Docket No.: 085393-0935

REQUEST FORM FOR CONTINUATION
APPLICATION UNDER 35 USC 111(a)

Prior Application: International Application No. PCT/JP2011/006167
Art Unit: (Unassigned)
Examiner: (Unassigned)

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

This is a Request for filing a continuation application, entitted SEMICONDUCTOR

DEVICE, under 35 U.S.C. 111(a) of pending prior International Application No. PCT/JP2011/006167,

filed on November 4, 2011, by the following named inventors:

INVENTOR RESIDENCE CITIZENSHIP POST OFFICE ADDRESS

Yoshihiro SATO Toyama, Japan Japanese ¢/o Panasonic Corporation

1006, Oaza Kadoma, Kadoma-shi,
Osaka, Japan 571-8501

Hideyuki ARAI Toyama, Japan Japanese c¢/o Panasonic Corporation

1006, Oaza Kadoma, Kadoma-shi,
Osaka, Japan 571-8501

Takayuki YAMADA Toyama, Japan Japanese c¢/o Panasonic Corporation

1006, Oaza Kadoma, Kadoma-shi,
Osaka, Japan 571-8501

1. X I hereby verify, to the best of my knowledge, that the enclosed copy of this prior
application is a true copy of the above-identified prior application, including the oath or
declaration as originally filed.

2. ] Preliminary Amendment is enclosed.
3. X An Information Disclosure Statement and PTO1449 Form are submitted herewith.
4. [] Cancel claims

TSMC-1002
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5. [ Applicant is entitled to claim Small Entity status.

6. The filing fee is calculated on the basis of the claims existing in the prior application as amended

above:
NO. OF EXTRA
CLAIMS CLAIMS RATE AMOUNT
Total Claims 16 -20 0 $60.00 $0.00
Independent Claims 1 -3 0 $250.00 $0.00
Multiple Dependent Claim(s) $0.00
Sheets of specification and drawing ($310.00 for each 50 sheets in excess of 100) $0.00
Basic Filing Fee $390.00
Patent Search Fee $620.00
Patent Examination Fee $250.00
Total of Above Calculations $1,250.00
Less Y2 for Small Entity $0.00
Assignment & Recording Fee $0.00
Total Fee $1,260.00

1. [X] The Commissioner is hereby authorized to charge fees under 37 CFR 1.16 and 1.17 which may
be required, including any extension of time fees or credit any overpayment to Deposit Account

No. 500417.

2. [[] Amend the specification by inserting before the first line the sentence:

3. Priority of Japanese Application No. 2011-068131 filed March 25, 2011, in Japan and
International Application No. PCT/JP2011/006167 filed November 4, 2011 designating the
U.S. is claimed under 35 USC 119, 120 and/or 365.

4. [X] The prior application is assigned of record to:

W

PANASONIC CORPORATION

MAEDA PATENT OFFICE

Osaka, Japan

. [X] The power of attorney in the prior application is to:

Osaka, Japan
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6. & Also enclosed:

Executed Declaration and Power of Attorney
Front Page of International Publication

PCT Request

International Search Report

PCT/IB/301,304

PCT/ISA/237

YVVVYY

7. [] A petition, fee and response has been filed to extend the term in the pending prior application
until

8. DX Address all future communications to: (May only be completed by applicant, or attorney or
agent of record)

McDERMOTT WILL & EMERY LLP

500 North Capitol Street NW

Washington, D. C. 20001

Respectfully submitted,

MCDE MOTT WILL & EMERY LLP

y acl'E. Fogarty
RegistgationﬁNo. 36,139

500 North Capitol Street NW Pleasie recognize our Customer No. 53080

Washington, DC 20001 as ouiaggﬁrrespondence address.
(202) 756-8000 MEF:sym

Facsimile: (202) 756-8087

Date: October 31,2012
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Docket No.: 085393-0935

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of: Customer Number: 53080
Yoshihiro SATO et al.
Application No.: Not Yet Assigned Confirmation No.: N/A
Filed: October 31, 2012 Art Unit: N/A
For: SEMICONDUCTOR DEVICE Examiner: Not Yet Assigned

INFORMATION DISCLOSURE STATEMENT (1DS)

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Madam:

Pursuant to 37 CFR 1.56, 1.97 and 1.98, the attention of the Patent and Trademark Office is
hereby directed to the references listed on the attached PTO/SB/08. It is respectfully requested that
the information be expressly considered during the prosecution of this application, and that the
references be made of record therein and appear among the “References Cited” on any patent to

issue therefrom.

This Information Disclosure Statement accompanies the new patent application submitted

herewith.

A summary/abstract translation of the non-English language references is enclosed.
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Application No.: Not Yet Assigned Docket No.: 085393-0935

Applicant submits herewith copies of foreign patents and non-patent literature in accordance

with 37 CFR 1.98(a)(2).

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to be
filed or which should have been filed herewith (or with any paper hereafter filed in this application

by this firm) to our Deposit Account No. 50-0417, under Order No. 085393-0935.

Respeetfully submitted,
S

MCDERMOTY WILL & EMERY LLP

Michael
Regis ragi"bn No. 36,139

500 North Capitol Street, N.W Please;f‘i'ecognize our Customer No. 53080 as
Washington, DC 20001 | our correspondence address.

Phone: (202) 756-8372 MEF:sm

Facsimile: (202) 756-8087
Date: October 31, 2012
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PTO/SB/08b (07-09)

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

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Substitute for form 1449/PTO Complete if Known

Application Number Not Yet Assigned

INFORMATION DISCLOSURE  [Fiing Date October 31, 2012
STATEMENT BY APPLICANT  [FistNamed ventor | Yoshihiro SATO

Art Unit N/A
(Use as many sheets as necessary) Examiner Name Not Yet Assigne d
Sheet 1 of 1 Attorney Docket Number [(085393-0935

U.S. PATENT DOCUMENTS

R Document Number - Pages, Columns, Lines, Where
Examiner | Cite - Publication Date Name of Patentee or
Initials* No.' | Number-Kind Code? (if known} | MM-DD-YYYY Applicant of Cited Document Relevan}t:izjsr:g::poe;r&?elevam
. US-2003/0107090- oy Corresponds to JP 2003-
A1 A1 06-12-2003 |Kumeno 179056-A
. |US-2008/0036010- . Corresponds to JP 2008-
A" AT 02-14-2008 |Tamaki et al. 042092-A
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Put;i;:ta;ion Name of Eatentee or V\'/:hae?—zsiigg/‘g:? ;éti;‘:;és 7
Initials™ No.' Country Code®-Number*-Kind Code® (f known) | MM-DD-YYYY Applicant of Cited Document Or Relevant Figures Appear
B1 JP-2010-067912-A 03-25-2010 |Panasonic Corp English Abstract
B2 JP-6-275788-A 09-30-1994 |Ricoh Kk English Abstract
B3 JP-8-017934-A 01-19-1996 |Ricoh Kk English Abstract
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. * CITE NO.: Those application(s) which are marked with an single asterisk (*) next
to the Cite No. are not supplied (under 37 CFR 1.98(a)(2)(iii)) because that application was filed after June 30, 2003 or is available in the IFW. * Applicant's
unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. * Enter Office that issued
the document, by the two-letter code (WIPO Standard ST.3). *For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. ®Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if
possible. ° Applicant is to place a check mark here if English language Translation is attached.

NON PATENT LITERATURE DOCUMENTS
include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), titie of
Initials No.' the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T°
) number(s), publisher, city and/or country where published.

Examiger Cite

International Search Report issued in International Application No. PCT/JP2011/008167
oissued on January 24, 2011.

Examiner Date
Signature Considered

*EXAMINER: initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw fine through citation if not in conformance and not
considered. include copy of this form with next communication to applicant.

"Applicant's unique citation designation number (optional). *Applicant is to place a check mark here if English language Translation is attached.
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International application No,
PCT/JP2011/006167

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
H01121/8234(2006.01)1i, H01L21/28(2006.01)i, HO1L21/76(2006.01)4,
H011.21/8238(2006.01)1i, H01L21/8244(2006.01)i, HO1L27/088(2006.01)4i,
HO1L27/092(2006.01)i, HO1L27/10(2006.01)i, HO1L27/11(2006.01)1,
According o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1L21/8234, HO1L21/28, HO1L21/76, HO1L21/8238, HO1L21/8244, H01L27/088,
H01L27/0%2, HO1L27/10, HO1lL27/11, H01L29/423, H01L28/49

Documentation searched other than minimum documentation to the extent that such docurnents are included in the fields searched

Jitsuyo Shinan Koho
Kokal Jitsuyo Shinan Koho

1922-1996 Jitsuyo Shinan Toroku Koho
1971-2012 Toroku Jitsuyo Shinan Koho

1996-2012
1984-2012

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2008-042092 A (Matsushita Electric 1-4,16
A Industrial Co., Ltd.), 5-7,15

21 February 2008 (21.02.2008),
paragraphs [0074] to [0123]; fig. 1 to 5
& US 2008/0036010 Al
A JP 2003-179056 A ({Fujitsu Ltd.), 1-7,15,16
27 June 2003 (27.06.2003),
entire text; all drawings
& US 2003/0107090 Al & EP 1320130 a2
& DE 60220762 D
A JpP 2010-067%12 A {Panasonic Corp.)}, 1-7,15,16
25 March 2010 (25.03.2010),
paragraphs {0035] to [0065]; fig. 1 to 3
(Family: none)

D Further documents are listed in the continuation of Box C.

[] See patent family ennex.

*  Special categories of cited documents: “I” later document published after the intemational filing date or priority
“A" document defining the general state of the art which is not considered date and not in conﬁxct with the aptﬁlwm but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or afler the intemational “X”  docusment of particular relevance; the claimed invention cannot be
filing dats considered novel or cannot be considered 10 involve an inventive
“L"  document which may throw doubts on priosity claim(s) or whick is step when the document is taken alone
cited to establish the publtcanon date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
0"  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such such combination
“p* docurment published prior to the intemnational filing date but later than bemgobwwstoapersmshﬂedmtheaﬂ.
the priority date claimed “&"  document member of the same patent family

Date of the actual completion of the international search
13 January, 2012 (13.,01.12)

Date of mailing of the international search report

24 January, 2012 {24.01.12)

Name and mailing address of the ISA/ Authorized officer
Japanese Patent Office
| Facsimile No, Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

Intemational application No.
PCT/JP2011/006167

Continuation of A, CLASSIFICATION OF SUBJECT MATTER

{International Patent Classification (IPC))

HO1L29/423(2006.01)1, HO1L29/49(2006.01)1

classification and IPC)

{According to International Patent Classification (IPC) or tobothnational

Form PCT/ISA/210 (extra sheef) (uly 2009)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2011/006167

Box No. I Observations where certain clalms were found unsearchable (Continuation of ltem 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a} for the following reasons:

L D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. [ Claims Nos:
because they relate to parts of the mterational application thar do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. O Craims Nos::
. because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where ugity of Invention Is lacking (Continuation of item 3 of first sheet)

This Intermnational Searching Authority found multiple inventions in this international application, as follows:
See extra sheet

1 D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims,

2. E] As all searchable clalms could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees,

3. D As only some of the required additional search fees were timely paid by the applicant, this imternational search report covers
only those claims for which fees were paid, specificelly claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos: 1-7, 15 and 16

Remark on Protest [ The additionsl search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[ The additional scarch fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees,

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2011/006167

Continuation of Box No.III of continuation of first sheet (2)

There must be a special technical feature that links a group of
inventions in claims so as to form a single general inventive concept
to have the group of inventions satisfy the requirement of unity of
invention. Thegroup of inventions inclainms1-20is linkedby the feature
in claim 1.

This feature, however, has been disclosed in prior art document JP
2008~-042092 A {(Matsushita Electric Industrial Co., Ltd.), 21 February
2008 (21.02.2008), paragraphs [0074]-[0123] and fig. 1-5. Therefore,
it cannot be a special technical feature.

Consequently, there is no special technical feature among the group
of inventions in claims 1-20 so as to link the inventions to form a single
general inventive concept. Therefore, it is clear that the group of
inventions in claims 1-20 does not satisfy the requirement of unity of
invention.

Next, the number of groups of inventions, namely, the number of
inventions, so linked as to form the general inventive concept in claims
in this international application is examined.

The inventions in claims 1~4 not having a special technical feature
are classified as the inventions of the invention group 1.

Invention groupl: The inventions inclaims 1-5, and the inventions having
the special technical feature stated below among the inventions inclaims
6, 7, 15 and 16

“The first conductivity type impurity concentration of the first first
conductivity type silicon £ilm on a portion positioned on a first active
reglon is higher than the first conductivity type impurity concentration
of a second first conductivity type silicon film on a portion positioned
on the third active region.”

Invention group 2: The invention in claim 8

Invention group 3: The inventions having the special technical feature
stated below among the inventions in claims 9-13

“The first conductivity type impurity concentration of the first first
conductivity type silicon film on a portion positioned on an element
isolating region is higher than the first conductivity type impurity
concentrationofa second first conductivitytype silicon filmonaportion
positioned on the third active region.”

Invention greoup 4: The inventien in claim 14
Invention group 5: The inventions in claims 17-20

The invention that can be classified as an invention of a plurality
of the above-mentioned invention groups is classified as an invention
of the first one of such invention groups.

Consequently, there are five invention groups classified as [1-7,

15, 16], {81, [9-13], [14], [17-20] in the claims of this international
application.

Form PCT/ISA/210 (extra sheer) (July 2009)
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3) ERAHE =
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1) EREGHE: (74)
HO1L 21/8234 (2006.01)  HOIL 27/092 (2006.01)
HO1L 21/28 (2006.01) HO1L 27/10 (2006.01)
HOIL 21/76 (2006.01) HEIL 27/11 (2006.01)

HO1L 21/8238 (2006.01) 1)

HOIL 21/3244 (2006.01)
HOIL 27/088 (2006.01)

HOIL 29/423 (2006.01)
HOIL 29749 (2006.01)

1) ERHEES: PCT/P2011/006167
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@6 ERAMOERE: A#EE
oo BEET—4:

AR 2011-068131 2011 .3 A 25 BHR5.03.2011)  JP (gg)

HEA REERSTOEERCOTE1NF
V= v 7 %A Sk (PANASONIC CORPORATION)
(papy Ts7iss0l KERBFMERXEME 100
5% Osaka (OP).

RPE: BLU

EEEMHEA CRBEI2WNTOH): £ 175
(SATO, Yoshihiro). §73 553 (ARAI, Hldeyuki). 11
B BEIE(YAMADA, Takayukl),

an
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JP, KE, KG, KM, KN, KP, KR, KZ,
LT, LU, LY, MA, MD, ME, MG,
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(87) Abstract: A dual gate electrode (31L) has: a gute
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silicon film (14b) formed on an active reglon (10b); and &
gate electrode (308), which inclundes a second conductiv-
ity-type silicon film (14a) formed on an active region
(102). A dual gate electrode (318) has: a gate electrode
(30d), which includes a first conductivity-type silicon film
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P615651P0

R AR T EE
EECLBEL (R BFTFINHKLEIEY)

1/4

0 SERRTEAR
0 |ERAEERs
02 |EEmEEH
08 |(=RA)
R 2 T I —
041 |BRIE-TERINE, PCT-SAFE
Version 3.51, 049,225 MT/FOP 20110401/0.20.5.19
08 |RxT
R R T g A
06 |BEARI-THRINARERST BAEGHF (RO/JP)
07 |BEAXRREAOSER Y P615651P2
i BHORR YLEAEBEUZOEEAE
I B
I [CORIERLAEE HEATHS (applicant only)
12 | HOHEEEIOVTOREATSS, WERERD2TORER (all designated States
except US)
Tgja | "y IkAaHt
I4en |Name: PANASONIC GORPORATION
I5a  |BTH 5718501
BAXE
KERRFIRBAFMHET1 00 63
hGen  |Address: 1006, Oaza Kadoma, Kadoma-shi, Osaka
5718501
Japan
6 |EHES) HEE JP
07 |EF(EE) HZ&E JP
08 |mEES 06-6908-1473
n9  |7rrvavEs 26-6909-0053
ORL  EORDISBA SIS
M- |CORICRRLAHER HEARURBETHS (applicant and inventor)
W2 \EOREACOCTORBATSS. skERAyA (US only)
Ul-1-4ja |BA(#4) R iFEh
TII-1-4en|Name (LAST, First): SATO, Yoshihiro
-1-5ja |BTH
I1-1-BenjAddress:
n-1-6 | ES(ES)
m-1-7 |Em(ER)
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PB15651P0

2/4
B AN S ERIHEES
BEICLSFL (BB ®FF—#HEALBIET)
m2 [EOMOBBLAX SN
2l (CORCERUAHR HEARUCRIBECHS (applicant and inventor)
22 |[EOEEELSOTOHBEATSHS. K¥EDH (US only)
-2-4ja [K&(ER) H FE
[11-2-4en |Name (LAST, First): ARAI' Hideyuki
M-2-5ja |HTH
l-2-5en|Address:
s (EEES)
W27 [ (ER)
W3 [EOMOHRBEANZSHES
M3 | COMCERLAHE HEARURBEETH2 (applicant and inventor)
M32 \GOBEEIOVWTOREATSS.  eEIgnA4 (US only)
M-34ja | B (i %) LA\ BIE
11-3-4en |Name (LAST, First): YAMADA, Takayuki
-3-58 |HTH
[I-3-Ben | Address:
M-3-6 |EE(EHR)
m-3-7  |[EAT(ESR)
v1 mmsamg.mm—m
OIS . REA Ggont)
V-1-lja | R4 (8R) BIE 84
TV-1-len Name (LAST, First): WAEDA, Hiroshi
WV-1-2ja |#T& 5410053
=p =]
%Wk&fﬁ*%&*w 2TEHS&7S ARAME
IV-1-Zen|Address: Osaka-Harubeni Bldg.,5-7, Hommachi 2-chome,
Chuo-ku, Osaka-shi, Osaka
5410053
Japan
V13 |&#EER 06-6125-2255
V14 [77IVVES 06-6125-2288
V-16  |REABRES 100077931
VZ  [e0RoREA HEREACBAULHTEEETHIREA
{(additional agent(s) with the same address as
first named agent)
V-2-lja | %4 EH gﬁimmmwg; BUE  55(100143409);
pE  A\=i(100157093
IV-2-1en|Name(s) HARADA, Tomoo(100117710); MAEDA, Ryo(100143409);
MAWAKI, Hachizo(100157093)
v
\Z1

Page 13 of 304



P615651P0
REFEARRCE T ER RS

BHCIAEL (B Br7—-2REFLLIEY)

3/4

Vi1
VI-1-1

V12
VI-1-3
Viz

SEORNHEICE I RREER
HEEE

HEES
&

2011-068131
BAE JP

20114 038 258 (25.03.2011)

BRI SRAN OBR

LEOEDHEEODL, SROETOL0
Lowmz :ﬂﬁéﬁoﬁﬁﬁtﬁm
RATBILE, ZEET
ﬁbtﬁmfcm

VI-1

Vi3

FUER LS8 :

SHEL RO DEL I
ﬁﬁ%aﬁmg‘%ﬁqﬁwm

)
5{a)lZ
REFEO—-SSN _ORBREICXaEN
?l MR, SRR THRE

eLT,
%X Raesg N
%&tﬂlﬁb‘tﬁ’ﬁ‘i}‘ 6~_£’5:§§SR’4'

BAEREFT (ISA/JP)

3T BT

VID-1 | SEHEOREIETIHEYT -
V-2 [ BELRURFESALNSE -

Esm‘sw_@\mﬁ%h “é‘é*?n.‘f
VII-3 Bgiéig -

@E u»% d%k.ﬁ'é‘% BT
VIII4 [ HUEETHIBORITORELREREE (o

Téﬁﬁ)f‘
VIS [ RENCASE R —

T s i
2.4 Ligse: | BRoiE BN BTT—4
X1 [EES(ELTEED) 4 s
X2 |HEE 44 v
X3 |[@ROKHE 6 v
X4 (B 1 va
X5 |EE 16 v
X7 aat 71

BT &t BAXNABRTT 2
X8  |FEEHEEE - v
IX-18 {PCT-SAFE E7HE - -
X20 |BRRELGRERT SHORYT 1
X2l ERSEOfUTEne B&E
x1 HEA RBEAXBRBFEOREFA | (PKCS7T IV NEBL)
%11 |[RAUER) HIEBA
X112 |BREOERS
X138 |HEELEVEACER)

Page 14 of 304



PB15651P0

R AR D BB S
BECLBEL (28 BTF-SWEALEVET)

4/4

SEETRAM
101 &
0 ggm%%aﬂmwag
102 B
10-2-1 [ZBWINE
10-2-2 Z*Eéﬁﬁ#‘&bé
103 tﬁﬂi&hﬁ%ﬁ
-c ﬁ i'w"%
104 l ‘5
, b %ga)‘é%oa
105 wmammamm 1SA/JP
108 ke kS
'M“wa Loogn
EEREEREAR

111

ERFAOEEOH

Page 15 of 304



PATENT COOPERATION TREATY PCTHP2011/0068167

From the INTERNATIONAL BUREAU

PCT b
MAEDA, Hiroshi
NOTIFICATION OF RECEIPT OF Osaka-Marubeni B[dg
RECORD COPY 5-7, Hommachi 2-chome
Chuo-ku, Osaka-shi
(PCT Rule 24.2(a QOsaka 5410053
@) JAFON
Date of mailing (daymonth/year) RTANT NOTIFICATION
21 December 2011 (21.12.2011) :
Applicant's or agent's file reference International application No.
e P&15651P0 My -40f ¢TI~ 7 - PCT/JP2011/006167 -~

The applicant is hereby notified that the International Bureau has received the record copy of the internatil
below. ;

Narme(s) of the applicant(s) and Staic(s) for which they are applicants:

PANASONIC CORPORATION (for all designated States sxcept US)

SATO, Yoshihiro et al (for US) MAEDA & ’%HT HERS
. e e
International filing date: 04 November 2(/)11 (04.11.2011)
Priority date(s) claimed: 25 March 2011 (25.03.2011)
Date of receipt of the record copy by the International Bureau: 16 November 2011 (16.11.2011)

List of designated Offices:

AP: BW, GH, GM, KE, LR, LS, MW, MZ, NA. RW, 8D, SL, SZ, TZ, UG, ZM, ZW

EA: AM, AZ, BY, KG, KZ, MD, RU, TJ, T™M

EP: AL, AT, BE, BG, CH, CY, CZ DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT,
NL, NO, PL, PT. RO, RS, SE, SI, K, SM, TR

“A: BF, BI, CF, CG, Cl, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG

-wational: AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, CU,
CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN, IS, IP, KE,
KG, KM, KN, KP, KR, K7, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PE, PG, PH, PL, PT, QA. RO, RS, RU, RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

ATTENTION: The applicant should carefully check the data appearing in this Notification. In case of any discrepancy between these
data and the indications in the international application, the applicant should immediately inform the International Bureau. In
addition, the applicant's attention is drawn to:

- time limits for entry into the national phase (see www. wipo.int/pet/en/texts/time limits.htmland PCT Applicant’s Guide, National

Phase, especially Chapters 3 and 4)
- requirements regarding priority documents (if applicable) (see PCT Applicant'’s Guide, Iuternational Phase, paragraph 5.070)

A copy of this notification is being sent to the receiving Office and to the International Searching Authorify.

The International Bureau of WIPQ Authorized officer
34, chemin des Colombettes s
1211 Geneva 20, Switzerland Chevallay-Worley Madeleine
c-mail ptU8.pet@wipo.int
Facsimile No. +41 22 338 70 10 Telephone No. +41 22 338 74 08
Form PCI/IR/301 (July 2010y T/FHQGFCGZUZ TAL0
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PATENT COOPERATION TREATY PCT/IP2011/006167

From the INTERNATIONAL BUREAU

PCT i
NOTIFICATION CONGERNING SUBMISSION, MAEDA, Hiroshl
OBTENTION OR TRANSMITTAL 57 Hommachi 2-chame
OF PRIORITY DOCUMENT Chulo-Ku, Osaka-shi
(PCT Administrative Instructions, Section 411) Osaka 5410053
JAPON
Date of mailing (day/month/year}
22 December 2011 (22.12.2011)
Applicant’s or agents file reference
IMPORTANT NOTIFICATION
P615651P0 MN’40/ (17/,_2,
International application No. International filing date (day/monthfyear)
PCT/IP2011/0068187 . 04 November 201} (04.11.2011)
roational publication date fdaymonthivear) Prionty date {day/month/vear)
Not yet published 25 March 2011 (25 03.2011)
Applicant

PANASONIC CORPORATION et al

The applicant is hereby notified of the date of receipt (or of obtaining by the International Bureau) of the priority document(s) relating
to all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters "NR®, in the right-hand column or by an
asterisk appearing next to the date of receipt, the priority deciment concerned was submitted or transmiited to or obtained by the
Ihaternational Bareau in compliance with Rule 17.1(a), (b) or (b-bis). This Form replaces any previously issued notification
concerning submission, tansmittal or obtaining of priority documents.

Priority date Priority application No. Country or regional Office Date of receipt
or PCT receiving Office of priority doctument
25 March 2011 (25.03.2011) 2011-068131 JP 14 Oecember 2011 (14.12.2011)
& rd

Qe letters "NR" denote a priority document which, on the date of mailing of this Form, had not yet been received or obtained by the

ternational Bureau in compliance with Rule 17.1(a), (b) or (b-bis). Where the applicant has failed to either submit, request to prepare
and transmit or obtain and transmit, or to request the International Bureau to obtain the priority document within the applicable time
limit under that Rule, the attention of the applicant is directed to Rule 17.1{c) which provides that no designated Office may disregard
the priority claim concerned before giving the applicant an opportunity, upon entry into the national phase, to fumnish the priority
document within a time limit which is reasonable under the circumstances.

An asterisk ™" next to a date of receipt, denotes a priority document submitted or transmitted to or obtained by the International Bureau
but not in compliance with Rule 17.1(2), (b} or (b-bis) (the priority document was received after the time limit prescribed in Rule
17.1(a); the request to prepare and transmit the priority document was submitted to the recelving Office after the applicable time limit
under Rule 17.1(b) or the request to the receiving Office or the International Bureau to obtain the priority document was made after the
applicable time limit under Rule 17.1(b-bis)). Even though the priority document was not furnished in compliance with Rule 17.1(a), (b)
or (b-bis), the International Bureau will nevertheless transmit a copy of the document to the designated Offices, for their consideration.
In case such a copy is not accepled by the designated Office as the priority document, Rule 17.1(c) provid&s that no designated Office
may disregard the priority claim concerned before giving the applicant an opportunity, upon entry Lm( ase,-to furnish the
priority document within a Ume limit which is reasonable under the circumstances. @ r Q/ E ﬁ "% / h B
e —

JA 702012

i\‘!l‘\i“'r\AﬂT“iA I ool O Wl i W Y
The International Bureau of WIPO Authorized officer MALUAWTARTIRERY
C241 Geneva 30, Swlaerian Masashi Honda
e-mail ptO8.pct@wipo.int
Facsimile No. +41 22 338 70 10 ‘Telephone No. +41 22 338 74 08
Form PCT/IB/304 (July 2010) I/NSLIFPGX4U2CGO
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PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. 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 | 085393-0935
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE

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

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

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Yoshihiro SATO
Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service
City |Toyama Country of Residence Jp

Mailing Address of Inventor:

Address 1 c/o0 Panasonic Corporation

Address 2 1006, Oaza Kadoma

City Kadoma-shi, Osaka | State/Province |
Postal Code 571-8501 | Country 1 | P

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Hideyuki ARAI
Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service
City |Toyama Country of Residence Jp

Mailing Address of Inventor:

Address 1 ¢/o Panasonic Corporation

Address 2 1006, Oaza Kadoma

City Kadoma-shi, Osaka | State/Province |
Postal Code 571-8501 | Country ! JP

Remove
Inventor 3

Legal Name
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. 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 | 085393-0935

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE

Prefix| Given Name Middle Name Family Name Suffix
Takayuki YAMADA
Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service
City |Toyama Country of Residence Jp

Mailing Address of Inventor:

Address 1 ¢/o Panasonic Corporation

Address 2 1006, Oaza Kadoma

City Kadoma-shi, Osaka | State/Province |
Postal Code | 571-8501 | Country | JP

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 53080

Email Address washington_ip_docket@mwe.com | AddEmail | [Remove Email

Application Information:

Title of the Invention SEMICONDUCTOR DEVICE

Attorney Docket Number| 085393-0935 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) 16 Suggested Figure for Publication (if any) | 1

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

Req uest Not to Publish. I hereby request that the attached application not be published under

35 U.5.C. 122(b} and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:
Page 24 of 304
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. 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 | 085393-0935

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE

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

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

Please Select One: (®) Customer Number (O US Patent Practitoner | () Limited Recognition (37 CFR 11.9)
Customer Number 53080

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 118(e) or 120, and 37 CFR 1.78.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Continuation of PCT/JP2011/006167 2011-11-04

Additional Domestic Benefit/National Stage 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 Filing Date (YYYY-MM-DD) Priority Claimed
2011-068131 JP 2011-03-25 (® Yes (O No
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Authorization to Permit Access:

[[] Authorization to Permit Access to the Instant Application by the Participating Offices
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. 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 | 085393-0935

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Froperty Office {(KIPQO), the World Intellectual Froperty Office {WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPQO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.8.C. 119(a)-{d) if a copy of the foreign application that satisfies the cettified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c}, access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

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

Applicant 1

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

identified in this section.

(® Assignee (O Legal Representative under 35U.8.C. 117

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

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

Name of the Deceased or Legally Incapacitated Inventaor :

If the Assignee is an Organization check here.

Organization Name

Panasonic Corporation

Mailing Address Information:

Address 1 1006, Oaza Kadoma

Address 2

City Kadoma-shi, Osaka State/Province

Country il Jp Paostal Code 571-8501
Phone Number Fax Number
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. 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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

085393-0935

Application Number

Title of Invention

SEMICONDUCTOR DEVICE

Email Address

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

Add

Signature:
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications
Signature |/michael e fogarty/ Date (YYYY-MM-DD)| 2012-10-31
First Name | Michael Last Name | Fogarty Registration Number | 36139
Additicnal Signature may be generated within this form by selecting the Add button. Add

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 USFTO to process) an application. Confidentiality is governed by 35 U.8.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 OCffice, 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.

EFS Web2.2.3
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
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PATENT ABSTRACTS OF JAPAN

(11)Publication number : 06-275788
(43)Date of publication of application : 30.09.1994

(BDInt.Cl. HO1L 27/092

HO1L 21/265
(21)Application number : 05-088124 (71)Applicant : RICOH CO LTD
(22)Date of filing : 22.03.1993 (72)Inventor : ISHIDA MAMORU

(54) MANUFACTURE OF DUAL GATE CMOS SEMICONDUCTOR DEVICE

(57)Abstract:

PURPOSE: To suppress the diffusion of boron by
lowering process temperature and also, prevent the
partial cavity growth or resistance increase of a p—type
polysilicon gate electrode when manufacturing a dual
gate CMOS type semiconductor device.
CONSTITUTION: An n—type conductive polysilicon film
15, where n—type impurities exist uniformly within a film,
is formed on the gate oxide film 14 on a silicon substrate
10, and it is changed into a p—type polysilicon film by
implanting ions of boron into the polysilicon film 15 in a
PMOSFET type region. Gate electrodes 17a and 17b are
formed by patterning the polysilicon films 15a and 15b.
Then, for both MOSFETSs, impurities are implanted into a
board with gate electrodes as masks. The temperature
of activation of implanted impurities is set rather low at
800-900° C.
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(43)Date of publication of application : 19.01.1996
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(21)Application number : 06-173513 (71)Applicant : RICOH CO LTD
(22)Date of filing : 01.07.1994 (72)Inventor : ISHIDA MAMORU

OIZUMI MITSUHIRO

(54) DUAL GATE CMOS SEMICONDUCTOR DEVICE AND ITS MANUFACTURE

(57)Abstract:
PURPOSE: To restrain change of element

characteristics which is caused by mutual diffusion of

impurities of gate electrodes. .. B S
CONSTITUTION: An SRAM is formed of the source.drain , 3 A
region 2 of an NMOSFET, the substrate contact region 4 A é &

of the NMOSFET, the source.drain region 6 of a

PMOSFET, the substrate contact region 8 of the
PMOSFET, and a polysilicon gate 10. Before a gate
polysilicon film is patterned, ions are implanted in the

gate electrode 10 by using a mask having the same
pattern as a well forming mask. P-type impurities are
implanted in the hatched part. N-type impurities are
implanted in the part except the hatched part.
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(54) SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

(57)Abstract:

PROBLEM TO BE SOLVED: To prevent increase of
resistance of wiring by preventing disconnection of a
metal silicide film in a PN junction boundary region ; g [T
without inhibiting miniaturization of an element and high UL T B L
integration. . g Y
SOLUTION: The semiconductor device includes a gate ; ) :
electrode formed on a semiconductor substrate 10 and oo ' B
formed of silicon having conductivity, and an a nickel
silicide film 17 formed on the gate electrode. The gate
electrode includes at least a first gate electrode 14
exhibiting N—type conductivity, a second gate electrode
15 exhibiting P-type conductivity, and a third gate
electrode 14a formed between the first gate electrode e <
14 and the second gate electrode 15. The third gate A0 PP
electrode 14a is connected to the first gate electrode Jor
14, and the concentration of impurities of the third gate
electrode 14a is lower than the concentration of N-type
impurities of the first gate electrode 14.
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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

This is a continuation of PCT International Application PCT/JP2011/006167 filed
on November 4, 2011, which claims priority to Japanese Patent Application No. 2011-068131
filed on March 25, 2011. The disclosures of these applications including the specifications,

the drawings, and the claims are hereby incorporated by reference in their entirety.

BACKGROUND

The present disclosure relates to semiconductor devices and methods for fabricating
semiconductor devices, and more particularly to a semiconductor device having a
complementary metal insulator semiconductor (CMIS) dual-gate structure and a method for
fabricating such a semiconductor device.

The integration degree of semiconductor integrated circuits have been increased by
miniaturizing CMIS devices with dual-gate structures. A CMIS device with a dual-gate
structure generally refers to a device including a polysilicon film doped with an n-type
impurity as a gate electrode of an n-channel metal insulator semiconductor field effect
transistor (hereinafter referred to as an NMISFET) and also including a polysilicon film
doped with a p-type impurity as a gate electrode of a p-channel MISFET (hereinafter referred
to as a PMISFET) (see, for example, Japanese Patent Publication No. H06-275788). In a
CMIS device with a dual-gate structure, a metal silicide layer is formed on a polysilicon gate
electrode in order to connect an n-type polysilicon gate electrode and a p-type polysilicon gate
electrode. In this structure, in the boundary between an n-type region and a p-type region in
each of the polysilicon gate electrode, impurities in these regions are diffused from one region

to the other through the metal silicide layer or the polysilicon film, resulting in a change in
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work function of the gate electrode, and thus, a variation in threshold voltage of each of the
FETs.

As a conventional method for forming an n-type region and a p-type region in a
polysilicon film for gate electrodes, ions of impurities are implanted into the polysilicon film
for gate electrodes using a mask designed such that the boundary between the n-type region
and the p-type region is located on an isolation between well regions (see, for example,
Japanese Patent Publication No. HO8-17934).

A conventional semiconductor device in which an n-type region and a p-type region
are formed by implanting ions into gate electrodes of a transistor for a logic circuit and a
transistor for a static random access memory (SRAM) circuit will be described with reference
to the drawings.

FIG. 15A is a plan view illustrating a logic area of a conventional semiconductor
device. FIG. 15B is a cross-sectional view taken along the line B-B (along the gate width) in
FIG. 15A. FIG. 15C is a plan view illustrating an SRAM area of the conventional
semiconductor device. FIG. 15D is a cross-sectional view taken along the line D-D (along
the gate width) in FIG. 15C. In FIGS. 15A-15D, sidewall spacers, a silicide layer, and an
interlayer film, for example, are not shown for simplicity, and contacts are not shown in
FIGS. 15B and 15D.

As illustrated in FIGS. 15A-15D, each of the logic area and the SRAM area of the
conventional semiconductor device has an NMIS region and a PMIS region. In the NMIS
region in the logic area, a p-well region 102a is provided on a semiconductor substrate 100
and an active region 100a is surrounded by an isolation region 101. In the PMIS region in
the logic area, an n-well region 102b is provided on the semiconductor substrate 100 and an
active region 100b is surrounded by the isolation region 101. In the NMIS region in the

SRAM area, a p-well region 102c is provided on the semiconductor substrate 100, and an
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active region 100c is surrounded by the isolation region 101. In the PMIS region in the
SRAM area, an n-well region 102d is provided on the semiconductor substrate 100, and an
active region 100d is surrounded by the isolation region 101.

On the active region 100a, a gate electrode 111a including an n-type polysilicon
film 104a is formed with a gate insulating film 103 interposed therebetween. On the active
region 100b, a gate electrode 111b including a p-type polysilicon film 104b is formed with the
gate insulating film 103 interposed therebetween. The gate electrode 111a and the gate
electrode 111b are connected to each other at a PN boundary 113L between the active region
100a and the active region 100b on the isolation region 101, thereby forming a dual-gate
electrode 112L.. N-type source/drain regions 105a are defined at both sides of the gate
electrode 111a in the active region 100a. P-type source/drain regions 105b are defined at
both sides of the gate electrode 111b in the active region 100b. A contact 108 is formed to
be connected to the dual-gate electrode 112L, the n-type source/drain regions 105a, and the
p-type source/drain regions 105b.

On the active region 100c, a gate electrode 11lc including an n-type polysilicon
film 104c is formed with the gate insulating film 103 interposed therebetween. On the active
region 100d, a gate electrode 111d including a p-type polysilicon film 104d is formed with
gate insulating film 103 interposed therebetween. The gate electrode 111c and the gate
electrode 111d are connected to each other at a PN boundary 113S between the active region
100c and the active region 100d on the isolation region 101, thereby forming a dual-gate
electrode 112S. N-type source/drain regions 105c are defined at both sides of the gate
electrode 111c in the active region 100c. P-type source/drain regions 105d are defined at
both sides of the gate electrode 111d in the active region 100d. A contact 108 is formed to
be connected to the dual-gate electrode 1128, the n-type source/drain regions 105c, and the

p-type source/drain regions 105d.
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FIGS. 16A and 16B are views schematically illustrating formation of a p-type
region and an n-type region by implanting ions of impurities into a polysilicon film (before
gate patterning) to be dual-gate electrodes 1121 and 112S. In FIGS. 16A and 16B,
components already shown in FIGS. 15A-15D are denoted by the same reference characters.

As illustrated in FIGS. 16A and 16B, in gate injection for the PMIS regions, ions of
a p-type impurity are implanted into the polysilicon film 104 using a mask pattern 151
covering the NMIS region in each of the logic area and the SRAM area, thereby forming
p-type polysilicon films 104b and 104d. That is, the p-type polysilicon films 104b and 104d
have substantially the same concentration of the p-type impurity. In gate injection for the
NMIS regions, ions of an n-type impurity are implanted into the polysilicon film 104 using a
mask pattern 152 covering the PMIS region of each of the logic area and the SRAM area,
thereby forming n-type polysilicon films 104a and 104c. That is, the n-type polysilicon
films 104a and 104c have substantially the same concentration of the n-type impurity. For
simplicity, not resist patterns actually employed in ion implantation but mask patterns on
photomasks for forming the resist patterns are schematically shown as the mask patterns 151
and 152. The mask patterns 151 and 152 are designed such that the PN boundaries formed
in the polysilicon film 104 are located between the active region 100a and the active region
100b and between the active region 100c and the active region 100d, respectively, on the
isolation region 101.

Although not shown, in ion implantation for forming source/drain regions in each of
the PMIS region and the NMIS region, mask patterns similar to the mask patterns 151 and
152 shown in FIGS. 16A and 16B are used.

In the gate injection illustrated in FIGS. 16A and 16B, the PN boundary formed in
the polysilicon film 104 is located on a portion of the isolation region between the active

regions. Thus, it is possible to reduce degradation of characteristics of FETs due to mutual
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diffusion of impurities between the n-type region and the p-type region in the polysilicon gate
electrode.
SUMMARY

However, as the gate length decreases with miniaturization of devices, there arises
the following problem in addition to the problem of mutual diffusion in the polysilicon film.
Specifically, the difference in the etching speed of the polysilicon film between different
types of ions serving as dopants relatively increases, thereby causing a variation in final gate
length, and as a result, a variation in the threshold voltages of transistors arises. To solve the
problem, especially in devices such as SRAMs which need to have their cell sizes reduced, it
is necessary to reduce a variation in gate dimensions occurring near a PN boundary.

In addition, as in the conventional method described above, even if the PN
boundary in the polysilicon gate electrode is located on a portion of the isolation region
between the active regions, a small width of the isolation region especially in a device such as
an SRAM makes the influence of mutual diffusion of impurities between the n-type region
and the p-type region in the polysilicon gate electrode nonnegligible. Consequently, a
variation occurs in the work functions of the gate electrodes to deteriorate transistor
characteristics such as a variation in threshold voltage. As a result, failures in circuit
operation often occurs.

It is therefore an object of the present disclosure to reduce a variation in transistor
characteristics due to a variation in gate dimensions near a PN boundary and mutual diffusion
of impurities in a semiconductor device with a CMIS dual-gate structure.

To achieve the object, a semiconductor device in an aspect of the present
disclosure includes: a first dual-gate electrode; and a second dual-gate electrode, wherein the
first dual-gate electrode includes a first gate electrode located on a first active region and

having a first silicon film of a first conductivity type and a second gate electrode located on a
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second active region and having a first silicon film of a second conductivity type, the second
dual-gate electrode includes a third gate electrode located on a third active region and having
a second silicon film of the first conductivity type and a fourth gate electrode located on a
fourth active region and having a second silicon film of the second conductivity type, the
first active region and the second active region are isolated from each other with an isolation
region interposed therebetween, the first gate electrode and the second gate electrode are
connected to each other on the isolation region, and at least a portion of the first silicon film
of the first conductivity type has a first-conductivity-type impurity concentration higher than
that of a portion of the second silicon film of the first conductivity type located on the third
active region.

In the semiconductor device, an isolation width between the first active region and
the second active region may be larger than that between the third active region and the fourth
active region.

In the semiconductor device, at least a portion of the first silicon film of the second
conductivity type may have a second-conductivity-type impurity concentration substantially
equal to that of a portion of the second silicon film of the second conductivity type located on
the fourth active region.

In the semiconductor device, a portion of the first silicon film of the first
conductivity type located on the first active region may have a first-conductivity-type
impurity concentration higher than that of a portion of the second silicon film of the first
conductivity type located on the third active region.

In the semiconductor device, a portion of the first silicon film of the first
conductivity type located on the first active region may have a first-conductivity-type
impurity concentration lower than that of a portion of the first silicon film of the first

conductivity type located on the isolation region.
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In the semiconductor device, a portion of the first silicon film of the first
conductivity type located on each of the first active region and the isolation region may have
a first-conductivity-type impurity concentration higher than that of a portion of the second
silicon film of the first conductivity type located on the third active region.

a portion of the first silicon film of the second conductivity type located on the second active

In the semiconductor device, a portion of the first silicon film of the second
conductivity type located on the second active region may have a second-conductivity-type
impurity concentration lower than that of a portion of the second silicon film of the second
conductivity type located on the fourth active region.

In the semiconductor device, a portion of the first silicon film of the second
conductivity type located on the second active region may have a second-conductivity-type
impurity concentration lower than that of a portion of the first silicon film of the second
conductivity type located on the isolation region.

In the semiconductor device, a portion of the first silicon film of the second
conductivity type located on the isolation region may have a second-conductivity-type
impurity concentration substantially equal to that of a portion of the second silicon film of the
second conductivity type located on the fourth active region.

In the semiconductor device, a portion of the first silicon film of the first
conductivity type located on the first active region may have a first-conductivity-type
impurity concentration substantially equal to that of a portion of the first silicon film of the
first conductivity type located on the isolation region.

In the semiconductor device, a portion of the first silicon film of the first
conductivity type located on the isolation region may have a first-conductivity-type impurity
concentration higher than that of a portion of the second silicon film of the first conductivity

type located on the third active region.
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In the semiconductor device, a portion of the first silicon film of the first
conductivity type located on the first active region may have a first-conductivity-type
impurity concentration substantially equal to that of a portion of the second silicon film of the
first conductivity type located on the third active region.

In the semiconductor device, a portion of the first silicon film of the first
conductivity type located on the first active region may have a first-conductivity-type
impurity concentration lower than that of a portion of the first silicon film of the first
conductivity type located on the isolation region.

In the semiconductor device, a portion of the first silicon film of the second
conductivity type located on the second active region may have a second-conductivity-type
impurity concentration substantially equal to that of a portion of the second silicon film of the
second conductivity type located on the fourth active region.

In the semiconductor device, a portion of the first silicon film of the second
conductivity type located on the second active region may have a second-conductivity-type
impurity concentration lower than that of a portion of the first silicon film of the second
conductivity type located on the isolation region.

In the semiconductor device, a portion of the first silicon film of the second
conductivity type located on the isolation region may have a second-conductivity-type
impurity concentration higher than that of a portion of the second silicon film of the second
conductivity type located on the fourth active region.

In the semiconductor device, a portion of the first silicon film of the first
conductivity type located on the first active region may have a first-conductivity-type
impurity concentration higher than that of a portion of the second silicon film of the first
conductivity type located on the third active region, and a portion of the first silicon film of

the second conductivity type located on the second active region may have a
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second-conductivity-type impurity concentration higher than that of a portion of the second
silicon film of the second conductivity type located on the fourth active region.

In the semiconductor device, the first gate electrode may be a gate electrode of a
first PMIS transistor, the second gate electrode may be a gate electrode of a first NMIS
transistor, the third gate electrode may be a gate electrode of a second PMIS transistor, and
the fourth gate electrode may be a gate electrode of a second NMIS transistor.

In the semiconductor device, each of the first gate electrode and the second gate
electrode may be a gate electrode of a transistor for a logic circuit, and each of the third gate
electrode and the fourth gate electrode may be a gate electrode of a transistor for an SRAM
circuit.

A method for fabricating a semiconductor device in an aspect of the present
disclosure is a method for forming a semiconductor device including a first dual-gate
electrode including a first gate electrode located on a first active region and a second gate
electrode located on a second active region and a second dual-gate electrode including a third
gate electrode located on a third active region and a fourth gate electrode located on a fourth
active region. The method for fabricating a semiconductor device includes the steps of: (a)
forming a silicon film on the first active region, the second active region, the third active
region, and the fourth active region; (b) introducing an impurity of a first conductivity type
into the silicon film with portions of the silicon film located on the second active region, the
third active region, and the fourth active region being covered with a first mask pattern; (c)
introducing an impurity of a second conductivity type with a portion of the silicon film
located on the first active region being covered with a second mask pattern; and (d) patterning
the silicon film after steps (b) and (c), thereby forming the first gate electrode, the second gate
electrode, the third gate electrode, and the fourth gate electrode including the silicon film on

the first active region, the second active region, the third active region, and the fourth active
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region, respectively. In the method for fabricating a semiconductor device, step (b) and step
(c) may be performed in any order.

In the method for fabricating a semiconductor device, the first mask pattern may
expose a portion of the silicon film located on the first active region, and the second mask
pattern may expose portions of the silicon film located on the second active region, the third
active region, and the fourth active region.

In the method for fabricating a semiconductor device, the first active region and the
second active region are electrically isolated from each other by an isolation region. In step
(a), the silicon film may also be formed on the isolation region, the first mask pattern may
cover a portion of the silicon film located on the first active region and expose a portion of the
silicon film located on the isolation region, and the second mask pattern may cover a portion
of the silicon film located on the second active region and expose portions of the silicon film
located on the isolation region, the third active region, and the fourth active region. The first
mask pattern and the second mask pattern do not need to expose a portion of the silicon film
located on the isolation region. In other words, the first mask pattern and the second mask
pattern may cover a portion of the silicon film located on the isolation region.

In the method for fabricating a semiconductor device, the first active region and the
second active region may be electrically isolated from each other by an isolation region. In
step (a), the silicon film may also be formed on the isolation region, the first mask pattern
may cover a portion of the silicon film located on the first active region and expose a portion
of the silicon film located on the isolation region, and the second mask pattern may cover
portions of the silicon film located on the second active region, the third active region, and the
fourth active region and expose a portion of the silicon film located on the isolation region.

In the method for fabricating a semiconductor device, the second mask pattern may

cover portions of the silicon film located on the third active region and the fourth active
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region.

According to the present disclosure described above, it is possible to reduce a
variation in transistor characteristics due to a variation in gate dimensions near a PN boundary
and mutual diffusion of impurities in a semiconductor device with a CMIS dual-gate
structure. Thus, the present disclosure is useful for semiconductor devices with CMIS
dual-gate structures and methods for fabricating such semiconductor devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a plan view illustrating a logic area of a semiconductor device
according to a first embodiment, FIG. 1B is a cross-sectional view taken along the line I-1 in
FIG. 1A, FIG. 1C is a plan view illustrating an SRAM area of the semiconductor device of
the first embodiment, and FIG. 1D is a cross-sectional view taken along the line II-II in FIG.
1C.

FIGS. 2A-2F are cross-sectional views showing a process step of a method for
fabricating a semiconductor device according to the first embodiment.

FIGS. 3A-3F are cross-sectional views showing a process step of the method for
fabricating a semiconductor device of the first embodiment.

FIGS. 4A-4F are cross-sectional views showing a process step of the method for
fabricating a semiconductor device of the first embodiment.

FIGS. 5A-5F are cross-sectional views showing a process step of the method for
fabricating a semiconductor device of the first embodiment.

FIGS. 6A-6F are cross-sectional views showing a process step of the method for
fabricating a semiconductor device of the first embodiment.

FIGS. 7A-7F are cross-sectional views showing a process step of the method for
fabricating a semiconductor device of the first embodiment.

FIGS. 8A-8F are cross-sectional views showing a process step of the method for
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fabricating a semiconductor device of the first embodiment.

FIG. 9A is a plan view illustrating a logic area of a semiconductor device
according to a second embodiment, FIG. 9B is a cross-sectional view taken along the line I-1
in FIG. 9A, FIG. 9C is a plan view illustrating an SRAM area of the semiconductor device of
the second embodiment, and FIG. 9D is a cross-sectional view taken along the line II-1I in
FIG. 9C.

FIGS. 10A-10F are cross-sectional views showing a process step of a method for
fabricating a semiconductor device according to the second embodiment.

FIG. 11A is a plan view illustrating a logic area of a semiconductor device
according to a third embodiment, FIG. 11B is a cross-sectional view taken along the line I-I
in FIG. 11A, FIG. 11C is a plan view illustrating an SRAM area of the semiconductor device
of the third embodiment, and FIG. 11D is a cross-sectional view taken along the line II-IT in
FIG. 11C.

FIGS. 12A-12F are cross-sectional views showing a process step of a method for
fabricating a semiconductor device according to the third embodiment.

FIG. 13A is a plan view illustrating a logic area of a semiconductor device
according to a fourth embodiment, FIG. 13B is a cross-sectional view taken along the line I-1
in FIG. 13A, FIG. 13C is a plan view illustrating an SRAM area of the semiconductor device
of the fourth embodiment, and FIG. 13D is a cross-sectional view taken along the line II-II in
FIG. 13C.

FIGS. 14A-14F are cross-sectional views showing a process step of a method for
fabricating a semiconductor device according to the fourth embodiment.

FIG. 15A is a plan view illustrating a logic area of a conventional semiconductor
device, FIG. 15B is a cross-sectional view taken along the line B-B in FIG. 15A, FIG. 15C is

a plan view illustrating an SRAM area of the conventional semiconductor device, and FIG.
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15D is a cross-sectional view taken along the line D-D in FIG. 15C.

FIGS. 16A and 16B are views schematically illustrating formation of p-type regions
and n-type regions by implanting ions of an impurity into a polysilicon film (before gate
patterning) to be a dual-gate electrode in a conventional method for fabricating a
semiconductor device.

DETAILED DESCRIPTION
(FIRST EMBODIMENT)

A semiconductor device according to a first embodiment of the present disclosure
will be described with reference to the drawings.

FIG. 1A is a plan view illustrating a logic area of a semiconductor device according
to the first embodiment. FIG. 1B is a cross-sectional view taken along the line I-1 (along the
gate width) in FIG. 1A. FIG. IC is a plan view illustrating an SRAM area of the
semiconductor device of the first embodiment. FIG. 1D is a cross-sectional view taken
along the line II-II (along the gate width) in FIG. 1C. In FIGS. 1A-1D, sidewall spacers, a
silicide layer, and an interlayer film, for example, are not shown for simplicity, and contacts
are not shown in FIGS. 1B and 1D.

As illustrated in FIGS. 1A-1D, the semiconductor device of this embodiment
includes an area where a logic circuit is to be formed (hereinafter referred to as a logic area)
and an area where an SRAM circuit is to be formed (hereinafter referred to as an SRAM
area). Each of the logic area and the SRAM area includes a region where an NMISFET is to
be formed (hereinafter referred to as an NMIS region) and a region where a PMISFET is to be
formed (hereinafter referred to as a PMIS region). In the NMIS region in the logic area, a
p-well region 12a is provided on a semiconductor substrate 10, and an active region 10a is
surrounded by an isolation region 11. In the PMIS region in the logic area, an n-well region

12b is provided on the semiconductor substrate 10, and an active region 10b is surrounded by
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the isolation region 11. In the NMIS region in the SRAM area, a p-well region 12¢ is
provided on the semiconductor substrate 10, and an active region 10c is surrounded by the
isolation region 11. In the PMIS region in the SRAM area, an n-well region 12d is provided
on the semiconductor substrate 10, and an active region 10d is surrounded by the isolation
region 11.

On the active region 10a, a gate electrode 30a including an n-type silicon film 14a is
formed with a gate insulating film 13 interposed therebetween. On the active region 10b, a
gate electrode 30b including a p-type silicon film 14b is formed with the gate insulating film
13 interposed therebetween. The gate electrode 30a and the gate electrode 30b are
connected to each other at a PN boundary 41L between the active region 10a and the active
region 10b on the isolation region 11, thereby forming a dual-gate electrode 31L. N-type
source/drain regions 20a are defined at both sides of the gate electrode 30a in the active
region 10a. P-type source/drain regions 20b are defined at both sides of the gate electrode
30b in the active region 10b. Contacts 26a and 26b are formed to be connected to the n-type
source/drain regions 20a and the p-type source/drain regions 20b, and a contact 26¢ is formed
to be connected to the dual-gate electrode 31L.

On the active region 10c, a gate electrode 30c including an n-type silicon film 14c is
formed with the gate insulating film 13 interposed therebetween. On the active region 10d, a
gate electrode 30d including a p-type silicon film 14d is formed with the gate insulating film
13 interposed therebetween. The gate electrode 30c and the gate electrode 30d are
connected to each other at a PN boundary 41S between the active region 10c and the active
region 10d on the isolation region 11, thereby forming a dual-gate electrode 31S. N-type
source/drain regions 20c are defined at both sides of the gate electrode 30c in the active
region 10c. P-type source/drain regions 20d are defined at both sides of the gate electrode

30d in the active region 10d. Contacts 26¢ and 26d are formed to be connected to the n-type
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source/drain regions 20c and the p-type source/drain regions 20d, and a contact 26f is formed
to be connected to the gate electrode 30c.

A feature of this embodiment is that the p-type impurity concentration in the entire
p-type silicon film 14b is higher than that in the entire p-type silicon film 14d.

The n-type impurity concentration of the n-type silicon film 14a is substantially
equal to that of the n-type silicon film 14c. The width of the isolation region 11 (specifically
a portion of the isolation region 11 between the active region 10a and the active region 10b)
in the logic area is, for example, about 70 nm or more, whereas the width of the isolation
region 11 (specifically a portion of the isolation region 11 between the active region 10c and
the active region 10d) in the SRAM area is, for example, about 30-60 nm.

A method for fabricating a semiconductor device according to the first embodiment
will be described hereinafter with reference to the drawings.

FIGS. 2A-2F, 3A-3F, 4A-4F, 5A-5F, 6 A-6F, 7A-7F, and 8A-8F are cross-sectional
views illustrating process steps of a method for fabricating a semiconductor device according
to the first embodiment. FIGS. 2A, 3A, 4A, 5A, 6A, 7A, and 8A illustrate cross-sectional
structures taken along the line III-III (along the gate length) in FIG. 1A in respective process
steps. FIGS. 2B, 3B, 4B, 5B, 6B, 7B, and 8B illustrate cross-sectional structures taken along
the line IV-IV (along the gate length) in FIG. 1A in the respective process steps. FIGS. 2C,
3C, 4C, 5C, 6C, 7C, and 8C illustrate cross-sectional structures taken along the line V-V
(along the gate length) in FIG. 1C in the respective process steps. FIGS. 2D, 2D, 3D, 4D,
5D, 6D, 7D, and 8D illustrate cross-sectional structures taken along the line VI-VI (along the
gate length) in FIG. 1C in the respective process steps. FIGS. 2E, 3E, 4E, 5E, 6E, 7E, and
8E illustrate cross-sectional structures taken along the line I-I (along the gate width) in FIG.
1A in the respective process steps. FIGS. 2F, 3F, 4F, 5F, 6F, 7F, and 8F illustrate

cross-sectional structures taken along the line II-II (along the gate width) in FIG. 1C in the

15 P615651

Page 71 of 304



10

15

20

25

respective process steps.

First, as illustrated in FIGS. 2A-2F, an isolation region 11 formed by filling a trench
with an insulating film is selectively formed in an upper portion of a semiconductor substrate
10 of, for example, p-type silicon by a method such as shallow trench isolation (STI).
Accordingly, in the NMIS region in the logic area, an active region 10a is formed in a portion
of the semiconductor substrate 10 surrounded by the isolation region 11. In the PMIS region
in the logic area, an active region 10b is formed in a portion of the semiconductor substrate 10
surrounded by the isolation region 11. In the NMIS region in the SRAM area, an active
region 10c is formed in a portion of the semiconductor substrate 10 surrounded by the
isolation region 11. In the PMIS region in the SRAM area, an active region 10d is formed in
a portion of the semiconductor substrate 10 surrounded by the isolation region 11.
Thereafter, a p-type impurity such as boron (B) is implanted into each of the NMIS regions of
the semiconductor substrate 10 by, for example, lithography and ion implantation.
Subsequently, an n-type impurity such as phosphorus (P) is implanted into each of the PMIS
regions of the semiconductor substrate 10 by, for example, lithography and ion implantation.
Then, the semiconductor substrate 10 is subjected to heat treatment at 850°C for 30 seconds,
for example, thereby forming a p-well region 12a on the semiconductor substrate 10 in the
NMIS region in the logic area, an n-well region 12b on the semiconductor substrate 10 in the
PMIS region in the logic area, a p-well region 12¢ on the semiconductor substrate 10 in the
NMIS region in the SRAM area, and an n-well region 12d on the semiconductor substrate 10
in the PMIS region in the SRAM area.

Next, as illustrated in FIGS. 3A-3F, the surface of the semiconductor substrate 10 is
cleaned with diluted hydrogen fluoride, and then a gate insulating film 13 of a silicon dioxide
film with a thickness of, for example, about 2 nm is formed by in-situ steam generation

(ISSG) oxidation on the active regions 10a, 10b, 10c, and 10d. Thereafter, the
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semiconductor substrate 10 is subjected to, for example, a nitrogen plasma process, thereby
nitriding the surface of the gate insulating film 13 to form a nitrided layer (not shown).
Then, annealing is performed, thereby removing nitrogen atoms with weak bonds from the
nitrided layer. Subsequently, a silicon film 14 of, for example, polysilicon with a thickness
of about 100 nm is deposited by, for example, chemical vapor deposition (CVD) over the gate
insulating film 13.

Then, as illustrated in FIGS. 3A-3F, with a mask pattern 51A covering the entire
NMIS region in the logic area and the entire SRAM area (i.e., the entire NMIS region and the
entire PMIS region in the SRAM area) and exposing the entire PMIS region in the logic area,
ions of a p-type impurity such as boron (B) are implanted into the silicon film 14 at a dose of
4 x10" em™, thereby forming a p-type silicon film 14P. Thereafter, with a mask pattern
52A covering the entire PMIS region in the logic area and exposing the entire NMIS region in
the logic area and the entire SRAM area (i.e., the entire NMIS region and the entire PMIS
region in the SRAM area), ions of an n-type impurity such as phosphorus (P) are implanted
into the silicon film 14 at a dose of 3 x 10'° cm™, thereby forming an n-type silicon film 14N.
That is, as a feature of this embodiment, ions of the n-type impurity are implanted in the gate
injection for the PMIS region in the SRAM area.

Formation of the p-type silicon film 14P and formation of the n-type silicon film
14N may be performed in any order. In FIGS. 3A-3F, not resist patterns formed on the
semiconductor substrate 10 by photolithography but mask patterns on photomasks for
forming these resist patterns are schematically shown as the mask patterns S1A and 52A for
simplicity. The mask patterns 51A and 52A are designed such that the PN boundary 41L
between the p-type silicon film 14P and the n-type silicon film 14N is located on a portion of
the isolation region 11 between the active region 10a and the active region 10b.

After formation of the p-type silicon film 14P and the n-type silicon film 14N, the
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semiconductor substrate 10 is subjected to heat treatment at 850°C for 30 seconds, for
example, thereby uniformizing a profile (specifically a profile vertical to the principal surface
of the substrate, hereinafter referred to as a vertical profile) of an impurity implanted in the
form of ions into each of the p-type silicon film 14P and the n-type silicon film 14N.

Thereafter, a resist pattern (not shown) having a gate shape is formed by
photolithography on the silicon film 14, and then using the resist pattern as a mask, the silicon
film 14 is patterned by dry etching. In this manner, as illustrated in FIGS. 4A-4F, a gate
electrode 30a including an n-type silicon film 14a is formed on the active region 10a with a
gate insulating film 13a interposed therebetween, a gate electrode 30b including a p-type
silicon film 14b is formed on the active region 10b with a gate insulating film 13b interposed
therebetween, a gate electrode 30c including an n-type silicon film 14c¢ is formed on the active
region 10c with a gate insulating film 13c interposed therebetween, and a gate electrode 30d
including an n -type silicon film 14d’ is formed on the active region 10d with a gate insulating
film 13d interposed therebetween. The gate electrode 30a and the gate electrode 30b are
connected to each other at the PN boundary 41L between the active region 10a and the active
region 10b on the isolation region 11, thereby forming a dual-gate electrode 311L.. The gate
electrode 30c and the gate electrode 30d are connected to each other on a portion of the
isolation region 11 between the active region 10c and the active region 10d, thereby forming a
dual-gate electrode 31S. At the end of the process step shown in FIGS. 4A-4F, no PN
boundary is formed in the dual-gate electrode 318S.

Subsequently, an insulating film for offset spacers of, for example, a silicon dioxide
film with a thickness of 8 nm is deposited by, for example, CVD over the entire surface of the
semiconductor substrate 10, and then the insulating film for offset spacers is subjected to
anisotropic etching. In this manner, as illustrated in FIGS. 5A-5F, offset spacers 15a are

formed on side surfaces of the gate insulating film 13a and the gate electrode 30a, offset
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spacers 15b are formed on side surfaces of the gate insulating film 13b and the gate electrode
30b, offset spacers 15¢ are formed on side surfaces of the gate insulating film 13c and the gate
electrode 30c, and offset spacers 15d are formed on side surfaces of the gate insulating film
13d and the gate electrode 30d.

Then, a resist pattern (not shown) exposing each NMIS region and covering each
PMIS region is formed on the semiconductor substrate 10, and then, using the resist pattern
and the gate electrodes 30a and 30c as masks, ions of an n-type impurity such as arsenic (As)
are implanted. With this process, as illustrated in FIGS. 5A-5D, n-type source/drain regions
(e.g., lightly doped drain (L.LDD) regions or extension regions) 16a and 16c¢ having relatively
shallow junction depths are defined in a self-aligned manner in portions of the active region
10a below the sides of the gate electrode 30a and in portions of the active region 10c below
the sides of the gate electrode 30c. Subsequently, a resist pattern (not shown) covering each
NMIS region and exposing each PMIS region is formed on the semiconductor substrate 10,
and using the resist pattern and the gate electrodes 30b and 30d as masks, ions of a p-type
impurity such as BF, are implanted. With this process, as illustrated in FIGS. 5A-5D, p-type
source/drain regions (e.g., L.LDD regions or extension regions) 16b and 16d having relatively
shallow junction depths are defined in a self-aligned manner in portions of the active region
10b below the sides of the gate electrode 30b and portions of the active region 10d below the
sides of the gate electrode 30d.

Formation of the n-type source/drain regions 16a and 16¢ and formation of the
p-type source/drain regions 16b and 16d may be performed in any order.

Then, a first insulating film of, for example, a silicon dioxide film with a thickness
of about 10 nm and a second insulating film of, for example, a silicon nitride film with a
thickness of about 30 nm are deposited in this order by, for example, CVD over the entire

surface of the semiconductor substrate 10, and then the first insulating film and the second
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insulating film are subjected to anisotropic etching. In this manner, as illustrated in FIGS.
6A-6F, sidewall spacers 19a are formed on side surfaces of the gate electrode 30a with the
offset spacers 15a interposed therebetween, sidewall spacers 19b are formed on side surfaces
of the gate electrode 30b with the offset spacers 15b interposed therebetween, sidewall
spacers 19c are formed on side surfaces of the gate electrode 30c with the offset spacers 15¢
interposed therebetween, and sidewall spacers 19d are formed on side surfaces of the gate
electrode 30d with the offset spacers 15d interposed therebetween. Each of the sidewall
spacers 19a includes an inner sidewall 17a having an L shape in cross section and made of the
first insulating film and an outer sidewall 18a located on the inner sidewall 17a and made of
the second insulating film. Each of the sidewall spacers 19b includes an inner sidewall 17b
having having an L shape in cross section and made of the first insulating film and an outer
sidewall 18b located on the inner sidewall 17b and made of the second insulating film. Each
of the sidewall spacers 19c includes an inner sidewall 17c having an L shape in cross section
and made of the first insulating film and an outer sidewall 18c located on the inner sidewall
17¢ and made of the second insulating film. Each of the sidewall spacers 19d includes an
inner sidewall 17d having an L shape in cross section and made of the first insulating film and
an outer sidewall 18d located on the inner sidewall 17d and made of the second insulating
film.

Subsequently, as illustrated in FIGS. 6 A-6F, using a mask pattern 53 covering the
entire NMIS region in the logic area and the entire NMIS region in the SRAM area, the gate
electrode 30b, the offset spacers 15b, and the sidewall spacers 19b in the active region 10b,
and the gate electrode 30d, the offset spacers 15d, and the sidewall spacers 19d in the active
region 10d as mask, ions of a p-type impurity such as boron (B) are implanted into the active

2

region 10b and the active region 10d at a dose of 5 x 10"° cm™.  In this manner, p-type

source/drain regions 20b having a junction depth deeper than that of the shallow p-type
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source/drain regions 16b and connected to the p-type source/drain regions 16b are defined in a
self-aligned manner below the outer sides of the sidewall spacers 19b in the active region 10b,
and p-type source/drain regions 20d having a junction depth deeper than that of the shallow
p-type source/drain regions 16d and connected to the p-type source/drain regions 16d are
defined in a self-aligned manner below the outer sides of the sidewall spacers 19d in the
active region 10d. In this process step, the p-type impurity is also implanted into the p-type
silicon film 14b forming the gate electrode 30b and the n-type silicon film 14d’ forming the
gate electrode 30d, thereby increasing the p-type impurity concentration of the p-type silicon
film 14b and changing the n-type silicon film 14d’ into the p-type silicon film 14d. In this
manner, a PN boundary 41S between the n-type silicon film l4c (the gate electrode 30c¢) and
the p-type silicon film n 14d (the gate electrode 30d) is formed in the dual-gate electrode 31S.
At this time, the p-type impurity concentration of the p-type silicon film 14b is higher than
that of the p-type silicon film 14d.

Thereafter, as illustrated in FIGS. 6A-6F, using a mask pattern 54 covering the
entire PMIS region in the logic area and the entire PMIS region in the SRAM area, the gate
electrode 30a, the offset spacers 15a, and the sidewall spacers 19a in the active region 10a,
and the gate electrode 30c, the offset spacers 15c¢, and the sidewall spacers 19¢ in the active
region 10c as masks, ions of an n-type impurity such as arsenic (As) are implanted into the
active region 10a and the active region 10c at a dose of 4 x10" to 5 ><’1015 cm™. In this
manner, n-type source/drain regions 20a having a junction depth deeper than that of the
shallow n-type source/drain regions 16a and connected to the n-type source/drain regions 16a
are defined in a self-aligned manner below the outer sides of the sidewall spacers 19a in the
active region 10a, and n-type source/drain regions 20c having a junction depth deeper than
that of the shallow n-type source/drain regions 16c and connected to the n-type source/drain

regions 16c¢ are defined in a self-aligned manner below the outer sides of the sidewall spacers
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19c¢ in the active region 10c.

Formation of the p-type source/drain regions 20b and 20d and formation of the
n-type source/drain regions 20a and 20c may be performed in any order. In FIGS. 6A-6F,
not resist patterns formed by photolithography on the semiconductor substrate 10 but mask
patterns on photomasks for forming the resist patterns are schematically shown as the mask
patterns 53 and 54 for simplicity. The mask patterns 53 and 54 are designed such that the
location (i.e., on a portion of the isolation region 11 between the active region 10a and the
active region 10b) of the PN boundary 41L between the p-type silicon film 14a (the gate
electrode 30a) and the n-type silicon film 14b (the gate electrode 30b) is not changed and that
the PN boundary 41S between the p-type silicon film 14c (the gate electrode 30c) and the
n-type silicon film 14d (the gate electrode 30d) is located on a portion of the isolation region
11 between the active region 10c and the active region 10d.

After formation of the n-type source/drain regions 20a and 20c and the p-type
source/drain regions 20b and 20d, the semiconductor substrate 10 is subjected to heat
treatment, thereby activating the impurities implanted into the n-type source/drain regions 20a
and 20c and the p-type source/drain regions 20b and 20d.

Then, natural oxide films (not shown) on the surfaces of the deep n-type
source/drain regions 20a and 20c and the deep p-type source/drain regions 20b and 20d are
removed, and then a metal film (not shown) of, for example, nickel with a thickness of about
10 nm is deposited by, for example, sputtering over the entire surface of the semiconductor
substrate 10.  Thereafter, first rapid thermal annealing (RTA) is performed on the
semiconductor substrate 10 at, for example, 320°C in, for example, a nitrogen atmosphere,
thereby causing silicon (Si) in surface portions of the deep n-type source/drain regions 20a
and 20c and the deep p-type source/drain regions 20b and 20d and nickel (Ni) in the metal

film to react with each other. In this manner, as illustrated in FIGS. 7A-7F, metal silicide
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layers 21a-21d of nickel silicide are formed on the deep n-type source/drain regions 20a and
20c and the deep p-type source/drain regions 20b and 20d. In this process step, Si in surface
portions of the n-type silicon films 14a and 14c constituting the gate electrode 30a and 30c
and the p-type silicon films 14b and 14d constituting the gate electrodes 30b and 30d also
reacts with Ni in the metal film, thereby forming metal silicide layers 22a-22d of nickel
silicide on the gate electrodes 30a-30d. Subsequently, the semiconductor substrate 10 is
immersed in an etchant of a mixed solution of, for example, sulfuric acid and a hydrogen
peroxide solution, thereby removing unreacted portions of the metal film remaining on, for
example, the isolation region 11, the offset spacers 15a-15d, and the sidewall ;pacers
19a-19d. Then, second RTA is performed at a temperature (e.g., 550°C) higher than that in
the first RTA, thereby stabilizing the silicide content in each of the metal silicide layers
21a-21d and the metal silicide layers 22a-22d.

Thereafter, as illustrated in FIGS. 8A-8F, an insulating film 23 of, for example, a
silicon nitride film a thickness of about 20 nm is deposited by, for example, plasma CVD over
the entire surface of the semiconductor substrate 10. Then, an interlayer insulating film 24
of, for example, a silicon dioxide film is deposited by, for example, CVD over the insulating
film 23. Subsequently, the surface of the interlayer insulating film 24 is planarized by, for
example, chemical mechanical polishing (CMP). Then, as in a method for fabricating a
semiconductor device with a general MIS transistor, a resist film (not shown) having a contact
hole pattern is formed on the interlayer insulating film 24, and using the resist film as a mask,
contact holes 25a-25d are formed by dry etching in the insulating film 23 and the interlayer
insulating film 24 such that the contact holes 25a-25d reach the upper surfaces of the metal
silicide layers 21a-21d, respectively. In this process step, a two-step etching process in
which etching is temporarily stopped when the insulating film 23 is exposed is employed,

thereby reducing the amount of overetching of the metal silicide layers 21a-21d. Thereafter,
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a barrier metal film (not shown) as a stack of, for example, a titanium film and a titanium
nitride film is formed by, for example, sputtering or CVD on each of the bottoms and side
surfaces of the contact holes 25a-25d. Subsequently, a tungsten film, for example, is
deposited by CVD over the interlayer insulating film 24 to fill the contact holes 25a-25d, and
then portions of the tungsten film located outside the contact holes 25a-25d are removed by,
for example, CMP. In this manner, contacts 26a-26d in each of which the tungsten film is
buried with the barrier metal film interposed between the contact hole and the tungsten film
are formed in the contact holes 25a-25d. Thereafter, metal interconnects (not shown)
electrically connected to the contacts 26a-26d are formed on the interlayer insulating film 24.

In the foregoing manner, the semiconductor device of this embodiment, i.e., the
semiconductor device including: an NMISFET located in the logic area and including the gate
electrode 30a having the n-type silicon film 14a; a PMISFET located in the logic area and
including the gate electrode 30b having the p-type silicon film 14b; an NMISFET located in
the SRAM area and including the gate electrode 30c having the n-type silicon film 14c¢; and a
PMISFET located in the SRAM area and including the gate electrode 30d having the p-type
silicon film 14d, can be fabricated.

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the
silicon film 14, substantially only the n-type impurity is present in portions of the silicon film
14 constituting the gate electrodes 30c and 30d in the SRAM area susceptible to the influence
of mutual diffusion of the impurities because of a small width of the isolation region 11
(specifically a portion of the isolation region 11 between the active region 10c and the active
region 10d). Accordingly, it is possible to avoid occurrence of difference in the etching
speed of the silicon film 14 caused by difference between ion species of the implanted
impurities. Thus, no difference occurs in gate dimensions between the gate electrode 30c of

the NMISFET and the gate electrode 30d of the PMISFET, thereby reducing variations in
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transistor characteristics due to variations in gate length. In addition, in dry-etching the
silicon film 14, it is necessary to uniformize the vertical profile of an impurity implanted into
the silicon film 14 beforehand by annealing. However, in this embodiment, since
substantially only an n-type impurity is present in a portion of the silicon film 14 located in
the SRAM area at the time when the silicon film 14 is etched, the influence of mutual
diffusion (specifically diffusion in the direction parallel to the principal surface of the
substrate) of the impurities due to the annealing is substantially negligible. As a result,
variations in transistor characteristics can be further reduced.

In this embodiment, in an a portion of the silicon film 14 constituting the gate
electrode 30d of the PMIS region in the SRAM area, the n-type impurity is implanted in the
gate injection, whereas the p-type impurity is implanted in source/drain implantation.
Accordingly, to form the PMISFET in the SRAM area as a surface channel type, the n-type
impurity concentration in the gate injection is preferably lower than the p-type impurity
concentration in the source/drain implantation. In this case, as a feature of this embodiment,
the p-type impurity concentration of the p-type silicon film 14b constituting the gate electrode
30b in the PMIS region in the logic area is higher than that of the p-type silicon film 14d in
constituting the gate electrode 30d in the PMIS region in the SRAM area.

In this embodiment, gate injection of the n-type impurity is performed on the NMIS
region and the PMIS region in the SRAM area, and then source/drain implantation of the
p-type impurity is performed, thereby reversing the conductivity type of a portion of the
silicon film 14 constituting the gate electrode 30d in the PMIS region in the SRAM area to the
p-type. Alternatively, the conductivity type of a portion of the silicon film 14 constituting
the gate electrode 30c in the NMIS region in the SRAM area may be reversed to the n-type by
performing gate injection of the p-type impurity on the NMIS region and the PMIS region in

the SRAM area and then performing source/drain implantation of the n-type impurity.
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(SECOND EMBODIMENT)

A semiconductor device according to a second embodiment of the present
disclosure will be described hereinafter with reference to the drawings.

FIG. 9A is a plan view illustrating a logic area of the semiconductor device of the
second embodiment. FIG. 9B is a cross-sectional view taken along the line I-I (along the
gate width) in FIG. 9A. FIG. 9C is a plan view illustrating an SRAM area of the
semiconductor device of the second embodiment. FIG. 9D is a cross-sectional view taken
along the line II-1I (along the gate width) in FIG. 9C. In FIGS. 9A-9D, sidewall spacers, a
silicide layer, and an interlayer film, for example, are not shown for simplicity, and contacts
are not shown in FIGS. 9B and 9D. In FIGS. 9A-9D, components already shown in FIGS.
1A-1D for the first embodiment are denoted by the same reference characters, and
descriptions thereof will not be repeated and only different characteristics will be described
hereinafter.

The second embodiment is different from the first embodiment in the following
aspects. As illustrated in FIGS. 9A and 9B, a dual-gate electrode 31L in a logic area
includes: a gate electrode 30a located in an NMIS region and including an n-type silicon film
14al provided on an active region 10a and a portion of an isolation region 11 near the active
region 10a and an n-type silicon film 14a2 provided on portions of the isolation region 11 at
both ends of the n-type silicon film 14al; and a gate electrode 30b located on a PMIS region
and including a p-type silicon film 14b1 provided on an active region 10b and a portion of the
isolation region 11 near the active region 10b and a p-type silicon film 14b2 provided on
portions of the isolation region 11 at both ends of the p-type silicon film 14b1.

The configuration of the SRAM area illustrated in FIGS. 9C and 9D including the
structure of a dual-gate electrode 31S is the same as that in the SRAM area of the first

embodiment illustrated in FIGS. 1C and 1D. Specifically, in the same manner as in the first
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embodiment, the dual-gate electrode 318 includes a gate electrode 30c located on an NMIS
region and including an n-type silicon film 14c and a gate electrode 30d located on a PMIS
region and including a p-type silicon film 14d.

A feature of this embodiment is that the p-type silicon film 14bl has a p-type
impurity concentration lower than that of the p-type silicon film 14b2. In addition, each of
the p-type silicon film 14bl and the p-type silicon film 14b2 has a p-type impurity
concentration higher than that of the p-type silicon film 14d. The n-type silicon film 14al
has an n-type impurity concentration lower than that of each of the n-type silicon film 14a2
and the n-type silicon film 14c. The n-type silicon film 14a2 has an n-type impurity
concentration substantially equal to that of the n-type silicon film 14c.

A method for fabricating a semiconductor device according to the second
embodiment will be described hereinafter with reference to the drawings. The method for
fabricating a semiconductor device of this embodiment is different from that of the first
embodiment only in the location of gate injection in the logic area (see FIGS. 10A-10F).

FIGS. 10A-10F are cross-sectional views illustrating a process step of the method
for fabricating a semiconductor device of the second embodiment. FIG. 10A illustrates a
cross-sectional structure in the process step taken along the line III-III (along the gate length)
in FIG. 9A. FIG. 10B illustrates a cross-sectional structure in the process step taken along
the line IV-IV (along the gate length) in FIG. 9A. FIG. 10C illustrates a cross-sectional
structure in the process step taken along the line V-V (along the gate length) in FIG. 9C.
FIG. 10D illustrates a cross-sectional structure in the process step taken along the line VI-VI
(along the gate length) in FIG. 9C. FIG. 10E illustrates a cross-sectional structure in the
process step taken along the line I-I (along the gate width) in FIG. 9A. FIG. 10F illustrates a
cross-sectional structure in the process step taken along the line II-II (along the gate width) in

FIG. 9C.
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In this embodiment, first, the same process step as that of the first embodiment
illustrated in FIGS. 2A-2F is performed. Thereafter, as illustrated in FIGS. 10A-10F, the
surface of a semiconductor substrate 10 is cleaned with, for example, diluted hydrogen
fluoride, and then a gate insulating film 13 of, for example, a silicon dioxide film with a
thickness of about 2 nm is deposited by, for example, ISSG oxidation on the active regions
10a, 10b, 10c, and 10d. Subsequently, the semiconductor substrate 10 is subjected to, for
example, a nitrogen plasma process, thereby nitriding the surface of the gate insulating film
13 to form a nitrided layer (not shown). Then, annealing is performed, thereby removing
nitrogen atoms with weak bonds from the nitrided layer. Subsequently, a silicon film 14 of,
for example, polysilicon with a thickness of about 100 nm is deposited by, for example, CVD
over the gate insulating film 13.

Then, as illustrated in FIGS. 10A-10F, with a mask pattern 51B covering the entire
NMIS region and the active region 10b in the PMIS region in the logic area and the entire
SRAM area (i.e., the entire NMIS region and the entire PMIS region in the SRAM area) and
exposing the isolation region 11 in the PMIS region in the logic area, ions of a p-type
impurity such as boron (B) are implanted into the silicon film 14 at a dose of 4 x10" cm?,
thereby forming a p-type silicon film 14P on a portion of the isolation region 11 in the PMIS
region in the logic area. In this process step, the length (e.g., about 50 nm) of a portion of
the isolation region 11 covered with the mask pattern 51B near the active region 10b in the
PMIS region in the logic area is determined in consideration of the influence of mutual
diffusion of the impurities. Thereafter, with a mask pattern 52B covering the entire PMIS
region and the active region 10a in the NMIS region in the logic area and exposing the
isolation region 11 in the NMIS region in the logic area and the entire SRAM area (i.e., the

entire NMIS region and the entire PMIS region in the SRAM area), ions of an n-type impurity

-2

such as phosphorus (P) are implanted into the silicon film 14 at a dose of 3 x 10" ¢cm™,
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thereby forming an n-type silicon film 14N on a portion of the isolation region 11 located in
the NMIS region in the logic area and the entire SRAM area. In this process step, the length
(e.g., about 50 nm) of a portion of the isolation region 11 covered with the mask pattern 51B
near the active region 10a in the NMIS region in the logic area is determined in consideration
of the influence of mutual diffusion of the impurities. That is, in this embodiment, ions of
the n-type impurity are implanted in gate injection for the PMIS region in the SRAM area in
the same manner as in the first embodiment.

Formation of the p-type silicon film 14P and formation of the n-type silicon film
14N may be performed in any order. In FIGS. 10A-10F, not resist patterns formed on the
semiconductor substrate 10 by photolithography but mask patterns on photomasks for
forming these resist patterns are schematically shown as the mask patterns 51B and 52B for
simplicity. The mask patterns 51B and 52B are designed such that a PN boundary 41L
between the p-type silicon film 14P and the n-type silicon film 14N is located on a portion of
the isolation region 11 between the active region 10a and the active region 10b.

After formation of the p-type silicon film 14P and the n-type silicon film 14N, the
semiconductor substrate 10 is subjected to heat treatment at 850°C for 30 seconds, for
example, thereby uniformizing a vertical profile of an impurity implanted as ions into each of
the p-type silicon film 14P and the n-type silicon film 14N.

Thereafter, process steps similar to the process step (gate patterning) illustrated in
FIGS. 4A-4F, the process step (formation of offset spacers and shallow source/drain regions)
illustrated in FIGS. 5A-5F, the process step (formation of sidewall spacers and deep
source/drain regions) illustrated in FIGS. 6A-6F, the process step (formation of a silicide
layer) illustrated in FIGS. 7A-7F, and the process step (formation of an interlayer insulating
film and a contact silicide layer) illustrated in FIGS. 8A-8F of the first embodiment are

performed in order.
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In the foregoing manner, the semiconductor device of this embodiment, i.e., the
semiconductor device including: an NMISFET located in the logic area and including the gate
electrode 30a having the n-type silicon films 14al and 14a2; a PMISFET located in the logic
area and including the gate electrode 30b having the p-type silicon films 14bl and 14b2; an
NMISFET located in the SRAM area and including the gate electrode 30c having the n-type
silicon film 14c; and a PMISFET located in the SRAM area and including the gate electrode
30d having the p-type silicon film 14d, can be fabricated.

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the
silicon film 14, substantially only the n-type impurity is present in portions of the silicon film
14 constituting the gate electrodes 30c and 30d in the SRAM area susceptible to the influence
of mutual diffusion of the impurities because of a small width of the isolation region 11
(specifically a portion of the isolation region 11 between the active region 10c and the active
region 10d). Accordingly, it is possible to avoid occurrence of difference in the etching
speed of the silicon film 14 caused by difference between ion species of the implanted
impurities. Thus, no difference occurs in gate dimensions between the gate electrode 30c of
the NMISFET and the gate electrode 30d of the PMISFET, thereby reducing variations in
transistor characteristics due to variations in gate length. In addition, in dry-etching the
silicon film 14, it is necessary to uniformize the vertical profile of an impurity implanted into
the silicon film 14. However, in this embodiment, since substantially only the n-type
impurity is present in a portion of the silicon film 14 located in the SRAM area at the time
when the silicon film 14 is etched in the same manner as in the first embodiment, the
influence of mutual diffusion (specifically diffusion in the direction parallel to the principal
surface of the substrate) of the impurities due to the annealing is substantially negligible. As-
a result, variations in transistor characteristics can be further reduced.

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the
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silicon film 14, substantially no impurities are implanted into portions of the silicon film 14 at
least on the active regions 10a and 10b in the logic area. Accordingly, it is possible to avoid
occurrence of difference in the etching speed of the silicon film 14 caused by difference
between ion species of the implanted impurities. Thus, no difference occurs in gate
dimensions between the gate electrode 30a of the NMISFET and the gate electrode 30b of the
PMISFET, thereby reducing variations in transistor characteristics due to variations in gate
length.

In addition, in this embodiment, in a portion of the silicon film 14 constituting the
gate electrode 30d in the PMIS region in the SRAM area, the n-type impurity is implanted in
the gate injection, whereas the p-type impurity is implanted in source/drain implantation.
Accordingly, to form the PMISFET in the SRAM area as a surface channel type, the n-type
impurity concentration in the gate injection is preferably lower than the p-type impurity
concentration in the source/drain implantation, as in the first embodiment. In this case, as a
feature of this embodiment, the p-type impurity concentration of each of the p-type silicon
films 14b1 and 14b2 constituting the gate electrode 30b in the PMIS region in the logic area is
higher than that of the p-type silicon film 14d in constituting the gate electrode 30d in the
PMIS region in the SRAM area.

Further, in this embodiment, the n-type silicon film 14al on the active region 10a
formed in the logic area has an n-type impurity concentration lower than that of the n-type
silicon film 14a2 on a portion of the isolation region 11 formed in the logic area, and the
p-type silicon film 14bl on the active region 10b formed in the logic area has a p-type
impurity concentration lower than that of the p-type silicon film 14b2 on a portion of the
isolation region 11 formed in the logic area. Accordingly, although the gate electrodes 30a
and 30b on the active regions 10a and 10b formed in the logic area have high resistances,

metal silicide layers 22a and 22b are formed on the gate electrodes 30a and 30b, and the gate
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electrodes 30a and 30b (i.e., gate lines) on portions of the isolation region 11 formed in the
logic area have high impurity concentrations similar to those in the first embodiment. In this
manner, a delay of the circuit speed due to increase in resistance of the gate electrodes 30a
and 30b on the active regions 10a and 10b can be reduced. Since no impurities are
implanted into portions of the silicon film 14 constituting the gate electrodes 30a and 30b on
the active regions 10a and 10b in gate injection in this embodiment, an impurity in an amount
necessary for preventing formation of depletion in the final structure needs to be implanted in
source/drain implantation. In a case where a delay of the circuit speed due to an increase in
resistance of the gate electrodes 30a and 30b on the active regions 10a and 10b has a small
influence, an impurity does not need to be implanted into portions the silicon film 14
constituting the gate electrodes 30a and 30b on portions of the isolation region 11 formed in
the logic area in gate injection.

In this embodiment, gate injection of the n-type impurity is performed on the NMIS
region and the PMIS region in the SRAM area, and then source/drain implantation of the
p-type impurity is performed, thereby reversing the conductivity type of a portion of the
silicon film 14 constituting the gate electrode 30d in the PMIS region in the SRAM area to the
p-type. Alternatively, the conductivity type of a portion of the silicon film 14 constituting
the gate electrode 30c¢ in the NMIS region in the SRAM area may be reversed to the n-type by
performing gate injection of an p-type impurity on the NMIS region and the PMIS region in
the SRAM area and then performing source/drain implantation of an n-type impurity.

(THIRD EMBODIMENT)

A semiconductor device according to a third embodiment of the present disclosure
will be described hereinafter with reference to the drawings.

FIG. 11A is a plan view illustrating a logic area of the semiconductor device of the

third embodiment. FIG. 11B is a cross-sectional view taken along the line I-I (along the
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gate width) in FIG. 11A. FIG. 11C is a plan view illustrating an SRAM area of the
semiconductor device of the third embodiment. FIG. 11D is a cross-sectional view taken
along the line II-II (along the gate width) in FIG. 11C. In FIGS. 11A-11D, sidewall
spacers, a silicide layer, and an interlayer film, for example, are not shown for simplicity,
and contacts are not shown in FIGS. 11B and 11D. In FIGS. 11A-11D, components already
shown in FIGS. 1A-1D for the first embodiment are denoted by the same reference
characters, and descriptions thereof will not be repeated and only different characteristics
will be described hereinafter.

The third embodiment is different from the first embodiment in the following
aspects. As illustrated in FIGS. 11A and 11B, in the same manner as in the second
embodiment illustrated in FIGS. 9A and 9B, a dual-gate electrode 31L includes: a gate
electrode 30a located in an NMIS region and including an n-type silicon film 14al provided
on an active region 10a and a portion of the isolation region 11 near the active region 10a and
an n-type silicon film 14a2 provided on portions of the isolation region 11 at both ends of the
n-type silicon film 14al; and a gate electrode 30b located on a PMIS region and including a
p-type silicon film 14b1 provided on an active region 10b and a portion of the isolation region
11 near the active region 10b and a p-type silicon film 14b2 provided on portions of the
isolation region 11 at both ends of the p-type silicon film 14b1.

The configuration of an SRAM area illustrated in FIGS. 11C and 11D including the
structure of a dual-gate electrode 318 is basically the same as that in the SRAM area of the
first embodiment illustrated in FIGS. 1C and 1D. Specifically, in the same manner as in the
first embodiment, the dual-gate electrode 31S includes a gate electrode 30c located in an
NMIS region and including an n-type silicon film 14c and a gate electrode 30d located in a
PMIS region and including a p-type silicon film 14d. However, in this embodiment, the

n-type impurity concentration of the n-type silicon film 1l4c¢ and the p-type impurity
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concentration of the p-type silicon film 14d are lower than those in the first embodiment.

A feature of this embodiment is that the p-type silicon film 14b2 has a p-type
impurity concentration higher than that of the p-type silicon film 14d and that the p-type
silicon film 14b1 has a p-type impurity concentration substantially equal to that of the p-type
silicon film 14d. Specifically, the p-type silicon film 14bl has a p-type impurity
concentration lower than that of the p-type silicon film 14b2. The n-type silicon film 14al
has an n-type impurity concentration substantially equal to that of the n-type silicon film 14c.
The n-type silicon film 14al has an n-type impurity concentration lower than that of the
n-type silicon film 14a2. Specifically, the n-type silicon film 14a2 has an n-type impurity
concentration lower than that of the n-type silicon film 14c,

A method for fabricating a semiconductor device according to the third embodiment
will be described hereinafter with reference to the drawings. The method for fabricating a
semiconductor device of this embodiment is different from that of the first embodiment only
in the location of gate injection in each of the logic area and the SRAM area (see FIGS.
12A-12F).

FIGS. 12A-12F are cross-sectional views illustrating a process step of the method
for fabricating a semiconductor device of the third embodiment. FIG. 12A illustrates a
cross-sectional structure in the process step taken along the line II-III (along the gate length)
in FIG. 11A. FIG. 12B illustrates a cross-sectional structure in the process step taken along
the line IV-IV (along the gate length) in FIG. 11A. FIG. 12C illustrates a cross-sectional
structure in the process step taken along the line V-V (along the gate length) in FIG. 11C.
FIG. 12D illustrates a cross-sectional structure in the process step taken along the line VI-VI
(along the gate length) in FIG. 11C. FIG. 12E illustrates a cross-sectional structure in the
process step taken along the line I-I (along the gate width) in FIG. 11A. FIG. 12F illustrates

a cross-sectional structure in the process step taken along the line II-II (along the gate width)
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in FIG. 11C.

In this embodiment, first, the same process step as that of the first embodiment
illustrated in FIGS. 2A-2F is performed. Thereafter, as illustrated in FIGS. 12A-12F, the
surface of a semiconductor substrate 10 is cleaned with, for example, diluted hydrogen
fluoride, and then a gate insulating film 13 of, for example, a silicon dioxide film with a
thickness of about 2 nm is deposited by, for example, ISSG oxidation on the active regions
10a, 10b, 10c, and 10d. Subsequently, the semiconductor substrate 10 is subjected to, for
example, a nitrogen plasma process, thereby nitriding the surface of the gate insulating film
13 to form a nitrided layer (not shown). Then, annealing is performed, thereby removing
nitrogen atoms with weak bonds from the nitrided layer. Subsequently, a silicon film 14 of,
for example, polysilicon with a thickness of about 100 nm is deposited by, for example, CVD
over the gate insulating film 13.

Then, as illustrated in FIGS. 12A-12F, with a mask pattern 51C covering the entire
NMIS region and the active region 10b in the PMIS region in the logic area and the entire
SRAM area (i.e., the entire NMIS region and the entire PMIS region in the SRAM area) and
exposing the isolation region 11 in the PMIS region in the logic area, ions of a p-type
impurity such as boron (B) are implanted into the silicon film 14 at a dose of 4 %10 cm™?,
thereby forming a p-type silicon film 14P on a portion of the isolation region 11 in the PMIS
region in the logic area. In this process step, the length (e.g., about 50 nm) of a portion of
the isolation region 11 covered with the mask pattern 51C near the active region 10b in the
PMIS region in the logic area is determined in consideration of the influence of mutual
diffusion of the impurities. Thereafter, with a mask pattern 52C covering the entire PMIS
region and the active region 10a in the NMIS region in the logic area and the entire SRAM

area (i.e., the entire NMIS region and the entire PMIS region in the SRAM area) and exposing

the isolation region 11 in the NMIS region in the logic area, ions of an n-type impurity such
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as phosphorus (P) are implanted into the silicon film 14 at a dose of 3 x 10" cm?, thereby
forming an n-type silicon film 14N on a portion of the isolation region 11 located in the
NMIS region in the logic area. In this process step, the length (e.g., about 50 nm) of a
portion of the isolation region 11 covered with the mask pattern 52C near the active region
10a in the NMIS region in the logic area is determined in consideration of the influence of
mutual diffusion of the impurities. That is, in this embodiment, no gate injection is
performed on any of the NMIS region and PMIS region in the SRAM area, unlike the first
and second embodiments.

Formation of the p-type silicon film 14P and formation of the n-type silicon film
14N may be performed in any order. In FIGS. 12A-12F, not resist patterns formed on the
semiconductor substrate 10 by photolithography but mask patterns on photomasks for
forming these resist patterns are schematically shown as the mask patterns 51C and 52C for
simplicity. The mask patterns 51C and 52C are designed such that a PN boundary 41L
between the p-type silicon film 14P and the n-type silicon film 14N is located on a portion of
the isolation region 11 between the active region 10a and the active region 10b.

After formation of the p-type silicon film 14P and the n-type silicon film 14N, the
semiconductor substrate 10 is subjected to heat treatment at, for example, 850°C for 30
seconds, thereby uniformizing a vertical profile of an impurity implanted as ions into each of
the p-type silicon film 14P and the n-type silicon film 14N.

Thereafter, process steps similar to the process step (gate patterning) illustrated in
FIGS. 4A-4F and the process step (formation of offset spacers and shallow source/drain
regions) illustrated in FIGS. 5A-5F, the process step (formation of sidewall spacers and deep
source/drain regions) illustrated in FIGS. 6A-6F, the process step (formation of a silicide
layer) illustrated in FIGS. 7A-7F, and the process step (formation of an interlayer insulating

film and a contact silicide layer) illustrated in FIGS. 8A-8F of the first embodiment are
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performed in order.

In the foregoing manner, the semiconductor device of this embodiment, i.e., the
semiconductor device including: an NMISFET located in the logic area and including the gate
electrode 30a having the n-type silicon films 14al and 14a2; a PMISFET located in the logic
area and including the gate electrode 30b having the p-type silicon films 14bl and 14b2; an
NMISFET located in the SRAM area and including the gate electrode 30c having the n-type
silicon film 14c; and a PMISFET located in the SRAM area and including the gate electrode
30d having the p-type silicon film 14d, can be fabricated.

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the
silicon film 14, no impurities are implanted into portions of the silicon film 14 constituting the
gate electrodes 30c and 30d in the SRAM area susceptible to the influence of mutual diffusion
of the impurities because of a small width of the isolation region 11 (specifically a portion of
the isolation region 11 between the active region 10c and the active region 10d).
Accordingly, it is possible to avoid occurrence of difference in the etching speed of the silicon
film 14 caused by difference between ion species of the implanted impurities. Thus, no
difference occurs in gate dimensions between the gate electrode 30c of the NMISFET and the
gate electrode 30d of the PMISFET, thereby reducing variations in transistor characteristics
due to variations in gate length. In addition, in dry-etching the silicon film 14, it is necessary
to uniformize the vertical profile of an impurity implanted into the silicon film 14 beforehand
by annealing. However, in this embodiment, since substantially no impurities are implanted
into a portion of the silicon film 14 located in the SRAM area at the time when the silicon
film 14 is etched, the influence of mutual diffusion (specifically diffusion in the direction
parallel to the principal surface of the substrate) of the impurities due to the annealing is
substantially negligible. As a result, variations in transistor characteristics can be further

reduced.
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In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the
silicon film 14, substantially no impurities are implanted into portions of the silicon film 14 at
least on the active regions 10a and 10b in the logic area. Accordingly, it is possible to avoid
occurrence of difference in the etching speed of the silicon film 14 caused by difference
between ion species of the implanted impurities. Thus, no difference occurs in gate
dimensions between the gate electrode 30a of the NMISFET and the gate electrode 30b of the
PMISFET, thereby reducing variations in transistor characteristics due to variations in gate
length.

In addition, in this embodiment, the n-type silicon film 14al on the active region
10a formed in the logic area has an n-type impurity concentration lower than that of the
n-type silicon film 14a2 on a portion of the isolation region 11 formed in the logic area, and
the p-type silicon film 14bl on the active region 10b formed in the logic area has a p-type
impurity concentration lower than that of the p-type silicon film 14b2 on a portion of the
isolation region 11 formed in the logic area. Accordingly, although the gate electrodes 30a
and 30b on the active regions 10a and 10b formed in the logic area have high resistances,
metal silicide layers 22a and 22b are formed on the gate electrodes 30a and 30b, and the gate
electrodes 30a and 30b (i.e., gate lines) on portions of the isolation region 11 formed in the
logic area have high impurity concentrations similar to those in the first embodiment. In this
manner, a delay of the circuit speed due to increase in resistance of the gate electrodes 30a
and 30b on the active regions 10a and 10b can be reduced. Since no impurities are
implanted into the silicon film 14 constituting the gate electrodes 30a and 30b on the active
regions 10a and 10b in gate injection in this embodiment, an impurity in an amount necessary
for preventing formation of depletion in the final structure needs to be implanted in
source/drain implantation. In a case where a delay of the circuit speed due to an increase in

resistance of the gate electrodes 30a and 30b on the active regions 10a and 10b has a small
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influence, an impurity does not need to be implanted into portions of the silicon film 14
constituting the gate electrodes 30a and 30b on portions of the isolation region 11 formed in
the logic area in gate injection.

Further, in this embodiment, no impurities are implanted into portions of the silicon
film 14 constituting the gate electrodes 30c and 30d in the SRAM area in gate injection, i.e.,
impurities are implanted into portions of the silicon film 14 constituting the gate electrodes
30c and 30d only in source/drain implantation. Thus, the gate electrodes 30c and 30d have
resistances higher than those of the gate electrodes 30a and 30b in the logic area. However,
since transistors for SRAM circuits do not need to operate at high speed, unlike transistors for
logic circuits, the influence of, for example, a delay of the circuit speed due to increase in
resistance of the gate electrodes 30c and 30d is small.

(FOURTH EMBODIMENT)

A semiconductor device according to a fourth embodiment of the present disclosure
will be described hereinafter with reference to the drawings.

FIG. 13A is a plan view illustrating a logic area of the semiconductor device of the
fourth embodiment. FIG. 13B is a cross-sectional view taken along the line I-I (along the
gate width) in FIG. 13A. FIG. 13C is a plan view illustrating an SRAM area of the
semiconductor device of the fourth embodiment. FIG. 13D is a cross-sectional view taken
along the line II-II (along the gate width) in FIG. 13C. In FIGS. 13A-13D, sidewall
spacers, a silicide layer, and an interlayer film, for example, are not shown for simplicity,
and contacts are not shown in FIGS. 13B and 13D. In FIGS. 13A-13D, components already
shown in FIGS. 1A-1D for the first embodiment are denoted by the same reference
characters, and descriptions thereof will not be repeated and only different characteristics
will be described hereinafter.

The configuration of the logic area illustrated in FIGS. 13A and 13B including the
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structure of a dual-gate electrode 31L is the same as that of the logic area of the first
embodiment illustrated in FIGS. 1A and 1B. Specifically, in the same manner as in the first
embodiment, the dual-gate electrode 31L includes a gate electrode 30a located in an NMIS
region and including an n-type silicon film 14a and a gate electrode 30b located in a PMIS
region and including a p-type silicon film 14b.

On the other hand, the configuration of the SRAM area illustrated in FIGS. 13C and
13D including the structure of a dual-gate electrode 318 is basically the same as that in the
SRAM area of the first embodiment illustrated in FIGS. 1C and 1D. Specifically, in the
same manner as in the first embodiment, the dual-gate electrode 318 includes a gate electrode
30c located on an NMIS region and including an n-type silicon film 14c and a gate electrode
30d located on a PMIS region and including a p-type silicon film 14d. However, in this
embodiment, the n-type impurity concentration of the n-type silicon film 14c and the p-type
impurity concentration of the p-type silicon film 14d are lower than those in the first
embodiment.

A feature of this embodiment is that the p-type silicon film 14b has a p-type
impurity concentration higher than that of the p-type silicon film 14d and that the n-type
silicon film 14a has an n-type impurity concentration higher than that of the n-type silicon
film 14c.

A method for fabricating a semiconductor device according to the fourth
embodiment will be described hereinafter with reference to the drawings. The method for
fabricating a semiconductor device of this embodiment is different from that of the first
embodiment only in the location of gate injection in the SRAM area (see FIGS. 14A-14F).

FIGS. 14A-14F are cross-sectional views illustrating a process step of the method
for fabricating a semiconductor device of the fourth embodiment. FIG. 14A illustrates a

cross-sectional structure in the process step taken along the line II-1II (along the gate length)
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in FIG. 13A. FIG. 14B illustrates a cross-sectional structure in the process step taken along
the line IV-IV (along the gate length) in FIG. 13A. FIG. 14C illustrates a cross-sectional
structure in the process step taken along the line V-V (along the gate length) in FIG. 13C.
FIG. 14D illustrates a cross-sectional structure in the process step taken along the line VI-VI
(along the gate length) in FIG. 13C. FIG. 14E illustrates a cross-sectional structure in the
process step taken along the line I-I (along the gate width) in FIG. 13A. FIG. 14F illustrates
a cross-sectional structure in the process step taken along the line II-II (along the gate width)
in FIG. 13C.

In this embodiment, first, the same process step as that of the first embodiment
illustrated in FIGS. 2A-2F is performed. Thereafter, as illustrated in FIGS. 14A-14F, the
surface of a semiconductor substrate 10 is cleaned with, for example, diluted hydrogen
fluoride, and then a gate insulating film 13 of, for example, a silicon dioxide film with a
thickness of about 2 nm is deposited by, for example, ISSG oxidation on the active regions
10a, 10b, 10c, and 10d. Subsequently, the semiconductor substrate 10 is subjected to, for
example, a nitrogen plasma process, thereby nitriding the surface of the gate insulating film
13 to form a nitrided layer (not shown). Then, annealing is performed, thereby removing
nitrogen atoms with weak bonds from the nitrided layer. Subsequently, a silicon film 14 of,
for example, polysilicon with a thickness of about 100 nm is deposited by, for example, CVD
over the gate insulating film 13.

Then, as illustrated in FIGS. 14A-14F, with a mask pattern 51D covering the entire
NMIS region in the logic area and the entire SRAM area (i.e., the entire NMIS region and the
entire PMIS region in the SRAM area) and exposing the entire PMIS region in the logic area,
ions of a p-type impurity such as boron (B) are implanted into the silicon film 14 at a dose of
4 x10" ¢m™, thereby forming a p-type silicon film 14P in the entire PMIS region in the logic

area. Thereafter, with a mask pattern 52D covering the entire PMIS region in the logic area
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and the entire SRAM area (i.e., the entire NMIS region and the entire PMIS region in the
SRAM area) and exposing the entire NMIS region in the logic area, ions of an n-type
impurity such as phosphorus (P) are implanted into the silicon film 14 at a dose of 3 x 10"
cm, thereby forming an n-type silicon film 14N in the entire NMIS region in the logic area.
That is, in this embodiment, no gate injection is performed on any of the NMIS region and the
PMIS region in SRAM area, as in the third embodiment.

Formation of the p-type silicon film 14P and formation of the n-type silicon film
14N may be performed in any order. In FIGS. 14A-14F, not resist patterns formed on the
semiconductor substrate 10 by photolithography but mask patterns on photomasks for
forming these resist patterns are schematically shown as the mask patterns 51D and 52D for
simplicity. The mask patterns 51D and 52D are designed such that a PN boundary 41L
between the p-type silicon film 14P and the n-type silicon film 14N is located on a portion of
the isolation region 11 between the active region 10a and the active region 10b.

After formation of the p-type silicon film 14P and the n-type silicon film 14N, the
semiconductor substrate 10 is subjected to heat treatment at, for example, 850°C for 30
seconds, thereby uniformizing a vertical profile of an impurity implanted in the form of ions
into each of the p-type silicon film 14P and the n-type silicon film 14N.

Thereafter, process steps similar to the process step (gate patterning) illustrated in
FIGS. 4A-4F, the process step (formation of offset spacers and shallow source/drain regions)
illustrated in FIGS. 5A-5F, the process step (formation of sidewall spacers and deep
source/drain regions) illustrated in FIGS. 6A-6F, the process step (formation of a silicide
layer) illustrated in FIGS. 7A-7F, and the process step (formation of an interlayer insulating
film and a contact silicide layer) illustrated in FIGS. 8A-8F of the first embodiment are
performed in order.

In the foregoing manner, the semiconductor device of this embodiment, i.e., the
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semiconductor device including: an NMISFET located in the logic area and including the gate
electrode 30a having the n-type silicon film 14a; a PMISFET located in the logic area and
including the gate electrode 30b having the p-type silicon film 14b; an NMISFET located in
the SRAM area and including the gate electrode 30c having the n-type silicon film l4c; and a
PMISFET located in the SRAM area and including the gate electrode 30d having the p-type
silicon film 14d, can be fabricated.

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the
silicon film 14, no impurities are implanted into portions of the silicon film 14 constituting the
gate electrodes 30c and 30d in the SRAM area susceptible to the influence of mutual diffusion
of the impurities because of a small width of the isolation region 11 (specifically a portion of
the isolation region 11 between the active region 10c and the active region 10d).
Accordingly, it is possible to avoid occurrence of difference in the etching speed of the silicon
film 14 caused by difference between ion species of the implanted impurities. Thus, no
difference occurs in gate dimensions between the gate electrode 30c of the NMISFET and the
gate electrode 30d of the PMISFET, thereby reducing variations in transistor characteristics
due to variations in gate length. In addition, in dry-etching the silicon film 14, it is necessary
to uniformize the vertical profile of an impurity implanted into the silicon film 14 beforehand
by annealing. However, in this embodiment, since no impurities are implanted into a portion
of the silicon film 14 located in the SRAM area at the time when the silicon film 14 is etched,
the influence of mutual diffusion (specifically diffusion in the direction parallel to the
principal surface of the substrate) of the impurities due to the annealing is substantially
negligible. As a result, variations in transistor characteristics can be further reduced.

In this embodiment, no impurities are implanted into portions of the silicon film 14
constituting the gate electrodes 30c and 30d in the SRAM area in gate injection, i.e.,

impurities are implanted into portions of the silicon film 14 constituting the gate electrodes
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30c and 30d only in source/drain implantation. Thus, the gate electrodes 30c and 30d have
resistances higher than those of the gate electrodes 30a and 30b in the logic area. However,
since transistors for SRAM circuits do not need to operate at high speed, unlike transistors for
logic circuits, the influence of, for example, a delay of the circuit speed due to increase in
resistance of the gate electrodes 30c and 30d is small.

In the first through fourth embodiments, a silicon oxynitride film is used as a gate
insulating film and a polysilicon electrode is used as a gate electrode, as examples.
However, the present disclosure is not limited to these embodiments. Alternatively, the gate
insulating film material may be a high-k material (e.g., an insulating material having a relative
dielectric constant of 8 or more) typified by metal oxide such as alumina (Al;O3), hafnium
oxide (HfO,), or hafnium silicate (HfSiOy), and the gate electrode structure may be a
metal-inserted poly-silicon stack (MIPS) structure including a metal film of, for example,
titanium nitride (TiN) or tantalum nitride (TaN) between the gate insulating film and the
polysilicon film in addition to the polysilicon film. In such a case, advantages similar to
those of the foregoing embodiments can be obtained. In the MIPS structure, the threshold
voltage of a transistor is adjusted mainly by using the work function. This adjustment is
determined by a combination of a high-k gate insulating film material and a metal film
material. Specifically, the adjustment of the threshold voltage between the NMISFET and
the PMISFET may be performed either by changing metal film materials while using the
same high-k gate insulating film material or by changing high-k gate insulating film materials
while using the same metal film material. Since formation of depletion in the gate electrode
is reduced in the MIPS structure, the impurity concentration in the polysilicon film only needs
to be set in consideration of gate resistance (resistance of a bulk region, resistance of a
silicide/polysilicon interface, resistance of a polysilicon/metal interface). When each of the

interface resistances has a sufficiently low resistance, gate resistance is low in a MIPS
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structure using a metal film.

In the first and second embodiments, to form the PMISFET in the SRAM area as a
surface channel type, the n-type impurity concentration in gate injection is preferably lower
than the p-type impurity concentration in source/drain implantation. However, in the case of
employing an MIPS structure, in view of reducing the resistance of the silicon film and the
interface resistances mentioned above, the n-type impurity concentration in gate injection may
be higher than the p-type impurity concentration in source/drain implantation. Alternatively,
no source/drain implantation may be performed on the silicon films constituting the gate
electrodes in the SRAM area. In other words, only gate injection of an n-type impurity may
be performed on the silicon films constituting the gate electrodes in the SRAM area. This
process changes all the silicon films constituting the gate electrodes of the CMISFETSs in the
SRAM area into n-type silicon films. In this case, only gate injection of an n-type impurity
may be performed on the silicon films constituting the gate electrodes in the logic area,
without performing source/drain implantation. This process also changes all the silicon
films constituting the gate electrodes of the CMISFET in the logic area into n-type silicon
films.

In the third and fourth embodiments, no gate injection is performed on the silicon
films constituting the gate electrodes in the SRAM area. However, in the case of employing
an MIPS structure, gate injection does not need to be performed on the silicon films
constituting the gate electrodes in the SRAM area and the logic area. In other words, only
source/drain implantation may be performed on the silicon films constituting the gate
electrodes in the SRAM area and the logic area.

The first through fourth embodiments are directed to semiconductor device
including logic circuits and SRAM circuits. However, the present disclosure is not limited

to these embodiments. For example, in the case of including input/output circuits instead of
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the logic circuits, the dual-gate electrodes for logic circuits of the above embodiments are
applicable. Specifically, the two types of dual-gate electrodes described in each of the above
embodiments can be selectively used depending on the width of the isolation region between
a pair of active regions where CMISFETs are to be formed. Specifically, the dual-gate
electrodes for logic circuits described in the above embodiments may be used for CMISFETSs
with a relatively wide isolation region, whereas the dual-gate electrodes for SRAM circuits
described in the above embodiments may be used for CMISFETs with a relatively narrow

isolation region.
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CLAIMS

What is claimed is:

1. A semiconductor device, comprising:

a first dual-gate electrode; and

a second dual-gate electrode, wherein

the first dual-gate electrode includes a first gate electrode located on a first active
region and having a first silicon film of a first conductivity type and a second gate electrode
located on a second active region and having a first silicon film of a second conductivity type,

the second dual-gate electrode includes a third gate electrode located on a third
active region and having a second silicon film of the first conductivity type and a fourth gate
electrode located on a fourth active region and having a second silicon film of the second
conductivity type,

the first active region and the second active region are isolated from each other with
an isolation region interposed therebetween,

the first gate electrode and the second gate electrode are connected to each other on
the isolation region, and

at least a portion of the first silicon film of the first conductivity type has a
first-conductivity-type impurity concentration higher than that of a portion of the second

silicon film of the first conductivity type located on the third active region.

2. The semiconductor device of claim 1, wherein
an isolation width between the first active region and the second active region is

larger than that between the third active region and the fourth active region.

3. The semiconductor device of claim 1, wherein
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at least a portion of the first silicon film of the second conductivity type has a
second-conductivity-type impurity concentration substantially equal to that of a portion of the

second silicon film of the second conductivity type located on the fourth active region.

4. The semiconductor device of claim 1, wherein
a portion of the first silicon film of the first conductivity type located on the first
active region has a first-conductivity-type impurity concentration higher than that of a portion

of the second silicon film of the first conductivity type located on the third active region.

5. The semiconductor device of claim 1, wherein
a portion of the first silicon film of the first conductivity type located on the first
active region has a first-conductivity-type impurity concentration lower than that of a portion

of the first silicon film of the first conductivity type located on the isolation region.

6. The semiconductor device of claim 1, wherein
a portion of the first silicon film of the second conductivity type located on the
second active region has a second-conductivity-type impurity concentration lower than that of

a portion of the second silicon film of the second conductivity type located on the fourth

active region.

7. The semiconductor device of claim 1, wherein

a portion of the first silicon film of the second conductivity type located on the
second active region has a second-conductivity-type impurity concentration lower than that of
a portion of the first silicon film of the second conductivity type located on the isolation
region.
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8. The semiconductor device of claim 1, wherein
a portion of the first silicon film of the first conductivity type located on the first
active region has a first-conductivity-type impurity concentration substantially equal to that of

5  aportion of the first silicon film of the first conductivity type located on the isolation region.

9. The semiconductor device of claim 1, wherein
a portion of the first silicon film of the first conductivity type located on the
isolation region has a first-conductivity-type impurity concentration higher than that of a
10 portion of the second silicon film of the first conductivity type located on the third active

region.

10. The semiconductor device of claim 1, wherein
a portion of the first silicon film of the first conductivity type located on the first
15  active region has a first-conductivity-type impurity concentration substantially equal to that of
a portion of the second silicon film of the first conductivity type located on the third active

region.

11. The semiconductor device of claim 1, wherein
20 a portion of the first silicon film of the first conductivity type located on the first
active region has a first-conductivity-type impurity concentration lower than that of a portion

of the first silicon film of the first conductivity type located on the isolation region.

12. The semiconductor device of claim 1, wherein
25 a portion of the first silicon film of the second conductivity type located on the
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second active region has a second-conductivity-type impurity concentration substantially
equal to that of a portion of the second silicon film of the second conductivity type located on

the fourth active region.

13. The semiconductor device of claim 1, wherein

a portion of the first silicon film of the second conductivity type located on the
second active region has a second-conductivity-type impurity concentration lower than that of
a portion of the first silicon film of the second conductivity type located on the isolation

region.

14. The semiconductor device of claim 1, wherein

a portion of the first silicon film of the first conductivity type located on the first
active region has a first-conductivity-type impurity concentration higher than that of a portion
of the second silicon film of the first conductivity type located on the third active region, and

a portion of the first silicon film of the second conductivity type located on the
second active region has a second-conductivity-type impurity concentration higher than that
of a portion of the second silicon film of the second conductivity type located on the fourth

active region.

15. The semiconductor device of claim 1, wherein

the first gate electrode is a gate electrode of a first PMIS transistor,

the second gate electrode is a gate electrode of a first NMIS transistor,

the third gate electrode is a gate electrode of a second PMIS transistor, and

the fourth gate electrode is a gate electrode of a second NMIS transistor.
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16. The semiconductor device of claim 1, wherein

each of the first gate electrode and the second gate electrode is a gate electrode of a
transistor for a logic circuit, and

each of the third gate electrode and the fourth gate electrode is a gate electrode of a

5 transistor for an SRAM circuit.
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ABSTRACT

A first dual-gate electrode includes a gate electrode located on a first active region
and having a first silicon film of a first conductivity type and a gate electrode located on a
second active region and having a first silicon film of a second conductivity type. A second
dual-gate electrode includes a gate electrode located on a third active region and having a
second silicon film of the first conductivity type and a gate electrode located on a fourth
active region and having a second silicon film of the second conductivity type. At least a
portion of the first silicon film of the first conductivity type has a first-conductivity-type
impurity concentration higher than that of a portion of the second silicon film of the first

conductivity type located on the third active region.
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Inventor(s)

Yoshihiro SATO, Toyama, JAPAN;

Hideyuki ARAI, Toyama, JAPAN,;

Takayuki YAMADA, Toyama, JAPAN;
Applicant(s)
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If Required, Foreign Filing License Granted: 11/20/2012
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/665,376

page 1 of 3

Page 136 of 304



Projected Publication Date: 03/07/2013
Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE
Preliminary Class
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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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 |
13/665,376 10/31/2012 Yoshihiro SATO 085393-0935
CONFIRMATION NO. 4442
53080 POA ACCEPTANCE LETTER
MCDERMOTT WILL & EMERY LLP
The Mobearmot Blng T

500 North Capitol Street, N.W.

WASHINGTON, DC 20001
Date Mailed: 11/27/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 10/31/2012.

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.

/hngo/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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JAPAN PATENT OFFICE
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This is to certify that the annexed is a true copy of the following application as filed
with this Office.

Hi ke £ A H
Date of Application: 20114 3H25H

B OB &F 5
Application Number: FHE2 011 —068131

SN FERIC X A EADRE

A D EEEO TR OER

EhAHREOER - FEHE

T

The country code and number JP2011—068131
of your priority application,

to be used for filing abroad

under the Paris Convention, is

H B A
Applicant(s): N =y SRR

NEFITRE
Commissioner,
Japan Patent Office
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DUAVEEE 1 O AT NY =Tk o> TEWERNS, Bl U 3 UHECE 1 EEAN
WM ZIB AT S TR (b) &, FIECHE 1 oWEMIR LIS E I 2800y VU a %
B2DAT NG =T ko TEGRDS, FIEEY VU a v 2 EEA AWM 28 AT
LT (c) &, HIEZELHE (b) KUHEETLFE (c) kY bz, Al Varizez s
—=2 7L, THICKY, FIGCHE 1 oMK, AUGCH 2 oWE SR, AURCH 3 o uh e
MM OIS 4 oFMdRo 2 nEho B, Jlidv U arvigEsz e Eh SRS 1 o
— NEMR, HIGCH 2 oF — NEM, FIEEH 3 o — NEMKCRIGCE 4 o — NEEE
T 5 T8 (d) & Z2HA TS, m. AFEHICRS FEAEE odlil S FEiIc By T,
HIECLFE (b) KNUHIEELIE (c) oWInELICHEBL TH ki,

(003 7]

AFEEN AL S PR E ol I BW T, Bl 1 o< 27 37 — 0%, HIEdS 1
DIEMAIR FITAE T 55 ofiid> U a i FICBHO 28 L., AlidiB 2 D<A 7 /88 —
UE. HURCH 2 o WRHEAAIR. AURCH 3 OV TEM ISR O HIGEH 4 omtEiiko T2 ho
WCVIE T BB ORIGE Y Y A U FICBHOZ /5L TWTH kv,

(003 8]

IRFERL AR L RS E ol fr i BT, BIEEE 1 oW EAIR e BiIECE 2 oW
IR VEFE TSI L > TEAFMCOBEE N TB Y., JlEd LR (a) o8B\ T. Bl
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U PREIEAIGCE T RE IR LT b Ik & ﬁﬁ%ﬁlarvxﬁ/*& i FIREH 1 @
WMERIR EASVE T 5 oFjEE Y U 2 VR E S & HICHIGE R TR B IS iE T S
&ﬁ@%ﬁvuzxﬁiiﬁméﬁb\m£%2®71?ﬂ& >l BUECES 2 o tEM
M EICVE 5 ORIy U 2 VLR E D & ICHIGCE T BRI, UL 3 o iE A
A OHIEES 4 oEMMRO Z N Eho FICAE 3 5880 oy U a i FicBin %8
waf%ihoi:f\m%%l®7Xﬁﬂ5*>&@@£%2®?xﬁﬂ&wy@‘
RS RN ¢ ﬁﬁ?é%ﬁwmivuﬂyﬁim%méﬁbfwt<céim
*“@zéa AIGEH 1 o< A7 XF — 2 ROHIECHE 2 < A7 85 — %, AlaiET 9
BEMEIR FICAVIE 3 250 ofjacy UV a ViR E > T T L,

[0039]

ASFERN AR D PAEREEE ol fic B¢, \ilEeE 1 o AR & BiIECHE 2 o WM
RENVTFETORENIRIC & > CTEAANCOBES N TB Y., FIEd LR (a) BT, flidy
Uﬂ/hiWﬁﬁ?ﬁ%ﬁﬁiKb%ﬁéh\mﬁﬁlwvxﬁﬂﬁﬂyﬁ‘Wﬂ%l@
WEMERIR DIV E 9 2 50 ofjEey U a2 VR %2 O & HICHIRGE R o HIcfiE 5
ol U 2 R FICBIOZH L. m£%2®729A& >l BUGCE 2 o tE
K. m£%3®éﬁ%ﬂ&0mﬁﬁ4®é%aﬁ@%n%M@ikiL¢é$ﬁ®mﬁy
VarErEo & Il E T ORI FICViE 3 258 oRi U a i FicBiO2f
LTWTH Ly,

(004 0]

ARFEBN AR S RS E ot o BW» T, Bl 2 o< 27 37 — 03, f\ilEdE 3
DV N O AL 4 ol MEIsR o T hEho FICfuiE 3T 2580 ofilad sy V a Vil Es E
STWTH Ly,

[FEBH D 2 5]

(004 1]

AFRIACEL L, CMI ST a7 07— MEGEZ R T L EEREICEWT, PNEF
AR T o7 — SRR Y o M ENEU TR T 2 Z PR o B 2 i3 5 2 & 28
TE5,

([ 1 o> Fi] B 7 i BH )

(004 2]

(1) M1 Ca) & 31 oFEEEICAL PFEREEICB L a Y v 7 g1
HHTHY, M1 (b)) & 1 (a) B35 1 —1#HokmEHXTHY., X1 (c
) lE. H 1 OFEHEIZEEIC LA FEMAIEEIC BT A SRAMMBO FHTH Y., X1
(d) 1 1 (e) i %HéH—H@@%@I”%é

(2] M2 (a) ~ (£) & B 1 OFMPREICRL PEARLE oflE Hiko— T
FEZR IR TH 5.

(3] M3 (a) ~ (£f) 1% HFH1 OFEMEEBITHRSL PFEMREE oS Hito— T
FEoRTRmHRHTH 5,

T

(B14] K4 (a) ~ (f) & F 1 oFWEBC AL PERE ot HEo— T
FE2 oI WX CH 5.
(5] M5 (a) ~ (f) &, # 1 OFKMPREICAL PEAZRE ofliti ko — 1T
P2 I Wi <H 5.
(6] 6 (a) ~ (f) & F 1 oEMEEICHARL P EMREE ol fiEo— T
FEE2RIImATH 5.

W

(B47) K7 (a) ~ (£) & H1 0TGRS PEREE oS ko — T
FHE2OoRITRmmTH 5.

(8] M8 (a) ~ (f) &, # 1 OFKMPREIC AL PFEMAZEE oflitijEo— 1T
P& R IR < dH 5.

(B19) M9 (a) &, # 2 oFEEIEICHL FEAREICBI 20y v 7B
HHTHY, M9 (b)) & X9 (a) i2BI5 1 —1#HokmEHTHY. X9 (c
)ﬁ\%2@¥@%%K%é¥ﬁwﬁﬁmﬁﬁéSRAM%@@$@HT%@\mg
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(d) 1 X9 (c) iZBIFLII—IIBoMEXTH 5,
(M10] 10 (a) ~ (f) 1%, 2 OFEMIZEEIALS FUHEFEE odlil Eo
— LFEZ IR TH 5,
(1 1] M1 1 Ca) & #3 OFEWFRBIC RS FEAEEICBT 5Ty v 7 4
OFMHHATHY, K11 (b) & K11 (a) iZBF5 1 — [ROKMIEHTH Y,
mll(0)@\%3®%%%%K%é$%%ﬁpCEH%SRAM%@@?@ET
11 (d) i K11 (¢) iIZBILI—11#oMENTH 5.
[l121l12(a)~<f)@ 3 OEfEIZRBIC AR5 FEAREE o8t ko
— LR &2 <9 Krmm ¢
[l13]l13<a)@ 4 OEWEIERBIC RS FEAREEIC BT 2 1Y v 7 4K
DOV THY. M1 3 (b)) 1E 13 (a) B4 — 1ol THY
(113 (c) i 4 OREIZERI (RS PR IC BT 5 S RAMBFIOFHIN T
HU, K13 (d) ik 13 (¢) iZBILII-IIHROKHEXTS 5.
(M14] 14 (a) ~ (f) & 4 oFRPEBICAL FEALE odliti ko
— TFEZ-RIEHHTH 5.
(11 5] X155 (a) if #ERoPEMREEICBI L aY v 7RO THIKTSH Y
15 (b)) iE, 15 (a) ICBISB—BEoMmMMTcH., K15 (c) 1T
. PEROPUEAREEICBT S SRAMBROFHIMTHY, 15 (d) 1% H15
(c) IZBIFL2D—DHEOKHIXTH S,
[-16]l16(a)&@(b)ﬂ\ﬁ%®¥§ﬁ%ﬁ@@ﬁﬁﬁﬂgwf¥;7
W — NEMr 72 R U a s (F— by == TR WS B A A E A
95 2 Ik - T PHEMAIB R O NIIRZ 2R T 2 F 2 AR THTH 5.

[(FBH %2 TN T % 72 & D fIZRE]

(004 3]

(38 1 oFKfielZRE)

LIT. KRFEHOHE 1 oFIZRBII (R4 FUEAEEIZDOWT, HEZ B HL 2036 5l T
%,

(004 4]

M1 Ca) % 1 oFBPREMGRLFEMRKEICB T 20 Yy ZHIBOTHIATH Y
LT (b)) ik X1 (a) ieBIA T -1 (U= hiEAgn) ol TtHs, Fi.
M1 (c) i 31 oFWIEPEICHRLFEFRREEICEIT S SRAMFEBO THIHTH Y |
B1 (d) ik M1 (e) iZBILI1-11#% (F— NEhgmn) ok tH s, w. kb
%ﬁgiﬁzﬁéf: P2, 1 (a) ~ (d) 2BW T A R — ) ANX—Y, B A K
[BROTERESEOIREEIE L Tnb &, M1 (b)) & (d) ieBnwiar# 2z k
DHRZBIEL Ty s,

(004 5]

1 (a) ~ (d) ITRT LI, KEWFEBOFEMAREE L, 2Py 7 olfgogmk s
N (LI, ayy 7B IR 5) MO S RAMMEERER S VLMK (LI, S
RAMMIKEF92) 2L THBY, ady ZHBATS RAMBEIRIZZNZ. NMI
SFETMHEMRENLHK (LI, NMI SHIREFT S) MOPMI SFE TAEARE
LM (LI, PMI SHIBEFT ) 2 HL TS, ¥y ZHERONM I SHIKIC
B, AL O FIc P = V4RI L 2 a NERiTF & N TWwb & HCEZE T Eik4E
ﬁll @ihé&?ué@%ﬁlOaﬁ“ibﬂfbé mv;ﬁﬁﬁ@PMzs%ﬁ

BT PRI 1 O RSN = VIR 1 2 bR & T b & I E Tk
%ﬁll @ihéi?wé&ﬁﬁlobm o TVvnAS, SRAMAIRONMI S4H
HicBw» i, FEAENL O Fic P = VIR L 2 e33R TN Tn 5 2 HICET S
%ﬁ@l1m%ihéiaw£@%ﬁlocﬁﬂﬁbh1wé SRAM#MIHEOPMI S
SR BT, SREAREN 1 O FIcNAY = VAR 1 2 d i o ntnws e HcET
SHEEREI L 1T END KO ISR L O d AR SN Tn S,

(004 6]
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WPMEAHER 1 O a RICiE — MERHE L 32 ML UNAS Va1 4 a2 HI 57— b
T3 0 aMRE N TV A, EHAIRL O b Ficidy— hilE 1 32N L TCPA Y
a1 4bE2HFT55— NEMRS3 O bBERENTVES, F—EMHR30aslr—NE
M3 0 b &k, WHHEMHER 1 O a & WA ﬂlObawﬁ@%¥ﬁ%Eﬁllimﬁﬁﬁé
PNHIF4 1 LTHWIEMEINTEY, 2hidk F a2 T I — NEM 3 1 LAER
ST S, FEHAREIR L 0 alcBlT A7 — h%WSOa@ﬁﬂchmy 2/ RUA
MK 2 O a iR o N Tw 5 &R, KL O bicBT 45— NEM3 0 b omlmfllic
Py — 2 /KU A VHHIE2 0 b3t onTnsd, NY -2/ KL A 4HIR2 0 a
KMOPHY —2 /KL A VHER20 boFhThetFEmTcsEoicar227b26 aky
28 bR ENTWAL LI, Fa7 M F—hEMWRS3 1 LefEmdsLoicaryz
26 eMPREINT S,

(004 7]

WK1 Oc RiCidyr—hifaiglEl SZ AL INBs YVaviEldcz2HIH55—
EQ@SOoﬁWﬁﬁéﬁﬂn\éaéﬂﬁ@ﬁlOdjjgiﬁ Mgl 1 3 2L CPR Y
a1 4dE2H355— NEHR3 OdPERESNTWS, F—hEMHE30c &l —NE
M3 0d&l \éﬁ%ﬂlocaé&%ﬁ10dawﬁwf%ﬁ%%ﬂl1L ET S
PNHHR4 1 STHWIHEMEINTEY, Zhidk Fa TV — NEM3 1 SR
SINTW5S, HEEIEL O claBirs 7 — I\'EEWSOCODFEJ{HUC ENY — = /KL A >
I 2 O e SR o N Tw s &R, ML O dics8d 45— NEM3 0 d omflic
PRy — 2 / RL A AR 2 0d 3o hTnsg, NAly — ;u/bv4,fm§200
NOPHY -2/ RUA VK2 0d oZhTheiEmd s Hicar 27 k26 c kD
26 dAERENTWL T, F—FEM30c iHEmMdoLocar 27 k26 0
R EN T 5,

(004 8]

KREMEIZREDIF L LT, PRI U a1 4 betko PRI IERE L, PRI U o
VIR 4 d ko PRIAMIIER LD bEv,

(004 9]

., NI Uil 4 a o NEAHEYERIZ, NES U g1 4 ¢ o NBIRNEYDE

FEERERICRUTHS, i V/?Eﬁ®ﬁ¥ﬁ%%ﬁll(gﬁmiﬁﬁﬁﬁﬁ
10aaéﬁ%ﬂ10ba®%®%¥ﬁ%@ﬁll)@%ﬂ% 70 nmFEEDL ETH

W2t LT SRAM%ﬁ®ﬁ%ﬁ%¥ﬁll(E%mkié&%ﬁlOozéﬁ%ﬁ

1 Od COBOZTAREFEIRL 1) DEITIMIIE30~6 0 nmiEETH S,

[0050]

PIT. AFEBHOHE 1 OFRREIC RS FUEREE odliEs iR onwT, Wiz BEL 72
35T 5,

(005 1]

X2 (a) ~(f) . A3 (a) ~ (f) . X4 (a) ~ (f) . I5 (a) ~ (f)
X6 (a) ~ (f) . W7 (a) ~ (f) AUMH8 (a) ~ (f) & F1 oFEmwIZeE

ISR D PEREE oS oS TREZ RITRIMN TS S, m. X2 (a) . K3 (a)
\.4(a) X5 (a) ., X6 (a) ., X7 (a) XCH8 (a) X K1 (a) T8
JAHIIT—11I# (FF— b%ﬁﬁ)@%@ﬁﬁééih@u77t%®fﬁﬂ I2(b)

3 (b)) L X4 (b)) L K5 (b) . X6 (b) . (b) NXUM8 (b) 1% A
1 (a) ITBFLIV-IViE (F— hEHmD @iﬁﬁ@%ﬁi%%l? ﬁhkﬂ‘bf’%}@f%‘)
B2 (c) . M3 (c¢) . M4 (c¢c) . K5 (c) . M6 (c) . (c) KRUH8 (

c) . H1 () ITBIFAV—ViH (Fr— b%ﬁﬁ)@%ﬁﬁ&%%Ifﬂuﬁbi%
DTHY, X2 (d) . IS(d) B[4 (d) . M5 (d) . X6 (d) . M7 (d)
KO8 (d) Ik, ll( Y ITBTAVI—VIE (F— b%ﬁﬁ)@ﬁ@%&zéiﬁ

WKL D TH S, £i-. .2(6)‘.3(e)\.4(e)\-5(6)\.6(
e) . A7 (e) ZUM8 (e) & M1 (a) iHBIFL I —14# (F— hMiEhm) ot
@%&%%IF%&TLK%®L%U\E2(f)\ms(f)\ﬂ4(f)\HB(f
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YL e (f) . M7 (f) RUXK8 (£f) 1F. M1 (c) icBIFAHII—I11f (F— hiE
JiaD ORTHIEKRZ & LRBIORLIZLDTH S,

(005 2]

F9, X2 (a) ~ (f) ITRT L1, MATHDIALRZ T AE (Shallow Trench 1
solation (ST 1) ) #Hicky., HlxiZpM Y et Plkiik1 0o FEBic,
N U2 FNTHEEIE 2SI O IA F T B /T AR 1 1 23RNSR TS, Zhick
D, BV ZHEIBONMI SHIRICBWTIE., FEF O8I 1 1 E 7z Pkl 1
OS5 3MEMEIK L 0 a Rk Eh, Yy 7o PM 1 SHEBICB LTI, &1
BEMEIR 1 1S E N2 PR 1 0725 53R 1 O bAYERRE . S R AMGHEIH
ONM I SHIRITHE LTI, ETFBENIR D 1 ICH =8k L 076 70 A5G MES
10 cWEREN, SRAMMIEKO PM I SHBICBWTIE. 708 L 1IC £
N7 EARILARN L O 672 LMK L O d kS s, Totk. AR Y 757
FEROA T FEAEIC R Y, FEEIN L OITBTA&ANMI S4IRIC, MxIEB Ry
2) FoOPMANYZEAT S, T, fIZAIEY Y 7S 7 ¢ EROGAF FEAEITKY
CPEARFEAR L 0BT AE PM I SHEEC. IAIEP (VY) FoNBAEYZ2 E AT
L. FOk., PEAARA L 0L T, MZIE850°C., 3 0MMoEUMIEEZ Y = 21T
LD, BYy Z7HEBONMI SHIBICEBWTE, FEAEIR T 0 FICPHY = L4EIR 1 2
aZlEakL., oYy ZAIRO PM I SHBICHWGTIE, FBARN 1 0 FITNAY = U4
1 2baFKRL., SRAMMBEKONM I SHEBRICEB W T, PUEARN 1 0 Fic PRy
VIR 1 2 c 2R L. SRAMAEIERO PM I SAEIICEHE TR, kMR 1 0 Fic
Ny = VAR 1 2 d Z2I2RT 5.

(005 3]

K, M3 (a) ~ (£) T &, MAEHFER 7 9 BRIk Y, BRI 1
ODFEMEIFL-E., MIZAIEZTI SSG (In-Situ Steam Generation) P LiEICZ LY. 7F
MAIHK1 Oa, 10b, 10cKkT10doEhETho Bz, fIAIFES 2 nmfEfEoy
U a RN S 705 77— NigE 1 3 22T 5. T ok, PR 0Tt L .
MZIFEZ TS XA 275 2 Lk, 7F— Mgt 1 3 oRmeaE bl C&E1tE (
BURER) 295, 2ok, 7=— VA2 Eid 5 2 22k V., Blac=Eq a6,
MOogWEZLZMRET S5, v, F— Mgt 1 3 Rz, #l2AI1EC VD (chemical v
apor deposition ) EIC LY., PIAIERY LU arnez2b8E1 00 nmfEEorya
UHEL 4 BHEFET S,

(00 54)]

T, M3 (a) ~ (F) I d ko1, ayy ZHIRONMI SHIRL KK 'SR
AMAMIRER (NM I SAIRLAELR O PM I S4HEESR) 28 Houy v 7Koo PM
[ SHHIRSAR FICBH O 23 L2<A 2 "7 =25 1 AZHAWT, UL 412z
B (kW) ZoPHARHMEZ R— X84 X1 0Bem2TA A FEATLEILICLST
PRI U a1 4 P2FEKRT S, K2, aPy ZHEBOPMI SISk E2EHoo
Ty ZHEIBONM I SHHEIEER N 'S R AMAHIRZ{R (NM I SHIBERA T PM T S4H
MR oFhFhno N2 835278 -5 2A2HWT, > Ua gl 4
WHlZWEP (VY) ZoNBAR#YWEZ R—X83X10Bem2TCAAVEATSLILIC
o TUNBTYa 1l 4ANE2ERT L, 974bb, RERZEORE X LT, SRAM
IR PM T SHIRD 7 — REAICBWTNBIRGY) O 1 7 L iEAZIT> TN s,

(005 5]

W, PRI UIUEL4 PoERkE NS Y a il 4 Nofikeld, »IihzficsE
ML TH Ly, £72. M3 (a) ~ (£f) 1BV TE. SAZ 1D R9 57012,
RAINE =B 1TAKRUB2AL LT, 74 MUY TS 7 kY PEARNL O |
WIEREND LY AR ANRSY = TlEZe . B VP A RMNRY =V E2ERT 572007 4 b
CAT FDORATNE — B RITR LTS, £, AT —2 51 ANUS 2
Alf, PRI U VE1APENMI Y a1 AN O PNEER4 1 LAS, EHEAaE 1
O alifEMHEIKL OboloFETHEFAIKL 1 FIT{UET S LOICHESN TS,
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(005 6]

PRI Uz il 4 PRONAT Y a1 4 Nozakig, Fuikik 1 oL <.
MZIE850°C, 30MBOBIIEZET Zricky, PR U 1 4 PRARUONMY
JaryEl4ANoZNZIA A rFEASNIEA o 7a 7 » 4 v (BARFRC3 IR
L CHEEZR Ao 7a 7 » A0 (DI, EE AN T 7 7 A IVEFRTS) ) O] —
Lx21T19.

(005 7]

K, 7KUY TSRk, vUyarviElL 4 i, F—MEREZEITLLIUA
Mz — (BIREK) 2L 7R Y3V AR -V w222 LT, RIAT
wFTHEICED, vy a il 4E NNy -0 0TS, 2k, W4 (a) ~ (f
)R T LT, FEMMEIR]L 0 a R - hiERRIE1 3 a2 ML INT Y L 4 a
ot — NEM3 0 aMakE . wEMEHIKL O b Ric/ — Mgl S bE AL TP
Mo ya gl 4 br st — NEM3 0 b S, 34K 1 0 ¢ Rl — Nifig
fE1 3cZNLINBI U EL 4 c%2E50L7— MEM3 0 e VRSN, W1
Od Rz —hiftigi1 3dZ AL CNBy Y a iil14d’ 2587 — MEMR3 0dA
JEpk&Ens, 22T, F—hEMR3 0a s — NEM3 0 b &k, FHHHEIRL O a & ifHM
MR 1 O bl DBEOETAHEMIRL 1 FIC{UET L2 PNEAR4 1 LTHEWIERESNTE
D, ZHNITEY, Far7uyr—rEMHRE3S 1 LRI TWS, £/, ¥Y—NEMHR3 0 c
= NEMmE30d &, EHAIRL O c &EMAIR L O0d 2 ofloETHEAR 1 1 |k
THWIZEMENTBY, ZhickY)., Ta707— MEMmS3 1 SHEREIhTws, {8
L. X4 (a) ~ (f) ITRTILROK (AT T 27— MaER3 1 S P NEH
IR E T,

(005 8]

Rz, PIZIECVDHEIC LY, kil 0 Foflmic, MAIEEE8nmo U=
VERALE S A 72y B AR BRI R L 2k, Uik Ty b AN —HH]
M L CEAETy F o7 2TY, 2RIk, M5 (a) ~ (f) ITRT &I
L= R L 3 a /RO — NEM3 0 a ol FicA Ty RASN—H1 5 adyE
REN, F— gl 3 b MOV — MEM3 0 b o &l FicA 72y hAX—H315
bR S, F— M1 3 ¢ XT»— NEM3 0 c &Ml Ficd 7 v b A~
B 15 eERSh, F— Mgl 3d &Y — NEMS3 0 d ol et ey b
ZN—H 1 5dNERENS.

(005 9]

Kz, PEARFAR 1 O Fic, &NMI SHHI FICBIO 2 AL Ho4PM I SHIRZE S
LA RS =2 (BURER) KL 2%, iV P A AT — NS — N 3
0akU'30ck~vAZ LT, MAIFTAs () FZonMARHYo A4 FEAERITD
ZXITEY, [5 (a) ~ (d) IR T LT, WML 0 allBI s/ — h&EM3 0
a OB T ROTEMAIRL O c 2B 57— NEIRS3 0 c )] I, HEE S AHgr)
WONMY — 2/ KU A 4 (WAXIELDD (lightly doped drain ) 4HI& Xid— 27 %
Frovg IR 16 akU1 6cZINTNECEEINIENRT S, vy T. kR
10 kiz, ANMI SHIHZECHDSDHEPMI SHHIK EICBEOZHIT L LA MK —
v (BIRENS) 2Tem L 7=, YL I A RAY — NSy — REMRS3 0 b KU'30d
AU LT, MAIEBF FFop A A A4 FEAZITY Z 2L, X5 (a
)~ (d) ICRT EHIIC, EHAIRL O bicBIT A7 — REM3 0 b ol T R OTEMA
M1 0dichiras s — NEMRE3 0doflly M, FEaERS IR PRy — 2 /N1
A UM (M ZIZL DDA T 25> g i) 16 bNU16dEEhFhE
CESINCIERT 5.

[0060]

M., Nl - /Rl A 4RL 6 aXkU'l 6calzmke: PRIY —2 /KL A ML
6 b&U'1 6daofEpkeld, WINERICFEML TH L,

(006 1]
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RIT, WIZIECVDEIC kD, BN 0 Folmic, MAIFES1 0 nmEED
TV 3 VAU S 20 B8 1 AR, MOIAIRIEE 3 0 n mfEE o> U 3 UEAUEN S
2050 2HBIR E AR U 7212, M40 1 i IR R OV 400 2 Mgl ot U TG
v I TEITO, ZNICEYD, X6 (a) ~ (f) ITRT LD, 7F'— LEMHRS 0 af]
mEicA 72y hAR=B15aZ2MLTH A RTr—LAXR=H19 alikEh, »
— hEM3 0 bl FicA 72y hAR—H 1 5b%NLTH A R Tg—I)LbAN—H1
9 bR EN, ¥F— NEM3 0 coflliif it 7y RAX—H15cZNHLTH AR
o — IV ANR—H 1 QR EN, F— NEM3 0dofiiim bicA vy hAX—31
5dZ ML THARIT4—ILANR—=P1 9dBEKRENS, 22T, VA R4 —Ib AN
—H 19 ald., LAKOKINIZIKZ A L HOoFIEEE 1 gl oAy« R g —ou
1 7a&, AP A Rog—Ib1 7 a BIZIERS N HDHIGESE 2 #6720 2 M5 1
Ko —b18at%d95, /. A KT —I)LAX—H1 9 bid. LFPKROKIIHIFE
WKE2HLUHDHECE 1 i@ r oA A KR —b1 7be, Al A Ky —L
17 b FIZERENH DTS 285050840 Y4 Ko r—L1 8 b2 HT 5,
F/o, A Rgp— b AX—419 cld, LERokmmkE AL HoRladH 1 g5
SN MY A R p— 1 7ck, HHIVA Ko —v1 7 ¢c FITERESNHDHIEEE
25FNEN S MU A Ry —IL 1 8c &2 BT S, /2, A R4 — L ANR—H
1 9di%, LPRolkimzikza L BoflLs 1 gl oz s\ il Kogr—n1 7
d&., HHIB A Kra—1 7d BIZERES NH OIS 2 #igfin o i 50181 K7
=1 8dEE2HI 5,

(006 2]

T, X6 (a) ~ (£ ITRT LD, ayy ZHIBONMI SHIBSHRKDS R
AMAMIRKONMI SRS EB Y YA NZ —2 53, JEMAHIKL O bioBirs 47— K
T3 O0Ob, A7y hAX—=P15bKUOVA KT —ILAX—H19 b, WITHHM
MIR1 OdICBULY —NEM30d, A7y hAX—815d XU A KT —IL A
NP 19dz~vAr & LT, WMEHEEL O b KUHMHHEIEL O dITMAIEB (Ra)
HZO PR Z RF—XEB5X10Bem2TAAVFEATS, SITED, 4R 1
O biZBTLY A RKTar— L AR—=H19 bW TIZ, BOPHY -2/ FLA
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/665,376 10/31/2012 Yoshihiro SATO 085393-0935
CONFIRMATION NO. 4442
53080 PUBLICATION NOTICE
MCDERMOTT WILL & EMERY LLP
The McDermott Building ORI IO

500 North Capitol Street, N.W.
WASHINGTON, DC 20001

Title:SEMICONDUCTOR DEVICE

Publication No.US-2013-0056832-A1
Publication Date:03/07/2013

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
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/665,376 10/31/2012 Yoshihiro SATO 085393-0935 4442
53080 7590 10/24/2013 | |
. EXAMINER
McDermott Will and Emery LLLLP
The McDermott Building NGUYEN, LAWRENCE-LIN T
500 North Capitol Street, N.W. T FyYE——
WASHINGTON, DC 20001 | | |
2897
| NOTIFICATION DATE | DELIVERY MODE |
10/24/2013 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

mweipdocket @mwe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/665,376 SATOET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
LAWRENCE-LINH T.NGUYEN | 2897 ,S\l*gt”s

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

Disposition of Claims

5)[] Claim(s) is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)[0 Claim(s is/are rejected.

)
8)[] Claim(s) is/are objected to.
9)X Claim(s) 1-16 are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfeadback@uspio.qoy.

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

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

Attachment(s})

1) |:| Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)

2) [ Information Disclosure Statement(s) (PTO/SB/08 Paper No(s)Mail Date. __
) nformation Disclosure Statement(s) ( ) 4) D Other:

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-13) Office Action Summary Part of Paper No./Mail Date 20131008
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Application/Control Number: 13/665,376 Page 2
Art Unit: 2897

DETAILED ACTION

Election/Restrictions

1. This application contains claims directed to the following patentably distinct
species:
|.  Species |, as disclosed, is pertaining to the second embodiments, FIGs 9-
10.
Il.  Species Il, as disclosed, is pertaining to the third embodiment, FIGs 11-
12.
lll.  Species lll, as disclosed, is pertaining to the fourth embodiments, FIGs

13-14.
FIG.s 1-8 is common to species I, I, or IlI.

2. The species are independent or distinct, each from the other because of the
following reasons:

l. Species | in this case, as a feature of this embodiment is that the p-type
silicon film 14b1 has a p-type impurity concentration lower than that of the p-type
silicon film 14b2. In addition, each of the p-type silicon film 14b1 and the p-type
silicon film 14b2 has a p-type impurity concentration higher than that of the p-
type silicon film 14d. The n-type silicon film 14a1 has an n-type impurity

concentration lower than that of each of the n-type silicon film 14a2 and the n-
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type silicon film 14c. The n-type silicon film 14a2 has an n-type impurity
concentration substantially equal to that of the n-type silicon film 14c.

Il. Species Il in this case, as a feature of this embodiment is that the p-type
silicon film 14b2 has a p-type impurity concentration higher than that of the p-
type silicon film 14d and that the p-type silicon film 14b1 has a p-type impurity
concentration substantially equal to that of the p-type silicon film 14d.
Specifically, the p-type silicon film 14b1 has a p-type impurity concentration lower
than that of the p-type silicon film 14b2. The n-type silicon film 14a1 has an n-
type impurity concentration substantially equal to that of the n-type silicon film
14c¢. The n-type silicon film 14a1 has an n-type impurity concentration lower than
that of the n-type silicon film 14a2. Specifically, the n-type silicon film 14a2 has
an n-type impurity concentration lower than that of the n-type silicon film 14c.

1. Species lll in this case, as a feature of this embodiment is that the p-type
silicon film 14b has a p-type impurity concentration higher than that of the p-type
silicon film 14d and that the n-type silicon film 14a has an n-type impurity
concentration higher than that of the n-type silicon film 14c.

3. In addition, these species are not obvious variants of each other based on the
current record.

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

Figures 1-8 appears to be generic.
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5. There is a search and/or examination burden for the patentably distinct species

as set forth above because at least the following reason(s) apply:

The species or groupings of patentably indistinct species require a different field
of search (e.g., searching different classes /subclasses or electronic resources,
or employing different search strategies or search queries) and/or the prior art
applicable to one species would not likely be applicable to another species;
and/or the species are likely to raise different non-prior art issues under 35

U.S.C. 101 and/or 35 U.S.C. 112, first paragraph.

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

7. The election may be made with or without traverse. To preserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and
specifically point out supposed errors in the election of species requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the
time of election in order to be considered timely. Failure to timely traverse the

requirement will result in the loss of right to petition under 37 CFR 1.144. If claims are
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added after the election, applicant must indicate which of these claims are readable on
the elected species or grouping of patentably indistinct species.

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

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

10.  Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).
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Conclusion

11.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LAWRENCE-LINH T. NGUYEN whose telephone
number is (571) 272-6267. The examiner can normally be reached on M-F (8AM - 4PM
EST).

12.  If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando Toledo can be reached on (571) 272-1867. The fax phone
number for the organization where this application or proceeding is assigned is (571)
272-8300.

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

system, call (800) 786-9199 (in USA or CANADA) or (571) 272-1000.

/Lawrence-Linh T Nguyen/ /Fernando L. Toledo/
Examiner, Art Unit 2897 Supervisory Patent Examiner, Art Unit
2897
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Docket No.: 085393-0935
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: . Customer Number: 53080
Yoshihiro SATO et al. :

Application No.: 13/665,376 . Confirmation No.: 4442
Filed: October 31, 2012 : Art Unit: 2897
For: SEMICONDUCTOR DEVICE : Examiner: L. T. Nguyen

RESPONSE TO RESTRICTION REQUIREMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Madam:
In response to the restriction requirement set forth in the Office Action mailed
October 24, 2013, having a shortened statutory period for response set to expire
November 24, 2013, wherein the Examiner required restriction between the following distinct

Species:

Species I, as disclosed, is pertaining to the second embodiments, FIGs 9-10;
Species I1, as disclosed, is pertaining to the third embodiment, FIGs 11-12; and
Species 111, as disclosed, is pertaining to the fourth embodiments, FIGs 13-14.

Applicants elect Species I: Figs 9-10, with claims 1-7, 9, 11, 13. 15 and 16 readable thereon,

for initial prosecution on the merits. Applicants also reserve the right to file a Divisional

Application for the non-elected claims which the Examiner has indicated are patentably distinct.

DM _US 46432886-1.085393.0935
11/4/13
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Applicants believe that no extension of time is required. However, this conditional petition
is being made to provide for the possibility that Applicant has inadvertently overlooked the need for
a petition for extension of time.

The Commissioner is hereby authorized to charge any additional fees associated with this

communication or credit any overpayment to Deposit Account No. 50-0417, under Order No.

085393-0935.

Respectfully submitted,

MCDERMOTT WILL & EMERY LLP

/Michael E. Fogarty/

Michael E. Fogarty
Registration No. 36,139

500 North Capitol Street, N.W Please recognize our Customer No. 53080 as
Washington, DC 20001 our correspondence address.

Phone: (202) 756-8372 MEF:nso

Facsimile: (202) 756-8087

Date: November 4,2013

DM_US 46432886-1.085393.0935
11/4/13 2
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International Application Number:
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Filer Authorized By:
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Attorney Docket Number:
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Receipt Date: 04-NOV-2013
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Total Files Size (in bytes):| 30882

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/665,376 10/31/2012 Yoshihiro SATO 085393-0935 4442
53080 7590 03/18/2014 | |
. EXAMINER
McDermott Will and Emery LLLLP
The McDermott Building NGUYEN, LAWRENCE-LIN T
500 North Capitol Street, N.W. T FyYE——
WASHINGTON, DC 20001 | | |
2897
| NOTIFICATION DATE | DELIVERY MODE |
03/18/2014 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

mweipdocket @mwe.com

PTOL-90A (Rev. 04/07)

Page 203 of 304



Application No. Applicant(s)
13/665,376 SATO ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
LAWRENCE-LINH T. NGUYEN 2897 ,S\ltgt”s

-- 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
)X Responsive to communication(s) filed on 11/04/2013.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5[ Claim(s) 1-16is/are pending in the application.
5a) Of the above claim(s) 3-4,6,8-10,12 and 14 is/are withdrawn from consideration.

6)[] Claim(s) ____is/are allowed.

7)X Claim(s) 1,2,5,7,11,13,15 and 16 is/are rejected.

8)[] Claim(s) _____is/are objected to.

9] Claim(s) are subject to restriction and/or election requirement.

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

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
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Detailed Action

1. The present application is being examined under the pre-AlA first to invent
provisions.
2. This non-final Office action is responsive to Applicants’ application filed

10/31/2012. Claims 1-16 are presented for examination and claims 1-16 are rejected

for the reasons indicated herein below.

Election/Restrictions

3. Applicant’s election without traverse of Group I, claims 1-7,9,11,13,15-16 in the

reply filed on 11/04/2013 is acknowledged.
4. The chosen claims would be further limited to Species |, as stated in the rejection
such that - Species |, as disclosed, is pertaining to the second embodiments, FIGs 9-10.
Species | in this case, as a feature of this embodiment is that:
a. the p-type silicon film 14b1 has a p-type impurity concentration lower
than that of the p-type silicon film 14b2 (Claim 7 & 13).
b. In addition, each of the p-type silicon film 14b1 and the p-type silicon film
14b2 has a p-type impurity concentration higher than that of the p-type silicon
film 14d.
C. The n-type silicon film 14a1 has an n-type impurity concentration lower

than that of each of the n-type silicon film 14a2 and the n-type silicon film 14¢
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7.

(Claim 7).
d. The n-type silicon film 14a2 has an n-type impurity concentration

substantially equal to that of the n-type silicon film 14c.

Claims 8,10,12, & 14 are withdrawn,

Now claims 1-2,5,7,11,13,15-16 are pending.

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:

8.

(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.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103(a) are summarized as follows: (See MPEP
Ch. 2141)

Determining the scope and contents of the prior art;

Ascertaining the differences between the prior art and the claims in issue;
Resolving the level of ordinary skill in the pertinent art; and Evaluating evidence
of secondary considerations for indicating obviousness or nonobviousness

Claims 1-2,5,7,11,13,15-16 are rejected under 35 U.S.C. 102(b), as being

anticipated by Shimomura et al., (JP2010-067912, hereinafter Shimomura) in view of
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Tamaki et al., (US20080036010 A1, hereinafter Tamaki).

9.

In reclaim 1, in FIG. 1-2, Shimomura teaches a semiconductor device,

comprising:

e. a first dual-gate electrode(14 & 15); and

f. a second dual-gate electrode(14a & 15a), wherein

g. the first dual-gate electrode(14 & 15) includes a first gate electrode(14)
located on a first active region(12) and a second gate electrode(15) located on a

second active region(13),

h. the second dual-gate electrode(14a & 15a) includes a third gate
electrode(14a) located on a third active region(12a) and a fourth gate

electrode(15a) located on a fourth active region(13a),

I the first active region(12) and the second active region(12) are isolated

from each other with an isolation region(11) interposed therebetween,

- the first gate electrode(14) and the second gate electrode(15) are

connected to each other on the isolation region(11), and

K. at least a portion of the first silicon film of the first conductivity type has a
first-conductivity-type impurity concentration higher than that of a portion of the
second silicon film of the first conductivity type located on the third active region

(This limitation will not be examined since it is pertaining to a forth embodiment,
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which is Species Il1).

10. In reclaim 1, Shimomura does not explicitly teach a silicon film of a conductivity

type to all four regions.

11. But in the same field of endeavor of invention, Tamaki teaches a method and
having silicon film(104) of a first conductivity type and gate electrode(111) located on

active region and having silicon film(105) of a second conductivity type(112).

12. Tamaki is evidence that ordinary workers skilled in the art would find reasons,
suggestions or motivations to modify the device of Tamaki with Shimomura. Therefore,
at the time the invention was made, it would have been obvious to use the teaching of
Tamaki in the device of Shimomura since the use of a SiION film as the gate insulating
film for thickness reduction thereof for the purpose of improving the transistor
characteristics involves problems on reliability, such as TDDB (Time Dependent

Dielectric Breakdown), and the like (See § [0009)).

13.  In reclaim 2, in FIG. 7, Shimomura in view of Tamaki , Tamaki teaches a
semiconductor device of claim 1, wherein an isolation width between the first active
region and the second active region is larger than that between the third active region

and the fourth active region.

14.  In reclaim 5, in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a
semiconductor device of claim 1, wherein a portion of the first silicon film of the first

conductivity type located on the first active region has a first-conductivity-type impurity
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concentration lower than that of a portion of the first silicon film of the first conductivity

type located on the isolation region (See § [0047-0050)).

15.  In reclaim 7, in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a
semiconductor device of claim 1, wherein a portion of the first silicon film of the second
conductivity type located on the second active region has a second-conductivity-type
impurity concentration lower than that of a portion of the first silicon film of the second

conductivity type located on the isolation region (See § [0047-0050)).

16. In reclaim 11, in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a
semiconductor device of claim 1, wherein a portion of the first silicon film of the first
conductivity type located on the first active region has a first-conductivity-type impurity
concentration lower than that of a portion of the first silicon film of the first conductivity

type located on the isolation region (See § [0047-0050)).

17.  In reclaim 13, in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a
semiconductor device of claim 1, wherein a portion of the first silicon film of the second
conductivity type located on the second active region has a second-conductivity-type
impurity concentration lower than that of a portion of the first silicon film of the second

conductivity type located on the isolation region (See § [0047-0050)).

18.  Inreclaim 15, in FIG. 3, Shimomura in view of Tamaki , teaches a semiconductor
device of claim 1, wherein the first gate electrode is a gate electrode of a first PMIS
transistor, the second gate electrode is a gate electrode of a first NMIS transistor, the

third gate electrode is a gate electrode of a second PMIS transistor, and the fourth gate
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electrode is a gate electrode of a second NMIS transistor.

19.  In reclaim 16, in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a
semiconductor device of claim 1, wherein each of the first gate electrode and the
second gate electrode is a gate electrode of a transistor for a logic circuit, and each of
the third gate electrode and the fourth gate electrode is a gate electrode of a transistor

for an SRAM circuit.
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Conclusion

20.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LAWRENCE-LINH T. NGUYEN whose telephone

number is (571) 272-6267. The examiner can be reached on M-F (8AM - 4PM EST).

21.  If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando Toledo can be reached on (571) 272-1867. The fax phone
number for the organization where this application or proceeding is assigned is (571)

272-8300.

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

system, call (800) 786-9199 (in USA or CANADA) or (571) 272-1000.

/Lawrence-Linh T Nguyen/
Examiner, Art Unit 2897

/Fernando L. Toledo/
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Supervisory Patent Examiner, Art Unit 2897
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.%¥k%% shows the word which can not be translated.
3.In the drawings, any words are not translated.

PRIOR ART

[Background of the Invention]

[0002]

In a CMOS (Complementary Metal Oxide Semiconductor) process in connection with high integration of recent years and a
semiconductor integrated circuit device, advanced features, and improvement in the speed, The dual gate structure using the Si electrode
which injected the P type impurity is adopted as the gate electrode of a P channel type MOS transistor by the gate electrode of the N
channel type MOS transistor using the Si electrode which injected the N type impurity.

[0003]

In the semiconductor device which has such dual gate structure, the N channel region and P channel region in the gate electrode
consisting of silicon in the border area connected mutually, When resistance rises under the influence of the impurity concentration of an
N channel region and a P channel region, there is a problem that the performance of the integrated circuit of the working speed of a
circuit being delayed is inhibited.

[0004]

That this problem should be solved, by metal—silicide—izing the upper part of a gate electrode, the method of making resistance of a gate
electrode small is proposed, and many improvement is made conventionally (see the Patent document 1.).

[0005]

(First conventional example)

Fig4 (a) - Fig.4 () show the section composition of the process order of the manufacturing method of the semiconductor device which
metal-silicide—izes the upper part of the gate electrode concerning a first conventional example, and lowers resistance of a gate
electrode. Here, it is a section of a gate width direction and the manufacturing method of the semiconductor device which has the dual
gate structure in which the metal silicide film was formed is shown.

[0006]

First, as shown in Fig.4 (a), the isolation region 101 which encloses the active region formed in the upper part of the semiconductor
substrate 100 consisting of silicon, and separates N channel type MOS transistor region A and P channel type MOS transistor region B is
formed. Then, the gate dielectric film 102 and the polycrystalline silicon film 103 are sequentially formed on the semiconductor substrate
100.

[0007]

Next, as shown in Fig.4 (b), P channel type MOS transistor region B is covered on the polycrystalline silicon film 103, And form the first
resist film 104 that has an opening pattern which carries out the opening of the N channel type MOS transistor region A, and the formed

first resist film 104 is used as a mask, The ion implantation of the phosphorus (P™) ion which is an N type impurity is carried out to N
channel type MOS transistor region A of the polycrystalline silicon film 103. Then, the first resist film 104 is removed.

[0008]

Next, as shown in Fig.4 (c), N channel type MOS transistor region A is covered on the polycrystalline silicon film 103, And form the
second resist film 105 which has an opening pattern which carries out the opening of the P channel type MOS transistor region B, and

the formed second resist film 105 is used as a mask, The ion implantation of the boron (B*) ion which is a P type impurity is carried out
to P channel type MOS transistor region B of the polycrystalline silicon film 103. Then, the second resist film 105 is removed.

[0009]

Next, as shown in Fig.4 (d), the N type polycrystalline silicon region 103a and the P type polycrystalline silicon region 103b are formed
from the polycrystalline silicon film 103 by heat—treating to the semiconductor substrate 100 and activating each impurity ion injected
into the polycrystalline silicon film 103. At this time, the phosphorous ion and the boron ion in the polycrystalline silicon film 103 diffuse,
and the PN—junction border area C is formed in the boundary part of N channel type MOS transistor region A and P channel type MOS
transistor region B in the polycrystalline silicon film 103.

[0010]

Next, on the polycrystalline silicon film 103, as shown in Fig.4 (e), the metal film 112 is deposited so that the N type polycrystalline silicon
region 103a and the P type polycrystalline silicon region 103b may be straddled.

[0011]

Next, as shown in Fig.4 (f), the metal silicide film 112A over the N type polycrystalline silicon region 103a and the P type polycrystalline
silicon region 103b is formed by the publicly known Salicide formation technology.

[0012]

However, in the manufacturing method concerning the aforementioned first conventional example, if the wiring width of the metal silicide
film 112A becomes small, the metal silicide film 112 will condense and it will become easy to produce disconnection in the metal silicide
film 112. As a result of impurity concentration’s influencing the metal silicide film 112A which especially carried out silicide formation of
the PN—junction border area C of the polycrystalline silicon film 103 by dual gate structure, a silicide formation reaction’s becoming slow
and the thickness of the metal silicide film 112A becoming thin, it is easy to produce a resistance rise and disconnection.

[0013]
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Thus, when disconnection occurs in the metal silicide film 112A in the PN—junction border area C, when reverse bias is applied to the PN
junction of the polycrystalline silicon film 103, a resistance rise arises, and there is a problem that a gate electrode becomes high
resistance extremely.

[0014]

Then, in order to avoid high resistance—ization of the gate electrode by disconnection of such a metal silicide film, other composition
shown in Fig.5 is proposed (see the Patent document 2.).

[0015]

(Second conventional example)

Fig.b shows the plane constitution of the dual gate transistor which has an N channel type MOS transistor region concerning a second
conventional example, and a P channel type transistor region.

[0016]

The P type gate electrode 4 which was arranged on the P channel type transistor region 1 as shown in Fig.8, By providing the non—doped
region 8 which does not inject an impurity into a boundary part with the N type gate electrode 5 which was arranged on N channel type
MOS transistor region 3, the influence by the impurity concentration at the time of silicide formation was avoided, and reduction in
thickness of a metal silicide film is prevented.

[Patent document 1] JP,S59-213156,A

[Patent document 2] JP,H10-012745.A

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.%¥k%% shows the word which can not be translated.
3.In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[0067]

[Drawing 1](a) And (b) shows typically the semiconductor device concerning one embodiment of the present invention, (a) is a plan view,
and (b) is a cross sectional view in the Ib-Ib line of (a).

[Drawing 2](a) - (d) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device
concerning one embodiment of the present invention.

[Drawing 3](a) — (d) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device
concerning one embodiment of the present invention.

[Drawingz 4](a) - (f) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device

concerning a first conventional example.

[Drawing 5]It is a plan view showing the semiconductor device concerning a second conventional example.

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.%¥k%% shows the word which can not be translated.
3.In the drawings, any words are not translated.

DRAWINGS

{Drawing 1]
{a)

(b)
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[Drawing 2]
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.%¥k%% shows the word which can not be translated.
3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[Field of the Invention]

[0001]

Especially the present invention relates to a semiconductor device which has the wiring which equipped the upper part with the metal
silicide film, and a manufacturing method for the same about a semiconductor device and a manufacturing method for the same.
[Background of the Invention]

[0002]

In a CMOS (Complementary Metal Oxide Semiconductor) process in connection with high integration of recent years and a
semiconductor integrated circuit device, advanced features, and improvement in the speed, The dual gate structure using the Si electrode
which injected the P type impurity is adopted as the gate electrode of a P channel type MOS transistor by the gate electrode of the N
channel type MOS transistor using the Si electrode which injected the N type impurity.

[0003]

In the semiconductor device which has such dual gate structure, the N channel region and P channel region in the gate electrode
consisting of silicon in the border area connected mutually, When resistance rises under the influence of the impurity concentration of an
N channel region and a P channel region, there is a problem that the performance of the integrated circuit of the working speed of a
circuit being delayed is inhibited.

[0004]

That this problem should be solved, by metal—silicide—izing the upper part of a gate electrode, the method of making resistance of a gate
electrode small is proposed, and many improvement is made conventionally (see the Patent document 1.).

[0005]

(First conventional example)

Fig4 (a) - Fig.4 () show the section composition of the process order of the manufacturing method of the semiconductor device which
metal-silicide—izes the upper part of the gate electrode concerning a first conventional example, and lowers resistance of a gate
electrode. Here, it is a section of a gate width direction and the manufacturing method of the semiconductor device which has the dual
gate structure in which the metal silicide film was formed is shown.

[0006]

First, as shown in Fig.4 (a), the isolation region 101 which encloses the active region formed in the upper part of the semiconductor
substrate 100 consisting of silicon, and separates N channel type MOS transistor region A and P channel type MOS transistor region B is
formed. Then, the gate dielectric film 102 and the polycrystalline silicon film 103 are sequentially formed on the semiconductor substrate
100.

[0007]

Next, as shown in Fig.4 (b), P channel type MOS transistor region B is covered on the polycrystalline silicon film 103, And form the first
resist film 104 that has an opening pattern which carries out the opening of the N channel type MOS transistor region A, and the formed

first resist film 104 is used as a mask, The ion implantation of the phosphorus (P™) ion which is an N type impurity is carried out to N
channel type MOS transistor region A of the polycrystalline silicon film 103. Then, the first resist film 104 is removed.

[0008]

Next, as shown in Fig.4 (), N channel type MOS transistor region A is covered on the polycrystalline silicon film 103, And form the
second resist film 105 which has an opening pattern which carries out the opening of the P channel type MOS transistor region B, and

the formed second resist film 105 is used as a mask, The ion implantation of the boron (B*) ion which is a P type impurity is carried out

to P channel type MOS transistor region B of the polycrystalline silicon film 103. Then, the second resist film 105 is removed.

[0009]

Next, as shown in Fig.4 (d), the N type polycrystalline silicon region 103a and the P type polycrystalline silicon region 103b are formed

from the polycrystalline silicon film 103 by heat—treating to the semiconductor substrate 100 and activating each impurity ion injected

into the polycrystalline silicon film 103. At this time, the phosphorous ion and the boron ion in the polycrystalline silicon film 103 diffuse,

and the PN—junction border area C is formed in the boundary part of N channel type MOS transistor region A and P channel type MOS

transistor region B in the polycrystalline silicon film 103.

[0010]

region 103a and the P type polycrystalline silicon region 103b may be straddled.

[0011]

Next, as shown in Fig.4 (f), the metal silicide film 112A over the N type polycrystalline silicon region 103a and the P type polycrystalline

silicon region 103b is formed by the publicly known Salicide formation technology.

[0012]

However, in the manufacturing method concerning the aforementioned first conventional example, if the wiring width of the metal silicide
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film 112A becomes small, the metal silicide film 112 will condense and it will become easy to produce disconnection in the metal silicide
film 112. As a result of impurity concentration’s influencing the metal silicide film 112A which especially carried out silicide formation of
the PN—junction border area C of the polycrystalline silicon film 103 by dual gate structure, a silicide formation reaction’s becoming slow
and the thickness of the metal silicide film 112A becoming thin, it is easy to produce a resistance rise and disconnection.

[0013]

Thus, when disconnection occurs in the metal silicide film 112A in the PN—junction border area C, when reverse bias is applied to the PN
junction of the polycrystalline silicon film 103, a resistance rise arises, and there is a problem that a gate electrode becomes high
resistance extremely.

[0014]

Then, in order to avoid high resistance—ization of the gate electrode by disconnection of such a metal silicide film, other composition
shown in Fig.5 is proposed (see the Patent document 2.).

[0015]

(Second conventional example)

Fig.5 shows the plane constitution of the dual gate transistor which has an N channel type MOS transistor region concerning a second
conventional example, and a P channel type transistor region.

[0016]

The P type gate electrode 4 which was arranged on the P channel type transistor region 1 as shown in £ig.5, By providing the non—doped
region 8 which does not inject an impurity into a boundary part with the N type gate electrode 5 which was arranged on N channel type
MOS transistor region 3, the influence by the impurity concentration at the time of silicide formation was avoided, and reduction in
thickness of a metal silicide film is prevented.

[Patent document 1] JP,S59-213156,A

[Patent document 2] JP,H10-012745.A

[Description of the Invention]

[Problem to be solved by the invention]

[0017]

However, although the manufacturing method concerning the aforementioned second conventional example is providing the non—doped
region to the PN—junction border area, since the impurity diffusion to the non—doped region at the time of heat treatment is large, after
heat treatment, whether the non—doped region’s being very small substantially and a possibility of disappearing are.

[0018]

For this reason, in order to secure a non—doped region after heat treatment, it is necessary to set up a non—doped region largely, and
there is a problem of barring micronization and high integration of an element.

[0019]

Without barring micronization and high integration of an element in view of the aforementioned conventional problem, the present
invention prevents disconnection of the metal silicide film in a PN—junction border area, and an object of the present invention is to
enable it to avoid high resistance—ization of wiring.

[Means for solving problem]

[0020]

In order to attain the aforementioned purpose, the present invention is considered as the composition which provides the region where
the impurity was doped by the boundary part of the N channel type transistor region and P channel type MOS transistor region in dual
gate structure in a semiconductor device and a manufacturing method for the same at low concentration.

[0021]

The semiconductor device concerning the present invention is specifically formed on a semiconductor substrate, have wiring consisting of
the silicon which has conductivity, and the metal silicide film formed after wiring, and wiring, Have the 1st region that shows the
conductivity of N type, the 2nd region that shows the conductivity of P type, and the 3rd region formed between the 1st region and the
2nd region, and the 3rd region is connected to the 1st region and the 2nd region, and. Concentration of the impurity of the 3rd region is
characterized by being lower than the concentration of the N type impurity of the 1st region, and the concentration of the P type
impurity of the 2nd region.

[0022]

Since the concentration of the impurity of the 3rd region that is the connection part of the 1st region and the 2nd region, i.e., a PN-
junction border area, is lower than the concentration of the N type impurity of the 1st region, and the concentration of the P type
impurity of the 2nd region according to the semiconductor device of the present invention, reduction in thickness of a metal silicide film
can be inhibited. For this reason, since disconnection of a metal silicide film can be prevented, high resistance—ization of wiring is
avoidable.

[0023]

In the semiconductor device of the present invention, the 1st region is a gate electrode of an N channel type transistor, and, as for the
2nd region, it is preferable that it is a gate electrode of a P channel type transistor.

[0024]

As for the 3rd region, in the semiconductor device of the present invention, it is preferable to consist of the 5th region that is connected
with the 4th region that is connected with the 1st region and shows the conductivity of N type, and the 2nd region, and shows the
conductivity of P type.

[0025]

As for the lay length which connects the 1st region and the 2nd region in the 3rd region, in the semiconductor device of the present
invention, it is preferable that it is more than the superposition dimension in a mask alignment process.

[0026]

As for a metal silicide film, in the semiconductor device of the present invention, it is preferable to consist of a nickel silicide, titanium
silicides, or a cobalt silicide.
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[0027]

The present invention is characterized by a manufacturing method of a semiconductor device comprising the following.

A process of forming a wiring formation film consisting of silicon on a semiconductor substrate (a).

A process (b) of introducing an impurity of the 1st conductivity type into the 1st region of a wiring formation film using the 1st mask layer
that carries out the opening of the 1st region of a wiring formation film.

A process (c) of introducing an impurity of the 2nd conductivity type into the 2nd region of a wiring formation film using the 2nd mask
layer that carries out the opening of the 1st region in a wiring formation film, and the 2nd adjoining region.

The 3rd region that is some regions which touch the boundary part of the 2nd region of a wiring formation film, and the 2nd region in the
1st region of a wiring formation film with a wrap, Using the 3rd mask layer that carries out the opening of the remainder of the 1st region
a process (d) of introducing an impurity of the 1st conductivity type into the remainder of the 1st region in a wiring formation film, and by
heat—treating to a wiring formation film, A process (e) of activating each impurity introduced into the 1st region, the 2nd region, and the
3rd region, and a process (f) of forming a metal silicide film on a wiring formation film.

[0028]

According to the manufacturing method of the semiconductor device of the present invention, since the mask of the impurity
concentration of the 3rd region that is some regions of the 1st region in the wiring formation film consisting of silicon is carried out in the
process (d), it becomes lower than the impurity concentration of a first region. For this reason, since reduction in thickness of a metal
silicide film can be inhibited, disconnection of a metal silicide film can be prevented now and, as a result, high resistance—ization of wiring
can be avoided.

[0029]

In the manufacturing method of the semiconductor device of the present invention, the 1st region is a gate electrode of an N channel
type transistor, and, as for the 2nd region, it is preferable that it is a gate electrode of a P channel type transistor.

[0030]

As for the length from the boundary part with the 2nd region in the 3rd region to the 1st region side, in the manufacturing method of the
semiconductor device of the present invention, it is preferable that it is more than the superposition dimension in a mask alighment
process.

[0031]

The manufacturing method of the semiconductor device of the present invention the 4th region that is some regions which touch the
boundary part of the 1st region of a wiring formation film, and the 1st region in the 2nd region of a wiring formation film between
processes (d) (e) with a wrap, It is preferable to have further the process (g) of introducing the impurity of the 2nd conductivity type into
the remainder of the 2nd region in a wiring formation film, using the 4th mask layer that carries out the opening of the remainder of the
2nd region, and to also activate the impurity introduced into the 4th region of the wiring formation film in a process (e).

[0032]

As for each of length from the boundary part with the 2nd region in the 3rd region to the 1st region side, and length from the boundary
part with the 1st region in the 4th region to the 2nd region side, in the manufacturing method of the semiconductor device of the present
invention, it is preferable that it is more than the superposition dimension in a mask alignment process.

[0033]

As for a metal silicide film, in the manufacturing method of the semiconductor device of the present invention, it is preferable that they
are a nickel silicide, titanium silicides, or a cobalt silicide.

[Effect of the Invention]

[0034]

Since according to a semiconductor device concerning the present invention, and a manufacturing method for the same reduction in
thickness of a metal silicide film can be inhibited and disconnection of a metal silicide film can be prevented, high resistance—ization of
wiring is avoidable.

[Best Mode of Carrying Out the Invention]

[0035]

(One embodiment)

It describes referring to Drawings for one embodiment of the present invention.

[0036]

Fig.1 (a) shows the plane constitution of the semiconductor device concerning one embodiment of the present invention, and Fig.1 (b)
shows the section composition in the Ib-Ib line of Fig.1 (a).

[0037]

As shown in Fiz.1 (a), the semiconductor device concerning this embodiment is a dual gate transistor which has N channel type MOS
transistor region A and P channel type transistor region B. In Fig.1 (a), the metal silicide film provided by the upper part of the gate
electrode is omitted for a description.

[0038]

As shown in Fig.1 (a) and Fig.1 (b), to N channel type MOS transistor regionA, The N type active region 12 which functions as a source
drain area which the circumference is surrounded and consists of an N type impurity diffused layer by the isolation region 11 formed in
the upper part of the semiconductor substrate 10 consisting of silicon, It is formed ranging over the this N type active region 12 and
isolation region 11 top, and the first gate electrode 14 consisting of the polycrystalline silicon containing an N type impurity is arranged.
[0039]

Similarly P channel type MOS transistor region B, The P type active region 13 which functions as a source drain area which the
circumference is surrounded and consists of a P type impurity diffused layer by the isolation region 11, It is formed ranging over the this
P type active region 13 and isolation region 11 top, and the second gate electrode 15 consisting of the polycrystalline silicon containing a
P type impurity is arranged.

[0040]
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Between the N type active region 12 on the main surface of the semiconductor substrate 10, and the first gate electrode 14, and
between the P type active region 13 and the second gate electrode 15, the gate dielectric film 16 which consists of silicon oxide, for
example is formed, respectively.

[0041]

Between the first gate electrode 14 in the dual gate over N channel type MOS transistor region A and P channel type MOS transistor
region B, and the second gate electrode 15, The 3rd gate electrode 14a that consists of polycrystalline silicon containing an N type
impurity, and adjoins the first gate electrode 14, It consists of polycrystalline silicon containing a P type impurity, and the second gate
electrode 15 and the 4th adjoining gate electrode 15a are formed, and it has touched mutually so that the 3rd gate electrode 14a and 4th
gate electrode 15a may form the PN—junction border area C.

[0042]

As characteristics of this embodiment, the concentration of the N type impurity of the 3rd gate electrode 14a is low concentration from
the concentration of the N type impurity of the first gate electrode 14, and the concentration of the P type impurity of the 4th gate
electrode 15a is low concentration from the concentration of the P type impurity of the second gate electrode 15.

[0043]

As shown in Fig.1 (b), the nickel silicide film 17 is formed in the upper part of the first gate electrode 14, the second gate 15, the 3rd gate
electrode 14a, and the 4th gate electrode 15a, for example.

[0044]

It describes referring to Drawings for the manufacturing method of the semiconductor device hereafter applied to this embodiment
constituted as mentioned above.

[0045]

Fig.2 (a) - Fig.2 (d) and Fig.3 (a) — Fig.3 (d) show the section composition of the process order of the manufacturing method of the
semiconductor device concerning this embodiment.

[0046]

First, as shown in Eig.Z (a), surround the N type active region 12 and the P type active region 13 in the upper part of the semiconductor
substrate 10 consisting of silicon, respectively, and. The isolation region 11 which consists of a shallow trench isolation (STI) which
separates N channel type transistor region A and P channel type transistor region B is formed. Then, for example, the gate dielectric film
16 consisting of 2—-nm—thick silicon oxide is formed on the main surface of the semiconductor substrate 10 by a thermal oxidation
method. Then, it crosses on the semiconductor substrate 10 by the chemical gaseous phase depositing (CVD) method all over including
the gate dielectric film 16 and the isolation region 11, and the 200—nm—thick polycrystalline silicon film 20 is formed.

[0047]

Next, as shown in Fig.2 (b), form the first resist film 21 that has an opening in N channel type transistor region A on the polycrystalline
silicon film 20 by the lithography method, and the formed first resist film 21 is used as a mask, Infused energy carries out by 20keV, and a

dose carries out the ion implantation of the phosphorus (P*) ion which is an N type impurity to N channel type transistor region A of the

polycrystalline silicon film 20 by the implanting conditions of 5x10 15/cm2. Then, the first resist film 21 is removed.

[0048]

Next, as shown in Fizg.2 (c), form the second resist film 22 which has an opening in P channel type transistor region B on the
polycrystalline silicon film 20 by the lithography method, and the formed second resist film 22 is used as a mask, Infused energy carries

out by 2keV, and a dose carries out the ion implantation of the boron (BY) ion which is a P type impurity to P channel type transistor

region B of the polycrystalline silicon film 20 by the implanting conditions of 2x10 15/6m2. Then, after removing the second resist film 22,
the polycrystalline silicon film 20 is patterned after gate electrode form as shown in Fig.1 (a) by the lithography method and the dry
etching method.

[0049]

As shown in Fig.2 (d), the aperture width on N channel type transistor region A rather than the first resist film 21 on the polycrystalline
silicon film 20 next, by making about 10 nm small at this N channel type transistor region A side, The 3rd resist film 23 of a wrap is
formed for the PN—junction border area C which is a boundary part of P channel type transistor region B and this P channel type
transistor region B, and N channel type transistor region A. Then, by using the 3rd formed resist film 23 as a mask, infused energy carries

out by 20keV, and a dose carries out the ion implantation of the phosphorus (P™) ion to N channel type transistor region A of the

polycrystalline silicon film 20 by the implanting conditions of 1x10 15/cm2. Then, the 3rd resist film 23 is removed.

[0050]

As shown in Fig.3 (a), the aperture width on P channel type transistor region B rather than the second resist film 22 on the polycrystalline
silicon film 20 next, by making about 10 nm small at this P channel type transistor region B side, The 4th resist film 24 of a wrap is
formed for N channel type transistor region A and the PN—junction border area C. Then, by using the 4th formed resist film 24 as a mask,

infused energy carries out by 2keV, and a dose carries out the ion implantation of the boron (B™) ion to P channel type transistor region

B of the polycrystalline silicon film 20 by the implanting conditions of 1x10 15/6m2. Then, the 4th resist film 24 is removed.

[0051]

Next, as shown in Fig.3 (b), it heat—treats to the semiconductor substrate 10, and each impurity injected into the polycrystalline silicon
film 20 is activated. By this heat treatment, the phosphorous ion and the boron ion which were injected into the polycrystalline silicon film
20 diffuse, and to N channel type transistor region [ of the polycrystalline silicon film 20 ] A, The first gate electrode 14 that consists of
an N type polycrystalline silicon region is formed, and the second gate electrode 15 which consists of a P type polycrystalline silicon
region is formed in P channel type transistor region [ of the polycrystalline silicon film 20 ] B. To the N channel type transistor region A
side in the PN—junction border area C of the polycrystalline silicon film 20, The 3rd gate electrode 14a whose concentration of an N type
impurity is lower than the first gate electrode 14 is formed, and the 4th gate electrode 15a whose concentration of a P type impurity is

lower than the second gate electrode 15 is formed in the P channel type transistor region B side in the PN—junction border area C.
[0052]
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Next, as shown in Fig.3 (c), the 10—nm-thick nickel (nickel)—for example, film 17A is deposited as a metal film by the vacuum deposition
method or a sputtering method the whole surface on each gate electrode 14, 14a, 15, and 15a. At this time, a titanium nitride (TiN) film
may be deposited on the nickel layer 17A.

[0053]

Next, as shown in Fig.3 (d), temperature to the semiconductor substrate 10 at 430 degrees C, The nickel silicide (NiSi) film 17 is formed in
the upper part of each gate electrode 14, 14a, 15, and 15a by performing first short time heat treatment (rapid heat treatment) for 30
seconds, and making the silicon which constitutes each gate electrode 14 and 15, and nickel deposited on it react. Then, the unreacted
nickel layer 17A is selectively removed using solutions, such as mixed liquor of sulfuric acid (HZSO4) and hydrogen peroxide solution

(H202). Then, temperature performs second short time heat treatment for 60 seconds to the semiconductor substrate 10 at 850 degrees

C.

[0054]

The semiconductor device which has the dual gate structure concerning this embodiment by the above can be obtained.

[0055]

On this embodiment and in the PN—junction border area C of N channel type transistor region A and P channel type transistor region B,
Make concentration of the N type impurity of the first gate electrode 14 of N channel type transistor region A, and the 3rd touching gate
electrode 14a lower than the concentration of the first gate electrode 14, and. Concentration of the P type impurity of the second gate
electrode 15 of P channel type transistor region B and the 4th touching gate electrode 15a is made lower than the concentration of the
second gate electrode 15. However, the present invention may make only impurity concentration of the 3rd gate electrode 14a lower than
the impurity concentration of the first gate electrode 14, and may make only impurity concentration of the 4th gate electrode 14a
conversely lower than the impurity concentration of the second gate electrode 15.

[0056]

In this embodiment, after injecting the phosphorous ion which is an N type impurity, the boron ion which is a P type impurity is injected,
but contrary to this, phosphorous ion may be injected, after injecting boron ion. After injecting one of ion continuously among
phosphorous ion and boron ion rather than injecting phosphorous ion and boron ion 2 times respectively alternately, the ion of the other
may be injected continuously.

[0057]

Although the dimension of the wrap portion set the PN—junction border area [ in / for the PN—junction border area C / the 3rd resist film
23 of a wrap, and the 4th resist film 24 ] C to 10 nm, it is desirable that it is beyond the superposition accuracy in a mask alignment
process.

[0058]

In the above—mentioned embodiment, if the impurity concentration in the PN—junction border area C is phosphorous ion, in more than

6x1015/cm2, the reaction velocity of silicide formation becomes it slow that boron ion is 3x10'9 / more than cm?. A reaction becomes
slow when nickel is especially used for a refractory metal.

[0059]

As are described above, and the semiconductor device concerning this embodiment was shown in Fig.3 (b), the impurity concentration of
the PN—junction border area C of N channel type transistor region A and P channel type transistor region B is formed lower than other
regions.

[0060]

The concentration of the N type impurity of the 3rd gate electrode 14a in the PN—junction border area C is lower than the concentration
of the N type impurity of the first gate electrode 14 more specifically, And since it is the composition whose concentration of the P type
impurity of the 4th gate electrode 15a is lower than the concentration of the P type impurity of the second gate electrode 15, Since the
thickness of the nickel silicide film 17 formed on the PN—junction border area C can be prevented from becoming thin, disconnection of
the nickel silicide film 17 in the PN—junction border area C can be prevented.

[0061]

Therefore, by forming in a PN—junction border area like a second conventional example the non—doped region which does not inject an
impurity at all, A poor integrated circuit can be prevented without increasing the occupation area of a transistor compared with the
technique of preventing disconnection in the PN—junction border area of a nickel silicide film.

[0062]

Although the dual gate transistor which has N channel type MOS transistor region A and P channel type transistor region B as a
semiconductor device was described in this embodiment, It is not limited to this composition, for example, is formed on a semiconductor
substrate, and the same effect can be acquired even if it is wiring consisting of the silicone film which the N type silicone film and the P
type silicone film connected.

[0063]

Although disconnection of the metal silicide film in the PN—junction border area C is not dependent on a wire length, it is easy to
generate it, so that wiring width becomes narrow. Specifically, in 60 nm or less, it is easy to generate wiring width, therefore a large effect
can be acquired by the case where wiring width is 60 nm or less.

[0064]

In this embodiment, although the nickel silicide was used as a metal silicide film, the refractory metal which can form silicides, such as
titanium (Ti) or cobalt (Co), may be used.

[0065]

As for the dimension of the gate width direction of the dimension 14a of the length direction (gate width direction) of the PN—junction
border area C, i.e., the 3rd gate electrode, and the 4th gate electrode 15a, as mentioned above, it is desirable that it is beyond the
superposition accuracy in a mask alignment process. As for the dose of the 3rd gate electrode 14a and the 4th gate electrode 15a, it is

usually desirable that they are 2x10 15 / cm? degree.
[Industrial applicability]
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[0066]

Page 6 of 6

A semiconductor device concerning the present invention, and a manufacturing method for the same, It is useful to a semiconductor
device of the dual gate structure which prevented disconnection of the metal silicide film in a PN—junction border area, could avoid high
resistance—ization of wiring, and was provided especially with the metal silicide film, a manufacturing method for the same, etc., without

barring micronization and high integration of an element.

[Brief Description of the Drawings]
[0067]

[Drawing 11(a) And (b) shows typically the semiconductor device concerning one embodiment of the present invention, (a) is a plan view,

and (b) is a cross sectional view in the Ib-Ib line of (a).

[Drawing 2](a) - (d) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device

concerning one embodiment of the present invention.

[Drawing 3](a) - (d) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device

concerning one embodiment of the present invention.

[Drawing 41(a) — (f) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device

concerning a first conventional example.

[Drawing 5]It is a plan view showing the semiconductor device concerning a second conventional example.

[Explanations of letters or numerals]
[0068]

A N channel type MOS transistor region
B P channel type MOS transistor region
C PN—junction border area

10 Semiconductor substrate

11 Isolation region

12 N type active region

13 P type active region

14 A first gate electrode

15 A second gate electrode

14a The 3rd gate electrode

15a The 4th gate electrode

16 Gate dielectric film

17 Nickel silicide film

17A Nickel layer

20 Polycrystalline silicon film

21 A first resist film

22 A second resist film

23 The 3rd resist film

24 The 4th resist film

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.%¥k%% shows the word which can not be translated.
3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]

Wiring consisting of silicon which is formed on a semiconductor substrate and has conductivity,

It has a metal silicide film formed after the aforementioned wiring,

The aforementioned wiring has the 1st region that shows the conductivity of N type, the 2nd region that shows the conductivity of P
type, and the 3rd region formed between said 1st region and said 2nd region,

A semiconductor device, wherein said 3rd region is connected to said 1st region and said 2nd region and concentration of an impurity of
said 3rd region is lower than concentration of an N type impurity of said 1st region, and concentration of a P type impurity of said 2nd
region.

[Claim 2]

Said 1st region is a gate electrode of an N channel type transistor,

The semiconductor device according to claim 1, wherein said 2nd region is a gate electrode of a P channel type transistor.

[Claim 3]

The semiconductor device comprising according to claim 1 or 2:

The 4th region that said 3rd region is connected with said 1st region, and shows the conductivity of N type.

The 5th region that is connected with said 2nd region and shows the conductivity of P type.

[Claim 4]

A semiconductor device of a description in any 1 item of the Claims 1-3 which make it pile each other up and are characterized by being
[in / in the length of a direction which connects said 1st region in said 3rd region, and said 2nd region / a mask alignment process ] more
than a dimension.

[Claim 5]

A semiconductor device of a description in any 1 item of the Claims 1-4, wherein the aforementioned metal silicide film consists of a
nickel silicide, titanium silicides, or a cobalt silicide.

[Claim 6]

A process (a) of forming a wiring formation film consisting of silicon on a semiconductor substrate,

A process (b) of introducing an impurity of the 1st conductivity type into said 1st region of the aforementioned wiring formation film using
the 1st mask layer that carries out the opening of the 1st region of the aforementioned wiring formation film,

A process (c) of introducing an impurity of the 2nd conductivity type into said 2nd region of the aforementioned wiring formation film
using the 2nd mask layer that carries out the opening of said 1st region in the aforementioned wiring formation film, and the 2nd adjoining
region,

The 3rd region that is some regions which touch a boundary part of said 2nd region of the aforementioned wiring formation film, and said
2nd region in said 1st region of the aforementioned wiring formation film with a wrap, A process (d) of introducing an impurity of the 1st
conductivity type into the remainder of said 1st region in the aforementioned wiring formation film using the 3rd mask layer that carries
out the opening of the remainder of said 1st region,

A process (e) of activating each impurity introduced into said 1st region, the 2nd region, and the 3rd region by heat—treating to the
aforementioned wiring formation film,

A manufacturing method of a semiconductor device provided with a process (f) of forming a metal silicide film on the aforementioned
wiring formation film.

[Claim 7]

Said 1st region is a gate electrode of an N channel type transistor,

A manufacturing method of the semiconductor device according to claim 6, wherein said 2nd region is a gate electrode of a P channel
type transistor.

[Claim 8]

A manufacturing method of the semiconductor device according to claim 6 or 7 which makes it pile each other up and is characterized by
being [ in / in length from a boundary part with said 2nd region in said 3rd region to said 1st region side / a mask alighment process ]
more than a dimension.

[Claim 9]

Between the aforementioned process (d) and the aforementioned processes (e),

The 4th region that is some regions which touch a boundary part of said 1st region of the aforementioned wiring formation film, and said
1st region in said 2nd region of the aforementioned wiring formation film with a wrap, It has further a process (g) of introducing an
impurity of the 2nd conductivity type into the remainder of said 2nd region in the aforementioned wiring formation film, using the 4th mask
layer that carries out the opening of the remainder of said 2nd region,

A manufacturing method of the semiconductor device according to claim 6 or 7 also activating an impurity introduced into said 4th region
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of the aforementioned wiring formation film in the aforementioned process (e).

[Claim 10]

Length from a boundary part with said 2nd region in said 3rd region to said 1st region side, and length from a boundary part with said 1st
region in said 4th region to said 2nd region side, A manufacturing method of the semiconductor device according to claim 9 with which
you make it pile each other up, and all are characterized by being more than a dimension in a mask alignment process.

[Claim 11]

A manufacturing method of a semiconductor device of a description in any 1 item of the Claims 6—10, wherein the aforementioned metal
silicide film is a nickel silicide, titanium silicides, or a cobalt silicide.

[Translation done.]
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Docket No.: 085393-0935
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: : Customer Number: 53080
Yoshihiro SATO et al. :

Application No.: 13/665,376 Confirmation No.: 4442
Filed: October 31, 2012 Art Unit: 2897

For: SEMICONDUCTOR DEVICE Examiner: L. T. Nguyen

AMENDMENT UNDER 37 C.F.R. § 1.111

Mail Stop - Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Madam:
In response to the Office Action dated March 18, 2014, having a three-month shortened

statutory period for response set to expire June 18, 2014, please amend the above-identified

application as set forth below.
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IN THE CLAIMS:

Please amend the claims as follows:
1. (Currently amended) A semiconductor device, comprising:
a first dual-gate electrode; and

a second dual-gate electrode being separated from the first dual-gate electrode, wherein

the first dual-gate electrode includes a first gate electrode located on a first active region and
having a first silicon film of a first conductivity type and a second gate electrode located on a
second active region and having a first silicon film of a second conductivity type,

the second dual-gate electrode includes a third gate electrode located on a third active region
and having a second silicon film of the first conductivity type and a fourth gate electrode located on
a fourth active region and having a second silicon film of the second conductivity type,

the first active region and the second active region are isolated from each other with an
isolation region interposed therebetween,

the first gate electrode and the second gate electrode are connected to each other on the
isolation region, and

at least a portion of the first silicon film of the first conductivity type has a first-
conductivity-type impurity concentration higher than that of a portion of the second silicon film of
the first conductivity type located on the third active region.

2. (Original) The semiconductor device of claim 1, wherein an isolation width between the
first active region and the second active region is larger than that between the third active region and
the fourth active region.

3. (Withdrawn) The semiconductor device of claim 1, wherein at least a portion of the first
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silicon film of the second conductivity type has a second-conductivity-type impurity concentration
substantially equal to that of a portion of the second silicon film of the second conductivity type
located on the fourth active region.

4. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon
film of the first conductivity type located on the first active region has a first-conductivity-type
impurity concentration higher than that of a portion of the second silicon film of the first
conductivity type located on the third active region.

5. (Original) The semiconductor device of claim 1, wherein a portion of the first silicon
film of the first conductivity type located on the first active region has a first-conductivity-type
impurity concentration lower than that of a portion of the first silicon film of the first conductivity
type located on the isolation region.

6. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon
film of the second conductivity type located on the second active region has a second-conductivity-
type impurity concentration lower than that of a portion of the second silicon film of the second
conductivity type located on the fourth active region.

7. (Original) The semiconductor device of claim 1, wherein a portion of the first silicon
film of the second conductivity type located on the second active region has a second-conductivity-
type impurity concentration lower than that of a portion of the first silicon film of the second
conductivity type located on the isolation region.

8. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon
film of the first conductivity type located on the first active region has a first-conductivity-type

impurity concentration substantially equal to that of a portion of the first silicon film of the first

(8]
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conductivity type located on the isolation region.

9. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon
film of the first conductivity type located on the isolation region has a first-conductivity-type
impurity concentration higher than that of a portion of the second silicon film of the first
conductivity type located on the third active region.

10. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon
film of the first conductivity type located on the first active region has a first-conductivity-type
impurity concentration substantially equal to that of a portion of the second silicon film of the first
conductivity type located on the third active region.

11. (Cancelled)

12. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon
film of the second conductivity type located on the second active region has a second-conductivity-
type impurity concentration substantially equal to that of a portion of the second silicon film of the
second conductivity type located on the fourth active region.

13. (Cancelled)

14. (Withdrawn) The semiconductor device of claim 1, wherein

a portion of the first silicon film of the first conductivity type located on the first active
region has a first-conductivity-type impurity concentration higher than that of a portion of the
second silicon film of the first conductivity type located on the third active region, and

a portion of the first silicon film of the second conductivity type located on the second active
region has a second-conductivity-type impurity concentration higher than that of a portion of the

second silicon film of the second conductivity type located on the fourth active region.
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15. (Original) The semiconductor device of claim 1, wherein

the first gate electrode is a gate electrode of a first PMIS transistor,

the second gate electrode is a gate electrode of a first NMIS transistor,

the third gate electrode is a gate electrode of a second PMIS transistor, and

the fourth gate electrode is a gate electrode of a second NMIS transistor.

16. (Original) The semiconductor device of claim 1, wherein

each of the first gate electrode and the second gate electrode is a gate electrode of a
transistor for a logic circuit, and

each of the third gate electrode and the fourth gate electrode is a gate electrode of a transistor

for an SRAM circuit.

Page 242 of 304



Application No.: 13/665,376 Docket No.: 085393-0935

REMARKS
I. Introduction

In response to the pending Office Action, Applicants have amended claim 1 to further clarify
the intended subject matter of the present disclosure. Support for the amendment to claim 1 can be
found, for example, in paragraphs [0089]-[0090] and Figs. 9A-9D of the published application (USP
Pub. No. 2013/0056832). In addition, claims 11 and 13 have been cancelled, without prejudice. No
new matter has been added.

Upon allowance of claim 1 it is respectfully requested that claims 3, 4, 6, 8-10, 12 and 14,
which are currently withdrawn, be rejoined. As claims 3, 4, 6, 8-10, 12 and 14 are dependent on
claim 1, it is clear that claim 1 is generic to claims 3, 4, 6, 8-10, 12 and 14.

Further, it is noted on the Office Action Summary page that “some” of the priority
documents have been received. However, it appears from the USPTO PAIR system records that all
of the priority documents have been received. Applicants respectfully request that the next paper
issued in this application make this indication.

For at least the reasons set forth below, it is respectfully submitted that the pending claims

are patentable over the cited prior art references.

11. The Rejection Of The Claims Under 35 U.S.C. § 103

Claims 1-2, 5,7, 11, 13, 15 and 16 were rejected under 35 U.S.C. § 103 as being
unpatentable over JP 2010-67912 to Shimomura in view of USP Pub. No. 2008/0036010 to Tamaki.
For at least the following reasons, it is respectfully submitted that claim 1 is patentable over

Shimomura and Tamaki, taken alone or in combination with one another.
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First, it is stated in the pending rejection that the limitation of claim 1 reciting “at least a
portion of the first silicon film of the first conductivity type has a first-conductivity-type impurity
concentration higher than that of a portion of the second silicon film of the first conductivity type
located on the third active region” was not considered because it does not pertain to the elected
species. This conclusion is in error, as the foregoing limitation clearly reads on the elected species.

More specifically, the elected species was Species I, which corresponds to Figs. 9 and 10.
The following sets forth how the limitation reads on the elected figures. Referring to Figs. 9A-9D
and the limitation, “at least a portion (14b1, 14b2) of the first silicon film (14b) of the first
conductivity type (P-type) has a first-conductivity-type (P-type) impurity concentration higher than
that of a portion (14d) of the second silicon film (14d) of the first conductivity type (P-type) located
on the third active region (10d).” This feature is expressly mentioned in paragraph [0091] of the
specification, which states “[a] feature of this embodiment is that the p-type silicon film 14bl has a
p-type impurity concentration lower than that of the p-type silicon film 14b2. In addition, each of

the p-type silicon film 14b1 and the p-type silicon film 14b2 has a p-type impurity concentration

higher than that of the p-type silicon film 14d.” (Emphasis added).

It is respectfully submitted that the foregoing explanation makes it clear that the limitation in
question clearly reads on the elected species and therefore should have been examined. As this
element has not been addressed in the pending rejection, for this reason alone the rejection is in
error and should be withdrawn. Furthermore, the next Office Action issued in this application
should not be made Final as the foregoing element should have been considered for examination
purposes prior to the issuance of the current Office Action.

Turning to the pending rejection, it is noted that claim 1 now recites, infer alia, a first dual-
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gate electrode; and a second dual-gate electrode being separated from the first dual-gate electrode.
For example, referring to the exemplary embodiment illustrated in Figs. 9A-9D, the device
includes a first dual-gate electrode (31L in Figs. 9A-9D) and a second dual-gate electrode (31S in
FIGS. 9A-9D), which are independent and separate from each other.

Turning to the cited prior art references, first with regard to Shimomura, Shimomura only
discloses one dual-gate electrode, and therefore, at a minimum, fails to disclose or suggest a second

dual-gate electrode being separated from the first dual-gate electrode, as recited by claim 1.

More specifically, it is asserted that the first gate electrode 14 and the second gate electrode
15 of Shimomura correspond to the recited first dual-gate electrode, and that the third gate
electrode 14a and the fourth gate electrode 14b of Shimomura correspond to the recited second
dual-gate electrode.

However, as is shown in Fig. 1 of Shimomura, the third gate electrode 14a and the fourth
gate electrode 15a are directly connected to each, and the first gate electrode 14 and the second
gate electrode 15 are connected to each other with the third and fourth gate electrodes (14a & 15a)
interposed therebetween. In other words, the first through fourth gate electrodes of Shimomura are
connected together in a serial manner.

As such, it is clear that the alleged first dual-gate electrode (electrodes 14 and 15 of
Shimomura) and the alleged second dual-gate electrode (electrodes 14a and 15a of Shimomura) are
neither separated from each other, nor independent of each other. Indeed, the configuration of
Shimomura is completely different from that of claim 1. Accordingly, at a minimum, Shimomura
does not disclose a first dual-gate electrode and a second dual-gate electrode being separated from

the first dual-gate electrode, as recited by claim 1.
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Furthermore, it is also asserted in the pending rejection that the third gate electrode 14a
allegedly forming part of the second dual-gate electrode (14a & 15a) is located on the third active
region 12a and the fourth gate electrode 15a is located on the fourth active region 13a. However,
Shimomura does not appear to make any disclosure regarding a “third active region 12a” or a
“fourth active region 13a.” As shown in Figs. 1A and 1B of Shimomura, the third gate electrode
14a and the fourth gate electrode 15a are provided on an isolation region 11 and are not provided
on any of an n-type active region 12 or a p-type active region 13. Thus, it is clear that Shimomura
also fails to disclose or suggest a second dual-gate electrode including a third gate electrode located
on a third active region and having a second silicon film of the first conductivity type and a fourth
gate electrode located on a fourth active region and having a second silicon film of the second
conductivity type, as recited by claim 1.

Turning to Tamaki, as this reference also fails to disclose or suggest a device including two
dual-gate electrodes that are separated from each other and independent of each other, at a
minimum, Tamaki does not cure the foregoing deficiencies of Shimomura, nor is it relied upon
doing so.

Accordingly, as each and every element of the claim must be disclosed or suggested by the
cited prior art references in order to establish a prima facie case of obvious (see, M.P.E.P. §
2143.03), and the combination of Shimomura and Tamaki fails to do so for at least the foregoing

reasons, it is clear that claim 1 is patentable over the combination of Shimomura and Tamaki.
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I11. Dependent Claims

Under Federal Circuit guidelines, a dependent claim is nonobvious if the independent claim
upon which it depends is allowable because all the limitations of the independent claim are
contained in the dependent claims, Hartness International Inc. v. Simplimatic Engineering Co., 819
F.2d at 1100, 1108 (Fed. Cir. 1987). Accordingly, as the pending independent claim is patentable
for at least the reasons set forth above, it is respectfully submitted that all claims dependent thereon

are also patentable.

IV. Summary

Applicant submits that all of the claims are now in condition for allowance, an indication of
which is respectfully solicited.

Please charge any shortage in fees due in connection with the filing of this paper, including
extension of time fees, to Deposit Account 500417 and please credit any excess fees to such deposit

account.

Respectfully submitted,
J

McDERMOTT WILL & EMERY LLP

/Michael E. Fogarty/,

Michael E. Fogarty
Registration No. 36,139

500 North Capitol Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20001 as our correspondence address.

Phone: 202.756.8000 MEF

Facsimile: 202.756.8087

DATE: June 9, 2014

DM_US 52526074-1.085393.0935
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THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.
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I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

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

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

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

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (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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PART B - FEE(S) TRANSMITTAL
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CFR 1.363).
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Address form PTO/SB/122) attached.

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

2. For printing on the patent front page, list
1

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

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE

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

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

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

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies
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| Payment by credit card. Form PTO-2038 is attached.

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

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

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

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

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

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.
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Date
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Registration No.

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

Page 2 of 3

P% 36520(91‘ 3% 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
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DATE MAILED: 07/01/2014

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
13/665,376 SATO ET AL.

. oy [ i AlA (First Inventor to
Notice of Allowability EXCVHSESCE-UNH T. NGUYEN gg? " File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWARBILITY 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 06/03/2014.
OA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 1-10, 12, & 14-16. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hitp://www Lsplc.govipatents/inil_events/gph/index.jsg or send an inquiry to PPHisedback@ysplo.aoy .

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

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

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

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

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

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

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

2. { Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 10/31/2012

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

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

/LAWRENCE-LINH T NGUYEN/
Examiner, Art Unit 2897

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140614
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Application/Control Number: 13/665,376 Page 2
Art Unit: 2897

REASONS FOR ALLOWANCE

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

provisions.

Election/Restrictions

2. Claims 1-10, 12 & 14-16 allowable. The restriction requirement of Method and
device and species , as set forth in the Office action mailed on 10/24/2013 , has been
reconsidered in view of the allowability of claims to the elected invention pursuant to
MPEP § 821.04(a). The restriction requirement is hereby withdrawn as to any
claim that requires all the limitations of an allowable claim. Specifically, the
restriction requirement of claims 3,4,6,8-10,12, & 14 are withdrawn. Claims 3,4,6,8-
10,12, & 14, directed to Species Il no longer withdrawn from consideration because the
claim(s) requires all the limitations of an allowable claim.

3. In view of the above noted withdrawal of the restriction requirement, applicant is
advised that if any claim presented in a continuation or divisional application is
anticipated by, or includes all the limitations of, a claim that is allowable in the present
application, such claim may be subject to provisional statutory and/or nonstatutory

double patenting rejections over the claims of the instant application.
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Once a restriction requirement is withdrawn, the provisions of 35 U.S.C. 121 are
no longer applicable. See In re Ziegler, 443 F.2d 1211, 1215, 170 USPQ 129, 131-32

(CCPA 1971). See also MPEP § 804.01.

Allowable Subject Matter

4. Applicant’s arguments see Applicant Arguments/Remarks Made in an
Amendment, filed 06/09/2014, with respect to the 103 Rejection of claims 1-7,9,11,13,
& 15-16 have been fully considered and are persuasive.
5. In response to the Applicants’ request, claims 1-16 are presented for examination
with claims 11 & 13 are canceled.
6. This Office action is responsive to Applicants’ application filed 06/09/2014. The
independent claim 1 is allowed.
7. The following is an examiner’s statement of reasons for allowance:
a. With respect to independent claim 1, the prior arts of record do not teach
or fairly suggest a limitation of “ a semiconductor device comprising:
I. a second dual-gate electrode being separated from the first dual-
gate electrode, wherein the first dual-gate electrode includes a first gate
electrode located on a first active region and having a first silicon film of a
first conductivity type and a second gate electrode located on a second

active region and having a first silicon film of a second conductivity type.

Thus, it is possible to reduce degradation of characteristics of FETs due to

mutual diffusion of impurities between the n-type region and the p-type
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region in the polysilicon gate electrode.

ii. Also claims 2-10, 12, 14-16 are depended on claim 1.

8. 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.”

Response to Applicant’s Remarks

1. Applicant’s arguments with respect to claims 1-7,9,11,13, & 15-16 have been

considered and are persuasive.
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Conclusion

12.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LAWRENCE-LINH T. NGUYEN whose telephone
number is (571) 272-6267. The examiner can be reached on M-F (8AM - 4PM EST).
13.  If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando Toledo can be reached on (571) 272-1867. The fax phone
number for the organization where this application or proceeding is assigned is (571)
272-8300.

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

system, call (800) 786-9199 (in USA or CANADA) or (571) 272-1000.

/Lawrence-Linh T Nguyen/ /Fernando L. Toledo/
Examiner, Art Unit 2897 Supervisory Patent Examiner, Art
Unit 2897
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((second third four$2) adj active) near3
((second third four$2) adj electrode))
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FPRS;
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[BM_TDB
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ON

2013/08/27
14:21

L19
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ramdom adj acess adj mem) ).clm.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB
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ON

2014/06/14
21:43

St

"13665376"

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB
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ON

2013/08/27
10:45

186

((YOSHIHIRO) near2 (SATO)).INV.

US-PGPUB;
USPAT;
USOCR

OR

ON

2013/08/27
10:46

68

((HIDEYUKI) near2 (ARAI)).INV.

US-PGPUB;
USPAT;
USOCR

OR

ON

2013/08/27
10:46

208

((TAKAYUKI) near2 (YAMADA)).INV.

US-PGPUB;
USPAT;
USOCR

OR

ON

2013/08/27
10:46

'20030107090" "20080036010"

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
10:46

17641

("dual gate$1" "dual-gate$1" "double
layer$1 gate" (dual multiple Bi) adj
gate$1)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:10

S7

5087216

((concerntration n- n-type p- p-type
second ) adj$3 impurit$3) with (high$3
low$3 less more)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;

OR

ON

2013/08/27
14:15
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2013/08/27
14:37

S11

288

(second multipl$3 third four) adj ("dual
gate$1" "dual-gate$1" "double layer$1
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US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:39

S12

829

(("dual gate$1" "dual-gate$1" "double
layer$1 gate" (dual multiple Bi) adj
gate$1)) adj3 (CMIS NMISFET PMISFET
MISFET MOSFET)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB
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ON

2013/08/27
14:43

S13

23

("5877535" | "B977591" |
"20020093051" | "6180519" |
"6586837" | "20020042173" |
"20030173625" | "5837601" |
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14:46
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FPRS;
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[BM_TDB
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ON

2013/08/27
14:46

S15

84

S14 and S6

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
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[BM_TDB

OR
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2013/08/27
14:47
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2013/08/27
15:50

Pa§e2630f304
file:///Cl/Users/LLNguyen16/Documents/e-Red%20Folder/13665376/EASTSearchHistory.13665376_AccessibleVersion.htm[6/14/2014 9:49:19 PM]




EAST Search History
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"5122474" | "6010929" | IBM_TDB
"20040183141" | "20040256653" |
"5936844" | "20060138568" |
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"7414292") .PN.
S17 §187024 (sram static adj ram$1 static adj US-PGPUB;OR ON 2013/08/27
ramdom adj acess adj mem) USPAT; 17:19
USOCR,;
FPRS;
EPO; JPG;
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IBM_TDB
518 {23874 S17 and logic adj circuit US-PGPUB; 1OR ON 2013/08/27
USPAT; 17:20
USOCR,;
FPRS;
EPO; JPG;
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IBM_TDB
S19 41985 S$18 and (gate with (impurit$3 US-PGPUB; iOR ON 2013/08/27
concerntration)) USPAT; 17:21
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S21 4206 S$19 and dual adj gate US-PGPUB; {OR ON 2013/08/27
USPAT; 17:22
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S22 1332415 ii((concerntration n- n-type p- p-type US-PGPUB; HOR ON 2013/08/27
second ) adj$3 impurit$3) with (high$3 {jUSPAT; 17:24
low$3 less more) and ("257".clas. USOCR;
"438" clas.) FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S24 4715 ((second third four$2) adj3 active) US-PGPUB;iOR ON 2013/08/27
near3 ((second third four$2) adj USPAT,; 17:26
electrode$1) USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S25 {2567 transistor$1 near3 (PMIS NMIS MISFET §US-PGPUB;OR ON 2013/08/27
NMISFET PMISFET CMIS) and USPAT,; 17:28
("257".clas. "438".clas.) USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S26 #1039 (("dual gate$1" "dual-gate$1" "double {US-PGPUB;3{OR ON 2013/08/27
layer$1 gate" (dual multiple Bi) adj USPAT; 17:28
gate$1)) near3 (CMIS NMISFET USOCR;
PMISFET MISFET MOSFET) FPRS;
EPO; JPG;
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DERWENT;
IBM_TDB

S27

33

25 and S26

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
17:31

S30

206

S21 and dual adj gate

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
17:41

S31

24133

S$17 and logic adj (circuit area)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
17:49

S32

21

(US-20130062682-$ or US-
20080283928-% or US-20110008954-%
or US-20110006374-$ or US-
20090130833-% or US-20110086510-%
or US-20060138568-$ or US-
20020042173-% or US-20110198707-$
or US-20060292799-$ or US-
20060275969-$ or US-20130193493-
$).did. or (US-8013395-% or US-
7825482-% or US-7598574-% or US-
7495298-$% or US-7414292-% or US-
6569742-$% or US-5977591-%).did. or
(US-20090138840-$ or JP-
2006303448-%) .did.

US-PGPUB;
USPAT;
DERWENT

OR

ON

2013/09/26
20:24

S33

3200

257/392,903,E27.098.ccls.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/10/07
17:10

34

196695

SRAM STATIC adj RAM STATIC adj
RANDOM adj ACCESS

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/10/07
17:12

S35

25092

S34 and LOGIC adj CIRCUIT

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR
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2013/10/07
17:12

S36

Pa§e265
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FPRS;

EPO; JPC;
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USOCR,;
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2014/02/24
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"20080036013"

US-PGPUB;
USPAT;
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FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
08:47

S39

("2008/0036013").URPN.

USPAT

OR
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2014/02/24
09:13

$40

("2004/0180522").URPN.

USPAT

OR

ON

2014/02/24
09:40

S41

19

("20030181005" | "20040104405" |
"20040159834" | "20040180522" |
"20050199958" | "20060148153" |
"20080223255" | "20070108529" |
"20070141775" | "20070235817" |
"20070257308" | "20080064191" |
"6479350" | "6492218" | "6762085" |
"7015082" | "7026205" |

"7449753").PN. OR ("7678636").URPN.

US-PGPUB;
USPAT;
USOCR

OR

ON

2014/02/24
09:41

S42

"11808620"

US-PGPUB;
USPAT;
USOCR

OR

ON

2014/02/24
09:46
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US-PGPUB;
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FPRS;
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2014/02/24
09:51

S44
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257/392,903,E27.098.ccls.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
12:45

S45

213729

SRAM STATIC adj RAM STATIC adj
RANDOM adj ACCESS

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB
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2014/02/24
12:45

S46

26439

A5 and LOGIC adj CIRCUIT

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
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2014/02/24
12:45
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DERWENT;
IBM_TDB

S47

855317

("257" "438" "365").CLAS.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
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OR

ON

2014/02/24
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US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB
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2014/02/24
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with ((first second third) adj3
(conductive p- n-) adj impurity)
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USOCR,;
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FPRS;

EPO; JPC;
DERWENT;
[BM_TDB
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2014/02/24
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second third) adj3 (conductive p- n-))
adj3 impurity)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
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OR
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2014/02/24
12:55
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ON

2013/08/27
10:46

'20030107090" "20080036010"

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
10:46

17641

("dual gate$1" "dual-gate$1" "double
layer$1 gate" (dual multiple Bi) adj
gate$1)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:10

S7

5087216

((concerntration n- n-type p- p-type
second ) adj$3 impurit$3) with (high$3
low$3 less more)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;

OR

ON

2013/08/27
14:15

Page 272 of 304
file:///Cl/Users/LLNguyen16/Documents/e-Red%20Folder/13665376/EASTSearchHistory.13665376_Accessible Version.htm[6/14/2014 9:50:03 PM]




EAST Search History

{IBM_TDB

S8

321

((second third four$2) adj active) near3

((second third four$2) adj electrode)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27

14:21

6 and S7 and B

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:26

S10

11019

6 and S7

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:37

S11

288

(second multipl$3 third four) adj ("dual
gate$1" "dual-gate$1" "double layer$1
gate" (dual multiple Bi) adj gate$1)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:39

S12

829

(("dual gate$1" "dual-gate$1" "double
layer$1 gate" (dual multiple Bi) adj
gate$1)) adj3 (CMIS NMISFET PMISFET
MISFET MOSFET)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:43

S13

23

("5877535" | "B977591" |
"20020093051" | "6180519" |
"6586837" | "20020042173" |
"20030173625" | "5837601" |
"6191460" | "6489664" |
"20010007368" | "20010006832").PN.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:46

S14

103632

panasonic.as.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:46

S15

84

S14 and S6

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
14:47

S16

44

("5877535" | "B977591" |

"20020093051" | "6180519" |
"8586837" | "20020042173" |
"20030173625" | "5837601" |

US-PGPUB;
USPAT;
USOCR;
FPRS;

OR

ON

2013/08/27
15:50
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"6191460" | "6489664" | EPO; JPC;
"20010007368" | "20010006832" | DERWENT;
"5122474" | "6010929" | IBM_TDB
"20040183141" | "20040256653" |
"5936844" | "20060138568" |
"7129543" | "20070221960" |
"7414292") .PN.
S17 §187024 (sram static adj ram$1 static adj US-PGPUB;OR ON 2013/08/27
ramdom adj acess adj mem) USPAT; 17:19
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
518 {23874 S17 and logic adj circuit US-PGPUB; 1OR ON 2013/08/27
USPAT; 17:20
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S19 41985 S$18 and (gate with (impurit$3 US-PGPUB; iOR ON 2013/08/27
concerntration)) USPAT; 17:21
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S21 4206 S$19 and dual adj gate US-PGPUB; {OR ON 2013/08/27
USPAT; 17:22
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S22 1332415 ii((concerntration n- n-type p- p-type US-PGPUB; HOR ON 2013/08/27
second ) adj$3 impurit$3) with (high$3 {jUSPAT; 17:24
low$3 less more) and ("257".clas. USOCR;
"438" clas.) FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S24 4715 ((second third four$2) adj3 active) US-PGPUB;iOR ON 2013/08/27
near3 ((second third four$2) adj USPAT,; 17:26
electrode$1) USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S25 {2567 transistor$1 near3 (PMIS NMIS MISFET §US-PGPUB;OR ON 2013/08/27
NMISFET PMISFET CMIS) and USPAT,; 17:28
("257".clas. "438".clas.) USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S26 #1039 (("dual gate$1" "dual-gate$1" "double {US-PGPUB;3{OR ON 2013/08/27
layer$1 gate" (dual multiple Bi) adj USPAT; 17:28
gate$1)) near3 (CMIS NMISFET USOCR;
PMISFET MISFET MOSFET) FPRS;
EPO; JPG;
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DERWENT;
IBM_TDB

S27

33

25 and S26

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
17:31

S30

206

S21 and dual adj gate

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
17:41

S31

24133

S$17 and logic adj (circuit area)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/08/27
17:49

S32

21

(US-20130062682-$ or US-
20080283928-% or US-20110008954-%
or US-20110006374-$ or US-
20090130833-% or US-20110086510-%
or US-20060138568-$ or US-
20020042173-% or US-20110198707-$
or US-20060292799-$ or US-
20060275969-$ or US-20130193493-
$).did. or (US-8013395-% or US-
7825482-% or US-7598574-% or US-
7495298-$% or US-7414292-% or US-
6569742-$% or US-5977591-%).did. or
(US-20090138840-$ or JP-
2006303448-%) .did.

US-PGPUB;
USPAT;
DERWENT

OR

ON

2013/09/26
20:24

S33

3200

257/392,903,E27.098.ccls.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/10/07
17:10

34

196695

SRAM STATIC adj RAM STATIC adj
RANDOM adj ACCESS

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/10/07
17:12

S35

25092

S34 and LOGIC adj CIRCUIT

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/10/07
17:12

S36

Pa§e275
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FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

S37

"13665376"

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
07:48

S38

13

"20080036013"

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
08:47

S39

("2008/0036013").URPN.

USPAT

OR

ON

2014/02/24
09:13

$40

("2004/0180522").URPN.

USPAT

OR

ON

2014/02/24
09:40

S41

19

("20030181005" | "20040104405" |
"20040159834" | "20040180522" |
"20050199958" | "20060148153" |
"20080223255" | "20070108529" |
"20070141775" | "20070235817" |
"20070257308" | "20080064191" |
"6479350" | "6492218" | "6762085" |
"7015082" | "7026205" |

"7449753").PN. OR ("7678636").URPN.

US-PGPUB;
USPAT;
USOCR

OR

ON

2014/02/24
09:41

S42

"11808620"

US-PGPUB;
USPAT;
USOCR

OR

ON

2014/02/24
09:46

43

47

'2010067912" "6275788" "8017934"

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
09:51

S44

3363

257/392,903,E27.098.ccls.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
12:45

S45

213729

SRAM STATIC adj RAM STATIC adj
RANDOM adj ACCESS

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
12:45

S46

26439

A5 and LOGIC adj CIRCUIT

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;

OR

ON

2014/02/24
12:45
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DERWENT;
IBM_TDB

S47

855317

("257" "438" "365").CLAS.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
12:45

S48

293

S44 and $45 and $46 and S47

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
12:45

$49

$48 and (add$3 introduc$3 inplant$3)
with ((first second third) adj3
(conductive p- n-) adj impurity)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
12:47

S50

$48 and (add$3 introduc$3 inplant$3)
near3 (((first second third) adj3
(conductive p- n-)) adj3 impurity)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
12:49

S51

S48 and (add$3 remov$3high$3 low$3
introduc$3 inplant$3) near3 (((first
second third) adj3 (conductive p- n-))
adj3 impurity)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2014/02/24
12:55
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Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/665,376 10/31/2012 Yoshihiro SATO 085393-0935 4442
53080 7590 08/21/2014
i EXAMINER |
McDermott Will and Emery LLP I
The McDermott Building NGUYEN, LAWRENCE-LIN T

500 North Capitol Street, N.-W.
WASHINGTON, DC 20001

l ART UNIT I PAPER NUMBER I
2897
| NOTIFICATION DATE | DELIVERY MODE ]
08/21/2014 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

mweipdocket@mwe.com

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 13665376
Applicant : Sato
Filing Date : 10/31/2012
Date Mailed : 08/21/2014

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Shirley Winslow/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 13665376

[ ]

N

O OO

IDENTIFICATION OF APPLICATION DEFICIENCIES
Applicant must provide legible text for the following item(s).
|:| Specification filed , page(s) .
|:| Claims filed , claim(s) .
|:| Oath/declaration filed .

|:| Other: .

Applicant must provide missing information on the following page(s) of the specification by
amending the specification to add the missing text. No new matter may be added. p. 7 (line 5) -
incomplete sentence

The specification refers to one or more applications by attorney docket number and does not show the
U.S. application number(s). Applicant must supply the U.S. application number in place of each
attorney docket number.

Applicant must provide an Abstract of the Disclosure.

Applicant has submitted a DECLARATION (37 CFR 1.63) FOR A UTILITY OR DESIGN
APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76) (e.g., form
PTO/SB/01A). The Application Data Sheet, however, is not present with the filed application.
Applicant must submit an Application Data Sheet or file a new oath or declaration (e.g., PTO/SB/01)
executed by the inventors and containing the information required in 37 CFR 1.63.

Applicant must provide an executed declaration.
Applicant must provide the missing page(s) of the oath/declaration or Application Data Sheet filed
Applicant must provide a declaration signed by inventor(s) .

The oath/declaration filed shows non-initialed and/or non-dated alterations. Applicant must file a
new oath/declaration in compliance with 37 CFR 1.67(a).

Applicant(s) in the latest-filed oath/declaration or Application Data Sheet (ADS) did not show the
inventor’s residence at all, or did not show both a city and state in the U.S. inventor’s residence, or
did not show both a city and country in the non-U.S. inventor’s residence. Applicant must supply an
oath/declaration or Application Data Sheet (ADS) that shows each U.S. inventor’s city and state of
residence and each non-U.S. inventor’s city and country of residence.
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Docket No.: 085393-0935
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Customer Number: 53080
Yoshihiro SATO et al. Confirmation Number: 4442
Application No.: 13/665,376 Group Art Unit: 2897

Filed: October 31, 2012 Allowed: July 1, 2014

For: SEMICONDUCTOR DEVICE Examiner: L. T. Nguyen

MS Issue Fee

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Madam:

INTRODUCTORY COMMENTS

Prior to issuance of the patent, applicant respectfully requests entry on this amendment under 37

C.F.R. 1.312 for the above-captioned patent application.

Amendments to the Specification begin on page 2 of this paper.

Remarks/Arguments begin on page 3 of this paper.
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Application No. 13/665.376
Amendment dated October 6, 2014
After Allowance Under 37 CFR. 1.312

Docket No.: 085393-0935

AMENDMENTS TO THE SPECIFICATION

Please amend the paragraph beginning on page 7 at line 1 as follows:

In the semiconductor device, a portion of the first silicon film of the first conductivity type
located on each of the first active region and the isolation region may have a first-conductivity-type

impurity concentration higher than that of a portion of the second silicon film of the first

conductivity type located on the third active region.
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Application No. 13/665,376 Docket No.: 085393-0935
Amendment dated October 6, 2014

After Allowance Under 37 C.F.R. 1.312

REMARKS

In response to the Notice to File Corrected Application Papers issued on August 21, 2014, the

specification is being amended on page 7, line 5. No new matter has been introduced.

I it is determined that a telephone conference would expedite the prosecution of this application,

the Examiner is invited to telephone the undersigned at the number given below.

In the event the U.S. Patent and Trademark Office determines that an extension is required, applicant
petitions for any required relief including extensions of time and authorizes the Commissioner to
charge the cost of such petitions and/or other fees due in connection with the filing of this document

to Deposit Account No. 50-0417 referencing docket no. 085393-0935.

Applicant believes no fee is due with this response. However, if a fee is due, please charge our
Deposit Account No. 50-0417, under Order No. 085393-0935 from which the undersigned is

authorized to draw.

500 North Capitol Street, N.W Pleéise recognize our Customer No. 53080 as
Washington, DC 20001 ourk%t;&od respondence address.

Phone: (202) 756-8372 MEF:mjb B

Facsimile: (202) 756-8087

Date: October 6,2014

(W]
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Electronic Acknowledgement Receipt

EFSID: 20339988
Application Number: 13665376
International Application Number:
Confirmation Number: 4442

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Yoshihiro SATO

Customer Number:

53080

Filer:

Michael E. Fogarty

Filer Authorized By:

Attorney Docket Number:

085393-0935

Receipt Date: 06-0OCT-2014
Filing Date: 31-0CT-2012
Time Stamp: 17:50:52

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
236195
P61565101_F-
1 yes 3

RES_085393-0935.pdf

2975a1f5f4bed8bdac774f4abc2a4b19e782)]

e2bd
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Multipart Description/PDF files in .zip description
Document Description Start End

Amendment after Notice of Allowance (Rule 312) 1 1

Specification 2 2

Applicant Arguments/Remarks Made in an Amendment 3 3

Warnings:
Information:
Total Files Size (in bytes); 236195

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandris, Virginia 22313-1450

WWW,USPLO.gOV

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. , CONFIRMATION NO. l
13/665,376 10/31/2012 Yoshihiro SATO 085393-0935 4442
53080 7590 1071412014

. EXAMINER

McDermott Will and Emery LLP _ I |
The McDermott Building NGUYEN, LAWRENCE-LIN T
500 North Capitol Street, N.W. T PYTTTeT—
WASHINGTON, DC 20001 I l R

2897

I NOTIFICATION DATE I DELIVERY MODE l

10/14/2014 ELECTRONIC
Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

mweipdocket@mwe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
L. 13/665,376
Response to Rule 312 Communication . -
Examiner Art Unit

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

1. [X] The amendment filed on 06 October 2014 under 37 CFR 1.312 has been considered, and has been:
a) entered.

b) [] 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.Y. Horne

PUBLISHING DIVISION

U.5. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No.
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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. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/665,376 11/11/2014 8884373 085393-0935 4442
53080 7590 10/22/2014
McDermott Will and Emery LLLP
The McDermott Building

500 North Capitol Street, N.W.
WASHINGTON, DC 20001

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 5 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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

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

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

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

Yoshihiro SATO, Toyama, JAPAN;

Hideyuki ARAI, Toyama, JAPAN;

Takayuki YAMADA, Toyama, JAPAN;
PANASONIC CORPORATION, Osaka, JAPAN

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. 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 displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
ADVANCED INTEGRATED CIRCUIT PROCESS LLC

Application No./Patent No.: 8884373
Titled: SEMICONDUCTOR DEVICE

ADVANCED INTEGRATED CIRCUIT PROCESS LLC corporation

Applicant/Patent Owner:

Filed/Issue Date: November 11, 2014

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: the inventors To: PANASONIC CORPORATION
The document was recorded in the United States Patent and Trademark Office at
Reel 031968 , Frame 0653 , or for which a copy thereof is attached.
2 From: PANASONIC CORPORATION To: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD.

The document was recorded in the United States Patent and Trademark Office at

Reel 052755 , Frame 0917 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). 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 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. 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 displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD. To: NUVOTON TECHNOLOGY CORPORATION JAPAN

The document was recorded in the United States Patent and Trademark Office at

Reel 067711 0965

, Frame , or for which a copy thereof is attached.

4. From: NUVOTON TECHNOLOGY CORPORATION JAPAN 1,. ADVANCED INTEGRATED CIRCUIT PROCESS LLC

The document was recorded in the United States Patent and Trademark Office at

Reol 068118 0314

, Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Szymon M. Gurda/ December 12, 2024
Signature Date

Szymon M. Gurda 58451

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

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

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

1.

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

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.8.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.S.C. 2904 and 29086. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PO Box 1450
PATENT AND TRADEMARK OEFICE Ao, Y e onto. oV

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
13/665,376 12/11/2024 11:41:44 PM Z ET 085393-0935

Title of Invention
SEMICONDUCTOR DEVICE

Application Information

APPLICATION TYPE  Ultility - Nonprovisional Application PATENT # 8884373
under 35 USC 111(a)

CONFIRMATION # 4442 FILEDBY YiLu
PATENT CENTER # 68336260 FILING DATE  10/31/2012
CUSTOMER # 53080 FIRST NAMED  Yoshihiro SATO
INVENTOR
CORRESPONDENCE - AUTHORIZED BY ~ Szymon Gurda
ADDRESS
Documents TOTAL DOCUMENTS: 2
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
POA.pdf 2 Power of Attorney 1466 KB
. Assignee showing of
2ia0096.paf 3 ownership per 37 CFR 3.73 119 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)
34207C3611E6629D65969A7C17C66B6BB5F661DF5FD562FA2
POA.pdf BBEDAOF38C8BA554F7D554764410E6A2A3E7360119AD1F8D

CC8D25AA7B9BB5DFB5214543C550473

_ 7116039083E6870D5F7E6DC63C127E4045417EB884BC678D9
aia0096.pdf ESCDDE358C1F61D209EA9EF20FDF5E 1BF8624D21726B6CFB
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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 filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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PTO/AIA/RLA {02-15)

Approved for use through 03/31/2021. OMB 0651-0035

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

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

(" PATENT- POWER OF ATTORNEY Patent Number 8884373
OR Issue Date November 11, 2014
First N d i £ s
REVOCATION OF POWER OF ATTORNEY [ VoS0 SATO
WITH A NEW POWER OF ATTORNEY SEMICONDUCTOR
AND DEVICE

\_ CHANGE OF CORRESPONDENCE ADDRESS  [“Ttorey bockero. | 053904193

| hereby revoke all previous powers of attorney given in the above-identified patent.

m A Power of Attorney is submitted herewith.

OR | hereby appoint Practitioner{s) associated with the Customer Number identified in the box at right as my/four

attorney{s) or agent(s) with respect to the patent identified above, and to transact all business in the United 27197
States Patent and Trademark Office connected therewith:

OR

m | hereby appoint Practitioner{s} named below as my/our attorney{s} or agent{s) with respect to the patent identified above, and to transact

bl 2} business in the United States Patent and Trademark Office connected therewith:

Practitioner(s) Name Registration Number

Please recognize or change the correspondence address for the above-identified patent to:

The address associated with the above-identified Customer Number.
OR

D The address associated with the Customer Number identified in the box at right:
OR

Firm or
individual Name

Address

City | State | | Zip |

Country

Telephone | Email |

1 am the:

Applicant.
OR

Patent owner.
””” Statement under 37 CFR 3.73(c} (Form PTO/AIA/QS%sumetted herewith or filed on
-y 2

A SIGBATURE of Agplicant or Patent Owner
Signature ; RA T N Date November 18, 2024
Name e S d Telephone
Title and Company | Authorizedsidghtary, ADVANCED INTEGRATED CIRCUIT PROGESS LLC

NOTE: Signatures of all the applicants or patent owners of the entire interest or their representative(s) are required. if more than one signature
is required, submit multipte forms, check the box below, and identify the total number of forms submitted in the blank below.

D Atotalof _ forms are submitted.

This collection of information is required by 37 CFR 1.31, 1,32, and 1.33. The information is required to obtain or retain a benefit by the public, which is to update
{and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14, This collection is
estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending
upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to
the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commisstoner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0O-9189 and sefect option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) turnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able 10 process and/or examine your submission, which may resuft in termination
of proceedings or abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.8.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Depariment of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

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 1o the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, 10 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.5.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 Qrganization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routing 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. 2804 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used 1o 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.S8.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the
proceedings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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7 5% UNITED STATES PATENT AND TRADEMARK OFFICE

\\\ E UNITED STATES DEPARTMENT OF COMMERCE
P &\ United States Patent and Trademark Office
“ Address: ggMBM[Et§£ONER FOR PATENTS
O, Box

Alexandria, Virginia 22313-1450
‘www.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/665,376 10/31/2012 Yoshihiro SATO 085393-0935
CONFIRMATION NO. 4442
53080 POWER OF ATTORNEY NOTICE
Rimon PC - Panasonic Corporation
8300 Greensboro br. OO VLT WA M0
Suite 500 OC000000081861587

McLean, VA 22102

Date Mailed: 12/13/2024

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/11/2024.

« The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tawashington/
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7 % UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.0. Box 1450
Alexandria, Virginia 22313-1450
g0V

‘www.uspto.

| APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/665,376 10/31/2012 Yoshihiro SATO 085393-0935
CONFIRMATION NO. 4442
27197 POA ACCEPTANCE LETTER
SZYMON M. GURDA O WA A
903 COMMERCE DR 0OC000000081861621
SUITE 310

OAK BROOK, IL 60523

Date Mailed: 12/13/2024

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/11/2024.

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.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tawashington/
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