern 2.

I1l. Yamato et al. discloses, in Fig. 13, a thin-film (Fig. 1; col.16: 5-28) wired

circuit board, structurally similar to that of Imayama et al., but further including a metal
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supporting layer 12 for providing structural support to the thin circuit, and also
comprising a first insulating layer 13 (polyimide material: col.5: 21-29) formed on the
metal supporting layer 12, a conductive pattern 14 (with plated layers 19), a second
insulating layer 18 (polyimide material: col.10: 18-22) and an opening (comprising
aperture 35 in first layer 13, aperture 33 in second layer 18 and aperture 34 in metal
supporting layer 12) for exposing the terminal portion 36 of conductive pattern 14.

IV. Since both Iwayama et al. and Yamato et al. both teach thin-film polyimide
wired circuit boards with exposed terminal portions and Yamato et al. further teaches a
metal supporting layer for applications wherein the thin-film circuit board requires
structural support (i.e., a “stiffener” for supporting the thin-film wiring board), then the
use of a metal supporting layer as a stiffener for the thin-film wiring board, in
applications wherein such mechanical support is required to ensure functional reliability
of the thin-film circuit board, and the inclusion of an aperture in the metal supporting
layer, corresponding to the apertures of the first and second insulating layers, for
forming the openings that expose the terminal portions of the conductive pattern, would
have been readily recognized for applications of the thin-film wired circuit board in the
pertinent art of Iwayama et al.

V. Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to further include a metal supporting (“stiffening”) layer
with an aperture for exposing the terminal portion of the conductive pattern in order to
provide mechanical support to the thin-film structure of the wiring board and thereby

ensure the functional reliability of the wiring board in various applications.
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B) Asto Claim 3:

I. Iwayama et al. et al. is silent as to any particular application of the thin-film
wiring board, as modified--with the metal supporting layer including the terminal
exposing aperture--by Yamato et al. However, Yamato et al. further teaches that the
thin-film wiring board--including the apertured metal supporting layer—is a suspension
board with circuit 11 (Fig. 1) used, for example, for a hard disk drive (col.1: 10-17; col.4:
22-34).

Il. Since lwayama et al., as modified by Yamato et al., teaches the wiring board
structure of base Claim 2, then the application of that structure as a suspension board
with circuit for a hard disk drive, as taught by Yamato et al., would have been readily
recognized in the pertinent art of modified Iwayama et al.

lll. Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to use the wiring board structure of modified lwayama et
al. as a suspension board with circuit 11 for a hard disk drive, as taught by Yamato et
al., as at least one application of the thin-film wiring board of modified Iwayama et al.

C) Asto Claim 8:

I. Iwayama et al. discloses, in Figs. 1, 2 and 3C: a wired circuit board comprising
a first insulating layer 4, a conductive pattern 2 (i.e., pattern 2 including protruding
terminal portion 2A) formed on the first insulating layer 4, a second insulating layer 1
formed on conductive pattern 2, and an opening (corresponding to element 12 in Fig. 1
and corresponding to aperture 8 in mask 9 in Fig. 3C) formed at the same position of

the conductive pattern 2, for allowing the first insulating layer 4 and the second
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insulating layer to open, so as to form a terminal portion 2A in which the front and back
sides of the conductive pattern 2 at terminal portion 2A are exposed (col.2: 59-col.3: 4),
wherein first insulating layer 4 has projections 6 projecting from ends of the opening 8
onto terminal portions 2A of the conductive pattern 2 in the opening 8 in the crossing
area where ends of the opening 8 and conductive pattern 2 cross each other (col.2: 37-
41).

Il. lwayama et al. further teaches that the wired circuit board is a thin-film
polyimide circuit (col.1: 9-13; col.2: 11-27 and 31-32) but does not teach that first
insulating layer 4 is formed on a metal supporting layer, wherein the metal supporting
layer has an opening corresponding to the openings formed in the first and second
insulating layers 4 and 1, respectively, for exposing the terminal portion 2A of
conductive pattern 2.

Ill. Yamato et al. discloses, in Fig. 13, a thin-film (Fig. 1; col.16: 5-28) wired
circuit board, structurally similar to that of Imayama et al., but further including a metal
supporting layer 12 for providing structural support to the thin circuit, and also
comprising a first insulating layer 13 (polyimide material: col.5: 21-29) formed on the
metal supporting layer 12, a conductive pattern 14 (with plated layers 19), a second
insulating layer 18 (polyimide material: col.10: 18-22) and an opening (comprising
aperture 35 in first layer 13, aperture 33 in second layer 18 and aperture 34 in metal
supporting layer 12) for exposing the terminal portion 36 of conductive pattern 14.

IV. Since both lwayama et al. and Yamato et al. both teach thin-film polyimide

wired circuit boards with exposed terminal portions and Yamato et al. further teaches a
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metal supporting layer for applications wherein the thin-film circuit board requires
structural support (i.e., a “stiffener” for supporting the thin-film wiring board), then the
use of a metal supporting layer as a stiffener for the thin-film wiring board, in
applications wherein such mechanical support is required to ensure functional reliability
of the thin-film circuit board, and the inclusion of an aperture in the metal supporting
layer, corresponding to the apertures of the first and second insulating layers, for
forming the openings that expose the terminal portions of the conductive pattern, would
have been readily recognized for applications of the thin-film wired circuit board in the
pertinent art of Iwayama et al.

V. Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to further include a metal supporting (“stiffening”) layer
with an aperture for exposing the terminal portion of the conductive pattern in order to
provide mechanical support to the thin-film structure of the wiring board and thereby
ensure the functional reliability of the wiring board in various applications.

D) As to Claim 9:

I. lwayama et al. et al. is silent as to any particular application of the thin-film
wiring board, as modified--with the metal supporting layer including the terminal
exposing aperture--by Yamato et al. However, Yamato et al. further teaches that the
thin-film wiring board--inciuding the apertured metal supporting layer--is a suspension
board with circuit 11 (Fig. 1) used, for example, for a hard disk drive (col.1: 10-17; col.4:

22-34).
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Il. Since lwayama et al., as modified by Yamato et al., teaches the wiring board
structure of base Claim 2, then the application of that structure as a suspension board
with circuit for a hard disk drive, as taught by Yamato et al., would have been readily
recognized in the pertinent art of modified lwayama et al.

Ill. Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to use the wiring board structure of modified Iwayama et
al. as a suspension board with circuit for a hard disk drive, as taught by Yamato et al.,

as at least one application of the thin-film wiring board of modified Iwayama et al.

Allowable Subject Matter
7. Claims 4 and 5-6 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.
8. The following is a statement of reasons for the indication of allowable subject
matter:

As to Claims 4 and 5-6, patentability resides in the limitation wherein the
conductive pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to an extending direction of the conductive pattern in crossing
areas where ends of the opening and the conductive pattern cross each other, in

combination with the other limitations of independent Claims 4 and 5.

PAGE 143 OF 422 HUTCHINSON EXHIBIT 1002



Application/Control Number: 10/195,392 Page 11
Art Unit: 2827

9. As allowable subject matter has been indicated, applicant's reply must either
comply with all formal requirements or specifically traverse each requirement not

complied with. See 37 CFR 1.111(b) and MPEP § 707.07(a).

Response to Arguments
10.  Applicant’'s arguments (see instant Amendment, pp.15-17, filed August 25, 2003)
with respect to the rejection(s)of claim(s) 1-3 and 7-9 under 35 USC § 102(e) as being
anticipated by Yamato et al. (US 6,388,201 B2) have been fully considered and are
persuasive. Therefore, the rejection has been withdrawn. However, upon further
consideration, a new ground(s) of rejection is made in view of Iwayama et al. (Claims 1
and 7) and lwayama et al. in view of Yamato et al. (Claims 2, 3, 8 and 9). Accordingly,

the present Office Action has been made NON-FINAL.

Conclusion

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

Ohkawa et al. (US 6,399,899 B1) discloses all of the limitations of Claims 4 and
5-6 including that the conductive pattern has widened portions 35 formed to extend in a
widthwise direction substantially orthogonal to an extending direction of the conductive
pattern 14 (Figs. 16-18) but does not teach that the widened portions 35 extend
orthogonally to an extending direction of the conductive pattern 14 in crossing areas

where ends of the opening 32 and th conductive pattern 14 cross each oth r
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(see Fig. 18 wherein the widened portions 35 extend orthogonally to an extending
direction of the conductive pattern 14 in the interior region of the opening 32 and not
in the crossing areas where ends of the opening 32 and the conductive patt rn 14

cross each other).

12.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to John B. Vigushin whose telephone number is 703-308-
1205 (Crystal City campus) and 571-272-1936 (Carlisle campus). The examiner can
normally be reached on 8:30AM-5.00PM Mo-Fri.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kamand Cuneo can be reached on 703-308-1233 (Crystal City campus) and
571-272-1957 (Carlisle campus). The fax phone number for the organization where this
application or proceeding is assigned is 703-308-7382.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is 703-308-

0956. / ,
. 594%“‘
Y John B. Vigushin

Primary Examiner
Art Unit 2827

jov
November 24, 2003
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| "5499160" | "5514907"

| "5523619" | "5541812"

| "5543664" | "5561591"

| "5566051" | "5572065"
USP
AT;

9 (L9 28 6not7 US-p

GPU
B
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L # | Hits Sear h Text DB
USP
174/250,256,257,258,2 | 1)
10 (L10 3320 251)cc|s’ 1£371,238,2 \ys.p
-ccls. GPU
B
USP
. AT;
11 |L11 11175 1fra:dﬂ("sf’5'“f°’°$6 US-P
streng ) GPU
B
USP
AT;
12 [L12 493 :1;:: (;f)e't“'es" uUs-P
pening GPU
B
USP
12 and (taper$3 AT;
13 [L13 162 widan s; :p?rr 3 US-P
en arrows$3) GPU
B
USP
AT;
14 |L14 1331 12 not 13 US-P
GPU
B
("5844753" | "5857257" |
15 [L15/4 || "6184479" | AT
"6217987").PN.
16 [L16 /0  6399899.URPN. usp
AT
("4357750" | USP
17 L1712 4631820").PN. AT
148 (L1811  5446245.URPN. USP
AT
("4931134" | "4978830" |
19 [L19|5 | "5065506" | "5088008"
| "5278385").PN.
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UsSP

20 [L20 5 5444188.URPN. AT

(3610811 | "4493952"
| "4883920" | “5010448" USP
| "5025348" | AT

"5130768").PN.

21 (L21 6

22 (L22 4 5252781.URPN. use

23 [L23 4 5252781.URPN.

24 |L.24 682 11 not 12 uUs-P

24 and (expose$1

25 [L25 372 -
exposing) GPU

26 |L26 310 24 not 25 Us-pP

27 |L27 91 26 and support$3 Us-P

28 [|L28 219 26 not 27 uUs-p
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3 and (reinforc$6 US-P

20 [L29 486 o h$S)

30 [L30 360 29 not (12 24) Us-P

31 (L31 983 3 not (12 24 30) Us-P

31 and (aperture$1

L32 372 .
32 opening$1) GPU

32 and (expose$1

33 |L33 190 .
exposing) GPU

34 |L34 182 32 not 33 Us-pP

35 |L35 100 34 and support$3 US-P
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36

L36

82

34 not 35 US-P

37

L37

1196

174/255.ccls. uUsS-P

38

L38

37 not (12 24 30 32) Us-P

39

L39

321

38 and (aperture$1
opening$1)

40

L40

200

38 and (reinforc$6
strength$5)

41

L41

97

39 and 40 Us-P

42

L42

103

40 not 41 Us-pP
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43

L43

224

39 not 40 US-P

44

L44

224

43 not 42 uUs-P

45

L45

224

43 not 41 Us-P

46

L46

118

(3 10 37) and
suspension GPU
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Customer No.: 26263
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of;

Makoto KOMATSUBARA, et al.

U.S. Application No.: 10/195,392

Group Art Unit: 2841
Confirmation No.: 2813

Examiner: John B. Vigushin
Filed: July 16, 2002

For: WIRED CIRCUIT BOARD

= . :19‘
[ ol ;“‘
TS D
o T
AMENDMENT UNDER 37 C.F.R. § 1.111 e =
= 2 5
MAIL STOP NON-FEE AMENDMENT 0 3
Commuissioner for Patents ~
P.O. Box 1450 3
Alexandria, VA 22313-1450 ©
Sir:

INTRODUCTORY REMARKS

In response to the Non-Final Office Action dated June 18, 2003, Paper No. 0603, please amend
the above-identified application as follows:
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AMENDMENTS TO THE SPECIFICATION:

Page 1, the second paragraph was amended as follows:
The wired circuit boards used for electronic/electric equipments equipment are usually provided

with terminal portions to connect with external connecting terminals.

Page 1, the third paragraph was amended as follows:

In recent years, the so-called “flying lead” in which the terminal portions are formed on both
sides of the conductive pattern, rather than in only either side thereof, is being in widespread use in order
to meet the demand for electronic/electric equipment to have increasingly higher density and reduced

size. It is known, for example, in a suspension board with circuit used for a hard disk drive that the

terminals are provided in the form of flying lead.

Page 2, the second full paragraph was amended as follows:
In this terminal portion formed as the flying lead, since the both sides of the conductive pattern

are exposed, the supersonic vibration is easily transmitted to the terminals. This is suitable for the

bonding using the supersonic vibration: on the other hand, this provides the disadvantage that the
conductive pattern exposed at both sides thereof is weak in physical strength and is subject to stress
concentration at edge portions of the openings in the base layer and cover layer, to cause easy

disconnection of the conductive pattern with-ease.

Beginning at page 2, replace the “SUMMARY OF THE INVENTION” scction, continuing
to page 7, with the following new “SUMMARY OF THE INVENTION?” section:
It is the object of the invention to provide a new wired circuit board having a terminal portion

formed as a flying lead in which both sides of a conductive pattern are exposed that can provide enhanced
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strength of the conductive pattern by simple construction to effectively prevent the occurrence of
disconnection of the conductive pattern.

The present invention provides a wired circuit board comprising a first insulating layer, a
conductive pattern formed on the first insulating layer, a second insulating layer formed on the conductive
pattern, and an opening, formed at the same position of the conductive pattern, for allowing the first
insulating layer and the second insulating layer to open, so as to form a terminal portion in which front
and back sides of the conductive pattern are exposed, wherein at least any one of the first insulating layer,
the second insulating layer and the conductive pattern has reinforcing portions for reinforcing the
conductive pattern formed at ends of the opening in crossing areas where ends of the opening and the
conductive pattern are-cressed- cross each other.

Also, the present invention provides a wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern, and an opening, formed at
the same position of the conductive pattern, for allowing the metal supporting layer and the first
insulating layer, and the second insulating layer to open, so as to form a terminal portion in which front
and back sides of the conductive pattern are exposed, wherein at least any one of the first insulating layer,
the second insulating layer and the conductive pattern has reinforcing portions for reinforcing the
conductive pattern formed at ends of the opening in crossing areas where ends of the opening and the
conductive pattern are-crossed- cross each other.

In the wired circuit boards mentioned above, since at least any one of the first insulating layer, the
second insulating layer and the conductive pattern has the reinforcing portions for reinforcing the
conductive pattern formed at the ends of the opening in the crossing areas where the ends of the opening
and the conductive pattern are-crossed- cross each other, the physical strength of the conductive pattern at

the ends of the opening can be reinforced. This can produce the effect that for example, when the
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conductive pattern, both sides of which are exposed, is subject to stress concentration at the end portions
of the opening in the process of bonding the terminal portion and the external connecting terminal by
applying supersonic vibration of a bonding tool, the disconnection of the conductive pattern can be
effectively prevented, thus providing improved bonding reliability.

In addition, the present invention provides a wired circuit board comprising a first insulating
layer, a conductive pattern formed on the first insulating layer, a second insulating layer formed on the
conductive pattern, and an opening, formed at the same position of the conductive pattern, for allowing
the first insulating layer and the second insulating layer to open, so as to form a terminal portion in which
front and back sides of the conductive pattern are exposed, wherein the conductive pattern has widened
portions formed to extend in a widthwise direction substantially orthogonal to an extending direction of
the conductive pattern in crossing areas where ends of the opening and the conductive pattern are-erossed
cross each other.

Also, the present invention provides a wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern, and an opening, formed at
the same position of the conductive pattern, for allowing the metal supporting layer and the first
insulating layer, and the second insulating layer to open, so as to form a terminal portion in which front
and back sides of the conductive pattern are exposed, wherein the conductive pattern has widened
portions formed to extend in a widthwise direction substantially orthogonal to an extending direction of
the conductive pattern in crossing areas where ends of the opening and the conductive pattern are-crossed
cross each other.

In the wired circuit boards mentioned above, since the conductive pattern has widened portions
formed to extend in a widthwise direction substantially orthogonal to the extending direction of the

conductive pattern in the crossing areas where the ends of the opening and the conductive pattern are
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erossed cross each other, the physical strength of the conductive pattern at the ends of the opening can be
reinforced. This can produce the effect that for example when the conductive pattern both sides of which
are exposed is subject to stress concentration at the end portions of the opening in the process of bonding
the terminal portion and the external connecting terminal by applying supersonic vibration of the bonding
tool, the disconnection of the conductive pattern can be effectively prevented, thus providing improved
bonding reliability.

Further, the present invention provides a wired circuit board comprising a first insulating layer, a
conductive pattern formed on the first insulating layer, a second insulating layer formed on the conductive
pattern, and an opening, formed at the same position of the conductive pattern, for allowing the first
insulating layer and the second insulating layer to open, so as to form a terminal portion in which front
and back sides of the conductive pattern are exposed, wherein the first insulating layer and/or the second
insulating layer have projections projecting from ends of the opening onto the conductive pattern in the
opening in the crossing areas where the ends of the opening and the conductive pattern are-crossed- cross
each other.

Also, the present invention provides a wired circuit board comprising a metal supporting layer, a
first insulating layer formed on the metal supporting layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern, and an opening, formed at
the same position of the conductive pattern, for allowing the metal supporting layer and the first
insulating layer, and the second insulating layer to open, so as to form a terminal portion in which front
and back sides of the conductive pattern are exposed, wherein the first insulating layer and/or the second
insulating layer have projections projecting from ends of the opening onto the conductive pattern in the
opening in the crossing areas where the ends of the opening and the conductive pattern are-crossed- cross

each other.
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In the wired circuit boards mentioned above, since the first insulating layer and/or the second
insulating layer have projections projecting from the ends of the opening onto the conductive pattern in
the opening in the crossing areas where the ends of the opening and the conductive pattern are-erossed
cross each other, the physical strength of the conductive pattern at the ends of the opening can be
reinforced. This can produce the effect that for example when the conductive pattern both sides of which
are exposed is subject to stress concentration at the end portions of the opening in the process of bonding
the terminal portion and the external connecting terminal by applying supersonic vibration of the bonding
tool, the disconnection of the conductive pattern can be effectively prevented, thus providing improved
bonding reliability.

The wired circuit board of the present invention can provide high bonding reliability so that the
wired circuit board can be used as the suspension board with circuit, even when formed as the flying lead

in which both sides of the conductive pattern are exposed.

Page 16, the first full paragraph was amended as follows:

The wired circuit board 11 has the terminal portion 16 in the form of the flying lead. In the
terminal portion 16, widened portions 22 as reinforcing portions which extend in a widthwise direction
substantially orthogonal to an extending direction of the conductive pattern 13 are provided in the
conductive pattern 13 in crossing areas 21 where the ends of the cover-side opening 17/the base-side

opening 18 and the conductive patterns 13 are-eressed- cross each other, as shown in FIG. 1(b).

Page 18, the first full paragraph was amended as follows:
In this formation of the wired circuit board 11, since the widened portions 22 widened in the
widthwise direction of the conductive pattern 13 are formed in the conductive pattern 13 in the crossing

areas 21 where the ends of the cover-side opening 17/the base-side opening 18 and the conductive pattern

6
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13 are crossed each other, the physical strength of the conductive pattern 13 at the ends of the cover-side
opening 17 and at the ends of the base-side opening 18 can be reinforced. This can produce the effect that
for example when the conductive pattern 13 are_is subject to stress concentration at exposed portions
thereof at ends of the cover-side opening 17 and base-side opening 18 in the process of bonding the
terminal portions 16 and the external connecting terminals by applying supersonic vibration of a bonding
tool, the disconnection of the conductive pattern 13 can be effectively prevented, thus providing improved

connection reliability.

Page 23, the first full paragraph was amended as follows:

In FIG. 9, the suspension board with circuit 31 has a base layer 33, as a first insulating layer of
insulating material, which is formed on a supporting board 32 extending longitudinally as a metal
supporting layer. A conductive pattern 34 is formed on the base layer 33 in the form of a specified wired
circuit pattern, and a cover layer 35 (netshews see Fig. 10) is formed on the conductive pattern 34 as a
second insulating layer of insulating material. The conductive pattern 34 is provided in the form of the
plurality of lines of wire 34a, 34b, 34c and 34d arrayed in parallel with spaced at a predetermined

interval.

Page 55, the third full paragraph was amended as follows:

Sequentially, the conductive pattern 34 is covered with the cover layer 35 of insulating material,
as shown in FIG. 10(f)-(i). The same insulating material as the insulating material of the base layer 3533

is used for forming the cover layer 35. Preferably, photosensitive polyimide resin is used therefor.

Page 31, the first full paragraph was amended as follows:
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As shown in FIG. 11, in the external-side connecting terminals 38 of the suspension board with
circuit 31, widened portions 49 as reinforcing portions extending in a widthwise direction substantially
orthogonal to an extending direction of the conductive pattern 34 are provided in the conductive pattern
34 in the crossing areas 48 where the ends of the cover-side opening 42/the base-side opening 44 and the

conductive patterns 34 are-erossed-_cross each other, as is the case with the wired circuit board 11.

Page 35, the second full paragraph, continuing to page 36, was amended as follows:

In this formation of the suspension board with circuit 31, since the cover-side projections 50 and
the base-side projections 51 are formed at the cover layer 35 and the base layer 33 in the crossing areas 48
where the ends of the cover-side opening 42/base-side opening 44 and the conductive patterns 43 are
erossed cross each other, so as to project from the ends of the cover-side opening 42/the base-side
opening 44 onto the conductive pattern 34 in the cover-side opening 42 and the base-side opening 44,
respectively, the physical strength of the conductive pattern 34 at the ends of the cover-side opening 42
and at the ends of the base-side opening 44 can be reinforced. This can produce the effect that for
example when the conductive pattern 34 are_is subject to stress concentration at exposed portions thereof
at ends of the cover-side opening 42 and base-side opening 44 in the process of bonding the external-side
connecting terminals 38 and the read/write terminals 54 by applying supersonic vibration of the bonding
tool, the disconnection of the conductive pattern 34 can be effectively prevented, thus providing improved

connection reliability.

Page 36, the third full paragraph, continuing to page 37, was amended as follows:
In this suspension board with circuit 31, the external-side connecting terminals 38 may be formed
in such a manner that the conductive pattern 34 is depressed toward the supporting board 32 with respect

to the remaining portions of the conductive pattern 34 at its portions corresponding to the external-side
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connecting terminals 38 and also the base-side opening 44 and the supporting-board-side opening 43 are
made larger than the areas in which the metal plated layers 45 are formed, as shown in FIG. 15(a). In the
external-side connecting terminals 38 thus formed, the widened portion 49 may be formed in the
conductive pattern 34 in the crossing areas 48 where the ends of the cover-side opening 42/base-side

opening 44 and the conductive pattern 34 are-erossed- cross each other, as shown in FIG. 12(b).

Page 44, the second full paragraph was amended as follows:

This suspension board with circuit 31 may be formed so that the external-side connecting
terminals 38 presented in the form of the flying lead can have cover-side projections 50 formed as the
reinforcing portions and base-side projections 51 formed as the reinforcing portions, as shown in FIG. 18.
Specifically, the cover-side projections 50 are formed to project from the ends of the cover-side opening
42 onto the conductive pattern 34 in the cover-side opening 42 in the cover layer 35 in the crossing area
48 where the ends of the cover-side opening 42/the base-side opening 44 and the conductive patterns 34
are-crossed- cross each other. The base-side projections 51 are formed to project from the ends of the
base-side opening 44 onto the conductive pattern 34 in the base-side opening 44 in the base layer 33 in

the crossing areas 48.

Page 53, the third full paragraph was amended as follows:

The suspension board with circuit having the external-side connecting terminals produced in the
form of the flying lead of the conductive pattern whose lines of wire were covered with the base-side
projections at their exposed ends was produced (FIG. 20) in the same operation as in Example 1, except
that instead of forming the widened portions in the lines of wire of the conductive pattern, the base-side
projections of generally triangle as viewed from the top having the basal width of 110um and the

projection length of 200um were formed in the base layer in the crossing areas (two areas per each line of

9
PAGE 166 OF 422 HUTCHINSON EXHIBIT 1002



U.S. Application No.: 10/195,392 Attorney Docket No.: 30015280.0001

wire) where the ends of the base-side opening and the lines of wire are-eressed-_ cross each other, so as to

project from the ends of the base-side opening onto the conductive pattern in the base-side opening in the

process of opening the base layer to form the base-side openings (Cf. FIG. 16(k)).
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AMENDMENTS TO THE CLAIMS:

1. (Currently amended) A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for allowing the first insulating
layer and the second insulating layer to open, so as to form a terminal portion in which front and back
sides of the conductive pattern are exposed,

wherein at least any one of the first insulating layer, the second insulating layer and the
conductive pattern has reinforcing portions for reinforcing the conductive pattern formed at ends of the
opening in crossing areas where ends of the opening and the conductive pattern are-eressed- cross each

other.

2. (Currently amended) A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern formed on the first insulating
layer, a second insulating layer formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the metal supporting layer and the first insulating layer,
and the second insulating layer to open, so as to form a terminal portion in which front and back sides of
the conductive pattern are exposed,

wherein at least any one of the first insulating layer, the second insulating layer and the
conductive pattern has reinforcing portions for reinforcing the conductive pattern formed at ends of the
opening in crossing areas where ends of the opening and the conductive pattern are-erossed- cross each

other.

3. (Original) The wired circuit board according to Claim 2, wherein the wired circuit board is a

suspension board with circuit.
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4. (Currently amended) A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for allowing the first insulating
layer and the second insulating layer to open, so as to form a terminal portion in which front and back
sides of the conductive pattern are exposed,

wherein the conductive pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to an extending direction of the conductive pattern in crossing areas where ends

of the opening and the conductive pattern are-eressed- cross each other.

5. (Currently amended) A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern formed on the first insulating
layer, a second insulating layer formed on the conductive pattern, and an opening, formed at the same
postition of the conductive pattern, for allowing the metal supporting layer and the first insulating layer,
and the second insulating layer to open, so as to form a terminal portion in which front and back sides of
the conductive pattern are exposed,

wherein the conductive pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to an extending direction of the conductive pattern in crossing areas where ends

of the opening and the conductive pattern are-erossed-_cross each other.

6. (Original) The wired circuit board according to Claim S, wherein the wired circuit board is a

suspension board with circuit.
7. (Currently amended) A wired circuit board comprising a first insulating layer, a conductive

pattern formed on the first insulating layer, a second insulating layer formed on the conductive pattern,

and an opening, formed at the same position of the conductive pattern, for allowing the first insulating
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layer and the second insulating layer to open, so as to form a terminal portion in which front and back
sides of the conductive pattern are exposed,

wherein at least one of the first insulating layer and/er and the second insulating layer have
projections projecting from ends of the opening onto the conductive pattern in the opening in the crossing

area where the ends of the opening and the conductive pattern are-cressed- cross each other.

8. (Currently amended) A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern formed on the first insulating
layer, a second insulating layer formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the metal supporting layer and the first insulating layer,
and the second insulating layer to open, so as to form a terminal portion in which front and back sides of
the conductive pattern are exposed,

’ wherein at least one of the first insulating layer and/or and the second insulating layer have
projections projecting from ends of the opening onto the conductive pattern in the opening in the crossing

‘ areas where the ends of the opening and the conductive pattern are-erossed- cross each other.

9. (Original) The wired circuit board according to Claim 8, wherein the wired circuit board is a

suspension board with circuit.

13
PAGE 170 OF 422 HUTCHINSON EXHIBIT 1002




U.S. Appliéation No.: 10/195,392 Attorney Docket No.: 30015280.0001

AMENDMENTS TO THE ABSTRACT OF THE DISCLOSURE:

A wired circuit board having a terminal portion formed as a flying lead that can provide enhanced
strength of the conductive pattern, both sides of which are exposed, by simple construction to effectively
prevent disconnection of the conductive pattern. The wired circuit board having the terminal portion
formed as the flying lead in which the both sides of the conductive pattern are exposed includes, in
crossing areas where ends of a cover-side opening and ends of a base-side opening and the conductive
pattern are-eressed- cross each other, (i) the widened portions formed in the conductive pattern or (ii)
cover-side projections and base-side projections formed in the cover layer and the base layer,

respectively.

14
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REMARKS

Claims 1-9 are presently pending in the application. Reconsideration and allowance of all claims
are respectfully requested in view of the following remarks.

The Examiner has objected to Claims 1-9 due to informalities. The claims have been amended to
obviate any informalities noted by the Examiner.

The Examiner has rejected Claims 1-3 and 7-9 under 35 U.S.C. §102(e) as being anticipated by
Yamato et al. (USP 6,388,201 B2).

However, the Examiner has stated that Claims 4, 5 and 6 would be allowable if rewritten or
amended to overcome the informalities set forth in the Office Action. Since Claims 4-6 have been
amended to overcome any informalities noted by the Examiner, Claims 4-6 should stand allowed.

With respect to Claims 1-3 and 7-9, for the following reasons, the prior art rejection is
respectfully traversed.

The Applicants respectfully submit that Yamato et al. do not teach or suggest a wired circuit
board wherein at least any one of the first insulating layer, the second insulating layer and the conductive
pattern has reinforcing portions for reinforcing the conductive pattern formed at ends of the opening in
crossing areas where ends of the opening and the conductive pattern cross each other, as recited in Claims
1 and 2.

Rather, Yamato et al. are completely silent with respect to this feature, and the Examiner is
“reading into” the reference to assert there are such “reinforcing portions”. In particular, there is no
mention in the specification, or top view of the board 12, which would show such “reinforcing portions”.
Further, the portions the Examiner refer to in Yamato et al. as the “reinforcing portions”, designated by
“a” in Fig. 2, are portions of the base layer 13 that remain after opening 35 is etched (see col. 11, lines 17-
30). Thus, the portion of base layer 13 designated as “a” is not a “reinforcing portion”, but rather a
remainder portion after etching, and would not reinforce the conductive layer 14. Thus, the Examiner is

incorrect that “reinforcing portions” are inherent in the Yamato et al. reference.
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However, in the present invention, as shown in Fig. 1, widened portions 22 are the reinforcing
portions which reinforce the conductive pattern 13 at the area where the opening and conductive patterns
cross each other. On the other hand, the “a” shown in Fig. 2 of the cited reference does not have any
structure which may reinforce the specific portion such as the above-mentioned crossed portion, because
“a” of Fig. 2 of Yamato et al. has the same structure (shape) when viewed from the thickness direction of
the paper (i.e., when viewed from the direction perpendicular to the sectional view of Fig. 2).

Accordingly, Claims 1 and 2 are not anticipated by Yamato et al., and the rejection of Claims 1
and 2 under 35 U.S.C. §102(e) should be withdrawn.

Further, since Claim 3 depends from Claim 2, it is also patentably distinguishable over Yamato et
al. for the reasons cited above with respect to Claim 2.

With respect to Claims 7 and 8, the Applicants respectfully submit that Yamato et al. do not teach
or suggest a wired circuit board wherein at least one of the first insulating layer and the second insulating
layer have projections projecting from ends of the opening onto the conductive pattern in the opening in
the crossing area where the ends of the opening and the conductive pattern cross each other.

Rather, Yamato et al. are completely silent with respect to this feature, and similarly with the
reinforcing portions above, the Examiner is “reading into” the reference to assert there are such
“projecting portions”. In particular, there is no mention in the specification, or top view of the board 12,
which would show such “projecting portions”. Thus, the Examiner can not assert that it is inherent that
“projecting portions” are present, since only side views are shown of the base layer 13 and the crossing
area at the opening 35 where the base layer 13 and the conductive layer 14 cross one another, and it is not
apparent that projecting portions project across the opening 35 onto the conductive layer 14.

Rather, as stated above, rather than projecting portions 25 being formed across the conductive
layer 14 as in the present invention, Yamato et al. disclose forming base layer 13 such that a portion was
etched away to form opening 35 (see Fig. 6(c)). However, the portion of base layer 13 designated as “a”
is not a “projecting portion”, but rather a remainder portion after etching. Thus, the Examiner is incorrect

that “projecting portions” are inherent in the Yamato et al. reference.
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Accordingly, Claims 7 and 8 are not anticipated by Yamato et al., and the rejection of Claims 7
and 8 under 35 U.S.C. §102(e) should be withdrawn.
Further, since Claim 9 depends from Claim 8, it is also patentably distinguishable over Yamato et
al. for the reasons cited above with respect to Claim 8.
If the Examiner believes that there is any issue which could be resolved by a telephone or
personal interview, the Examiner is respectfully requested to contact the undersigned attorney at the
telephone number listed below.
Applicants hereby petition for any extension of time which may be required to maintain the
pendency of this case, and any required fee for such an extension is to be charged to Deposit Account No.
19-3140.
Respectfully submitted,
Jean C. Edwards
Registration No. 41,728

Sonnenschein Nath & Rosenthal LLP

P.O. Box 061080

Wacker Drive Station

Chicago, Illinois 60606-1080

Telephone: 312/876-2891

Facsimile: 312/876-7457
Date: August 25, 2003

14329715/V1
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. Application No. Applicant(s)
10/195,392 KOMATSUBARA ET AL.
Office Action Summary Examiner Art Unit
John B. Vigushin 2827

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- I NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
N Responsive to communication(s) filed on 16 July 2002 .
2a)[ ] This action is FINAL. 2b)X This action is non-final.

3)[J since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.
Disposition of Claims

4)X Claim(s) 1-9is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X] Claim(s) 1-3 and 7-9 is/are rejected.
7)) Claim(s) 4-6 is/are objected to.

8)[ Ciaim(s)
Application Papers

are subject to restriction and/or election requirement.

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[J accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11)[J The proposed drawing correction filed on

is: a)[_] approved b)[] disapproved by the Examiner.

If approved, corrected drawings are required in reply to this Office action.
12)[] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
alX]Al b)[] Some* c)[J None of:
1..J Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. __

3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [] The translation of the foreign language provisional application has been received.
15)_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) IZ Notice of References Cited (PTO-892) 4) l:] interview Summary (PTO-413) Paper No(s). .
2) [:] Notice of Draftsperson's Patent Drawing Review (PTO-948) S) [:] Notice of Informal Patent Application (PTO-152)
3) E] Information Disclosure Statement(s) (PTO-1449) Paper No(s) . 6) D Other:

U.S. Patent and Trademark Office

PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 0603
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DETAILED ACTION
Claim Objections

1. Claims 1-9 are objected to because of the following informalities:

As to Claims 1 and 2, the last two lines: “are crossed” should be changed to
--Cross--,

As to Claims 4, 5, 7 and 8, the last line: “are crossed” should be changed to
--Cross--.

Claims 3, 6 and 9 depend from rejected base claims and therefore inherit the
defects in those base claims.

Appropriate correction is required.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent uniess —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States

only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

3. Claims 1-3 and 7-9 are rejected under 35 U.S.C. 102(e) as being anticipated by
Yamato et al. (US 6,388,201 B2).
The applied reference has a common assignee with the instant application.

Based upon the earlier effective U.S. filing date of the reference, it constitutes prior art
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under 35 U.S.C. 102(e). This rejection under 35 U.S.C. 102(e) might be overcome
either by a showing under 37 CFR 1.132 that any invention disclosed but not claimed in
the reference was derived from the inventor of this application and is thus not the
invention “by another,” or by an appropriate showing under 37 CFR 1.131.

As to Claim 1, Yamato et al. discloses, in Figs. 2 and 6e: a first insulating layer
13; a conductive pattern 14 on first insulating layer 13; a second insulating layer 18
formed on conductive pattern 14; an opening 34/35 (i.e., comprising openings 34 and
35) and an opening 33 formed at the same position of conductive pattern 14, for
allowing first and second insulating layers 13 and 33, respectively, to open, so as to
form a terminal portion in which front and back sides of conductive pattern 14 are
exposed (Figs. 2 and 6e); first insulating layer 13 has reinforcing portions (i.e., the
portions of layer 13 that have length a and abut the sides of the region of pattern 14
having plating 19; Figs. 2 and 6e) for inherently reinforcing conductive pattern 14 at
ends of the opening 34/35 in crossing areas where ends of opening 34/35 and
conductive pattern 14 cross each other.

As to Claim 2, Yamato et al. discloses, in Figs. 2 and 6e: a metal supporting layer
12; afirst insulating layer 13 formed on metal supporting layer 12; a conductive pattern
14 on first insulating layer 13; a second insulating layer 18 formed on conductive pattern
14; an opening 34/35 (i.e., comprising openings 34 and 35) and an opening 33 formed
at the same position of conductive pattern 14, for allowing metal supporting layer 12 and
first and second insulating layers 13 and 33 to open, so as to form a terminal portion in

which front and back sides of conductive pattern 14 are exposed (Figs. 2 and 6e); first
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insulating layer 13 has reinforcing portions (i.e., the portions of layer 13 have length a
and abut the sides of the region of pattern 14 having plating 19; Figs. 2 and 6e) for
inherently reinforcing conductive pattern 14 at ends of the opening 34/35 in crossing
areas where ends of opening 34/35 and conductive pattern 14 cross each other.

As to Claim 3, the wired circuit board is a suspension board 12 with circuit (Figs.
1 and 2; col.4: 35-40).

As to Claim 7, Yamato et al. discloses, in Figs. 2 and 6e: a first insulating layer
13; a conductive pattern 14 on first insulating layer 13: a second insulating layer 18
formed on conductive pattern 14; an opening 34/35 (i.e., comprising openings 34 and
35) and an opening 33 formed at the same position of conductive pattern 14, for
allowing first and second insulating layers 13 and 33, respectively, to open, so as to
form a terminal portion in which front and back sides of conductive pattern 14 are
exposed (Figs. 2 and 6e); first insulating layer 13 has projections (i.e., the portions of
layer 13 having length a; Fig. 2) projecting from ends of opening 34/35 onto the
conductive pattern 14 in the opening 34/35 in the crossing areas where the ends of
opening 34/35 and conductive pattern 14 cross each other (Fig. 2).

As to Claim 8, Yamato et al. discloses, in Figs. 2 and 6e: a metal supporting layer
12; a first insulating layer 13 formed on metal supporting layer 12; a conductive pattern
14 on first insulating layer 13; a second insulating layer 18 formed on conductive pattern
14; an opening 34/35 (i.e., comprising openings 34 and 35) and an opening 33 formed
at the same position of conductive pattern 14, for allowing metal supporting layer 12 and

first and second insulating layers 13 and 33 to open, so as to form a terminal portion in
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which front and back sides of conductive pattern 14 are exposed (Figs. 2 and 6e); first
insulating layer 13 has projections (i.e., the portions of layer 13 having length a; Fig. 2)
projecting from ends of opening 34/35 onto the conductive pattern 14 in the opening
34/35 in the crossing areas where the ends of opening 34/35 and conductive pattern 14
cross each other (Fig. 2).

As to Claim 9, the wired circuit board is a suspension board 12 with circuit (Figs.

1 and 2; col.4: 35-40).

Allowable Subject Matter
4. Claims 4 and 5-6 would be allowable if rewritten or amended to overcome the
objection(s) set forth, above, in section 1 of this Office action.
5. The following is a statement of reasons for the indication of allowable subject
matter:

As to Claims 4 and 5-6, patentability resides in the limitation wherein the
conductive pattern has widened portions formed to extend in a widthwise direction
Substantially orthogonal to an extending direction of the conductive pattern in crossing
areas where ends of the opening and the conductive pattern cross each other, in
combination with the other limitations of independent Claims 4 and 5.

6. As allowable subject matter has been indicated, applicant's reply must either
comply with all formal requirements or specifically traverse each requirement not

complied with. See 37 CFR 1.111(b) and MPEP § 707.07(a).
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Conclusion
7. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.
Kilby et al. (US 3,711,626) discloses a wiring board with openings 77 that expose

conductive pattern 79 (Fig. 14).

8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to John B. Vigushin whose telephone number is 703-308-
1205. The examiner can normally be reached on 8:30AM-5:00PM Mo-Fri.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, David L. Talbott can be reached on 703-305-9883. The fax phone numbers
for the organization where this application or proceeding is assigned are 703-308-7382
for regular communications and 703-308-7382 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is 703-308-

s

John B. Vlgushln
Examiner
Art Unit 2827

jbv
June 15, 2003
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Attormney Docket No.: 30015280.0001
Customer No.: 30412

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Makoto KOMATSUBARA, et al. Group Art Unit: Not yet assigned
U.S. Application No.: Not yet assigned Examiner: Not yet assigned
Confirmation No.: Not yet assigned

Filed: July 16, 2002

For: WIRED CIRCUIT BOARD

PRELIMINARY AMENDMENT

Commissioner for Patents and Trademarks
Washington, D.C. 20231

Sir:

Prior to examination of the above-identified application, please amend the application as follows:

IN THE SPECIFICATION:
Page 1, prior to paragraph 1, please add the following new paragraph:

The present invention claims priority from Japanese Patent Application Serial No. 2001-216812,
filed July 17, 2001, which is herein incorporated by reference.
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Attorney Docket No.: 30015280.0001

Entry of this Preliminary Amendment prior to examination of the above-identified application is

respectfully requested.

The Commissioner is hereby authorized to charge any additional fees, which may be required, or

credit any overpayment, to Deposit Account No. 19-3140.

Sonnenschein Nath & Rosenthal

1301 K St., N.W.

East Tower, Suite 600
Washington, D.C. 20005
Telephone: 202/408-6428
Facsimile: 202/408-6399
Date: July 16, 2002

25051547\V1
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Respectfully submitted,

C..

Jean C. Edwards
Registration No. 41,728
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Attorney Docket No.: 30015280.0001

APPENDIX I

VERSION WITH MARKINGS TO SHOW CHANGES MADE

IN THE SPECIFICATION:

Page 1, prior to paragraph 1, the following new paragraph was added:
The present invention claims priority from Japanese Patent Application Serial No. 2001-216812,

filed July 17, 2001, which is herein incorporated by reference.
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WIRED CIRCUIT BOARD

BACKGROUND OF THE INVENTION
[0001]
Field of the Invention

The present invention relates to a wired circuit board and, more
particularly, to a wired circuit board suitably used for a suspension board
with circuit.

[0002]
Description of the Prior Art

The wired circuit boards used for electronic/electric equipments are
usually provided with terminal portions to connect with external connecting
terminals.

[0003]

In recent years, the so-called "flying lead” in which the terminal
portions are formed on both sides of the conductive pattern, rather than in
only either side thereof, is being in widespread use In order to meet the
demand for electronic/electric equipment to have increasingly higher
density and reduced size. It is known, for example, in suspension board
with circuit used for a hard disk drive that the terminals are provided in the
form of flying lead.

[0004]

To be more specific, the suspension board with circuit comprises a

supporting board 1 of stainless steel foil, a base layer 2 of an insulating

material formed on the supporting board 1, a conductive pattern 3 formed
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on the base layer 2 in the form of a specified circuit pattern, and a cover
layer 4 of an insulating material, for covering the conductive pattern 3, as
shown in FIG. 21. The terminal portions 5 provided in the form of the
flying lead are formed on both sides of the conductive pattern 3 in the
following manner. The cover layer 4 is opened to expose a front side of the
conductive pattern 3, while also the supporting board 1 and the base layer 2
are opened to expose a back side of the conductive pattern 3. If necessary,
metal plated layers 6 are formed on the both sides of the thus exposed
conductive pattern 3 by nickel/gold plating and the like.

[0005]

Thereafter, these terminal portions formed as the flying lead are
bonded to external connecting terminals by applying supersonic vibration
thereto by use of a bonding tool and the like.

[0006]

In this terminal portion formed as the flying lead, since the both sides
of the conductive pattern are exposed, the supersonic vibration is easily
transmitted to the terminals. This is suitable for the bonding using the
supersonic vibration: on the other hand, this provides the disadvantage that
the conductive pattern exposed at both sides thereof is weak in physical
strength and is subject to stress concentration at edge portions of the
openings in the base layer and cover layer, to cause disconnection of the
conductive pattern with ease.

[0007]
SUMMARY OF THE INVENTION

It is the object of the invention to provide a new wired circuit board
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having a terminal portion formed as a flying lead in which both sides of a
conductive pattern are exposed that can provide enhanced strength of the
conductive pattern by simple construction to effectively prevent occurrence
of disconnection of the conductive pattern.

[o008]

The present invention provides a wired circuit board comprising a first
insulating layer, a conductive pattern formed on the first insulating layer, a
second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the first
insulating layer and the second insulating layer to open, so as to form a
terminal portion in which front and back sides of the conductive pattern are
exposed, wherein at least any one of the first insulating layer, the second
insulating layer and the conductive pattern has reinforcing portions for
reinforcing the conductive pattern formed at ends of the opening in crossing
areas where ends of the opening and the conductive pattern are crossed
each other.

[0009]

Also, the present invention provides a wired circuit board comprising a
metal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the
metal supporting layer and the first insulating layer, and the second
insulating layer to open, so as to form a terminal portion in which front and

back sides of the conductive pattern are exposed, wherein at least any one of
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the first insulating layer, the second insulating layer and the conductive
pattern has reinforcing portions for reinforcing the conductive pattern
formed at ends of the opening in crossing areas where ends of the opening
and the conductive pattern are crossed each other.

[0010]

In the wired circuit boards mentioned above, since at least any one of
the first insulating layer, the second insulating layer and the conductive
pattern has the reinforcing portions for reinforcing the conductive pattern
formed at the ends of the opening in the crossing areas where the ends of
the opening and the conductive pattern are crossed each other, the physical
strength of the conductive pattern at the ends of the opening can be
reinforced. This can produce the effect that for example when the
conductive pattern both sides of which are exposed is subject to stress
concentration at the end portions of the opening in the process of bonding
the terminal portion and the external connecting terminal by applying
supersonic vibration of a bonding tool, the disconnection of the conductive
pattern can be effectively prevented, thus providing improved bonding
reliability.

[0011]

In addition, the present invention provides a wired circuit board
comprising a first insulating layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for
allowing the first insulating layer and the second insulating layer to open,

so as to form a terminal portion in which front and back sides of the

4
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conductive pattern are exposed, wherein the conductive pattern has
widened portions formed to extend in a widthwise direction substantially
orthogonal to an extending direction of the conductive pattern in crossing
areas where ends of the opening and the conductive pattern are crossed
each other.

[0012]

Also, the present invention provides a wired circuit board comprising a
metal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the
metal supporting layer and the first insulating layer, and the second
insulating layer to open, so as to form a terminal portion in which front and
back sides of the conductive pattern are exposed, wherein the conductive
pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to an extending direction of the conductive pattern
in crossing areas where ends of the opening and the conductive pattern are
crossed each other.

[0013]

In the wired circuit boards mentioned above, since the conductive
pattern has widened portions formed to extend in a widthwise direction
substantially orthogonal to the extending direction of the conductive
pattern in the crossing areas where the ends of the opening and the
conductive pattern are crossed each other, the physical strength of the

conductive pattern at the ends of the opening can be reinforced. This can
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produce the effect that for example when the conductive pattern both sides
of which are exposed is subject to stress concentration at the end portions of
the opening in the process of bonding the terminal portion and the external
connecting terminal by applying supersonic vibration of the bonding tool,
the disconnection of the conductive pattern can be effectively prevented,
thus providing improved bonding reliability.

[0014]

Further, the present invention provides a wired circuit board
comprising a first insulating layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for
allowing the first insulating layer and the second insulating layer to open,
so as to form a terminal portion in which front and back sides of the
conductive pattern are exposed, wherein the first insulating layer and/or
the second insulating layer have projections projecting from ends of the
opening onto the conductive pattern in the opening in the crossing areas
where the ends of the opening and the conductive pattern are crossed each
other.

[0015]

Also, the present invention provides a wired circuit board comprising a
metal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the

metal supporting layer and the first insulating layer, and the second

6
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insulating layer to open, so as to form a terminal portion in which front and
back sides of the conductive pattern are exposed, wherein the first
insulating layer and/or the second insulating layer have projections
projecting from ends of the opening onto the conductive pattern in the
opening in the crossing areas where the ends of the opening and the
conductive pattern are crossed each other.

[0016]

In the wired circuit boards mentioned above, since the first insulating
layer and/or the second insulating layer have projections projecting from
the ends of the opening onto the conductive pattern in the opening in the
crossing areas where the ends of the opening and the conductive pattern are
crossed each other, the physical strength of the conductive pattern at the
ends of the opening can be reinforced. This can produce the effect that for
example when the conductive pattern both sides of which are exposed is
subject to stress concentration at the end portions of the opening in the
process of bonding the terminal portion and the external connecting
terminal by applying supersonic vibration of the bonding tool, the
disconnection of the conductive pattern can be effectively prevented, thus
providing improved bonding reliability.

[0017]

The wired circuit board of the present invention can provide high
bonding reliability so that the wired circuit board can be used as the
suspension board with circuit, even when formed as the flying lead in which
both sides of the conductive pattern are exposed.

[0018]
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 shows an embodiment of a wired circuit board (wherein a
widened portion is formed) of the present invention: (a) is a sectional view of
a principal portion of a terminal portion of the wired circuit board; and (b) is
a plan view of the terminal portion of the same.

FIG. 2 is an enlarged plan view of FIG. 1(b).

FIG. 3 illustrates the production processes of a wired circuit board
shown in FIG. 1:

(a) shows the step of forming a conductive pattern on a base layer;

(b) shows the step of forming a base layer on the conductive pattern;

(c) shows the step of forming a cover-side opening on the cover layer at
a portion thereof at which terminals are to be formed;

(d) shows the step of forming a base-side opening on the base layer at a
portion thereof at which terminals are to be formed; and

(e) shows the step of forming a metal plated layer on each of front and
back sides of the conductive pattern exposed in the cover-side opening and
the base-side opening.

FIG. 4 shows another embodiment of the wired circuit board (wherein
a cover-side projection and a base-side projection are formed) of the present
invention: (a) is a sectional view of a principal portion of a terminal portion
of the wired circuit board; and (b) is a plan view of the terminal portion of
the same.

FIG. 5 is an enlarged view of the plan view shown in FIG. 4(b).

FIG. 6 is an enlarged view of the plane view of another embodiment

8
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shown in FIG. 4(b).

FIG. 7 shows in section a principal portion of another embodiment
(only the cover-side projection 1s formed) of the wired circuit board shown in
FIG. 4(a).

FIG. 8 shows in section a principal portion of still another embodiment
(only the base-side projection is formed) of the wired circuit board shown in
FIG. 4(a).

FIG. 9 is a plan view of a suspension board with circuit presented as
one embodiment of the wired circuit board of the present invention.

FIG. 10 illustrates the production processes of the suspension board
with circuit shown in FIG. 9:

(a) shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on a supporting board;

(b) shows the step of exposing the coating to light through a
photomask;

(0 shows the step of developing the coating to form it into a
predetermined pattern;

(d) shows the step of curing the patterned coating to form the base
layer,

(e) shows the step of forming a conductive pattern on the base layer;

() shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on the conductive pattern;

(g) shows the step of exposing the coating to light through a
photomask;

(h) shows the step of developing the coating to form it into a
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predetermined pattern;

(1) shows the step of curing the patterned coating to form the cover
layer;

(j) shows the step of opening the supporting board at portions thereof
at which the external-side connecting terminals are formed;

(k) shows the step of opening the base layer at portions thereof at
which the external-side connecting terminals are formed; and

(1) shows the step of forming a metal plated layer on each side of the
exposed conductive pattern.

FIG. 11 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein a widened portion is formed) of the present
invention: (a) is a sectional view of a principal portion of an external-side
connecting terminal of the suspension board with circuit; and (b) is a plan
view of the external-side connecting terminal of the same.

FIG. 12 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein a cover-side projection and a base-side projection
are formed): (a) is a sectional view of a principal portion of an external-side
connecting terminal of the suspension board with circuit; and (b) is a plan
view of the external-side connecting terminal of the same.

FIG. 13 shows in section a principal portion of another embodiment
(only the cover-side projection 1is formed) of the suspension board with
circuit shown in FIG. 12(a).

FIG. 14 shows in section a principal portion of still another
embodiment (only the base-side projection is formed) of the suspension

board with circuit shown in FIG. 12(a).

10
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FIG. 15 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein the conductive pattern has a concave form and a
widened portion is formed): (a) is a sectional view of a principal portion of an
external-side connecting terminal of the suspension board with circuit; and
5 (b) is a plan view of the external-side connecting terminal of the same.
FIG. 16 illustrates the production processes of the suspension board
with circuit shown in FIG. 15:
(a) shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on a supporting board;
10 (b) shows the step of exposing the coating to light through a
photomask;
(c) shows the step of developing the coating to form it into a
predetermined pattern;
(d) shows the step of curing the patterned coating to form the base
15 layer,
(e) shows the step of forming a conductive pattern on the base layer;
() shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on the conductive pattern;
(2) shows the step of exposing the coating to light through a
20 photomask;
(h) shows the step of developing the coating to form it into a
predetermined pattern;
(i) shows the step of curing the patterned coating to form the cover
layer;

25 () shows the step of opening the supporting board at portions thereof

11
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at which the external-side connecting terminals are formed:
(k) shows the step of opening the base layer at portions thereof at
which the external-side connecting terminals are formed; and
(1) shows the step of forming a metal plated layer on each side of the
5 exposed conductive pattern.
FIG. 17 is a schematic plan view of an embodiment of a photomask
used for exposing the coating to light in the step of FIG. 16(b):
(a) shows a semi-translucent striped pattern having an average
transmission ratio of about 50%;
10 (b) shows a semi-translucent latticed pattern having an average
transmission ratio of about 25%;
(¢) shows a semi-translucent circular staggered pattern having an
average transmission ratio of about 25%; and
(d) shows a semi-translucent circular staggered pattern having an
15 average transmission ratio of about 70%.
FIG. 18 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein the conductive pattern has a concave form and a
cover-side projection and a base-side projection are formed): (a) is a
sectional view of a principal portion of an external-side connecting terminal
20 of the suspension board with circuit; and (b) is a plan view of the external-
side connecting terminal of the same.
FIG. 19 shows in section a principal part of another embodiment of a
suspension board with circuit shown in FIG. 18(a) (wherein only the cover-
side projection is formed).

25 FIG. 20 shows in section a principal part of still another embodiment

12
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of a suspension board with circuit shown in FIG. 18(a) (wherein only the
base-side projection is formed).

FIG. 21 shows a conventional suspension board with circuit: (a) is a
sectional view of a principal portion of a terminal of the suspension board
with circuit; and (b) is a plan view of the terminal of the same.
fo019]

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, there is shown an embodiment of a wired circuit
board of the present invention. FIG. 1(a) is a sectional view of a principal
portion of a terminal portion of the wired circuit board; and FIG. 1(b) is a
plan view of the terminal portion of the same. In FIG. 1(a), the wired
circuit board 11 comprises a base layer 12 formed as a first insulating layer
of insulating material, a conductive pattern 13 formed on the base layer 12
in the form of a specified wired circuit pattern, and a cover layer 14 formed
as a second insulating layer of insulating material on the conductive
pattern 13. The conductive pattern 13 is provided in the form of a plurality
of lines of wires 13a, 18b, 13c and 13d arrayed in parallel with each other
with spaced at a predetermined interval, as shown in FIG. 1(b).

[0020]

The insulating materials of the base layer 12 and the cover layer 14
that may be used include, for example, synthetic resins, such as polyimide
resin, acrylic resin, polyether nitrile resin, polyether sulfonic resin,
polyethylene terephthalate resin, polyethylene naphthalate resin and
polyvinyl chloride resin. Polyimide resin is preferably used.

[0021]

13
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The base layer 12 and the cover layer 14 usually have thickness of 1-
30nm, or preferably 2-20pm.
[0022]

The conductive materials used for the conductive pattern 13 include,
for example, copper, nickel, gold, solder or alloys thereof. Copper 1s
preferably used. The conductive pattern 13 usually has thickness of 2-
30pm, or preferably 5-20pm.

[0023]

This wired circuit board 11 is formed in the following way. First, as
shown in FIG. 3(a), the conductive pattern 13 is formed on the base layer 12
formed in a film-like form, in the form of the specified wired circuit pattern
by a known patterning process, such as a subtracting process, an additive
process and a semi-additive process. Then, as shown in FIG. 3(b), the base
layer 12 is covered with the cover layer 14 in a known method, for example,
by adhesive bonding a film-like resin to the conductive pattern 13 or by
applying a photosensitive resin to the conductive pattern 13 and then
curing that resin.

[0024]

In the wired circuit board 11 thus formed, as shown in FIG. 1(a), the
cover layer 14 is opened to expose a front side of the conductive pattern 13
and also the base layer 12 is opened to expose a back side of the conductive
pattern 13 in such a manner that the exposed front side of the conductive
pattern 13 and the exposed back side of the same correspond in position to
each other so as to expose the both sides of the conductive pattern 13.

Then, on the both sides of the exposed conductive pattern 13, metal plating

14
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layers 15 are formed thereby forming the terminal portion 16 in the form of
the flying lead.
[0025]

This terminal portion 16 is formed in the following manner. First, a
cover-side opening 17 is formed in the cover layer 14 in a portion thereof in
which the terminal portion 16 is to be formed, in a known method, such as
drilling, laser machining, etching and patterning of photosensitive resin, as
shown in FIG. 3(c). Likewise, a base-side opening 18 is formed in the base
layer 12 in a portion thereof corresponding to the cover-side opening 17, ina
known method, such as drilling, laser machining, etching and patterning of
photosensitive resin, as shown in FIG. 3(d). The cover-side opening 17 and
the base-side opening 18 are opened into a rectangular shape to cover all
the lines of wire 13a, 13b, 13c and 13d.

[0026]

As shown in FIG. 3(e), the metal plating layers 15 are formed by
plating on both sides of the conductive pattern 13 exposed in the cover-side
opening 17 and the base-side opening 18.

[0027]

No particular limitation is imposed on the plating method used for
forming the metal plated layer 15. The metal plating layer 15 may be
formed by either of electrolysis plating and electroless plating. Also, no
particular limitation is imposed on the metals used for the plating. Known
metals may be used for the plating. It is preferable that the electrolysis
nickel plating and the electrolysis gold plating are performed in sequence so

that a gold plated layer 20 is formed on a nickel plated layer 19. The

15

HUTCHINSON EXHIBIT 1002



10

15

20

25

PAGE 289 OF 422

[ g3y

TF-h ow I L

L)
i

. v 4 .

nickel plated layer 19 and the gold plated layer 20 each have thickness of
the order of 1-5pm.
[0028]

The wired circuit board 11 has the terminal portion 16 in the form of
the flying lead. In the terminal portion 16, widened portions 22 as
reinforcing portions which extend in a widthwise direction substantially
orthogonal to an extending direction of the conductive pattern 13 are
provided in the conductive pattern 13 in crossing areas 21 where the ends of
the cover-side opening 17/the base-side opening 18 and the conductive
patterns 13 are crossed each other, as shown in FIG. 1(b).

[0029]

To be more specific, the widened portions 22 are formed in the
respective lines of wire 13a, 13b, 13c and 13d at positions thereof which
correspond to the crossing areas 21 (two areas per each line of wire) and
arranged with space from each other along the longitudinal direction of the
lines of wire 13a, 13b, 13c and 13d. The widened portions 22 are formed in
such a generally round shape as to protrude widthwise from the lines of
wire 13a, 13b, 13c and 13d.

[0030]

As shown in FIG. 2, each widened portion 22 is arranged, with its
generally outer half portion embedded in the cover layer 14/base layer 12
and its generally inner half portion exposed in the cover-side opening 17/
base-side opening 18, when a maximum widthwise length 23 between the
adjacent lines of wire is defined as a boundary between the outer half

portion and the inner half portion. Thus, the terminals 16 are formed in

16
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such a dumbbell shape that the lines of wire 13a, 13b, 13c and 13d are
protruded widthwise at both ends thereof in the cover-side opening 17/the
base-side opening 18.

[0031]

Each widened portion 22 is so formed that the maximum widthwise
length 23 is 1.1-4 times, or preferably 2-3 times, as longer as a usual line
width 24 of the lines of wire 13a, 13b, 13¢ and 13d exposed outside in the
cover-side opening 17/base-side opening 18. To be more specific, a
widthwise part of widened portion 22 at the maximum widthwise length 23
is 20-1,000pm in length and a lengthwise part of the widened portion 22
extending in a longitudinal direction of the lines of wire 13a, 13b, 13c and
13d is 50-500pm in length.

[0032]

The widened portions 22 may be formed in any shape other than the
generally round shape, as long as they are shaped to protrude widthwise
and have widths larger than the usual width. For example, the widened

portion 22 may be formed in rectangle.

~ [0033]

The terminal portion 16 having this widened portion 22 can be formed
in the processes given below. The widened portions 22 are formed with the
patterning of the wired circuit pattern in the process of forming the
conductive pattern 13. Then, in the processes of FIG. 3(c) and (d), the
cover layer 14 and the base layer 12 are each opened so that the maximum
widthwise length 23 of the widened portion 22 can be within the crossing

areas 21 and thereby the cover-side opening 17 and the base-side opening

17
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18 are formed. Thereafter, in the process shown in FIG. 3(e), the metal
plated layer 15 is formed on each side of the conductive pattern 13 exposed
in the cover-side opening 17 and the base-side opening 18.

[0034]

In this formation of the wired circuit board 11, since the widened
portions 22 widened in the widthwise direction of the conductive pattern 13
are formed in the conductive pattern 13 in the crossing areas 21 where the
ends of the cover-side opening 17/the base-side opening 18 and the
conductive pattern 13 are crossed each other, the physical strength of the
conductive pattern 13 at the ends of the cover-side opening 17 and at the
ends of the base-side opening 18 can be reinforced. This can produce the
effect that for example when the conductive pattern 13 are subject to stress
concentration at exposed portions thereof at ends of the cover-side opening
17 and base-side opening 18 in the process of bonding the terminal portions
16 and the external connecting terminals by applying supersonic vibration
of a bonding tool, the disconnection of the conductive pattern 13 can be
effectively prevented, thus providing improved connection reliability.

[0035]

In addition, the wired circuit board 11 may be formed so that the
terminal portion 16 presented in the form of this flying lead can have
cover-side projections 25 formed as the reinforcing portions and base-side
projections 26 formed as the reinforcing portions, as shown in FIG. 4.
Specifically, the cover-side projections 25 are formed to project from the
ends of the cover-side opening 17 onto the conductive pattern 13 in the

cover-side opening 17 in the cover layer 14 in the crossing areas 21 where

18
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the ends of the cover-side opening 17/the base-side opening 18 and the
conductive patterns 13 are crossed each other. The base'side projections
26 are formed to project from the ends of the base-side opening 18 onto the
conductive pattern 13 in the base-side opening 18 in the base layer 12 in the
crossing areas 21.

[0036]

To be more specific, the cover-side projections 25 and the base-side
projections 26 are formed in the respective lines of wire 13a, 13b, 13c and
13d at positions thereof which correspond to the crossing areas 21 (two
areas per each line of wire) and arranged with space from each other along
the longitudinal direction of the lines of wire 13a, 13b, 13c¢c and 13d, as
shown in FIG. 4(b). These projections 25, 26 are formed in a convex shape
projecting inwardly from the ends of the cover-side opening 17 and the
base-side opening 18 along the extending direction of the lines of wire 13a,
13b, 13c and 13d, respectively.

[o037]

The cover-side projections 25 and the base-side projections 26 are
overlapped with the lines of wire 13a, 13b, 13c and 13d and are so tapered
(shaped generally in triangle as viewed from the top) that the overlap can
gradually reduce toward the inside of the cover-side opening 17/base-side
opening 18, respectively. As a result of this, the terminal portions 16 are
so formed that the lines of wire 13a, 13b, 13c and 13d can be covered with
the cover-side projections 25 and the base-side projections 26 at opposite
ends thereof in the cover-side opening 17 and the base-side opening 18.

[0038]

19
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The cover-side projections 25 and the base-side projections 26 are
formed to project at projection length 27 of one-fourth to one-thirtieth, or
preferably one-fifth to one-twentieth, to a line length 29 of each of the lines
of wire 13a, 13b, 13c and 13d exposed in the cover-side opening 17 and the
base-side opening 18, as shown in FIG. 5. To be more specific, each of the
cover-side projections 25 and the base-side projections 26 has a basal width
28 of 5-20pm slightly smaller than a line width 24 of lines of wire 13a, 13b,
13c and 13d at the ends of the cover-side opening 17/the base-side opening
18. The cover-side projections 25 and the base-side projections 26 are
projected inwardly in a taped manner at a projection length 27 of 5-250pm
and are formed in a generally triangle whose top 1is located at a widthwise
center of lines of wire 13a, 13b, 13c and 13d.

[0039]

The shape of the cover-side projections 25 and the base-side
projections 26 is not limited to the one shown in FIG. 5, as long as those
projections have such a shape as to overlap with the lines of wire 13a, 13b,
13c and 13d along the longitudinal direction of the lines of wire 13a, 13b,
13c and 13d. For example, as shown in FIG. 6, the cover-side projections
25 and the base-side projections 26 may be formed to project toward the
inside thereof in a tapered manner from the ends of the cover-side opening
17/the base-side opening 18, with the basal width 28 slightly larger than
the line width 24 of the lines of wire 13a, 13b, 13c and 13d. Further, those
projections 25, 26 may be formed in such a rectangular shape as to overlap
with the lines of wire 13a, 13b, 13c and 13d along the longitudinal direction

of the lines of wire 13a, 13b, 13c and 13d, without limiting to the generally
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triangle shape.
[0040]

The terminal portions 16 having these cover-side projections 25 and
the base-side projections 26 are formed as follows. In the process of FIG.
3(c), the cover layer 14 is opened in such a manner as to form the cover-side
projections 25 to thereby produce the cover-side opening 17. In the process
of FIG. 3(d), the base layer 12 is opened in such a manner as to form the
base-side projections 26 to thereby produce the base-side opening 18.
Thereafter, in the process of FIG. 3(e), the metal plated layer 15 is formed
on each side of the conductive pattern 13 exposed in the cover-side opening
17 and the base-side opening 18.

[0041]

In this formation of the wired circuit board 11, since the cover-side
projections 25 and the base-side projections 26 are formed in the cover layer
14 and the base layer 12 in the crossing areas 21 where the ends of the
cover-side opening 17/the base-side opening 18 and the conductive patterns
13 are crossed each other, so as to project from the ends of the cover-side
opening 17/the base-side opening 18 onto the conductive pattern 13 in the
cover-side opening 17 and the base-side opening 18, respectively, the
physical strength of the conductive pattern 13 at the ends of the cover-side
opening 17 and at the ends of the base-side opening 18 can be reinforced.
This can produce the effect that for example when the conductive pattern 13
are subject to stress concentration at exposed portions thereof at ends of the
cover-side opening 17 and base-side opening 18 in the process of bonding the

terminal portions 16 and the external connecting terminals by applying

21

IEI P
i bt

ot

HUTCHINSON EXHIBIT 1002



10

15

20

25

PAGE 295 OF 422

e
)
Ly

{

supersonic vibration of the bonding tool, the disconnection of the conductive
pattern 13 can be effectively prevented, thus providing improved connection
reliabilhity.

[0042]

It is to be noted that in the wired circuit board 11, both of cover-side
projections 25 and the base-side projections 26 are not necessarily required.
For example, only the cover-side projections 25 may be formed, as shown in
FIG. 7. Alternatively, only the base-side projections 26 may be formed, as
shown in FIG. 8.

[0043]

Further, modification may be made of the invention by forming the
widened portions 22 in the conductive pattern 13 and also forming the
cover-side projections 25 in the cover layer 14 and/or forming the base-side
projections 26 in the base layer 12, though not shown.

[0044]

The wired circuit board 11 having these terminal portions 16 1is
particularly preferably applicable to a suspension board with circuit.
[0045]

Referring to FIG. 9, there is shown a perspective view of a suspension
board with circuit presented as an embodiment of the wired circuit board of
the present invention. The suspension board with circuit 31 mounts
thereon a magnetic head of a hard disk driver (not shown) and suspends the
magnetic head while holding a minute interval between the magnetic head
and a magnetic disk against airflow generated when the magnetic head and

the magnetic disk run relative to each other. The suspension board with
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circuit has the lines of wire 34a, 34b, 34c, 34d, integrally formed in the form
of a specified wired circuit pattern, for connecting the magnetic head and a
read/write board 39 formed as an external circuit.

[0046]

In FIG. 9, the suspension board with circuit 31 has a base layer 33, as
a first insulating layer of insulating material, which is formed on a
supporting board 32 extending longitudinally as a metal supporting layer.
A conductive pattern 34 is formed on the base layer 33 in the form of a
specified wired circuit pattern, and a cover layer 35 (not shown) is formed
on the conductive pattern 34 as a second insulating layer of insulating
material. The conductive pattern 34 is provided in the form of the
plurality of lines of wire 34a, 34b, 34c and 34d arrayed in parallel with
spaced at a predetermined interval.

[0047]

Gimbals 36 for fitting the magnetic head therein are formed in the
supporting board 32 by cutting out the supporting board 32 at a front end
portion thereof. At the front end portion of the supporting board 32,
magnetic head connecting terminals 37 are formed to connect between the
magnetic head and the lines of wire 34a, 34b, 34c and 34d. At the rear end
portion of the supporting board 32, external-side connecting terminals 38 as
the terminals are formed to connect between the read/write board 39 and
the lines of wire 34a, 34b, 34c and 34d. The external-side connecting
terminals 38 are formed in the ends of the lines of wire 34a, 34b, 34c and
34d, to correspond to each of the read/write terminals 54.

[0048]

23
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This suspension board with circuit 31 can be formed in the following
processes. First, the supporting board 32 is prepared and the base layer 33
is formed on the supporting board 32 in the form of the specified pattern, as
shown in FIG. 10(a)-(d). A metal foil or a metal sheet is preferably used as
the supporting board 32. For example, stainless steel, 42 alloy and the like
are preferably used. The supporting board 32 used preferably has
thickness of 10-60pm, or further preferably 15-30um, and width of 50-
500mm, or further preferably 125-300mm.

[0049]

Insulating material used for forming the base layer 33 is not limited to
any particular insulating material. The insulating materials that may be
used include, for example, synthetic resins such as polyimide resin, acrylic
resin, polyether nitrile resin, polyether sulfonic resin, polyethylene
terephthalate resin, polyethylene naphthalate resin and polyvinyl chloride
resin. Of these synthetic resins, a photosensitive resin is preferably used
as the base layer. A photosensitive polyimide resin is further preferably
used.

[0050]

Then, for example when the base layer 33 is formed in the specified
pattern on the supporting board 32 by using photosensitive polyimide resin,
liquid solution of precursor of the photosensitive polyimide resin is applied
to the whole area of the supporting board 32 prepared first, and then is
dried, for example, at 60-150°C, to form a coating 33p of the precursor of the
photosensitive polyimide resin, as shown in FIG. 10(a).

[0051]
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Then, the coating 33p is exposed to light phrough a photomask 40, as
shown in FIG. 10(b). If required, the exposed part is heated to a specified
temperature. Thereafter, the coating 33p is developed to form the coating
33p into a specified pattern, as shown in FIG. 10(c). Preferably, radiation
irradiated for the exposure has an exposure wavelength in the range of
300-450nm, or preferably 350-420nm. An integrated quantity of exposure
light is preferably in the range of 100-1,000mdJ/cm?, or further preferably
200-700md/cm2. Further, when the exposed part of the coating 33p
irradiated is heated, for example, at a temperature in the range of not less
than 130C to less than 1507TC, it is solubilized (positive type) for the next
processing procedure (development), while on the other hand, when heated,
for example, at a temperature in the range of not less than 150C to not
more than 180°C, it is non-solubilized (negative type) for the next processing
procedure (development). The development can be performed by any
known method, such as a dipping process and a spraying process, by using a
known developing solution such as alkaline developer. Preferably, the
manufacturing method uses the negative type to produce the circuit pattern.
INustrated in FIG. 10 is an embodiment using the process steps of negative
type for patterning the circuit.

[0052]

As shown in FIG. 10(d), the coating 33p of the precursor of the
polyimide resin thus patterned is finally heated, for example, to 250C or
more to be cured (imidized), whereby the base layer 33 of polyimide resin is
formed in the specified pattern. The base layer 33 thus formed have a

thickness in the range of e.g. 2-30pm, or preferably 5-20pm.
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[0053]

Sequentially, the conductive pattern 34 is formed on the base layer 33
in the form of a specified wired circuit pattern, as shown in FIG. 10(e). The
conductive materials that may be used for forming the conductive pattern
34 include metals, such as copper, nickel, gold, solder or alloys thereof.
Copper is preferably used. To form the conductive pattern 34 in the
specified wired circuit pattern, the conductive pattern 34 may be formed on
the base layer 33 in the specified wired circuit pattern in any known
patterning process, such as the subtracting process, the additive process
and the semi-additive process. In this method, the semi-additive process is
preferably used.

[0054]

The conductive pattern 34 thus formed is in the form of a pattern
formed by the plurality of lines of wire 34a, 34b, 34c and 34d which are
spaced from each other in parallel with a given interval, as mentioned
above. The conductive pattern 34 has a thickness in the range of e.g. 2-
30um, or preferably 5-20um. The lines of wire 34a, 34b, 34c and 34d have
a line width in the range of e.g. 10-500um, or preferably 30-200um. The
interval (space width) between the adjacent lines of wire 34a, 34b, 34c and
34d is in the range of e.g. 10-500um, or preferably 30-200um.

[0055]

Sequentially, the conductive pattern 34 is covered with the cover layer
35 of insulating material, as shown in FIG. 10(f)-(1). The same insulating
material as the insulating material of the base layer 35 is used for forming

the cover layer 35. Preferably, photosensitive polyimide resin is used
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[0056]

For example when the cover layer 35 is formed by using the
photosensitive polyimide resin, liquid solution of precursor of the
photosensitive polyimide resin is applied to the whole area of the supporting
board 32 and the base layer 33, first, and then is dried at a temperature in
the range of e.g. 60-150°C, in the same manner as in the patterning of the
base layer 33, to form a coating 35p of the precursor of the photosensitive
polyimide resin, as shown in FIG. 10(f). Then, the coating 35p is exposed
to light through the photomask 41, as shown in FIG. 10(g). Ifrequired, the
exposed part is heated to a certain temperature. Thereafter, the coating
35p is developed to be patterned so that the conductive pattern 34 can be
covered with the coating 35p, as shown in FIG. 10(h).

[0057]

In the patterning of the coating 35p, the photomasks 41 are placed to
confront the areas where the external-side connecting terminals 38 are
formed, so that the front side of the conductive pattern 34 can be exposed
from the coating 35p to form the cover-side opening 42. To be more specific,
the coating 35p is opened so that the cover-side opening 42 can be formed in
such a rectangle shape as to include the lines of wire 34a, 34b, 34c and 34d,
so as to provide the external-side connecting terminals 38 in the form of the
flying lead, as mentioned later.

[0058]
The coating 35p can be exposed to light and developed under the same

condition as the condition for exposing and developing the base layer 33.

27

L T

-5
qanc
Mora

HUTCHINSON EXHIBIT 1002



10

15

20

25

PAGE 301 OF 422

o FTh N P R TS gem

ey T =Y PN e+ Butel ;B
T L T T S U BT o ke P o BRI

Shown in FIG. 10 is the patterning in which the coating 35p is patterned in
the negative type in the same manner as in the case of the base layer 33.
[0059]

As shown in FIG. 10(G), the coating 35p of the precursor of the
polyimide resin thus patterned is finally heated, for example, to 250C or
more to be cured (imidized), whereby the cover layer 35 made of polyimide
resin is formed on the conductive pattern 34. The cover layer 35 has a
thickness in the range of e.g. 1-30um, or preferably 2-5pm.

[0060]

Before the cover layer 35 is formed on the conductive pattern 34, the
conductive pattern 34 may be protected by a thin film of rigid nickel by
nickel plating.

[0061]

In the suspension board with circuit 31 thus formed, the external-side
connecting terminals 38 are presented in the form of the flying lead exposed
at both sides of the conductive pattern 34, as shown in FIG. 10G)-(1).

[0062]

The external-side connecting terminals 38 are presented in the form of
the terminals exposed.at both sides of the conductive pattern 34 in the
following processes. First, as shown in FIG. 10(G), supporting-board-side
openings 43 are formed in the supporting board 32 at portions thereof where
the external-side connecting terminals 38 are formed or at portions thereof
corresponding to the cover-side openings 42 of the cover layer 35, so that the
base layer 33 can be exposed. The supporting-board-side openings 43 can

be formed by any known method. For example, after all area of the
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supporting board 32 but the areas of the same corresponding to the
supporting-board-side openings 43 are subjected to masking, they are
chemically etched.

[0063]

Sequentially, as shown in FIG. 10(k), base-side openings 44 are
formed in the base layer 33 exposed in the supporting-board-side openings
43 of the supporting board 32, so as to expose the conductive pattern 34.
Though the base-side openings 44 can be formed by a known method, the
base-side openings 44 are preferably formed by etching or by plasma
etching, in particular. The etching enables a portion of the base layer 33 to
be precisely cut from the exposed surface of the base layer 33 to the back
side of the conductive pattern 34.

[0064]

In the plasma etching, the supporting board 32 can be used as the
mask to etch the entire base layer 33 exposed in the supporting-board-side
openings 43 of the supporting board 32. For example, after the sample is
disposed between opposed electrodes in an atmosphere in which a
prescribed gas is filled in therebetween, high-frequency plasma is produced
therebetween. The prescribed gases that may be used include, for example,
He, Ne, Ar, Xe, Kr, N2, Oz, CF4 and NF3. Of these gases, Ar, Oz, CF4 and
NF3 are preferably used. These gases may be used in mixture in a
prescribed proportion. The gas pressure (degree of vacuum) is in the range
of 0.5-200Pa, or preferably 10-100Pa. Cited as the conditions required for
producing the high-frequency plasma are the frequency in the range of e.g.

10kHz-20MKz, or preferably 10kHz-100kHz, and the power required for the
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plasma etching in the range of e.g. 0.5-10W/cm?, or preferably 1-5W/cm?2.
The frequency in the range of 10kHz-100kHz can make it easy to match
with a plasma etching device (tune for resistances). In these atmospheric
conditions, the sample is disposed on the electrodes whose temperature is
controlled to e.g. 0-120C, or preferably 10-80C, and is etched for the time
required for the base layer 33 to be etched to a predetermined thickness.
[0065]

Since the base-side openings 44 of the base layer 33 thus formed are
formed by using the supporting board 32 as the mask, they can be formed in
the same size and shape as the supporting-board-side openings 43 of the
supporting board 32.

[0066]

Thereafter, as shown in FIG. 10(1), metal plated layers 45 are
simultaneously formed by plating on both sides of the conductive pattern 34
thus exposed. The metal plated layers 45 can be formed by using either
the electrolysis plating or the electroless plating, without any particular
limitation. Also, the plating can be formed by using any known metal,
without any particular limitation. Preferably, the electrolysis nickel
plating and the electrolysis gold plating are sequentially performed to form
a gold plated layer 47 on a nickel plated layer 46. Preferably, the nickel
plated layer 46 and the gold plated layer 47 both have a thickness in the
range of about 1-5pm. As a result of this, the external-side connecting
terminals 38 are formed with the conductive pattern exposed at both sides
thereof.

[0067]
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As shown in FIG. 11, in the external-side connecting terminals 38 of
the suspension board with circuit 31, widened portions 49 as reinforcing
portions extending in a widthwise direction substantially orthogonal to an
extending direction of the conductive pattern 34 are provided in the
conductive pattern 34 in the crossing areas 48 where the ends of the cover-
side opening 42/the base-side opening 44 and the conductive patterns 34 are
crossed each other, as is the case with the wired circuit board 11.

[0068]

To be more specific, the widened portions 49 are formed in the
respective lines of wire 34a, 34b, 34c and 34d at positions thereof which
correspond to the crossing areas 48 (two areas per each line of wire) and
arranged with space from each other along the longitudinal directions of the
lines of wire 34a, 34b, 34c and 34d. The widened portions 49 are formed in
such a generally round shape as to protrude widthwise from the lines of
wire 34a, 34b, 34c and 34d, as shown in FIG. 11(b). Each widened portion
49 is arranged, with its generally outer half portion embedded in the cover
layer 35/base layer 33 and its generally inner half portion exposed in the
cover-side opening 42, the base-side opening 44 and the supporting-board-
side opening 43, when a maximum widthwise length between the adjacent
lines of wire is defined as a boundary between the outer half portion and the
inner half portion, as is the case with widened portions 22 of the wired
circuit board 11. Thus, the external-side connecting terminals 38 are
formed in such a dumbbell shape that the lines of wire 34a, 34b, 34c and
34d are protruded widthwise at both ends thereof in the cover-side opening

42, the base-side opening 44 and the supporting-board-side opening 43.
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[0069]

The widened portions 49 may be made identical in the maximum
widthwise length and the longitudinal length extending along the
extending direction of the conductive pattern 34 with the widened portions
922 of the wired circuit board 11 mentioned above. Also, the widened
portions 49 may be formed in any shape other than the generally round
shape, as long as they are shaped to protrude widthwise and have widths
larger than the usual width. For example, the widened portion 49 may be
formed in rectangle.

[oo70]

The external-side connecting terminals 38 having these widened
portions 49 can be formed in the processes given below. The widened
portions 49 are formed with the patterning of the wired circuit pattern in
the process of forming the conductive pattern 34. Then, in the processes of
FIG. 10(h) and (k), the cover layer 35, the supporting board 32 and the base
layer 33 are each opened so that the maximum widthwise length of the
widened portion 49 can be within the crossing areas 48 and thereby the
cover-side opening 42, the supporting-board-side opening 43 and the base-
side opening 44 are formed. Thereafter, in the process shown in FIG. 103),
the metal plated layer 45 is formed on each side of the conductive pattern 34
exposed in the cover-side opening 42 and the base-side opening
44/supporting-board-side opening 43.

[0071]
In this formation of the suspension board with circuit 31, since the

widened portions 49 widened in the widthwise direction of the conductive
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pattern 34 are formed in the conductive pattern 34 in the crossing areas 48
where the ends of the cover-side opening 42/base-side opening 44 and the
conductive pattern 34 are crossed each other, the physical strength of the
conductive pattern 34 at the ends of the cover-side opening 42 and at the
ends of the base-side opening 44 can be reinforced. This can produce the
effect that for example when the conductive pattern 34 are subject to stress
concentration at exposed portions thereof at ends of the cover-side opening
42 and base-side opening 44 in the process of bonding the external-side
connecting terminals 38 and the read/write terminals 54 by applying
supersonic vibration of the bonding tool, the disconnection of the conductive
pattern 34 can be effectively prevented, thus providing further improved
connection reliability.

[0072]

In addition, the suspension board with circuit 31 may be formed so
that the external-side connecting terminals 38 presented in the form of this
flying lead can have cover-side projections 50 formed as the reinforcing
portions and base-side projections 51 formed as the reinforcing portions, as
shown in FIG. 12. Specifically, the cover-side projections 50 are formed to
project from the ends of the cover-side opening 42 onto the conductive
pattern 34 in the cover-side opening 42 in the cover layer 35 in the crossing
areas 48 where the ends of the cover-side opening 42/the base-side opening
44 and the conductive patterns 34 are crossed each other. The base-side
projections 51 are formed to project from the ends of the base-side opening
44 onto the conductive pattern 34 in the base-side opening 44 in the base

layer 33 in the crossing areas 48.
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[0073]

To be more specific, the cover-side projections 50 and the base-side
projections 51 are formed in the lines of wire 34a, 34b, 34c and 34d at
positions thereof corresponding to the crossing areas 48, two for each, with
spaced from each other along the longitudinal direction of the lines of wire
34a, 34b, 34c and 34d, as shown in FIG. 12(b). These projections are
formed in a convex shape projecting inwardly from the ends of the cover-
side opening 42 and the base-side opening 44 along the extending direction
of the lines of wire 34a, 34b, 34c and 34d, respectively. The cover-side
projections 50 and the base-side projections 51 are overlapped with the lines
of wire 34a, 34b, 34c and 34d and are so tapered (shaped generally in
triangle as viewed from the top) that the overlap can gradually reduce
toward the inside of the cover-side opening 42/base-side opening 44,
respectively. As a result of this, the external-side connecting terminals 38
are so formed that the lines of wire 34a, 34b, 34c and 34d can be covered
with the cover-side projections 50 and the base-side projections 51 at
opposite ends thereof in the cover-side opening 42 and the base-side opening
44.

[0074]

The cover-side projections 50 and the base-side projections 51 may be
made identical in projection length and basal width with the cover-side
projections 25 and the base-side projections 26 of the wired circuit board 11.
Also, the shape of the cover-side projections 50 and the base-side projéctions
51 is not limited to the one shown in FIG. 12(b), as long as those projections

have such a shape as to overlap with the lines of wire 34a, 34b, 34c and 34d
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along the longitudinal direction of the lines of wire 34a, 34b, 34c and 34d.
For example, the cover-side projections 50 and the base-side projections 51
may be formed to project toward the inside thereof in a tapered manner,
with the basal width slightly larger than the line width of the lines of wire
34a, 34b, 34c and 34d. Further, those projections 50, 51 may be formed in
such a rectangular shape as to overlap with the lines of wire 34a, 34b, 34c
and 34d along the longitudinal direction of the lines of wire 34a, 34b, 34c
and 34d, without limiting to the generally triangle shape.

[0075]

The external-side connecting terminals 38 having these cover-side
projections 50 and the base-side projections 51 can be formed as follows. In
the processes FIG. 10(g)-(1), the cover layer 35 is opened in such a manner
as to form the cover-side projections 50 to thereby produce the cover-side
opening 42. In the process of FIG. 10(k), the base layer 33 is opened in
such a manner as to form the base-side projections 50 to thereby produce
the base-side opening 44. Thereafter, in the process of FIG. 10(D), the
metal plated layer 45 is formed on each side of the conductive pattern 34
exposed in the cover-side opening 42 and the base-side opening 44.

[0076]

In this formation of the suspension board with circuit 31, since the
cover-side projections 50 and the base-side projections 51 are formed at the
cover layer 35 and the base layer 33 in the crossing areas 48 where the ends
of the cover-side opening 42/base-side opening 44 and the conductive
patterns 43 are crossed each other, so as to project from the ends of the

cover-side opening 42/the base-side opening 44 onto the conductive pattern
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34 in the cover-side opening 42 and the base-side opening 44, respectively,
the physical strength of the conductive pattern 34 at the ends of the cover-
side opening 42 and at the ends of the base-side opening 44 can be
reinforced. This can produce the effect that for example when the
conductive pattern 34 are subject to stress concentration at exposed
portions thereof at ends of the cover-side opening 42 and base-side opening
44 in the process of bonding the external-side connecting terminals 38 and
the read/write terminals 54 by applying supersonic vibration of the bonding
tool, the disconnection of the conductive pattern 34 can be effectively
prevented, thus providing improved connection reliability.

[0077]

It is to be noted that in the suspension board with circuit 31, both of
cover-side projections 50 and the base-side projections 51 are not
necessarily required. For example, only the cover-side projections 50 may
be formed, as shown in FIG. 13. Alternatively, only the base-side
projections 51 may be formed, as shown in FIG. 14. |
[0078]

Further, modification may be made of the invention by forming the
widened portions 49 in the conductive pattern 34 and also forming the
cover-side projections 50 in the cover layer 35 and/or forming the base-side
projections 51 in the base layer 33, though not shown.

[0079]

In this suspension board with circuit 31, the external-side connecting

terminals 38 may be formed in such a manner that the conductive pattern

34 is depressed toward the supporting board 32 with respect to the
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remaining portions of the conductive pattern 34 at its portions
corresponding to the external-side connecting terminals 38 and also the
base-side opening 44 and the supporting-board-side opening 43 are made
larger than the areas in which the metal plated layers 45 are formed, as
shown in FIG. 15(a). In the external-side connecting terminals 38 thus
formed, the widened portion 49 may be formed in the conductive pattern 34
in the crossing areas 48 where the ends of the cover-side opening 42/base-
side opening 44 and the conductive pattern 34 are crossed each other, as
shown in FIG. 12(b).

[0080]

This suspension board with circuit 31 can be formed in the processes
shown in FIG. 16, for example. First, the coating 33p of the liquid solution
of precursor of the photosensitive polyimide resin is formed on the
previously prepared supporting board 32 in the same manner as in the
above, as shown in FIG. 16(a). Then, as shown in FIG. 16(b), in the process
of exposing the coating 33p to light, in addition to the photomasks 40 that
permit no irradiated light to transmit through the masks, photomasks 52
that permit the irradiated light to partially transmit through the masks
(average transmittance ratio in the range of 1-99%) are placed to confront
the areas for the external-side connecting terminals 38 to be formed in the
coating 33p. Then, the coating 33p is exposed to light through the
photomask 52, such that the area in the coating 33p in which the external-
side connecting terminals 38 is to be formed is exposed to a smaller amount
of light exposure than an amount of light exposure to the remaining areas of

the coating 33p. Sequentially, the coating is developed and cured, as
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mentioned above. As a result of this, the areas of the base layer 33 in
which the external-side connecting terminals 38 is to be formed is made
smaller in thickness than the remaining areas of the base layer 33, as
shown in FIG. 16(c) and (d).

[0081]

The photomasks 52 may be formed in the following manner. For
example, a semi-translucent part of the front surface of the photomask 52 is
finely roughened so that components of irregular reflection on the front
surface of the photomask 52 can be increased to reduce components of the
transmitted light in that part. Or, an irradiated light absorbing film 1s
stuck on the semi-translucent part of the photomask 52 so that the
components of the transmitted light in that semi-translucent part can be
reduced. Or, a pattern having a light transmiting area and a light
shielding area is formed on the semi-translucent part of the photomask 52
so that the components of the transmitted light in that part can be reduced.
[0082]

Further, in the case of the photomask 52 comprising a thin metal film
forming a light-shielding pattern thereon, a thin metal film smaller in
thickness than the thin metal film of the photomask 52 may be formed on
the semi-translucent part of the photomask 52 so that the components of
the transmitted light in that semi-translucent part can be reduced. In
other words, this photomask 52 can be formed in the following manner: A
photomask 52 with no thin metal film formed in the semi-translucent part
thereof (a conventional photomask) is formed. After a resist is formed on

that photomask 52 so that only the semi-translucent part can be exposed, a
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thin metal film made of e.g. chromium smaller in thickness than the above-
mentioned thin metal film is formed on the photomask 52 by vapor
deposition or by plating and, thereafter, the resist 1s peeled.

[0083]

Of these photomasks 52, the photomasks 52 each having the semi-
translucent part 53 on which the pattern of the light transmiting area and
the light shielding area is formed as shown in FIG. 17 are preferably used.
These photomasks 52 are each made of a sheet of glass, such as quartz glass
or soda glass, of thickness of 2-5mm. The thin metal film formed on the
semi-translucent part 53 of the photomask 52 made of the glass is patterned
so that the light transmission ratio (transmissivity) in the semi-translucent
part 53 of the glass can be reduced more than in the remaining parts of the
glass. The pattern of the thin metal film can be formed, for example, by
the process that after a thin metal film made of e.g. chromium is formed on
the whole area of the glass by vapor deposition or by plating, the thin metal
film is patterned by use of laser or electron beam. To be more specific, the
pattern of the semi-translucent part 53 is preferably presented in the form
of a repeat pattern in which the light transmitting portions and the light
shieldin‘g portions being alternately arranged at a not more than 6 £ m pitch
(width of the light transmitting portion and the light shielding portion) and
of which averaged transmittance ratio is not more than 80% or preferably
not more than 50%. For example, a striped pattern having the average
transmission ratio of about 50% as shown in FIG. 17(a); a latticed pattern
having the average transmission ratio of about 25% as shown in FIG. 17(b);

a circular staggered pattern having the average transmission ratio of about
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25% as shown in FIG. 17(c); and a circular staggered pattern having the
average transmission ratio of about 70% as shown in FIG. 17(d) are
preferably used.

[0084]

While the patterning is provided in the negative type in the
embodiment mentioned above, the patterning can be provided in the
positive type as well. For example when the patterning is provided in the
positive type, the photomask 52 may be so structured that the transmission
ratio of irradiated light in the semi-translucent part of the photomask can
be increased more than in the remaining parts of the photomask.

[0085]

The base layer 33 thus formed has a thickness in the range of e.g. 2-
30pm, or preferably in the range of 5-20um. The base layer 33 usually has
a thickness of about 10um. The area of the base layer 33 in which the
external-side connecting terminals 38 are to be formed has a thickness of
usually 80% or less of the thickness of the remaining areas. For example,
that area of the base layer 33 preferably has thickness of not more than
8um, or further preferably not more than 5um. Suppose that the area of
the base layer 33 in which the external-side connecting terminals 38 are to
be formed has thickness of 8um or less, when the remaining areas have a
usual thickness of 10pm, the time required for the opening to be formed 1n
the later stage can be shortened to the extent corresponding to 2um.

[0086]
The area of the base layer 33 in which the external-side connecting

terminals 38 are to be formed has a lower limit of thickness or a minimum
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thickness to serve as a barrier layer against the conductive pattern 34 when
the supporting board 32 is opened. For example, the area of the base layer
33 in which the external-side connecting terminals 38 are to be formed can
have e.g. 3um, or further about lum, as the minimum thickness.
Accordingly, the area of the base layer 33 in which the external-side
connecting terminals 38 are to be formed preferably has a thickness in the
range of 0.1:8pum or further preferably 1.0-5pm.

[0087]

Sequentially, the conductive pattern 34 is formed on the base layer 33
in the form of a specified wired circuit pattern in the same manner as in the
above, as shown in FIG. 16(e). Since the areas of the base layer 33 on
which the external-side connecting terminals 38 are to be formed are made
smaller in thickness than the remaining areas of the base layer 33, the
conductive pattern 34 is formed so that its portions on which metal plated
layers 45 are formed in the later stage are depressed toward the supporting
board 32 with respect to the remaining portions of the conductive pattern 34
to an extent corresponding to the reduced thickness. In this formation of
the conductive pattern 34, the widened portions 49 are formed
simultaneously with the patterning of the wired circuit pattern.

[0088]

Sequentially, as shown in FIG. 16(f)-(), the conductive pattern 34 is
covered with the cover layer 35 in the same manner as in the above. Then,
the cover-side opening 42 is formed in the area of the conductive pattern 34
in which the external-side connecting terminal 38 is to be formed so that the

maximum lengths of the widened portions 49 are placed in the crossing
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areas 48. Thereafter, the supporting-board-side opening 43 is formed to be
larger than the area of the supporting board 32 corresponding to the cover-
side opening 42, as shown in FIG. 16(3). Then, the base-side opening 44 is
formed in the base layer 33 exposed in the supporting-board-side opening 43
so that the maximum lengths of the widened portions 49 are placed in the
crossing areas 48, as shown in FIG. 16(k). Thereafter, the metal plated
layers 45 is formed on each side of the conductive pattern 34 exposed in the
cover-side opening 42 and in the base-side opening 44/ supporting-board-
side opening 43, as shown in FIG. 16(1). The metal plated layer 45 thus
formed is positioned with a certain space between its periphery and the
peripheries of the base-side opening 44 and supporting-board-side opening
43.

[0089]

When the suspension board with circuit 31 1s produced in this method,
the base layer 33 is formed to have smaller thickness at the base-side
opening 44 for exposing the conductive pattern 34 than at the remaining
portions of the base layer 33 in the process of forming the base layer 33.
Consequently, when the base layer 33 is etched in the process of forming the
external-side connecting terminals 38, as shown in FIG. 16(k), the etching
time required for the conductive pattern 34 to be exposed can be shortened
to an extent corresponding to the difference between the reduced thickness
of the base layer 33 at the opening portions 31 and the thickness of the
remaining portions. This enables the conductive pattern 34 to be exposed
in a short time, and as such can provide improved efficiency in producing

the external-side connecting terminals 38 in the form of the flying lead
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exposed at both sides thereof.
[oo90]

In this formation, since the base-side opening 44 and the supporting-
board-side opening 43 are formed to be larger than the exposed portion of
the conductive pattern 34, a certain space is left between the periphery of
the metal plated layer 45 and the peripheries of the base-side opening 44
and supporting-board-side opening 43. This can produce the effect that for
example when the metal plated layer 45 is increased in thickness for
improvement in connection reliability, the metal plated layer 45 and the
supporting board 32 can be prevented from contacting with each other.
This can surely prevent occurrence of a short circuit from the contact
between the metal plated layer 45 and the supporting board 32, thus
providing improved connection reliability and voltage proof property of the
suspension board with circuit 32.

[0091]

In the suspension board with circuit 31, the interval formed between
the periphery of the metal plated layer 45 and the periphery of the
supporting-board-side opening 43 is preferably at least 1um, or preferably
in the order of 2-100pm.

[0092]

Further, in this formation, since the area of the conductive pattern 34
in which the metal plated layer 45 is formed is so formed as to be depressed
toward the supporting board 32, the distance from the front side of the
supporting board 32 to the front side of the metal plated layer 45 is

shortened to an extent corresponding to the depression with respect to the
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remaining areas of the conductive pattern 34 and, as a result of this, the
metal plated layers 45 are placed closer to the outside of the supporting
board 32 to that extent. This can produce the effect that for example when
the external-side connecting terminals 38 are connected with read/write
terminals 54 of the read/write board 39 in such a manner that the
read/write terminals 54 are laid over the metal plated layers 45 and are
bonded to each other by applying supersonic vibration of the bonding tool,
the pressure bonding can be well ensured, thus providing further improved
connection reliability.

[0093]

In the suspension board with circuit 31 thus formed, the thicknesswise
interval formed between the front side of the metal plated layers 45 and the
interface between the base layer 33 and the supporting board 32 is
preferably *6um, or further preferably *2pm.

[0094]

This suspension board with circuit 31 may be formed so that the
external-side connecting terminals 38 presented in the form of the flying
lead can have cover-side projections 50 formed as the reinforcing portions
and base-side projections 51 formed as the reinforcing portions, as shown in
FIG. 18. Specifically, the cover-side projections 50 are formed to project
from the ends of the cover-side opening 42 onto the conductive pattern 34 in
the cover-side opening 42 in the cover layer 35 in the crossing area 48 where
the ends of the cover-side opening 42/the base-side opening 44 and the
conductive patterns 34 are crossed each other. The base-side projections

51 are formed to project from the ends of the base-side opening 44 onto the
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conductive pattern 34 in the base-side opening 44 in the base layer 33 in the
crossing areas 48.
[0095]

To be more specific, the cover-side projections 50 and the base-side
projections 51 are formed in the respective lines of wire 34a, 34b, 34c and
34d at positions thereof corresponding to the crossing areas 48 (two areas
per each line of wire) and arranged with space from each other along the
longitudinal direction of the lines of wire 34a, 34b, 34c and 34d, as shown in
FIG. 18(b). These projections are formed in a convex shape projecting
inwardly from the ends of the cover-side opening 42 and the base-side
opening 44 along the extending direction of the lines of wire 34a, 34b, 34c
and 34d, respectively. The cover-side projections 50 ahd the base-side
projections 51 are overlapped with the lines of wire 34a, 34b, 34c and 34d
and are so tapered (shaped generally in triangle as viewed from the top)
that the overlap can gradually reduce toward the inside of the cover-side
opening 42/base-side opening 44, respectively. As a result of this, the
external-side connecting terminals 38 are so formed that the lines of wire
34a, 34b, 34c and 34d can be covered with the cover-side projections 50 and
the base-side projections 51 at opposite ends thereof in the cover-side
opening 42 and the base-side opening 44.

[0096]

The cover-side projections 50 and the base-side projections 51 may be
made identical in projection length and basal width with the cover-side
projections 25 and the base-side projections 26 of the wired circuit board 11

mentioned above. Also, the shape of the cover-side projections 50 and the
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base-side projections 51 is not limited to the one shown in FIG. 18(b), as
long as those projections have such a shape as to overlap with the lines of
wire 34a, 34b, 34c and 34d along the longitudinal direction of the lines of
wire 34a, 34b, 34c and 34d. For example, the cover-side projections 50 and
the base-side projections 51 may be formed to project toward the inside
thereof in a tapered manner, with the basal width slightly larger than the
line width of the lines of wire 34a, 34b, 34c and 34d. Further, those
projections 50, 51 may be formed in such a rectangular shape as to overlap
with the lines of wire 34a, 34b, 34c and 34d along the longitudinal direction
of the lines of wire 34a, 34b, 34c and 34d, without limiting to the generally
triangle shape.

[0097]

In the suspension board with circuit 31 shown in FIG. 18, the base-
side opening 44 is formed to be larger in area than the cover-side opening 42,
so that the base-side projection 51 is formed to be larger in length than the
cover-side projection 50 to that extent corresponding to the difference in
area between the base-side opening 44 and the cover-side opening 42, as
shown in FIG. 18(a).

[0098]

The external-side connecting terminals 38 having these cover-side
projections 50 and the base-side projections 51 are formed as follows. In
the process of FIG. 16(g)-(1), the cover layer 35 is opened in such a manner
as to form the cover-side projections 50 to thereby produce the cover-side
opening 42. In the process of FIG. 16(k), the base layer 33 is opened in

such a manner as to form the base-side projections 50 to thereby produce
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the base-side opening 44. Thereafter, in the process of FIG. 16(), the
metal plated layer 45 is formed on each side of the conductive pattern 34
exposed in the cover-side opening 42 and the base-side opening 44.

[0099]

It is to be noted that in the suspension board with circuit 31 as well,
both of cover-side projections 50 and the base-side projections 51 are not
necessarily required, as is the case with the above. For example, only the
cover-side projections 50 may be formed, as shown in FIG. 19.
Alternatively, only the base-side projections 51 may be formed, as shown in
FIG. 20.

[0100]

Further, modification may be made of the invention by forming the
widened portions 49 in the conductive pattern 34 and also forming the
cover-side projections 50 in the cover layer 35 and/or forming the base-side
projections 51 in the base layer 33, though not shown.

[0101]

Although the external-side connecting terminals 38 provided in the
form of the flying lead have been exclusively discussed above, this
suspension board with circuit 31 includes magnetic-head-side connecting
terminals 37 provided in the form of the flying lead identical with the
external-side connecting terminals 38.

[0102]
EXAMPLES
While in the following, the present invention will be described in

further detail with reference to Examples, the present invention 1s not
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limited to any Examples.
[0103]
EXAMPLE 1

A liquid solution of precursor of photosensitive polyimide resin was
applied on the stainless steel foil (SUS304 H-TA) having thickness of 20um
so that after dried, it could have a thickness of 24pm and then dried at
130C to thereby form a coating of the precursor of the photosensitive
polyimide resin (Cf. FIG. 16(a)). Sequentially, the coating was exposed to
light (405nm, 1,500mJ/cm?) through a photomask (Cf. FIG. 16(b)). The
exposed part of the coating was heated to 180°C and then developed by
using an alkaline developer, whereby the coating was patterned with the
negative imaging (Cf. FIG. 16(c)). Sequentially, the patterned coating of
the precursor of the photosensitive polyimide resin was heated at 350C to
be cured (imidized), whereby a base layer made of polyimide resin of
thickness of 10pm was formed in the specified pattern (Cf. FIG. 16(d)).
[0104]

In forming the base layer, the photomask of metal film having a
latticed repeat pattern in which the light transmitting portions and the
light shielding portions are alternately arranged at a not more than 6 4m
pitch (which corresponds to the photomask 52 having the average
transmission ratio of about 25% shown in FIG. 17(b)), was positioned over
the coating at its portion which is to be opened in the later stage and at
which an external-side connecting terminals are to be formed. Then, the
coating was exposed to light through the photomask, so that the amount of

licht exposure in the portion of the coating at which the external-side
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connecting terminals are to be formed could be reduced more than the
amount of light exposure in the remaining portions of the coating (Cf. FIG.
16(b)). As a result of this, after the coating was developed and cured, the
base layer having a thickness of 2pm at portions thereof at which the
external-side connecting terminals are to be formed and a thickness of
10pm at the remaining portions thereof was obtained (Cf. FIG. 16(d)).
[0105]

Sequentially, a thin chrome film of thickness of 300A and a thin
copper film having thickness of 700 A were formed in sequence on the
whole area of the stainless steel foil and the base layer by a sputtering
deposition process. Thereafter, a plating resist having an opposite pattern
to the specified wired circuit pattern was formed by use of a dry film resist,
and a conductive pattern having the specified wired circuit pattern was
formed in the part of the base layer where the plating resist was not formed,
in the semi-additive method using the electrolysis copper plating (Cf. FIG.
16(e)). As a result of the base layer being formed to be smaller in thickness
at its part at which the external-side connecting terminals are to be formed
than at its remaining parts, the conductive pattern thus formed had, at its
part at which the external-side connecting terminals are to be formed,
concave portions depressed toward the stainless steel foil from the
remaining portions of the conductive pattern with respect to the thickness
direction by about 8 zm. The conductive pattern was formed to have
thickness of 10 £ m and have the wired pattern formed by four lines of wire
each having width of 110 #m and spaced from each other in parallel at

interval of 200 & m.
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[0106]

Further, generally round widened portions (Cf. FIG. 15(b)), which
were widened in the widthwise direction substantially orthogonal to the
extending direction of the lines of wire and had the maximum widthwise

5 length of 230 £ m and the longitudinal length of 100 £ m, were formed in the
respective lines of wire in crossing areas where the ends of the cover-side
opening/the base-side opening and the lines of wire are crossed each other,
two for each line of wire.

[0107]

10 Thereafter, the plating resist was removed by chemical etching and
then the thin chromium film and the thin copper film on which the plating
resist had been formed were removed by chemical etching.

[0108]

Sequentially, a rigid, thin nickel film having thickness of 0.1pm was

15 formed on the surface of the conductive pattern and the surface of the
stainless steel foil by the electroless nickel plating. Thereafter, a liquid
solution of a precursor of the photosensitive polyimide resin was applied on
the thin nickel film and the base layer and then heated at 130°C to thereby
form a coating of the precursor of the photosensitive polyimide resin (Ct.

20 FIG. 16(®). Sequentially, the coating was exposed to light (405nm,
1,500mJ/cm?) through the photomask (Cf. FIG. 16(g)). The exposed part of
the coating was heated to 180°C and then developed by using an alkaline
developer, whereby the coating was patterned so that the conductive layer
could be covered with the coating (Cf. FIG. 16(h)). Sequentially, the

25 patterned coating of the precursor of photosensitive polyimide resin was
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heated at 350°C to be cured (imidized), whereby the cover layer comprising
polyimide resin of thickness of 3um was formed on the conductive layer
(FIG. 163)).

[0109]

It is to be noted that in forming the cover layer, the cover-side
openings were formed in the cover layer so that when the cover layer was
patterned, the thin nickel film on the conductive pattern at its part at which
the external-side connecting terminals are to be formed could be exposed.
[0110]

Sequentially, the external-side connecting terminals were formed in
the state in which their both sides were exposed. First, the supporting-
board-side openings larger than the cover-side openings were formed in the
stainless steel foil at its portions corresponding to the cover-side openings so
that the base layer could be exposed (Cf. FIG. 16()). The supporting-
board-side openings were formed in the process that after all of the areas of
the stainless steel foil, except the areas in which the supporting-board-side
openings are to be formed, were subjected to masking, the stainless steel foil
was subjected to the chemical etching. At the same time as the formation
of the supporting-board-side openings, the gimbals were cut into a
predetermined shape by the chemical etching.
f0111]

Sequentially, the thin nickel film as was exposed in the cover-side
openings was peeled and the thin nickel film formed on the stainless steel
foil was peeled.

[0112]

51
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Then, the base layer exposed in the supporting-board-side openings of
stainless steel foil were opened and thereby the base-side openings were
formed to expose the ground formed on the back side of the conductive
pattern (Cf. FIG. 16(k)). The base-side openings were formed by the
plasma etching. In the plasma etching, with the stainless steel foil as the
mask, the entire base layer exposed in the supporting-board-side openings
of the stainless steel foil was etched for about 2 minutes in the c-onditions of
the mixed gas of CF4 and Oz (CF4/O2 =20/80) used as the gas filled; the gas
pressure (degree of vacuum) of 25Pa; the frequency of 13.5MHz; and the
power required for the plasma etching of 2,500W.

[0113]

The base-side openings thus formed were formed in the same size and
shape as the supporting-board-side openings, and the space of about 50 £ m
was defined between the periphery of the ground exposed in the base-side
openings and the periphery of the base-side opening/supporting-board-side
opening.

[0114]

Thereafter, the ground exposed in the base-side openings were peeled
to expose the back side of the conductive pattern. Sequentially, the metal
plated layers were formed by performing the electrolysis nickel plating and
the electrolysis gold plating being alternately, so that the nickel plated
layers having thickness of 2 4 m and the gold plated layer having thickness
of 14 m were formed on the both sides of the conductive pattern thus
exposed (FIG. 16(1)).

fo115]
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The metal plated layers on the back side of the conductive pattern
thus formed left the thicknesswise interval of *2um between the front side
of the metal plated layers and the interface between the base layer and the
stainless steel foil and also left the interval of 47um between the periphery
of the metal plated layer and the periphery of the base-side opening/the
supporting-board-side opening.

[0116]

After these processes, the suspension board with circuit was obtained
in which the external connecting terminals were presented in the form of
the flying lead of the conductive pattern in which the widened portions were
formed in the lines of wire, respectively (Cf. FIG. 15).

[0117]
EXAMPLE 2

The suspension board with circuit having the external-side connecting
terminals produced in the form of the flying lead of the conductive pattern
whose lines of wire were covered with the base-side projections at their
exposed ends was produced (FIG. 20) in the same operation as in Example 1,
except that instead of forming the widened portions in the lines of wire of
the conductive pattern, the base-side projections of generally triangle as
viewed from the top having the basal width of 110pm and the projection
length of 200pm were formed in the base layer in the crossing areas (two
areas per each line of wire) where the ends of the base-side opening and the
lines of wire are crossed each other, so as to project from the ends of the
base-side opening onto the conductive pattern in the base-side opening in

the process of opening the base layer to form the base-side openings (Cf. FIG.
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16(k)).
[0118]
COMPARATIVE EXAMPLE 1

Except that no widened portions were formed in the lines of wire of the
conductive pattern, the suspension board with circuit having the external-
side connecting terminals presented in the form of the flying lead was
produced (Cf. FIG. 21) in the same operation as in Example 1.
[0119]

EVALUATION

After being bonded to the external terminals comprising gold pads by
applying supersonic vibration thereto by use of the bonding tool, the
external-side connecting terminals of the suspension boards with circuit
obtained in Examples 1 and 2 and Comparative Example 1 were put to the
peel tests to measure the bonding strength.
[0120]

The test results are shown in Table 1 given below. It should be noted
that all destructions occured in the conductive patterns of the suspension
boards with circuit of Examples 1 and 2 took place in the areas where the

conductive pattern was covered with the cover layer and the base layer.

[0121]
Table 1
Example 1 Example 2 Comparative
Example 1
Bonding strength in peel 540 590 490
test (mN)
[0122]
54
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While illustrative embodiments of the present invention are provided
in the above description, such is for illustrative purpose only and is not to be
construed restrictively. Modification and variation of the present
invention that will be obvious to those skilled in the art is to be covered by

5 the following claims.
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WHAT IS CLAIMED IS:

1. A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer
formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, so as to form a terminal portion 1n
which front and back sides of the conductive pattern are exposed,

wherein at least any one of the first insulating layer, the second
insulating layer and the conductive pattern has reinforcing portions for
reinforcing the conductive pattern formed at ends of the opening in crossing
areas where ends of the opening and the conductive pattern are crossed
each other.
2. A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern
formed on the first insulating layer, a second insulating layer formed on the
conductive pattern, and an opening, formed at the same position of the
conductive pattern, for allowing the metal supporting layer and the first
insulating layer, and the second insulating layer to open, so as to form a
terminal portion in which front and back sides of the conductive pattern are
exposed,

wherein at least any one of the first insulating layer, the second
insulating layer and the conductive pattern has reinforcing portions for
reinforcing the conductive pattern formed at ends of the opening in crossing

areas where ends of the opening and the conductive pattern are crossed
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each other.
3. The wired circuit board according to Claim 2, wherein the wired circuit
board is a suspension board with circuit.
4. A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer
formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, so as to form a terminal portion in
which front and back sides of the conductive pattern are exposed,

wherein the conductive pattern has widened portions formed to extend
in a widthwise direction substantially orthogonal to an extending direction
of the conductive pattern in crossing areas where ends of the opening and
the conductive pattern are crossed each other.
5. A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern
formed on the first insulating layer, a second insulating layer formed on the
conductive pattern, and an opening, formed at the same position of the
conductive pattern, for allowing the metal supporting layer and the first
insulating layer, and the second insulating layer to open, so as to form a
terminal portion in which front and back sides of the conductive pattern are
exposed,

wherein the conductive pattern has widened portions formed to extend
in a widthwise direction substantially orthogonal to an extending direction
of the conductive pattern in crossing areas where ends of the opening and

the conductive pattern are crossed each other.
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6. The wired circuit board according to Claim 5, wherein the wired circuit
board 1s a suspension board with circuit.
7. A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer
5 formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, so as to form a terminal portion in
which front and back sides of the conductive pattern are exposed,
wherein the first insulating layer and/or the second insulating layer
10 have projections projecting from ends of the opening onto the conductive
pattern in the opening in the crossing area where the ends of the opening
and the conductive pattern are crossed each other.
8. A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern
15 formed on the first insulating layer, a second insulating layer formed on the
conductive pattern, and an opening, formed at the same position of the
conductive pattern, for allowing the metal supporting layer and the first
insulating layer, and the second insulating layer to open, so as to form a
terminal portion in which front and back sides of the conductive pattern are
20 exposed,
wherein the first insulating layer and/or the second insulating layer
have projections projecting from ends of the opening onto the conductive
pattern in the opening in the crossing areas where the ends of the opening
and the conductive pattern are crossed each other.

25 9. The wired circuit board according to Claim 8, wherein the wired circuit
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board is a suspension board with circuit.

59

PAGE 332 OF 422 HUTCHINSON EXHIBIT 1002



THOAh el s — hian Niasal

- . ¢ . v .

ABSTRACT OF THE DISCLOSURE

A wired circuit board having a terminal portion formed as a flying lead

that can provide enhanced strength of the conductive pattern, both sides of

5 which are exposed, by simple construction to effectively prevent
disconnection of the conductive pattern. The wired circuit board having

the terminal portion formed as the flying lead in which the both sides of the
conductive pattern are exposed includes, in crossing areas where ends of a
cover-side opening and ends of a base-side opening and the conductive

10 pattern are crossed each other, (i) the widened portions formed in the
conductive pattern or (i) cover-side projections and base-side projections

formed in the cover layer and the base layer, respectively.
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or inventor's certificate, or 365(a) of any PCT International application
which designaled at least one country other than the United States
listed below and have also identified below. by checking the box,

any foreign application for patent or inventor's certificate, or PCT
International application having a filing date before that of the
application for which priority is claimed.

Priority Not Claimed

RETORTHEK WAMEE 2L
2001-216812 Japan 17th / July / 2001 .
(Number) (Country) (Day/Month/Year Filed)
(&#) (%) (HEB/ B/ &)
. : 0
(Number) {Country) (Oay/Month/Year Filed)
(&%) (%) (HBBH/§/%)
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I hereby claim the benefil under Title 35, United States Code, Seclion
119(e) of any United Stales provisional application(s) listed below.

(Application No.)
(HEES)

(Filing Date)
(HEE)

uukc;u\?mmumuéxmmﬂuour%\%m*m&
m%35ﬁm120%u&¢<m&%$$t\X*H%ﬁi#éwm
AP CTEREHBIZ WL §, TORBIGEL£ OREILHL
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(Application No.)
(HE#S)

(Filing Date)
(Higa)

! hereby claim the benefit under Titte 35, United States Code, Section
120 of any United States application(s), or 365(c) of any PCT
International application designating the United States, listed below
and, insofar as the subject matter of each of the claims of this
application is not disclosed in the pror United Stales or PCT
International application in the manner provided by the first paragraph
of Title 35, United States Code Section 112, | acknowledge the duly
to disclose information which is malerial to patentablity as defined in
Tile 37, Code of Federal Regulations, Seclion 1.56 which became
available between the filling date of the prior application and the
national or PCT International fling date of application.

(Application No.) (Filing Date) (Status:  Patented, Pending, Abandoned)
(HEZS) (HEa) (BIR: f5sw, g&h, B

(Application No.) (Filing Date) (Status:  Patented, Pending, Abandoned)
(HERS) (HEH) CAR : 9957, 6B, g¥)
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| hereby declare that gt slatements made herein of my own
knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements
werg made with the knowledge thal willlul false statements and the
like s0 made are punishable by fine or imprisonment, or both, under
Section 1001 of Title 16 of the United States Code ang thal such
willful faise statements may jeopardize the validity of the application
or any patent Issued thereon.
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Japanese Language Declaration
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POWER OF ATTORNEY: As a named invenlor, | hereby appoint
the following attomey(s) and/or agenl(s) 1o prosecule this
applicalion and transact alf business in the Paten! and Trademark Office

) connected therewith (list name and registration number).
IR (TR Send Correspondence to:
HAREANSK : (RRRUTEES)

Direct Telephone Calis to: (name and telephone number)

M- (R RR— R KD

Full name of sole or first inventor

Makoto KOMATSUBARA

RUPLEORLE Bt Inventor's signature Date'
Romadezbara
T Resldence 9th/July/2002
Osaka, Japan
G# Citizenship
Japanese
WEDHRK

Pgt/gﬁcﬁlﬁggg Denko Corporation
of 1-2, Shimo-hozumi 1-chome,

Ibaraki-shi, Osaka 567-8680,
Japan

R-REARBENVWINEG, tOKE

Full name of second joint invenlor, if any

Shigenori MORITA

B_HARPENRS B {4 Second inventor's signalure Date
Shiseror; Mor/ta
e RSE;"}ZL, Japan 9th/July/2002
He Cilizenship
Japanese
8 (E D5 %

Pgl/gmﬁi%‘fg Denko Corporation
of 1-2, Shimo-hozumi 1-chome,

Ibaraki-shi, Osaka 567-8680,
Japan

(BELUTORARYEL>VWILAKCERL, BE%
TIoE)

(Supply similar information and signature for third and subsequent
joint Inventors.)
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RINARRAINESE (HETS5H5)

Full name of thurd joint inventar. if any

Tadao OOKAWA
REZRAXNEL 8+ Third inventor's signature Date T
Tadao  Qokawa 9th/auly/2002
EA Residence
Osaka, Japan
" Citizenship
Japanese
HEoRR YIS NIEES Denko Corporation
of 1-2, Shimo-hozumi 1-chome,
Ibaraki-shi, Osaka 567-8680,
Japan
BONDARRABTORL (HET588) Full name of fourth joint inventor, if any
Toshio SHINTANI
FEERATFTNEAL 8 Fourth inventor's signature Date
\ hY
9th/July/2002
A Residence
Osaka, Japan
o] Citizenship
Japanese
P fﬁchadg .
BRORE oétf O NMitto Denko Corporation
of 1-2, Shimo-hozumi 1 ~chome,
Ibaraki-shi, Osaka 567-8680,
Japan
EEOAARAFORE (KN THHE) . Full name of fifth joint inventor, if any
FREERAZNRA 8 Fifth inventor's signature Date
EH Residence
)] Citizenship
LY I g Post office address
AANKPARALNESL (4T L8) Full name of sixth joint inventor, if any
FRARABNEEL A ¢ Sixth inventor's signature Date
ER Residence
DR Citizenship
B Post office address
Page 4 of 4 HIBIT 1002
PAGE 337 OF 422 HUTCHINSON EX

]

Do

74

y €

—



Effective October 1, 2001

PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

BOOLERED - 200]

“*If 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 number found in the appropriate box in column 1.

a
FORM P#Oﬁ?ﬁ(ggﬁﬁ of I'ﬁfé'eomnmom Printing Office: 2001 — 484-484/53268

CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) Column 2 TYPE [ OR SMALL ENTITY
TOTAL CLAIMS < RATE | FEE RATE | FEE
FOR / NUMBER FILED NUMBER EXTRA BASIC FEE] 370.00 |oR[BASIC FEE] 740.00
TOTAL CHARGEABLE CLAIMS Z —_minus 20= |* /ﬁ(‘ X$ 9= or| xs1s-
*
INDEPENDENT CLAIMS 6/ — minus3 = 2 X42= or| Xx84= -9
MULTIPLE DEPENDENT CLAIM PRESENT D 4
+140= OR]| +280=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL
CLAIMS AS AMENDED - PART Il OTHER THAN
HIGHEST
ADDI- ADDI-
g REMAINING NUMBER
= AFTER PREVIOUSLY PE)E(-?S:T RATE }JTIONAL RATE | TIONAL
g AMENDMENT PAID FOR FEE FEE
= ,
g Total * Minus ok = X$ 9= OR X$18=
w ; -
5 Independent |« Minus ok = X42= OR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM | |
+140= or| +280=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
Column 1 Column 2)  (Column 3)
HIGHEST
@ REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE [TIONAL RATE | TIONAL
uEJ AMENDMENT PAID FOR FEE FEE
% Total * Minus ok = X$ 9= orl| xs18=
g Independent |« Minus ook =
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM g
+140= OR|} +280=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
Column 2)  (Column 3)
3] REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE { TIONAL
%" AMENDMENT PAID FOR FEE FEE
% Total * Minus ok = X$ 9= OR X$18=
g Independent |« Minus ok =
< X42= OR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM l I
+140= OR | +280=
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. =0T
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20." ADD|1T-'9:EA'E- OR ADDII‘.OJQ'E

I I ba(em and Hrademar% allce, ﬂs DEéARTMEﬂT é Q&MERCE




BTN i TR e i St v T R T
b, W AL TS T P B N I

P Y Pl€ase type a plus sign (+) inside this box —P» ‘. * PTO/SB/05 (03-01)
—--—-;__‘_. g Approved for use through 10/31/2002 OMB 0651-0032
‘-_—_-,"__.‘—'-’ P U S Patent and Trademark Office US DEPARTMENT OF COMMERCE
3= W 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. 8 ——
— E——
—=ac O3 ——
=T 4 UTILITY Attorney Docket No. ! 30015280 0001 ’\ =,
——— I~ =
l—F——n PATENT APPLICATION First Inventor I Makoto Komatsubara i P2 =2
TN ——1")
] L -}
] TRANSMITTAL - WIRED CIRCUIT BOARD A=
== 0 e ~ED -
_— % S | ——
N O ——
K{Only for new nonprovisional applications under 37 C.F R. 1.53(b)) Express Mail Label No I j e
APPLICATION ELEMENT Assistant Commissioner for Patents )
S ADDRESS TO: Box Patent Application
See MPEP chapter 600 concerning utility patent application contents Washington, DC 20231
1. X Fee Transmittal Form (e.g., PTO/SB/17) 7. CD-ROM or CD-R in duplicate, large table or
(Submit an original and a duphicate for fee processing) Computer Program (Appendix)
2.[] Applicant claims small entity status. 8. Nucleotide and/or Amino Acid Sequence Submission
See 37 CFR 1.27. (if applicable, all necessary)
3. X Specification [Total Pages I_II 1 “a [ Computer Readable Form (CRF)
(preferred arrangement set forth below) b. Specification Sequence Listing on:
- Descriptive title of the Invention i. (J CD-ROM or CD-R (2 copies); or
- Cross Reference to Related Applications i. O paper
- Statement Regarding Fed sponsored R & D . . .
- Reference to sequence listing, a table, c. [ ] Statements verifying identity of above copies
or a computer program listing appendix ACCOMPANYING APPLICATIONS PARTS
- Background of the Invention
- Bnef Summary of the Invention 9. Assignment Papers (cover sheet & document(s))
- gnef Descnption of the Drawings ( /f filed) 10. D 37 C.F.R §3.73(b) Statement D Power of
- Detailed Description . .
- Claim(s) (when there is an assignee) Attorney
- Abstract of the Disclosure 11.[]  English Translation Document (if applicable)
4. @ Drawing(s) (35 U.S.C.113) [Total Sheets ] 12.[] Information Disclosure [1 Copies of IDS
5 Oath or Declaration [Total Pages ] Statement (IDS)PTO-1449 Citations
a. X Newly executed (original or copy) 13.&J  Preliminary Amendment
b. [ Copy from a prior application (37 CFR 1.63 (d)) 14.1]  Return Receipt Postcard (MPEP 503)
. L . (Should be specifically itemized)
(for a continuation/divisional with Box 18 completed) . .
15.[] Certified Copy of Priority Document(s)
[ DELETION OF INVENTOR(S) (if foreign priority is claimed)
Signed statement attached deleting inventor(s) 16. [:] Nonpublication Request under 35 U.S.C. 122
named in the prior application, see 37 CFR . .
1 63(d)(2) and 1 33(b) (b).(Z)(B)(I). Applicant must attach form PTO/SB/35
6.[] Application Data Sheet. See 37 CFR 1.76 or its equivalent.
. pplication Data Sheet. See . 17.[] Other:
18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in a preliminary amendment,
or in an Apphcation Data Sheet under 37 CFR 1 76°
3 Continuation [ Dwisional O Continuation-in-part (CIP) of prior application No /
Prior application information Examiner Group / Art Unit-
?u For CONTINUATION or DIVISIONAL APPS only: The entire disclosure of the prior application, from which an oath or declaration is supplied
under Box 5b, is considered a part of the disclosure of the accompanying or divisional application and is hereby incorporated by reference.
The incorporation can only be relied upon when a portion has been inadvertently omitted from the submitted application parts.
17. CORRESPONDENCE ADDRESS
[ Customer Number or Bar Code Label } e or O  Correspondence address below
I
Narme 30412
PATENT TRADEMARK QFFICE
Address
City l State I Zip Code
Country I Telephone | Fax
)
Name (Print/Type) Jean C. Edwards Reguistration No. (Attorney/Agent) 41,728
Signature s Date | July 16, 2002
L 2ean C. ado )

Burden Hour Statement This form 1s estimated to take 0 2 hours to complete Time will vary depending upon the needs of the individual case Any
comments on the amount of time you are required to complete this form should be sent to the Chief information Officer, US Patent and Trademark
Office, Washington, DC 20231 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Assistant Commissioner for
Patents, Box Patent Application, Washington, DC 20231




o«

) 1*“’!]
k]
Approved f’or use !hrough 10/31/20'62 OMB 0651-0032"

G

il \uq

i ey et ‘U":‘?’ lg-i;q—up »

. U S Ratent and Trademark Office U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

4 FEE TRANSMITTAL

for FY 2002

Patent fees are subject to annual revision

Complete if Known

Application Number

Not yet assigned

Filing Date

July 16, 2002

First Named Inventor

Makoto Komatsubara

Examiner Name

Not yet assigned

Group / Art Unit

Not yet assigned

QOTAL AMOUNT OF PAYMENT | ($) 1032

Attorney Docket No

30015280 0001 /

METHOD OF PAYMENT (check one)

FEE CALCULATION (continued)

= The Commussioner is hereby authorized to charge
1. indicated fees and credit any over payments to

Deposit
Account 19-3140
Number

Deposit
Account SONNENSCHEIN NATH & ROSENTHAL
Name

* Charge Any Additional Fee Required
Under 37 CFR 1 16 and 1 17

[ Applicant claims smali entity status

N See 37 CFR 127

2. [ Payment Enclosed.

X Check [ Credit card O Money O Other

Order

FEE CALCULATION
1. BASIC FILING FEE
Large Entity Small Entity
Fee Fee  Fee Fee  Fee Description
Code ($) Code ($) Fee Paid
101 740 201 370 Utility filing fee 740
106 330 206 165 Design filing fee
107 510 207 255 Plant filing fee
108 740 208 370 Reissue filing fee
114 160 214 80 Provisional filing fee

SUBTOTAL (1) i$i740

2. EXTRA CLAIM FEES

Extra Fee from Fee
1 Claims below Paid
Total Clams [© ] 20 =[0 ] x o ] =[o ]
Independent
Claims 6 -3 =13 X | 84 = | 252
)

Multiple X
Dependent

Large Entity Small Entity

Fee Fee Fee Fee .

Code ) Code ) Fee Description

103 18 203 9 Claims 1n excess of 20

102 84 202 42 Independent claims in excess of 3

104 280 204 140 Multiple dependent claim, if not paid
** Retssue independent claims over

109 84 209 42 original patent

110 18 210 9 ** Reissue claims in excess of 20 and

over original patent

**or number previously paiud, If greater, For Reissues, see above

3. ADDITIONAL FEES

Large

Entity
Fee Fee Fee
Code %) Code
1056 130 205
127 50 227
139 130 138
147 2,520 147
112 920" 112
113 1,840* 113
115 110 215

116 400 216

117 920 217
118 1,440 218
128 1,960 228
19 320 219
120 320 220
121 280 221
138 1,510 138
140 110 240
141 1,280 241
142 1.280 242
143 460 243
144 620 244
122 130 122
123 50 123
126 180 126
581 40 581
146 740 248

149 740 249

179 740 279
169 900 169

Other fee (specify)

Smali

Entity

Fee . Fee

) Fee Description Paid

65 Surcharge - late filing fee or oath

25 Surcharge - late provistonal filing fee
or cover sheet.

130 Non-English specification

2,520 For filing a request for reexamination

920" Requesting publication of SIR prior to
Examiner action

1,840* Requesting publication of SIR after
Examiner action

55 Extension for reply within first month

200 Extension for reply within second
month

460 Extension for reply within third month

720 Extension for reply within fourth
month

980 Extension for reply within fifth month

160 Notice of Appeal

160 Filing a brnef in support of an appeal

140 Request for oral heanng
Petition to institute a public use

1,510
proceeding

55 Petition to revive — unavoidable

840 Petition to revive — unintentional

640 Utihty 1ssue fee (or reissue)

230 Design issue fee

310 Plant issue fee

130 Petitions to the Commissioner

50 Processing fee under 37 CFR 1 17 (q)
Submission of Information Disclosure

180
Stmt
Recording each patent assignment

40 per property (tmes number of 40
properties)

370 Filing a submission after final rejection
(37 CFR § 1 129(a))

370 For each additional invention to be
examined (37 CFR § 1 129(b))

370 Request for Continued Examination (RCE)

800 Request for expedited examination
of a design apphication

*Reduced by Basic Filing Fee Paid SUBTOTAL (3)

SUBMHITTED BY

Complete (if applicable)

Name (Print/Type) Jean C Edwards Registration No Attorney/Agent) 41,728 Telephone 202/408-6428
L
Signature Q—m O - &QWW/ Date July 16, 2002
» WARNING: Information on this form may become public. Credit card information should not be included on this form Provide credit card information and

authorization on PTO-2038 Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of
the individual case. Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant

i for P. , Washington, DC 20231.




Ay TR G 3 gEMy 3T tAng ga sy, cam, gy s

3 W3 3 B el A A7y sy
Jibedton Zd el T mm R w i O

L%
.
s
»

Attorney Docket No . 30015280.0001
Customer No.: 30412

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Makoto KOMATSUBARA, et al. Group Art Unit: Not yet assigned
U.S. Application No.: Not yet assigned Examiner: Not yet assigned
Confirmation No.: Not yet assigned

Filed: July 16, 2002

For: WIRED CIRCUIT BOARD

PRELIMINARY AMENDMENT

Commissioner for Patents and Trademarks
Washington, D.C. 20231

Sir:

Prior to examination of the above-identified application, please amend the application as follows:

IN THE SPECIFICATION:

Page 1, prior to paragraph 1, please add the following new paragraph:

The present invention claims priority from Japanese Patent Application Serial No. 2001-216812,

filed July 17, 2001, which is herein incorporated by reference.
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Attorney Docket No : 30015280 0001

REMARKS

Entry of this Preliminary Amendment prior to examination of the above-identified application is
respectfully requested.

The Commissioner is hereby authorized to charge any additional fees, which may be required, or
credit any overpayment, to Deposit Account No. 19-3140.

Respectfully submitted,

C.
Jean C. Edwards
Registration No. 41,728

Sonnenschein Nath & Rosenthal
1301 K St., N.W.

East Tower, Suite 600
Washington, D.C. 20005
Telephone: 202/408-6428
Facsimile: 202/408-6399

Date: July 16, 2002

25051547\V1
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VERSION WITH MARKINGS TO SHOW CHANGES MADE

IN THE SPECIFICATION:

Page 1, prior to paragraph 1, the following new paragraph was added:

The present invention claims priority from Japanese Patent Application Serial No. 2001-216812,

filed July 17, 2001, which is herein incorporated by reference.
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WIRED CIRCUIT BOARD

BACKGROUND OF THE INVENTION
[0001]
Field of the Invention

The present invention relates to a wired circuit board and, more
particularly, to a wired circuit board suitably used for a suspension board
with circuit.

{o002]
Description of the Prior Art

The wired circuit boards used for electronic/electric equipments are
usually provided with terminal portions to connect with external connecting
terminals.

[0003]

In recent years, the so-called "“flying lead” in which the terminal
portions are formed on both sides of the conductive pattern, rather than in
only either side thereof, is being in widespread use in order to meet the
demand for electronic/electric equipment to have increasingly higher
density and reduced size. It 1s known, for example, in suspension board
with circuit used for a hard disk drive that the terminals are provided in the
form of flying lead.

[0004]

To be more specific, the suspension board with circuit comprises a

supporting board 1 of stainless steel foil, a base layer 2 of an insulating

material formed on the supporting board 1, a conductive pattern 3 formed

HUTCHINSON EXHIBIT 1002
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on the base layer 2 in the form of a specified circuit pattern, and a cover
layer 4 of an insulating material, for covering the conductive pattern 3, as
shown in FIG. 21. The terminal portions 5 provided in the form of the
flying lead are formed on both sides of the conductive pattern 3 in the
following manner. The cover layer 1 i1s opened to expose a front side of the
conductive pattern 3, while also the supporting board 1 and the base layer 2
are opened to expose a back side of the conductive pattern 3. If necessary,
metal plated layers 6 are formed on the both sides of the thus exposed
conductive pattern 3 by nickel/gold plating and the like.

[0005]

Thereafter, these terminal portions formed as the flying lead are
bonded to external connecting terminals by applying supersonic vibration
thereto by use of a bonding tool and the like.

[0006]

In this terminal portion formed as the flying lead, since the both sides
of the conductive pattern are exposed, the supersonic vibration is easily
transmitted to the terminals. This is suitable for the bonding using the
supersonic vibration: on the other hand, this provides the disadvantage that
the conductive pattern exposed at both sides thereof is weak in physical
strength and is subject to stress concentration at edge portions of the
openings in the base layer and cover laycr, to causc disconnection of the
conductive pattern with ease.

[0007]
SUMMARY OF THE INVENTION

It is the object of the invention to provide a new wired circuit board

R ek W g g o
o TR U EIL om oob 4 BTROH OB,
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having a terminal portion formed as a flying lead in which both sides of a
conductive pattern are exposed that can provide enhanced strength of the
conductive pattern by simple construction to effectively prevent occurrence
of disconnection of the conductive pattern.

[0008]

The present invention provides a wired circuit board comprising a first
insulating layer, a conductive pattern formed on the first insulating layer, a
second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the first
insulating layer and the second insulating layer to open, so as to form a
terminal portion in which front and back sides of the conductive pattern are
exposed, wherein at least any one of the first insulating layer, the second
insulating layer and the conductive pattern has reinforcing portions for
reinforcing the conductive pattern formed at ends of the opening in crossing
areas where ends of the opening and the conductive pattern are crossed
each other.

[0009]

Also, the present invention provides a wired circuit board comprising a
metal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the
metal supporting layer and the first insulating layer, and the second
insulating layer to open, so as to form a terminal portion in which front and

back sides of the conductive péttern are exposed, wherein at least any one of

T e o R T B i T |
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the first insulating layer, the second insulating layer and the conductive
pattern has reinforcing portions for reinforcing the conductive pattern
formed at ends of the opening in crossing areas where ends of the opening
and the conductive pattern are crossed each other.

[o010]

In the wired circuit boards mentioned above, since at least any one of
the first insulating layer, the second insulating layer and the conductive
pattern has the reinforcing portions for reinforcing the conductive pattern
formed at the ends of the opening in the crossing areas where the ends of
the opening and the conductive pattern are crossed each other, the physical
strength of the conductive pattern at the ends of the opening can be
reinforced. This can produce the effect that for example when the
conductive pattern both sides of which are exposed i1s subject to stress
concentration at the end portions of the opening in the process of bonding
the terminal portion and the external connecting terminal by applying
supersonic vibration of a bonding tool, the disconnection of the conductive
pattern can be effectively prevented, thus providing improved bonding
reliability.

[0011]

In addition, the present invention provides a wired circuit board
comprising a first insulating layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for
allowing the first insulating layer and the second insulating layer to open,

so as to form a terminal portion in which front and back sides of the

4 .
HUTCHINSON EXHIBIT 1002
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conductive pattern are cxposed, wherecin the conductive pattern has
widened portions formed to extend in a widthwise direction substantially
orthogonal to an extending direction of the conductive patiern in crossing
areas where ends of the opening and the conductive pattern are crossed
each other.

[0012]

Also, the present invention provides a wired circuit board comprising a
metal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the
metal supporting layer and the first insulating layer, and the second
insulating layer to open, so as to form a terminal portion in which front and
back sides of the conductive pattern are exposed, wherein the conductive
pattern has widened portions formed to extend in a widthwise dircction
substantially orthogonal to an extending direction of the conductive pattern
in crossing areas where ends of the opening and the conductive pattern are
crossed each other.

[0013]

In the wired circuit boards mentioned above, since the conductive
pattern has widened portions formed to extend in a widthwise direction
,substantially orthogonal to the extending direction of the conductive
pattern in the crossing areas where the ends of the opening and the
conductive pattern are crossed each other, the physical strength of the

conductive pattern at the ends of the opeming can be reinforced. This can
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produce the effect that for example when the conductive pattern both sides
of which are exposed is subject to stress concentration at the end portions of
the opening in the process of bonding the terminal portion and the external
conncceting terminal by applying supersonic vibration of the bonding tool,
the disconnection of the conductive pattern can be effectively prevented,
thus providing improved bonding reliability.

[0014]

Further, the present invention provides a wired circuit board
comprising a {irst insulating layer, a conductive pattern formed on the first
insulating layer, a second insulating layer formed on the conductive pattern,
and an opening, formed at the same position of the conductive pattern, for
allowing the first insulating layer and the second insulating layer to open,
so as to form a terminal portion in which front and back sides of the
conductive pattern are exposed, wherein the first insulating layer and/or
the second insulating layer have projections projecting from ends of the
opening onto the conductive pattern in the opening in the crossing areas
where the ends of the opening and the conductive pattern are crossed each
other.

[0015]

Also, the present invention provides a wired circuit board comprising a
mectal supporting layer, a first insulating layer formed on the metal
supporting layer, a conductive pattern formed on the first insulating layer,
a second insulating layer formed on the conductive pattern, and an opening,
formed at the same position of the conductive pattern, for allowing the

metal supporting layer and the first insulating layer, and the second
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insulating layer to open, so as to form a terminal portion in which front and
back sides of the conductive pattern are exposed, wherein the first
insulating layer and/or the second insulating layer have projections
projecting from ends of the opening onto the conductive pattern in the
opening in the crossing areas where the ends of the opening and the
conductive pattern are crossed each other.

[0016]

In the wired circuit boards mentioned above, since the first insulating
layer and/or the second insulating layer have projections projecting from
the ends of the opening onto the conductive pattern in the opening in the
crossing areas where the ends of the opening and the conductive pattern are
crossed each other, the physical strength of the conductive pattern at the
ends of the opening can be reinforced. This can produce the effect that for
example when the conductive pattern both sides of which are exposed is
subject to stress concentration at the end portions of the opening in the
process of bonding the terminal portion and the external connecting
terminal by applying supersonic vibration of the bonding tool, the
disconnection of the conductive pattern can be effectively prevented, thus
providing improved bonding reliability.

[0017]

The wired circuit board of the present invention can provide high
bonding reliability so that the wired circuit board can be used as the
suspension board with circuit, even when formed as the flying lead in which
both sides of the conductive pattern are exposed.

[0018]

iy
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BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings:
FIG. 1 shows an embodiment of a wired circuit board (wherein a
widened portion is formed) of the present invention: (a) is a sectional view of
5  a principal portion of a terminal portion of the wired circuit board; and (b) is
a plan view of the terminal portion of the same.
FIG. 2 is an enlarged plan view of FIG. 1(b).
FIG. 3 illustrates the production processes of a wired circuit board
shown in FIG. 1:
10 (a) shows the step of forming a conductive pattern on a base layer;
(b) shows the step of forming a base layer on the conductive pattern;
(c) shows the step of forming a cover-side opening on the cover layer at
a portion thereof at which terminals are to be formed;
(d) shows the step of forming a base-side opening on the base layer at a
15 portion thereof at which terminals are to be formed; and
(e) shows the step of forming a metal plated layer on each of front and
back sides of the conductive pattern exposed in the cover-side opening and
the base-side opening.
FIG. 4 shows another embodiment of the wired circuit board (wherein
20  a cover-side projection and a base-side projection are formed) of the present
invention: (a) is a sectional view of a principal portion of a terminal portion
of the wired circuit board; and (b) is a plan view of the terminal portion of
the same.
FIG. 5 is an enlarged view of the plan view shown in FIG. 4(b).
25 FIG. 6 is an enlarged view of the plane view of another embodiment

8
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shown in FIG. 4(b).
FIG. 7 shows in section a principal portion of another embodiment
(only the cover-side projection is formed) of the wired circuit board shown in
FIG. 4(a).
5 FIG. 8 shows in section a principal portion of still another embodiment
(only the base-side projection is formed) of the wired circuit board shown in
FIG. 4(a).
FIG. 9 is a plan view of a suspension board with circuit presented as
one embodiment of the wired circuit board of the present invention.
10 FIG. 10 illustrates the production processes of the suspension board
with circuit shown in FIG. 9:
(a) shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on a supporting board;
(b) shows the step of exposing the coating to light through a
15 photomask;
(¢) shows the step of developing the coating to form it into a
predetermined pattern;
(d) shows the step of curing the patterned coating to form the base
layer,
20 (e) shows the step of forming a conductive pattern on the base layer;
(f) shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on the conductive pattern;
(g) shows the step of exposing the coating to light through a
photomask;

25 (h) shows the step of developing the coating to form it into a
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predetermined pattern;

(1) shows the step of curing the patterned coating to form the cover
layer;

() shows the step of opening the supporting board at portions thereof
at which the external-side connecting terminals are formed;

(k) shows the step of opening the base layer at portions thereof at
which the external-side connecting terminals are formed; and

(1 shows the step of forming a metal plated layer on each side of the
exposed conductive pattern.

FIG. 11 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein a widened portion is formed) of the present
invention® (a) is a sectional view of a principal portion of an external-side
connecting terminal of the suspension board with circuit; and (b) is a plan
view of the external-side connecting terminal of the same.

FIG. 12 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein a cover-side projection and a base-side projection
are formed): (a) is a sectional view of a principal portion of an external-side
connecting terminal of the suspension board with circuit; and (b) is a plan
view of the external-side connecting terminal of the same.

FIG. 13 shows 1n section a principal portion of another embodiment
(only the cover-side projection is formed) of the suspension board with
circuit shown in FIG. 12(a).

FIG. 14 shows in section a principal portion of still another
embodiment (only the base-side projection is formed) of the suspension

board with circuit shown in FIG. 12(a).
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FIG. 15 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein the conductive pattern has a concave form and a
widened portion is formed): (a) is a sectional view of a principal portion of an
external-side connecting terminal of the suspension board with circuit; and
5 (b) is a plan view of the external-side connecting terminal of the same.
FIG. 16 illustrates the production processes of the suspension board
with circuit shown in FIG. 15:
(a) shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on a supporting board;
10 (b) shows the step of exposing the coating to light through a
photomask;
(c) shows the step of developing the coating to form it into a
predetermined pattern;
(d) shows the step of curing the patterned coating to form the base
15 layer,
(e) shows the step of forming a conductive pattern on the base layer;
() shows the step of forming a coating of a precursor of a
photosensitive polyimide resin on the conductive pattern;
(g) shows the step of exposing the coating to light through a
20 photomask;
(h) shows the step of developing the coating to form it into a
predetermined pattern;
(i) shows the step of curing the patterned coating to form the cover
layer;

25 () shows the step of opening the supporting board at portions thereof

11
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at which the external-side connecting terminals are formed;
(k) shows the step of opening the base layer at portions thereof at
which the external-side connecting terminals are formed; and
() shows the step of forming a metal plated layer on each side of the
5  exposed conductive pattern.
FIG. 17 is a schematic plan view of an embodiment of a photomask
used for exposing the coating to light in the step of FIG. 16(b):
(a) shows a semi-translucent striped pattern having an average
transmission ratio of about 50%;
10 (b) shows a semi-translucent latticed pattern having an average
transmission ratio of about 25%:;
(c) shows a semi-translucent circular staggered pattern having an
average transmission ratio of about 25%; and
(d) shows a semi-translucent circular staggered pattern having an
15 average transmission ratio of about 70%.
FIG. 18 shows an embodiment of a suspension board with circuit
shown in FIG. 9 (wherein the conductive pattern has a concave form and a
cover-side projection and a base-side projection are formed): (a) is a
sectional view of a principal portion of an external-side connecting terminal
20  of the suspension board with circuit; and (b) is a plan view of the external-
side connecting terminal of the same.
FIG. 19 shows in section a principal part of another embodiment of a
suspension board with circuit shown in FIG. 18(a) (wherein only the cover-
side projection is formed).

25 FIG. 20 shows in section a principal part of still another embodiment

12
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of a suspension board with circuit shown in FIG. 18(a) (wherein only the
base-side projection is formed).

FIG. 21 shows a conventional suspension board with circuit: (1) is a
sectional view of a principal portion of a terminal of the suspension board
with circuit; and (b) is a plan view of the terminal of the same.

[o019]
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, there is shown an embodiment of a wired circuit
board of the present invention. FIG. 1(a) is a sectional view of a principal
portion of a terminal portion of the wired circuit board; and FIG. 1(b) is a
plan view of the terminal portion of the same. In FIG. 1(a), the wired
circuit board 11 comprises a base layer 12 formed as a first insulating layer
of insulating material, a conductive pattern 13 formed on the base layer 12
1 the form of a specified wired circuit pattern, and a cover layer 14 formed
as a second insulating layer of insulating material on the conductive
pattern 13. The conductive pattern 13 is provided in the form of a plurality
of lines of wires 13a, 13b, 13c and 13d arrayed in parallel with each other
with spaced at a predetermined interval, as shown in FIG. 1(b).

[0020]

The insulating materials of the base layer 12 and the cover layer 14
that may be used include, for example, synthetic resins, such as polyimide
resin, acrylic resin, polyether nitrile resin, polyether sulfonic resin,
polyethylene terephthalate resin, polyethylene naphthalate resin and
polyvinyl chloride resin. Polyimide resin is preferably used.

[0021]

13 :
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The base layer 12 and the cover layer 14 usually have thickness of 1-
30mm, or preferably 2-20pm.
[0022]

The conductive materials used for the conductive pattern 13 include,
for example, copper, nickel, gold, solder or alloys thereof. Copper is
preferably used. The conductive pattern 13 usually has thickness of 2-
30um, or preferably 5-20pm.

[0023]

This wired circuit board 11 1s formed in the following way. First, as
shown in FIG. 3(a), the conductive pattern 13 is formed on the base layer 12
formed in a film-like form, in the form of the specified wired circuit pattern
by a known patterning process, such as a subtracting process, an additive
process and a semi-additive process. Then, as shown in FIG. 3(b), the base
layer 12 1s covered with the cover layer 14 in a known method, for example,
by adhesive bonding a film-like resin to the conductive pattern 13 or by
applying a photosensitive resin to the conductive pattern 13 and then
curing that resin.

[0024]

In the wired circuit board 11 thus formed, as shown in FIG. 1(a), the
cover layer 14 is opened to expose a front side of the conductive pattern 13
and also the base layer 12 1s opencd to ecxposce a back side of the conductive
pattern 13 in such a manner that the exposed front side of the conductive
pattern 13 and the exposed back side of the same correspond in position to
each other so as to expose the both sides of the conductive pattern 13.

Then, on the both sides of the exposed conductive pattern 13, metal plating

14
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layers 15 are formed thereby forming the terminal portion 16 in the form of
the flying lead.
[0025]

This terminal portion 16 is formed in the following manner. First, a
cover-side opening 17 is formed in the cover layer 14 in a portion thereof in
which the terminal portion 16 is to be formed, in a known method, such as
drilling, laser machining, etching and patterning of photosensitive resin, as
shown in FIG. 3(c). Likewise, a base-side opening 18 is formed in the base
layer 12 1n a portion thereof corresponding to the cover-side opening 17, in a
known method, such as drilling, laser machining, etching and patterning of
photosensitive resin, as shown in FIG. 3(d). The cover-side opening 17 and
the base-side opening 18 are opened into a rectangular shape to cover all
the lines of wire 13a, 13b, 13c and 13d.

[0026]

As shown in FIG. 3(c), the metal plating layers 15 are formed by
plating on both sides of the conductive pattern 13 exposed in the cover-side
opening 17 and the base-side opening 18.

[0027]

No particular limitation is imposed on the plating method used for
forming the metal plated layer 15. The mectal plating layer 15 may be
formed by either of electrolysis plating and electroless plating. Also, no
particular limitation is imposed on the metals used for the plating. Known
metals may be used for the plating. It is preferable that the electrolysis
nickel plating and the electrolysis gold plating are performed in sequence so

that a gold plated layer 20 is formed on a nickel plated layer 19. The

15
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nickel plated layer 19 and the gold plated layer 20 each have thickness of
the order of 1-5pm.
[0028]

The wired circuit board 11 has the terminal portion 16 in the form of
the flying lead. In the terminal portion 16, widened portions 22 as
reinforcing portions which extend in a widthwise direction substantially
orthogonal to an extending direction of the conductive pattern 13 are
provided in the conductive pattern 13 in crossing areas 21 where the ends of
the cover-side opening 17/the base-side opening 18 and the conductive
patterns 13 are crossed each other, as shown in FIG. 1(b).

[0029]

To be more specific, the widened portions 22 are formed in the
respective lines of wire 13a, 13b, 13c¢c and 13d at positions thereof which
correspond to the crossing areas 21 (two areas per each line of wire) and
arranged with space from each other along the longitudinal direction of the
himes of wire 13a, 13b, 13¢ and 13d. The widened portions 22 are formed in
such a generally round shape as to protrude widthwise from the lines of
wire 13a, 13b, 13¢c and 13d.

[0030]

As shown in FIG. 2, each widened portion 22 1s arranged, with its
generally outer half portion embedded in the cover layer 14/base layer 12
and its generally inner half portion exposed in the cover-side opening 17/
base-side opening 18, when a maximum widthwise length 23 between the
adjacent lines of wire is defined as a boundary between the outer half

portion and the inner half portion. Thus, the terminals 16 are formed in

16
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such a dumbbell shape that the lines of wire 13a, 13b, 13¢c and 13d are
protruded widthwise at both ends thereof in the cover-side opening 17/the
base-side opening 18.

[0031]

Each widened portion 22 is so formed that the maximum widthwise
length 23 is 1.1-4 times, or preferably 2-3 times, as longer as a usual line
width 24 of the lines of wire 13a, 13b, 13c and 13d exposed outside in the
cover-side opening 17/base-side opening 18. To be more specific, a
widthwise part of widened portion 22 at the maximum widthwise length 23
15 20-1,000pm in length and a lengthwise part of the widened portion 22
extending in a longitudinal direction of the lines of wire 13a, 13b, 13c and
13d 1is 50-500pm in length.

[0032]

The widened portions 22 may be formed in any shape other than the
generally round shape, as long as they are shaped to protrude widthwise
and have widths larger than the usual width. For example, the widened

portion 22 may be formed in rectangle.

_ [0033]

The terminal portion 16 having this widened portion 22 can be formed
in the processes given below. The widened portions 22 are formed with the
patterning of the wired circuit pattern in the process of forming the
conductive pattern 13. Then, in the processes of FIG. 3(c) and (d), the
cover layer 14 and the base layer 12 are each opened so that the maximum
widthwise length 23 of the widened portion 22 can be within the crossing

areas 21 and thereby the cover-side opening 17 and the base-side opening

17
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18 are formed. Thereafter, in the process shown in FIG. 3(e), the metal
plated layer 15 is formed on each side of the conductive pattern 13 exposed
in the cover-side opening 17 and the base-side opening 18.

[0034]

In this formation of the wired circuit board 11, since the widened
portions 22 widened in the widthwise direction of the conductive pattern 13
are formed in the conductive pattern 13 in the crossing areas 21 where the
ends of the cover-side opening 17/the base-side opening 18 and the
conductive pattern 13 are crossed each other, the physical strength of the
conductive pattern 13 at the ends of the cover-side opening 17 and at the
ends of the base-side opening 18 can be reinforced. This can produce the
effect that for example when the conductive pattern 13 are subject to stress
concentration at exposed portions thereof at ends of the cover-side opening
17 and base-side opening 18 in the process of bonding the terminal portions
16 and the external connecting terminals by applying supersonic vibration
of a bonding tool, the disconnection of the conductive pattern 13 can be
effectively prevented, thus providing improved connection reliability.

[0035]

In addition, the wired circuit board 11 may be formed so that the
terminal portion 16 presented in the form of this flying lead can have
cover-side projections 25 formed as the reinforcing portions and base-side
projections 26 formed as the reinforcing portions, as shown in FIG. 4.
Specifically, the cover-side projections 25 are formed to project from the
ends of the cover-side opening 17 onto the conductive pattern 13 in the

cover-side opening 17 in the cover layer 14 in the crossing areas 21 where

18
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the ends of the cover-side opening 17/the base-side opening 18 and the
conductive patterns 13 are crossed each other. The base-side projections
26 are formed o project from the ends of the base-side opening 18 onto the
conductive pattern 13 in the base-side opening 18 in the base layer 12 in the
crossing areas 21.

[0036]

To be more specific, the cover-side projections 25 and the base-side
projections 26 are formed in the respective lines of wire 13a, 13b, 13¢c and
13d at positions thereof which correspond to the crossing areas 21 (two
areas per each line of wire) and arranged with space from each other along
the longitudinal direction of the lines of wire 13a, 13b, 13c and 13d, as
shown in FIG. 4(b). These projections 25, 26 are formed in a convex shape
projecting inwardly from the ends of the cover-side opening 17 and the
base-side opening 18 along the extending direction of the lines of wire 13a,
13b, 13¢c and 13d, respectively.

[0037]

The cover-side projections 25 and the base-side projections 26 are
overlapped with the lines of wire 13a, 13b, 13c and 13d and are so tapered
(shaped generally in triangle as viewed from the top) that the overlap can
gradually reduce toward the inside of the cover-side opening 17/base-side
opening 18, respectively. As a result of this, the terminal portions 16 arc
so formed that the lines of wire 13a, 13b, 13c and 13d can be covered with
the cover-side projections 25 and the base-side projections 26 at opposite
ends thereof in the cover-side opening 17 and the base-side opening 18.
[0038]

19
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The cover-side projections 25 and the base-side projections 26 are
formed to project at projection length 27 of one-fourth to one-thirtieth, or
preferably one-fifth to one'Lwenti‘eLh, to a line length 29 of each of the lines
of wire 13a, 13b, 13c and 13d exposed 1n the cover-side opening 17 and the
base-side opening 18, as shown in FIG. 5. To be more specific, each of the
cover-side projections 25 and the base-side projections 26 has a basal width
28 of 5-20pm slightly smaller than a line width 24 of lines of wire 13a, 13b,
13¢ and 13d at the ends of the cover-side opening 17/the base-side opening
18. The cover-side projections 25 and the base-side projections 26 are
projected inwardly in a taped manner at a projection length 27 of 5-250pm
and are formed in a generally triangle whose top 1s located at a widthwise
center of lines of wire 13a, 13b, 13¢ and 13d.

[0039]

The shape of the cover-side projections 25 and the base-side
projections 26 is not limited to the one shown in FIG. 5, as long as those
projections have such a shape as to overlap with the lines of wire 13a, 13b,
13¢ and 13d along the longitudinal direction of the lines of wire 13a, 13b,
13c and 13d. For example, as shown in FIG. 6, the cover-side projections
25 and the base-side projections 26 may be formed to project toward the
inside thercof in a tapercd manncer from the ends of the cover-side opening
17/the base-side opening 18, with the basal width 28 slightly larger than
the line width 24 of the lines of wire 13a, 13b, 13c and 13d. Further, those
projections 25, 26 may be formed in such a rectangular shape as to overlap
with the lines of wire 13a, 13b, 13c and 13d along the longitudinal direction

of the lines of wire 13a, 13b, 13c¢ and 13d, without limiting to the generally

20
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triangle shape.
[0040]

The terminal portions 16 having these cover-side projections 25 and
the base-side projections 26 are formed as follows. In the process of FIG.
3(c), the cover layer 14 is opened in such a manner as to form the cover-side
projections 25 to thereby produce the cover-side opening 17. In the process
of FIG. 3(d), the base layer 12 is opened in such a manner as to form the
base-side projections 26 to thereby produce the base-side opening 18.
Thereafter, in the process of FIG. 3(e), the metal plated layer 15 is formed
on cach side of the conductive pattern 13 exposed in the cover-side opening
17 and the base-side opening 18.

[0041]

In this formation of the wired circuit board 11, since the cover-side
projections 25 and the base-side projections 26 are formed in the cover layer
14 and the base layer 12 in the crossing areas 21 where the ends of the
cover-side opening 17/the base-side opening 18 and the conductive patterns
13 are crossed each other, so as to project from the ends of the cover-side
opening 17/the base-side opening 18 onto the conductive pattern 13 in the
cover-side opening 17 and the base-side opening 18, respectively, the
physical strength of the conductive pattern 13 at the ends of the cover-side
opening 17 and at the ends of the base-side opening 18 can be reinforced.
This can produce the effect that for example when the conductive pattern 13
are subject to stress concentration at exposed portions thereof at ends of the
cover-side opening 17 and base-side opening 18 in the process of bonding the

terminal portions 16 and the external connecting terminals by applying

21
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supersonic vibration of the bonding tool, the disconnection of the conductive
pattern 13 can be effectively prevented, thus providing improved connection
reliability.

[0042]

It 1s to be noted that in the wired circuit board 11, both of cover-side
projections 25 and the base-side projections 26 are not necessarily required.
For example, only the cover-side projections 25 may be formed, as shown in
FIG. 7. Alternatively, only the base-side projections 26 may be formed, as
shown in FIG. 8.

[0043]

Further, modification may be made of the invention by forming the
widened portions 22 in the conductive pattern 13 and also forming the
cover-side projections 25 in the cover layer 14 and/or forming the base-side
projections 26 in the base layer 12, though not shown.

[0044]

The wired circuit board 11 having these terminal portions 16 is
particularly preferably applicable to a suspension board with circuit.
[0045]

Referring to FIG. 9, there is shown a perspective view of a suspension
board with circuit presented as an embodiment of the wired circuit board of
the present invention. The suspension board with circuit 31 mounts
thereon a magnetic head of a hard disk driver (not shown) and suspends the
magnetic head while holding a minute interval between the magnetic head
and a magnetic disk against airflow generated when the magnetic head and

the magnetic disk run relative to each other. The suspension board with

22

HUTCHINSON EXHIBIT 1002



10

15

20

PAGE 366 OF 422

Bt e LuEy o g s e s B

I T . w2
L R R e T LB SIS R i R

circuit has the lines of wire 34a, 34b, 34¢, 34d, integrally formed in the form
of a specified wired circuit pattern, for connecting the magnetic head and a
read/write board 39 formed as an external circuit.

[0046]

In FIG. 9, the suspension board with circuit 31 has a base layer 33, as
a first insulating layer of insulating material, which is formed on a
supporting board 32 extending longitudinally as a metal supporting layer.
A conductive pattern 34 is formed on the base layer 33 in the form of a
specified wired circuit pattern, and a cover layer 35 (not shown) is formed
on the conductive pattern 34 as a second insulating layer of insulating
material. The conductive pattern 34 is provided in the form of the
plurality of lines of wire 34a, 34b, 34¢ and 34d arrayed in parallel with
spaced at a predetermined interval.

[0047]

Gimbals 36 for fitting the magnetic head therein are formed in the
supporting board 32 by cutting out the supporting board 32 at a front end
portion thereof. At the front end portion of the supporting board 32,
magnetic head connecting terminals 37 are formed to connect between the
magnetic head and the lines of wire 34a, 34b, 34c and 34d. At the rear end
portion of the supporting board 32, external-side connecting terminals 38 as
the terminals are formed to connect betwcen the read/write board 39 and
the lines of wire 34a, 34b, 34c and 34d. The external-side connecting
terminals 38 are formed in the ends of the lines of wire 34a, 34b, 34c¢ and
34d, to correspond to each of the read/write terminals 54.

[0048]
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This suspension board with circuit 31 can be formed in the following
processes. First, the supporting board 32 1s prepared and the base layer 33
is formed on the supporting board 32 in the form of the specified pattern, as
shown in FIG. 10(a)-(d). A mctal foil or a mctal sheet is preferably used as
the supporting board 32. For example, stainless steel, 42 alloy and the hke
are preferably used. The supporting board 32 used preferably has
thickness of 10-60pm, or further preferably 15-30pum, and width of 50-
500mm, or further preferably 125-300mm.

[0049]

Insulating material used for forming the base layer 33 is not limited to
any particular insulating material. The insulating materials that may be
used include, for example, synthetic resins such as polyimide resin, acrylic
resin, polyether mnitrile resin, polyether sulfonic resin, polyethylene
terephthalate resin, polyethylene naphthalate resin and polyvinyl chloride
resin. Of these synthetic resins, a photosensitive resin is preferably used
as the base layer. A photosensitive polyimide resin is further preferably
used.

[0050]

Then, for example when the base layer 33 is formed in the specified
pattern on the supporting board 32 by using photosensitive polyimide resin,
liquid solution of precursor of the photosensitive polyimide resin 1s applicd
to the whole area of the supporting board 32 prepared first, and then 1s
dried, for example, at 60-150°C, to form a coating 33p of the precursor of the
photosensitive polyimide resin, as shown in FIG. 10(a).

[o051]

24
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Then, the coating 33p is exposed to light through a photomask 40, as
shown in FIG. 10(b). If required, the exposed part is heated to a specified
temperature. Thereafter, the coating 33p is developed to form the coating
33p into a specified pattern, as shown in FIG. 10(¢). Preferably, radiation
irradiated for the exposure has an exposure wavelength in the range of
300-450nm, or preferably 350-420nm. An integrated quantity of exposure
light is preferably in the range of 100-1,000md/cm?2, or further preferably
200-700md/cm2. Further, when the exposed part of the coating 33p
irradiated is heated, for example, at a temperature in the range of not less
than 130C to less than 1507C, it is solubilized (positive type) for the next
processing procedure (development), while on the other hand, when heated,
for example, at a temperature in the range of not less than 150C to not
more than 180°C, it is non-solubilized (negative type) for the next processing
procedure (development). The development can be performed by any
known method, such as a dipping process and a spraying process, by using a
known developing solution such as alkaline developer. Preferably, the
manufacturing method uses the negative type to produce the circuit pattern.
INustrated in FIG. 10 i1s an embodiment using the process steps of negative
type for patterning the circuit.

[0052]

As shown in FIG. 10(d), the coating 33p of the precursor of the
polyimide resin thus patterned is finally heated, for example, to 250C or
more to be cured (imidized), whereby the base layer 33 of polyimide resin is
formed in the specified pattern. The base layer 33 thus formed have a

thickness in the range of e.g. 2-30pm, or preferably 5-20nm.
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[0053]

Sequentially, the conductive pattern 34 is formed on the base layer 33
in the form of a specified wired circuil pattern, as shown in FIG. 10(e). The
conductive materials that may be used for forming the conductive pattern
34 include metals, such as copper, nickel, gold, solder or alloys thereof.
Copper is preferably used. To form the conductive pattern 34 in the
specified wired circuit pattern, the conductive pattern 34 may be formed on
the base layer 33 in the specilied wired circuit pattern in any known
patterning process, such as the subtracting process, the additive process
and the semi-additive process. In this method, the semi-additive process is
preferably used.

[0054]

The conductive pattern 34 thus formed is in the form of a pattern
formed by the plurality of lines of wire 34a, 34b, 34c and 34d which are
spaced from each other in parallel with a given interval, as mentioned
above. The conductive pattern 34 has a thickness in the range of e.g. 2-
30um, or preferably 5-20um. The lines of wire 34a, 34b, 34c and 34d have
a line width in the range of e.g. 10-500um, or preferably 30-200um. The
interval (space width) between the adjacent lines of wire 34a, 34b, 34¢ and
34d 1s in the range of e.g. 10-500pm, or preferably 30-200pm.

[0055]

Sequentially, the conductive pattern 34 is covered with the cover layer
35 of insulating material, as shown in FIG. 10()-(i). The same insulating
material as the insulating material of the base layer 35 is used for forming

the cover layer 35. Preferably, photosensitive polyimide resin is used
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[0056]

For example when the cover layer 35 is formed by using the
photosensitive polyimide resin, liquid solution of precursor of the
photosensitive polyimide resin is applied to the whole area of the supporting
board 32 and the base layer 33, first, and then is dried at a temperature in
the range of e.g. 60-150°C, in the same manner as in the patterning of the
base layer 33, to form a coaling 35p of the precursor of the photosensitive
polyimide resin, as shown in FIG. 10(f). Then, the coating 35p is exposed
to light through the photomask 41, as shown in FIG. 10(g). If required, the
exposed part is heated to a certain temperature. Thereafter, the coating
35p is developed to be patterned so that the conductive pattern 34 can be
covered with the coating 35p, as shown in FIG. 10().

[0057]

In the patterning of the coating 35p, the photomasks 41 are placed to
confront the areas where the cxternal-side connecting terminals 38 are
formed, so that the front side of the conductive pattern 34 can be exposed
from the coating 35p to form the cover-side opening 42. To be more specific,
the coating 35p is opened so that the cover-side opening 42 can be formed in
such a rectangle shape as to include the lines of wire 34a, 34b, 34c and 34d,
so as to provide the external-side connecting terminals 38 in the form of the
flying lead, as mentioned later.

[0058]
The coating 35p can be exposed to light and developed under the same

condition as the condition for exposing and developing the base layer 33.
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Shown in FIG. 10 1s the patterning in which the coating 35p is patterned in
the negative type in the same manner as in the case of the base layer 33.
[0059]

As shown in FIG. 10G), the coating 35p of the precursor of the
polyimide resin thus patterned is finally heated, for example, to 250°C or
more to be cured (imidized), whereby the cover layer 35 made of polyimide
resin 1s formed on the conductive pattern 34. The cover layer 35 has a
thickness in the range of e.g. 1-30um, or preferably 2-5um.

[0060]

Before the cover layer 35 is formed on the conductive pattern 34, the
conductive pattern 34 may be protected by a thin film of rigid nickel by
nickel plating.

[0061]

In the suspension board with circuit 31 thus formed, the external-side
connecting terminals 38 are presented in the form of the flying lead exposed
at both sides of the conductive pattern 34, as shown in FIG. 10G)-(D.

[0062]

The external-side connecting terminals 38 are presented in the form of
the terminals exposed at both sides of the conductive pattern 34 in the
following processes. First, as shown in FIG. 10(), supporting-board-side
openings 43 are formed in the supporting board 32 at portions thereof where
the external-side connecting terminals 38 are formed or at portions thereof
corresponding to the cover-side openings 42 of the cover layer 35, so that the
base layer 33 can be exposed. The supporting-board-side openings 43 can

be formed by any known method. For example, after all area of the
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supporting board 32 but the areas of the same corresponding to the

supporting-board-side openings 43 are subjected to masking, they are

chemically etched.

[0063]
5 Sequentially, as shown in FIG. 10(k), base-side openings 44 are

formed in the base layer 33 exposed in the supporting-board-side openings

43 of the supporting board 32, so as to expose the conductive pattern 34.

Though the base-side openings 44 can be formed by a known method, the

base-side openings 44 are preferably formed by etching or by plasma
10  etching, in particular. The etching enables a portion of the base layer 33 to
be precisely cut from the exposed surface of the base layer 33 to the back
side of the conductive pattern 34.
[0064]

In the plasma etching, the supporting board 32 can be used as the

15 mask to etch the entire base layer 33 cxposed in the supporting-board-side
openings 43 of the supporting board 32. For example, after the sample is
disposed between opposed electrodes in an atmosphere in which a
prescribed gas is filled in therebetween, high-frequency plasma is produced
therebetween. The prescribed gases that may be used include, for example,
20  He, Ne, Ar, Xe, Kr, Ng, O2, CF4 and NF3. Of these gases, Ar, Oz, CF4 and
NF3 are preferably used. These gases may be used in mixture in a
prescribed proportion. The gas pressure (degree of vacuum) is in the range
of 0.5-200Pa, or preferably 10-100Pa. Cited as the conditions required for
producing the high-frequency plasma are the frequency in the range of e.g.

5 10kHz-20MKz, or preferably 10kHz-100kHz, and the power required for the
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plasma etching in the range of e.g. 0.5-10W/cm?, or preferably 1-5W/cm?2.
The frequency in the range of 10kHz-100kHz can make it easy to match
with a plasma etching device (tune for resistances). In these atmospheric
conditions, the sample is disposed on the electrodes whose temperature is
controlled to e.g. 0-120°C, or preferably 10-80°C, and is etched for the time
required for the base layer 33 to be etched to a predetermined thickness.
[0065]

Since the base-side openings 44 of the base layer 33 thus formed are
formed by using the supporting board 32 as the mask, they can be formed in
the same size and shape as the supporting-board-side openings 43 of the
supporting board 32.

[0066]

Thereafter, as shown in FIG. 10(), metal plated layers 45 are
simultaneously formed by plating on both sides of the conductive pattern 34
thus exposed. The metal plated layers 45 can be formed by using either
the electrolysis plating or the electroless plating, without any particular
limitation. Also, the plating can be formed by using any known metal,
without any particular limitation. Preferably, the electrolysis nickel
plating and the electrolysis gold plating are sequentially performed to form
a gold plated layer 47 on a nickel plated layer 46. Preferably, the nickel
plated layer 46 and the gold plated layer 47 both have a thickness in the
range of about 1-5pm. As a result of this, the external-side connecting
terminals 38 are formed with the conductive pattern exposed at both sides
thereof.

[00671

30
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As shown in FIG. 11, in the external-side connecting terminals 38 of
the suspension board with circuit 31, widened portions 49 as reinforcing
portions extending in a widthwise direction substantially orthogonal to an
extending direction of the conductive pattern 31 are provided in the
conductive pattern 34 in the crossing areas 48 where the ends of the cover-
side opening 42/the base-side opening 44 and the conductive patterns 34 are
crossed each other, as is the case with the wired circuit board 11.

[0068]

To be more specific, the widened portions 49 are formed in the
respective lines of wire 34a, 34b, 34c and 34d at positions thereof which
correspond to the crossing areas 48 (two areas per each line of wire) and
arranged with space from each other along the longitudinal directions of the
lines of wire 34a, 34b, 34c and 34d. The widened portions 49 are formed 1n
such a generally round shape as to protrude widthwise from the lines of
wire 34a, 34b, 34c and 34d, as shown in FIG. 11(b). Each widened portion
49 1s arranged, with its generally outer half portion embedded in the cover
layer 35/base layer 33 and its generally inner half portion exposed 1n the
cover-side opening 42, the base-side opening 44 and the supporting-board-
side opening 43, when a maximum widthwise length between the adjacent
lines of wire is defined as a boundary between the outer half portion and the
inner half portion, as is the casc with widened portions 22 of the wired
circuit board 11. Thus, the external-side connecting terminals 38 are
formed in such a dumbbell shape that the lines of wire 34a, 34b, 34c and
34d are protruded widthwise at both ends thereof in the cover-side opening

42, the base-side opening 44 and the supporting-board-side opening 43.
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[0069]

The widened portions 49 may be made identical in the maximum
widthwise length and the longitudinal length extending along the
extending direction of the conductive pattern 34 with the widened portions
22 of the wired circuit board 11 mentioned above. Also, the widened
portions 49 may be formed in any shape other than the generally round
shape, as long as they are shaped to protrude widthwise and have widths
larger than the usual width. For example, the widened portion 49 may be
formed in rectangle.

[0070]

The external-side connecting terminals 38 having these widened
portions 49 can be formed in the processes given below. The widened
portions 49 are formed with the patterning of the wired circuit pattern in
the process of forming the conductive pattern 34. Then, in the processes of
FIG. 10(h) and (k), the cover layer 35, the supporting board 32 and the base
layer 33 are each opened so that the maximum widthwise length of the
widened portion 49 can be within the crossing areas 48 and thereby the
cover-side opening 42, the supporting-board-side opening 43 and the base-
side opening 44 are formed. Thereafter, in the process shown in FIG. 10(),
the metal plated layer 45 is formed on cach side of the conductive pattern 34
exposed in the cover-side opening 42 and the base-side opening
44/supporting-board-side opening 43.

[0071]
In this formation of the suspension board with circuit 31, since the

widened portions 49 widened in the widthwise direction of the conductive
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pattern 34 are formed in the conductive pattern 34 in the crossing areas 48
where the ends of the cover-side opening 42/base-side opening 44 and the
conductive pattern 34 are crossed each other, the physical strength of the
conductive pattern 34 at the ends of the cover-side opening 42 and at the
ends of the base-side opening 44 can be reinforced. This can produce the
effect that for example when the conductive pattern 34 are subject to stress
concentration at exposed portions thereof at ends of the cover-side opening
42 and base-side opening 44 in the process of bonding the external-side
connecting terminals 38 and the read/write terminals 54 by applying
supersonic vibration of the bonding tool, the disconnection of the conductive
pattern 34 can be effectively prevented, thus providing further improved
connection reliability.

[0072]

In addition, the suspension board with circuit 31 may be formed so
that the external-side connecting terminals 38 presented in the form of this
flying lead can have cover-side projections 50 formed as the reinforcing
portions and base-side projections 51 formed as the reinforcing portions, as
shown in FIG. 12. Specifically, the cover-side projections 50 are formed to
project from the ends of the cover-side opening 42 onto the conductive
pattern 34 in the cover-side opening 42 in the cover layer 35 in the crossing
areas 48 where the ends of the cover-side opening 42/thc basec-side opening
44 and the conductive patterns 34 are crossed each other. The base-side
projections 51 are formed to project from the ends of the base-side opening
44 onto the conductive pattern 34 in the base-side opening 44 in the base

layer 33 in the crossing areas 48.
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[0073]

To be more specific, the cover-side projections 50 and the base-side
projections 51 are formed in the lines of wire 34a, 34b, 34c and 34d at
positions thereof corresponding to the crossing areas 48, two for each, with
spaced from each other along the longitudinal direction of the lines of wire
34a, 34b, 34c¢ and 34d, as shown in FIG. 12(b). These projections are
formed in a convex shape projecting inwardly from the ends of the cover-
side opening 42 and the Base'side opening 44 along the extending direction
of the lines of wire 34a, 34b, 34c and 34d, respectively. The cover-side
projections 50 and the base-side projections 51 are overlapped with the lines
of wire 34a, 34b, 34c and 34d and are so tapered (shaped generally in
triangle as viewed from the top) that the overlap can gradually reduce
toward the inside of the cover-side opening 42/base-side opening 44,
respectively. As a result of this, the external-side connecting terminals 38
are so formed that the lines of wire 34a, 34b, 34¢c and 34d can be covered
with the cover-side projections 50 and the base-side projections 51 at
opposite ends thereof in the cover-side opening 42 and the base-side opening
44.

[0074]

The cover-side projections 50 and the base-side projections 51 may be
made i1dentical in projection length and basal width with the cover-side
projections 25 and the base-side projections 26 of the wired circuit board 11.
Also, the shape of the cover-side projections 50 and the base-side projections
51 is not limited Lo the one shown in FIG. 12(b), as long as those projections

have such a shape as to overlap with the lines of wire 34a, 34b, 34c and 34d
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along the longitudinal direction of the lines of wire 34a, 34b, 34c and 34d.
For example, the cover-side projections 50 and the base-side projections 51
may be formed to project toward the inside thereol in a tapered manner,
with the basal width slightly larger than the line width of the lines of wirce
34a, 34b, 34c and 34d. Further, those projections 50, 51 may be formed in
such a rectangular shape as to overlap with the lines of wire 34a, 34b, 34c
and 34d along the longitudinal direction of the lines of wire 34a, 34b, 34c
and 34d, without limiting to the generally triangle shape.

[0075]

The external-side connecting terminals 38 having these cover-side
projections 50 and the base-side projections 51 can be formed as follows. In
the processes FIG. 10(g)-(i), the cover layer 35 is opened in such a manner
as to form the cover-side projections 50 to thereby produce the cover-side
opcning 42. In the process of FIG. 10(k), the base layer 33 is opened in
such a manner as to form the basc-side projections 50 to thereby produce
the base-side opening 44. Thereafter, in the process of FIG. 10(1), the
metal plated layer 45 is formed on each side of the conductive pattern 34
exposed In the cover-side opening 42 and the base-side opening 44.

[0076]

In this formation of the suspension board with circuit 31, since the
cover-side projections 50 and the base-side projections 51 are formed at the
cover layer 35 and the base layer 33 in the crossing areas 48 where the ends
of the cover-side opening 42/base-side opening 44 and the conductive
patterns 43 are crossed each other, so as to project from the ends of the

cover-side opening 42/the base-side opening 44 onto the conductive pattern
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34 in the cover-side opening 42 and the base-side opening 44, respectively,
the physical strength of the conductive pattern 34 at the ends of the cover-
side opening 42 and at the ends of the base-side opening 44 can be
reinforced. This can produce the effect that for example when the
conductive pattern 34 are subject to stress concentration at exposed
portions thereof at ends of the cover-side opening 42 and base-side opening
44 in the process of bonding the external-side connecting terminals 38 and
the read/write terminals 54 by applying supersonic vibration of the bonding
tool, the disconnection of the conductive pattern 34 can be effectively
prevented, thus providing improved connection reliability.

[0077]

It is to be noted that in the suspension board with circuit 31, both of
cover-side projections 50 and the base-side projections 51 are not
necessarily required. For example, only the cover-side projections 50 may
be formed, as shown in FIG. 13. Alternatively, only the base-side
projections 51 may be formed, as shown in FIG. 14.

[0078]

Further, modification may be made of the invention by forming the
widened portions 49 in the conductive pattern 34 and also forming the
cover-side projections 50 in the cover layer 35 and/or forming the base-side
projections 51 in the base layer 33, though not shown.

[0079]

In this suspension board with circuit 31, the external-side connecting

terminals 38 may be formed in such a manner that the conductive pattern

34 1s depressed toward the supporting board 32 with respect to the
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remaining portions of the conductive pattern 34 at its portions
corresponding to the external-side connecting terminals 38 and also the
base-side opening 44 and the supporting-board-side opening 43 are made
larger than the areas in which the metal plated layers 45 arc formed, as
shown in FIG. 15(a). In the external-side connecting terminals 38 thus
formed, the widened portion 49 may be formed in the conductive pattern 34
in the crossing areas 48 where the ends of the cover-side opening 42/base-
side opening 44 and the conductive pattern 34 are crossed each other, as
shown in FIG. 12(b).

[0080]

This suspension board with circuit 31 can be formed in the processes
shown in FIG. 16, for example. First, the coating 33p of the liquid solution
of precursor of the photosensitive polyimide resin is formed on the
previously prepared supporting board 32 in the same manner as in the
above, as shown in FIG. 16(a). Then, as shown in FIG. 16(b), in the process
of exposing the coating 33p to hight, in addition to the photomasks 40 that
permit no irradiated light to transmit through the masks, photomasks 52
that permit the irradiated light to partially transmit through the masks
(average transmittance ratio in the range of 1-99%) are placed to confront
the areas for the external-side connecting terminals 38 to be formed in the
coating 33p. Then, the coating 33p 1s exposed to light through the
photomask 52, such that the area in the coating 33p in which the external-
side connecting terminals 38 1s to be formed is exposed to a smaller amount
of light exposure than an amount of light exposure to the remaining areas of

the coating 33p. Sequentially, the coating is developed and cured, as
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mentioned above. As a result of this, the areas of the base layer 33 in
which the external-side connecting terminals 38 is to be formed is made
smaller i thickness than the remaining areas of the base layer 33, as
shown in FIG. 16(c) and (d).

[0081]

The photomasks 52 may be formed in the following manner. For
example, a semi-translucent part of the front surface of the photomask 52 is
finely roughened so that components of irregular reflection on the front
surface of the photomask 52 can be increased to reduce components of the
transmitted light in that part. Or, an irradiated light absorbing film is
stuck on the semi-translucent part of the photomask 52 so that the
components of the transmitted light in that semi-translucent part can be
reduced. Or, a pattern having a light transmiting arca and a light
shielding area is formed on the semi-translucent part of the photomask 52
so that the components of the transmitted light in that part can be reduced.
[0082]

Further, in the case of the photomask 52 comprising a thin metal film
forming a light-shielding pattern thereon, a thin metal film smaller in
thickness than the thin metal film of the photomask 52 may be formed on
the scmi-translucent part of the photomask 52 so that the components of
the transmitted light in that scmi-translucent part can be reduced. In
other words, this photomask 52 can be formed in the following manner: A
photomask 52 with no thin metal film formed in the semi-translucent part
thereof (a conventional photomask) is formed. After a resist is formed on

that photomask 52 so that only the semi-translucent part can be exposed, a
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thin metal film made of e.g. chromium smaller in thickness than the above-
mentioned thin metal film is formed on the photomask 52 by wvapor
deposition or by plating and, thereafter, the resist is peeled.

[0083]

Of these photomasks 52, the photomasks 52 cach having the semi-
translucent part 53 on which the pattern of the light transmiting area and
the light shielding area is formed as shown in FIG. 17 are preferably used.
These photomasks 52 are each made of a sheet of glass, such as quartz glass
or soda glass, of thickness of 2-5mm. The thin metal film formed on the
semi-translucent part 53 of the photomask 52 made of the glass is patterned
so that the light transmission ratio (transmissivity) in the semi-translucent
part 53 of the glass can be reduced more than in the remaining parts of the
glass. The pattern of the thin metal film can be formed, for example, by
the process that after a thin metal film made of e.g. chromium is formed on
the whole area of the glass by vapor deposition or by plating, the thin metal
film is patterned by use of laser or electron beam. To be more specific, the
pattern of the semi-translucent part 53 is preferably presented in the form
of a repeat pattern in which the light transmitting portions and the light
shieldiﬁg portions being alternately arranged at a not more than 6 /£ m pitch
(width of the light transmitting portion and the light shielding portion) and
of which averaged transmittance ratio is not more than 80% or preferably
not more than 50%. For example, a striped pattern having the average
transmission ratio of about 50% as shown in FIG. 17(a); a latticed pattern
having the average transmission ratio of about 25% as shown in FIG. 17(b);

a circular staggered pattern having the average transmission ratio of about
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25% as shown in FIG. 17(c); and a circular staggered pattern having the
average transmission ratio of about 70% as shown in FIG. 17(d) are
preferably used.

[0084]

While the patterning is provided in the negative type in the
embodiment mentioned above, the patterning can be provided in the
positive type as well. For example when the patterning is provided in the
positive type, the photomask 52 may be so structured that the transmission
ratio of irradiated light in the semi-translucent part of the photomask can
be increased more than in the remaining parts of the photomask.

[0085]

The base layer 33 thus formed has a thickness in the range of e.g. 2-
30pm, or preferably in the range of 5-20pum. The base layer ‘33 usually has
a thickness of about 10pm. The area of the base layer 33 in which the
external-side connecting terminals 38 are to be formed has a thickness of
usually 80% or less of the thickness of the remaining areas. For example,
that area of the base layer 33 preferably has thickness of not more than
8um, or further preferably not more than 5um. Suppose that the area of
the base layer 33 in which the external-side connecting terminals 38 are to
be formed has thickness of 8um or less, when the remaining areas have a
usual thickness of 10pm, the time required for the opening to be formed in
the later stage can be shortened to the extent corresponding to 2pm.

[0086]
The area of the base layer 33 in which the external-side connecting

terminals 38 are to be formed has a lower limit of thickness or a minimum
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thickness to serve as a barrier layer against the conductive pattern 34 when
the supporting board 32 is opened. For example, the area of the base layer
33 in which the external-side connecting terminals 38 are to be formed can
have e.g. 3um, or further about 1pm, as the minimum thickness.
Accordingly, the area of the base layer 33 in which the external-side
connecting terminals 38 are to be formed preferably has a thickness in the
range of 0.1-8pum or further preferably 1.0-5um.

[0087]

Sequentially, the conductive pattern 34 is formed on the base layer 33
in the form of a specified wired circuit pattern in the same manner as in the
above, as shown in FIG. 16(e). Since the areas of the base layer 33 on
which the external-side connecting terminals 38 are to be formed are made
smaller 1n thickness than the remaining areas of the base layer 33, the
conductive pattern 34 1s formed so that its portions on which metal plated
layers 45 are formed in the later stage are depressed toward the supporting
board 32 with respect to the remaining portions of the conductive pattern 34
to an extent corresponding to the reduced thickness. In this formation of
the conductive pattern 34, the widened portions 49 are formed
simultaneously with the patterning of the wired circuit pattern.

[0088]

Scquentially, as shown in FIG. 16(f)-(G), the conductive pattern 34 is
covered with the cover layer 35 in the same manner as in the above. Then,
the cover-side opening 42 is formed in the area of the conductive pattern 34
in which the external-side connecting terminal 38 is to be formed so that the

maximum lengths of the widened portions 49 are placed in the crossing

41
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areas 48. Thereafter, the supporting-board-side opening 43 is formed to be
larger than the area of the supporting board 32 corresponding to the cover-
side opening 42, as shown in FIG. 16(j). Then, the base-side opening 44 is
formed in the base layer 33 exposed in the supporting-board-side opening 43
so that the maximum lengths of the widened portions 49 arc placed in the
crossing areas 48, as shown in FIG. 16(k). Thereafter, the metal plated
layers 45 is formed on each side of the conductive pattern 34 exposed in the
cover-side opening 42 and in the base-side opening 44/ supporting-board-
side opening 43, as shown in FIG. 16(). The metal plated layer 45 thus
formed is positioned with a certain space between its periphery and the
peripheries of the base-side opening 44 and supporting-board-side opening
43.

[o089]

When the suspension board with circuit 31 is produced in this method,
the base layer 33 is formed to have smaller thickness at the base-side
opening 44 for exposing the conductive pattern 34 than at the remaining
portions of the base layer 33 in the process of forming the base layer 33.
Consequently, when the base layer 33 is etched in the process of forming the
external-side connecting terminals 38, as shown in FIG. 16(k), the etching
time required for the conductive pattern 34 to be exposed can be shortened
to an extent corresponding to the difference between the reduced thickness
of the base layer 33 at the opening portions 31 and the thickness of the
remaining portions. This enables the conductive pattern 34 to be exposed
in a short time, and as such can provide improved efficiency in producing

the external-side connecting terminals 38 in the form of the flying lead
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exposed at both sides thereof.
[0090]

In this formation, since the base-side opening 44 and the supporting-
board-side opcning 43 arc formed to be larger than the exposed portion of
the conductive pattern 34, a certain space 1s left between the periphery of
the metal plated layer 45 and the peripheries of the base-side opening 44
and supporting-board-side opening 43. This can produce the effect that for
example when the metal plated layer 45 is increased in thickness for
improvement in connection reliability, the metal plated layer 45 and the
supporting board 32 can be prevented from contacting with each other.
This can surely prevent occurrence of a short circuit from the contact
between the metal plated layer 45 and the supporting board 32, thus
providing improved connection reliability and voltage proof property of the
suspension board with circuit 32.

[0091]

In the suspension board with circuit 31, the interval formed between
the periphery of the metal plated layer 45 and the periphery of the
supporting-board-side opening 43 1s preferably at least 1um, or preferably
in the order of 2-100um.

[0092]

Further, in this formation, since the area of the conductive pattern 34
in which the metal plated layer 45 is formed is so formed as to be depressed
toward the supporting board 32, the distance from the front side of the
supporting board 32 to the front side of the metal plated layer 45 is

shortened to an extent corresponding to the depression with respect to the
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remaining areas of the conductive pattern 34 and, as a result of this, the
metal plated layers 45 are placed closer to the outside of the supporting
board 32 to that extent. This can produce the effect that for example when
the external-side connecting terminals 38 are connected with read/write
terminals 54 of the read/write board 39 in such a manner that the
read/write terminals 54 are laid over the metal plated layers 45 and are
bonded to each other by applying supersonic vibration of the bonding tool,
the pressure bonding can be well ensured, thus providing further improved
connection reliability.

[0093]

In the suspension board with circuit 31 thus formed, the thicknesswise
interval formed between the front side of the metal plated layers 45 and the
interface between the base layer 33 and the supporting board 32 is
preferably +6pm, or further preferably =+2pm.

[0094]

This suspension board with circuit 31 may be formed so that the
external-side connecting terminals 38 presented in the form of the flying
lead can have cover-side projections 50 formed as the reinforcing portions
and base-side projections 51 formed as the reinforcing portions, as shown in
FIG. 18. Specifically, the cover-side projections 50 are formed to project
from the cnds of the cover-side opening 42 onto the conductive pattern 34 in
the cover-side opening 42 in the cover layer 35 in the crossing area 48 where
the ends of the cover-side opening 42/the base-side opening 44 and the
conductive patterns 34 are crossed each other. The base-side projections

51 are formed to project from the ends of the base-side opening 44 onto the

44
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conductive pattern 34 in the base-side opening 44 in the base layer 33 in the
crossing areas 48.
[0095]

To be more specific, the cover-side projections 50 and the base-side
projections 51 are formed in the respective lines of wire 34a, 34b, 34c¢ and
34d at positions thereof corresponding to the crossing areas 48 (two areas
per each line of wire) and arranged with space from each other along the
longitudinal direction of the lines (.)f wire 34a, 34b, 34¢ and 34d, as shown in
FIG. 18(b). These projections are formed in a convex shape projecting
inwardly from the ends of the cover-side opening 42 and the base-side
opening 44 along the extending direction of the lines of wire 34a, 34b, 34c
and 34d, respectively. The cover-side projections 50 and the base-side
projections 51 are overlapped with the lines of wire 34a, 34b, 34c and 34d
and are so tapered (shaped generally in triangle as viewed from the top)
that the overlap can gradually reduce toward the inside of the cover-side
opening 42/base-side opening 44, respectively. As a result of this, the
external-side connecting terminals 38 are so formed that the lincs of wire
34a, 34b, 34c¢ and 34d can be covered with the cover-side projections 50 and
the base-side projections 51 at opposite ends thereof in the cover-side
opening 42 and the base-side opening 44.

[0096]

The cover-side projections 50 and the base-side projections 51 may be
made 1dentical in projection length and basal width with the cover-side
projections 256 and the base-side projections 26 of the wired circuit boarxd 11

mentioned above. Also, the shape of the cover-side projections 50 and the
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base-side projections 51 is not limited to the one shown in FIG. 18(b), as
long as those projections have such a shape as to overlap with the lines of
wire 34a, 34b, 34c¢ and 34d along the longitudinal direction of the lines of
wire 34a, 34b, 34c and 34d. For example, the cover-side projections 50 and
the base-side projections 51 may be formed to project toward the inside
thereof in a tapered manner, with the basal width slightly larger than the
line width of the lines of wire 34a, 34b, 34c and 34d. Further, those
projections 50, 51 may be formed in such a rectangular shape as to overlap
with the lines of wire 34a, 34b, 34¢ and 34d along the longitudinal direction
of the lines of wire 34a, 34b, 34c and 34d, without limiting to the generally
triangle shape.

[0097]

In the suspension board with circuit 31 shown i1n FIG. 18, the base-
side opening 44 is formed to be larger in area than the cover-side opening 42,
so that the base-side projection 51 is formed to be larger 1in length than the
cover-side projection 50 to that extent corresponding to the diffcrence in
area between the base-side opening 44 and the cover-side opening 42, as
shown in FIG. 18(a).

[0098]

The external-side connecting terminals 38 having these cover-side
projections 50 and the base-side projections 51 are formed as follows. In
the process of FIG. 16(g)-(1), the cover layer 35 is opened in such a manner
as to form the cover-side projections 50 to thereby produce the cover-side
opening 42. In the process of FIG. 16(k), the base layer 33 is opened in

such a manner as to form the base-side projections 50 to thereby produce
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the base-side opening 44. Thereafter, in the process of FIG. 16(1), the
metal plated layer 45 is formed on each side of the conductive pattern 34
exposed in the cover-side opening 42 and the base-side opening 44.

[0099]

It 1s to be noted that in the suspension board with circuit 31 as well,
both of cover-side projections 50 and the base-side projections 51 are not
necessarily required, as is the case with the above. For example, only the
cover-side projections 50 may be formed, as shown in FIG. 19.
Alternatively, only the base-side projections 51 may be formed, as shown in
FIG. 20.

[0100]

Further, modification may be made of the invention by forming the
widened portions 49 in the conductive pattern 34 and also forming the
cover-side projections 50 in the cover layer 35 and/or forming the base-side
projections 51 in the base layer 33, though not shown.

[0101]

Although the external-side connecting terminals 38 provided in the
form of the flying lead have been exclusively discussed above, this
suspension board with circuit 31 includes magnetic-head-side connecting
terminals 37 provided in the form of the flying lead identical with the
external-side connecting terminals 38.

[0102]
EXAMPLES
While in the following, the present invention will be described in

further detail with reference to Examples, the present invention is not
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lIimited to any Examples.
[0103]
EXAMPLE 1

A liquid solution of precursor of photosensitive polyimide resin was
applicd on the stainless steel foil (SUS304 H-TA) having thickness of 20pm
so that after dried, it could have a thickness of 24um and then dried at
130C to thereby form a coating of the precursor of the photosensitive
polyimide resin (Cf. FIG. 16(a)). Sequentially, the coating was exposed to
light (405nm, 1,500mdJ/cm?) through a photomask (Cf. FIG. 16(b)). The
exposed part of the coating was heated to 180°C and then developed by

using an alkaline developer, whereby the coating was patterned with the

- negative imaging (Cf. FIG. 16(c)). Sequentially, the patterned coating of

the precursor of the photosensitive polyimide resin was heated at 350C to
be cured (midized), whereby a base layer made of polyimide resin of
thickness of 10um was formed in the specified pattern (Cf. FIG. 16(d).
[0104]

In forming the base layer, the photomask of metal film having a
latticed repeat pattern in which the light transmitting portions and the
light shielding portions are alternately arranged at a not more than 6 #m
pitch (which corresponds to the photomask 52 having the average
transmission ratio of about 25% shown in FIG. 17(b)), was positioned over
the coating at its portion which is to be opened in the later stage and at
which an external-side connecting terminals are to be formed. Then, the
coating was exposed to light through the photomask, so that the amount of

light exposure in the portion of the coating at which the external-side

48
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connecting terminals are to be formed could be reduced more than the
amount of light exposure in the remaining portions of the coating (Cf. FIG.
16(b)). As a result of this, after the coating was developed and cured, the
base layer having a thickness of 2um al portions thereof at which the
external-side connecting terminals are to be formed and a thickness of
10um at the remaining portions thereof was obtained (Cf. FIG. 16(d)).
[0105]

Sequentially, a thin chrome film of thickness of 300A and a thin
copper film having thickness of 700 A were formed in sequence on the
whole area of the stainless steel foil and the base layer by a sputtering
deposition process. Thereafter, a plating resist having an opposite pattern
to the specified wired circuit pattern was formed by use of a dry film resist,
and a conductive pattern having the specified wired circuit pattern was
formed in the part of the base layer where the plating resist was not formed,
in the semi-additive method using the electrolysis copper plating (Cf. FIG.
16(e)). As a result of the base layer being formed to be smaller in thickness
at its part at which the external-side connecting terminals are to be formed
than at its remaining parts, the conductive pattern thus formed had, at its
part at which the external-side connecting terminals are to be formed,
concave portions depressed toward the stainless steel foil from the
remaining portions of the conductive pattern with respect to the thickness
direction by about 82 m. The conductive pattern was formed to have
thickness of 10 £ m and have the wired pattern formed by four lines of wire
each having width of 110 #m and spaced from each other in parallel at

interval of 200 /£t m.

49
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[0106]

Further, generally round widened portions (Cf. FIG. 15(b)), which
were widened in the widthwise direction substantially orthogonal to the
extending dircction of the lines of wire and had the maximum widthwise
length of 230 £ m and the longitudinal length of 100 4 m, were formed in the
respective lines of wire in crossing areas where the ends of the cover-side
opening/the base-side opening and the lines of wire are crossed each other,
two for each line of wire.

[0107]

Thereafter, the plating resist was removed by chemical etching and
then the thin chromium film and the thin copper film on which the plating
resist had been formed were removed by chemical etching.

[0108]

Sequentially, a rigid, thin nickel film having thickness of 0.1um was
formed on the surface of the conductive pattern and the surface of the
stainless steel foil by the electroless nickel plating. Thercafter, a hiquid
solution of a precursor of the photosensitive polyimide resin was applied on
the thin nickel film and the base layer and then heated at 130°C to thereby
form a coating of the precursor of the photosensitive polyimide resin (Cf.
FIG. 16(1)). Sequentially, the coating was exposed to light (405nm,
1,500md/em?) through the photomask (Cf. FIG. 16(g)). The exposed part of
the coating was heated to 180°C and then developed by using an alkaline
developer, whereby the coating was patterned so that the conductive layer
could be covered with the coating (Cf. FIG. 16(h)). Sequentially, the

patterned coating of the precursor of photosensitive polyimide resin was
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heated at 350°C to be cured (imidized), whereby the cover layer comprising
polyimide resin of thickness of 3um was formed on the conductive layer
(FIG. 16()).

[0109]

It is to be noted that in forming the cover layer, the cover-side
openings were formed in the cover layer so that when the cover layer was
patterned, the thin nickel film on the conductive pattern at its part at which
the external-side connecting terminals are to be formed could be exposed.
[0110]

Sequentially, the external-side connecting terminals were formed in
the state in which their both sides were exposed. First, the supporting-
board-side openings larger than the cover-side openings were formed in the
stainless steel foil at i1ts portions corresponding to the cover-side openings so
that the base layer could be exposed (Cf. FIG. 16()). The supporting-
board-side openings were formed in the process that after all of the areas of
the stainless steel foil, except the areas in which the supporting-board-side
openings are to be formed, were subjected to masking, the stainless steel foil
was subjected to the chemical etching. At the same time as the formation
of the supporting-board-side openings, the gimbals were cut into a
predetermined shape by the chemical etching.

[0111]

Sequentially, the thin nickel film as was exposed in the cover-side
openings was peeled and the thin nickel film formed on the stainless steel
foil was peeled.

[0112]
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Then, the base layer exposed in the supporting-board-side openings of
stainless steel foil were opened and thereby the base-side openings were
formed to expose the ground formed on the back side of the conductive
pattern (Cf. FIG. 16(k)). The basc-side opcnings were formed by the
plasma ctching. In the plasma etching, with the stainless steel foil as the
mask, the entire base layer exposed in the supporting-board-side openings
of the stainless steel foil was etched for about 2 minutes in the conditions of:
the mixed gas of CF4 and Oz (CF4/O2 =20/80) used as the gas filled; the gas
pressure (degree of vacuum) of 25Pa; the frequency of 13.5MHz; and the
power required for the plasma etching of 2,500W,

[0113]

The base-side openings thus formed were formed in the same size and
shape as the supporting-board-side openings, and the space of about 50 «tm
was defined between the periphery of the ground exposed in the base-side
openings and the periphery of the base-side opening/supporting-board-side
opening.

[0114]

Thereafter, the ground exposed in the base-side openings were peeled
to expose the back side of the conductive pattern. Sequentially, the metal
plated layers were formed by performing the electrolysis nickel plating and
the electrolysis gold plating being alternately, so that the nickel plated
layers having thickness of 2 £ m and the gold plated layer having thickness
of 1um were formed on the both sides of the conductive pattern thus
exposed (FIG. 16(1)).

[0115]
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The metal plated layers on the back side of the conductive pattern
thus formed left the thicknesswise interval of & 2um between the front side
of the metal plated layers and the interface between the base layer and the
stainless steel foil and also left the interval of 47pm between the periphery
of the metal plated layer and the periphery of the basc-side opening/the
supporting-board-side opening.

[o116]

After these processes, the suspension board with circuit was obtained
in which the external connecting terminals were presented in the form of
the flying lead of the conductive pattern in which the widened portions were
formed in the lines of wire, respectively (Cf. FIG. 15).

[0117]
EXAMPLE 2

The suspension board with circuit having the external-side connecting
terminals produced in the form of the flying lead of the conductive pattern
whose lines of wire were covered with the base-side projections at their
exposed ends was produced (FIG. 20) in the same operation as in Example 1,
except that instead of forming the widened portions in the lines of wire of
the conductive pattern, the base-side projections of generally triangle as
viewed from the top having the basal width of 110pm and the projection
length of 200pm were formed in the base layer in the crossing areas (two
areas per each line of wire) where the ends of the base-side opening and the
lines of wire are crossed each other, so as to project from the ends of the

base-side opening onto the conductive pattern in the base-side opening in

the process of opening the base layer to form the base-side openings (Cf. FIG.
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16(k)).
[0118]
COMPARATIVE EXAMPLE 1

Except that no widened portions were formed in the lines of wire of the
conductive pattern, the suspension board with circuit having the external-
side connecting terminals presented in the form of the flying lead was
produced (Cf. FIG. 21) in the same operation as in Example 1.
[0119]

EVALUATION

After being bonded to the external terminals comprising gold pads by
applying supersonic vibration thereto by use of the bonding tool, the
external-side connecting terminals of the suspension boards with circuit
obtained in Examples 1 and 2 and Comparative Example 1 were put to the
peel tests to measure the bonding strength.
[0120]

The test results are shown in Table 1 given below. It should be noted
that all destructions occured in the conductive patterns of the suspension
boards with circuit of Examples 1 and 2 took place in the areas where the

conductive pattern was covered with the cover layer and the base layer.

[0121]
Table 1
Example 1 Example 2 Comparative
Example 1
Bonding strength in peel 540 590 490
test (mN)
[0122]
54
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While illustrative embodiments of the present invention are provided
in the above description, such is for illustrative purpose only and is not to be
construed restrictively. Modification and variation of the present
invention that will be obvious to those skilled in the art is to be covered by

5  the following claims.
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WHAT IS CLAIMED IS:

1. A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a sccond insulating layer
formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, so as to form a terminal portion in
which front and back sides of the conductive pattern are exposed,

wherein at least any one of the first insulating layer, the second
insulating layer and the conductive pattern has reinforcing portions for
reinforcing the conductive pattern formed at ends of the opening in crossing
arecas where ends of the opening and the conductive pattern are crossed
each other.
2. A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern
formed on the first insulating layer, a second insulating layer formed on the
conductive pattern, and an opening, formed at the same position of the
conductive pattern, for allowing the metal supporting layer and the first
insulating layer, and the second insulating layer to open, so as to form a
terminal portion in which front and back sides of the conductive pattern are
exposed,

wherein at least any one of the first insulating layer, the second
insulating layer and the conductive pattern has reinforcing portions for
reinforcing the conductive pattern formed at ends of the opening in crossing

areas where ends of the opening and the conductive pattern are crossed
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each other.
3. The wired circuit board according to Claim 2, wherein the wired circuit
board is a suspension board with circuit.
4. A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating laycr, a sccond insulating layer
formed on the conductive pattern, and an opening, formed at the same
position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, so as to form a terminal portion in
which front and back sides of the conductive pattern are.exposed,

wherein the conductive pattern has widened portions formed to extend
in a widthwise direction substantially orthogonal to an extending direction
of the conductive pattern in crossing areas where ends of the opening and
the conductive pattern are crossed each other.
5. A wired circuit board comprising a metal supporting layer, a [irst
insulating layer formed on the metal supporting layer, a conductive pattern
formed on the first insulating layer, a second insulating layer formed on the
conductive pattern, and an opening, formed at the same position of the
conductive pattern, for allowing the metal supporting layer and the first
insulating layer, and the second insulating layer to open, so as to form a
terminal portion in which front and back sides of the conductive pattern are
exposed,

wherein the conductive pattern has widened portions formed to extend
1in a widthwise direction substantially orthogonal to an extending direction
of the conductive pattern in crossing areas where ends of the opening and

the conductive pattern are crossed each other.
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6. The wired circuit board according to Claim 5, wherein the wired circuit
board is a suspension board with circuit.

7. A wired circuit board comprising a first insulating layer, a conductive
pattern formed on the first insulating layer, a second insulating layer

formed on the conductive pattern, and an opening, formed at the same

(o}

position of the conductive pattern, for allowing the first insulating layer and
the second insulating layer to open, so as to form a terminal portion in
which front and back sides of the conductive pattern are exposed,
wherein the first insulating layer and/or the second insulating layer
10  have projections projecting [rom ends of the opening onto the conductive
pattern in the opening in the crossing area where the ends of the opening
and the conductive pattern are crossed each other.
8. A wired circuit board comprising a metal supporting layer, a first
insulating layer formed on the metal supporting layer, a conductive pattern
15  formed on the first insulating layer, a second insulating layer formed on the
conductive pattern, and an opening, formed at the same position of the
conductive pattern, for allowing the metal supporting layer and the first
msulating layer, and the second insulating layer to open, so as to form a
terminal portion in which front and back sides of the conductive pattern are
20  exposed,
wherein the first insulating layer and/or the second insulating layer
have projections projecting from ends of the opening onto the conductive
pattern in the opening in the crossing areas where the ends of the opening
and the conductive pattern are crossed each other.

25 9. The wired circuit board according to Claim 8, wherein the wired circuit

58
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board i1s a suspension board with circuit.
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ABSTRACT OF THE DISCLOSURE

A wired circuit board having a terminal portion formed as a flying lead
that can provide enhanced strength of the conductive pattern, both sides of
which are exposed, by simple construction to effectively prevent
disconnection of the conductive pattern. The wired circuit board having
the terminal portion formed as the flying lead in which the both sides of the
conductive pattern are exposed includes, in crossing areas where ends of a
cover-side opening and ends of a base-side opening and the conductive
pattern are crossed each other, (i) the widened portions formed in the
conductive pattern or (ii) cover-side projections and base-side projections

formed in the cover layer and the base layer, respectively.

60
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Under the Paperwork Reduction Act of 1995, no persons arc required to respond 1o a collection of (nformation unless it displays a valid OMB control number

Declaration and Power of Aftorney for Patent Application
BRALBESR/RUCBER

Japanese Language Declaration

HFEHE

B, DTLURBERLAPHLLT, CCKUTREOBVEET S

Lo, GEORAT LCEER, HoRzoHBIZIEREN A
DTH 5,

Fio&HoRWICo>VT, HHFRMECLEREN, HOoWHHN
RHHNTVWARPEFE LT, B3, 3W. KEHo—oRY
HCHD (H—DRHNFTEE ATV IHBG) . RVWIRRY. Bk
BEoH{ARYETHE (HHOKENRWBRENTVIRE) EELY
Wi,

As a below named inventor, | hereby declare that

My residence post office address and citizenship are as stated
next to my name.

1 believe | am the onginal, first and sole inventor (if only one name

is sted below) or an original, first and jomnt inventor (if plural names
are listed below) of the subject matter which (s claimed and for which
a patent is sought on the Invention entitied

WIRED CTIRCUIT BOARD

FRAVoPHEBR OB ENTVWEIN, TidoXF v 7
ENTVEIREE, COMY T2V

(] NDHCHBE N,
COMBEOXKBEHEES L EZP CTEEHBES I,
Thy, H»

ODHINEESN HEB (MU TIH8)

Phid, LitoBERC L THIEE R, IHARAEESO LI
G ERNL, BOoONFERERLIVWISEECCRAYT S,

M3, AFRYIHNEEE 3 7WBN L. 6t

5 EFHEhTWVWE, ¥
HLOWTEREZRBERRTIEBN B I L

2D 5.

-
-

the specification of which I1s attached hereto unless the following
box 1s checked

O was filed on
as Uniled States Application Number or
PCT International Application Number
and was amended on
(f apphicable)

| hereby state that | have reviewed and undersiand the contents of
the above identified specification, including the clams, as amended
by any amendment referred to above

| acknowledge the duty to disclose information which 1s matenal to

patentabitity as defined in Title 37, Code of Federal Regulations,
Section 1.58

Burden flow Statement

This form is estimated to take 0 4 hours to complete Time will vary depending upon the nced of the individual case  Any

comments on the amount of time you are required to complete this form should be sent to Chief Information Officer, U.S. Patent and Trademark Uffice,
Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and Trademarks,

Washington, DC 2023,
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Patent and Trademark Office, U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to 1espond to a collection of information unless 1t displays a valid OMB control aumber
Japanese Language Declaration
(BEXEEBEER)

i, cclo, MFREELESBETCORBEBE I B RYERD | hereby claim foreign priority under Tile 35, United States Code.
K, SV HKEMSO P EL—BrBEFELTWVWIREFKEMES Section 119(a)-(d) or 385(b) of any foreign apphcation(s) for patent
SHREIE6OFX @ICELIPCTHRHEBE->VWT, AM1 19K @ or nventor's certificate, or 365(a) of any PCT International apphcation
WBIXWRBIOCOHFXELHLEIVWTREREFHETIELE LI, which designaled at least onc country other than the United States
HARLETRTAEHBOHBELIYONOHBEEXETIABTY listed below and have also idenufied below. by checking the box.
HHWMEE L RRYHLEOHEB, VP C TIHHEIC >V Tk, any foreign application for patent or inventor's certificate, or PCT
WwWin AL, TIHOHBARZF v 2750 XDmRLE, internationa!l apphcaton having a filling date before that of the

application for which prionty 1s claimed
Prior Foreign Application(s) Prionty Not Clatmed
S BT D K17 HIE BARM LB L
2001-216812 Japan 17th / July / 2001 4
(Number) (Country) (Day/Month/Year Filed)
(#¥) (EHH) (HEEE B %)
0
(Number) (Country} (Day/Month/Year Filed)
(#F) (%) (HBB K /%)

i, oo, THOWHLZIKEHEBHHEBLEOWVWT L, TDX | hereby claim the benefit under Tille 35, Unided States Code, Section

HAMEIGHKI ]I OF HONUEFRT 2, 119(e) of any United States provisional application(s) listed below
(Application No ) (Filing Date) (Apphication No) (Filing Date)
(HE®HS) (HEE) (HEHES) (4 @e)

Hid, cc. TROWHZAIKEHEIEL>2WTH, TOKEHE | hereby ciaim the benefit under Tile 35, United Stales Code. Secton
WHIGHEALIZ0FXCEISSCABEFTHRL, XXBEHRET IV 120 of any United States application(s), or 365(c) of any PCT
AP CTREHEWL2WTYH, +ORBE3I65F ETLRL Intarnational apphcation designating the United States, listed below
EETL, £, FHEORRERAROUBOTHEN, XELHNM and, insofar as the subject matter of each of the claims of this
3SHEAII2EBIRCHTERRBRT, 4TI HBHBEXR apphcation is not disciosed in the pror United States or PCT
PCTHEHHBELRNRERNTVWIVWESIEBWITE., YOXTHEY International application in the manner provided by the first paragraph
HEBE L ERAEBEEE QP CTEREHABBEOMONM P AT of Tifle 35, United States Code Section 112, | acknowledge the duty
sghnrfide, SAMMEHNI 7TWEBW1., S6icTFRENLNFT to disclose information which is malerial to patentabillty as defined n
BUUMbAEELHBRIIOVWTRREDBN DI 2B T 3, Tile 37, Code of Federal Regulations, Seclton 1 56 which became

available between the filling date of the prior application and the
national or PCT International filing date of application
(Application No ) (Filing Date) {Status: Patented, Pending, Abandoned)
(HE#HS) (HEB) (GRE : FHHFw, #8580, g3
{(Application No.) (Filing Date) (Status: Patented, Pending, Abandoned)
(HEES) (HEa) (HR - FHEHT, #BPF., KX

B, CCUFUWENNULBBOARUCEDIWRENKETH Y, i hereby declare \hat all statements made heremn of my own
BOfHEETFIS LN EILHRNYN, AXTHIEELSNBC L knowledge are true and that all statements made on Information
FPHEL, 8610, BELUERBOERLEEH a8k, HKEHEH and belial are beheved to be true, and further that these stalements
FIBHMBI001KCETE, ARERNRIHR, ELIRITOWRY were made with the knowledge that willful false statements and the
CIoBFEN, FRXTOLHSUPEBEBRIIEBSORBIX, FHEZ like s0 made are punishable by fine or imprisonment, or both, under
RRITNCHLTRTERIVIUDIFHL, TOHFPHRELAANE Section 1001 of Title 18 of the United States Code and that such
FHIEERERLALLTCERMTTODRRCEE, CCREBT I, willful faise statements may jeopardize the validity of the apphcation

or any patent issued thereon,
e
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Under the Paperwork Reduction Act of 1995, na persons are requued to respond to a collection of information unless it displays a vahd OMD control number

Japanese Language Declaration —-~—W
(BXEES )

HER: HLREAEHERETIFREGY, HoXERHERF L POWER OF ATTORNEY  As a named inventor, | hereby appaint
DECORFLETTINRHBE, BHENNRBRYBFELT, TRROH
HERU/ERBABEEEAT I, (RBHRUVERRILLRT 3

the following attomey(s) and/or agent(s) to prosecule this
apphcalion and transact ali business in the Palent and Trademark Office

S8 connected therewith (st name and registration number)
r-— -
9K TR Send Correspondence to:

HABAEWER (KHERUTEET) Direct Telephone Calls to: (name and telephone number)

M—En B —RYEKS

Full name of sole or first inventor

Makoto KOMATSUBARA

REEOHR DL 8 Inventor's signature Date
WQM kmam/zq

B Resldence 9th/July/2002
Osaka, Japan

G # Ciizenship
Japanese

BN Pcé‘/gﬂcﬁ]i\ﬁ% Denko Corporation

| of 1-2, Shimo-hozumi 1-chome,

Ibaraki-shi, Osaka 567-8680,
Japan

BIRBERPENVWLEBE, TOKE

Full name of second joint inventor, if any

Shigenori MORITA

B_HARRPHROR S g Second invenlor's signature Date
Sh }éenb}'\f /(70)‘/’7‘51
T “Sgiﬁ;, Japan 9th/July/2002
TE Citizenship
Japanese
Wk 0% F&78" 1S Denko Corporation

of 1-2, Shimo-hozumi 1-chome,
Ibaraki-shi, Osaka 567-8680,
Japan

(BZUTOHARYHLL2VWTLIAKCITERL, X8 % {Supply simitar information and signature for third and subsequent
TS5 k) .

joint Inventors.)
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HINE,kRRAFNERL (HHTHHS) Full name of third joint inventor, If any _]
Tadao OOKAWA
FRE-_RAFOEE a8t Third inventar's signature Date
TLLALLO Qo }<aw0g 9th/July/2002
(£ Rasidence
Osaka, Japan
= Cibzenship
Japanese
HiEDO R K Post offi )
®nm e/ S-N{YES Denko Corporation
of 1-2, Shimo-hozumi 1-chome,
Ibaraki-shi, Osaka 567-8680,
Japan
FEUHOKFARAFOKE (HET548) Full name of fourth joint inventor, If any
Toshio SHINTANI
RARURAXTOREL B ¥ Fourth inventor's signature Date
. .
\
9th/July/2002
Fm Residence
Osaka, Japan
e2h ) Crbzenship
Japanese
BEOTRK Post fﬂchﬂﬂ n .
&fo 1%1?8 Denko Corporation
of 1-2, Shimo-hozumi 1-chome,
Ibaraki-shi, Osaka 567-8680,
Japan
XENOXARAXFOKSL (HUYVS585) Full name of fifth joint inventor, if any
RBERAENCRSE 8+ Fifth inventor's signature Date
T3 Resdence
= Citizenship
L YT X228 Post office address
BAOKPRATOESL (HETS88) Full name of suth jount inventor, f any
ARMARRAORS At Suxth mventor's signature Date a
EmF Resdence
=R Citizenship
HsEORA Post office address
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