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Application No. Applicant(s)

L. 12/198,128 LIN ET AL.

Response to Rule 312 Communication . .
Examiner Art Unit
JOANNIE A. GARCIA 2895

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. [X] The amendment filed on 09 December 2010 under 37 CFR 1.312 has been considered, and has been:
a)X entered.

by ] entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)

and the required fee to withdraw the application from issue.
d) [] disapproved. See explanation below.

e)[] entered in part. See explanation below.

/N. Drew Richards/
Supervisory Patent Examiner, Art Unit 2895

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20101222
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METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE

SAME

Appl. No. : 12/198,128 Confirmation No. 3531
Applicant : Chien-Ting Lin et al.
Filed : August 26, 2008
TC/A.U. : 2895
Examiner . QGarcia, Joannic A
Docket No. : NAUP1008USA
Customer No. : 27765
Commissioncr for Patents
P.O. Box 1450
Alexandria VA 22313-1450

AMENDMENT

Sir:
In response to the NOTICE OF ALOWANCE AND FEE(S) DUE on October 8",
2010. According to 37 CFR 1.312, applicants would like to amend some typos, which

merely embody the correction of formal matters without changing the scope of the

claims. Please amend the above-identified applications as follow:

Amendments to the Specification begin on page 2 of this paper.
Amendments to the Claims are reflected in the listing of claims which begins on page 4

of this paper.

Remarks/Arguments begin on page 7 of this paper.



10

15

METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE

SAME

Appl. No. : 12/198,128 Confirmation No. 3531
Applicant : Chien-Ting Lin et al.
Filed : August 26, 2008
TC/A.U. : 2895
Examiner . QGarcia, Joannic A
Docket No. : NAUP1008USA
Customer No. : 27765
Commissioncr for Patents
P.O. Box 1450
Alexandria VA 22313-1450

AMENDMENT

Sir:
In response to the NOTICE OF ALOWANCE AND FEE(S) DUE on October 8",
2010. According to 37 CFR 1.312, applicants would like to amend some typos, which

merely embody the correction of formal matters without changing the scope of the

claims. Please amend the above-identified applications as follow:

Amendments to the Specification begin on page 2 of this paper.
Amendments to the Claims are reflected in the listing of claims which begins on page 4

of this paper.

Remarks/Arguments begin on page 7 of this paper.

10



10

15

20

25

30

Appl. No. 12/198,128
Reply to Office action of October 08, 2010

Amendments to the Claims:

The listing of claims will replace all prior versions and listings of claims in the

application:

Listing of Claims:

Claim 1 (original): A method for fabricating metal gate transistor, comprising:

providing a substrate having a first transistor region and a second transistor
region;

forming a plurality of dummy gates on the substrate and within the first transistor
region and the second transistor region;

forming a source/drain region at two sides of each dummy gate;

forming a dielectric layer to cover the dummy gates;

rcmoving the dummy gates to form a plurality of opcnings in the diclectric laycr
of the first transistor region and the second transistor region;

forming a high-k dielectric layer to cover the dielectric layer and surface of each
opening;

depositing a first cap layer on the high-k dielectric layer;

removing the first cap layer disposed in the second transistor region; and

forming a metal layer on the first cap layer of the first transistor region and the

high-k dielectric layer of the second transistor region.

Claim 2 (original): The mcthod of claim 1, wherein the first transistor rcgion is a

NMOS transistor region.

Claim 3 (currently amended): The method of claim 2, wherein the first cap layer

comprises F#9La,03, MgO, Dy,0s, or other lanthanide oxides.

Claim 4 (original): The method of claim 1, wherein the second transistor region is a

11
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Appl. No. 12/198,128
Reply to Office action of October 08, 2010

PMOS transistor region.

Claim 5 (original): The method of claim 4, further comprising forming a second cap
layer in the second transistor region after removing the first cap layer from the second

transistor region.

Claim 6 (original): The method of claim 5, wherein the second cap layer comprises
Al O3, AIN, or AION.

Claim 7 (original): The method of claim 1, wherein the metal layer comprises TiN,

TaC, Ta, TaSiN, Al, or TiAIN.

Claim 8 (original): The method of claim 1, further comprising performing a first
chemical mechanical polishing process after forming the dielectric layer and before

rcmoving the dummy gatc.

Claim 9 (original): The method of claim 1, further comprising:

forming a conductive layer to fill the openings of the first transistor region and
the second transistor region after forming the metal layer on the first cap layer of the
first transistor region and the high-k dielectric layer of the second transistor region,;
and

performing a second chemical polishing after forming the conductive layer.
Claim 10 (currently amendcd): The method of claim 1, whercin the high-k diclectric
layer comprises HfS10, HfS1ON, HHOH{O,, £aOLa,03, LaAlO, Z#0Zr0,, ZrSi0, or

HfZrO.

Claim 11 (previously presented): The method of claim 9, wherein the conductive layer

comprises Al, W, TiAl or CoWP.

12



Appl. No. 12/198,128
Reply to Office action of October 08, 2010

Claims 12-20 (canceled)
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Appl. No. 12/198,128
Reply to Office action of October 08, 2010

Amendments to the Specification:

Please replace paragraph [0015] with the following amended paragraph:

[0015] A gate insulating layer 20 composed of dielectric material such as oxides or
nitrides is then formed on the surface of the substrate 12. The gate insulating layer
20 could also be composed of pad oxide or a high-k diclectric layer composed of
HfSi0, HfSiON, HHOHfO,, FeBLa,03, LaAlO, Z#O07ZrO,, ZrSi0, or HfZrO, and the

cap layer 56 comprises EFaOLay 03, MgO, Dy,0O3, or other lanthanide oxides. A
polysilicon layer 22 serving as a dummy gate layer is deposited on the gate insulating
layer 20, and a hard mask 24 is disposed on the polysilicon layer 22, in which the
polysilicon layer 22 includes a depth of approximately 1000 angstroms. In this
embodiment, the hard mask 24 is composed of silicon oxide, silicon nitride, or silicon
oxynitride, and the polysilicon layer 22 is composed of undoped polysilicon or
polysilicon having n+ dopants therein, which arc all within the scopc of the present

invention.

Please replace paragraph [0026] with the following amended paragraph:

[0026] If the gate insulating layer 20 is composed of common dielectric material, the
gate insulating layer 20 is preferably removed to expose the substrate 12 underneath,
and a pad oxide 68, a high-k dielectric layer 54 and a cap layer 56 are sequentially
dcposited over the surface of the intcrlaycr diclectric layer 50 of the two transistor
regions 14, 16 and the sidewall and bottom of the openings 52. Preferably, the
high-k dielectric layer 54 comprises HfS10, HfSiON, HfOHO,, £a01.a,0;, LaAlO,
£+07Zr0Q,, ZrSi0, or HfZrO, and the cap layer 56 comprises FaBLa,03, MgO, Dy,03,

or other lanthanide oxides.
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Appl. No. 12/198,128
Reply to Office action of October 08, 2010

Please replace paragraph [0030] with the following amended paragraph:

[0030] It should be noted that the present invention specifically uses the cap layer 56
to define the work function of the metal layer 60, thereby forming metals with Quasi
Fermi level close to that of the N-type silicon or P-type silicon and increasing the
performance of the CMOS transistor. In the aforementioned embodiment, a cap
layer 56 composed of £860L.a,0; is deposited before the formation of the metal layer

60 to define the work function of n-type metal.
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Appl. No. 12/198,128
Reply to Office action of October 08, 2010

REMARKS/ARGUMENTS

Applicants would like to correct some typos in claims 3 and 10, and paragraphs

[0015], [0026], [0030] of the specification, which merely embody the correction of

formal matters without changing the scope of the specification.

According to 37 CFR 1.312 Amendments after allowance, “After the Notice of
Allowance has been mailed, the application is technically no longer under the

jurisdiction of the primary examiner. He or she can, however, make examiner's
] P Ty can, )

amendments (see MPEP § 1302.04) and has authority to enter amendments submitted

after Notice of Allowance of an application which embody merely the correction of

formal matters in the specification or drawing, or formal matters in a claim without
changing the scope thereof, or the cancellation of claims from the application, without
forwarding to the supervisory patent examiner for approval.” Therefore, Applicants
solicit for consideration of the Primary examiner to make examiner’s amendment. If
making examiner’s amendments is not feasible, please amend the above-identified

application as described above to correct for the formal matters.

Recognizing that Internet communications are not secure, 1 hereby authorize the
USPTO to communicate with me concerning any subject matter of this application by
electronic mail. I understand that a copy of these communications will be made of record

in the application file.
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Appl. No. 12/198,128
Reply to Office action of October 08, 2010

Sincerely yours,

/Scott Margo/ 12/08/2010

Date:

Scott Margo, Patent Agent No. 56,277

P.O. BOX 506, Merrifield, VA 22116, U.S.A.
Voice Mail: 302-729-1562

Facsimile: 806-498-6673

e-mail : ScottMargo(@naipo.com

Note: Please leave a message in my voice mail if you need to talk to me. (The time in

D.C. is 13 hours behind the Taiwan time, i.e. 9 AM in D.C. = 10 PM in Taiwan.)
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NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
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DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.
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Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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21
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
12/198,128 08/26/2008 Chien-Ting Lin NAUPI008USA 3531
27765 7590 10/08/2010 | EXAMINER |
NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION GARCIA, JOANNEE A
P.O. BOX 506 | ART UNIT PAPER NUMBER |

MERRIFIELD, VA 22116 2895

DATE MAILED: 10/08/2010

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 O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
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 that
determines Patent Term Adjustment is the filing date of the most recent CPA.

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

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

Page 3of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.



Application No. Applicant(s)

) . 12/198,128 LIN ET AL.
Notice of Allowability Examiner Art Unit
JOANNIE A. GARCIA 2895

-- 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 amendment filed 09/24/2010.

2. X] The allowed claim(s) is/are 1-11.

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

a)[d Al b)[J Some* c¢)[JNone ofthe:
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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] 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.

5. [] 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) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)
1. ] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Noticezoé Allowability Part of Paper No./Mail Date 20100930




Application/Control Number: 12/198,128 Page 2
Art Unit: 2895

Allowable Subject Matter

The following is an examiner’s statement of reasons for allowance: the prior art
taken alone or in combination neither discloses nor makes obvious the instant invention
including depositing a first cap layer on a high-k dielectric layer covering a dielectric
layer and surface openings, removing the first cap layer disposed in a second transistor
region, and forming a metal layer on the first cap layer of a first transistor region and the
high-k dielectric layer of the second transistor region. For example, the prior art
reference used, Doczy et al (US 2006/0065939 A1), discloses depositing a first cap
layer 115a on a high-k dielectric layer 180 covering a dielectric layer 112 and surface
openings (Figures 9 and 10, and Paragraph 0048), but does not teach removing the first
cap layer disposed in a second transistor region, and forming a metal layer on the first
cap layer of a first transistor region and the high-k dielectric layer of the second
transistor region. Therefore, the prior art of record neither anticipates nor renders
obvious the claimed subject matter.

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

Statement of Reasons for Allowance.”

Conclusion
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Application/Control Number: 12/198,128 Page 3
Art Unit: 2895

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Joannie Garcia, whose telephone number is (571) 272-
1861. The examiner can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, N. Drew Richards, can be reached on (571) 272-1736. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

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

IN. Drew Richards/
Supervisory Patent Examiner, Art Unit 2895

IJAG/
September 29, 2010

DRichards
SPE
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METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE

SAME

Appl. No. o 12/198,128 Confirmation No. 3531
Applicant : Chien-Ting Lin et al.
Filed : August 26, 2008
TC/A.U. : 2895
Examiner : GARCIA, JOANNIE A
Docket No. : NAUPI1008USA
Customer No. : 27765
Commissioncr for Patents
P.O. Box 1450
Alexandria VA 22313-1450

AMENDMENT

Sir:

In response to the Office action of June 25, 2010, please amend the above-identified
application as follows:
Amendments to the Claims are reflected in the listing of claims which begins on page 2
of this paper.
Remarks/Arguments begin on page 4 of this papcr.
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Appl. No. 12/198,128
Amdt. dated September 21, 2010
Reply to Office action of June 25, 2010

Amendments to the Claims:

The listing of claims will replace all prior versions and listings of claims in the

application:

Listing of Claims:

Claim 1 (original): A method for fabricating metal gate transistor, comprising:

providing a substrate having a first transistor region and a second transistor
region;

forming a plurality of dummy gates on the substrate and within the first transistor
region and the second transistor region;

forming a source/drain region at two sides of each dummy gate;

forming a dielectric layer to cover the dummy gates;

rcmoving the dummy gates to form a plurality of opcnings in the diclectric laycr
of the first transistor region and the second transistor region;

forming a high-k dielectric layer to cover the dielectric layer and surface of each
opening;

depositing a first cap layer on the high-k dielectric layer;

removing the first cap layer disposed in the second transistor region; and

forming a metal layer on the first cap layer of the first transistor region and the

high-k dielectric layer of the second transistor region.

Claim 2 (original): The mcthod of claim 1, wherein the first transistor rcgion is a

NMOS transistor region.

Claim 3 (original): The method of claim 2, wherein the first cap layer comprises LaO,

MgO, Dy,03, or other lanthanide oxides.

Claim 4 (original): The method of claim 1, wherein the second transistor region is a
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Appl. No. 12/198,128
Amdt. dated September 21, 2010
Reply to Office action of June 25, 2010

PMOS transistor region.

Claim 5 (original): The method of claim 4, further comprising forming a second cap
layer in the second transistor region after removing the first cap layer from the second

transistor region.

Claim 6 (original): The method of claim 5, wherein the second cap layer comprises
Al O3, AIN, or AION.

Claim 7 (original): The method of claim 1, wherein the metal layer comprises TiN,

TaC, Ta, TaSiN, Al, or TiAIN.

Claim 8 (original): The method of claim 1, further comprising performing a first
chemical mechanical polishing process after forming the dielectric layer and before

rcmoving the dummy gatc.

Claim 9 (original): The method of claim 1, further comprising:

forming a conductive layer to fill the openings of the first transistor region and
the second transistor region after forming the metal layer on the first cap layer of the
first transistor region and the high-k dielectric layer of the second transistor region,;
and

performing a second chemical polishing after forming the conductive layer.

Claim 10 (original): The mcthod of claim 1, wherein the high-k diclectric laycr
comprises HfS10, HfSiON, HfO, LaO, LaAlO, ZrO, ZrSiO, or HfZrO.

Claim 11 (previously presented): The method of claim 9, wherein the conductive layer

comprises Al, W, TiAl or CoWP.

Claims 12-20 (canceled)
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Appl. No. 12/198,128
Amdt. dated September 21, 2010
Reply to Office action of June 25, 2010

REMARKS/ARGUMENTS

Rejection of claims 12, 13, and 15-20 under 35 U.S.C. 103(a) as being
unpatentable over Doczy et al (US 20060065939 A1), and further in view of Song
et al (US 2005/0263829 A1), Carley (US 20040173886 Al) and Jiang et al (US
20090017563 Al).

Claims 12-20 have been canceled and are no longer in need of consideration.

As all pending claims have been indicated as allowable by the Examiner, Applicants

respectfully request that a timely Notice of Allowance be issued in this case.

Recognizing that Internet communications are not secure, I hereby authorize the
USPTO to communicate with me concerning any subject matter of this application by
clectronic mail. I undcerstand that a copy of these communications will be madce of record

in the application file.

Sincerely yours,

/Winston Hsu/ Date: 09/21/2010

Winston Hsu, Patent Agent No. 41,526

P.O. BOX 506, Merrifield, VA 22116, U.S.A.
Voice Mail: 302-729-1562

Facsimilc: 806-498-6673

e-mail : winstonhsu@naipo.com

Note: Please leave a message in my voice mail if you need to talk to me. (The time in

D.C. is 12 hours behind the Taiwan time, i.e. 9 AM in D.C. =9 PM in Taiwan.)
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This collection of information is required by 37 CFR 1.16. 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
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Application No. Applicant(s)

12/198,128 LIN ET AL.
Office Action Summary Examiner ArtUnit

JOANNIE A. GARCIA 2895

-- 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) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

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

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

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

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

Status

1)X] Responsive to communication(s) filed on 20 May 0201.
2a)[] This action is FINAL. 2b)[X] 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.

Disposition of Claims

4)X] Claim(s) 1-13 and 15-20 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)X Claim(s) 1-11 is/are allowed.
6)X] Claim(s) 712,13 and 15-20 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] 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)[] 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 priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAIl  b)[]Some * c)[] None of:
1.0 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.

Attachment(s)

1) x Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ___

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date _____. 6) |:| Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Actior:lgummary Part of Paper No./Mail Date 20100619



Application/Control Number: 12/198,128 Page 2
Art Unit: 2895

Claim Rejections - 35 USC § 103
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.

Claims 12, 13, and 15-20, are rejected under 35 U.S.C. 103(a) as being
unpatentable over Doczy et al (US 20060065939 A1), and further in view of Song et al
(US 2005/0263829 A1), Carley (US 20040173886 A1) and Jiang et al (US
20090017563 A1).

Doczy et al discloses an NMOS or PMOS metal gate transistor comprising a
substrate 100 (Figure 2, and Paragraphs 0003 and 0032), a metal gate disposed on the
substrate, comprising a U-shaped high-k dielectric layer 180 (Figure 8, and Paragraphs
0009 and 0046), a U-shaped cap barrier layer 160 disposed over a surface of the high-k
dielectric layer, and because the same materials have been treated in the same
manner, adjusted work function of the metal gate transistor would have been achieved
(Figure 8, and Paragraph 0047), a U-shaped aluminum or tantalum metal layer 190
disposed over the U-shaped cap layer (Figure 8, and Paragraphs 0011 and 0012), a
source/drain region 135/136 and 137/138, respectively, disposed in the substrate with
respect to two sides of the metal gate (Figure 4, and Paragraph 0039), and a conductive
layer 115 disposed on the U-shaped metal layer (Figure 10, and Paragraph 0019).

Doczy et al does not teach that the cap barrier layer comprises LaO material.

Song et al discloses a cap barrier layer made of SiN, HfO, ZrO, or LaO, among other
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materials (Figure 8, and Paragraph 0042). It would have been obvious to one of
ordinary skill in the art to combine the teachings of Doczy et al and Song et al, to enable
the cap barrier layer 160 of Doczy et al to be performed, said cap layer made of LaO
material, according to the teachings of Song et al, because in such a device, the
structure of Song et al, would be used according to its disclosed intended purpose and
would therefor have reasonably been expected by one of ordinary skill in the art to yield
the predictable results of achieving the cap layer 160 of Doczy et al, and also, it would
provide a more stable operation and a longer operational of the lifetime (See Song et al,
Paragraph 0007).

Doczy et al discloses that the cap layer 160 is made, for example, of a titanium
nitride material (Paragraph 0017). Doczy et al does not teach that the cap layer is
made, for example, of a magnesium oxide material or an aluminum nitride material.
Carley discloses a cap layer that can be made of either a titanium nitride material or a
magnesium oxide material (Claim 125). It would have been obvious to one of ordinary
skill in the art to combine the teachings of Doczy et al and Carley, to enable the cap
layer 160 of Doczy et al to be performed, said cap layer made of either a titanium
nitride, magnesium oxide, or aluminum nitride material, according to the teachings of
Carley, because in such a device, the structure of Carley, would be used according to
its disclosed intended purpose and would therefor have reasonably been expected by
one of ordinary skill in the art to yield the predictable results of achieving the cap layer
160 of Doczy et al, and also, it would provide an improved high strength cap layer (See

Carley, Paragraphs 0007 and 0008).
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Doczy et al discloses forming the second cap layer 115 of a titanium nitride
material, for example (Paragraph 0020). Doczy et al does not teach forming the second
cap layer of an aluminum nitride material. Jiang et al discloses forming a cap layer of
either a titanium nitride material or an aluminum nitride material, among others
(Paragraph 0026). It would have been obvious to one of ordinary skill in the art to
combine the teachings of Doczy et al and Jiang et al, to enable forming the second cap
layer 115 of Doczy et al to be performed, said second cap layer made either of a
titanium nitride or an aluminum nitride material, according to the teachings of Jiang et al,
because in such a process, the method of Jiang et al would be used according to its
disclosed intended purpose and would therefor have reasonably been expected by one
of ordinary skill in the art to yield the predictable results of forming the second cap layer
115 of Doczy et al, and also, it would protect remaining thicknesses in the

semiconductor device (See Jiang et al, Paragraph 0026).

Response to Arguments
Applicant argues that Doczy et al does not teach that the cap barrier layer
comprises LaO material. However, Doczy et al is not relied upon for that purpose.
Song et al is relied instead for disclosing a cap barrier layer made of SiN, HfO, ZrO, or
LaO, among other materials (Figure 8, and Paragraph 0042), and therefore, it would
have been obvious to one of ordinary skill in the art to combine the teachings of Doczy
et al and Song et al, to enable the cap barrier layer 160 of Doczy et al to be performed,

said cap layer made of LaO material, according to the teachings of Song et al, because
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in such a device, the structure of Song et al, would be used according to its disclosed
intended purpose and would therefor have reasonably been expected by one of
ordinary skill in the art to yield the predictable results of achieving the cap layer 160 of

Doczy et al.

Allowable Subject Matter

Claims 1-11 are allowed.

The following is an examiner’s statement of reasons for allowance: the prior art
taken alone or in combination neither discloses nor makes obvious the instant invention
including depositing a first cap layer on a high-k dielectric layer covering a dielectric
layer and surface openings, removing the first cap layer disposed in a second transistor
region, and forming a metal layer on the first cap layer of a first transistor region and the
high-k dielectric layer of the second transistor region. For example, the prior art
reference used, Doczy et al (US 2006/0065939 A1), discloses depositing a first cap
layer 115a on a high-k dielectric layer 180 covering a dielectric layer 112 and surface
openings (Figures 9 and 10, and Paragraph 0048), but does not teach removing the first
cap layer disposed in a second transistor region, and forming a metal layer on the first
cap layer of a first transistor region and the high-k dielectric layer of the second
transistor region. Therefore, the prior art of record neither anticipates nor renders
obvious the claimed subject matter.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably
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accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Joannie Garcia, whose telephone number is (571) 272-
1861. The examiner can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, N. Drew Richards, can be reached on (571) 272-1736. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

/N. Drew Richards/

Supervisory Patent Examiner, Art Unit 2895

1JAG/
June 14, 2010

DRichards
SPE

45



Application/Control No. Applicant(s)/Patent Under
12/198,128 Reexamation
Notice of References Cited . .
Examiner Art Unit
JOANNIE A. GARCIA 2895 Page 1 of 1
U.S. PATENT DOCUMENTS
* Gountry Codeurumborind Code | MVLYYY Name Classification
* | A | US-2005/0263829 12-2005 Song et al. 257/379
* | B | US-2006/0134433 06-2006 Maula et al. 428/411.1
* | ¢ | US-2004/0159903 08-2004 Burgener et al. 257/432
D | US-
E | US-
F | US-
c | US-
H | US-
| Us-
J | Us-
K | US-
L | Us-
M | US-
FOREIGN PATENT DOCUMENTS
* Counts%:o%?_iztm'\éimgﬁg Code MMD-;a(t\((aYY Country Name Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
w
X
*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.
U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20100619

46



Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 12198128 LIN ET AL.
LTI "
JOANNIE A GARCIA 2895
4 Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | Interference (@) Objected
XI Claims renumbered in the same order as presented by applicant O cpPA O T.D. O R.1.47
CLAIM DATE
Final Original [06/14/2010
1 =
2 =
3 =
4 =
5 =
6 =
7 =
8 =
9 =
10 =
11 =
12 v
13 v
14 -
15 v
16 v
17 v
18 v
19 v
20 v

U.S. Patent and Trademark Office

47

Part of Paper No. : 20100619




Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

12198128 LIN ET AL.
Examiner Art Unit
JOANNIE A GARCIA 2895
SEARCHED
Class Subclass Date Examiner
438 183,188,199,270,272,926, FOR187 FOR216 06/14/2010 JAG
257 69,204 ,e21.444,e21.453,627.046,e27.108,e21.632 06/14/2010 JAG
SEARCH NOTES
Search Notes Date Examiner
EAST search attached 06/14/2010 JAG
INTERFERENCE SEARCH
Class Subclass Date Examiner
U.S. Patent and Trademark Office 48

Part of Paper No. : 20100619




EAST Search History

EAST Search History

EAST Search History (Prior Art)

‘Ref Hits Search Query DBs Default Plurals {Time Stamp

W Operator

N 8479 ("high-k" or "high k") with {US- OR ON 2009/09/03

i (layer or film) PGPUB; 04:56

: USPAT

L2 47097 cap with (layer or film) us OR ON 2009/09/03

i PGPUB; 04:56

E USPAT

L3 69453 dummy us OR ON 2009/09/03

i PGPUB; 04:56

é USPAT

L4 0 1 with 2 with 3 us OR ON 2009/09/03

§ PGPUB; 04:56

| USPAT

s 110 1 with 2 US- OR ON 2009/09/03

§ PGPUB; 04:56

| USPAT

NI 3and 5 UsS OR ON 2009/09/03

§ PGPUB; 04:56

| USPAT

L7 6433718 @ad<"20080826" us OR ON 2009/09/03

E PGPUB; 04:56

| USPAT

8 1 6 and 7 us OR ON 2009/09/03

% PGPUB; 04:57
USPAT

9/3/09 4:57:34 AM
C:\ Documents and Settings\ jgarcial\ My Documents\ EAST\ Workspaces\ 12198128.wsp

49

file:///Cl/Documents%20and %20Settings/jgarcial/My%?20Docume.../12198 128/EASTSearchHistory.12198128_Accessible Version.htm9/3/09 4:57:52 AM



Doc code: RCEX PTO/SB/30EFS (09-08)

Doc description: Request for Continued Examination (RCE) Approved for use through 10/31/2008. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | ) g0 18 Filing | 5508.08.26 Docket Number | 1 )p1008UsA At | o895
Number Date (if applicable) Unit

First Named| i Ting Lin Examiner GARCIA, JOANNIE A

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

] Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

Enclosed

Amendment/Reply
[ ] Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

[ ] Other

MISCELLANEOUS

D Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES
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REMARKS/ARGUMENTS

Request for Continued Examination:
The applicant respectfully requests continued examination of the above-indicated

application as per 37 CFR 1.114.

Rejection of claims 12, 13, 15, and 17-20 under 35 U.S.C. 102(b) as being
anticipated by Doczy et al (US 20060065939 A1).

Claim 12 has been amended to specify that the U-shaped cap layer disposed over the

surface of the high-k dielectric layer comprises LaO. Dy,0s, or other lanthanide

oxides. Claim 14 is canceled accordingly.

Applicant submits that because of the fact that the layer 160 material composition
from Doczy (see para 0017 from Doczy) is far different from the cap layer as claimed
in thc amended claim 12 of the instant application, and that Carlcy and Jiang ncither
qualify as prior art in the field of applicant's endeavor nor be reasonably pertinent to
the particular problem with which the applicant was concerned in this instant
application at least in claim 12, therefore, the claimed features of “wherein the
U-shaped cap layer comprises LaO, Dy,03, or other lanthanide oxides” should be
clearly patentable.

As none of the cited references in Doczy, Jiang, and Carley disclose of a cap layer
comprising of lanthanum oxide, Dysprosium(III) oxide or lanthanide oxides,
applicants submit that thc mctal gatc transistor as rccited in the amendced claim 12
should be patentable over the cited references. Reconsideration of the amended
claim 12 is respectfully requested. As claims 13, 15, and 17-20 are dependent upon
claim 12, applicants submit that if claim 12 is found allowable, claims 13, 15, and

17-20 should additionally be found allowable.
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Rejection of claims 14, and 16 under 35 U.S.C. 103(a) as being unpatentable over
Doczy et al (US 20060065939 A1) as applied to claims 12, 13, 15, and 17-20, above,
and further in view of Carley (US 20040173886 A1) and Jiang et al (US
20090017563 Al).

Claim 14 is canceled and is no longer in need of consideration. As claim 16 is
dependent upon claim 12, applicants submit that if claim 12 is found allowable, claim

16 should additionally be found allowable.

Applicant respectfully requests that a timely Notice of Allowance be issued in this

casc.

Sincerely yours,

/Winston Hsu/ Date: 05/20/2010
Winston Hsu, Patent Agent No. 41,526
P.O. BOX 506, Merrifield, VA 22116, U.S.A.
Voice Mail: 302-729-1562
Facsimile: 806-498-6673

e-mail : winstonhsu@naipo.com

Note: Please leave a message in my voice mail if you need to talk to me. (The time in

D.C. is 12 hours behind the Taiwan time, i.e. 9 AM in D.C. =9 PM in Taiwan.)
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METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE

SAME
Appl. No. : 12/198,128 Confirmation No. : 3531
Applicant : Chien-Ting Lin et al.
Filed . August 26, 2008
TC/A.U. : 2895
Examiner : GARCIA, JOANNIE A
Docket No. : NAUP1008USA
Customer No. : 27765

Commissioncr for Patcents
P.O. Box 1450
Alexandria VA 22313-1450

AMENDMENT AND REQUEST FOR CONTINUED EXAMINATION
Sir:
In response to the Office action of February 23, 2010, please amend the
above-identified application as follows:
Amendments to the Claims are reflected in the listing of claims which begins on page 2
of this papcr.
Remarks/Arguments begin on page 6 of this paper.
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Amendments to the Claims:

The listing of claims will replace all prior versions and listings of claims in the

application:

Listing of Claims:

Claim 1 (original): A method for fabricating metal gate transistor, comprising:

providing a substrate having a first transistor region and a second transistor
region;

forming a plurality of dummy gates on the substrate and within the first transistor
region and the second transistor region;

forming a source/drain region at two sides of each dummy gate;

forming a dielectric layer to cover the dummy gates;

rcmoving the dummy gates to form a plurality of opcnings in the diclectric laycr
of the first transistor region and the second transistor region;

forming a high-k dielectric layer to cover the dielectric layer and surface of each
opening;

depositing a first cap layer on the high-k dielectric layer;

removing the first cap layer disposed in the second transistor region; and

forming a metal layer on the first cap layer of the first transistor region and the

high-k dielectric layer of the second transistor region.

Claim 2 (original): The mcthod of claim 1, wherein the first transistor rcgion is a

NMOS transistor region.

Claim 3 (original): The method of claim 2, wherein the first cap layer comprises LaO,

MgO, Dy,03, or other lanthanide oxides.

Claim 4 (original): The method of claim 1, wherein the second transistor region is a
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PMOS transistor region.

Claim 5 (original): The method of claim 4, further comprising forming a second cap
layer in the second transistor region after removing the first cap layer from the second

transistor region.

Claim 6 (original): The method of claim 5, wherein the second cap layer comprises
Al O3, AIN, or AION.

Claim 7 (original): The method of claim 1, wherein the metal layer comprises TiN,

TaC, Ta, TaSiN, Al, or TiAIN.

Claim 8 (original): The method of claim 1, further comprising performing a first
chemical mechanical polishing process after forming the dielectric layer and before

rcmoving the dummy gatc.

Claim 9 (original): The method of claim 1, further comprising:

forming a conductive layer to fill the openings of the first transistor region and
the second transistor region after forming the metal layer on the first cap layer of the
first transistor region and the high-k dielectric layer of the second transistor region,;
and

performing a second chemical polishing after forming the conductive layer.

Claim 10 (original): The mcthod of claim 1, wherein the high-k diclectric laycr
comprises HfS10, HfSiON, HfO, LaO, LaAlO, ZrO, ZrSiO, or HfZrO.

Claim 11 (previously presented): The method of claim 9, wherein the conductive layer

comprises Al, W, TiAl or CoWP.

Claim 12 (currently amended): A metal gate transistor, comprising;:
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a substrate;
a metal gate disposed on the substrate, comprising:
a high-k dielectric layer;
a U-shaped cap layer disposed over a surface of the high-k dielectric layer

for adjusting the work function of the metal gate transistor, wherein the U-shaped cap

layer comprises LaO, Dy,0Os, or other lanthanide oxides;

a U-shaped metal layer disposed over the U-shaped cap layer; and
a source/drain region disposed in the substrate with respect to two sides of the

metal gate.

Claim 13 (original): The metal gate transistor of claim 12, wherein the metal gate

transistor is a NMOS transistor.

Claim 14 (canceled)

Claim 15 (original): The metal gate transistor of claim 12, wherein the metal gate

transistor 1s a PMOS transistor.

Claim 16 (original): The metal gate transistor of claim 15, wherein the U-shaped cap

layer comprises Al,Os, AIN, or AION.

Claim 17 (original): The metal gate transistor of claim 12, wherein the U-shaped metal

layer comprises TiN, TaC, Ta, TaSiN, Al, or TiAIN.

Claim 18 (original): The metal gate transistor of claim 12, wherein the high-k

dielectric layer is U-shaped.

Claim 19 (original): The metal gate transistor of claim 12, further comprising a

conductive layer disposed on the U-shaped metal layer.
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Claim 20 (original): The metal gate transistor of claim 19, wherein the conductive

layer comprises Al, W, TiAl or CoWP.
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CONFIRMATION NO. 3531
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Title:METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

Publication No.US-2010-0052074-A1
Publication Date:03/04/2010

NOTICE OF PUBLICATION OF APPLICATION

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

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

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
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Claim Rejections - 35 USC § 102
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 foreigh 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.

Claims 12,13, 15, and 17-20, are rejected under 35 U.S.C. 102(b) as being
anticipated by Doczy et al (US 20060065939 A1).

Doczy et al discloses an NMOS or PMOS metal gate transistor comprising a
substrate 100 (Figure 2, and Paragraphs 0003 and 0032), a metal gate disposed on the
substrate, comprising a U-shaped high-k dielectric layer 180 (Figure 8, and Paragraphs
0009 and 0046), a U-shaped cap layer 160 disposed over a surface of the high-k
dielectric layer, and because the same materials have been treated in the same
manner, adjusted work function of the metal gate transistor would have been achieved
(Figure 8, and Paragraph 0047), a U-shaped aluminum or tantalum metal layer 190
disposed over the U-shaped cap layer (Figure 8, and Paragraphs 0011 and 0012), a
source/drain region 135/136 and 137/138, respectively, disposed in the substrate with
respect to two sides of the metal gate (Figure 4, and Paragraph 0039), and a conductive

layer 115 disposed on the U-shaped metal layer (Figure 10, and Paragraph 0019).

Claim Rejections - 35 USC § 103

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:
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(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.

Claims 14 and 16 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Doczy et al (US 20060065939 A1), as applied to claims 12,13, 15, and 17-20,
above, and further in view of Carley (US 20040173886 A1) and Jiang et al (US
20090017563 A1).

Doczy et al discloses that the cap layer 160 is made, for example, of a titanium
nitride material (Paragraph 0017). Doczy et al does not teach that the cap layer is
made, for example, of a magnesium oxide material or an aluminum nitride material.
Carley discloses a cap layer that can be made of either a titanium nitride material or a
magnesium oxide material (Claim 125). It would have been obvious to one of ordinary
skill in the art to combine the teachings of Doczy et al and Carley, to enable the cap
layer 160 of Doczy et al to be performed, said cap layer made of either a titanium
nitride, magnesium oxide, or aluminum nitride material, according to the teachings of
Carley, because in such a device, the structure of Carley, would be used according to
its disclosed intended purpose and would therefor have reasonably been expected by
one of ordinary skill in the art to yield the predictable results of achieving the cap layer
160 of Doczy et al, and also, it would provide an improved high strength cap layer (See
Carley, Paragraphs 0007 and 0008).

Doczy et al discloses forming the second cap layer 115 of a titanium nitride
material, for example (Paragraph 0020). Doczy et al does not teach forming the second

cap layer of an aluminum nitride material. Jiang et al discloses forming a cap layer of
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either a titanium nitride material or an aluminum nitride material, among others
(Paragraph 0026). It would have been obvious to one of ordinary skill in the art to
combine the teachings of Doczy et al and Jiang et al, to enable forming the second cap
layer 115 of Doczy et al to be performed, said second cap layer made either of a
titanium nitride or an aluminum nitride material, according to the teachings of Jiang et al,
because in such a process, the method of Jiang et al would be used according to its
disclosed intended purpose and would therefor have reasonably been expected by one
of ordinary skill in the art to yield the predictable results of forming the second cap layer
115 of Doczy et al, and also, it would protect remaining thicknesses in the

semiconductor device (See Jiang et al, Paragraph 0026).

Response to Arguments
Applicant argues that Carley and Jiang et al, do not teach that the cap layer is
utilized for adjusting the work function of the metal gate transistor. However, nor Carley
nor Jiang et al are not relied upon for that purpose. Doczy et al is relied upon for
disclosing a U-shaped cap layer 160 disposed over a surface of the high-k dielectric
layer, and because the same materials have been treated in the same manner, adjusted
work function of the metal gate transistor would have been achieved (Figure 8, and

Paragraph 0047).

Allowable Subject Matter

Claims 1-11 are allowed.
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The following is an examiner’s statement of reasons for allowance: the prior art
taken alone or in combination neither discloses nor makes obvious the instant invention
including depositing a first cap layer on a high-k dielectric layer covering a dielectric
layer and surface openings, removing the first cap layer disposed in a second transistor
region, and forming a metal layer on the first cap layer of a first transistor region and the
high-k dielectric layer of the second transistor region. For example, the prior art
reference used, Doczy et al (US 2006/0065939 A1), discloses depositing a first cap
layer 115a on a high-k dielectric layer 180 covering a dielectric layer 112 and surface
openings (Figures 9 and 10, and Paragraph 0048), but does not teach removing the first
cap layer disposed in a second transistor region, and forming a metal layer on the first
cap layer of a first transistor region and the high-k dielectric layer of the second
transistor region. Therefore, the prior art of record neither anticipates nor renders
obvious the claimed subject matter.

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

Statement of Reasons for Allowance.”

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 statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within
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TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

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

1861. The examiner can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, N. Drew Richards, can be reached on (571) 272-1736. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
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you have questions on access to the Private PAIR system, contact the Electronic

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

IN. Drew Richards/
Supervisory Patent Examiner, Art Unit 2895

IJAG/
February 10, 2010

DRichards
SPE
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METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE

SAME

Appl. No. : 12/198,128 Confirmation No. 3531
Applicant : Chien-Ting Lin et al.
Filed : August 26, 2008
TC/A.U. : 2895
Examiner : GARCIA, JOANNIE A
Docket No. : NAUP1008USA
Customer No. : 27765
Commissioncr for Patcnts
P.O. Box 1450
Alexandria VA 22313-1450

AMENDMENT

Sir:

In response to the Office action of September 14, 2009, please amend the
above-identified application as follows:
Amendments to the Claims arc reflected in the listing of claims which begins on
pagc 2 of this papcr.
Remarks/Arguments begin on page 6 of this paper.
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Amendments to the Claims:

The listing of claims will replace all prior versions and listings of claims in the

application:

Listing of Claims:

Claim 1 (original): A method for fabricating metal gate transistor, comprising:

providing a substrate having a first transistor region and a second transistor
region;

forming a plurality of dummy gates on the substrate and within the first transistor
region and the second transistor region;

forming a source/drain region at two sides of each dummy gate;

forming a dielectric layer to cover the dummy gates;

rcmoving the dummy gates to form a plurality of opcnings in the diclectric laycr
of the first transistor region and the second transistor region;

forming a high-k dielectric layer to cover the dielectric layer and surface of each
opening;

depositing a first cap layer on the high-k dielectric layer;

removing the first cap layer disposed in the second transistor region; and

forming a metal layer on the first cap layer of the first transistor region and the

high-k dielectric layer of the second transistor region.

Claim 2 (original): The mcthod of claim 1, wherein the first transistor rcgion is a

NMOS transistor region.

Claim 3 (original): The method of claim 2, wherein the first cap layer comprises LaO,

MgO, Dy,03, or other lanthanide oxides.

Claim 4 (original): The method of claim 1, wherein the second transistor region is a
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PMOS transistor region.

Claim 5 (original): The method of claim 4, further comprising forming a second cap
layer in the second transistor region after removing the first cap layer from the second

transistor region.

Claim 6 (original): The method of claim 5, wherein the second cap layer comprises
Al O3, AIN, or AION.

Claim 7 (original): The method of claim 1, wherein the metal layer comprises TiN,

TaC, Ta, TaSiN, Al, or TiAIN.

Claim 8 (original): The method of claim 1, further comprising performing a first
chemical mechanical polishing process after forming the dielectric layer and before

rcmoving the dummy gatc.

Claim 9 (original): The method of claim 1, further comprising:

forming a conductive layer to fill the openings of the first transistor region and
the second transistor region after forming the metal layer on the first cap layer of the
first transistor region and the high-k dielectric layer of the second transistor region,;
and

performing a second chemical polishing after forming the conductive layer.

Claim 10 (original): The mcthod of claim 1, wherein the high-k diclectric laycr
comprises HfS10, HfSiON, HfO, LaO, LaAlO, ZrO, ZrSiO, or HfZrO.

Claim 11 (currently amended): The method of claim + 9, wherein the conductive layer

comprises Al, W, TiAl or CoWP.

Claim 12 (currently amended): A metal gate transistor, comprising;:
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a substrate;
a metal gate disposed on the substrate, comprising:
a high-k dielectric layer;
a U-shaped cap layer disposed over the a surface of the high-k dielectric

layer_for adjusting the work function of the metal gate transistor;
a U-shaped metal layer disposed over the U-shaped cap layer; and
a source/drain region disposed in the substrate with respect to two sides of the

metal gate.

Claim 13 (original): The metal gate transistor of claim 12, wherein the metal gate

transistor is a NMOS transistor.

Claim 14 (original): The metal gate transistor of claim 13, wherein the U-shaped cap

layer comprises LaO, MgO, Dy,0s, or other lanthanide oxides.

Claim 15 (original): The metal gate transistor of claim 12, wherein the metal gate

transistor 1s a PMOS transistor.

Claim 16 (original): The metal gate transistor of claim 15, wherein the U-shaped cap

layer comprises Al,Os, AIN, or AION.

Claim 17 (original): The metal gate transistor of claim 12, wherein the U-shaped metal

layer comprises TiN, TaC, Ta, TaSiN, Al, or TiAIN.

Claim 18 (original): The metal gate transistor of claim 12, wherein the high-k

dielectric layer is U-shaped.

Claim 19 (original): The metal gate transistor of claim 12, further comprising a

conductive layer disposed on the U-shaped metal layer.
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Claim 20 (original): The metal gate transistor of claim 19, wherein the conductive

layer comprises Al, W, TiAl or CoWP.

85



Electronic Acknowledgement Receipt

EFSID: 6483052
Application Number: 12198128
International Application Number:
Confirmation Number: 3531

Title of Invention:

METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

First Named Inventor/Applicant Name:

Chien-Ting Lin

Customer Number:

27765

Filer:

Winston Hsu

Filer Authorized By:

Attorney Docket Number: NAUP1008USA
Receipt Date: 20-NOV-2009
Filing Date: 26-AUG-2008
Time Stamp: 02:47:07

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

D t " . File Size(Byt Multi P
ocumen Document Description File Name ile Size( y es)/ u I. . ages
Number Message Digest | Part/.zip| (ifappl.)

Applicant A ts/R ks Made i 78128
1 pplican rguments/hemarks iade In 735936.PDF no 4
an Amendment
<0a0b9b1d085be8a533b210c65f570c9843
8833f

Warnings:

Information:

86




] ] 60122
Amendment/Req. Reconsideration-After

2 Non-Final Reject 735935.PDF no 1
3107d5ad40143d35ce1288d0f3c46d3c81
35e9
Warnings:
Information:
60497
3 Claims 735934.PDF no 4
b472d5c0eb3ab9cc7e972¢89534a20f4d41
31e14
Warnings:
Information:
Total Files Size (in bytes); 198747

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

87




10

15

20

25

30

Appl. No. 12/198,128
Amdt. dated November 20, 2009
Reply to Office action of September 14, 2009

REMARKS/ARGUMENTS

Objection of claims 11-20 for informalities.

Claim 11 has been amended to depend on claim 9, and claim 12 has been amended to
correct the limitation “surface” in line 5 to “a surface”. Applicants submit that there
1s now sufficient antecedent basis in claims 11 and 12. Reconsideration of claims

11-20 is respectfully requested.

Rejection of claims 1, 2,4, 5, 7-13, 15, and 17-20 under 35 U.S.C. 102(b) as being
anticipated by Doczy et al (US 20060065939 A1l).

Claim 1 recites a method for fabricating metal gate transistor, in which the method
includcs the steps of: providing a substratc having a first transistor region and a
second transistor region; forming a plurality of dummy gates on the substrate and
within the first transistor region and the second transistor region; forming a
source/drain region at two sides of cach dummy gate; forming a dielectric layer to
cover the dummy gates; removing the dummy gates to form a plurality of openings in
the dielectric layer of the first transistor region and the second transistor region;
forming a high-k dielectric layer to cover the dielectric layer and surface of each
opening; depositing a first cap layer on the high-k dielectric layer; removing the first
cap layer disposed in the second transistor region; and forming a metal layer on the
first cap laycr of the first transistor rcgion and the high-k diclectric laycr of the sccond

transistor region.

Doczy in Figs. 9-10 of the cited reference recites a step of forming a cap layer
115a/115. Despite this cap layer 115a/115 may be construed as the first cap layer of
the present invention, the cap layer 115a/115 is not removed from the second

transistor region 202 and there is no metal layer formed on the cap layer 115a/115 of

88



10

15

20

25

30

Appl. No. 12/198,128
Amdt. dated November 20, 2009
Reply to Office action of September 14, 2009

the first transistor region thereafter, as recited in claim 1 of the present invention.

Inspection of paragraph [0048] of Doczy clearly reveals that the cap layer 115a/115 is
formed on top of the layer 190 and filled into the opening 113 by an electroplating
process, ALD, CVD, or aluminum reflow process, and after the cap layer is deposited,
a CMP process is conducted to planarize the cap layer for forming corresponding
metal gates. As the layers 115a and 115 are essentially the same layer deposited
through one single process, applicants contend that the layers 115a and 115 could not

be construed as both the first cap layer and metal layer of the present invention.

It is therefore obvious from the above passage that the process disclosed by Doczy
clearly lacks the steps of removing the first cap layer disposed in the second transistor
region and forming a metal layer on the first cap layer of the first transistor region and
the high-k dielectric layer of the second region, and as these limitations are absent in
Doczy’s invention, applicants submit that the mcthod of the present invention is
patentable over the cited reference. Reconsideration of claim 1 is respectfully
requested. As claims 2, 4, 5, 7-11 are dependent upon claim 1, applicants submit that
if claim 1 is found allowable, claims 2, 4, 5, 7-11 should additionally be found

allowable.

Claim 12 has been amended to specify that the U-shaped cap layer disposed over the
surface of the high-k dielectric layer is used for adjusting the work function of the

mctal gatc transistor.
Doczy in paragraph [0017] of the cited reference recites a cap layer composed of
material such as TiN, but fails to teach that the cap layer is composed of either MgO

or AIN, as pointed out by the Examiner.

Despite Carley in claim 125 of the cited reference recites a cap layer composed of
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MgO, Carley still fails to explicitly show that how the cap layer is utilized for
adjusting the work function of the metal gate transistor. As the invention taught by
Carley specifically pertains to a MEMS device, the cap layer serving in Carley’s
invention would have been completely different from the metal gate transistor of the
present invention.  Similarly, the cap layer revealed in Jiang’s invention is
specifically related to the fabrication of metal interconnects and could not have been

utilized for adjusting the work function of a metal gate transistor.

As the cap layers disclosed in Carley and Jiang’s invention all serve different purpose
and clearly lack the function of adjusting work function of a metal gate transistor as
recited in the present invention, applicants submit the there is clearly a lack of
motivation to combine the three cited references in the manner suggested and the
metal gate transistor is patentable over the combined teachings of these cited
references. Reconsideration of the amended claim 12 is respectfully requested. As
claims 13, 15, and 17-20 arc dcpendent upon claim 12, applicants submit that if claim
12 is found allowable, claims 13, 15, and 17-20 should additionally be found

allowable.

Rejection of claims 3, 6, 14, and 16 under 35 U.S.C. 103(a) as being unpatentable
over Doczy et al (US 20060065939 A1) as applied to claims 1, 2, 4, 5, 7-13, 15, and
17-20, above, and further in view of Carley (US 20040173886 A1) and Jiang et al
(US 20090017563 A1).

As claims 3, 6, 14, and 16 are dependent upon claims 1 and 12, applicants submit that
if claims 1 and 12 are found allowable, claims 3, 6, 14 and 16 should additionally be

found allowable.

Applicant respectfully requests that a timely Notice of Allowance be issued in
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this case.

Sincerely yours,

/Winston Hsu/ Date: 11/20/2009
Winston Hsu, Patent Agent No. 41,526
P.O. BOX 506, Merrifield, VA 22116, U.S.A.
Voice Mail: 302-729-1562
Facsimilc: 806-498-6673

e-mail : winstonhsu@naipo.com

Note: Please leave a message in my voice mail if you need to talk to me. (The time in

D.C. is 13 hours behind the Taiwan time, i.e. 9 AM in D.C. = 10 PM in Taiwan.)
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Claim Objections
Claims 11-20 are objected to because of the following informalities:
Claim 11 recites the limitation "conductive layer" in 1. There is insufficient
antecedent basis for this limitation in the claim.
Claim 12 recites the limitation "surface" in line 5. There is insufficient antecedent
basis for this limitation in the claim.

Appropriate correction is required.

Claim Rejections - 35 USC § 102
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 foreigh 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.

Claims 1, 2, 4, 5, 7-13, 15, and 17-20, are rejected under 35 U.S.C. 102(b) as
being anticipated by Doczy et al (US 20060065939 A1).

Doczy et al discloses a method for fabricating a NMOS or PMOS metal gate
transistor, comprising providing a substrate 100 having a first transistor region 101 and
a second transistor region 202 (Figure 2, and Paragraphs 0003 and 0032), forming a
plurality of dummy gates 104/106 on the substrate and within the first transistor region
and the second transistor region (Figure 2, and Paragraph 0032 and 0033), forming a
source/drain region 135/136 and 137/138, respectively, at two sides of each dummy

gate (Figure 4, and Paragraph 0039), forming a dielectric layer 112 to cover the dummy
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gates (Figure 5, and Paragraph 0039), removing the dummy gates to form a plurality of
openings 113 in the dielectric layer of the first transistor region and the second
transistor region (Figure 7, and Paragraph 0042), forming a hafnium oxide high-k
dielectric layer 180 to cover the dielectric layer and surface of each opening (Figure 8,
and Paragraphs 0009 and 0046), depositing a first cap layer 115a on the high-k
dielectric layer (Figure 9, and Paragraphs 0019 and 0048), removing the first cap layer
disposed in the second transistor region (Figure 9), forming a second aluminum or
tungsten cap layer and conductive layer 115 in the second transistor region after
removing the first cap layer from the second transistor region, to fill the openings of the
first and second transistor regions after forming the metal layer on the first cap layer of
the first transistor region and the high-k dielectric layer of the second transistor region
and performing a second chemical polishing after forming the conductive layer (Figure
10, and Paragraph 0048), forming an aluminum or tantalum metal layer 190 on the first
cap layer of the first transistor region and the high-k dielectric layer of the second
transistor region (Figure 9, and Paragraph 0011 and 0012), and performing a first
chemical mechanical polishing process after forming the dielectric layer and before
removing the dummy gate (Figure 5).

Doczy et al discloses an NMOS or PMOS metal gate transistor comprising a
substrate 100 (Figure 2, and Paragraphs 0003 and 0032), a metal gate disposed on the
substrate, comprising an U-shaped high-k dielectric layer 180 (Figure 8, and
Paragraphs 0009 and 0046), a U-shaped cap layer 160 disposed over the surface of the

high-k dielectric layer (Figure 8, and Paragraph 0047), a U-shaped aluminum or
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tantalum metal layer 190 disposed over the U-shaped cap layer (Figure 8, and
Paragraphs 0011 and 0012), a source/drain region 135/136 and 137/138, respectively,
disposed in the substrate with respect to two sides of the metal gate (Figure 4, and
Paragraph 0039), and a conductive layer 115 disposed on the U-shaped metal layer

(Figure 10, and Paragraph 0019).

Claim Rejections - 35 USC § 103
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.

Claims 3, 6, 14, and 16, are rejected under 35 U.S.C. 103(a) as being
unpatentable over Doczy et al (US 20060065939 A1), as applied to claims 1, 2, 4, 5, 7-
13, 15, and 17-20, above, and further in view of Carley (US 20040173886 A1) and Jiang
et al (US 20090017563 A1).

Doczy et al discloses that the cap layer 160 is made, for example, of a titanium
nitride material (Paragraph 0017). Doczy et al does not teach that the cap layer is
made, for example, of a magnesium oxide material or an aluminum nitride material.
Carley discloses a cap layer that can be made of either a titanium nitride material or a
magnesium oxide material (Claim 125). It would have been obvious to one of ordinary
skill in the art to combine the teachings of Doczy et al and Carley, to enable the cap

layer 160 of Doczy et al to be performed, said cap layer made of either a titanium
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nitride, magnesium oxide, or aluminum nitride material, according to the teachings of
Carley, because in such a device, the structure of Carley, would be used according to
its disclosed intended purpose and would therefor have reasonably been expected by
one of ordinary skill in the art to yield the predictable results of achieving the cap layer
160 of Doczy et al, and also, it would provide an improved high strength cap layer (See
Carley, Paragraphs 0007 and 0008).

Doczy et al discloses forming the second cap layer 115 of a titanium nitride
material, for example (Paragraph 0020). Doczy et al does not teach forming the second
cap layer of an aluminum nitride material. Jiang et al discloses forming a cap layer of
either a titanium nitride material or an aluminum nitride material, among others
(Paragraph 0026). It would have been obvious to one of ordinary skill in the art to
combine the teachings of Doczy et al and Jiang et al, to enable forming the second cap
layer 115 of Doczy et al to be performed, said second cap layer made either of a
titanium nitride or an aluminum nitride material, according to the teachings of Jiang et al,
because in such a process, the method of Jiang et al would be used according to its
disclosed intended purpose and would therefor have reasonably been expected by one
of ordinary skill in the art to yield the predictable results of forming the second cap layer
115 of Doczy et al, and also, it would protect remaining thicknesses in the

semiconductor device (See Jiang et al, Paragraph 0026).

Conclusion
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Joannie Garcia whose telephone number is (571) 272-
1861. The examiner can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, N.Drew Richards, can be reached on (571) 272-1736. The fax phone

number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

IN. Drew Richards/
Supervisory Patent Examiner, Art
Unit 2895

IJAG/
September 2, 2009

DRichards
SPE
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can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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

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

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

NOT GRANTED

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

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov
| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
12/198,128 08/26/2008 Chien-Ting Lin NAUP1008USA
CONFIRMATION NO. 3531
27765 POA ACCEPTANCE LETTER
NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION
P.O. BOX 506

IO 0 T AR
MERRIFIELD, VA 22116 000000032237926

Date Mailed: 09/30/2008

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/26/2008.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

[ttran/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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POWER OF ATTORNEY
and
CORRESPONDENCE ADDRESS INDICATION FORM

Attorney Docket Number: NAUP1008USA

Invention title: METAL GATE TRANSISTOR AND METHOD
FOR FABRICATING THE SAME

I hereby revoke all previous powers of attorney
given in the above-identified application.

I hereby appoint the practitioners associated with
the Customer Number: 27765 as my/our attorney(s) or
agent(s) to prosecute the application identified above,
and to transact all business in the United States Patent
and Trademark Office connected therewith.

Please recognize or change the correspondence
address for the above-identified application to the
address associated with the above-mentioned Customer
Number.

F#NPO-P0003 NPO#NAU-P1008-USA:0

DSB0-097U015439 17/3 CUST#UMCD-2008-0152
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POWER OF ATTORNEY

and

CORRESPONDENCE ADDRESS INDICATION FORM

Inventor(s):

é/i/}?&? fbﬁ 4’77 Date:

Chien-Ting Lin
Citizen of: TWN

%: /(M'IZ/L; (/ﬂ Date:

Li-Wei Cheng
Citizen of: TWIN

Jan?«ﬁanﬁ 7‘§€ﬁ7 Date:

Jung-Tsung Tseng
Citizen of: TWN

CZ b Flece /L( S Date:

Che-Hua Hsu
Citizen of: TWN

C é\\( L— uza‘\ o kt/i/\, Date:

Chih-Hao Yu
Citizen of: TWN

@‘L?L\ (i@i\"\. —:‘7[1(/1 Q”Jiiﬁ“x{% e

Tian-Fu Chiang

Citizen of: TWN

FHENPO-POO03
DSRO-007UI0] 5439

AUB 2 4 2008

AUG 2 4 2008

AUG 2 4 2008

AUG 2 4 2008
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POWER OF ATTORNEY
and
CORRESPONDENCE ADDRESS INDICATION FORM

Yi -Wen Chen

Yi-Wen Chen

AUG 2 4 2008

Date:

Citizen of: TWN

A - Mg (a2 Date: AUG 2 4 2008

Chien-Ming Lai

Citizen of: TWN

/J/'\éi"@ - H 5“[(&’) (;/WM Date: AUGB 4 2008
CheﬁgHs@en Chou i

Citizen of: TWN

FENPO-POOCS ) NPO#NAU-PIOGB-USAD
DSBO-G97U015430 CUST#UMCD-2008-0152
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

First Named Inventor/Applicant Name:

Chien-Ting Lin

Filer:

Winston Hsu

Attorney Docket Number: NAUP1008USA
Filed as Large Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sub-Total in
UsD($)

Basic Filing:

Utility application filing 1011 1 310 310

Utility Search Fee 1111 1 510 510

Utility Examination Fee 1311 1 210 210
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:




Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1030
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Electronic Acknowledgement Receipt

EFS ID: 3829879

Application Number: 12198128

International Application Number:

Confirmation Number: 3531

Title of Invention: METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

First Named Inventor/Applicant Name: Chien-Ting Lin
Customer Number: 27765
Filer: Winston Hsu
Filer Authorized By:
Attorney Docket Number: NAUP1008USA
Receipt Date: 26-AUG-2008
Filing Date:
Time Stamp: 04:50:25

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1030

RAM confirmation Number 4980

Deposit Account 503105

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.1 (Patent application and reexamination processing fees)




Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document
Number

Document Description

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

Application Data Sheet

484163.PDF

1332108

b84e90f50d2aafee2e897 c05bfaf699fb748f|
5¢2

no

Warnings:

Information:

Claims

483861.PDF

30634

ab99c8d6fh77186adb5441def03d27b1787]
19571

no

Warnings:

Information:

Drawings-only black and white line
drawings

483863.PDF

90368

04577195¢62f55e0d 3ff7fbbe642a6f1da924]
2be

no

Warnings:

Information:

Abstract

483862.PDF

24376

e414e16a573289bdb393e09ff08fb2d 33df0f
af07

no

Warnings:

Information:

Specification

483859.PDF

46859

40cecch9ccad22d39082¢138b5d02d3d40)
7943f

no

1

Warnings:

Information:

Power of Attorney

484230.PDF

177732

7b4399e5ef013e124ee13b6fa893d035132
eab6b

no

Warnings:

Information:

Oath or Declaration filed

484232.PDF

638028

255a8a10fbb1e982ab87e8asb4faaf4aa598
deab

no

Warnings:

Information:

Fee Worksheet (PTO-06)

fee-info.pdf

32743

5fcd892ccadc72e648d7a5fc9b056be3e549)
b226

no
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Warnings:

Information:

Total Files Size (in bytes); 2372848

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/14 (08-05)
Approved for use through 07/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

) ) Attorney Docket Number | NAUP10C8USA
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METAL GATE TRANSISTCR AND METHOD FOR FABRICATING THE SAME

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

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

Secrecy Order 37 CFR 5.2

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

Applicant Information:
Applicant 1

Applicant Authority () Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Chien-Ting Lin

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

City | Hsin-Chu City Country Of Residencei | TW

Citizenship under 37 CFR 1.41(b}) i ™
Mailing Address of Applicant:

Address 1 No. 59, Lane 121, Sec. 3, Chung-Hua RD.

Address 2

City Hsin-Chu City State/Province

Postal Code Countryi | TW

Applicant 2

Applicant Authority (®Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Li-Wei Cheng

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

City | Hsin-Chu City Country Of Residencei | TW

Citizenship under 37 CFR 1.41(b) i ™
Mailing Address of Applicant:

Address 1 No. 20, Lane 38, Tzu-Yu RD.
Address 2
City Hsin-Chu City State/Province
Postal Code Countryi | TW
Applicant 3
Applicant Authority (®Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118
Prefix| Given Name Middle Name Family Name Suffix
Jung-Tsung Tseng
Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service
City | Tainan City Country Of Residencei | TW
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PTO/SB/14 (08-05)

Approved for use through 07/31/2006. OMB 0651-0032

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

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

Attorney Docket Number | NAUP1008USA

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

Citizenship under 37 CFR 1.41(b}) i ™

Mailing Address of Applicant:

Address 1 No.175-10, Yunong 3rd St.

Address 2

City Tainan City State/Province

Postal Code Countryi | TW

Applicant 4

Applicant Authority ®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Che-Hua Hsu

Residence Information (Select One) (O US Residency  (8) Non US Residency () Active US Military Service

City |Hsin-Chu Hsien Country Of Residencei | TW

Citizenship under 37 CFR 1.41(b}) i ™

Mailing Address of Applicant:

Address 1 No. 11, Aly. 40, Lane 134, Yuanshan Rd., Chudong

Address 2 Town

City Hsin-Chu Hsien State/Province

Postal Code Countryi | TW

Applicant §

Applicant Authority (®Inventor | ()Legal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Chih-Hao Yu

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

City | Tainan County Country Of Residencei | TW

Citizenship under 37 CFR 1.41(b) i ™

Mailing Address of Applicant:

Address 1 No.34, Lutian Village, Nansi Township

Address 2

City Tainan County State/Province

Postal Code Countryi | TW

Applicant 6

Applicant Authority (®Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Tian-Fu Chiang

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

City | Taipei City Country Of Residencei | TW

Citizenship under 37 CFR 1.41(b) i ™
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | NAUP1008USA

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

Mailing Address of Applicant:

Address 1 5F., No.97, Anjyu St., Da-an District

Address 2

City Taipei City State/Province

Postal Code Countryi | TW

Applicant 7

Applicant Authority (®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Yi-Wen Chen

Residence Information (Select One) (O US Residency  (8) Non US Residency () Active US Military Service

City | Tainan County Country Of Residencei | TW

Citizenship under 37 CFR 1.41(b}) i ™

Mailing Address of Applicant:

Address 1 No.982, Jhongjheng Rd., Yongkang City

Address 2

City Tainan County State/Province

Postal Code Countryi | TW

Applicant 8

Applicant Authority (®Inventor | ()Legal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Chien-Ming Lai

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

City | Tainan County Country Of Residencei | TW

Citizenship under 37 CFR 1.41(b) i ™

Mailing Address of Applicant:

Address 1 No.32, Lane 31, Sueitang St., Sinying City

Address 2

City Tainan County State/Province

Postal Code Countryi | TW

Applicant 9

Applicant Authority (®Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Cheng-Hsien Chou

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

City | Tainan City Country Of Residencei | TW

Citizenship under 37 CFR 1.41(b) i ™
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | NAUP1008USA

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

Mailing Address of Applicant:

Address 1 No.24-2, Lane 25, Sinjian Rd., South District

Address 2

City Tainan City State/Province
Postal Code Countryi | TW

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

generated within this form by selecting the Add button. Add

Correspondence Information:

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

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

Customer Number 27765

Email Address winstonhsu@naipo.com | AddEmail | [Remove Email

Application Information:

Title of the Invention METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME
Attorney Docket Number| NAUP1008USA Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) Sub Class (if any)

Suggested Technology Center {if any)

Total Number of Drawing Sheets (if any) 5 Suggested Figure for Publication {if any)

Publication Information:

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

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.C. 122(b}

[ and certify that the invention disclosed in the attached applicaticn has not been and will nat be the subject of an
application filed in another country, or under a multilateral agreement, that requires publication at eighteen months
after filing.

Representative Information:

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

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

Please Select One: () Customer Number (O US Patent Practitoner | () US Representative (37 CFR 11.9)
Customer Number 027765
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Approved for use through 07/31/2006. OMB 0651-0032

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

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

Attorney Docket Number | NAUP1008USA

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

Domestic Priority Information:

This section allows for the applicant to ¢laim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c). Providing this information in the
application data sheet constitutes the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78{(a)(2) or CFR 1.78{a)
(4), and need not otherwise be made part of the specification.

Prior Application Status
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Additional Domestic Priority Data may be generated within this form by selecting

the Add button. Add

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

[ Remove |
Application Number Country i Parent Filing Date (YYYY-MM-DD} Priority Claimed
(® Yes (O No
Additional Foreign Priority Data may be generated within this form by selecting the =13

Add button.

Assignee Information:

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

Assignee 1
If the Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information:

Address 1

Address 2

City State/Province
Country [ Postal Code
Phone Number Fax Number
Email Address

Additional Assignee Data may be generated within this form by selecting the Add

button. Add

Signature:

A sighature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

NAUP1008USA

Application Number

Title of Invention METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

Signature [/WINSTON HSU/

Date (YYYY-MM-DD)

2008-08-24

First Name WINSTON

Last Name

HSU

Registration Number

41526

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

1.

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

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

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
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What is claimed is:
[Claim 1] 1. A method for fabricating metal gate transistor, comprising:
providing a substrate having a first transistor region and a second transistor

region;

forming a plurality of dummy gates on the substrate and within the first transistor
region and the second transistor region;

forming a source/drain region at two sides of each dummy gate;

forming a dielectric layer to cover the dummy gates;

removing the dummy gates to form a plurality of openings in the dielectric layer of
the first transistor region and the second transistor region;

forming a high-k dielectric layer to cover the dielectric layer and surface of each
opening;

depositing a first cap layer on the high-k dielectric layer;

removing the first cap layer disposed in the second transistor region; and

forming a metal layer on the first cap layer of the first transistor region and the

high-k dielectric layer of the second transistor region.

[Claim 2] 2. The method of claim 1, wherein the first transistor region is a NMOS

transistor region.

[Claim 3] 3. The method of claim 2, wherein the first cap layer comprises LaO, MgO,

Dy.03, or other lanthanide oxides.

[Claim 4] 4. The method of claim 1, wherein the second transistor region is a PMOS

transistor region.
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[Claim 5] 5. The method of claim 4, further comprising forming a second cap layer in
the second transistor region after removing the first cap layer from the second transistor

region.

[Claim 6] 6. The method of claim 5, wherein the second cap layer comprises Al2Os, AIN,

or AION.

[Claim 7] 7. The method of claim 1, wherein the metal layer comprises TiN, TaC, Ta,

TaSiN, Al, or TiAIN.

[Claim 8] 8. The method of claim 1, further comprising performing a first chemical
mechanical polishing process after forming the dielectric layer and before removing the

dummy gate.

[Claim 9] 9. The method of claim 1, further comprising:

forming a conductive layer to fill the openings of the first transistor region and the
second transistor region after forming the metal layer on the first cap layer of the first
transistor region and the high-k dielectric layer of the second transistor region; and

performing a second chemical polishing after forming the conductive layer.

[Claim 10] 10. The method of claim 1, wherein the high-k dielectric layer comprises

HfSiO, HfSIiON, HfO, LaO, LaAlIO, ZrO, ZrSiO, or HfZrO.

[Claim 11]11. The method of claim 1, wherein the conductive layer comprises Al, W,

TiAl or CoWwP.

[Claim 12]12. A metal gate transistor, comprising:
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a substrate;

a metal gate disposed on the substrate, comprising:
a high-k dielectric layer;
a U-shaped cap layer disposed over the surface of the high-k dielectric layer;
a U-shaped metal layer disposed over the U-shaped cap layer; and

a source/drain region disposed in the substrate with respect to two sides of the

metal gate.

[Claim 13] 13. The metal gate transistor of claim 12, wherein the metal gate transistor

is a NMOS transistor.

[Claim 14] 14. The metal gate transistor of claim 13, wherein the U-shaped cap layer

comprises LaO, MgO, Dy203, or other lanthanide oxides.

[Claim 15] 15. The metal gate transistor of claim 12, wherein the metal gate transistor

is a PMQOS transistor.

[Claim 16] 16. The metal gate transistor of claim 15, wherein the U-shaped cap layer

comprises Al203, AIN, or AION.

[Claim 17]17. The metal gate transistor of claim 12, wherein the U-shaped metal layer

comprises TiN, TaC, Ta, TaSiN, Al, or TiAIN.

[Claim 18] 18. The metal gate transistor of claim 12, wherein the high-k dielectric layer

is U-shaped.
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[Claim 19] 19. The metal gate transistor of claim 12, further comprising a conductive

layer disposed on the U-shaped metal layer.

[Claim 20] 20. The metal gate transistor of claim 19, wherein the conductive layer

comprises Al, W, TiAl or CowP.
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ABSTRACT
A method for fabricating a transistor having metal gate is disclosed. First, a substrate is
provided, in which the substrate includes a first transistor region and a second transistor
region. A plurality of dummy gates is formed on the substrate, and a dielectric layer is
deposited on the dummy gate. The dummy gates are removed to form a plurality of
openings in the dielectric layer. A high-k dielectric layer is formed to cover the surface
of the dielectric layer and the opening, and a cap layer is formed on the high-k dielectric
layer thereafter. The cap layer disposed in the second transistor region is removed, and
a metal layer is deposited on the cap layer of the first transistor region and the high-k
dielectric layer of the second transistor region. A conductive layer is formed to fill the

openings of the first transistor region and the second transistor region.
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METAL GATE TRANSISTOR AND METHOD FOR FABRICATING THE SAME

DESCRIPTION

Background of the Invention
[Para 1] 1. Field of the Invention
[Para 2] The invention relates to a method for fabricating a transistor, and more

particularly, to a method for fabricating a metal gate transistor.

[Para 3] 2. Description of the Prior Art

[Para 4] In the field of semiconductor fabrication, the use of polysilicon material is
diverse. Having a strong resistance for heat, polysilicon materials are commonly used to
fabricate gate electrodes for metal-oxide semiconductor transistors. The gate pattern
fabricated by polysilicon materials is also used to form self-aligned source/drain regions

as polysilicon readily blocks ions from entering the channel region.

[Para 5] However, devices fabricated by polysilicon still have many drawbacks. In
contrast to most metal, polysilicon gates are fabricated by semiconductor materials
having high resistance, which causes the polysilicon gate to work under a much lower
rate than other metal gates. In order to compensate for slightly lowered rate of
performance, a significant amount of silicides is applied during the fabrication of
polysilicon processes, such that the performance of the device could be increased to an

acceptable level.
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[Para 6] Gate electrodes fabricated by polysilicon also causes a depletion effect. In most
circumstances, the optimum doping concentration for polysilicon is between about
2x2020/cm3 and 3x1020/cm3. As most gate electrodes have a doping concentration of at
least 5x102'/cm3, the limited doping concentration of polysilicon gates often results in a
depletion region at the interface between the gate and the gate dielectric layer. This
depletion region not only thickens the gate dielectric layer, but also lowers the
capacitance of the gate, and ultimately reduces the driving ability of the device. In order
to solve this problem, double work function metal gates are used to replace conventional

polysilicon to fabricate gate electrodes for MOS transistors.

[Para 7] However, it is well known in the art that the degree of difficulty for fabricating a
well-controlled double work function metal is immense as the process often involves
complicated integration between NMOS device and PMOS device. The difficulty increases
even more as the thickness and materials used in double work function metal gates
requires a much more strict demand. Hence, how to successfully fabricate double work
function metal gate transistors with lower cost and improved performance has become

an important task in this field.

Summary of the Invention
[Para 8] It is an objective of the present invention to provide a method for fabricating a

metal gate transistor.

[Para 9] According to a preferred embodiment of the present invention, the method for
fabricating metal gate transistor includes the steps of: providing a substrate having a
first transistor region and a second transistor region; forming a plurality of dummy gates
on the substrate and within the first transistor region and the second transistor region;
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forming a source/drain region at two sides of each dummy gate; forming a dielectric
layer to cover the dummy gates; removing the dummy gates to form a plurality of
openings in the dielectric layer of the first transistor region and the second transistor
region; forming a high-k dielectric layer to cover the dielectric layer and surface of each
opening; depositing a first cap layer on the high-k dielectric layer; removing the first cap
layer disposed in the second transistor region; forming a metal layer on the first cap
layer of the first transistor region and the high-k dielectric layer of the second transistor
region; forming a conductive layer to fill the openings of the first transistor region and

the second transistor region.

[Para 10] Another aspect of the present invention provides a metal gate transistor. The
metal gate transistor preferably includes: a substrate, a metal gate disposed on the
substrate, and a source/drain region disposed in the substrate with respect to two sides
of the metal gate. The metal gate includes a U-shaped high-k dielectric layer, a U-
shaped cap layer disposed over the surface of the U-shaped high-k dielectric layer, and a

U-shaped metal layer disposed over the U-shaped cap layer.

[Para 11] These and other objectives of the present invention will no doubt become
obvious to those of ordinary skill in the art after reading the following detailed
description of the preferred embodiment that is illustrated in the various figures and

drawings.

Brief Description of the Drawings
[Para 12] Figs. 1-8 illustrate a method for fabricating a metal gate transistor according to

a preferred embodiment of the present invention.
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[Para 13] Fig. 9 illustrates a metal gate transistor according to an embodiment of the

present invention.

Detailed Description

[Para 14] Referring to Figs. 1-8, Figs. 1-8 illustrate a method for fabricating a metal gate
transistor according to a preferred embodiment of the present invention. As shown in
Fig. 1, a substrate 12, such as a silicon substrate or a silicon-on-insulator substrate is
provided. At least a NMOS transistor region 14 and a PMOS transistor region 16 are
defined in the substrate 12 and a plurality of shallow trench isolations 18 is formed to

isolate the transistor regions 14 and 16.

[Para 15] A gate insulating layer 20 composed of dielectric material such as oxides or
nitrides is then formed on the surface of the substrate 12. The gate insulating layer 20
could also be composed of pad oxide or a high-k dielectric layer composed of HfSIO,
HfSiON, HfO, LaO, LaAlO, ZrO, ZrSiO, or HfZrO, and the cap layer 56 comprises LaO, MgO,
Dy20s3, or other lanthanide oxides. A polysilicon layer 22 serving as a dummy gate layer

is deposited on the gate insulating layer 20, and a hard mask 24 is disposed on the
polysilicon layer 22, in which the polysilicon layer 22 includes a depth of approximately
1000 angstroms. In this embodiment, the hard mask 24 is composed of silicon oxide,
silicon nitride, or silicon oxynitride, and the polysilicon layer 22 is composed of undoped
polysilicon or polysilicon having n+ dopants therein, which are all within the scope of the

present invention.

[Para 16] As shown in Fig. 2, a patterned photoresist (not shown) is formed on the
polysilicon layer 22, and a pattern transfer process is performed by using the patterned

photoresist as mask to remove a portion of the hard mask 24, the polysilicon layer 22
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and the gate insulating layer 20 through one or a plurality of etching processes. After
stripping the patterned photoresist, a plurality of dummy gates, such as the polysilicon
gates 26 shown in this embodiment is formed in the NMOS transistor region 14 and the

PMOS transistor region 16.

[Para 17] As shown in Fig. 3, a light doping process is conducted in the NMQOS transistor
region 14 and the PMOS transistor region 16 to form a plurality of lightly doped drains.
For instance, a patterned photoresist (not shown) can be disposed on regions outside the
NMOS transistor region 14, and an ion implantation is conducted by using the patterned
photoresist as mask to implant n-type dopants into the substrate 12 at two sides of the
polysilicon gate 26 of the NMOS transistor region 14 to form a lightly doped drain 28.
After removing the aforementioned photoresist, another patterned photoresist is
disposed on regions outside the PMOS transistor region 16, and another ion implantation
is conducted by using this patterned photoresist as mask to implant p-type dopants into
the substrate 12 at two sides of the polysilicon gate 26 of the PMOS transistor region 16

for forming a lightly doped drain 30.

[Para 18] A first stage of spacer formation is conducted thereafter. For instance, a silicon
oxide layer 32 is formed by oxidizing the sidewall surface of the polysilicon gate 26, and
a spacer 34 composed of silicon nitride is formed on the sidewall of the polysilicon gates

26 of the NMOS transistor region 14 and the PMOS transistor region 16.

[Para 19] As shown in Fig. 4, a passivation layer 36 composed of silicon nitride is
deposited over the surface of the spacer 34, and a selective epitaxial growth process is
conducted to grow a strained silicon in the substrate 12 of the two transistor regions 14,
16. For instance, two recesses could be formed in the substrate 12 at two sides of the

polysilicon gate 26 of the PMOS transistor region 16, and an epitaxial layer 38 composed
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of silicon germanium is epitaxially grown to substantially fill the two recesses. The
epitaxial layer 38 preferably provides a compressive strain to the channel region of the

PMOS transistor region 16, thereby increasing the hole mobility of the PMOS transistor.

[Para 20] Next, a second stage of the spacer formation is performed to form a spacer 40
composed of silicon oxide on the sidewall of the passivation layer 36 of the NMOS

transistor region 14 and the PMOS transistor region 16.

[Para 21] A heavy doping process is then conducted to form a plurality of source/drain
regions in the NMOS transistor region 14. Similar to the aforementioned light doping
process, a patterned photoresist (not shown) can be disposed on regions outside the
NMOS transistor region 14, and an ion implantation is conducted by using this patterned
photoresist as mask to implant n-type dopants into the substrate 12 at two sides of the
spacer 40 of the NMOS transistor region 14 to form a source/drain region 42. After
stripping the patterned photoresist, a source/drain region 44 for the PMOS transistor
region 16 could also be fabricated with a similar manner as the source/drain region 42 of
the NMOS transistor region 14. For instance, the source/drain region 44 is preferably
formed by an in-situ doping performed with the selective epitaxial growth process
shown Fig. 4, in which the undoped selective epitaxial growth is preferably performed
before the in-situ doping process.

[Para 22] After the source/drain regions 42 and 44 are formed, a salicide process is
performed by first depositing a metal layer (not shown) composed of cobalt, titanium,
nickel, platinum, palladium, or molybdenum over the surface of the substrate 12 and the
spacer 40, and a rapid thermal annealing process is conducted thereafter to form a
silicide 46 at two sides of the spacer 40. The un-reacted metal layer is removed

thereafter.
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[Para 23] Next, a silicon nitride layer 48 is deposited on each polysilicon gate 26, the
spacer 40, and the substrate 12. In this embodiment, the silicon nitride layer 48,
primarily serving as an etch stop layer in the later planarizing process, preferably
includes a depth of approximately 100 angstroms. An interlayer dielectric layer 50
composed of oxides is then deposited on the silicon nitride layer 48 of both NMOS

transistor region 14 and PMOS transistor region 16.

[Para 24] As shown in Fig. 5, a chemical mechanical polishing process or a dry etching
process is performed to remove a portion of the interlayer dielectric layer 50, the silicon
nitride layer 48, and the hard mask 24 until reaching the surface of the polysilicon gate
26, such that the top of the polysilicon gate 26 is substantially even to the surface of the

interlayer dielectric layer 50.

[Para 25] As shown in Fig. 6, a selective etching process is conducted by using etchant
such as ammonium hydroxide (NH4OH) or tetramethylammonium hydroxide (TMAH) to
remove the polysilicon gate 26 disposed in the NMOS transistor region 14 and the PMOS
transistor region 16 without damaging the interlayer dielectric layer 50. In this
embodiment, the etching process preferably removes the polysilicon gate 26 and forms
an opening 52 in each transistor region 14, 16 for exposing the gate insulating layer 20

underneath.

[Para 26] If the gate insulating layer 20 is composed of common dielectric material, the
gate insulating layer 20 is preferably removed to expose the substrate 12 underneath,
and a pad oxide 68, a high-k dielectric layer 54 and a cap layer 56 are sequentially
deposited over the surface of the interlayer dielectric layer 50 of the two transistor

regions 14, 16 and the sidewall and bottom of the openings 52. Preferably, the high-k
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dielectric layer 54 comprises HfSiO, HfSiON, HfO, LaO, LaAlO, ZrO, ZrSiO, or HfZrO, and

the cap layer 56 comprises LaO, MgO, Dy.0s3s, or other lanthanide oxides.

[Para 27] If the gate insulating layer 20 is composed of high-k dielectric material, the cap
layer 56 is deposited directly on the interlayer dielectric layer 50 of the NMOS transistor
region 14 and the PMOS transistor region 16, as well as the sidewall and bottom of the

opening 52.

[Para 28] A patterned photoresist 58 is then disposed on the NMOS transistor region 14,
and an etching process is carried out by using the patterned photoresist 58 as a mask to

remove the cap layer 56 in the PMOS transistor region 16.

[Para 29] As shown in Fig. 7, after stripping the patterned photoresist 58, a metal layer
60 is deposited on the cap layer 56 of the NMOS transistor region 14 and the high-k
dielectric layer 54 of the PMOS transistor region 16. The metal layer 60 is preferably

composed of TiN, TaC, Ta, TaSiN, Al, or TiAIN.

[Para 30] It should be noted that the present invention specifically uses the cap layer 56
to define the work function of the metal layer 60, thereby forming metals with Quasi
Fermi level close to that of the N-type silicon or P-type silicon and increasing the
performance of the CMOS transistor. In the aforementioned embodiment, a cap layer 56
composed of LaO is deposited before the formation of the metal layer 60 to define the

work function of n-type metal.

[Para 31] In addition to the above process, a cap layer (not shown) could also be
deposited between the high-k dielectric layer 54 and the metal layer 60 of the PMOS
transistor region 16 to define the work function of the p-type metal. For instance, after
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removing the cap layer 56 disposed in the PMOS transistor region 16, a cap layer
composed of Al;03, AIN, or AION could be formed on the high-k dielectric layer 54 of the
PMOS transistor region 16, and the metal layer 60 is covered on the newly deposited cap

layer thereafter, which are all within the scope of the present invention.

[Para 32] As shown in Fig. 8, when the openings 52 are unfilled to the full, a conductive
layer 62 composed of low resistance material is selectively deposited on the metal layer
60 of the NMOS transistor region 14 and the PMOS transistor region 16 to fill the
openings 52. The conductive layer 62 is preferably composed of Al, W, TiAl or CowP.
Another chemical mechanical polishing process is performed thereafter to remove a
portion of the conductive layer 62 and the metal layer 60 for forming a CMOS transistor

with metal gates 64 and 66.

[Para 33] Referring to Fig. 8 again, which illustrates a schematic view of a CMOS transistor
with metal gates 64, 66 fabricated by the aforementioned process. The CMOS transistor
includes a substrate 12, two metal gates 64, 66 disposed on the substrate 12 of the
NMOS transistor region 14 and the PMOS transistor region 16, and two source/drain
regions 42, 44 formed in the substrate 12 with respect to two sides of the metal gates 64,
66. The metal gate 64 of the NMOS transistor region 14 includes a pad oxide 68
disposed on the bottom of the metal gate 64, a U-shaped high-k dielectric layer 54
disposed on the pad oxide 68 and covering the sidewall of the metal gate 64, a U-
shaped cap layer 56 disposed on the U-shaped high-k dielectric layer 54, a U-shaped
metal layer 60 disposed on the U-shaped cap layer 56, and a substantially I-shaped

conductive layer 62 filling the remaining opening of the metal gate 64.

[Para 34] The metal gate 66 disposed in the PMOS transistor region 16 on the other hand

includes a pad oxide 68 disposed on the bottom of the metal gate 66, a U-shaped high-
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k dielectric layer 54 disposed on the pad oxide 68 and covering the sidewall of the metal
gate 66, a U-shaped metal layer 60 disposed on the U-shaped high-k dielectric layer 54,
and a substantially I-shaped conductive layer 62 disposed on the U-shaped metal layer
60 to fill the remaining opening of the metal gate 66. According to the embodiment
illustrated in Fig. 8, no cap layer is disposed in the PMOS transistor region 16. However,
as mentioned above, a U-shaped cap layer could also be disposed between the high-k
dielectric layer 54 and the U-shaped metal layer 60 of the PMOS transistor region 16 to
define the work function of the p-type metal, which is also within the scope of the

present invention.

[Para 35] According to an embodiment of the present invention, as the cap layer 56 could
be deposited directly on the interlayer dielectric layer 50 of the NMOS transistor region
14 and the PMOS transistor region 16 as well as the sidewall and bottom of the opening
52 while the gate insulating layer 20 is composed of high-k dielectric material, a CMOS
transistor shown in Fig. 9 is fabricated. As shown in Fig. 9, the CMOS transistor includes
a substrate 12, two metal gates 64, 66 disposed on the substrate 12 of the NMOS
transistor region 14 and the PMOS transistor region 16, and two source/drain regions 42,
44 formed in the substrate 12 with respect to two sides of the metal gates 64, 66. The
metal gate 64 of the NMOS transistor region 14 includes a gate insulating layer 20
disposed on the bottom of the metal gate 64, a U-shaped cap layer 56 disposed on the
gate insulating layer 20 and covering the sidewall of the metal gate 64, a U-shaped metal
layer 60 disposed on the U-shaped cap layer 56, and a conductive layer 62 filling the

remaining opening of the metal gate 64.

[Para 36] The metal gate 66 disposed in the PMOS transistor region 16 on the other hand
includes a gate insulating layer 20 disposed on the bottom of the metal gate 66, a U-
shaped metal layer 60 disposed on the gate insulating layer 20 and covering the sidewall
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of the metal gate 66, and a conductive layer 62 disposed on the U-shaped metal layer 60
to fill the remaining opening of the metal gate 66. As shown in Fig. 9, no cap layer is
disposed in the PMOS transistor region 16. However, as mentioned above, a U-shaped
cap layer could also be disposed between the gate insulating layer 20 and the U-shaped
metal layer 60 of the PMOS transistor region 16 to define the work function of the p-type

metal, which is also within the scope of the present invention.

[Para 37] Those skilled in the art will readily observe that numerous modifications and
alterations of the device and method may be made while retaining the teachings of the

invention.
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above-identified application, 2) any foreign application to which the above-identified application claims priority under 35 USC
119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 37 CFR 1.55 has been filed in the
above-identified US application, and 3) any U.S. application from which benefit is sought in the above-identified application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to
Permit Access to Application by Participating Offices.

{Page 1 of 3)

Appl.Case#UMCD-2008-0152

149



DECLARATION — Utility or Design Patent Application

Claim of Foreign Priority Benefits

| hereby claim foreign priority benefits under 35 U.S.C. 119{a)-(d) or (f), or 365(b) of any foreign application(s) for patent,
inventor’s or plant breeder’s rights certificate(s), or 365(a) of any PCT international application which designated at least one
country other than the United States of America, listed below and have aiso identified below, by checking the box, any foreign
application for patent, inventor's or plant breeder's rights certificate(s), or any PCT international application having a filing date
before that of the application on which priority is claimed.

Prior Foreign Application
L Number(s)

Country

Foreign Filing Date
{(MM/DD/YYYY)

U
o

O

Priority Certified Copy Attached?
Not Claimed YES NQ .

O
.
Ll O
[] [

D Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto.
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PTO/SB/01 (02-08) -

Appraved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are reguirad to respond 10 a callaction of information unless it coatains a valid OMB control number.

DECLARATION — Utility or Design Patent Application

Direct all . [/] Theaddress OR Correspondence
correspondence to: . associated with 27765 D address below
Customer Number:
Name
Address
City : State zZiP
Country Telephone Email
WARNING:

Petitionar/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to
identity theft. Perscnal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or
credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such persona! information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record
of a patent application is avaliabla to the public after publication of the application (unless a non-publication request in compliance with 37
CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also be
available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly
available. Petitioneriapplicant is advised that documents which form the record of a patent application (such as the PTO/SB/01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application Files.
Documents not retained in an application file (such as the PTO-2038) are placed into the Privacy Act system of COMMERCE/PAT-TM-10,
System name: Deposit Accounts and Electronic Funds Transfer Profiles. . .

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information
and belief are believed o be true: and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR: D A petition has been filed for this unsigned inventor
Given Name (first and middle {if any]) Family Name or Surname
Chien-Ting Lin
Inventor's Signature/ Date
 Chien. (22 /o AUG 2 4 2008
Residence: City Stéte Country Citizenship
TN
Mailing Address
City : State Zip Country
Additional inventors or a legal representative are being named on the 3 supplemental sheet(s) PTO/SB/02A or 02LR attached hereto.
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PTO/SBI02A (05-07)
Approved for use through 05/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985_no persons are required to respond to a collection of information unless'it contains a valid OMB control number,

DECLARATION

ADDITIONAL INVENTOR(S)
Supplemental Sheet . 1 3
Paga of

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Li-Wei

Cheng

Inventor's & =~ W ~
Signature 760 - L %‘A?

_AUG 2 4 2008

State <(,

Residence: City Country Citizenship 7~ L4 A
Mailing Address
City . : State Zip Country

Name of Additional Joint Inventor, if any:

[:I A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Jung-Tsung Tseng

Inventor's unyg — 7—5” 4 ) 7_ PA .

Signature j j ? 5 hﬁ/ Da!eAUG 2 4 2008
w N

Residence: City State Country Citizenship

Mailing Address

City State Zip Country

D A patition has been filed for this unsigned inventor

Name of Additional Joint inventor, if any:

Given Name (first and middle (if any))

Family Name or Surname

Che-Hua Hsu

| tor"

s [ Ao i oncfUB 2 4 2008
TN

Residence: City - State Country Citizenship

Mailing Address

City State

Zip Country

This collection of information is required by 35 U.5.C. 115 and 37 CFR 1.83. The information is required to obtain or retain a benefit by the public which is to file
{and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
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, shiould 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 (1-800-786-9199) and select option 2
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DECLARATION

Under the Papenwork Reduction Act of 1995_ no persons are required to respond to a collection of information unless it contains a valid OMB control number,
ADDITIONAL INVENTOR(S)

PTO/SBI02A (06-07)
Approved for use through 05/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Supplemental Sheeot 2 3
Page < of

Name of Additional Joint Inventor, if any:

D A pestition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Chih-Hao , Yu

‘inventor's

Signature : / /A(, l,\/ Uﬁ; \/(A Date AUG 2 4 2008
Residence: City State Country Citizenship T4 A/
Mailing Address

City State Zip Country

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Tian-Fu ) Chiang

Inventor's N C— fL— C ;

Signature [l C(V] l/{ /)’qw 0’ Date AUG 2 4 2008
. . o LT

Residence: City State Country Citizanship

Mailing Address

City State Zip i Country

Name of Additional Joint Inventor, if any:

Given Name (first and middie (if any))

D A petition has been filed for this unsigned inventor -

Family Name or Surname

Yi-Wen Chen

Inventor's Y ~ W

Signature v\ en C hen Date AUG 2 4 2008
WA/

Rasidence: City i State Country Citizenship

Mailing Address

City State Zip Country

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO toprocess) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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PTO/SB/02A (05-07)
Approved for use through 05/31/2007. OMB 0651-0032
U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

DECLARATION

ADDITIONAL INVENTOR(S)
Supplemental Sheet 3 3
Page - of

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middte (if any))

Family Name or Surname

Chien-Ming Lai
puners  n Morg L .. AUG 2 4 2008

Country . Citizenship T[\)/\/

Residence: City State
Mailing Address
City State Zip Country

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Cheng-Hsien Chou

L tor" -

Signaturs Cheng - Hsien  Choyy __AUG 2 4 2008
J TN

Residence: City State Country Citizenship

Mailing Address

City State 2ip Country

[:] A petition has been filed for this unsigned inventor

Name of Additional Joint Inventor, if any:

Given Name (first and middle (if any))

Family Name or Surname

_Inventor's
Signature Date
Residence: City State Country : Citizenship
Mailing Address
City State Zip - Country

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
{and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed appiication 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/for 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 (1-800-786-9199) and select option 2.
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PTO/SB/06 (12-04)

Filing Date: 08/26/08 Approved for use through 7/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875
12/198,128
APPLICATION AS FILED - PART I OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE (8) FEE (3)
BASIC FEE N/A N/A N/A N/A 310
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE
{37 CFR 1.16(k), (i), or (m)) N/A N/A N/A N/A 510
EXAMINATION FEE
(37 CFR 1.16(0), (p). oF (Q)) N/A N/A N/A N/A 210
TOTAL CLAIMS
(37 CFR 1.16(i)) 20 minus 20 = X$ 25 OR L X850
INDEPENDENT CLAIMS .
(37 CFR 1.16(h)) 2 minus3 = X$105 X3210
If the specification and drawings exceed 100
APPLICATION SiZE sheets of paper, the application size fee due is
FEE $260 ($130 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See
’ 35 U.S.C. 41(a)(1)(G) and 37 CFR
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()) 185 370
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1030

APPLICATION AS AMENDED - PART Il

OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
ADDI- ADDI-
REMAINING NUMBER PRESENT
< AFTER PREVIOUSLY EXTRA RATE ($) :'S!EN’;L RATE (8) l'é’EN‘;L
E AMENDMENT PAID FOR ‘ ®) ®
w Total R . . _ _ OR -
Z | 7R 1.180) Minus [** = X = X =
Z | Independent |, . o _ - _
S | e7CFR 1.16m) Minus = X = or | X B
< | Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) N/A OR N/A
TOTAL ’ OR TOTAL
ADD'T FEE ADD'T FEE
(Column 1) ) (Column 2) (Column 3) OR
CLAIMS HIGHEST
ADDI- ADDI-
REMAINING NUMBER PRESENT
m AFTER PREVIOUSLY EXTRA RATE (3) IEEN’;" RATE (3) ’T;'é’EN’;L
E AMENDMENT PAID FOR ® ®
i
Total R K PN _ _ OR R _
E (37 CFR 1.16(i)) Minus = X = X =
Z I'Independent
w A i bl = = =
= | (37 CFR 1.16(n)) Minus | ** X or | X
< ['Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) N/A OR N/A
TOTAL TOTAL
ADD'T FEE OR ADD'T FEE

* If the entry in column 1 is less than the entry in column 2, write "0” in column 3.
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20".

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

This collection of information is required by 37 CFR 1.16. 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. Paten
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.
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