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UNITED STATES PATENT AND TRADEMARK OFFICE

*B|BDATASHEET*
Bib Data Sheet

SERIAL NUMBER

FILING OR 371(c)
DATE

11/24/2004

RULE
10/995,283

‘ PPLICANTS

Mizuki Segawa, Osaka, JAPAN;
lsao Miyanaga, Osaka, JAPAN;
Toshiki Yabu, Osaka, JAPAN;
Takashi Nakabayashi, Osaka, JAPAN;
Takashi Uehara, Osaka, JAPAN;

Kyoji Yamashita, Osaka, JAPAN;
Takaaki Ukeda, Osaka, JAPAN;
Masatoshi Arai, Osaka, JAPAN;

Takayuki Yamada, Osaka, JAPAN;
Michikazu Matsumoto, Osaka, JAPAN;

x -ktttlttttnntttfiittfiitfliti

This application IS a DIV Of 10/454,532 05/05/2003 PAT 5,957,409
which is a DIV of 09/902,1 57 07/11/2001 PAT 6,709,950
which is a DIV of 08/685,726 07/24/1996 PAT 6,281,562

* kitiifiififiifi-hit-kfififiifi

JAPAN 7-192181 07/27/1995
JAPAN 7-330112 12/19/1995

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

35 use 119 (a-d) conditions E] yes C] no D Me, afle,met Allowance

Examiner's Si nature

UNITED STATIE DEPARTMENT OF COIWMERCE
United States Patent nnd Trnduumrk Office

Addrulz 9853,! I)ONER FOR PATENTS
AIuIuncI‘rin, Vxrglnin 22313-1450www.n:pm.gav

CONFIRMATION NO. 5361

ATTORNEY
DOCKET NO.

71971-O12

GROUP ART UNIT

2822

to charge/credit DEPOSIT ACCOUNT
for following:
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REDACTE
D" ‘ ‘ PART B — FEE(S) TRANSMITTAL.9 . . ‘

Complete and send this form, together applicable fee(s), to: Mail Mail Stop ISS .. EE
‘ Commissioner for Patents

P.O. Box 1450

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required. Blocks 1 through 5 should be completed where
ap ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will e mailed to the current corres ondence address as
in icated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate " EE ADDRESS" formaintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (No:e:U.-ac Block 1 for any ch ;. .- -' . ote: A certl _cate 0 _mai in can on y e us or omestic inai ings 0 g
Fee(s) Transmittal. This certi rcate cannot be used for any ot.1ier accompanying

Eapers. Each additional paper, ‘such as an assignment or formal drawing, mustave its own certificate of maihng or transmission,
7590 i

. 3 0 Certificate of Mailing or Transmission
IVICDCITHOII Will & Emery LLP I hereb certi that this Fee 5 Transmittal is being deposited with the UnitedStates ostal ervic ’th ' t st e fo first class mail in an e I

600 ligth Street’ N'W' K addressed to the lvfaillnstdsg ISCSIIJIEPII-£EEgaddiress above,’ or bein frildginiilg
Washington, DC 20005-3096 \ 9 transmitted to the USPTO( 71) 273.2335, on the date indicated he ow.

BPLIHOSIIBITIElm°wW
"CUSTOMER N0-= 20277"

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO.
5361

10/995,283 1]/24/2004 Mizulci Segawa 71971-012
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

NO $0nonprovisional $1400 $300 $1700 10/I7/2006

EXAM IN ER ART UNIT CLASS—S UBCLASS

POTTER, ROY KARL \ 2822 257-288000

1. Chan e of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFRL 63)- mm « 1 MCDERMOT Id I I &e names of up to 3 registered patent attorneys
D Chan e of corres ondence address (or Change of Correspondence or agents OR, alternatively, EMERY LLP
Address mm PTO’ B/122) attached‘ (2)_the name of a single fum (having as a member a 2
El “Fee Address“ indication (or "Fee Address" Indication form I€gI51_€1'6d attorney 01' agent) and 1116 names Of 1113 E0
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 1'CS15191"«d P21117111 31101'11¢Y-5 01' 385115 H110 113-1115 15 3
Number is required. listed, no name will be pl'l11led_

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless a.n 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 CF 3.] 1. Completion of this form is NOT a substitute for filing an assignmegtsl 31/P386
(A) NAME or ASSIGNEE (B) RESIDENCE: (CITY and STATE OR couixlliawlfl mB°339i59‘17 13995303

1 Fcilfitil 1433,35 pg

MATS USHITA ELECTRIC INDUSTRIAL co . , LTD. OSAKA’
Please check the appropriate assignee category or categories (will not be printed on the patent) : Individual Corporation or other private grofiii entity D Govcmment

4a. T e following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee D A check is enclosed.

ublication Fee (No small entity discount permitted) D Payment by credit card. Form PTO-2038 is attached.

Advance Order - # ofCopies FOUR mThe Director is hereby authorized to charge e re uir feeés), any deficiency, or credit antyoverpayment, to Deposit Account Number enclose an extra copy of this orm).

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

El a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. D b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

iI:l1(lZ'1I'eI‘;; :'Sl1§hI(s::r[lelF)eeLh:;n1i(P(iirl:1lSii:(:r‘tiLq]r; rsetqiqirsfi wleaalicecrlelig-tc1:(danyone other than the applicant; a registered attorney or agent; or the assignee or other party in

Authorized Signature Date August 30’ 2006

Typed or printed name Registration No. 36 , 1 39

This collection of information is required y 37 CFR 11. The information is re uired to obtain or retain a benefit b the public which is to _file (and by the USPTO to process)
an application. ConfidentiaIity_is govern by 35 U. .C. 122 and 37 CFR 1.14. T is collection is estimated to take 1 minutes to complete, lI1ClL|d.l_11g gathering, preparing, and

submitting the completed application fo n to the - PTO. Time will v d endin upon the individual case. Any comments on the amount of time you require to comqnleéethis form and/or su estions for reducin u : I den, should be sent to e ief In ormation Officer, U.S. Patent and Trademark Office. U.S. Department of Commerce,
Box 1450, Alexan a, Vir inia 22313-€450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 2231:?-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.

PTl')I_-R5 (Rt-.u (‘I7/Fifi) Annrnverl fnr use thrniioh 04/‘I0/7007 OMR 0641-001} II S Patent and Trademark nfTir£-.' II S DFPARTMFNT OF COMMERCF
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Application No. Applicant(s)

_ _ _ 10/995,283 SEGAWA ET AL.
Notice of Allowability Examine, An unit

Roy K. Potter 2822

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. E This communication is responsive to the amendment of 5/31/06.

2. E The allowed claim(s) is/are 39-43 45-47 and 49-60.

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

a) All b) [I Some‘ c) [I None ofthe:

1. El Certified copies of the pnonty documents have been received.

2. IE Certified copies of the priority documents have been received in Application No. 10454682 .

3. El 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.

4. I:] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMlNER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. D CORRECTED DRAWINGS (as “replacement sheets") must be submitted.

(a) |'_'| including changes required by the Notice of Draflsperson’s Patent Drawing Review ( PTO-948) attached

1) El hereto or 2) D to Paper No./Mail Date

(b) [I including changes required by the attached Examiners Amendment I 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. |:I DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiners comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. CI Notice of References Cited (PTO-892) 5. CI Notice of Informal Patent Application (PTO-152)

2. CI Notice of Draftperson's Patent Drawing Review (PTO—948) 6. |'_'l Interview Summary (PTO-413).
Paper No./Mail Date .

3. Information Disclosure Statements (PTO-1449 or PTO/SBIO8), 7. CI Examiners Amendment/Comment
Paper No.lMail Date

4. CI Examiners Comment Regarding Requirement for Deposit 8. CI Examiners Statement of Reas ns for
of Biological Material

Roy K Potter
Primary Examiner
Art Unit: 2822

US. Patent and Trademark Ofiioe

PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 20060625
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INFORMATION DISCLOSURE ATTY. DOCKETN' SERIAL NO.
IN AN 071971 -0012 10/995,283

APPLICATION

APPLICANT

Mizuki SEGAWA, et al.

_ FILING DATE GROUP _ '“T0 “*4”
U.S. PATENT DOCUMENTS

EXAMlNER'S Document Number Publication Date Name of Patentee or Applicant ot cited Pages. Columns. Lines. Where
INITIALS Numbe,_K;n¢ cute, ¢,,,_1, MM-DD-YYYY Dourment Relevant Passages or Relevant

Figures Appear

OF_l

I

2

U7EEEEEEEEEEEEEE
FOREIGN PATENT DOCUMENTS

Foreign Patent Document Pubtication Date Name at Patentee or Pages. Columns. Lines TranslationWhere Relevant
Figures Appear N°

EXAMIN ER'S

INITIALS CITE cuumry coda. -Number 4.Kind MM.oo.wYyCode; (I! Irnawn)
JP D6-21208
JP 07442726
JP 08496495

.//
'7

01/28/1994
06/02/1995
07/ 1 5/1 994

Sony Corp.
Oki Electric Ind. Co. Ltd.

Matsushita Electric Ind. Co.
Ltd.2§32:2’.aiE

JP 06477237 06/24/1994
Inc.

JP 07453939 06/16/1995 Oki Electric Ind. Co. Ltd.

II
OTHER ART (Including Author,1'rtle. Date, Pertinent Pages. Etc.)

EXAMlNER'S Include name of the author (in CAPITAL LETTERS). title cl the article (when appropriate), title ol the item (book. magazine.
INITIALS journal, serial. symposium, catalog. etc). date. page(s). volume-Issue number(s), publisher. city andlor country where

published.

DATECONSIDERED
‘EXAMINER: Initial il relerence considered. whether or not dtation is in conlomrance with MP ‘ P 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.
1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check man: here it English language Translation is attached.
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. . . Applicationlcontrol No. App|icant(s)lPatent under
Issue Classification Reexamination

10/995,283 SEGAWA ET AL.
Examiner Art Unit

Ro K. Potter 2822

ORIGINAL
ISSUE CLASSIFICATION

CROSS REFERENCE(S)

SUBCLASS (ONE SUBCLASS PER BLOCK)i 

W--I--I!__
0 _—-n-
9 __——_-
.___-—_:

_:_——_—

Total claims Allowed: 20

257 288

INTERNATIONAL CLASSIFICATION

29/94

I0 0! \l

Primary Examiner O.G.

Technology Center 2800 """‘ °'a‘"‘(‘)
(Legal Instruments Examiner)

[:1

Original'
Claims renumbered in the same order as presented by applicant E] CPA

Original
i..NOriginal_| on —|

(O(D(O(D NN-50)
on

LI. U.‘E  
- 2
21 K
I I
-II -

% -
I

m 2
II

II
3
-
E

II
I
EI
ID
III
IE

IE
IE

IEI
IEI

_L_L_L.5 K)K)I\)K) $©®03C,‘
_|_L_l_|—l_Lg OI309g0I’(A3C\)CA3N)03C,‘(.0I'\3—3\I

I\) A C

200
201
202
203
204
205
206
207
208
209

_na_L—L—L.5—|—L_| -5.5—L—L—LQ@@©VG)-#0O|\)*1#0-J|\J _l_L_L_|_L_L_|_|_L_|_L_|_L -#5-5-hh-tAAJ>#0D0-300CCDQNCDUTODE)-*C€D®\I

u.a
Zlil
Z 62
1 es
ZEI
11$!
Zlérel
Z
113!
—m
1

41 71

42 I
Z
Z
Z
Z
Z
Z
Z

I-3! —m
—m
1:3
1
Zn]
11:!
1H!
1
Z
113

I3! 111!

0!l'UI'\Jl\)I'\)l\)I'UI'\)I\JI\JI\) O(Om\lO)01b(.A)k)—|O
—L 01

U.S. Patent and Trademark Office Pan of Paper No. 20060625
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Applicationlcontrol No. AppIicant(s)IPatent under
Search Notes Reexamination

10/995,283 SEGAWA ET AL.

Ro K. Potter 2822

SEARCH NOTES

(INCLUDING SEARCH STRATEGY)

ate

257 384 6/24/2006
EAST SEARACH 6/25/2006

257
2 6 E

E
257

257

257

SEARCHED

33

33 6/24/2006 RP

39 6/24/2006 RP

E
E
-

INTERFERENCE SEARCHED

Subclass Examiner

3

6

401,386 6/25/2006
- 396,333 6/25/2006

336288 6/25/2006

US. Patent and Trademark Office Part of Paper No. 20060625
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Page 1 of 2

UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATFS DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

mun-n: .\|§M°‘1ls4s“l)0NER I-‘OR PATENTSAleimmia. \'ugin2a zzm-use-v-vvuszmsov

liliillllllllillllillllilllilimllililliliillllliiiiliilill counnmmou NO. 5361
Bib Data Sheet

FILING OR 371(c)

SERIAL Numaea DATE GROUP ART UNIT
10/995,233 11/24/2004 2822

RULE

ATTORNEY
DOCKET NO.

71971-O12

- PPLICANTS

Mizuki Segawa, Osaka, JAPAN;
Isao Miyanaga, Osaka, JAPAN;
Toshiki Yabu, Osaka, JAPAN;
Takashi Nakabayashi, Osaka, JAPAN;
Takashi Uehara, Osaka, JAPAN;
Kyoji Yamashita, Osaka, JAPAN;
Takaaki Ukeda, Osaka, JAPAN;
Masatoshi Arai, Osaka, JAPAN;
Takayuki Yamada, Osaka, JAPAN;
Michikazu Matsumoto, Osaka, JAPAN;

* iiikiiiiiikikiikiiiitiiii

This application is a DIV of 10/454,682 06/05/2003 PAT 6,967,409 which is a DIV of 09/902,157
07/11/2001 PAT 6,709,950
which is a DIV of 08/685,726 07/24/1996 PAT 6,281,562

R fliflitflifiitfllfiliilfllfl

JAPAN 7-192181 07/27/1995
JAPAN 7-330112 12/19/1995

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

STATE OR SHEETS INDEPENDEN

COUNTRY DRAWING CLAIMS
JAPAN 21 1

to charge/credit DEPOSIT ACCOUNT
for following:

http://neo:8000/PrexServlet/PrexAction
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_ Applicationlcontrol No. Applicant(s)IPatent under
Index of Claims Reexamination

10/995,283 SEGAWA ET AL.
Examiner Art Unit

Ro K. Potter 2822

. Th h I

Rejected ( r%:%c;:‘$era ) Non-Elected l Appeal
H Allowed Restricted E Objected

0

IFinal IOriginal

IIIIIIIIMme i

II

.5 \l \l\l\l\lO’)G)O)(Ah)-DO\lU1(A)
_;_; 0)M O\lcocooogonoo\l\l\l\l\l\l Q‘!(11(JON(O®\lG)(.hb 3).;

EEHEHEEEEE IIIIIIIIIII
U.S. Patent and Trademark Office Fan of Paper No. 20060625
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254145

EAST Search History

Search Query DBs

257/384 US-PGPUB;
USPAT;

USOCR;

EPO; JPO;
DERWENT;
IBM_TDB

257/336 US-PGPUB;
USPAT;

USOCR;
EPO; JPO;

DERWENT;
IBM_TDB

257/288 US-PGPUB;
USPAT;
USOCR;

EPO; JPO;
DERWENT;
IBM_TDB

257/333 US-PGPU B;
USPAT;

USOCR;
EPO; JPO;
DERWENT;
IBM_TDB

257/396 US-PGPUB;
USPAT;
USOCR;

EPO; JPO;
DERWENT;
IBM_TDB

257/386 US-PGPUB;
USPAT;

USOCR;

EPO; JPO;
DERWENT;
IBM_TDB

257/389 US-PGPUB;
USPAT;

USOCR;
EPO; JPO;
DERWENT;
IBM_TDB

"L shaped" or "L-shaped" US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB

6/25/06 8:24:57 PM

‘Fme Stamp

2006/06/25 20:21

2006/06/25 20:22

2006/06/25 20:22

2006/06/25 20:22

2006/06/25 20:22

2006/06/25 20:22

2006/06/25 20:23

2006/06/25 20:23
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257/384 US-PGPUB; OR 2006/06/25 20:21
USPAT;
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EPO; JPO;
DERWENT;
IBM_TDB

US-PGPUB; 2006/06/25 20:22
USPAT;

USOCR;

EPO; JPO;

DERWENT;
IBM_TDB

257/288 US-PGPUB; 2006/06/25 20:22
USPAT;
USOCR;

EPO; JPO;
DERWENT;
IBM_TDB

257/333 US-PGPUB; 2006/06/25 20:22
USPAT;
USOCR;
EPO; JPO;

DERWENT;
IBM_TDB

257/395 US-PGPUB; 2006/06/25 20:22
USPAT;

USOCR;
EPO; JPO;

DERWENT;
IBM_TDB

257/386 US-PGPUB; 2006/06/25 20:22
USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB

257/389 US-PGPUB; 2006/06/25 20:23
USPAT;

USOCR;
EPO; JPO;

DERWENT;
IBM_TDB

254145 "L shaped" or "L-shaped" US-PGPUB; 2006/06/25 20:23
USPAT;

USOCR;
EPO; JPO;
DERWENT;
IBM_TDB

6/25/06 8:34:16 PM
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Docket No.: 71971-012 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of 2 Customer Number: 20277

Mizuki SEGAWA, et al. Confirmation Number: 5361

Application No.: 10/995,283 I Group Art Unit: 2822

Filed: November 24, 2004 Z Examiner: Roy K. POTTER

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

AMENDMENT

Mail Stop Amendment
Honorable Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:

Applicant respectfully requests reconsideration in accordance with the filing of the RCE,

amendments and remarks for the reasons set forth below.

WDC99 1239964-1.071971 .0012
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AMENDMENT TO CLAIMS

Listing of Claims

Claims 1 — 38 (Cancelled)

39. (Currently amended) A semiconductor device, comprising:

[[an]] a trench isolation insulafingarea surrounding an active area of a semiconductor

substrate;

a gate insulating film formed over the active area;

a gate electrode formed over the gate insulating film;

first L—shaped sidewalls formed over the side surfaces of the gate electrode; [[and]]

first silicide layers formed on regions located on the ‘sides of the first L—shaped sidewalls

within the active area

an interconnection formed on the trench isolation; and

second L-shaped sidewalls formed over the side surfaces of the interconnection.

40. (Previously presented) The semiconductor device of Claim 39, wherein the

first L—shaped sidewalls are made of a silicon nitride film.

41. (Previously presented) -The semiconductor device of Claim 39, further

comprising first protection oxide films formed between the gate electrode and the first L—shaped

sidewalls.

42. (Previously presented) The semiconductor device of Claim 39, further

comprising a second silicide layer formed on the gate electrode.

2
WDC99 IZ39964-l .07l97l.O0l2
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43. (Previously presented) The semiconductor device of Claim 39, further

comprising source/drain regions formed on both sides of the gate electrode within the active

area,

wherein the first silicide layers are formed on the source/drain regions.

44. (Cancelled)

45. (Currently amended) The semiconductor device of Claim [[44]] Q, the second

L-shaped sidewalls are made of a silicon nitride film.

46. (Currently amended) The semiconductor device of Claim [[44]] Q, further

comprising second protection oxide films formed between the interconnection and the second L-

shaped sidewalls.

47. (Currently amended) The semiconductor device of Claim [[44]] 32, further

comprising a third silicide layer formed on the interconnection.

48. (Cancelled)

49. (Currently amended) The semiconductor device of Claim [[48]] Q, the trench

isolation has an upper surface higher than the surface of the active area.

' WDC99 l239964—l.07l97l.00l 2
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50. (Currently amended) The semiconductor device of Claim [[48]] 19, wherein a

lower portion of the interconnection provided on the upper surface of the trench isolation is

located higher than the surface of the active area.

51. (Currently amended) The semiconductor device of Claim [[44]] Q, wherein the

interconnection is composed of the same material as the gate electrode.

52. (Currently amended) The semiconductor device of Claim [[51]] 3, wherein the

gate electrode and the interconnection has at least a polysilicon film.

53. (New) The semiconductor device of Claim [[39]] 4_1, wherein a channel stop

region of the same conductivity as that of the semiconductor substrate is formed below the trench

isolation.

54. (New) The semiconductor device of Claim 39, wherein the first and second L-

shaped sidewalls are made of the same insulating film.

55. (New) The semiconductor device of Claim 41, wherein the first protection oxide

film is a CVD oxide film.

56. (New) The semiconductor device of Claim 43, wherein the source/drain regions

include low-concentration source/drain regions and high-concentration source/drain regions, and

the first silicide layers are formed on the high-concentration source/drain regions.

WDC99 1239964-1.071971 .0012
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10/995,283

57. (New) The semiconductor device of Claim 46, wherein the second protection

oxide film is a CVD oxide film.

58. (New) The semiconductor device of Claim 46, wherein the second protection

oxide films are L-shaped films.

59. (New) The semiconductor device of Claim 39, wherein the first silicide layers are

formed so as to be located apart from the trench isolations.

60. (New) The semiconductor device of Claim 56, wherein the source/drain regions

are formed so as to be located apart from the trench isolations.

WDC99 1239964-l.07197l.0Ol2
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REMARKS

In the foregoing amendment, claims 39, 46, 47 and 49-52 have been amended and new

claims 54-60 have been added to further clarify the intended subject matter of the present

invention. No new matter has been added. In addition, claims 44 and 48 have been cancelled.

Entry of the foregoing amendment is respectfully requested.

To the extent necessary, a petition for an extension of time under 37 C.F.R._ 1.136 is

hereby made. 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,

MCDERMOTT WILL & EMERY LLP

ichael E. Fo ._ u_

Regis 1 ion

600 13"‘ Street, N.W. . e reco ize our Customer No. 20277

Washington, DC 20005-3096 as 0 r co espondence address.
Phone: 202.756.8000 MEF:MaM

Facsimile: 202.756.8087

Date: May 31, 2006i

WDC99 1239964-l.O7l97l .0012
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PTO/SB/30 (09-04)

‘ ‘. Approved for use through 07/31/2006. OMB 0651-0031U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Papem/ork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a vafid OMB control number.

Request 10/995.283

. f°’. . ~ovemr>er24.2oo4
Continued Examinatro . .First Named Inventor Mizukr SEGAWA, et al.

Addressto:
Commissionerfor Patents Examiner Name POTTER, R0 K.“"a"‘°"°"“°E —
P.O. Box 1450 ,

1 lexandria, VA 22313-1450 Attorney Docket Number 071971-0012

This is a Request for Continued Examinatider 37 CFR 1.114 of the above-identified application.
Request for Continued Education (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to an desin a iication. See Instruction Sheet for RCEs not to be submitted to the USPTO on ae 2.

Submission required under 37 CFR 1.114 Note: If the RCE is proper, any previously filed unentered amendments
and amendments enclosed with the RCE will be entered in which they were filed unless applicant instructs othenrvise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such
amendment(s).

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

i. El Consider the arguments in the Appeal Brief or Reply Brief previously filed on

ii. D Other

b. E Enclosed

i. E Amendment/Reply El lnforrnation Disclosure Statement (IDS)

ii. El Affidavit(s)/Dec|aration(s) ' . D Other
2. Miscellaneous

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

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.

The Director is hereby authorized to charge the following fees, or credit any overpayments, to
Deposit Account No. 500417. I have enclosed a duplicate copy of this sheet.-

[Z RCE fee required under 37 CFR 1.17(e) $790

El Extension oftime fee (37 CFR 1.136 and 1.17)

CI Other
Check in the amount of $

Payment by credit card (Form PTO-2038 enclosed)

WARNING: Infonnation on this form may become public. Credit card information should not be included on this form. Provide
credit card infonnation and authorization on PTO-2038.

I hereby oeitify that this correspondence is being posited ' the United States Postal Service with sufficient postage as first class mail in an envelope
addressed to: Mail Stop RCE, Commissioner for atents. P. v r facsimile transmitted to the U.S. Patent andTrademark Oflice on the date shown below. V . 1

—T

This collection of information is required by 37 CFR 1114. 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 USC. 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 USPTO. 1'ime will vary depending upon the individual case. Any comments
on the amount of time you require to complete this fonn and/or suggestions for reducing this burden. should be sent to the Chief Information Officer, US. Patent
and Trademark Otfice, 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: Mail Stop RCE, 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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Docket No:: 071971-00!-12 ' H I _ PATENT
IN THE UNITED STATES PATENT A l ' EMARK OFFICE

In re Application of : Customer Number: 20277

Mizuki SEGAWA, et al. Confirmation Number: 5361

Application No.: 10/995,283 ' ' : Group Art Unit: 2822

Filed: November 24, 2004 Examiner: POTTER, Roy K.

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

Mail Stop RCE
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Transmitted herewith is an Amendment in the above-identified application.
No additional fee is required.
Applicant is entitled to small entity status under 37 CFR 1.27
Also attached:

The fee has been calculated as shown below:
at I N0.0F HIGHEST

,, s , CLAIMS PREVIOUSLY
, j .1 PAIDFOR

Totalclaims

$0-00

Please charge my Deposit Account No. 500417 in the amount of$790.00.

Independent Claims

The Commissioner is hereby authorized to charge payment of any fees associated with this communication or credit
any overpayment, to Deposit Account No. 500417, including any filing fees under 37 CFR 1.16 for presentation of
extra claims and any patent application processing fees under 37 CFR 1.17.

Respectfully subm d,
' ’ ILL & EMERY LLP

' ichael E. Foga
Registration > _ 6,139

600 13"‘ Street, N.W. Pleas recogni our Customer No. 20277 as our
Washington, DC 20005-3096 corr sponden e address.
Phone: 202.756.8000 MEF:MaM

Facsimile: 202.756.8087

Date: May 31, 2006

WDC99 |240005—l.071971.0012
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Docket No.: 071971-0012 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Mizuki SEGAWA, et al. Confirmation Number: 5361

Application No.2 10/995,283 Group Art Unit: 2822

Filed: November 24, 2004 Examiner: POTTER, Roy K.

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

INFORMATION DISCLOSURE STATEMENT

Mail Stop RCE
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In accordance with the provisions of 37 C.F.R. 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 form

PTO-1449. It is respectfully requested that the references 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 is being filed within three months of the U.S.

filing date OR before the mailing date of a first Office Action on the merits. No certification or

fee is required.

Each non-English language reference was first cited in a corresponding foreign

application search report or office action and its relevance discussed therein. A copy of the

WDC99 1239948-1.07|971.0012
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10_/995,283

foreign search report or office action, together with an English language version thereof, is

attached for the Examiner's information.

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,

MCDERMOTT -- LL & EMERY LLP

Mhael E. gs: y
Registratio v .

600 13"‘ Street, N.W. Please re gniz our Customer No. 20277
Washington, DC 20005-3096 as our co resp dence address.
Phone: 202.756.8000 MEF:MaM

Facsimile: 202.756.8087

Date: May 31, 2006

WDC99 l239948—I .07 l 971 .00l2
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‘SHEET 1 OF 1

INFORMATION DISCLOSURE ATTY. oocxer NSERIAL NO,

CITATION IN AN 071971-0012 10/995,283

APPLICATION

APPLICANT

Mizuki SEGAWA, et al.

_ FILING DATE
(PTO 1449) November 24, 2004 2822

U.S. PATENT DOCUMENTS

EXAMlNER'S Document Number Publication Date Name of Patentee or Applicant of Cited Pages. Columns, Lines. Vvhere
INITIALS Numbe,-_K;nd codez WWW MM-DD-YYYY Document Relevant Passages or RelevantFigures Appear

Z.0

CCCCCCCCCCCCC (IIUIU)cnmmmcncnmmrnrn
FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines
Country Code:—Number4—Kind MM.DD_yyyy Applicant of Cited Document Where Relevant

Codes (if known) Figures Appear
JP 06-21208 01/28/1994

JP 07-142726 06/02/1995
JP 06495495 07/15/1994

EXAM|NER'S
INITIALS

Sony Corp.
Oki Electric Ind. Co. Ltd.

Matsushita Electric Ind. Co.
Ltd.

JP 06-177237 05/24/1994 SGS Thomson Microelectron

JP 07453939 06/16/1995 Oki Electric Ind. Co. Ltd.

2 .0

9

OTHER ART (Including Author, Title. Date. Pertinent Pages, Etc.)
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
journal, serial. symposium. catalog, etc.), date, page(s). volume—issue number(s), publisher, city and/or country where
published.

EXAM|NER'S
INITIALS

Z

EXAMINER DATE 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.
‘I Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.



   

   

  

 

    

     
       

  

     
     

   

    
 

           
 

           
            

             
         

             
       

          
                

             
            

              
               

           
           
            

            
            
           

            
       

 

  
     
        
         

      
  

       
  

   

       
 

 

 

 

 

 

        
  

     

      

   
 

  
    

      

  

 

Page 32 of 262

v

,\ Searching PAJ

PATENT ABSTRACTS OF JAPAN

(1 1)Pub|ication number : 06-021208

(43)Date of publication of application : 28.01.1994

(51 )Int.CI. HOIL 21/76

(21)Application number : 04-078348 (71)Applicant : SONY CORP

(22)Date of filing : 28.02.1992 (72)lnventor : TOKUNAGA KAZUHIKO
 -_...... _. .,.._. ._ ,____,_,___, __________________:_.

(54) SEMICONDUCTOR DEVICE AND BURYING METHOD OF RECESSED PART ON SUBSTRATE

(57)Abstra ct: 1:;/kt). A
PURPOSE: To provide a semiconductor device wherein a defect is not I " _‘ ‘J ‘
caused near arecessed part and a trouble that a leakage current I , Nil
becomes large or the like is not caused when a heat treatment is

executed after various kinds of substrate treatments (ion implantation

and the like) have been executed and to provide a method wherein a
recessed part on a substrate is buried.

CONSTITUTION: (1) In a semiconductor device. a burying material is

buried in a recessed part 2 on a substrate 1 and buried parts 3, 3a, 3b

are formed. In the semiconductor device, each buried part is formed as a

structure in which it protrudes from the opening surface of the recessed

part and in which sidewalls 4 are formed on side parts of a protrusion"
part 31. (2) In a method, a recessed part on a substrate is buried. The
method is provided with a process whereina substrate treatment is

executed and, after that, a heat treatment is executed after having
executed a process wherein a burying material is buried in the recessed

part on the substrate. In the method wherein the burying material is

formed as a structure in which the burying material protrudes from the

opening surface of the recessed part, substrate protective parts 4 are

formed on side parts of the protrusion part, the subatrate treatment is

executed and the recessed part is buried.

LEGAL STATUS 7

[Date of request for examination] 23.02.1999

[Date of sending the examiner's decision of rejection] 19.06.2001

[Kind of final disposal of application other than the

examiner's decision of rejection or application

converted registration]

[Date of final disposal for application] -

[Patent number] 3277383

[Date of registration] 15.02.2002

[Number of appeal against examiner's decision of 2001-12625
rejection]

[Date of requesting appeal against examiner's decision 19.07.2001
of rejection]

[Date of extinction of right]

Copyright (C); 1998,2003 Japan Patent Office

http://www19.ipdl.ncipi.gojp/PA1/result/detail/main/wAAAXsaqBcDA406021208P4.htm 2006/03/23
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(57)Abstract: V
PURPOSE: To provide a manufacturing method for FETs capable of
suppressing leakage currents, parasitic resistances, the short channel
effect and the hot carrier effect.

CONSTITUTION: A gate electrode 24 is formed on a semiconductor

substrate, and on its sides double walls 31a, 31b, and 27a, 27b are

formed. Using these double side walls as masks, deep n- diffusion layers
30a and_ 30b are formed in source and drain regions. Then only side walls
27a and 27b are removed by etching leaving the L-shaped side walls 31a
and 31b unremoved, and shallow n+ diffusion layers 32a and 32b are

formed in the source and drain regions. Next the L-shaped side walls

31a and 31b are removed by etching, and an n- layer for LDD is formed

by ion implantation using the gate electrode 24 as a mask. Besides, a

layer insulating film is formed and heat treatment is performed for

smoothing it and activating the source and drain diffusion layers. Gate
electrode wiring and laminated metal wiring containing barrier metals are
brought into contact.
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PURPOSE: To provide a semiconductor device which is excellent in

resistance to a short channel effect and high in operational speed and
reliability.

CONSTITUTION: Thejunction depth D1 of a highconcentration

source.drain diffusion layer 3 under an L-shaped side wall 6 is set
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source.drain diffusion layer 3 outside the L-shaped side wall 6, and the
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(54) MOSFET CONSTITUTION BODY PROVIDED WITH FIAT SURFACE

(57)Abstract:

PURPOSE: To provide a separation structure body provided with the

surface practically in the same surface shape as the surface of an

adjacent active area by forming a flat silicide layer layer on a conductive __ r _ _
“ a’

layer and an insulation area on a substrate. (I5 ,- .

CONSTITUTION: A gate oxidizedfilm 12, a polysilicon layer 14 and a 1.‘ .
silicon nitride layer 16 are formed on the substrate 10. Then, a " « . l I‘ - - .- - -"A":
photoresist layer is formed and patterned. The silicon nitride layer 16,

the” polysilicon layer 14 and a gate oxide layer 12 are etched, an opening
20 is formed and the substrate 10 is exposed. Then, photoresist is

removed, the exposed substrate 10 and a part of the polysilicon layer 14
are oxidized and an oxidized area 22 is formed. A flattened insulation

layer is formed on the silicon nitride layer 16 and inside the opening 20.

the flattened insulation layer is etched back and the silicon nitride 16 is H __
exposed. In this case, the upper surface of the insulation layer is turned K. I I

to the same surface shape as the upper surface of the polysilicon layer

14. Then, the silicon nitride layer 16 is removed and the flat silicide layer
28 is formed on the polysilicon layer 14.
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PURPOSE: To inhibit a short channel effect by forming

source-drain while forming structure, in which junction

depth can be shallowed sufficiently, in an ion- implanting
dose for forming the source-drain.

CONSTITUTION: Gate oxide films 3 in sections except a
gate electrode 4, sections as source-drain regions, are

removed through etching by a buffered ‘hydrofluoric acid X X X. X X X K
containing a surface-active agent. The Ions of impurities ab 4 a
(As, P, etc.,) are implanted under oblique ion implanting '

conditions in the large inclination of approximately 45°
in the does of approximately 2 X 1013ions/cm2 for
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layers for inhibiting a hot carrier effect. Accordingly, the

N layers 5a, 5b are formed in a shape that the N layers

5a, 5b are overlapped under the gate electrode 4.

Junction depth is shallowed sufficiently in an ion
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This Page is Inserted by IFW Indexing and Scanning

Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images Within this document are accurate representations Of the Original

documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

Cl BLACK BORDERS

}% AGE CUT OFF AT TOP, BOTTOM OR SIDES
Q/F:DED TEXT OR DRAWING
Cl BLURRED OR ILLEGIBLE TEXT OR DRAWING

El SKEWED/SLANTED IMAGES

El COLOR OR BLACK AND WHITE PHOTOGRAPHS

D GRAY SCALE DOCUMENTS

flLINES OR MARKS ON ORIGINAL DOCUMENT
D REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

CI OTHER:

IMAGES ARE BEST AVAILABLE COPY.

As rescanning these documents will not correct the image

problems checked, please do not report these problems to

the IFW Image Problem Mailbox.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT 01-‘ COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450
Alexandria. Virginia 22313-1450
www.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

EXAMINER7590 03/ 1 0/2006

McDem1ott Will & Emery LLP "°"ER» R°Y “KL
600 13th Street N-W-
Washington, DC 20005-3096 2822

DATE MAILED: 03/I0/2006

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

10/995,283 1 1/24/2004 I Mizuki Segawa 71971-012 5361
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE

NO $300nonprovisional $1400 $1700 06/12/2006

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

EROSEQ QUTION EE MERI I S E CLOSED. THIS NOTICE OF ALLOWANCE 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.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN TLIBEE MONIHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. IHIS
STATUTORY PERIOD  .[ BE  . SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above.

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

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

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and _l/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be.

A _completed and returned. If you are charging the fee(s) to your deposit account, section "'45" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

111. 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 an 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.

Page 1 of 3
PTOL-85 (Rev. 01/06) Approved for use through 04/30/2007.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mal Mail Stop ISSUE FEECommissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450
or Q; (571)-273-2885j 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiijed);eBlo<_:ks I through 5 should be completed whereap ropriate. All fiirther correspondence including the Patent, advance orders and notification of maintenance fees will mailed to the current corres ndence address as
in icated unless corrected below or directed otherwise in Block I, by (a) specifying a new conespondence address; and/or (b) indicating a separate " EE ADDRESS" formaintenance fee notifications.

CURRENT CORRESPONDBICE ADDRESS (Note: Use Block I romiy change oradiircss) ote: certi i_cate 0 _mai mg can on y us or omestic mar mgs o _ eFee(s) Transmittal. This certi icate cannot be used for any other accompanying
aper_s. Each additional paper, _such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.

7590 03/ 100006
Certificate of Malling or Transmlsslon

McDermott Will & Emery LLP I hereb ceni? that this“fees? Transmittal isfbefipg de1posited_ lw_ith the Unlitedervlce wr su icient pasta e or irst c ass mar in an enve opeStat tal

600 13”‘ street’ N'w' addrgessseeis to the Mail Sto ISSUE FE address above, or bein facsimile
Washington, DC 20005-3096 transmitted to the USPTO ( 71) 273-2885, on the date indicated he ow.

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

I0/995,283 I l/24/2004 Mizuki Segawa 71971-O12 5361
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE

NO $300nonprovisional $1400 $1 700 06/ I 2/2006

EXAMINER ART UNIT CLASS-SU BCLASS

POTTER, ROY KARL 2822 257-288000

l. Chan e of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1‘ 63)’ (1) the names of up to 3 registered patent attorneys
D Chan e ofcorres ondence address (or Change ofCorrespondence or agents OR, alternatively,

Address mm PTO/ B/122) washed’ (2) the name of a single firm (having as a member a
D "Fee Address" indication (or "Fee Address" Indication form YCg15lF|'€d 3“0mC)' 0' 385'“) and “I5 "3"“‘v5 °f“P 1,0
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 |":%l5“’-“ed Pam“ 3“°m¢_Y5 °" 3B5m5- If “° name 15Number is required, list , no name Will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print 01' type)

PLEASE NOTE: Unless an assi ee 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 CF 3.1 1. 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) : D Individual D Corporation or other private group entity D Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):

D Issue Fee D A check in the amount of the fee(s) is enclosed.
C] Publication Fee (No small entity discount permitted) D Payment by credit card. Form PTO-2038 is attached.
D Advance Order — # of Copies DThe Director is hereby authorized by charge the required fee(s), or credit any overpa merit, to‘TDD Deposit Account Number (enclose an extra copy of this onn).

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

C] a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. D b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2).

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-a ply any previously paid issue fee to the application identified above.NOTE: The Issue Fee and Publication Fee (i required) will not be accepted from anyone other than c applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature , . . ,. . - Date

Typed or printed name I Registration No.

This collection of information is required by 37 CFR 131 l. The information is re uired to obtain or retain a benefit b the public which is to file (and by the USPTO to process
an application. Confidentiality is governed by 35 U.S.C. I22 and 37 CFR l.l4. _is collection is estiriiated to take I minutes to complete, including gathering, preparing, an

submitting the completed application form to the USPTO. Time will vaa de _endin upon the individual case. Any comments on the amount of time you require to com lete
this fonn and/or Sl;lE1g€Stl(_)nS_ for reducing this burden, should be sent to e ief In ormatioii Officer, U.S. Patent and Trademark Office, U.S. Department ofCommerce, .0.
2px I422, A‘T,C_XflIl . i1n3z§0223l3-l 50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box I450,CXBII 3, Ifglnla - .

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infomiation unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box M50
Alexandria. Viry'nia 223|J-I650
www.usplo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

l0/995,283 ll/24/2004 Mizuki Segawa 7l97l—0l2 5361

7590 03/10/2006

McDermott Will & Emery LLP POTTER, ROY KARL
600 13th Street, N.W. PAPER NUMBER
Washington, DC 20005-3096 2822

DATE MAILED: 03/10/2006

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

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

(571)-272-4200.

PTOL-85 (Rev. 01/06) Approved for use through 04/30/2007.
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Application No. Applicant(s)

10/995,283 SEGAWA ET AL.
Notice ofAllowability Examine, Art Unit

Roy K. Potter 2822

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. E This communication is responsive to Agglicanfs response of 12/21/05.

2. E] The allowed cIaim(s) is/are 39-52.

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

a) X All b) D Some‘ c) D None of the:

1. E] Certified copies of the priority documents have been received.

2. E Certified copies of the priority documents have been received in Application No. 10/454 682 .

3. I] 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.

4. D A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMlNER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. E] CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.

(a) [:1 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached

1) [:1 hereto or 2) E] to Paper No.lMail Date

(b) I] including changes required by the attached Examiner's Amendmentl 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. E] 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. E] Notice of References Cited (PTO—892) 5. El Notice of Informal Patent Application (PTO-152)

2. E] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. E] Interview Summary (PTO-413),
Paper No./Mail Date .

3. E Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. E] Examiner's Amendment/Comment
Paper No./Mail Date

4. [] Examiner's Comment Regarding Requirement for Deposit 8. El Examiner‘s Statement of Re ns for Allowance
of Biological Material

Roy K Potter
Primary Examiner
Art Unit: 2822

U.S. Patent and Trademark Office

PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No.lMail Date 20060306



      
 

         
      
 

  
 

    

    
    

   
                 

         
  

 

 
    

      

 
 
 
 
 
 
 
 
 
 
 
 

   

              
              

        

         
 

                    
             
                 

 
 
 

        

   
                         

          
                      

Page 95 of 262

_____ _. SHEET 4 or _1

INFORMATION D1sc1:o‘s’U"R1-: Am. oocm No. seam.-vo.

APPLICATION
APPLICANT

Mizuki SEGAWA, et al.

FILING DATE

(PTOJ449) November 24, 2004 2812

Document Number Publication Date Name of Patentee or Applicant of Cited Pages. Columns. Lines. Where
Numbe,._K|nd co“, ‘,,,____,,0 MM-DD-YYYV Document Relevant Passages or RelevantFigures Appear

EXAMlNER'S

“,1
I/

Barber et al.

Kenney et al.
4.956.870
5.384.281

10130/1 990
01/24/1995

2.°

FOREIGN PATENT DOCUMENTS

EXAM Foreign Patent Document Publication Date Name of Patentee or Pages, columns. Lines Translation
INIT CITE comm, c°da’_Num°°“_,Gnd MM_DD_WYY Applicant ot Clted Document Where Relevant

_ cone. (,1 imam) Figures Appear "95

mews
IALS

15- E? o me me AZ 04/10/1996 MOTOROLA. INC. —

2 O

OTHER ART -'1.‘..‘.'i.‘.'X§:n Azfiingr ‘r.::., rt-.5-_ cl :_—'_-__-__ 3;-_f,
_ . .. : . .. .- .

n'T.’-‘J. L3; - - uuvi. ‘nun at nm mm--p a_-ungn fI:_~:f_~:::-

_

I

DATE CONSIDERED

I, I / 25/06 _-__l
'EXAMlNER.itial it re erence considered, whether or not citation is in conformance with MPEP 80. Draw line through citation it not in conlonnance and not considered.
include copy of this form with next communication to applicant.
1 Applicants unique citation designation number (optional). 2 Applicant is to place a check mark here it English language Translation is attached.



    

       
         

 
 

    

    
      

   

                 
         

  

                 
      
      

      

 
    
    

 
     

        
      

 
      
      
      

    

      

      

       

       
   

              
            

       

    

   

 
   

  

     
  
  
  

    

   

    

 
    

 
     

         
                     

                 
  

     

                         
          

                     

  

Page 96 of 262

INFORMATION DISCLOSURE NO. :§5m1Au::§' of Application
CITATION IN AN 10,454,532

' APPLICATION
APPLICANT

Mlzukl SEGAWA. at al.

(PTO-1449) ‘
U.S. PATENT DOCUMENTS

oocumem Number vuwaauon om
numna:-Inna Codeaauu-vv "”'°°" ' ' '

°3"°3°
°"‘°°-’-
“"9”
°'-’’‘”‘

owes
ow»:
om:
ow»
om»

12:12:11
123121

- seumew.- FOREIGN PATENT DOCUMENTS

Foteian Patent Document Publication Data ' Name of Patentoe or Pages. columns. Una
cum, cgg.4¢u.-fig "nag MM_Dg.yyyy Applicant of Cited Doqument Where RelevantCodnfll Imam)

mm
mm
mm
«mm
«mm

mm
mm:

cam“
ow»
«massJP 091 62382 * (IBM 997

OTHER ART (lndudinu Author. Title. Data. Pertinent Pagan. Etc.)
Include name oflhe author (In CAPIIAL LETTERS). We of the anida (when appropthta). We cl ma ham (book. magazine.
junml. neniai. symposium. mtabg. atc.). data. pages). volume-baua nwnberu), publisher. dty andlor country when

Ec.
Name oi Patentaa or Appluam at cited Pages. Columns. Unas. Where

Relevant Passages or Reiavam :
Flguraa Appear

N%% IIIIIIIIIIIE
1“.=i%iE~F%%

Hamarnam el al.
Omld-zohom at al.

I‘!\\-\*x\HIE
Nohh. Jr.

shnup at al. ‘K »I
EEEEIEEEEEEEEEEEEEI

§

=5‘2eE E 5

i
1
Ii

E

5I

_
Z
—
=
Z
2
:
:

_ ‘——_-
j//.i— ———‘_
a.’f— ———‘—

j ———j—:
2 —__:_:
: 1fl&———_
2  -—
2 ———K—
: j@—_j—
—  -_
— ——_——
— ——_——
__——j—E

4 -published.

.. v;( - ‘v

applicant'ER:lnIflaIt1mlarenca'c6mi¢eraa. umetherovnotdtauon In In eontom\aneaMIhMPEP B09. Druwlina Human citafianllnonnecvdotmancaand notconslduad.Indudaeapyoilhlsbtmwithnancurmuuicaflonta
1 Applicants unlquadtaliondaslgnauon number (optional). znppllcantls In plaaaached: man: hotel! Enwhh languaaa Translation I: attached.



  
    

 

        
    

   

    

  
   

        

    
    

     
 
 
 
  

     
      

 
    

       

       
   

               

 
 

 
 

 
 

 
 

 
 

 
 

 
 

       
              
              

       

       
       
       
       
       
       
       
       
        
        
        
        
        
        
        
        
        
        
        
        
        
        
       
       
       
       
       
       
       
       

          

Page 97 of 262

_ _ , Appllcationlcontrol No. Applicant(s)/Patent under
Reexamination

10/995,283 SEGAWA ET AL.

Examiner Art Unit -R0 K. Potter 2822

ORIGINAL CROSS REFERENCE(S)
ISSUE CLASSIFICATION

SUBCLASS (ONE SUBCLASS PER BLOCK)

1

Roy Karl Potter

- . _ Primary Examiner
“Jam” 3\‘\\D¢a Technology Center 2800

(Lega Instruments Examiner) (Date)
Date

E] Claims renumbered in the same order as presented by applicant [j CPA |:] R,1,47

A_|_|_L_|_A_L Ca-7CA)I\3Nf\77QI\3 -3CCD®\I°"U'l _|._|._L_L_L_\ U'|(IIU'l(1lU'|U'1 <.D®\IC')U'l-§

L].g
. —II
_
I
K
—
III
-
III
-El
XIII
—
‘IE
I

III
IE
IE

El

E
El

EEI
E
El

—l—|—L—L Ca-7(0)‘;-3(0) U1-#0370 _l_l_L_|_l—l_|. 03030303030303 U3U'I4hCAJf\)-‘CUlU'1U1U1U1hi-h43-{>43430303030)
_L_LAAAAAAAA N_|_l—l—l_|_|_L_l..L CCO‘lU3U1J>03I\3-‘C _|._L_L—I—Ldad_sdA_L_L (.''l4>J>«I>4\-h-5-§-5C;-303C»-itd ©©®‘lU1O)I\)-|©€D®\IO'> .5_|_L_l_L_l_L_l_L_l \l‘l\lN\I\I‘lO')O30'J@(II-B(A!I\)d©(O®\I

U.S. Patent and Trademark Office Part of Paper No. 20060306



    
    

  
    

   

    

  
    

   

        

      

 
  

 
  

 
     
  

 
   

  
       

   

    
    
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
    
    
    
    
    
    
    
    
    
    
    
    

          

Page 98 of 262

Index of Claims

lilllllllllllll lmllllllll WHIII
(Through numeral)

Cancelled

H Restricted
Rejected
H

Applicationlcontrol No.

10/995,283

Ro K. Potter 2822

Reexamination

SEGAWA ET AL.

Non-Elected

-E!---------
----------

I--
-E--------
ZIIJEIIIIIIII
lH--------
IEIIIIIIII

fififififififi
nuIIIIIIIIIIIIIIII

U.S. Patent and Trademark Offioe

JIIIIIIIII
ZIIIIIIIII
----------
----------
XIIIIIIIII
ZIIIIIIIII
ZIIIIIIIII
ZIIIIIIIII
XIII-

:---------
QEIIIIIIIII

j---------
j---------
IIIHIIIIIIIII
I---------
2---------
XIEIIIIIIIII

Part of Paper No. 20060306

Applicant(s)IPatent under
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Application/Control No. AppIicant(s)IPatent under
Search Notes Reexamination

10/995,283 SEGAWA ET AL.

Ro K. Potter

SEARCH NOTES

SEARCHED (INCLUDING SEARCH STRATEGY)

EAST SEARCH 3/5/2006

INTERFERENCE SEARCHED

%%%
257 384. 336 3/6/2006 RP

288, 333 3/6/2006 RP

-1

257/401 3/6/2006  

U.S. Patent and Trademark Office Part of Paper No. 20060306
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATIE DEPARTMENT OF COMMERCE
United States Patent nd Trademark Office

‘ ‘T//'~5" *" Addnu: COMMISSIONER R PATENTS
P.O.Box I450 _ _Al:xnndn'n.Vxrguua 22313-H50vrvIv.ulpm.gcN

IIllillllililllllililllliillilllllillilllillllillllililliillillil connnwumou No. 5361'
Bib Data Sheet

FILING DATE
ATTORNEY

SERIAL NUMBER 11/24/2004 GROUP ART UNIT DOCKET NO
10/995,283 2322 71971_012

RULE

‘ PPLICANTS

Mizuki Segawa, Osaka, JAPAN;

lsao Miyanaga, Osaka, JAPAN;
Toshiki Yabu, Osaka, JAPAN;Takashi Nakabayashi, Osaka, JAPAN;
Takashi Uehara, Osaka, JAPAN;

Kyoji Yamashita. Osaka, JAPAN;
Takaaki Ukeda, Osaka. JAPAN;
Masatoshi Arai, Osaka, JAPAN;

Takayuki Yamada. Osaka, JAPAN;
Michikazu Matsumoto, Osaka, JAPAN;

‘hi iiiiiiiiiiiiiiiiiiiiiiiii

This application is a DIV of 10/454,682 06/05/2003 PAT 6,967,409
which is a DIV of 09/902,157 07/11/2001 PAT 6,709,950
which is a DIV of 08/685,726 07/24/1996 PAT 6,281,562

‘ki iiliiiiiiiiiiiiliiii

JAPAN 7—192181 07/27/1995
JAPAN 7-330112 12/19/1995

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

M sies no
[ff D D STATE OR SHEETS INDEPENDENyes no Met after
Allowance

COUNTRY DRAWING CLAIMS
Examiners Signature Initials JAPAN 21 1

I 0005-3096

http://neo:8000/PrexServlet/PrexAction
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EAST Search History

Hits Search Query Default Plurals 1’|me Stamp
Operator

1 "E23.001" US-PGPUB; 2006/03/06 11:21
USPAT;

USOCR;

EPO; JPO;
DERWENT;
IBM_TDB

0 sidewall and I1 US-PGPUB; 2006/03/06 11:21
USPAT; -
USOCR;

EPO; JPO;
DERWENT;
IBM_TDB

3/6/06 11:21:40 AM
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EAST Search History

Search Query

2/28/06 12:22:34 PM

"l-shaped" with sidewall same gate
same active

(257/384).CCLS.

(257/336).CCLS.

(257/288).CCLS.

(257/333).CCLS.

(257/386).CCLS.

(257/389).CCLS.

(257/401).CCLS.

DB5 Plurals 'Fme Stamp

US-PGPUB;

USPAT;
USOCR;

EPO; JPO;
DERWENT;

IBM_TDB

USPAT

USPAT

USPAT

USPAT

USPAT

USPAT

USPAT

2006/02/28 12: 17

2006/02/28 12:18

2006/02/28 12:18

2006/02/28 12:19

2006/02/28 12:21

2006/02/28 12:21

2006/02/28 12:21

2006/02/28 12:21



 

 
 

      
    

       
              

    
            

      
         

        
   

                
   

        
               

   
                    

             
         
 

           

    
 

   
     
  

   
             

     
 
 

            
      

            
   

 
  

      
     
  

   
      

              
      

 
  

       
         

 
         

                                                                                      

            

Page 103 of 262

9....

‘A PATENT APPUCATION FEE DETERMINATION RECDRD
Effective December 8. 2004

CLAIMS AS FILED - PART I

:
F0 NUMBER FILED I

H

ms@
INDEPENDENT CLAIMS

MULTIPLE DEPENDENT CLAIM PRESENT D

' II the diflerence in column 1 is less than zero. enter '0‘ in column 2

PREVIOUSLY

CLAIMS AS AMENDED - PART II
Column I

EXTRA
AMENDMENT PAID FOR

%@
jfi

Application or Docket Number
,.

OTHER THAN
on SMALL ENTITY

OF! TOTAL

OTHER THAN
SMALL ENTITY OF! SMALL ENTITY

‘ ADDI- ADDl~
HATE TIONAL RATE TIONAL

FEE

HIGHEST
NUMBER

F

CLAIMS

I ""='eve"de"* ITE-

REMAINING

FIRST PRESENTATION OF MULTIPLE DEPENDENT cum 5‘

IAFTEFI

CLAIMS
REMAINING

AFTER
AMENDMENT

HIGHEST
NUMBER

PREVIOUSLY

u:
I-
2
IL!
5
O
z
in
E
<

Column 2
cuws HI HS

REMAINING NUMBER
. _ AI-‘l.'EEl _ _PI_?_EVIOUSLY
‘AMENDMENT mo FOFI '

_ 
'"<*°Pe"**°"*‘T
FIRST PRESENTATION OF ‘MULTIPLE DEPENDENT CLAIM

ADDI4 '.
NAL

FEE» A

PRESENT

' If the entry in column I Is less than the entry In column 2, write '0' in column 3.

" II Inc 'HIgIIesl Number Previously PaId For‘ IN THIS SPACE Is less than 20. enter ‘20.' ADD”. FEE
‘"11 the ‘Highest Number Prevlously Pald For’ IN THIS SPACE'is less than 3, enler ‘3.' _

The ‘Highest Number Previously Paid For’ Hotel or lndependem) is the highest number lound in lhe appropriale box in column 1.

ADDI'I'. FEE

FORM PTO-873 mew. I0/D4) Palm! and Trademark Office. U.S. DEPARTMENT OF COMMERCE
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QM

Docket No.: 71971-012 PATENT

IN THE UNITED Z‘; PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Mizuki SEGAWA, et al. Confirmation Number: 5361

Application No.: 10/995,283 Group Art Unit: 2822

Filed: November 24, 2004 Examiner: Roy K. POTTER

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

RESPONSE UNDER 37 C.F.R. § 1.111

Mail Stop Amendment
Honorable Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:

In response to the Office Action dated October 5, 2005, having a shortened statutory

period for response set to expire January 5, 2006, Applicant respectfully requests reconsideration

of the pending rejections for the reasons set forth below.



 

 

             

               

              

          

                   

                 

            

                  

               

                 

          

              

              

              

             

   

                

                

                

   

    
   

   
  

    
 

  

    

     

 

  

  

Page 105 of 262

4

10/995,283

REMARKS

In response to the pending Office Action, Applicants respectfully submit that the pending

rejections must be withdrawn because the cited prior art reference does not constitute valid prior

art to the above-identified application for the reasons set forth below. Applicants note with

appreciation the indication of allowance of claims 40-42 and 44-52.

Turning to the rejection of claims 39 and 43, as set forth on page 2 of the Office Action,

these claims were rejected under 35 U.S.C. § 102 as being anticipated by USP No. 5,817,562 to

Chang. The above-identified application claims priority to USP No. 6,281,562 (application Ser.

No. 08/685,726), which has a filing date ofJuly 24, 1996. Chang has an effective filing date of

January 24, 1997. As such, because the effective filing date of the instant application precedes

the effective filing date of Chang, Chang does not constitute valid prior art relative to the instant

applicaton. As a result, the pending rejection must be withdraw.

Having fully responded to all matters raised in the Office Action, Applicants submit that

all claims are in condition for allowance, an indication for which is respectfully solicited.

If there are any outstanding issues that might be resolved by an interview or an

Examiner's amendment, the Examiner is requested to call Applicants’ attorney at the telephone

number shown below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is

hereby made. 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,

MCDERMOT/‘V ILL & EMERY LLP

600 13"‘ Street, N.W. 7 ,- ize our Customer No. 202 77
Washington, DC 20005-3096 respondence address.
Phone: 202.756.8000 MEF:ete:dmd

Facsimile: 202.756.8087

Date: December 21, 2005
WDC99 H7313]-l.07l97I.00l2
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UNITED STATES PATENT AND TRADEMARK OFFICE % ,UNITED STATES DEPARTMENT OF COMME
United States Patent and Trademark Office
Adduss: COMMISSIONER FOR PATENTSP.0. Box I450

Alexandria, Virginia 223 I3-I 450w\vw.uspl0.guv

APPLICATION NO. FILING DATE FIRST NAMED ENVENTOR ATTORNEY DOCKET NO‘ CONFIRMATION NO.

10/995,283 II/24/2004 Mizuki Segawa 71971-012 5361

7590 I0/0Sfl005 EXAMINER

McDermott Will & Emery LLP POTTER, ROY KARL
600 13th Street, N.W.

Washington, DC 20005-3096 A” UN” PAPER NUMBER2322

DATE MAILED: 10/05/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. I0/03)
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Application No. App|icant(s)

10/995,283 SEGAWA ET AL.

Office Action Summary Examine, M Unit

Roy K. Potter 2822

-- The MAILING DA TE 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 § 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(3). 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)D Responsive to communication(s) filed on_

- 2a)I:I This action is FINAL. 2b)IZ This action is non-final.

3)|j Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)E Claim(s) 39-52 is/are pending in the application.

4a) Of the above c|aim(s) is/are withdrawn from consideration.

5 D Claim(s) is/are allowed.

6 IX Claim(s) 39 and 43 is/are rejected.

)

)

7)IZ Claim(s) 40-42 and 44-52 is/are objected to.

)8 El Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)Ij The specification is objected to by the Examiner.

10)l:I The drawing(s) filed on_ is/are: a)D accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)D The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

a)D All b)l:] Some * c)l:I None of:

1.D Certified copies of the priority documents have been received.

2.|:l Certified copies of the priority documents have been received in Application No. __

3.D 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)). A

' See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) E Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) F’3l°_9" N°(5VM3" Data ___- .
3) IE lnfonnation Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) D Notice of Informal Patenmppllcatlon (PTO-152)

Paper No(s)/Mail Date . 6) D Other: .
U.S. Patent and Trademark Office ’

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20050930
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Application/Control Number: 10/995,283

Art Unit: 2822

DETAILED ACTION

Claims 39 — 52 are pending. These claims are directed to a semiconductor

device

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

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

A person shall be entitled to a patent unless —

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

Claims 39, 43 are rejected under 35 U.S.C. 102(b) as being anticipated by

Chang et al..

Chang et al., U.S. Patent No. 5,817,562 discloses a method for making improved

polysilicon FET gate electrode structures. As shown in Figure 7, a gate insulating film

14 is formed over an active area. A gate electrode 16 is formed over the gate insulating

film. L-shaped sidewalls 24 are formed over the side surfaces of the gate electrode.

The L-shaped sidewalls 24 are polysilicon oxide. In column 7, line 23 describes a

silicide layer being used to contact source/drain areas 23.

Allowable Subject Matter

Claims 40-42 and 44 — 52 are objected to as being dependent upon a rejected

base claim,but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.
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Application/Control Number: 10/995,283 Page 3

Art Unit: 2822

The prior art does not disclose that L-shaped sidewalls are of silicon nitride.

They are disclosed as being silicon oxide.

The prior art does not disclose a protection oxide between the gate electrode and

the L-shaped sidewall.

The prior art does not disclose a second silicide layer on the gate oxide.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Roy K. Potter whose telephone number is 571 272

1842. The examiner can normally be reached on M-F.

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).

oy K Potter

Primary Examiner
Art Unit 2822
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Mizuki SEGAWA, at al.
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Applicationlcontrol No. App|icant(s)lPatent Under
Reexamination

10/995233 SEGAWA ET AL.

Notice ofReferences Cited Examiner A” Unit
1 r

Roy K. Potter 2822 Page ° 1
U.S. PATENT DOCUMENTS

“
A US—5,817,562 10-1998 Chang et al. 438/305
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Docket No.: 719711-012 _ _ if PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of 2 Customer Number: 20277

Mizuki SEGAWA, et al. Confirmation Number: 5361

Application No.: 10/995,283 Group Art Unit: 2812

Filed: November 24, 2004 Examiner: Not yet assigned

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

SUPPLEMENTAL

INFORMATION DISCLOSURE STATEMENT

Mail Stop AIVIENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In accordance with the provisions of 37 C.F.R. 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 form

PTO-1449. It is respectfully requested that the references 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.
‘ t\*I'*1

3’-“.7-.<.r~ be :*.'.i\'i::t".i that ‘.:.S. reference -3.-.,-/ .v, 344:» and €278,138 '0’ were inadvertently

listed on the PTO—l449 filed on November 24, 2004. and need not be considered by the

Examiner for this application.

This Information Disclosure Statement is being filed within three months of the U.S.

filing date OR before the mailing date ofa first Office Action on the merits. No certification or

fee is required.
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10/995,283

Each non—English language reference was first cited in a corresponding foreign

application Search report or office action and its relevance discussed therein. A copy of the

foreign search report or office action is attached for the Examiner's information.

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,

McDERMO}3T WILL & EMERY LLP“N

Registraf n 0. 36,139
1

600 13"‘ Street, N.W. Please fe ognize our Customer No. 20277
Washington, DC 20005-3096 as our correspondence address.
Phone: 202.756.8000 MEF:ete

Facsimile: 202.756.8087

Date: March 9, 2005
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SHEET 1 OF_1

[NFOR,\/1AT1ON DISCLOSURE ‘ ATFY. DOCKET NO. SI-ZRIALNO.
CITATION IN AN 71971-012 , 10/995,283

APPLICATION
APPLICANT

Mizuki SEGAWA, et al.

_ FILING DATE M
(PTO 1449) November 24, 2004 ‘ 2812

U.S. PATENT DOCUMENTS

EXAMlNER‘S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages. Columns, Lines, Where
INITIALS NO. Numbe,_Kmd code, mmmo MM-DD«YYYY Document Relevant Passages or Relevant

Figures Appear

4,966,870
5,384,261

10/30/1990 Barber et al.

01/24/1995 Kenney et al.

z .0

cccccC
FOREIGN PATENT DOCUMENTS

EXAMlNER‘S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Translation
|N|T|ALS CITE coumry c°¢9,_Numb9,- “King MM_DD_Yy'Yy plicant Of Cited Document Where Relevant

Codes (if known) Figures Appear V95
EP 0 705 206 A2 04/10/1996 MOTOROLA. INC.

> 13 Z O

.- Tn LI T\‘1i-\ a._......-_.3._ 3-;»——— -:-— ~ ‘ 'v  j , . ._ _  '
| u'lL;iuuC name of the 2.. — ‘V :,,,,5 Q. .,...- ,..-...~.p ._mn9n _—-.-_» ,‘ min. - ii
.

ll
..

:. cyrr:;:c:.:'.;r.‘._ cateio , " ‘, ' (s),volume issue numbar(s) punt-sh-.-r.

I

EXAMINER DATE CONSIDERED

‘EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP B09. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.
1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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) llllllllllllll llllllllililllllllllillll0 E“;-Gpean Patent “ M V. ' V H " " h H i
Office europeen des brevets (11) 0

(12) EUROPEAN PATENT APPLICATION

<43) Daieofpublicaiion: (51) int. ci.°: H01L 21/31110.04.1996 Bulletin 1996/15

(21) Application number: 951142306

(22) Date 01 tiling: 11.09.1995

Designated Contracting States: - Koh, Ai
DE FR (33 IT Austin, Texas 78729 (US)

Pno.-ny; 19.091994 us 303224 (74) Representative: Hirsz, Christopher Stanislaw et at
Motorola

Applicant MOTOROLA, |NC. European Intellectual Property Operations
Schaumburg, IL 60196 (US) Midpoint

Alencon Link

'”"e’“°’53 Basingstoke, Hampshire RG21 1PL (GB)
Lin, Jung-Hui
Austin, Texas 78750 (US)

(54) Method tor etching silicon nitride

(57) In accordance with the present invention, a sil-
icon nitride layer (20) in a semiconductor device (10) is
anisotropically etched selectively to both silicon dioxide,
for example gate oxide layer (16), and to silicon, for

example, silicon substrate (12) and polysilicon gate elec-
trode (18). The silicon nitride layer is etched in a plasma
etch system using CF4, O2, and argon gases. in other
applications ol the present invention, the etch method is
used to remove an ONO dielectric stack and to remove

a silicon nitride etch stop layer selectively to both active
regions and isolation regions to lorm contacts or local
interconnects across these regions.

EP0706206A2
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EP 0 706 206 A2 2

Description

Field of the invention

The present invention relates generally to methods
for etching silicon nitride. and more specifically to meth-
ods for etching silicon nitride films in semiconductor
devices.

Background of the Invention

Silicon nitride is used in semiconductor devices for

a variety of reasons. including use as etch stop layers,
masking layers, sidewall spacers, gate dielectrics, and
the like. Because silicon nitride is used so heavily in the
manufacture of semiconductor devices, a variety of etch
chemistries are necessary in order to remove the silicon
nitride from selective areas oi the device. In removing
silicon nitride, it is often necessary to etch the silicon
nitride away without damaging or etching underlying lay-
ers within the semiconductor device. For example. it is
often necessary to remove silicon nitride selectively to
an underlying layer of silicon dioxide. or to an underlying
polysilicon layer, or to the silicon substrate. A variety of
dry etch chemistries exist which accomplish these objec-
tives. For example. a common dry etch which is used to
etch silicon nitride selectively to silicon dioxide uses SFG.
As another example. a chemistry of CHF3 and O2 is used
to dry etch silicon nitride selectively to silicon. As is evi-
dent from these examples, different dry etch chemistries
are often required to etch silicon nitride selectively to sil-
icon dioxide and silicon. To date. no dry etch chemistry
has been developed which can etch silicon nitride selec-
tively to both silicon dioxide and to silicon simultaneously
with acceptable selectivity values. A dry silicon nitride
etch having selectivity to both silicon dioxide and silicon
would be a welcome advance in the field of semiconduc-

tor manufacturing. particularly in areas such as local
interconnect and sidewall spacer technology.

Pr‘ ‘= T-=§€‘,=‘7")’,3f"" 9‘ ‘Ins C'r:;:.'5r.::.

F!C:s. 1-3 are cross-sectiurra: illustrations ot a por-
tion of a semiconductordevice wherein sidewall spacers
are formed in accordance with the present invention.

FIGS. 4-6 are cross-sectional illustrations of a por-
tion of a semiconductor dEVlC€ wherein the present
invention is used for the manufacture ot a device which

includes an ONO (oxide—nitride-oxide) gate dielectric
stack.

FIGS. 7-9 are cross-saiional illustrations of a por-
tion of a semiconductor device wherein a local intercon-

nect is formed in accordance with the present invention.

Detailed Description of a Preferred Embodiment

In accordance with the present invention silicon
nitride can be dry etched selectively to both silicon diox-
ide and silicon. Etching is accomplished in a plasma etch

5

system and is anisotropic in nature. The selectivity and
anisotropic nature of the etch is achieved throughthe use
of CF4 and O2 gases with the addition of an inert gas,
such as argon. \Nhile CF4_ O2 and argon may be known
individuallytor use in etching materials in semiconductor
manufacturing, a combination of these gases in accord-
ance with the present invention can achieve results not
accomplished with prior art methods. For example. in
prior art methods use of these gases to etch silicon
nitride could not be achieved anisotropically, nor could
the gases in combination be used to etch silicon nitride
selectively to both silicon dioxide and silicon.

A preferred embodiment of the present invention
employs a plasma etch system which does not generate
a plasma downstream from the material to be etched.

rather a plasma is generated within the etch chamber
where the device to be etched is located. As an example,
a magnetron etcher, such as Applied Materials‘
AMTSOOO, is a suitable etch system for practicing the
present invention. Specific process parameters may vary
depending on the type of plasma etch system used; how-
ever, the following process parameters have been dem-
onstrated as providing the foregoing characteristics in
the magnetron etch system. A pressure of the etch
chamber is held to between 50-300 mTorr, while the RF

power is held between 100-300 Watts. A CF4 gas is intro-
duced into the etch chamber at a rate of 2-8 standard

cubic centimeters per minute (sccm). The flow rate of
oxygen is 5-35 sccm, while the flow rate of an inert gas
is between 40-140 sccm. While in a preferred embodi-
ment argon is used as the inert gas, it is anticipated that
other inert gases can be used, for example, xenon,
helium, or nitrogen. With the foregoing process param-
eters. the selectivity of a plasma-enhanced chemical
vapor deposited (PECVD) silicon nitride film etched
selectively to oxide ranges from 1.5:1 to 9:1, with 33 out
of 35 combinations achieving a selectivity greater than
2:1. Also with the foregoing process parameters, the
selectivity of etching a PECVD silicon nitridefilm selec-
tively to polysilicon ranges from 2.321. to 1 7~1_ L-.':t.'~. 34 cut
"1 :5 ::r:*.::.*.r.:.:.-,:~ at.;.ie-ring a :.Ci1)C1lVlTy greater than

\.'\.":'.hEr~. the above process parameter ranges, the
mechanism for etching silicon nitride in accordance with
the invention involves both a chemical aspect and a
physical bombardment cr sputtering component, as
opposed to being purely chemical mechan:sm. Thus, the
etch may be classified as a reactive ion etch (FtlE). The
physical etch mechanism can be attributed to the tacts
that the etch system used is not a downstream etcher,
that the pressure is maintained relatively low, that the sil-
icon nitride is etched anisotropically, and that the ion
energy within the etch chamber is relatively high (about
200 Volts).

While various combinations within the process
parameter ranges provided above can successfully be
used to etch silicon nitride selectively to both silicon diox-
ide and silicon, more preferred process parameter
ranges are as follows: etch chamber pressure of 150-300
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mTorr; RF Power between 100-303 \ ’a-tts; CF4 tio‘.-.v rate

of 2-8 sccm; O2 flow ot 20-35 sccm, and inert (argon)
flow rate of 40-140 sccm. Selectivity of silicon nitride to
oxide within the preferred process parameter ranges is
about 6:1 to 10:1, while selectivity of silicon nitride to sil-
icon is about 12:1 to 17:1. A precise set of process
parameters as used in the magnetron etch system which
achieves a selectivity of silicon nitride to oxide of 8:1 and
a selectivity of silicon nitride to polysilicon of 16:1 is as
follows: pressure equal to 150 mTorr; HF power equal to
200 Watts; CF4 flow rate equal to 3 sccm; O2 flow rate
equal to 30 sccm; and inert gas (argon) flow rate equal
to 60 sccm. At all times the magnetic field used in the
magnetron etch system was held to 30 gauss; however,
it is anticipated that an increase or decrease in the mag-
neticfield would only increase or decrease, respectively,
the etch rates without adversely affecting the etch selec-
tivities. Accordingly, the present invention may also
achieve acceptable selectivity levels in the absence of
any magnetic field. Also. it is noted that the etch selec-
tivities resulting from the above processes occurred in
etching silicon nitride in the presence of a photoresist
mask, and that etch selectivities without a resist mask in

place may be lower due to a lower concentration of pot-
ymers within the etch chamber.

Although the precise mechanisms for how the
present invention as described above achieves selectiv-
ity to both silicon dioxide and silicon and achieves an ani-
sotropic etch are not fully understood, experimentation
has led to observation of some trends. The selectivity of
silicon nitride to both silicon dioxide and polysilicon
increases as the oxygen flow rate is increased within the
range specified above (without varying any other proc-
ess parameters). Varying only the RF Power within the
range specified above resulted in an initial increase in
both the selectivity to oxide and polysilicon, but then both
selectivities begin to decrease as the end of this range
is approached. increasing the CF4 flow rate without var-
ying other process parameters tends to decrease the
selectivity to both oxide and polysilicon. Increasing the
flow rate at argon tikr ‘ decreased 2": s:fe::i';::'.' 1;
onrn oxide 3.91:.‘ polvsiiiccr .. ..:;.;;.=.v.=. ti n». -—-i-.-- cirjecrcasc
is less drastic than the t4 end observed 1-Jiththe CF4 flow

rate. Finally, increasing the pressure through the range
specified above tends to increase the selectivity of etch-
ing silicon nitride to both oxide and polysilicon. How
selectivities are affected by varying more than one proc-
ess variable at a time have not been analyzed, so that
the interaction of the various process variables is not
understood. Further. experiments indicate that selectiv-
ities to both silicon dioxide and silicon are optimized
within the above specified process parameter ranges
when the flow rate of O3 is at least three , and preferably
at least four, times as great as the flow rate of CF4. and
when the inert (argon) gas flow rate is at least fifteen,
and preferably at least sixteen, times as great as the flow
rate of CF4.

As mentioned earlier, silicon nitride has a variety of
uses within the manufacture of semiconductor devices.

These applications. and advantages, of the present
invention will be more clearly understood from the foIlow-
ing detailed description taken in conjunction with the
accompanying drawings. FlGs. 1-9 illustrate three exam-
ples of applications for use of the present invention in
semiconductor manufacturing; however. other applica-
tions no doubt exist. it is important to point out that the
illustrations may not necessarily be drawn to scale and
that there may be other embodiments of the present
invention which are not specifically illustrated. Through-
out the various views, like reference numerals are used

to designate identical or corresponding parts.

F|Gs. 1-3 illustrate using the present invention to
form silicon nitride sidewall spacers. As shown in FIG. 1,
a semiconductor device 10 includes an active region of
a semiconductor substrate 12. Within substrate 12 are

doped regions 14 which serve as source and drain

regions of an MOS (Metal Oxide Semiconductor) tran-
sistor. Typically, substrate 12 will be formed of single
crystal silicon and doped regions 14 are formed by dit-
fusing or implanting impurity atoms, either P-type or N-
type, into the substrate. Overlying substrate 12 is a gate
oxide layer 16, which is typically thermally grown to a
thickness of less than 300A. A polysilicon gate electrode
18 is patterned on the gate oxide layer. Gate electrode
18 is aligned such that sides or edges of the gate elec-
trode are closely aligned with doped regions 14, although
in actual manufacturing the doped regions are typically
formed after the polysilicon gate electrode is patterned
and are self-aligned to the gate electrode. After the gate
electrode and doped regions have been defined on sub-
strate 12, the polysilicon may be oxidized to form an
oxide layer 1 9 on the gate electrode. A silicon nitride layer
20 is then deposited using conventional chemical vapor
deposition (CVD). in accordance with this embodiment

of the present invention, silicon nitride layer 20 will be
used as a masking layer in a self-aligned silicide process.
Silicide is often formed on polysilicon members and
doped regions to improve the conductivity between these
members and other conductive members w-!h.:r~. the

r-'-'---I-‘e, st '63" 2: csntactr. .". :~e§i-at;-.rrr:,-.3 :;rr:i:i:re process
invaives u:§.'tg .'7‘.2‘.SK to protect those regzons of the
device which are not to be silicided, a. rd wherein tne sil-

icidation process can occur without a separate lithogra-
phy step (i.e. the silicidation is self-aligned).

To achieve the seii-aligned siiioidatron process in
device 10 in accordance with the present invention, a
resist mask 22, for example a photoresist mask, is
formed over the device as illustrated in FIG. 1, Next, sil-
icon nitride layer 20 is anisotropically etched with the
resist mask in place using the etch method previously

described in accordance with the invention. The resulting
structure is illustrated in FIG. 2, wherein portions of sili-
con nitride layer 20 which were not protected by resist
mask 22 in FIG. 1 have been anisotropically etched to
form sidewall spacers 24 along sidewalls of polysilicon
gate electrode 18 and wherein portions of silicon nitride
layer 20 which were protected by resist mask 22 remain

intact. Notice that as a result of the etch, gate oxide layer
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‘i6 is not attacl-xed, since the etch chemistry used to etch

silicon nitride in accordance with the present invention is
selective to siiicon dioxide. It is desirable to not remove

gate oxide layer 16 in order to avoid damaging the under-
lying substrate when removing the silicon nitride layer by
a plasma etch, even though the oxide layer may subse-
quently be removed.

In pl’lO.' art methods which have attempted to
achieve similar results, a problem known as silicon pitting
has arisen. Silicon pitting results from attempting to etch
a silicon nitride layer selectively to a thin silicon dioxide
layer. Prior art chemistries have the ability to etch silicon
nitride selectively to silicon dioxide. An example is the
use of SF5. But many of these chemistries are not selec-
tive to silicon, such that if the underlying silicon dioxide

layer may be damaged or may include detects. the etch
used to etch the silicon nitride selectively to the silicon
dioxide will end up etching any underlying silicon or poly-
silicon members. The present invention overcomes the
problem of silicon and polysilicon pitting because even if
gate oxide layer 16 or oxide layer 19 is damaged or
includes defects, the etch used to etch silicon nitride

layer 20 is selective to both silicon dioxide and silicon
such that etching silicon nitride layer 20 will not etch any
portion of silicon substrate 12 or polysilicon gate elec-
trode 18.

After silicon nitride layer 20 is etched in accordance
with the present invention, portions of gate oxide layer
16 and oxide layer 19 which are not protected by either
sidewall spacers 24 or remaining portions of silicon
nitride layer 20 are then removed with a conventional wet
etch to expose portions of doped regions 14 and gate
electrode 18, as illustrated in FIG. 3. The exposed por-
tions of doped regions 14, and any exposed polysilicon,
undergo a conventional silicidation process. A typical sil-
icidation process involves the deposition of titanium or
other refractory metal across the entire device, and ther-
mally reacting the metal with adjacent silicon members
to form a refractory metal silicide. An etch is then used

to remove unreacted portions of the titanium layer, with-n. - ...~..-...:..~ o--— —---»\—-e rfirw , ~,.— . ...¢~,..-'i T......,........ ...... -~.(.q\.a|\'.\J I"" . - ." _.

'i---?-es 5-lscsce rcazzns 25 f.,..“..e:.' will---e 5..'U:.l! uupec
regions 14 and polysilicon gate electrnne 18 in acr:ov'-:l-
ance with this embodiment of the present invention.

Another embodiment of the present invention
involves the use of ONO (oxide-nitridekoxidc) dielectric
stacks in a semzconcluctor device. ONO stacks are

sometimes used as gate dielectrics between a floating
gate and a control gate of a nonvolatile memory device.
An example of this application is illustrated in FIGS. 4-6.
which illustrate in cross-section a portion of a semicon-
ductor device 40. Device 40 includes a semiconductor

substrate (for example a silicon wafer) having a logic por-
tion 44 and an memory portion 46. The logic portion and
memory portion are separated from one another by an
isolation region 48, which may be conventional field
oxide isolation or trench oxide isolation. As illustrated in

FIG. 4, a thin gate oxide layer 50 (about 85A) is grown
over both the memory and logic portions of the substrate.

Then, a polysilicon floating gate electrode is formed over
the gate oxide layer within memory portion 46. Next, an
ONO dielectric stack having a bottom silicon dioxide
layer 54, a silicon nitride layer 56, and a top s‘llcon diox-
ide layer 58 is formed. Bottom silicon dioxide layer 54 is
thermally grown by oxidation of silicon and/orpolysilicon

to a thickness of about 220A over polysiliconfloating gate
electrode 52. Dueto the presence of gate oxide layer 50
elsewhere in device 40, additional oxidation of these

areas will be much less; therefore, bottom oxide layer 54
is only illustrated over the gate electrode. Silicon nitride
layer 56 is then deposited using conventional CVD to a
thickness of about 150A across the entire device, as illus-
trated in FIG. 4. Top silicon dioxide layer 58 isformed by
oxidizing the silicon nitride layer to produce a very thin

oxide layer of about 30A.
ONO dielectric stacks, such as that described

above, are often used to separate floating gates from
control gates in non—volatile memory devices due to a
favorable ability of such a dielectric stack to retain
charge. However, the stack is not used in logic portions
of devices, and therefore is usually removed. To remove
the ONO from logic portion 44, a resist mask 60, for
instance a photoresist mask, is formed over the memory
portion of device 40, and unmasked portions ofthe ONO
(or ON) stack in the logic portion are removed by etching.
A problem in removing the ONO (or ON) isthe possibility
of damaging the underlying substrate. For instance, in
reference to FIG. 4, in removing silicon nitride layer 56
over logic portion 44, one could use a dry etch which is
selective to silicon dioxide to stop on gate oxide layer 50.
However, as discussed above, known dry etches which
are selective to silicon dioxide are not selective to silicon,

such that damage or defects in gate oxide layer 50 could
lead to pitting of the underlying substrate. Such damage
to the substrate is undesirable since it adversely affects
the integrity of subsequently grown oxide layers. One
could instead use a dry etch selective only to silicon so
that silicon nitride layer 56 and gate oxide layer 50 are
simultaneously removed over logic portion 44:
tttzc ‘.33 :.'.:i lead to cunt: Uuglctt O1 riamage 7.0 !'‘’!9 sub-
strate despite the selectivity to siiicon SEHCE the inch is a
dry etch. A lxncwn method to overcome this problem 15

to form a thicker sacrificial oxide layer (e.g. 400A) in the
logic portion of the device than in the memory device so
thatin ie.rr:ovir-.g the ONO {or ON‘; in the logic areas using
a plasma etch selective to silicon, there is a much
reduced chance of punching through the thicker sacrifi-
cial oxide layer and damaging the silicon. lnstead, the
plasma etch is terminated about halfway through the
sacrificial oxide layer, and a wet etch is used to etch the
remaining half of the sacrificial oxide layer without dam-
aging the silicon. A true gate oxide (as opposed to the
thick sacrificial oxide) is then grown over the logic por-
tion. As is evident. such a solution to the problem involves

the additional steps of having to grow two different initial
oxide layers of different thicknesses in the logic and
memory portions of the device.



       

       
          

           
         
         

          
         

        
          
             

         
          
          

           
          

          
     

         
          

            

            
         

            
        

           

          
         

           
         

          
       

        
  

        
          

        
          

        
          

           

         

         
        

     
           

        
          
            
        

           
          

        
        

    

      
          

         
           

       
         
         

        
           

         
          

        
       

        
           

          
     

          
         

           
        

            
         

         
          

        
             

            

         
          

          

      
          

          
          

           
          
          

 

           
         

           
         

         

         
           

          
          

          
         

         
         

          

          
        

         
         

          
            

       
           

          
         

 

Page 124 of 262

7 EP 0 706 206 A2 8

With the present invention, the additional steps dis-
cussed above are not necessary. As illustrated in FIG. 4,
a thin gate oxide layer 50 of uniform thickness can be
formed over both logic and memory portions of the
device. in accordance with the present invention, top
oxide layer 58 and silicon nitride layer 56 are removed
from unmasked portions of the device 40 over logic por-
tion 44 using the inventive etch method described previ-
ously. Although the etch is selective to oxide, top oxide
layer 58 is thin enough (about 30A) so that the etch will
remove the layer. However. the etch is selective enough
so that silicon nitride layer 56 can be removed selectively
to gate oxide layer 50, as illustrated in FIG. 5. Further-
more, since the etch is also selective to silicon, there is

no threat of damaging underlying substrate 42 in logic
portion 44 even though gate oxide layer 50 may be dam-
aged or have defects therein.

FIG. 6 illustrates how processing of device 40 may
proceed after the ONO (or ON) stack is removed from
the logic portion of the device. A thicker true gate oxide
layer is needed in the logic portion of the device than in
the memory portion of the device; therefore, a thermal

oxidation step is used to grow a gate oxide layer 62 to

about 350A. This is preferably accomplished by first
stripping gate oxide layer 50 from above logic portion 44
using a conventional wet etch, and growing a new gate
oxide layer 62. A second polysilicon layer is then depos-
ited and patterned to form a gate electrode 64 within logic
portion 44 and a control gate electrode 66 overlying float-
ing gate electrode 52 within memory portion 46. The
ONO dielectric stack separates floating gate electrode
52 from control gate electrode for enhanced charge stor-
age capability.

Another application in which the present invention is
useful is in the formation of local interconnects in semi-
conductor devices. FlGs. 7-9 illustrate in cross-section a
portion of a semiconductor device 70 in which a local

interconnect is formed in accordance with the present
invention. As illustrated in FIG. 7, device 70 includes a

semiconductor substrate 72 l'.avi:".o an active r-gicn 74
BUD an Isolation region /6. lsolat-0:. iegiozt 76 is p:ct::.'--
ably a trench isolation region formed of silicon dioxide in
accordance with conventional trench isolation methods,
although it may instead be formed as a conventional field

oxide. Active region 74 includes an N-well 78 having a
P-.- doped region 80 for med therein. Aiternativeiy, an N+
doped region may be formed in a P-well in active region
74. Doped region 80 may also include a silicide region
82, for example, a titanium silicide layer, over the doped
region.

Formed over isolation region 76 is a polysilicon line
84. Elsewhere in device 70. polysilicon line is likely to be
a gate electrode of a transistor; however, it is often nec-
essary to connect such an electrode to other portions of
the device, in which case the polysilicon line may be
routed across isolation regions. Often, it is desirable to
electrically connect the routed polysilicon lineto a portion
of the active region. One method of achieving this con-
nection is through use of a local interconnect. A known

5

method for forming a local interconnect in this situation

invoives depositinga dielectric layer. such as PSG (phos-
pho-silicate glass) or BPSG (boron-doped phospho-sili-
cate glass). over the device and etching a hole in the
dielectric layer which emoses both the polysilicon line
and portions of the active regionto be connected. A prob-
lem in accomplishing this etch is that it is difficult to etch

PSG or BPSG selectively to underlying isolation region
76 since both may be oomprised of silicon dioxide. As a
result, in removing the dielectric layer, it is likely that iso-
lation region 76 would be overetched or recessed.

thereby causing leakage problems in any devices formed
within the active region.

The present invention overcomes such leakage
problems by employing an etch which is selective to both

silicon dioxide and silicon in conjunction with using a sil-
icon nitride etch mask. As illustrated in FIG. 7, and in
accordance with the present invention, polysilicon line
84 is routed over isolation region 76. Adjacent sidewalls
of polysilicon line 84 are optional sidewall spacers 86.
The polysilicon line may optionally include a silicide
region 82 as well. A layer of silicon nitride is then depos-
ited over device 70, including over active region 74, iso-
lation region 76, and polysilicon line 84. In a preferred
embodiment of the present invention, silicon nitride layer
88 is deposited using a plasma-enhanced chemical
vapor deposition (PECVD) process such as those known
in the art. Next a dielectric layer 90 is deposited over sil-
icon nitride layer 88. Dielectric layer 90 may be BPSG,
PSG. TEOS (tetra-ethyl-ortho-silicate), a SOG (spin-on-
glass), or a similar dielectric material. A resist mask 92.
for example a photoresist mask, is formed over dielectric
layer 90 such that an opening 94 in the resist mask
defines the appropriate area where a local interconnect
is to be formed. Once a patterned resist mask is in place,
dielectric layer 90 is etched selectively to silicon nitride
layer 88 within opening 94. This may be accomplished
using any of several known methods in the industry to
etch silicon dioxide or similar material selectively to sili-"zcsf ."l—.‘:- P.-ma:a..- -24.=., .. /\v»- .~. , ,..
\JLllI lav-«:0: . -x.-.~-‘n_"~~.- my IT‘ ;- r-V‘.-1 er-
arocn. As a result of . '5 etch \AH'2>F§o|III« .—v.-—. 2:, wiihirt

opening 94 is terrtoved, .*'.owevcr, silicon nitride layer 83
remains intact within opening 94. At this point, exposed
portions of silicon nitride layer 88 within opening 94 are
etched by the inventive etch process described above to
expose doped region 80 and polysilicon line 84 (or sili-
cide regions 82 if present), as illustrated in FIG. 8. The
silicon nitride layer is etched in accordance with the
present invention in an anisotropic manner and such that
the silicon nitride is etched selectively to both silicon
dioxide (isolation region 76) and silicon (doped region
80, polysilicon line 84. silicide regions 82). Because the
etch is anisotropic, residual sidewall spacers 96 of silicon
nitride may be formed adjacent to sides of polysilicon line
84 or along sidewall spacers 86 if present In prior art
processes used to form local interconnect structures
similarto that illustrated in FIG. 7, etches used to remove
a silicon nitride layer often resulted in an overetch in
either the silicon dioxide material used to form isolation
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region 76 or in silicon within the active region 74. How-
ever, with the present invention, the silicon nitride layer
88 can be removed selectively to both these regions.
thereby minimizing the possibility of junction leakage.
Once the active region and polysilicon member overlying
the isolation region are exposed. as illustrated in FIG. 8.
a glue layer 97 it formed along the sidewalls and bottom
of opening 94. Glue layer 97, illustrated in FIG. 9, is used
to promote adhesion between dielectric layer 90 and a
subsequently deposited conductive material. The con-

ductive material is deposited to fill opening 94, thereby
electrically connecting polysilicon line 84 and doped
region 80. As an example, a layer oi tungsten may be
deposited across device 70 and subsequently etched or
polished back to form a local interconnect 98. as illus-
trated in FIG. 9. In the case of using tungsten. a suitable
glue layer 97 includes a combination ottitanium and tita-
nium nitride to promote adhesion of the tungsten to the
adjacent dielectric layer. Rather than using a conductive
material to electrically connect a polysilicon line to the
active region. the conductive material could instead be
used to simply make a contact to the active region. For
example. opening 94 may be patterned only over active
region 74 and a portion of isolation region 76, without
encompassing another conductive member. such as
polysilicon line 84.

The toregoing description and illustrations con-
tained herein demonstrate many of the advantages
associated with the present invention. A method tor etch-

ing silicon nitride using CF4, O2. and an inert gas. such
as argon. etches silicon nitride anisotropically. while at
the same time etches selectively to underlying silicon
dioxide and silicon materials. As previously described.
such an etching method is usetul in a variety of applica-
tions in manufacturing semiconductor devices. including
forming silicon nitride sidewall spacers overlying a thin
oxide layer. removing an ONO dielectric stack over a thin
oxide to avoid damage to the underlying substrate. and
forming a local interconnect or a contact between an

f'.'i.".a .3 die-

E::c‘;.':1; 2:’ .i°.!’Jfl .-c'.::c.':. ‘.".’i'.él'.\ ::.".:*,' iitcsc :.«..-».1c scccific
applications have been illustrated and described herein.
it is anticipated that other applications of the present
invention will become apparent given the widespread
use of silicon nitride in semiconductor devices. in addi-

tion to the many appiications of using the present inven-
tion, a further advantage is that the present invention is
easily implementable in a manufacturing environment
since suitable plasma etch systems and gases used are
readily available. Moreover, incorporation of a method in
accordance with the present invention into a manufac-

turing process has an advantage of eliminating many
existing process steps which are otherwise required to
overcome problems that prior art methods have relating
to poor selectivity and the isotropic ‘nature ol these meth-
ods when etching silicon nitride.

Thus, it is apparent that there has been provided in
accordance with the invention a method for etching sili-
con nitride that fully meets the need and advantages set

-..-mug ..,3~=.-..— -"-4 _-_. .~.....4., .:..,: ...«-3-«ts..- ,...c........ i......... ci..... A4 .........._. .i.., ... ...i.. ...

forth above. Although the invention has been described
and illustrated with reference to specific embodiments
thereot. it is not intended that the invention be limited to
these illustrative embodiments. Those skilled in the art

will recognize that modifications and variations can be
made without departing from the spirit of the invention.
For example. the present invention is suitabletor etching
any type of silicon nitride material, including silicon
nitride layers which are deposited using standard chem-
ical vapor deposition (CVD) or plasma-enhanced chem-
ical vapor deposition (PECVD). it is also noted that the
present invention can be used to etch silicon nitride

selectively to a variety of materials comprising silicon,
including but not limited to. single crystal silicon, polysil-
icon. amorphous silicon, silicides. and dielectric materi-
als comprising silicon dioxide which may be formed or
deposited in a variety of ways. Also, it is noted that while
argon is a preferred inert gas for use in accordance with
the present invention that other inert gases such as nitro-
gen, helium. xenon. or the like may be suitable alterna-
tive. Therefore it is intended that this invention

encompass all such variations and modifications as fall
with the scope ot the appended claims.

Claims

A method of etching silicon nitride. comprising the
steps of:

providing a material selected from a group of
materials consisting of single crystal silicon, polysil-
icon. amorphous silicon. silicides. and silicon diox-
ide;

forming a layer of silicon nitride such that a
portion of the layer of silicon nitride is on the mate-
rial; and

anisotropically etching the portion of the layer
of silicon nitride selectively to the material;

wherein the step of anisotropically etching is
performed using a plasma etch system and using a
CF_,_ gas 7;‘: 3:‘. gas gr. ir..=,r‘f :_s:.:

A method of etching silicon nitride in e se2iaic-.;rio'-..~.:-
tor device, comprising the steps of:

providing a semiconductor substrate com-
prised of silicon:

forming a polysilicon member over the semi-
conductor substrate. the polysilicon member having
a sidewall;

forming a layer of silicon nitride overthe sem-
iconductor substrate and the polysilicon member
such that the layer of silicon initrio'e is present along
the sidewall of the polysilicon member; and

anisotropically etching the layer ol silicon
nitride without etching the semiconductor substrate
to toi m a sidewall spacer adjacent the sidewall of the
polysilicon member;

wherein the step ot anisotropically etching is
performed using a plasma etch system and a CF4
gas. an 02 gas. and an inert gas.
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The method of claim 2 further comprising the step
of forming an oxide layer over the semiconductor
substrate. and wherein the step oi forming a polysil-
icon member comprises forming a polysilicon mem-
ber on the oxide layer, wherein the step of forming a
layer oi silicon nitride comprises forming a layer of
silicon nitride on the oxide layer, and wherein the
step oi anisotropically etching comprises anisotrop-
ically etching the layer of silicon nitride selectively to
the oxide layer.

A method of etching silicon nitride in a semiconduc-
tor device, comprising the steps of:

providing a semiconductor substrate:
forming a floating gate electrode over the

semiconductor substrate;

forming a dielectric stack of an oxide layer
and a silicon nitride layer over the floating gate elec-
trode and over the semiconductor substrate;

masking a portion of the dielectric stack over
the floating gate electrode with a resist mask to cre-
ate a masked portion and an unmasked portion of
the dielectric stack; and

removing the dielectric stack in the
unmasked portion of the dielectric stack;

wherein the step of removing comprises ani-
sotropically etching the silicon nitride layer without
etching the semiconductor substrate by plasma
etching using a CF4 gas, an 02 gas, and an inert gas.

The method oi claim 4 iurther comprising the step
of forming a gate oxide layer over the semiconductor
substrate, and wherein the step of iorming a dielec-
tric stack comprises forming the silicon nitride layer
of the dielectric stack over the gate oxide layer, and
wherein the step of removing the dielectric stack
comprises anisotropically etching the silicon nitride
layer selectively to the gate oxide layer.

"“ """""‘ cam zszna th: 51333 C‘ '

pro~.Iic.¢ing 2 serrsiccrzducicz substrate having
an active region and an isolation region abutting the
active region;

iorming a layer of silicon nitride over the
active region and the isolation region;

forming a dielectric layer over the layer oi sil-
icon nitride, the active region, and the isolation
region;

patterning an opening in the dielectric layer,
the opening overlying a portion of the active region
and a portion of the isolation region and exposing a
portion of the layer of silicon nitride; and

anisotropically etching the portion oi the layer
oi silicon nitride exposed by the opening selectively
to the portion of the active region and the portion of
the isolation region;

wherein the step of anisotropically etching

comprises plasma etching the layer oi silicon nitride
using a CF4 gas. an 02 gas, and an inert gas.

The method oi claims 1, 2, 4. or 6 wherein the step
oi anisotropically etching is performed using argon
as the inert gas.

The method of claim 1, 2, 4, or 6 wherein the step
of anisotropically etching comprises using aplasma
etch system having an etch chamber, and wherein
a plasma is generated in the etch chamber.

The method oi claims 1. 2, 4, or 6 wherein the step
of anisotropically etching comprises etching in a
magnetically enhanced plasma etch system.

. The method of claims 1, 2, 4, or 6 wherein the step
oi anisotropically etching is performed with a resist
mask in place.



     

 

 

 

 

 
 

 

 

 

 

 

 

 

       

Page 127 of 262



     

 

 

 

 

 
 

 

 

 

 

 

Page 128 of 262



     

  

  

  

 

  

  

 
 

 

   
  

  

    
 

  

 

  

 

 

      

Page 129 of 262

//|\
u“.‘\....xs.....“.

EP 0 706 206 A2

Q

17



     

 

 

 

Page 130 of 262

4'5‘;.5 -

7

Q 82 97 96 86

w\
/11.

EP 0 706 206 A2

I

 \_Uiflfigl%_wj
msuuunussusunusssumsss



 
 

 
 
 

 
 

 
 
 

  
  

   

    

              
      

    

     
   

     
   

    

     

    
   

     

    
    

  
   

    

      

        
          

       
          

       
          

          
        

          
                 

       

         

       

     
   

   
    

       
 
    

 
  

      

              
     

Page 131 of 262

EP0706206A3

_4«.__.

Européisches Patentamt

(7 9) European Patent Ofiice
Oilice européen des brevets

lIlltl| l|jfllilljlljllullllljljli ll.fl|tlit[lllj ll

mi EP 0 706 206 A3

(12) EUROPEAN PATENT APPLICATION

(88) Date of publication A3:
21.08.1 996 Bulletin 1996/34 (51) int. CL5: HO1L 21/311, H01 L 21/28,

H01 L 21/768

(43) Date of publication A2:
10.04.1996 Bulletin 1996/15

(21) Application number: 95114230.6

(22) Date of filing: 11 09.1995

- Koh, Ai

Austin, Texas 78729 (US)

Designated Contracting States:
DE FR GB IT

Representative: Hirsz, Christopher Stanislaw et al
Motorola

European Intellectual Property Operations
Midpoint
Alencon Link

Basingstoke, Hampshire RG21 1PL (GB)

Priority: 19.09,‘! 994 US 308224

Applicant: MOTOROLA, INC.

Schaumburg, IL 60196 (US)

Inventors:

Lin, Jung-Hui
Austin, Texas 78750 (US)

(54) Method for etching silicon nitride

(57) In accordance with the present invention, a sil-
icon nitride layer (20) in a semiconductor device (10) is
anisotropically etched selectively to both silicon dioxide,
for example gate oxide layer (16), and to silicon, for
example, silicon substrate (12) and polysilicon gate
electrode (18). The silicon nitride layer is etched in a

plasma etch system using CF4, O2, and argon gases. In
other applications of the present invention, the etch
method is used to remove an ONO dielectric stack andin .f;|.‘\‘\i'\u>'1 - 1:73 nn NM: 0
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REQUEST FORM FOR

APPLICATION UNDER 37 CFR 1.53(b)

DOCKET NUMBER: 71971-012

Prior Application:
Art Unit: 2822

Examiner: Roy Karl Potter

NEW APPLICATIONS
FEE

Mail Stop NEW APPLICATION
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

This is a Request for filing a Divisional application under 37 CFR 1.53(b) of pending prior application

Serial No. 10/454 682 filed on June 5 2003, entitled SEMICONDUCTOR DEVICE AND METHOD OF

MANUFACTURING THE SAME, by the following named inventors: Mizuki SEGAWA, Isao MIYANAGA,

Toshiki YABU, Takashi NAKABAYASHI, Takashi UEHARA, Kyoji YAMASHITA, Takaaki UKEDA, Masatoshi

ARAI, Takayuki YAMADA and Michikazu MATSUMOTO.

1. IE I hereby state that the enclosed application contains no new matter..-

2. Oath or Declaration

a. I:] Newly executed (original or copy)
b. X Copy from a prior application (37 CFR 1.63(d))

i. D Deletion of inventorgsl
Signed statement attached deleting inventor(s) named in the prior application, see 37 CFR
1.63(d)(2) and 1.33(b).

Incorporation By Reference (useable if Box 2b is checked)

The entire disclosure ofthe prior application, from which a copy ofthe oath or declaration is supplied
under Box 2b, is considered as being part of the disclosure ofthe accompanying application and is hereby
incorporated by reference therein. '

Preliminary Amendment is enclosed.

An Infonnation Disclosure Statement and PTOI449 Form are submitted herewith.

Cancel claims 1-38.
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3. The filing fee is calculated on the basis of the claims existing in the prior application as amended at 4 and 6Qbove:

‘ ‘WMEXTRA

CLAIM S CLAIMS RATE

, Total Claims 14

Independent Claims —

-20 $18.00 =

-3 M
Basic Application Fee

If multiple dependent claims are presented, add $0.00

$0.00

$790.00

$0.00

Total Application Fee $790.00

Subtract ‘/2 if smallentity

TOTAL APPLICATION FEE DUE $790.00

AMOUNT TO BE CHARGED TO DEPOSIT ACCO
UNT NO. 500417 i $790.00

Enclosed is a Verified Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27.

A verified Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 was filed in
prior application and such status is still proper and desired.

PLEASE CHARGE DEPOSIT ACCOUNT 500417 in the amount of $790.00

The Commissioner is hereby authorized to charge fees under 37 CFR l.l6 and 1.17 which may be
required, including any extension oftime fees to maintain the pendency of the parent Application No.
10/454,682 or credit any overpayment to Deposit Account No. 500417.

Amend the specification by inserting before the first line the sentence:

-—This application is a divisional of Application No. 10/454,682 filed June 5, 2003, which is a
divisional of Application No. 09/902,157 filed July 11, 2001, which is a divisional of Application No.
08/685,726 filed on July 24, 1996, which is now U.S. Patent No. 6,28l,562.--

10. IE Priority ofApplication No. JP 7-192181 filed on July 27, 1995, in Japan and Application No. 7-
330112 filed on December 19, 1995, in Japan is claimed under 35 USC 119. The certified priority
documents were filed in Application No. 08/685,726 on July 24, 1996.

11. [Z] The prior application is assigned of record to

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.
Kadoma-shi, Osaka, Japan

12. IX] The power of attorney in the prior application is to:

McDennott, Will & Emery

13. E Also enclosed:

Supplemental Power of Attorney
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DOCKET NUMBER: 71971-012

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

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

McDermott Will & Emery LLP
600 13th Street, N.W.

Washington, D. C. 20005-3096

Respectfully submitted,

MCDERMO WILL & EIQERY LLP

ichael .Fog 4é'€
Registration No. 36,139

600 13"‘ Street, N.W. Please recognize our Customer No. 20277 as our
Washington, DC 20005-3096 correspondence address.
Phone: 202.756.8000 MEF:ete
Facsimile: 202.756.8087

Date: November 24, 2004
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REQUEST FORM FOR

APPLICATION UNDER 37 CFR 1.53(b)

DOCKET NUMBER: 71971-012

Prior Application:
Art Unit: 2822

Examiner: Roy Karl Potter

NEW APPLICATIONS
FEE

Mail Stop NEW APPLICATION
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

This is a Request for filing a Divisional application under 37 CFR 1.53(b) of pending prior application

Serial No. 10/454 682 filed on June 5 2003, entitled SEMICONDUCTOR DEVICE AND METHOD OF

MANUFACTURING THE SAME, by the following named inventors: Mizuki SEGAWA, Isao MIYANAGA,

Toshiki YABU, Takashi NAKABAYASHI, Takashi UEHARA, Kyoji YAMASHITA, Takaaki UKEDA, Masatoshi

ARAI, Takayuki YAMADA and Michikazu MATSUMOTO.

1. IE I hereby state that the enclosed application contains no new matter..-

2. Oath or Declaration

a. I:] Newly executed (original or copy)
b. X Copy from a prior application (37 CFR 1.63(d))

i. D Deletion of inventorgsl
Signed statement attached deleting inventor(s) named in the prior application, see 37 CFR
1.63(d)(2) and 1.33(b).

Incorporation By Reference (useable if Box 2b is checked)

The entire disclosure ofthe prior application, from which a copy ofthe oath or declaration is supplied
under Box 2b, is considered as being part of the disclosure ofthe accompanying application and is hereby
incorporated by reference therein. '

Preliminary Amendment is enclosed.

An Infonnation Disclosure Statement and PTOI449 Form are submitted herewith.

Cancel claims 1-38.
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3. The filing fee is calculated on the basis of the claims existing in the prior application as amended at 4 and 6Qbove:

‘ ‘WMEXTRA

CLAIM S CLAIMS RATE

, Total Claims 14

Independent Claims —

-20 $18.00 =

-3 M
Basic Application Fee

If multiple dependent claims are presented, add $0.00

$0.00

$790.00

$0.00

Total Application Fee $790.00

Subtract ‘/2 if smallentity

TOTAL APPLICATION FEE DUE $790.00

AMOUNT TO BE CHARGED TO DEPOSIT ACCO
UNT NO. 500417 i $790.00

Enclosed is a Verified Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27.

A verified Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 was filed in
prior application and such status is still proper and desired.

PLEASE CHARGE DEPOSIT ACCOUNT 500417 in the amount of $790.00

The Commissioner is hereby authorized to charge fees under 37 CFR l.l6 and 1.17 which may be
required, including any extension oftime fees to maintain the pendency of the parent Application No.
10/454,682 or credit any overpayment to Deposit Account No. 500417.

Amend the specification by inserting before the first line the sentence:

-—This application is a divisional of Application No. 10/454,682 filed June 5, 2003, which is a
divisional of Application No. 09/902,157 filed July 11, 2001, which is a divisional of Application No.
08/685,726 filed on July 24, 1996, which is now U.S. Patent No. 6,28l,562.--

10. IE Priority ofApplication No. JP 7-192181 filed on July 27, 1995, in Japan and Application No. 7-
330112 filed on December 19, 1995, in Japan is claimed under 35 USC 119. The certified priority
documents were filed in Application No. 08/685,726 on July 24, 1996.

11. [Z] The prior application is assigned of record to

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.
Kadoma-shi, Osaka, Japan

12. IX] The power of attorney in the prior application is to:

McDennott, Will & Emery

13. E Also enclosed:

Supplemental Power of Attorney
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DOCKET NUMBER: 71971-012

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

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

McDermott Will & Emery LLP
600 13th Street, N.W.

Washington, D. C. 20005-3096

Respectfully submitted,

MCDERMO WILL & EIQERY LLP

ichael .Fog 4é'€
Registration No. 36,139

600 13"‘ Street, N.W. Please recognize our Customer No. 20277 as our
Washington, DC 20005-3096 correspondence address.
Phone: 202.756.8000 MEF:ete
Facsimile: 202.756.8087

Date: November 24, 2004
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SEMICONDUCTOR DEVICE AND

METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device

including transistors and connection between the transistors

for constituting an LSI with high integration and a decreased

area .

with the recent development of a semiconductor device with

high integration and high performance, there are increasing

demands for more refinement of the semiconductor device. The

improvement of the conventional techniques cannot follow these

demands, and novel techniques are unavoidably introduced in

some technical fields. For example, as a method of forming an

isolation, the LOCOS isolation method is conventionally adopted

in view of its-simpleness and low cost. Recently, however, it

is considered that a trench buried type isolation (hereinafter

referred to as the trench isolation) is more advantageous for

manufacturing a refined semiconductor device.

Specifically, in the LOCOS isolation method, since

selective oxidation is conducted, the so—called bird's beak

occurs in the boundary with a mask for- preventing the

oxidation. As a result, the dimension of a transistor is

changed because an insulating film of the isolation invades a

transistor region against the actually designed mask dimension.

This dimensional change is unallowable in the refinement of a

_1_.
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semiconductor device after the 0.5 pm generation. Therefore,

even in the mass—production techniques, the isolation forming

method has started to be changed to the trench isolation method

in which the dimensional change is very small. For example,

IBM corporation has introduced the trench isolation structure

as a 0.5 pm CMOS process for the mass-production of an MPU (IBM

Journal of Research and Development, VOL. 39, No. 1/2, 1995,

pp. 33 - 42).

Furthermore, in a semiconductor device mounting elements

such as a MOSFET in an active area surrounded with an

isolation, an insulating film is deposited on the active area,

the isolation and a gate electrode, and a contact hole is

formed by partly exposing the insulating film for connection

between the active area and an interconnection member on a

player above the insulating film. This structure is known as a

very common structure for the semiconductor device.

Figure 17 is a sectional view for showing the structure of

a conventional semiconductor device. In Figure 17, a reference

numeral 1 denotes a silicon substrate, a reference numeral 2b

denotes an isolation with a trench isolation structure which is

made of a silicon oxide film and whose top surface is flattened

so as to be at the same level as the top surface of the silicon

substrate 1, a reference numeral 3 denotes a gate oxide film

made of a silicon oxide film, a reference numeral 4a denotes a

polysilicon electrode working as a gate electrode, a reference

numeralv 4b denotes a polysilicon interconnection formed

..2_
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simultaneously with the polysilicon electrode 4a, a reference

numeral 6 denotes a low-concentration source/drain region

formed by doping the silicon substrate with an n—type impurity

at a low concentration, a reference numeral 7a denotes an

electrode sidewall, a reference numeral 7b denotes an

interconnection sidewall, a reference numeral 8 denotes a high-

concentration source/drain region formed by doping the silicon

substrate with an n—type impurity at a high concentration, a-

reference numeral 12 denotes an insulating film made of a

silicon oxide film, and a reference numeral 13 denotes a local

interconnection made of a polysilicon film formed on the

insulating film 12.

The local interconnection 13 is also filled within a

connection hole 14 formed in a part of the insulating film 12,

so as to be contacted with the source/drain region in the

active area through the connection hole 14. In this case, the

connection hole l4 is formed apart from the isolation 2b by a

predetermined distance. In other words, in the conventional

layout rule for such a semiconductor device, there is a rule

that the edge of a connection hole is previously located away

from the boundary between the active area and the isolation

region so as to prevent a part of the connection hole 14 from

stretching over the isolation 2b even when a mask alignment

shift is caused in photolithography (this distance between the

H25 connection hole and the isolation is designated as an alignment

margin):
'1
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However, in the structure of the semiconductor device as

shown in Figure 17, there arise problems in the attempts to

further improve the integration for the following reason:

A distance La between the polysilicon electrode 4a and the

isolation 2b is estimated as an index of the integration. In

order to prevent the connection hole 14 from interfering the

isolation 2b as described above, the distance La is required to

be 1.2 pm, namely, the sum of the diameter of the connection

hole 14, that is, 0.5 pm, the width of the electrode sidewall

7a, that is, 0.1 pm, the alignment margin from the polysilicon

electrode-4a, that is, 0.3 pm, and the alignment margin from

the isolation 2b, that is, 0.3 pm. .A connection hole has

attained a more and more refined diameter with the development

of processing techniques, and also a gate length has been

decreased as small as 0.3 pm or less. Still, the alignment

margin in consideration of the mask alignment shift in the

photolithography is required to be ,approximately 0.3 pm.

Accordingly, as the gate length and the connection hole

diameter are more refined, the proportion of the alignment

margin is increased. This alignment margin has become an

obstacle to the high integration.

Therefore, attempts have been made to form the connection

hole 14 without considering the alignment margin in view of the

alignment shift in the photolithography. Manufacturing

procedures adopted in such a case will now be described by

exemplifying an n—channe1 MOSFET referring to Figures l8(a)S

__4_
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through 18(c).

First, as is shown in Figure 1B(a), after forming an

isolation 2b having the trench structure in a silicon substrate

1 doped with a p—type impurity (or p-type well), etch back or

the like is conducted for flattening so as to place the

surfaces of the isolation 2b and the silicon substrate 1 at the

same level. In an active area surrounded with the isolation

2b, a gate oxide film 3, a polysilicon electrode 4a serving as

a gate electrode, an electrode sidewall 7a, a low—concentration

source/drain region 6 and a high-concentration source/drain

region 8 are formed. On the isolation 2b are disposed a

polysilicon interconnection 4b formed simultaneously with the

polysilicon electrode 4a and an interconnection sidewall 7b.

At this point, the top surface of the high-concentration

source/drain region 8 in the active area is placed at the same

level as the top surface of the isolation 2b. Then, an

insulating film 12 of a silicon oxide film is formed on the

entire top surface of the substrate.

Next, as is shown in Figure 18(b), a resist film 25a used

as a mask for forming a connection hole is formed on the

insulating film 12, and the connection hole 14 is formed by,

for example, dry etching.

Then, as is shown in Figure 18(c), the resist film 25a is

removed, and a polysilicon film is deposited on the insulating

film 12 and within the connection hole 14. The polysilicon

film is then made into a desired pattern, thereby forming a

-5._
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local interconnection 13.

At this point, in the case where the alignment margin in

view of the mask alignment shift in the formation of the

connection hole 14 is not considered in estimating the distance

La between the polysilicon electrode 4a and the isolation 2b,

a part of the isolation 2b is included in the connection hole

14 when the exposing area of the resist film 25a is shifted

toward the isolation 2b due to the mask alignment shift in the

photolithography. Through over-etch in conducting the dry

etching of the insulating film 12, although the high-

concentration source/drain region E8 made of the silicon

substrate is not largely etched because of its small etching

rate, the part of the isolation 2b included in the connection

hole 14 is selectively removed, resulting in forming a recess

40 in part of the connection hole 14. when the recess 40 in

the connection hole 14 has a depth exceeding a given proportion

to the depth of the high—concentration source/drain region 8,

junction voltage resistance can be decreased and a junction

leakage current can be increased because the concentration of

the impurity in the high—concentration source/drain region B is

low at that depth.

In order to prevent these phenomena, it is necessary to

"provide a predetermined alignment margin as is shown in the

structure of Figure 17 so as to prevent the connection hole 14

from interfering the isolation 2b even when the alignment shift

is caused in the lithography. In this manner, in the

_6__
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conventional layout rule for a semiconductor device, an

alignment margin in view of the mask alignment shift in the

photolithography is unavoidably provided.

Furthermore, a distance between the polysilicon electrode

4a and the connection hole 14 is also required to be provided

with an alignment margin. Otherwise, the connection hole 14

can interfere the polysilicon electrode 4a due to the

fluctuation caused in the manufacturing procedures, resulting

in causing electric short—circuit between an upper layer

interconnection buried in the connection hole and the gate
electrode.

As described above, it is necessary to provide the

connection hole 14 withlnargins for preventing the interference

with other elements around the connection hole, which’ has

become a large obstacle to the high integration of an LSI.

Also in the case where a semiconductor device having the

so-called salicide structure is nnanufactured, the following

problems are caused due to a recess formed in the isolation:

Figure 19 is a sectional view for showing an example of a

semiconductor device including the conventional trench

isolation and a MOSFET having the salicide structure. As is

shown in Figure 19, a trench isolation 105a is formed in a

silicon substrate 101. In an active area surrounded with the

isolation 105a, a gate insulating film 103a, a gate electrode

107a, and electrode sidewalls 108a on both side surfaces of the

gate electrode 107a are formed. Also in the active area, a

_'7_
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low-concentration source/drain region 106a and a high-

concentration source/drain region l06b are formed on both sides

of the gate electrode 107a. A channel stop region 115 is

formed below the isolation 105a. Furthermore, in areas of the

silicon substrate 101 excluding the isolation 105a and the

active area, a gate interconnection 107b made of the same

polysilicon film as that for the gate electrode 107a is formed

wruu a gate insulating film 103b sandwiched, and the gate

interconnection 107b is provided with interconnection sidewalls

108b on its both side surfaces. On the gate electrode 107a,

the gate interconnection 107b and the high—concentration

source/drain region 106b, an upper gate electrode 109a, an

upper gate interconnection l09b and a source/drain electrode

l09c each made of -silicide are respectively formed.

Furthermore, this semiconductor device includes an interlayer

insulating film 111 made of a silicon oxide film, a metallic

interconnection 112 formed on the interlayer insulating film

111, and a contact member 113 (buried conductive layer) filled

in a connection hole formed in the interlayer insulating film

111 for connecting the metallic interconnection 112 with the

source/drain electrode 109c.

Now, the manufacturing procedures for the semiconductor

device including the conventional trench isolation and the

MOSFET with the salicide structure shown in Figure 19 will be

described referring to Figures 20(a) through 20(e).

First, as is shown in Figure 20(a), a silicon oxide film

-3-
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116 and a silicon nitride film 117 are successively deposited

on a silicon substrate 101, and a resist film 120 for exposing

an isolation region and masking a transistor region is formed

on the silicon nitride film 117. Then, by using the resist

film 120 as a mask, etching is conducted, so as to selectively

remove the silicon nitride film 116 and the silicon oxide film

117, and further etch the silicon substrate 101, thereby

forming a trench 104. Then, impurity ions are injected into

the bottom of the trench 104, thereby forming a channel stop

region ll5.

Then, as is shown in Figure 20(b), a silicon oxide film

(not shown) is deposited, and the entire top surface is

flattened until the surface of the silicon nitride film 117 is

‘exposed. Through this procedure, a trench isolation 105a made

of the silicon oxide film filled in the trench 104 is formed in

the isolation region Reiso.

Next, as is shown ix) Figure ,20(c), after the silicon

nitride film 117 and the silicon oxide film 116 are removed, a

gate oxide film 103 is formed on the silicon substrate 101, and

a polysilicon film 107 is deposited thereon. Then, a

photoresist film 121 for exposing areas excluding a region for

forming a gate is formed on the polysilicon film 107.

Then, as is shown in Figure 20(d), by using the

photoresist film 121 as a mask, dry etching is conducted‘,

thereby selectively removing the polysilicon film 107 and the

gate oxide film 103. Thus, a gate electrode 107a of the MOSFET

_9..
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in the transistor region Refet and a gate interconnection lO7b

stretching over the isolation 105a and the silicon substrate

101 are formed. After removing the photoresist film 121,

impurity ions are injected into the silicon substrate 101 by

using the gate electrode 107a as a mask, thereby forming a low-

concentration source/drain region 106a. Then, a silicon oxide

film 108 is deposited on the entire top surface of the

substrate.

Next, as is shown in Figure 20(e), the silicon oxide film

108 is anisotropically dry—etched, thereby forming electrode

sidewalls 108a and interconnection sidewalls lO8b on both side

‘surfaces of the gate electrode 107a and the gate

interconnection 107b, respectively. At this point, the gate

oxide film 103 below the silicon oxide film 108 is

simultaneously removed, and the gate oxide film 103 below the

gate electrode 107a alone remains. Then, impurity ions are

diagonally injected by using the gate electrode 107a and the

electrode sidewalls 108a as masks, thereby forming a rdgh—

concentration source/drain region 106b. Then, after a Ti film

is deposited on the entire top surface, high temperature

annealing is conducted, thereby causing a reaction between the

Ti film and the components made of silicon directly in contact

with the Ti film. Thus, an upper gate electrode 109a, an upper

gate interconnection lO9b and a source/drain electrode lO9c

made of silicide are formed.

The.procedures to be conducted thereafter are omitted, but4

‘-10-
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the semiconductor device including the MOSFET having the

structure as shown in Figure 19 can be ultimately manufactured.

In Figure 19, the metallic interconnection 112 is formed on the

interlayer insulating film 111, and the metallic

interconnection 112 is connected with the source/drain

electrode 109c through the Contact member 113 including a.W

plug and the like filled in the contact hole.

when the aforementioned trench isolation structure is

adopted, the dimensional change of the source/drain region can

be suppressed because the bird's beak, that is, the oxide film

invasion of an active area, which is caused in the LOCOS method

where a thick silicon oxide film is formed by thermal

oxidation, can be avoided. Furthermore, in the procedure shown

in Figure 20(c), the surfaces of the isolation 105a and the

silicon substrate 101 in the transistor region Refet are placed

at the same level.

In such a semiconductor device having the trench type

isolation, however, there arise the following problems:

when the procedures proceed from the state shown in Figure

20(d) to the state shown in Figure 20(e), the silicon oxide

‘film 108 is anisotropically etched so as to form the sidewalls

108a and lO8b. At this point, over—etch is required. Through

this over-etch, the surface of the isolation 105a is removed by

some depth.

Figures 21(a) and 21(b) are enlarged sectional views

around the.boundary between the high-concentration source/drain

-11-
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region 106b and the isolation 105a after this over-etch.

As is shown in Figure 21(a), between the procedures shown

in Figures 20(d) and 20(e), the impurity ions are diagonally

injected so as to form the high—concentration source/drain

region lO6b. Through this ion injection, the high-

concentration source/drain region 106b is formed also below the

edge of the isolation 105a. because the isolation 105a is

previously etched by some depth. Accordingly, the high-

concentration source/drain region 106b is brought closer to the

channel stop region 115, resulting in causing the problems of

degradation of the junction voltage resistance and increase of

the junction leakage current.

In addition, as is shown in Figure 2l(b), in the case

where the Ti film or the like is deposited on the high-

concentration source/drain region 106b so as to obtain the

silicide layer through the reaction with the silicon below, the.

thus formed silicide layer can invade the interface between the

silicon substrate 101 and the isolation 105a with ease. As a

result, a short-circuit current can be caused between the

~source/drain electrode 109c made of silicide and the channel

stop region 115.

SUMARY OF THE INVENTION

The object of the present invention is improving the

structure of an isolation, so as to prevent the problems caused

because the edge of the isolation is trenched in etching for

-12-
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the formation of a connection hole or sidewalls.

In order to achieve the object, the invention proposes

first and second semiconductor devices and first through third

methods of manufacturing a semiconductor device as described

below.

The first semiconductor device of this invention in which

a semiconductor element is disposed in each of plural active

areas in a semiconductor substrate comprises an isolation for

surrounding and isolating' each active area, the isolation

having a top surface at a higher level than a surface of the

active area and having a step portion in a boundary with the

active area; an insulating film formed so as to stretch over

each active area and the isolation; plural holes each formed by

removing a portion of the insulating film disposed at least on

the active area; plural buried conductive layers filled in the

respective holes; and plural interconnection members formed on

the insulating film so as to be connected with the respective

active areas through the respective buried conductive layers.

Owing to this structure, in the case where a part of or

ball the holes are formed so as to stretch over the active areas

and the isolation due to mask alignment shift in

photolithography, a part of the isolation is removed by over-

etch for ensuring the formation of the holes. In such a case,

even when the top surface of the isolation is trenched to be

lower than the surface of the active area, the depth of the

holes formed in the isolation is small in the boundary with the

-13-
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active area because of the level difference between the top_

surface of the isolation and the surface of the active area.

Accordingly, degradation of the junction voltage resistance and

increase of the junction leakage current can be suppressed.

Therefore, there is no need to provide a portion of the active

area where each hole is formed with an alignment margin for

avoiding the interference with the isolation caused by the mask

alignment shift in the lithography. Thus, the area of the

active area‘ can be decreased, resulting in improving the

integration of the semiconductor device.

In the first semiconductor device, at least a part of the

plural holes can be formed so as to stretch over the active

area and the isolation due to fluctuation in manufacturing

procedures.

In other words, even when no margin for the mask alignment

in the lithography is provided, the problems caused in the

formation of the holes can be avoided.

’Furthermore, the angle between a side surface of the step

portion and the surface of the active area is preferably 70

degrees or more.

As a result, when the hole interferes the isolation, the

part of the isolation included in the hole is definitely

prevented from being etched through over-etch in the formation

of the holes down to a depth where the impurity concentration

is low in the active area.

The isolation is preferably a trench isolation made of an'1

7-14-
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25

insulating material filled in a trench formed by trenching the

semiconductor substrate by a predetermined depth.

This is because no bird's beak is caused in the trench

isolation differently from a LOCOS film as described above, and

hence, the trench isolation is suitable particularly for the

high integration and refinement of the semiconductor device:

In the first semiconductor device, when the semiconductor

element is a MISFET including a gate insulating film and a gate

electrode formed on the active area; and source/drain regions

formed in the active area on both sides of the gate electrode,

the following preferred embodiments can be adopted:

The semiconductor device can further comprise a gate

interconnection made of the same material as that for the gate

electrode and formed on the isolation, each of the holes can be

formed on an area including the source/drain region, the

isolation and the gate interconnection, .and the plural

interconnection members can be connected with the: gate

interconnection on the isolation-

Owing to this configuration, in the case where the

-interconnection members work as local interconnections for

connecting a gate interconnection on the isolation with the

active area, there is no need to separately form holes in the

insulating film on the gate interconnection and the insulating

film on the active area. In addition, there is no need to

provide the separate holes with alignment margins from the

boundary: between the active area and the isolation.

-15-
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Accordingly, the area of the isolation can also be decreased,
resulting in largely improving the integration of the

semiconductor device.

The semiconductor device can further comprise electrode

sidewalls made of an insulating material and formed on both

side surfaces of the gate electrode; and a step sidewall made

of the same material as the insulating material for the

electrode sidewalls and formed on the side surface of the step

portion. In this semiconductor device, at least a part of the

holes can be formed by also removing a portion of the

insulating film disposed on the step sidewall.

Owing to this structure, the abrupt level difference

between the surfaces of the isolation and the active area can

be released by the step sidewall. Therefore, a residue is

scarcely generated in patterning the interconnection members,

and an upper interconnection is prevented from being

disconnected and increasing in its resistance. 1

The semiconductor device can further comprise a gate

protection film formed on the gate electrode, and at least a

part of the holes can be formed so as to stretch over the

source/drain region and at least a part of the gate protection
film.

Owing to this structure, a part of the gate protection

film included in the hole is removed by the over-etch in the

formation of the holes. However, the gate electrode is

protected by the gate protection film, and hence, electrical

-15-
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short circuit between the gate electrode and the

interconnection member can be prevented. Accordingly, there is

no need to provide an alignment margin from the gate electrode

in the area where each hole is formed, resulting in further

improving the integration.

The interconnection members can be first layer metallic

interconnections, and the insulating film can be an interlayer

insulating film disposed between the semiconductor substrate,

and the first layer metallic interconnections. In this case,

the semiconductor device preferably further comprises, between

the interlayer insulating film and the semiconductor substrate

an underlying film made of an insulating material having high

etching selectivity against the interlayer insulating film.

The second semiconductor device of this invention in which

a semiconductor element is disposed in each of plural active

areas in a semiconductor substrate comprises a trench isolation

for isolating and surrounding each active area, the trench

isolation having a top surface at a higher level than a surface

of the active area and having a step portion in a boundary with

the active area; and a step sidewall formed on the side surface

of the step portion of the trench isolation-

Owing to this structure, in the impurity ion injection for

the formation of an impurity diffused layer of the

semiconductor device, the step sidewall disposed at the edge of

the trench isolation can prevent the impurity ions from being

implanted below the edge of the isolation. Furthermore, also

-17-
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in adopting the structure including a source/drain electrode

made of silicide, the step sidewall can prevent the silicide

layer from being formed at a deep portion. Therefore, a short

circuit current can be prevented from occurring between the

source/drain electrode and a substrate region such as the

channel stop region. In this manner, the function of the

trench isolation to isolate each semiconductor element can be

prevented from degrading.

In the second semiconductor device, the step sidewall is

preferably made of an insulating material.

Also in the second semiconductor'device, the semiconductor

element can be a MISFET including a gate insulating film and a'

gate electrode formed on the active area; and source/drain

regions formed in the active area on both sides of the gate

electrode. This semiconductor device can be further provided

with electrode sidewalls formed on both side surfaces of the

gate electrode, and the step sidewall can be formed

simultaneously with the electrode sidewalls.

Owing to this structure, the semiconductor elements can be

a MISFET having the LDD structure suitable for the refinement.

Because of this structure together with the trench isolation

structure, the semiconductor device can attain a structure

particularly suitable for_ the refinement and the high

integration.

The first method of manufacturing a semiconductor device

in which,a semiconductor element is disposed in each of plural

-13-
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active areas in a semiconductor substrate comprises a first

step of forming an isolation in a part of the semiconductor

substrate, the isolation having a top surface at a higher level

than a surface of the semiconductor substrate and having a step

portion in a boundary with the surface of the semiconductor

substrate; a second step of introducing an impurity at a high

concentration into each active area of the semiconductor

substrate surrounded by the isolation; a third step of forming

an insulating film on the active area and the isolation; a

fourth step of forming, on the insulating film, a masking

member having an exposing area above an area at least including

a portion of the active area where the impurity at the high

concentration is introduced; a fifth step of conducting etching

by using the masking member so as to selectively remove the

insulating film and form holes; and a sixth step of forming a

buried conductive layer by filling the holes with a conductive

material and forming, on the insulating film, interconnection

members to be connected with the buried conductive layer. In

this method, in the fourth step, an alignment margin is not

provided for preventing the exposing area of the masking member

from including a portion above the isolation when mask shift is

caused in photolithography.

In adopting this method, even when a part of the isolation

is removed by over—etch in the fifth step so that the top

surface of the isolation is etched to be lower than the surface.

of the active area, the depth of the holes formed in the
‘3
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isolation is small because of the level difference between the

isolation and the active area. Accordingly, the decrease of

the junction voltage resistance and the increase of the

junction leakage current can be suppressed in the manufactured

semiconductor device. In addition, the area of the active area

can be decreased because no alignment margin from the isolation

is provided, resulting in improving the integration of the

manufactured semiconductor device.

In the first method of manufacturing a semiconductor

device, the following preferred embodiments can be adopted:

The fifth step is preferably performed so as to satisfy

the following inequality:

OE x a x (ER2 / ERl) 5 b + D x (2 / 10)

wherein “a” indicates a thickness of the insulating film, "b"

indicates a level difference between the surface of the active

area and the top surface of the isolation, “ERl" indicates an

etching rate of the insulating film, "ER2" indicates an etching

rate of the isolation, “D” indicates a depth of an impurity

diffused layer in the active area, and ‘OE’ indicates an over-

etch ratio of the insulating film.

In adopting this method, even when a part of the isolation

included in the hole is removed by over—etch in the formation

of the holes, the bottom of the etched portion does not reach

a portion where the impurity concentration is low in the active

area. In other words, the top surface of the isolation is

never placed at a lower level than the surface of the active

-20-
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area. Accordingly, the degradation of the junction voltage

resistance and the increase of the junction leakage current can

be definitely prevented in the manufactured semiconductor

device.

when the semiconductor element is a MISFET, the method can

further include, before the second step, a step of forming a

gate insulating film on the active area, a step of depositing

a conductive film on the gate insulating film and a step of

forming a gate electrode by patterning the conducive film, and

in the second step, the impurity at the high concentration is

introduced so as to form a source/drain region. In such a

case, the following preferred embodiments can be adopted.

The method ‘can further comprise, after the step of

depositing the conductive film, a step of depositing ‘a

protection insulating film on the conductive film, and in the

step of forming the gate electrode, the conductive film as well

as the protection insulating film are patterned, so as to form

a gate protection film on the gate electrode- The fifth step

can be performed so as to satisfy the following inequality:

OE x a x (ER3 / ERl) < c

wherein 'a' indicates a thickness of the insulating film, “c'

indicates a thickness of the gate protection film, "ER1"

indicates an etching rate of the insulating film, "ER3“

indicates an etching rate of the gate protection film and ‘OE’
indicates an over-etch ratio of the insulating film.

when this method is adopted, while the area of the active

-21-‘
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area is decreased by not providing an alignment margin for

avoiding the interference between the connection hole and the

gate electrode, the hole is prevented from reaching the gate

electrode below the gate protection film. I

In the fourth step, the masking member can be formed to be

positioned without providing a margin for preventing the

exposing area thereof from including a portion above the gate

protection film even when the mask shift is caused in the

photolithography.

Alternatively, in the fourth step, the masking member can

be formed to be positioned with the exposing area thereof

including

photolithography.

In the third step, an interlayer insulating film can be

formed as the insulating film, and in the sixth step, first

layer metallic interconnections can be formed as the

interconnection members. In such a case, it is preferred that

the interlayer insulating film is formed in the third step

after an underlying film made of an insulating material having

high etching selectivity against the interlayer insulating film

is formed below the interlayer insulating film.

The second method of manufacturing a semiconductor device

of this invention comprises a first step of forming an

underlying insulating film on a semiconductor substrate; a

second step of depositing an etching “stopper film on the

-22-
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underlying insulating film; a third step of forming a trench by

exposing a portion of the etching stopper film and the

underlying insulating film where an isolation is to be formed

and etching the semiconductor substrate in the exposed portion;

a fourth step of depositing an insulating film for isolation on

an entire top surface of the substrate, flattening the

substrate until at least a surface of the etching stopper film

is exposed, and forming a trench isolation in the trench so as

to surround a transistor region; a fifth step of removing, by

etching, at least the etching stopper film and the underlying

insulating film, so as to expose a step portion between the

transistor region and the trench isolation; a sixth step of

depositing a gate oxide film and a conductive film on the

substrate and making the conductive film into a pattern of at

least a gate electrode; a seventh step of depositing an

insulating film for sidewalls on the entire top surface of the

substrate and anisotropically etching the insulating film for

the sidewalls, so as to form electrode sidewalls and a step

sidewall on side surfaces of the gate electrode and the step

portion, respectively; and an eighth step of introducing an

impurity into the semiconductor substrate in the transistor

region on both sides of the gate electrode, so as to form

source/drain regions.

when this method is adopted, since the step sidewall is

formed between the semiconductor substrate in the transistor

region and the trench isolation after completing the fifth
~ §
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step, the impurity ions are prevented from being implanted

below the edge of the trench isolation in the impurity ion

injection in the eighth step. Furthermore, also when an area

in the vicinity of the surface of the source/drain region is

subsequently silicified, the step sidewall made of the

insulating film can prevent the silicide layer from being

formed at a deep portion. Accordingly, not only the

degradation of the junction voltage resistance and the current

leakage but also the occurrence of a short circuit current

between the source/drain electrode and the substrate region

such as the channel stop region can be prevented.

In the second method of manufacturing a semiconductor

device, the following preferred embodiments can be adopted:

In the second step, the thickness of the etching stopper

film is preferably determined in consideration of an amount of

over-etch in the seventh step, so that the step portion having

a level difference with a predetermined size or more is exposed

in the fifth step.

The method can further comprise, after completing the

eighth step, a step of silicifying at least an area in the

vicinity of the surface of the source/drain region.

The third method of manufacturing a semiconductor device

of this invention comprises a first step of forming a gate

insulating film on a semiconductor substrate; a second step of

depositing a first conductive film to be formed into a gate

electrode on the gate insulating film; a third step of forming

_24_
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a trench by exposing a portion of the first conductive film

where a trench isolation is to be formed and etching the

‘semiconductor substrate in the exposed portion; a fourth step

of depositing an insulating film for isolation on an entire top

surface of the substrate, flattening the substrate at least

until a surface of the first conductive film is exposed, and

forming the trench isolation in the trench so as to surround a

transistor region; a fifth step of depositing a second

conductive film to be formed into at least an upper gate

electrode on the entire top surface of the flattened substrate;

a sixth step of making the first and second conductive films

into a pattern at least of the gate electrode and exposing a

step portion between the transistor region and the trench

isolation; a seventh step of depositing an insulating film for

sidewalls on the entire top surface of the substrate and

anisotropically etching the insulating film for the sidewalls,

so as to form electrode sidewalls and a step sidewall on side

surfaces of the gate electrode and the step portion,

respectively; and an eighth step of introducing an impurity

into the semiconductor substrate in the transistor region on

both sides of the gate electrode, so as to form source/drain

regions.

When this method is adopted, the same effects as those

attained by the second method of manufacturing a semiconductor

device can be attained. In addition, in the patterning process

for the gate electrode, the top surface of the substrate is

-25-
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completely flat, and hence, the patterning accuracy for the

gate electrode can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1(a) through l(d) are sectional views for showing

manufacturing procedures of Embodiment 1 up to the formation of

an isolation;

Figures 2(a) through 2(e) are sectional views for showing

the manufacturing procedures of Embodiment 1 after the
formation of the isolation;

Figures 3(a) through 3(f) are sectional views for showing

manufacturing procedures of Embodiment 2 after the formation of

an isolation;

Figures 4(a) through 4(c) are sectional views for showing

manufacturing procedures of Embodiment 3;

Figures 5(a) through 5(c) are sectional views for showing

manufacturing procedures of Embodiment 4;

Figures 6(a) through 6(f) are sectional views for showing

manufacturing procedures of Embodiment 5;

‘ Figures 7(a) through 7(c) are sectional views for showing

manufacturing procedures of Embodiment 6:

Figures 8(a) through 8(c) are sectional views for showing

manufacturing procedures of Embodiment 7 in which a

comparatively thin insulating film of Embodiment 1 is replaced

with a layered film and an interlayer insulating film;

Figures 9(a) through 9(c) are sectional views for showing

-25-
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the manufacturing procedures of Embodiment 7 in which a

comparatively thin insulating film of Embodiment 2 is replaced

with a layered film and an interlayer insulating film;

Figures lO(a) through 10(c) are sectional views for

showing the manufacturing procedures of Embodiment 7 in which

a comparatively thin insulating film of Embodiment 4 is

replaced with a layered film and an interlayer insulating film;
Figures 11(a) through ll(c) are sectional views for

showing the manufacturing procedures of Embodiment 7 in which

a comparatively thin insulating film of Embodiment 5 is

replaced with a layered film and an interlayer insulating film;

Figure 12 is a sectional view_for showing the structure of

a semiconductor device of Embodiment 8;

Figures 13(a) through l3(e) are sectional views for

showing manufacturing procedures for the semiconductor device

of Embodiment 8;

Figures 14(a) through l4(e) are sectional views for

showing manufacturing procedures for a semiconductor device of

Embodiment 9;

Figures l5(a) through 15(f) are sectional views

showing manufacturing procedures for a semiconductor device of

Embodiment 10;

Figures 16(a) through 16(e) are sectional views for

showing manufacturing procedures for a semiconductor device of

Embodiment 11;

Figure 17 is a sectional view of a conventional‘i

-27-
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semiconductor device in which the surfaces of an active area

and a trench isolation are placed at the same level;

Figures 18(a) through 18(c) are sectional views for

showing manufacturing procedures for the conventional

semiconductor device of Figure 17:

Figure 19 is a sectional view of a conventional

semiconductor device having a salicide structure and a trench

isolation structure;

Figures 20(a) through 20(e) are sectional views for

showing manufacturing procedures for the conventional

semiconductor device of Figure 19; and

Figures 2l(a) and 2l(b) are partial sectional views for

showing problems, in a conventional semiconductor device having

a trench isolation, occurring in an impurity ion injection

process and a silicifying process, respectively.

DETAILED DESCRIPTION OF THE INVENTION

(Embodiment 1)

Embodiment 1 of the invention will now be described

referring to Figures 1(a) through 1(d) and 2(a) through 2(e).

In the manufacturing procedures of this embodiment, a

connection hole for connecting an interconnection layer and a

silicon substrate is designed to stretch over an active area

and an isolation when alignment shift is not caused in

photolithography.

In this embodiment, the isolation is formed as a trench
§
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isolation. Furthermore, interconnection to be formed above is

assumed to be local interconnection in which an insulating film

can be comparatively thin, but the embodiment is applicable

also to general global interconnection formed on a thick

interlayer insulating film.I

First, as is shown in Figure 1(a), a resist film 50a

having a predetermined pattern is formed on a p—type silicon

substrate 1 (or a p—type well). The silicon substrate 1 is

dry—etched by using the resist film 50a as a mask, thereby

forming a trench 51 with a depth of 1 pm.

Then, as is shown in Figure 1(b), the resist film 50a is

removed, and then a silicon oxide film 2x is deposited on the

entire top surface of the silicon substrate 1. Through this

procedure, the previously formed trench 51 is filled with the."

silicon oxide film 2x.

Next, as is shown in Figure 1(c), the silicon oxide film

2x on the silicon substrate 1 is removed by, for example, a CMP

(chemical mechanical polishing) method or etch—back through dry

etching using a resist film, and at the same time, a trench

isolation 2b is formed. At this point, the top surface of the

silicon substrate 1 and the top surface of the isolation 2b are

flattened with no level difference therebetween.

Then, as is shown in Figure l(d), dry etching with high

etch selectivity is conducted so as to etch the silicon

substrate 1 alone by a thickness of 0.2 pm. Thus, a step

.portion=which is rugher in a stepwise manner than the top

-29-.
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surface of the silicon substrate 1 by 0.2 pm is formed in the

isolation 2b. The level difference caused by the step portion

is required to be sufficiently large in consideration of an

amount of over-etch in etching a subsequently formed insulating

film 12, and hence, the level difference is preferably equal to

or larger than the thickness of the insulating film 12.

It is noted that the method of causing the level

difference between the top surface of the isolation.2b and the

surface of the active area is not limited to that described

above. For example, the level difference can be caused as

follows: After an etching stopper‘film having a thickness

corresponding to the level difference is previously deposited

on the silicon substrate, a trench is formed and an insulating

film for the trench isolation is deposited. Then, the entire

top surface of the substrate is flattened by the CMP method or

the like, and the etching stopper film is subsequently removed.

Next, As is shown in Figure 2(a), after forming a gate

oxide film 3 on the silicon substrate 1, a polysilicon film 4x

is deposited on the entire top surface of the substrate.

Then, as is shown in Figure 2(b), after forming a resist

film (not shown) having a predetermined pattern on the

polysilicon film 4x, dry etching is conducted so as to form a

polysilicon electrode 4a on the active area and a polysilicon

interconnection 4b on the isolation 2b. Then, by using the

gate electrode 4a as a mask, n-type impurity ions are injected

at a high concentration, thereby forming high-concentrationLE

-30-
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source/drain regions 8 in the silicon substrate 1 on both sides

of the polysilicon electrode 4a.

After this, as is shown in Figure 2(c), the insulating"

film 12 having a thickness of, for example, 0.15 pm is

deposited, so that an interconnection subsequently formed above

the insulating film (i.e., the local interconnection in this

embodiment) can be electrically insulated from the polysilicon

electrode, the polysilicon interconnection and the active area.

Next, as is shown in Figure 2(d), a resist film 25a having

a pattern for forming a cpnnection hole is formed on the

insulating film 12. At this point,'the exposing area of the

resist film 25a is positioned without an alignment margin for

preventing interference with the isolation 2b. In this

embodiment, after the resist film 25a is formed so that the

exposing area stretches over the source/drain region 8, that

is, the active area of a transistor, and the isolation 2b, dry

etching is conducted by using the resist film 25a as a mask,

thereby forming a connection hole 14 by removing the insulating

‘film 12 in the exposing area of the resist film 25a. At this

point, when the insulating film 12 is, for example, 40% over-

etched than its thickness of 0.15 um in order to ensure the

formation of the connection hole 14, the isolation 2b in the

exposing area of the resist film 25a is etched by a thickness

of approximately 0.06 pm. However, in this embodiment, the

step portion has a height of 0.2 pm, which is sufficiently

larger than this etched amount, and hence, a recess where the

-31-
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top surface of the isolation 2b is lower than the top surface

of the silicon substrate 1 is never formed in any part of the

connection hole 14.

Next, as is shown in Figure 2(e), a polysilicon film is

deposited on the entire top surface and is patterned, thereby

forming the local interconnection 13. At this point, the local

interconnection 13 is also formed within the connection hole

14, so as to be electrically connected with the source/drain

region 8 serving as the active area.

In a semiconductor device formed in the aforementioned

procedures, the top surface of the isolation 2b is higher in a

stepwise manner than the surface of the active area.

Therefore, even when the isolation 2b is removed by some amount

by the over—etch in dry etching the insulating film 12, the

isolation 2b is prevented from being etched by a thickness

exceeding the level difference caused by the step portion.

Accordingly, when mask alignment is shifted in the

photolithography, a recess with a depth reaching a certain

depth of the source/drain region 8 is prevented from being

formed in the connection hole 14. As a result, the

conventional problems, that is, the degradation of the junction

voltage resistance and the increase of the junction leakage

current caused because of the low impurity concentration at a

lower part of the active area of the silicon substrate

corresponding to the sidewall of the recess, can be effectively

prevented.
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However, the level difference between the top surface of

the isolation 2b and the surface of the active area is not

necessarily required to be larger than the thickness of the

insulating film 12. The dimensions and materials ,of the

respective components can be determined so as to satisfy the

following inequality (1), wherein “a” denotes the thickness of

the insulating film 12; "b" denotes the level difference

between the top surface of the isolation 2b and the surface.of

the active area; "ER1" denotes the etching rate of the

insulating film 12; 'ER2" denotes the etching rate of the

isolation 2b; "D" denotes the depth of an impurity diffused

layer in the active area; and “OE” denotes the over—etch ratio

of the insulating film l2 in the formation of the connection

hole 14.

OE x a x (ER2 / ERl) 2 b + D x (2 / 10) ... (1)

As far as the inequality (1) is satisfied, even when a part of

the isolation 2b is removed to be at a lower level than the

surface of the silicon substrate in the active area through the

formation of the connection hole 14, so that the recess 40 as

is shown in Figure l8(c) is formed in a part of the connection

hole 14, the bottom of the recess 40 is prevented from reaching

the depth where the impurity concentration is low.

Since the alignment margin in view of the mask shift in

the photolithography can be omitted, the following effects can

be attained: when a. distance Lb between the polysilicon

electrode 4a serving as the gate electrode and the isolation 2b

-33-
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is estimated as an index of the integration, the distance Lb is

0.8 pm, namely, the sum of the diameter of the connection hole,

0.5 pm, and the alignment margin from the gate electrode, 0.3

"pm. Thus, the distance Lb can be decreased by 0.4 pm as

compared with the conventional distance La of 1.2 pm (shown in

Figure 17).

(Embodiment 2)

Embodiment 2 will now be described referring to Figures

3(a) through 3(f). In this embodiment, a connection hole for

connecting an interconnection layer and a silicon substrate is

formed so as to stretch over_an active area and an isolation in

the same manner as in Embodiment 1, and a step portion between

the isolation and the active area is provided with a sidewall.

First, as is shown in Figures 3(a) and 3(b), an isolation

2b whose top surface is higher in a stepwise manner than the

surface of an active area by a predetermined level difference

and a gate oxide film 3 are formed on a silicon substrate 1 in

the same manner as described in Embodiment 1. Then, a

polysilicon film 4x is deposited on the entire top surface.

Next,’ the polysilicon film 4x is patterned, thereby

forming a polysilicon electrode 4a and a polysilicon

interconnection 4b. The procedures conducted so far are

identical to those adopted in Embodiment 1. Then, a silicon

oxide fihn is deposited on the entire top surface and is

subjected to anisotropic etching, thereby forming electrode

sidewalls 7a on both side surfaces of the polysilicon electrode

-34-
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4a and interconnection sidewalls 7b on both side surfaces of

the polysilicon interconnection 4b. At the same time, a step

sidewall 7c is formed on the side surface of the step portion

between the isolation 2b and the active area. Each of the

sidewalls has a width of, for example, approximately 0.1 pm.

After forming the polysilicon electrode 4a, an n-type impurity

with a low concentration is ion-injected into the active area,

so as to form a low—concentration source/drain region 6. After

forming the electrode sidewalls 7a, an n-type impurity with a

high concentration is ion-injected into the active area, so as

to form a high—concentration source/drain region 8. This is a

generally adopted method of manufacturing a MOSFET having the

so-called LDD structure.

Then, as is shown in Figures 3(d) through 3(f), the

procedures as described in Embodiment 1 referring to Figures

2(c) through 2(e) are conducted, thereby forming an insulating

film 12 and a local interconnection 13 thereon.

This embodiment can achieve the effect to improve the

integration similarly to Embodiment 1. In addition, owing to

the step sidewall 7c, the abrupt level difference between the

isolation 2b and the active area can be released. As a result,

the amount of residue generated in the formation of the local

interconnection 13 by patterning the polysilicon film can be

advantageously decreased, and disconnection of the local

interconnection 13 and resistance increase thereof can also be

‘prevented._
é
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At this point, a distance Lc between the polysilicon

electrode 4a serving as a gate electrode and the isolation 2b

is estimated as an index of the integration. The distance Lc

is 1.0 pm, namely, the sum of the diameter of the connection

hole, 0.5 pm, the width of the electrode sidewall 7a, 0.1 pm,

the alignment margin from the polysilicon electrode 4a, 0.3 pm’

and the width of the step sidewall 7c, 0.1 pm. Thus, the

distance Lc can be decreased by 0.2 pm as compared with the

conventional distance La of 1.2 pm (shown in Figure 17).

(Embodiment 3)

Embodiment 3 will now be described referring to Figures

4(a) through 4(c).

In manufacturing procedures described in this embodiment,

a connection hole is formed so as to stretch over an active

area and an isolation only when mask alignment shift is caused

in the photolithography.

Figure 4(a) shows a state where the procedures described

in Embodiment 2 referring to Figures 3(a) through 3(d) have

been completed. Specifically, as is shown in Figure 4(a),

after an isolation 2b with a top surface higher in a stepwise

manner than the surface of an active area, a step sidewall 7c

on the side surface of the step portion of the isolation 2b, a

gate oxide film 3, a polysilicon electrode 4a serving as a gate

electrode, electrode sidewalls 7a on both side surfaces of the

polysilicon electrode 4a, a low-concentration source/drain

region 6, a high—concentration source/drain region 8, a
"5
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polysilicon interconnection 4b on the isolation 2b, and

interconnection. sidewalls 7b on both side surfaces of the

polysilicon interconnection 4b are formed, an insulating film

12 with a thickness of approximately 0.15 pm is formed on the

entire top surface.

Next, as is shown in Figure 4(b), a resist film 25b for

forming a connection hole is formed. At this point, in this

embodiment, the resist film 25b is formed so that the

connection hole stretches over the active area (i.e., the high-

concentration source/drain region 8) and the step sidewall 7c

when the mask alignment shift is not caused in the lithography.

Then, the insulating film 12 is etched, thereby forming the

connection hole 14 stretching over the active area and the step

sidewall 7c.

Then, as is shown in Figure 4(c), a local interconnection

13 to be connected with the high—concentration source/drain

region 8 is formed on the insulating film 12.

In the state shown in. Figure 4(b), the edge of the

connection hole 14 can be shifted toward the isolation 2b by a

maximum "of 0.3 pm due to the mask alignment shift in the

lithography. In such a case, the resultant structure becomes

that described in Embodiment 2 (shown in Figure 3(e))-

However, no recess is formed in the isolation 2b within the

connection hole 14 as described in Embodiments 1 and 2 even in

such a case. Alternatively, even if a recess is formed, the

prob1ems.of the degradation of the junction voltage resistance
i
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and the increase of the junction leakage current can be avoided

as far as the dimensions and the like of the respective

components are determined so as to satisfy the inequality (1).

Also in this embodiment, a distance Lc between the

polysilicon electrode 4a and the isolation 2b is estimated as

an index of the integration. Similarly to Embodiment 2, the

distance Lc is 1.0 pm, namely, the sum of the diameter of the

connection hole, 0.5 pm, the width of the electrode sidewall

7a, 0.1 pm, the alignment margin from the polysilicon electrode

4a, 0.3 pm, and the width of the step sidewall 7c, 0.1 pm.

Thus, the distance Lc can be decreased by 0.2 pm as compared

with the conventional distance La_of 1.2 pm.

(Embodiment 4)

Embodiment 4 will now be described referring to Figures

5(a) through 5(c). In manufacturing procedures described in

this embodiment, a connection hole for connecting an

interconnection layer and a silicon substrate is formed so as

to stretch over an active area and a polysilicon

interconnection on an isolation.

Figure 5(a) shows the state where the procedures described

in Embodiment 2 referring to Figures 3(a) through 3(d) have

been completed. Specifically, as is shown in Figure 5(a),

after an isolation 2b with a top surface higher in a stepwise

manner than the surface of the active area, a step sidewall 7c

on the side surface of the step portion of the isolation 2b, a

gate oxide film 3, a polysilicon electrode 4a serving as a gate
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electrode, electrode sidewalls 7a on both side surfaces of the

polysilicon electrode 4a, a low—concentration source/drain

region 6, a high—concentration source/drain region 8, a

polysilicon interconnection 4b on the isolation 2b, and

interconnection sidewalls 7b on both side surfaces of the

polysilicon interconnection 4b are formed, an insulating film

12 with a thickness of approximately O.l5 pm is formed on the

entire top surface.

Next, as is shown in Figure 5(b), a resist film 25c for

forming a connection hole is formed. In this embodiment, the

resist film 25c is formed with its exposing area stretching

over the active area (i-e., the high—concentration source/drain

region 8) and. the polysilicon interconnection 4b on the

isolation 2b when the mask alignment shift is not caused in the

lithography. Then, the insulating film 12 is etched, thereby

forming the connection hole 14 stretching over the high-

concentration source/drain region 8, the isolation 2b and the

polysilicon interconnection 4b.

Then, as is shown in Figure 5(c), a local interconnection

13 to be connected with the high-concentration source/drain

region 8 and the polysilicon interconnection 4b is formed on

the insulating film 12.

when the high-concentration source/drain region 8 is to be

electrically connected with the polysilicon interconnection 4b

serving as a gate interconnection formed on the isolation 2b in

the conventional manufacturing procedures, a connection hole

-39-
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formed on the high-concentration source/drain region 8 and

another connection hole formed on the polysilicon

interconnection 4b are required to be positioned in

consideration of alignment margins from the boundaries with the

high—concentration source/drain region 8 and the isolation 2b,

respectively. In contrast, in this embodiment, the

interconnection member can be connected with the high-

concentration source/drain region 8 and the polysilicon

electrode 4b through one connection hole 14 without

consideration of the alignment margins. In addition, as

described in Embodiments 1 through 3, the problems of the

degradation of the junction voltage resistance and the increase

of the junction leakage current can be prevented from being

caused through the over—etch in etching the insulating film 12.

In this embodiment, the interconnection on the isolation

2b is rnade of a polysilicon film, but another‘ conductive

material or an interconnection on a layer different from the

polysilicon electrode can be used instead.

(Embodiment 5)

Embodiment 5 will now be described referring to Figures

6(a) through 6(f). In manufacturing procedures described in

this embodiment, a connection hole for connecting an

interconnection layer and a silicon substrate is formed so as

to stretch over an active area, a gate electrode and an

isolation.

First, as is shown in Figure 6(a), an isolation 2b with a
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top surface higher in a stepwise manner than the surface of a

p—type silicon substrate 1 is formed.

Next, as is shown in Figure 6(b), a polysilicon film 4x

with a thickness of 0.2 pm is deposited on the entire top

surface, and a silicon oxide film 15x for gate protection with

a thickness of approximately 0.15 pm is deposited on the

polysilicon film 4x. At this point, the thickness of the

silicon oxide film 15x for gate protection is required to be

sufficiently large in consideration of an amount of over—etch

to be removed in etching a subsequently formed insulating film

12. In this embodiment, the thickness of the silicon oxide

film 15x is substantially the same as that of the insulating

film 12.

Then, as is shown in Figures 6(c) and 6(d), the procedures

as described in Embodiment 2 referring to Figures 3(c) and 3(d)

are conducted. Thus, after a polysilicon electrode 4a and a

gate protection film 15a together serving as a gate electrode,

electrode sidewalls 7a on both side surfaces of the polysilicon

electrode 4a and the gate protection film 15a, a low-

concentration source/drain region 6, a high—concentration

source/drain region B, a polysilicon interconnection 4b and an

interconnection protection film 15b on the isolation 2b,

interconnecthmu sidewalls 7b on both side surfaces of the

polysilicon interconnection 4b and the interconnection

protection film 15b and a step sidewall 7c are formed, the

insulating film 12 with a thickness of approximately 0.15 pm is

...41_
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formed on the entire top surface.

Next, as is shown in Figure 6(e), a resist film 25d for

forming a connection hole is formed. At this point, in this

embodiment, the resist film 25d is formed so that the

connection hole stretches over the polysilicon electrode 4a,

the high—concentration source/drain region 8 serving.as the

active area and the isolation 2b when the mask alignment shift

is not caused in the lithography. Accordingly, when the

alignment shift is not caused, the exposing area of the resist

film 25d stretches also over a part of the polysilicon

electrode 4a. Then, the insulating film 12 is patterned by dry

etching. At this point, a part of the isolation 2b and the

gate protection film 15a in the exposing area of the resist

film 25d are also removed by some amount by the over—etch in

the dry etching of the insulating film 12. However, the

connection hole 14 never reaches the polysilicon electrode 4a.

Then, as is shown in Figure 6(f), a polysilicon film is

deposited on the entire top surface and then patterned, thereby

forming a local interconnection 13 to be connected with the

.high—concentration source/drain region 8.

In this embodiment, the problems of the degradation of the

junction voltage resistance and the increase of the junction

leakage current can be avoided as in the aforementioned

embodiments even when the insulating film 12 is 40% over-etched

than its thickness of 0.15 pm in order to form the connection

hole 14;
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In particular in this embodiment, the connection hole 14

stretches also over the polysilicon electrode 4a when the

alignment shift is not caused in the lithography. Therefore,

when the insulating film 12 is, for example, 40% over-etched

than its thickness of 0.15 pm in the dry etching thereof,

although a part of the gate protection film 15a is etched by a

thickness of approximately 0.06 pm. However, the conventional

problem of the electric short circuit with an interconnection

on an upper layer through the connection hole can be avoided

since the thickness of the gate protection film 15a is 0.15 pm,

which is sufficiently larger than 0.06 pm.

It is noted that the thickness of the gate protection film

15a'can be determined as follows: The dimensions and materials

of the respective components are determined so as to satisfy’

the following inequality (2), wherein "a" denotes the thickness

of the insulating film 12; “c” denotes the thickness of the

gate protection film 4a, "ER1" denotes the etching rate of the

insulating film 12; "ER3" denotes the etching rate of the gate

protection film 4a; and “OE” denotes the over—etch ratio of the

insulating film 12 in the formation of the connection hole 14:

OE x a x (ER3 / ER1) < c ' ... (2)

At this point, a distance Ld between the polysilicon

electrode 4a serving as the gate electrode and_the isolation 2b

is estimated as an index of the integration. The distance Ld

is 0.7 pm, namely, the sum of the diameter of the connection

hole, 0&5 pm, the width of the electrode sidewall 7a, 0.1 pm,
‘y
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and the width of the step sidewall 7c, 0.1 um.y Thus, the

distance Ld can be decreased by 0.5 pm as compared with the

conventional distance of 1.2 pm.

(Embodiment 6)

Embodiment 6 will now be described referring to Figures

7(a) through 7(c). In manufacturing procedures described in

this embodiment, a connection hole for connecting an

interconnection layer and a silicon substrate is formed so as

to stretch over an active area, an electrode sidewall and an

isolation when the alignment shift is not caused, and is formed

so as to stretch also over a polysilicon electrode only when
the alignment shift is caused.

Figure 7(a) shows the state where the procedures described

in Embodiment 5 referring to Figures 6(a) through 6(d) have

been completed. Specifically in Figure 7(a), after an

isolation 2b having a top surface higher in a stepwise manner

than the surface of the active area, a step sidewall 7c on the

side surface of the step portion of the isolation 2b, a gate

oxide film 3, a polysilicon electrode 4a serving as a gate

electrode, a gate protection film 15a on the polysilicon

electrode 4a, electrode sidewalls 7a on both side surfaces of

the polysilicon electrode 4a and the gate protection film 15a,

a low—concentration source/drain region 6, a high-concentration

source/drain region 8, a polysilicon interconnection 4b on the

isolation 2b, an interconnection protection film 15b on the

polysilicon interconnection 4b, and interconnection sidewalls

_44_
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7b on both side surfaces of the polysilicon interconnection 4b

and the interconnection protection film 15b are formed, an

insulating film 12 having a thickness of approximately 0.15 pm

is formed on the entire top surface.

Next, as is shown in Figure 7(b), a resist film 25e having

a pattern for forming a connection hole is formed. At this

point, in this embodiment, the resist film 25e is formed so

that its exposing area can expose at least the step sidewall 7c

and the high-concentration source/drain region 8 serving as the

active area and stretches also over the electrode sidewall 7a.

Then, a polysilicon film is deposited on the entire top

surface and patterned, thereby forming a local interconnection

13 to be connected with the high—concentration source/drain

region 8.

In the procedure shown in Figure 7(b) of this embodiment,

when the exposing area of the resist film 25e is shifted by,

for example, a maximum of 0.3 pm due to the alignment shift in

the lithography, the connection hole 14 is formed so as to

stretch also over a part of the polysilicon electrode 4a. When’

the exposing area of the resist film 25e is shifted in the

-reverse direction, the connection hole 14 is formed so as to

stretch also over a part of the isolation 2b. However, in

either case, the junction voltage at the edge of the isolation

2b is prevented from degrading and the junction leakage current

is prevented from increasing as far as the dimensions and the

like ofathe respective components are determined so as to
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satisfy the inequalities (1) and ('2). In addition, an

electrical short circuit between an interconnection member such

as the local interconnection and the polysilicon electrode 4a

can be avoided.

At this point, a distance Le between the polysilicon

electrode 4a serving as the gate electrode and the isolation 2b

is estimated as an index of the integration. Similarly to

Embodiment 5, the distance Le is 0.7 pm, namely, the sum of the

diameter of the connection hole, 0.5 pm, the width of the

electrode sidewall 7a, 0.1 pm, and the width of the step

sidewall 7c, 0.1 pm. Thus, the distance Le can be decreased by

0.5 pm as compared with the conventional distance of 1-2 pm.

In each of the aforementioned embodiments, the local

interconnection is adopted as the interconnection member so as

to make the insulating film 12 comparatively thin. However,

each embodiment can be applied to an interconnection member

using a general global interconnection formed ‘with an

interlayer insulating film sandwiched. when the global

interconnection is adopted, the interlayer insulating film is

comparatively thick. Therefore, the effects of the embodiments

can be similarly attained by decreasing the over—etch ratio of

the interlayer insulating film in the formation of the

connection hole or by increasing the level difference between

the top surface of the isolation and the surface of the active

area. This will be described in more detail in Embodiment 7

below.
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Furthermore, when the isolation 2b and the gate protection

film 15a used in Embodiment 5 or 6 are made of a material

having a smaller etching rate than the material for the

insulating film 12 against the etching for forming ‘the

connection hole, the semiconductor device can be manufactured

with more ease.

In addition, when the insulating film 12 in each of the

aforementioned embodiments has a multilayered structure

including at least one lower layer made of a material having a

smaller etching rate against the etching for forming the

connection hole, the semiconductor device can be manufactured

with more ease.

(Embodiment 7)

Embodiment 7 will now be described in which an

interconnection layer formed on a thick interlayer insulating

film is connected with an active area of‘ a semiconductor

substrate through a contact hole formed on the interlayer

insulating film.

Figures 8(a) through 8(c) are sectional views for showing

procedures for forming a layered film 10 and an interlayer

insulating film 11 instead of the comparatively thin insulating

film 12 of Embodiment 1. As is shown in Figure 8(a), after

conducting the procedures shown in Figures 1(a) through 1(d)

and 2(a) through 2(c), a layered film 10 including a silicon

’oxide film lOa with a thickness of approximately 70 nm and a

silicon nitride film 10b with a thickness of approximately 80
'3
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nm is formed on the entire top surface of the substrate. Then,

an interlayer insulating film 11 of a silicon oxide film with

a thickness «of approximately 600 rmr is deposited thereon.

Next, a resist film 25a having a pattern for forming a contact

hole is formed on the interlayer insulating film 11. At this

point, the exposing area of the resist film 25a is positioned

without an alignment margin for avoiding interference with an

isolation 2b. In Figure 8(a), the resist film 25a is formed so

that the exposing area stretches over a source/drain region 8

serving as the active area of a transistor and the isolation
I

2b.

Next, as is shown in Figure 8(b), etching is conducted by

using the resist film 25a as a mask, thereby’ selectively

removing the interlayer insulating 25a and the layered film 10.

.Thus, a contact hole 20 stretching over the isolation 2b and

the active area is formed.

Then, as is shown in Figure 8(c), a plug underlying film

21 made of a TiN/Ti film and a W plug 22 are deposited within

the Contact hole 20 by selective CVD. Furthermore, an aluminum

alloy film is deposited on the entire top surface of the

substrate and the aluminum alloy film is patterned, thereby

forming a first layer metallic interconnection 23. At this

point, the first layer metallic interconnection 23 is

electrically connected with the source/drain region 8 serving

as the active area through the W plug '22 and the plug

underlying film 23 filled in the contact hole 20.

-48-
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Figures 9(a) through 9(c) are sectional views for showing

procedures for forming a layered film 10 and an interlayer

insulating film ll instead of the comparatively thin insulating

film 12 of Embodiment 2. In these manufacturing procedures, a

procedure for forming sidewalls 7a through 7c is added to the

manufacturing procedures shown in Figures 8(a) through 8(c), so

as to manufacture a transistor having the LDD structure.

Figures lO(a) through 10(c) are sectional views for

showing procedures for forming a layered film 10 and an

interlayer insulating film 11 instead of the comparatively thin

insulating film 12 of Embodiment 4. in the procedure shown in

Figure‘ lO(a), a resist film 25c having its exposing area

stretching over the active area and the gate interconnection 4b

is formed on the interlayer insulating film 11. Thereafter,

the same procedures as those shown in Figures 8(b) and 8(c) are

conducted.

Figures 1l(a) through l1(c) are sectional views for

showing procedures for forming a layered film 10 and an

interlayer insulating film 11 instead of the comparatively thin

insulating film 12 of Embodiment 5. In the procedure shown in

Figure ll(a), a gate protection silicon oxide film 15a is

formed on a gate electrode 4a, and the layered film 10 and the

interlayer insulating film 11 are formed thereon. Then, a

resist film 25d having its exposing area stretching over the

isolation, the active area and the gate electrode 4a is formed

on the interlayer insulating film 11- Thereafter, the same

_49._
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procedures as those shown in Figures B(b) and 8(c) are

conducted.

In each of the procedures shown in Figures 8(b), 9(b),

10(b) and 1l(b), the silicon nitride film 10b having high

etching selectivity against the silicon oxide film is formed

below the interlayer insulating film 11. Therefore, the

silicon nitride film 10b is prevented from being completely

removed by the over—etch in etching the interlayer insulating

film 11. when the silicon nitride film 10b is to be removed

from the layered film 10, the silicon oxide film 10a is

prevented from being completely removed since the etching

selectivity between the silicon nitride film 10b and the

silicon oxide film lOa below is high. Furthermore, since the

silicon oxide film lOa has a thickness of approximately 70 nm,

which is smaller than the level difference of 0.2 pm between

the isolation and the active area, the isolation 2b is

prevented from being etched to be lower than the surface of the

active area by the over—etch in etching the silicon oxide film

10a. ‘In other words, a recess where the top surface of the

isolation 2b is lower than the surface of the silicon substrate

is never formed» in any part of the contact hole 20.

Accordingly, in the formation of the contact hole for

electrically connecting the interconnection layer formed on the

interlayer insulating film and the active area of the

semiconductor substrate, the same effects as those described in

the aforementioned embodiments can be attained.

-50-
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However, the underlying film below the interlayer

insulating film can be omitted in this embodiment. Even when

it is omitted, since the step portion is formed between the top

surface of the isolation and the surface of the active area,

the isolation cannot be etched to be lower than the surface of

the active area in the formation of the Contact hole. Thus,

the degradation of the junction voltage resistance the increase

of the junction leakage current can be prevented as much as

possible.

(Embodiment 8)

Embodiment 8 will now be described referring to Figures 12

and l3(a) through l3(e). Figure 12 is a sectional view showing

the_structure of a semiconductor device of this embodiment, and

Figures l3(a) through l3(e) are sectional views for showing

manufacturing procedures for the semiconductor device having

the structure shown in Figure 12.

As is shown in Figure 12, in a silicon substrate (or well)

1 of one conductivity type, a trench isolation 2b is formed in

an isolation region Reiso for partitioning an area in the

vicinity of the surface of the silicon substrate 1 into a

plurality of transistor regions Refet. The top surface of the

isolation 2b is sufficiently higher than the surface of the

silicon substrate 1 in each transistor region Refet, and a step

portion with a predetermined level difference is formed between

the isolation 2b and the transistor region Refet. This

isolation 2b is formed by filling a trench formed in the
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silicon substrate 1 with an insulating material as described

below. Furthermore, a channel stop region 60 of the same

conductivity type as that of the silicon substrate 1 is formed

at least below the isolation 2b.

In each transistor region Refet partitioned by the

isolation 2b is formed a MOS transistor including a gate

electrode 4a, a gate oxide film 3, electrode sidewalls 7a, a

low-concentration source/drain region 6 and a high-

concentration source/drain region 8. Also, on the silicon

substrate 1 excluding the transistor regions Refet and on the

isolation 2b, a gate interconnection‘4b formed simultaneously

with the gate electrode 4a and interconnection sidewalls 7b are

formed. Furthermore, an upper gate electrode 9a, an upper gate

interconnection 9b and a source/drain electrode 9c each made of

titanium silicide (Tisiz) are formed on the gate electrode 4a,

the gate interconnection 4b and the high-concentration

source/drain region B, respectively.

_This embodiment is characterized by a step sidewall 7c

formed on the side surface of the step portion of the isolation

2b simultaneously with the electrode sidewalls 7a and the

interconnection sidewalls 7b. A part of the step sidewall 7c

is communicated with the electrode sidewalls 7a and the

interconnection sidewalls 7b.

Furthermore, on the entire top surface of the substrate

25 bearing the isolaxion 2b, the gate electrode 4a and the like,

an interlayer insulating film 11 and a first layer metallic

-52-
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interconnection 23 are formed. The first layer metallic

interconnection 23 is connected with the upper gate electrode

9a and the source/drain electrode 9c in the transistor region

through a W plug 22.

Now, the manufacturing procedures for realizing the

structure shown in Figure 12 will be described referring to

Figures l3(a) through l3(e). .

First, as is shown in Figure l3(a), a silicon oxide film

52 and a silicon nitride film 53 are deposited on a silicon

substrate 1. Then, a resist film 50a for exposing the

isolation regions Reiso and masking the transistor regions

Refet is formed on the silicon nitride film 53. After this,

etching is conducted by using the resist film 50a as a mask, so

as to selectively remove the silicon nitride film 53 and the

silicon oxide film 52 and further etch the silicon substrate 1,

thereby forming a trench 51. At this point, differently from

the conventional method of forming a trench, the silicon

nitride film 53 has a thickness as large as approximately 150

through 200 nm. However, the silicon oxide film 52 has a

thickness of 10 through 20 nm as in the conventional method.

The depth of the trench 51 can be approximately 500 nm also as

in the conventional method. Then, impurity ions of a

conductivity type different from that of an impurity to be

.injected into a subsequently formed source/drain region are

injected, thereby forming a channel stop region 60.

Next, as is shown in Figure 13(b), after removing the

_..53 ..
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resist film 50a, a silicon oxide film (not shown) is deposited

so as to have a sufficient thickness larger than the sum of the

depth of the trench 51 and the thickness of the remaining

silicon nitride film 53, namely, the height from the bottom of

the trench 51 to the top surface of the silicon nitride film

53. Then, the silicon oxide film is removed by the CM? method

so as to expose the surface of the silicon nitride film 53,

thereby flattening the entire top surface of the substrate.

Through this procedure, a trench isolation 2b made of the

silicon oxide film is formed in the isolation region Reiso.

The flattening method to be adopted is not limited to that

described above but the surface can be flattened by etch-back

using a resist film having a reverse pattern to the pattern of

the transistor region Refet-

Then, the silicon nitride film 53 is removed by using a

phosphoric acid boiling solution or the like and the silicon

oxide film 52 is removed by using a hydrofluoric acid type wet

etching solution or the like, so as to expose the surface of

the silicon substrate 1 in the transistor region Refet, which

procedures are not shown in the drawing. At this point, a step

portion having a sufficient level difference between the

surface of the silicon substrate 1 in the transistor region

Refet and the top surface of the isolation 2b is exposed

characteristically in this embodiment. The level difference is

set at approximately 50 through 100 nm in consideration of the.

amount of over-etch in a procedure for forming sidewalls

-54-



         

          

            

       

    

            

           

           

          

           

           

          

    

            

            

       

            

         

           

        

            

          

           

            

            

         

Page 196 of 262

described below. However, in order to effectively achieve the

effects of this embodiment, the thickness of an insulating film

for the sidewall and the amount of over-etch are required to be

appropriately determined in the subsequent procedure for

forming the sidewalls.

Then, as is shown in Figure 13(c), a polysilicon film 4 is

deposited on the silicon substrate 1 and the isolation 2b, and

the resist film 50b for exposing an area excluding the areas

for a gate electrode and a gate interconnection is formed

thereon. Then, the dry etching is conducted by using the

resist film 50b as a mask, thereby forming the gate electrode

4a and the gate interconnection 4b, which procedure is not

shown in the drawing.

Next, as is shown in Figure l3(d), by using the gate

electrode 4a as a mask, impurity ions at a low concentration

are injected, thereby forming a low—concentration source/drain

region 6. Then, an insulating film 7 (a silicon oxide film) is

deposited on the entire top surface of the substrate.

Then, as is shown in Figure 13(e), the insulating film 7

is anisotropically etched, thereby forming the electrode

sidewalls 7a on the both side surfaces of the gate electrode 4a

and interconnection sidewalls 7b on the both side surfaces of

the gate interconnection 4b. At the same time, a step sidewall

7c is formed on the side surface of the step portion between

the silicon substrate 1 in the transistor region Refet and the

isolation 2b- After forming these sidewalls, impurity ions are

-55-



      

           

          

       

          

         

         

          

           

            

         

         

    

       

             

         

            

         

         

           

        

        

          

              

           

           

Page 197 of 262

injected, thereby forming the high—concentration source/drain

region 8. Also at this point, the step portion between the

silicon substrate 1 in the transistor region Refet and the

isolation 2b has the sufficient level difference.

Although the procedures thereafter are not shown in the

drawing, an upper gate electrode 9a, an upper gate

interconnection 9b and a source/drain electrode 9c are formed

by a silicifying procedure, an interlayer insulating film 11 is

deposited and a contact hole is formed, and then the Contact

hole is filled with a metal, and a first layer metallic

interconnection 12 is formed. In this manner, the MOS

transistor having the trench isolation structure as shown in

Figure 12 is manufactured.

In the aforementioned procedures, the electrode sidewalls

7a and the like are formed in order to manufacture a transistor

with the LDD structure. However, the electrode sidewalls 7a

and the like can be formed in a transistor having the so—called

pocket injection structure, in which a punch—through stopper is

formed by injecting an impurity of a different conductivity

type into an area between the source/drain region and the

channel region. Therefore, this embodiment is applicable to

such a transistor having the pocket injection structure.

In manufacturing a MOS transistor having a gate length of

1 pm or less as in this embodiment, it is necessary to form the

electrode sidewalls 7a on the side surfaces of the gate

electrode 4a in order to provide the transistor with the LDD

-55-
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structure or the pocket injection structure in which the short

channel effect can be suppressed and the reliability of the

transistor can be ensured. The thickness of the electrode

sidewall 7a depends upon the characteristics of a device to be

manufactured. Since the sidewall is formed by dry etching with

high anisotropy, its thickness can be controlled substantially

only by controlling the thickness of the film to be deposited.

However, 10% through 30% over-etch is generally conducted in

consideration of the fluctuation in the etching rate in the

wafer and the fluctuation in the thickness of the deposited

film. For example, when the electrode sidewall 7a is_formed

out of an insulating film with a thickness of 100 nm, the

etching is conducted for a time period corresponding to time

required for removing an insulating film with a thickness of

110 through 130 -nm .

At this point, the isolation 2b made of an oxide film is

etched at higher selectivity than the silicon substrate 1 in

the transistor region Refet, and hence, the isolation 2b is

removed by a thickness of, for example, 10 through 30 nm.

Therefore, in the conventional structure, the surface of the

isolation 105a becomes lower than the surface of the silicon

substrate 101 as is shown in Figures 21(a) and 21(b), resulting

in causing the aforementioned problems. In contrast, in the

state of this embodiment shown in Figure 13(d), the isolation

2b has the step portion whose surface is higher than the

surfacexof the silicon substrate in the transistor region
§
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Refet, resulting in effectively preventing the problems. in

other words, even when the impurity ions are diagonally

injected for the formation of the high—concentration

source/drain region 8, the impurity ions are prevented from

being implanted below the edge of the isolation 2b because the

step portion of the isolation 2b has a sufficient level

difference. Accordingly, a distance between the high-

concentration-source/drain region 8 and the channel stop region

60 can be made substantially constant, thereby preventing the

degradation of the junction voltage resistance and the increase

of the junction leakage. Furthermore; in the formation of the

source/drain electrode 9c of silicide on the high-concentration

source/drain region 8, the step sidewall 7c effectively

prevents the silicide layer from being formed in the boundary

between the silicon substrate 1 and the isolation 2b.

Therefore, it is possible to effectively prevent a short

circuit current from occurring between the source/drain

electrode 9c and the channel stop region 60.

In order to effectively achieve the aforementioned effects

in this embodiment, however, the level difference caused by the

‘step portion is preferably larger than the amount of over-etch

in the formation of the sidewalls, that is, 10 through 30 nm.

Furthermore, in practical use, after the formation of the

isolation 2b, other‘ procedures are conducted in. which the

thickness of the silicon oxide film used as the isolation 2b is

decreased, such as a procedure for removing the silicon oxide
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film 52. Therefore, it is preferred that the step portion is

previously formed so as to have a sufficiently large level

difference also in consideration of the afterward decreased

amount. Accordingly, the lower limit of the thickness of the

silicon nitride film 53 deposited in the procedure shown in

Figure l3(a) is determined on the basis of the amount of over-

etch and the etched amount in the procedure for removing the

silicon oxide film 52.

In this embodiment, the silicon nitride film 53 is used as

an etching mask for forming the trench 51. This film can be

made of any’ material which has large etching selectivity

against the silicon oxide film, and can be, for example, a

polysilicon film or the like.

This embodiment exemplifies the so—called salicide

structure in which the upper gate electrode 9a ‘and the

source/drain electrode 9c are simultaneously silicified in a

se1f—aligned manner for attaining low resistance. It goes

without saying that the embodiment is applicable to a structure

in which a gate electrode is previously formed as a polycide

electrode and a source/drain electrode alone is silicified

afterward.

(Embodiment 9)

Embodiment 9 will now be described referring to Figures

l4(a) through 14(e). This embodiment is different from

Embodiment 8 in that a gate oxide film and a polysilicon film

serving as a gate electrode are deposited before forming ai

-59-
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trench isolation.

First, as is shown in Figure 14(a), a gate oxide film 3

and a polysilicon film 4 serving as a gate electrode of a MOS

transistor are successively deposited on a silicon substrate 1.

A resist film 50a for exposing an isolation region Reiso and

masking a transistor region Refet is patterned. By using the.

resist film 50a as a mask, the polysilicon film 4 and the gate

oxide film 3 are selectively removed, and further the silicon

substrate 1 is etched, thereby forming a trench 51 serving as

the isolation region. At this point, differently from the

conventional method of forming a trench, the.thickness of the

polysilicon film 4 is set at 150 through 200 nm, that is,

substantially the same thickness as that of the silicon nitride

film used in Embodiment 8. The gate oxide film 3 has a

thickness of 10 through 20 nm. The depth of the trench 51 is

approximately 500 nm. Then, impurity ions of a different

conductivity type from that of an impurity to be injected into

a source/drain region formed afterward are injected, thereby

forming a channel stop region 60.

Then, after removing the resist film 50a, a silicon oxide

film 2 (not shown) is deposited so as to have a sufficient

thickness larger than the sum of the depth of the trench 51 and

the thickness of the remaining polysilicon film 4, namely, the

.height from the bottom of the trench 51 to the top surface of

the polysilicon film 4. The silicon oxide film 2 is removed by

the CM? method until the surface of the polysilicon film 4 is

-60..
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‘exposed, thereby flattening the top surface of the substrate.

Through this procedure, a trench isolation 2b made of the

silicon oxide film is formed in the isolation region Reiso.

The flattening method to be adopted is not limited to that

described above but the surface can be flattened by etch—back

using a resist film having a reverse pattern to the pattern of

the transistor region Refet. A

Next, as is shown in Figure l4(b), a conductive film 18

serving as a gate interconnection layer (which can be made of

a conductive polysilicon film; a silicide film of wsi, Tisi or

the like; or a metal with a high melting point such as W with

a sandwiched barrier metal such as TiN for achieving low

resistance) and a protection film 19 made of an insulating film

are deposited on the flattened substrate. Then, a resist film

50b for exposing an area excluding the areas for" a gate

electrode and a gate interconnection is formed. By using the

resist film 50b as a mask, dry etching is conducted, thereby

forming a gate electrode 4a, an upper gate electrode 18a and a

protection film 19a, a gate interconnection 4b, an upper gate

interconnection 18b and a protection film 19b, which procedures

are not shown in the drawing. At this point, a step portion

having a sufficient level difference between the surfaces of

the silicon substrate 1 in the transistor region Refet and the

isolation 2b is exposed characteristically in this embodiment.

The level difference is approximately 50 through 100 nm in

consideration of the amount of over—etch in the subsequent

_51_
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procedure for forming sidewalls and the like. However, in

order to effectively achieve the effects of this embodiment,

the thickness of an insulating film for the sidewall and the

amount of over-etch are required to be appropriately determined

in the subsequent procedure for forming the sidewalls.

Then, as is shown in Figure l4(c), similarly to Embodiment

8, after forming a low~concentration source/drain region 6 on

either side of the gate electrode 4a in the active area, an

insulating film 7 (silicon oxide film) is deposited on the

entire top surface of the substrate.

Next, as is shown in Figure l4(d), the insulating film 7

is anisotropically etched, thereby forming electrode sidewalls

7a on both side surfaces of the gate electrode 4a and the like

and interconnection sidewalls 7b on both side surfaces of the

gate interconnection 4b and the like. At the same time, a step

sidewall 7c is formed on the side surface of the step portion

between the silicon substrate 1 in the transistor region Refet

and the isolation 2b. After forming these sidewalls, impurity

ions are injected, thereby forming a high—concentration

source/drain region 8. Also at this point, the step portion

between the silicon substrate 1 in the transistor region Refet

and the isolation 2b has a sufficient level difference.

Next, as is shown in Figure l4(e), a source/drain

electrode 9c is formed out of silicide only on the high-

concentration source/drain region 8.

Although the procedures thereafter are not shown in the

-62-



         

            

         

          

           

         

          

          

           

            

 

        

          

         

 

           

           

          

            

         

            

     

         

           

          

           

           

Page 204 of 262

drawing, an interlayer insulating filnn 11 is deposited, a

contact hole is formed, and the contact hole is filled with a_

metal (such as tungsten), and a first layer metallic

interconnection 12 is formed. Thus, a MOS transistor having a

trench isolation similar to that shown in Figure 12 is

manufactured- In this embodiment, however, on the gate

electrode 4a and the gate interconnection 4b are formed the

upper gate electrode 18a and the upper gate interconnection 18b

made of conductive polysilicon, silicide or the like as well as

the protection films 19a and 19b made of the insulating film,

respectively. The source/drain electrode 9c of silicide is

formed in the procedure different from that for forming the

upper gate electrode 18a and the upper gate interconnection

18b.

In this manner, the step portion which is higher at the

side closer to the isolation 2b is formed between the silicon

substratel in the transistor region Refet and the isolation 2b,

and the step portion is provided with the step sidewall 7c on

~its side surface iJ1 this embodiment. Therefore, the same

effects as those of Embodiment 8 can. be exhibited with a

reduced number of manufacturing procedures.

In addition, the procedure for forming the gate electrode

4a and the gate interconnection 4b after the procedure shown in

Figure 14(b) can be. conducted on the completely flat top

surface of the substrate without being affected by the step

portion at the edge of the isolation 2b in this embodiment.
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Therefore, a refined pattern. can be advantageously stably

formed.

(Embodiment 10)

Embodiment 10 will now be described referring to Figures

15(a) through 15(f), which are sectional views for showing

manufacturing procedures for a semiconductor device of this

embodiment.

Before achieving the state shown in Figure 15(a), a trench

isolation 2b, a channel stop region 60, a low-concentration

.source/drain region 6, a gate insulating film 3, a gate

electrode 4a, a gate interconnection 4b and the like are formed

through the same procedures as those described in Embodiment 8.

Then, a protection oxide film 31, a silicon nitride film 32 for

sidewalls and a polysilicon film 33 for a mask are deposited on

the substrate by the CVD method. At this point, the thickness

of a polysilicon film to be used as the gate electrode 4a and

the gate interconnection 4b is 330 nm, and the minimum line

width is 0.35 pm. The protection oxide film 31 has a thickness

of approximately 20 nm, the silicon nitride film 32 has a

thickness of approximately 30 nm, and the polysilicon film 33

has a thickness of approximately 100 nm.

Then, as is shown in Figure 15(b), the polysilicon film 33

is etched back by RIE (reactive ion etching), thereby forming

electrode polysilicon masks 33a, interconnection polysilicon

masks 33b and a step polysilicon mask 33c on side surfaces of

the gate=e1ectrode 4a, the gate interconnection 4b and a step

-64- .
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portion of the isolation 2b, respectively. At this point, the

etching selectivity between the polysilicon film 33 and the

silicon nitride film 32 is large.

Next, as is shown in Figure 15(c), by using the remaining

polysilicon masks 33a, 33b and 33c as masks, wet etching using

heated phosphoric acid (HJKL) at 150°C is conducted, so as to

have portions of the silicon nitride film 32 covered with the

polysilicon masks 33a, 33b and 33c remained and remove the

other portions thereof. At this point, the etching selectivity

between the silicon nitride film 32 and the polysilicon masks

33a, 33b and 33c can be approximately 30:1. Through this

procedure, electrode sidewalls 32a, interconnection sidewalls

32b and a step sidewall 32¢ each having an L—shape remain on

the sides of the gate electrode 4a, the gate interconnection 4b

and the step portion, respectively.

Then, as is shown in Figure l5(d), by using the gate

electrode 4a, the protection oxide film: 31, the electrode

polysilicon mask 33a, the electrode sidewall 32a, the step

polysilicon mask 33c and the step sidewall 32c as masks,

impurity ions'are injected at a high concentration into the

active area of the silicon substrate 1, thereby forming a high-

concentration source/drain region 8.

Then, as is shown in Figure 15(e), the polysilicon masks

33a, 33b and 33c are removed by dry or wet etching.

Next, as is shown in Figure l5(f), exposed portions of the

protection oxide film 31 on the substrate are removed by using
‘x
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a RF type etching solution. Then, a titanium film is deposited

and a first RTA treatment is conducted, thereby forming a

silicide layer of a Tisiz film through the reaction between

titanium and silicon. The titanium film is then removed, and

a second RTA treatment is conducted, so that an upper electrode

9a, an upper interconnection 9b and a source/drain electrode 9c

each of a silicide layer with a low resistance are formed on

the gate electrode 4a, the gate interconnection 4b and the

source/drain region 8, respectively. Thereafter, an interlayer

insulating film is deposited, the top surface of the substrate

is flattened, a contact hole is formed, a metallic

interconnection film is deposited, and a metallic

interconnection is formed. Thus, an LSI is manufactured.

Since the protection oxide film 31 and the L—shaped step

sidewall 32c are formed on the side surface of the step portion

in the procedure shown in-Figure 15(f) in this embodiment, the

silicide layer is effectively prevented from being formed in

the boundary between the active area of the silicon substrate

1 and the isolation 2b.

Furthermore, since the protection oxide film 31 is formed

on the isolation 2b and the active area of the silicon

substrate 1 in the procedures shown in Figures 15(c) and 15(d),

the thickness of the isolation 2b is never decreased through

the formation of the Lwshaped sidewalls 32a, 32b and 32c.

25 Accordingly, it is possible to decrease the level difference

between the isolation 2b and the silicon substrate 1, resulting

-55-
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in improving the patterning accuracy for the gate.

In the formation of the gate electrode, first and second

conductive films can be used similarly to Embodiment 2. Also

in this case, the same effects as those of this embodiment can

be exhibited.

(Embodiment 11)

In each of the aforementioned embodiments, each sidewall

is made of an insulating material such as a silicon oxide film

‘and a silicon nitride film. The sidewall can be made of a

conductive material such as a polysilicon film. Figure l6(a)

through 16(e) are sectional views for showing manufacturing

procedures for :3 semiconductor device including conductive

sidewalls.

Before attaining the state shown in Figure l6(a), a trench

isolation 2b, a channel stop region 60, a low—concentration

source/drain region 6, a gate insulating film 3, a gate

electrode 4a, a gate interconnection 4b and the like are formed

through the same procedures as those described in Embodiment 8.

Then, a protection oxide film 31 and a polysilicon film 34 for

sidewalls are deposited on the top surface by the CVD method.

In this embodiment, on the gate electrode 4a and the gate

interconnection 4b are formed protection silicon oxide films

15a and l5b, respectively. At this point, a polysilicon film

to be used as the gate electrode 4a and the gate

interconnection 4b has a thickness of 330 nm, and the minimum

line width is 0.35 pm. The protection oxide film 31 has a

-57;
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thickness of approximately 20 nm and the polysilicon film 34

has a thickness of approximately 100 nm.

Next, as is shown in Figure 16(b), the polysilicon film 34

is etched back by the RIE, thereby forming electrode sidewalls

34a, interconnection sidewalls 34b and a step sidewall 34c each

made of the polysilicon film on sides of the gate electrode 4a,

the gate interconnection 4b and a step portion of the isolation

2b, respectively.

Next, as is shown in Figure 16(c), by using the gate

electrode 4a, the protection oxide film 31, the electrode

sidewalls 34a and the step sidewall 34c as masks, impurity ions

are injected at a high concentration into an active area of the

silicon substrate 1, thereby forming a high—concentration

source/drain region 8.

Then, as is shown in Figure 16(d), exposed portions of the

protection oxide film 31 on the substrate are removed by using

the HF type etching solution. Then, as is shown in Figure

16(e), a titanium film is deposited and a first RTA treatment

is conducted, thereby forming a silicide layer made of a Tisiz

film through the reaction between titanium and silicon. The

titanium film is then removed and a second RTA treatment is

conducted, thereby forming a source/drain electrode 9d made of

a silicide layer stretching over the electrode sidewall 34a,

the high—concentration source/drain region 8 and the step

sidewall 34c. Since the silicide layer is formed also on the

interconnection sidewall 34b, this silicide layer can be

-68-.
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connected with the source/drain electrode. Therefore, in this

embodiment, etching is conducted on the isolation 2b by using

a resist film or the like, so as to selectively remove the

interconnection sidewalls 34b on the sides of the" gate

interconnection 4b as well as ‘the silicide layer thereon.

Thus, the source/drain electrodes 9d in the respective active

areas are prevented from being mutually connected. It is

possible to selectively remove merely the interconnection

sidewalls 34b on the sides of the gate interconnection 4b

immediately after forming the sidewalls 34a, 34b and 34c of the
L

polysilicon film.

Thereafter, an interlayer insulating film is deposited,

the top surface of the substrate is flattened, a contact hole

is formed, a metallic interconnection film is deposited, and a

metallic interconnection is formed. Thus, an LSI is
manufactured-

In this. embodiment, the source/drain electrode 9d is

ultimately formed so as to stretch over a large area including

theaelectrode sidewall 34a, the high—concentration source/drain

region 8 and the step sidewall 34c. Accordingly, the level

difference between the transistor region Refet andi the

isolation 2b can effectively prevent the high—concentration

source/drain region 8 from being brought close to the channel

stop region 60 in the impurity ion injection. Furthermore, in

the formation of the source/drain electrode 9d of silicide on

the higheconcentration source/drain region 8, also the step
i
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sidewall 34c is.silicified by a certain thickness. However,

since the silicide layer is prevented from being formed in a

further thickness, a ‘short circuit current between the

source/drain electrode 9d and the channel stop region 60 is

effectively prevented from being caused by the formation of the

silicide layer in the interface between the isolation and the

silicon substrate. Moreover, since the large area stretching

over the electrode sidewall 34a, the high—concentration

source/drain region 8 and the step sidewall 34c is silicified

in this embodiment, it is very easy to form a contact member to

be connected with an upper first layer interconnection. As a

result, the area of the transistor ‘region Refet can be

decreased, namely, the integration of the semiconductor device

can be advantageously improved. Although the electrode

sidewalls 34a and the interconnection sidewalls 34b are made of

a conductive polysilicon film, there is no possibility of a

short circuit between the sidewall and the gate because the

respective sidewalls 34a and 34b are insulated from the gate

electrode 4a and the gate interconnection 4b by the protection

oxide film 31.

In the formation of the gate electrode, first and second

conductive films can be used similarly to Embodiment 9, and

-also in this case, the same effects as those of this embodiment

can be attained.

The sidewalls are made of a polysilicon film in this

‘embodiment, and the polysilicon film can be replaced with an

-70..



 

         

           

            

    

        

           

          

         

        

            

          

  

          

             

           

            

          

  

Page 212 of 262

amorphous silicon film. Furthermore, the sidewalls can be made

not only of a silicon film but also of another conductive

material such as a metal, and it is not necessarily required to

silicify the sidewalls..

In each of the aforementioned embodiments, the description

is made on the case where the semiconductor element formed in

the active area is a field effect transistor. However, the

invention is not limited to these embodiments, and is

applicable when the semiconductor element is a bipolar

transistor and the active area is an emitter diffused layer, a

collector diffused layer" or" a base' diffused layer of the

bipolar transistor.

In each embodiment, setting’ of an angle of the side

surface of the step portion to be equal to or more than 70°

ensures a large level difference between the active area and

the side surface of the step portion around the boundary of the

active area, thereby preventing formation of a deep recess on

the isolation.
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WHAT IS CLAIMED IS:

1. A semiconductor device in which a semiconductor element

is disposed in each of plural active areas in a semiconductor

substrate comprising:

an isolation for surrounding and isolating each active

area, the isolation having a top surface at a higher level than

a surface of the active area and having a step portion in a

boundary with the active area;

an insulating film formed so as to stretch over each

active area and the isolation;

plural holes each formed by removing a portion of the

insulating film disposed at least on the active area;

plural buried conductive layers filled in the respective

holes; and

plural interconnection members formed on the insulating

film so as to be connected with the respective active areas

through the respective buried conductive layers.

2. The semiconductor device of Claim 1,

wherein at least a part of the plural holes are formed by

also removing another portion of the insulating film disposed

on the isolation due to fluctuation in manufacturing

procedures.

3. The semiconductor device of Claim 1,

wherein dimensions and materials of respective components

are determined so as to satisfy the following inequality:

OE x a x (ER2 / ERl) S b + D x (2 / 10)
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wherein “a” indicates a thickness of the insulating film, "b"

indicates a level difference between the surface of the active

area and the top surface of the isolation, "SR1" indicates an

etching rate of the insulating film in forming the holes, "ER2"

indicates an etching rate of the isolation in forming the

holes, "D" indicates a depth of an impurity diffused layer in

the active area, and ‘OE’ indicates an over—etch ratio of the

insulating film in forming the holes.

4. The semiconductor device of Claim 1,

wherein an angle between a side surface of the step

portion and the surface of the active area is 70 degrees or

more .

5. The semiconductor device of Claim 1,

wherein the isolation is a trench isolation made of an

insulating material filled in a trench formed by trenching the

semiconductor substrate by a predetermined depth.

6. The semiconductor device of Claim 1,

wherein the semiconductor element is a MISFET including:

a gate_insulating film and a gate electrode formed on

the active area; and

source/drain regions formed in the active area on

both sides of the gate electrode.

7. The semiconductor device of Claim 6 further comprising

a gate interconnection made of a material the same as a

material for the gate electrode and formed on the isolation,

wherein each of the holes is formed on an area includingAE
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the source/drain region, the isolation and the gate

interconnection, and

the plural interconnection members are connected with the

gate interconnection on the isolation.

8. The semiconductor device of Claim 6 further comprising:

electrode sidewalls made of an insulating material and

formed on both side surfaces of the gate electrode: and

a step sidewall made of’ a material the same as the

insulating material for the electrode sidewalls and formed on

a side surface of the step portion,

wherein at least a part of the holes are formed by also

removing a portion of the insulating film disposed on the step

sidewall-

9. The semiconductor device of Claim 6 further comprising

a gate protection film formed on the gate electrode,

wherein at least a part of the holes are formed so as to

stretch over the source/drain region and at least a part of the

gate protection film.

10. The semiconductor device of Claim 9,

wherein dimensions and materials of respective components

are determined so as to satisfy the following inequality:

OE x a x (ER3 / ERl) < C

wherein “a' indicates a thickness of the insulating film, c

indicates a thickness of the gate protection film, “ERl"

indicates an etching rate of the insulating film in forming the

holes, "SR3" indicates an etching rate of the gate protection
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film in forming the holes, and ‘DE’ indicates an over-etch

ratio of the insulating film in forming the holes.

11. The semiconductor device of Claim 6,

wherein the interconnection members are local

interconnections.

12. The semiconductor device of Claim 6,

wherein the interconnection members are first layer

metallic interconnections, and

the insulating film is an interlayer insulating film

disposed between the semiconductor substrate and the first

layer metallic interconnections.

13. The semiconductor device. of Claim 12 further

comprising, between the interlayer insulating film and the

semiconductor substrate, an underlying film made of an

insulating material having high etching selectivity against the

interlayer insulating film.

.14. A semiconductor device in which a semiconductor

element is disposed in each. of plural active areas in a

semiconductor substrate comprising:

a trench isolation for isolating and surrounding each

active area, the trench isolation having a top surface at a

higher level than a surface of the active area and having a

step portion in a boundary with the active area; and

a step sidewall formed on a side surface of the step

portion of the trench isolation.

15. The semiconductor device of Claim 14,'1
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wherein the step sidewall is made of an insulating

material.

16. The semiconductor device of Claim 14,

wherein the semiconductor element is a MISFET including:

a gate insulating film and a gate electrode formed on

the active area: and

source/drain regions formed in the active area on

both sides of the gate electrode,

the semiconductor device is further provided with

electrode sidewalls formed on both side surfaces of the gate
1

electrode, and

the step sidewall is formed simultaneously with the

electrode sidewalls.

17. The Asemiconductor device of Claim 16 further

~comprising an electrode formed by silicifying at least a

portion in the vicinity of the surface of the active area.

18. A method of manufacturing a semiconductor device in

which a semiconductor element is disposed in each of plural

active areas in a semiconductor substrate comprising:

a first step of forming an isolation in a part of the

semiconductor substrate, the isolation having a top surface at

a higher level than a surface of the semiconductor substrate

and having a step portion in a boundary with the surface of the

semiconductor substrate;

a second step of introducing an "impurity at a high

concentration into each active area of the semiconductor

-75-
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substrate surrounded by the isolation;

a third step of forming an insulating film on the active

area and the isolation;

a fourth step of forming, on the insulating film, a

masking member having an exposing area above an area at least

including a portion of the active area where the impurity at

the high concentration is introduced;

a fifth step of conducting etching by using the masking

member so as to selectively remove the insulating film and form

holes; and

a sixth step of forming a buried conductive layer by

filling the holes with a conductive material and forming, on

the insulating film, interconnection members to be connected

with the buried conductive layer,

wherein, in the fourth step, an alignment margin is not

provided for preventing the exposing area of the masking member

from including a portion above the isolation when mask shift is

caused in photolithography.

19. The method of manufacturing a semiconductor device of

Claim 18,

wherein, the fifth step is performed so as to satisfy the

following inequality:

OE x a x (ER2 / ER1) 5 b + D x (2 / 10)

wherein "a" indicates a thickness of the insulating film, "b"

indicates a level difference between the surface of the active

area and the top surface of the isolation, 'ER1" indicates an
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etching rate of the insulating film, "ER2" indicates an etching

rate of the isolation, "D" indicates a depth of an impurity

diffused layer in the active area, and “OE” indicates an over-

etch ratio of the insulating film.

20. The method of manufacturing a semiconductor device of"

Claim 18,

wherein, in the fourth step, the masking member is formed

to be positioned with the exposing area thereof including a

portion above the isolation when the mask shift is not caused

in the photolithography.

21. The method of manufacturing a semiconductor device of

Claim 18,

wherein, in the first step, a trench isolation is formed.

22. The method of manufacturing a semiconductor device of

Claim 18,

wherein the semiconductor element is a MISFET,

the method further includes, before the second step, a

step of forming a gate insulating film on the active area, a

step of depositing a conductive film on the gate insulating

film and a step of forming a gate electrode by patterning the

conducive film, and

in the second step, the impurity at the high concentration

is introduced so as to form a source/drain region.

23. The method of manufacturing a semiconductor device of

Claim 22,

wherein, in the step of forming the gate electrode, a gate

-73-
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interconnection is simultaneously formed so as to stretch over

the conductive film and the isolation, and

in the fourth step, the masking member is formed so that

the exposing area thereof includes portions above the

source/drain region and above the gate interconnection.

24. The method of manufacturing a semiconductor device of

Claim 22 further comprising, after the step of forming the gate

electrode, a step of depositing an insulating film for

sidewalls on the gate electrode, the active area and the

isolation, and anisotropically etching the insulating film for

the sidewalls, so as to form electrode sidewalls on both side

surfaces of the gate electrode and form a step sidewall on a

side surface of the step portion in the boundary between the

isolation and the active area.

25. The method of manufacturing a semiconductor device of

Claim 24 further comprising, after the step of depositing the

conductive film, a step of depositing a protection insulating

film on the conductive film,

wherein, in the step of forming the gate electrode, the

conductive film as well as the protection insulating film are

patterned, so as to form a gate protection film on the gate

electrode, and

the fifth step is performed so as to satisfy the following

inequality: 2 ”

OE x a x (ER3 / ERl) < c

wherein fa" indicates a thickness of the insulating film,

-79-
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indicates a thickness of the gate protection film, “ERl"

indicates an etching rate of the insulating film, "ER3"

indicates an etching rate of the gate protection film and “CE”

indicates an over—etch ratio of the insulating film.

26. The method of manufacturing a semiconductor device of

Claim 25,

wherein, in the fourth step, the masking member is formed

to be positioned without providing a margin for preventing the

exposing area thereof from including a portion above the gate

protection film even when the mask shift is caused in the
I

photolithography.

27. The method of manufacturing a semiconductor device of

Claim 25,

wherein, in the fourth step, the masking member is formed

to be positioned with the exposing area thereof including at

least a part of a portion above the gate protection film when

the mask shift is not caused in the photolithography.

28. The method of manufacturing a semiconductor device of

Claim 22,

wherein, in the sixth step, local interconnections are

formed as the interconnection members.

29. The method of manufacturing a semiconductor device of

Claim 22,

wherein, in the third step, an interlayer insulating film

is formed as the insulating film, and

in the sixth step, first layer metallic interconnections

-30-
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are formed as the interconnection members.

30. The method of manufacturing a semiconductor device of

Claim 29,

wherein, in the third step, after an underlying film made

of an insulating material having’ high etching selectivity

against the interlayer insulating film is formed below the

interlayer insulating film, the interlayer insulating film is

formed.

31. A. method of manufacturing a semiconductor‘ device

comprising:

a first step of forming an underlying insulating film on

a semiconductor substrate;

a second step of depositing an etching stopper film on the

underlying insulating film;

a third step of forming a trench by exposing a portion of

the etching stopper film and the underlying insulating film

where. an isolation is to be formed and etching the

semiconductor substrate in the exposed portion;

a fourth step of depositing an insulating film for

isolation on an entire top surface of the substrate, flattening

the substrate until at least a surface of the etching stopper

film is exposed, and forming a trench isolation in the trench

so as to surround a transistor region;

a fifth step of removing, by etching, at least the etching

25 stopper film and the underlying insulating film, so as to

expose a step portion between the transistor region and the

-31-
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trench isolation;

a sixth step of depositing a gate oxide film and a

conductive film on the substrate and making the conductive film

into a pattern of at least a gate electrode;

a seventh step of depositing an insulating- film for

sidewalls on the entire top surface of the substrate and

anisotropically etching the insulating film for the sidewalls,

so as to form electrode sidewalls and a step sidewall on side

surfaces of the gate electrode and the step portion,

respectively; and

an eighth step of introducing an impurity into the

semiconductor substrate in the transistor region on both sides

of the gate electrode, so as to form source/drain regions.

32. The method of manufacturing a semiconductor device of

Claim 31,

wherein, in the second step, a thickness of the etching

stopper film is determined in consideration of an amount of

over—etch in the seventh step, so that the step portion having

a level difference with.a predetermined size or more is exposed

in the fifth step.

33. The method of manufacturing a semiconductor device of

Claim 31 further comprising, after completing the eighth step,

a step of silicifying at least an area in the vicinity of the

surface of the source/drain region-

34. The method of manufacturing a semiconductor device of

Claim 31,
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wherein, in the sixth step, a first protection insulating

film is deposited on the conductive film, and the first

protection insulating film as well as the gate electrode are

made into the pattern,

the method further includes, after the sixth step and

before the seventh step, a step of depositing a second

protection insulating film on the entire top surface of the

substrate,

in the seventh step, a silicon film is deposited as the

insulating film for the sidewalls, and

the method further includes, after the eighth step, a step

of silicifying an area stretching over the electrode sidewall,

the active area and the step sidewall.

35. A method of manufacturing’ a semiconductor device

comprising:

a first step of forming a gate insulating film on a

semiconductor substrate;

a second step of depositing a first conductive film to be

formed into a gate electrode on the gate insulating film;

a third step of forming a trench by exposing a portion of

the first conductive film where a trench isolation is to be

formed and etching the semiconductor substrate in the exposed

portion;

a fourth step of depositing an insulating film for

isolation on an entire top surface of the substrate, flattening

the substrate at least until a surface of the first conductive
'2
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film is exposed, and forming the trench isolation in the trench

so as to surround a transistor region;

a fifth step of depositing a second conductive film to be

formed into at least an upper gate electrode on the entire top

surface of the flattened substrate;

a sixth step of making the first and second conductive

films into a pattern at least of the gate electrode and

exposing a step portion between the transistor region and the

trench isolation;

a seventh step of depositing an insulating film for

sidewalls on the entire top surface of the substrate and

anisotropically etching the insulating film for the sidewalls,

so as to form electrode sidewalls and a step sidewall on side

surfaces of the gate electrode and the step portion,

respectively; and

an eighth step of introducing an impurity into the

semiconductor substrate in the transistor region on both sides

of the gate electrode, so as to form source/drain regions.

36. The method of manufacturing a semiconductor device of

Claim 35,

wherein, in the second step, a thickness of the first

conductive film is determined in consideration of at least an

amount of over—etch in the seventh step, so that the step

portion having a level difference with a predetermined size or

"more is exposed in the sixth step.

37. The method of manufacturing a semiconductor device of
'-

-84-
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Claim 35 further comprising, after completing the eighth step,

a step of silicifying at least a portion in the vicinity of the

surface of the active area.

38. The method of manufacturing a semiconductor device of

Claim 35,

wherein, in the sixth step, a first protection insulating

film is deposited on the conductive film and the first

protection insulating film as well as the gate electrode are

made into the pattern,

the method further includes, after the sixth step and

before the seventh step, a step ‘of depositing a second

protection insulating film on the entire top surface of the

substrate,

in the seventh step, a silicon film is deposited as the

insulating film for the sidewalls, and

the method further includes, after the eighth step, a step

of silicifying an area stretching over the electrode sidewall,

the source/drain region and the step sidewall.
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ABSTRACT OF THE DISCLOSURE

An isolation which is higher in a stepwise manner than an

active area of a silicon substrate is formed. On the active

area, an FET including a gate oxide film, a gate electrode, a

gate protection film, sidewalls and the like is formed. An

insulating film is deposited on the entire top surface of the

substrate, and a resist film for exposing an area stretching

over the active area, a part of the isolation and the gate

protection film is formed on the insulating film. There is no

need to provide an alignment margin for avoiding interference

with the isolation and the like to a region where a connection.

hole is formed. Since the isolation is higher in a stepwise

manner than the active area, the isolation is prevented from

being removed by over—etch in the formation of a connection

hole to come in contact with a portion where an [impurity

concentration is low in the active area. In this manner, the

integration of a semiconductor device can be improved and an’

area occupied by the semiconductor device can be decreased

without causing degradation of junction voltage resistance and

increase of a junction leakage current in the semiconductor

device.
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FIG.4(c)L
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FIG.7(a)

FIG.7(b)
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FIG.21(a)
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(Number) (Country) (Day/Month/Year Filed)

(Number) (Country) I ' (Day/Month/(Year Filed)

Docket No.

COMBINED DECLARATION/POWER‘ OF ATTORNEY
FOR PATENT APPLICATION

As a below named inventor, I hereby declare that:

My residence, post office address and citizenship are as stated below next to my name.

I believe I am the original, first and sole inventor (if only one name is listed below)

or an original, first and joint inventor (if plural names are listed below) of the subject matter
which is claimed and for which a patent is sought on the invention entitled
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

the specification of which

(check one) X is attached hereto.

was filed on ‘

Application Serial No.

I hereby state that I have reviewed and understand the contents of the above identified

specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the examination

of this application in accordance with Title 37, Code of Federal Regulations, § 156(a).

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of
any foreign application(s) for patent or inventor's certificate listed below and have also
identified below any foreign application for patent or inventor's certificate having a filing (date
before that of the application on which priority is claimed:

Prior Foreign Application(s) Priority Claimed

7—192131 JAPAN 27/07/1995 _)_(_ Yes No

7—330112 JAPAN 19/12/1995 X Yes _ No

(Number) . (Country) (Day/Month/Year Filed)

Yes No

I hereby claim the benefit under Title 35, United States Code, § 120 of any United

States application(s) listed below and, insofar as the subject matter of each of the claims of
this application is not disclosed in the prior United States application in the manner provided

by the first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to
disclose material information as defined in Title 37, Code of Federal Regulations, § 1.56(a)

which occurred between the filing date of the prior application and the national or PCT

international ‘filing date of this application:
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(Appln. Serial No.) (Filing Date) (Status-patented, pending, abandoned)

(Appln. Serial No.) (Filing Date) (Status-patented, pending, abandoned)

I hereby appoint as my attorneys, with full power of substitution and revocation, to
prosecute the patent application identified above and to transact all business in the U.S. Patent

and Trademark Office connected therewith: Raphael V. Lupo (Reg. No. 28,363); Jack Q.

Lever, Jr. (Reg. No. 28,149); Kenneth L. Cage (Reg. No. 26,151); Stanislaus Aksman (Reg.
No. 28,562); Paul Devinsky (Reg. No. 28,553); Edward E. Kubasiewicz (Reg. No. 30,020),
Michael E. Fogarty (Reg. No. 36,139); Brian E. Ferguson (Reg. No. 36,801); Robert W.
Zelnick (Reg. No. 36,976); and Wilhlem F. Gadiano (Reg. No. 37,136).

Please address all correspondence and telephone calls to:

Kenneth L. Cage, Esquire
MCDERMOTI‘, WILL & EMERY

1850 K STREET, N.W., SUITE 500

WASHINGTON, D.C. 20006

(202) 778-8300

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow
instructions from Maeda Patent Office as to any action to be taken in the
Patent and Trademark Office regarding this application without direct communication between

the U.S. attorney and the undersigned. In the event of a change in the persons from whom
instructions may be taken, the U.S. attorneys named herein will be so notified by the
undersigned. 0

I hereby declare that all statements made herein of my own knowledge are true and
that all statements made oninformation and belief are believed to be true; and further that

these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the

United States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

Full name of sole or first inventor Mizuki SEGAWA'

Inventor's signature %’Egg  fl Date July 22, 1995
Residence‘ Osaka, Japan Citizenship Japan
Post Office Address 7-11-64, Nagao-motomachi, Hirakata—shi, Osaka 573-01, Japan
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Docket No.: 71971-012 ' ' PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Mizuki SEGAWA et al. Confirmation Number: Not yet assigned

Application No.: Divisional of Group Art Unit: Not yet assigned
Application No. 10/454,682 '

Filed: November 24, 2004 Examiner: Not yet assigned

For: SEMICONDUCTOR DEVICE AND l\/[ETHOD OF MANUFACTURING THE SAJVIE

SUPPLEMENTAL POWER OF ATTORNEY AND CUSTOMER NUMBER

Mail Stop OIPE
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Here is a listing of ten registered attorneys to be made of record in this application. All are

registered practitioners ofMcDermott Will & Emery (Customer Number 20277).

Stephen A. Becker, Reg. No. 26,527; Bernard P. Codd, Reg. No. 46,429; Ramyar M. Farid,

Reg. No. 46,692; Michael E. Fogarty, Reg. No. 36,139; Keith E. George, Reg. No. 34,111; John

A. Hankins, Reg. No. 32,029; Michael A. Messina, Reg. No. 33,424; Gene Z. Rubinson, Reg. No.

33,351, Arthur J. Steiner, Reg. No. 26,106; and Tomoki Tanida, admitted under 37 CFR 10.9(b).

H Please recognize our Customer No. 20277 as our correspondence address.

Respectfully submitted,

McDERMOTT WILL & EIVEERY LLP

%*€%é¢//Jfiqezéiz
(Michael E. Fogarty

Registration No. 36,139

600 13”‘ Street, N.W.

Washington, DC 20005-3096
Phone: 202.756.8000 1V[EF:ete

Facsimile: 202.756.8087

Date: November 24, 2004
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Docket No.: 71971 -012 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Mizuki SEGAWA et al. Confirmation Number: Not yet assigned

Application No.: Divisional of Group Art Unit: Not yet assigned
Application No. 10/454,682 '

Filed: November 24, 2004 Examiner: Not yet assigned

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

PRELIMINARY AMENDMENT

Mail Stop NEW APPLICATIONS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Prior to examination of the above—referenced application, please amend the application as

follows:

Amendments to the Claims begin on page 2 of this paper.

Remarks/Arguments begin on page 4 of this paper. a
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IN THE CLAIMS

This listing ofclaims will replace all prior versions and listings ofclaims in the application.

Listing of Claims:

Claims I — 38 (Cancelled)

39. (New) A semiconductor device, comprising:

an isolation insulating area surrounding an active area of a semiconductor substrate;

a gate insulating film formed over the active area;

a gate electrode formed over the gate insulating film;

first L-shaped sidewalls formed over the side surfaces of the gate electrode; and first

silicide layers formed on regions located on the sides of the first L-shaped sidewalls within the

active area.

40. (New) The semiconductor device of Claim 39, wherein the first L-shaped

sidewalls are made of a silicon nitride film.

41. (New) The semiconductor device of Claim 39, further comprising first protection

oxide films formed between the gate electrode and the first L-shaped sidewalls.

42. (New) The semiconductor device of Claim 39, further comprising a second

silicide layer formed on the gate electrode.

43. (New) The semiconductor device of Claim 39, further comprising source/drain

regions formed on both sides of the gate electrode within the active area,

wherein the first silicide layers are formed on the source/drain regions.

44. (New) The semiconductor device of Claim 39, further comprising an

interconnection formed over the isolation insulating area; and

second L-shaped sidewalls formed over the side surfaces of the interconnection.

-2-
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45. (New) The semiconductor device of Claim 44, the second L-shaped sidewalls are

made of a silicon nitride film.

46. (New) The semiconductor device of Claim 44, further comprising second

protection oxide films formed between the interconnection and the second L-shaped sidewalls.

47. (New) The semiconductor device of Claim 44, further comprising a third silicide _

layer formed on the interconnection.

48. (New) The semiconductor device of Claim 39, wherein the isolation insulating

area is a trench isolation.

49. (New) The semiconductor device of Claim 48, the trench isolation has an upper

surface higher than the surface of the active area.

50. (New) The semiconductor device of Claim 48, wherein a lower_portion of the

interconnection provided on the upper surface of the trench isolation is located higher than the

surface of the active area.

51. (New) The semiconductor device of Claim 44, wherein the interconnection is

composed of the same material as the gate electrode.

52. (New) The semiconductor device of Claim 51, wherein the gate electrode and the

interconnection has at least a polysilicon film.
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REMARKS

Please cancel claims 1 — 38 without prejudice or disclaimer. New claims 39 — 52 have

been added.

No new matter has been introduced. Entry of this amendment is respectfully solicited.

Respectfully submitted,

cDE OTT WILL & EMERY LLP
M 3

fimwwb
Michae E. Fog

Registration No. 36,139

600 13"‘ Street, N.W. Please recognize our Customer No. 20277
Washington, DC 20005-3096 as our correspondence address.
Phone: 202.756.8000 M]-3F:ete

Facsimile: 202.756.8087

Date: November 24, 2004
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Docket No.: 71971-012 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Mizuki SEGAWA et al. Confirmation Number: Not yet assigned

Application No.: Divisional of Group Art Unit: Not yet assigned
Application No. 10/454,682 '

Filed: November 24, 2004 Examiner: Not yet assigned

For: SEMICONDUCTOR DEVICE AND IVIETHOD OF MANUFACTURING THE SAl\/IE

INFORMATION DISCLOSURE STATEMENT

Mail Stop NEW APPLICATIONS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In accordance with the provisions of 37 C.F.R. 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 form

PTO71449. It is respectfully requested that the references 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 is being filed within three months of the U.S.

filing date OR before the mailing date of a first Office Action on the merits. No certification or

fee is required.

The references were cited by or submitted to the U.S. Patent and Trademark Office in

parent application Serial No. 10/454,682, filed June 5, 2003, which is relied upon for an earlier

filing date under 35 USC 120. Thus, copies of these references are not attached. 37 CFR

1.98(d).
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Application No.: Divisional of Application No. 10/454,682

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,

MODE TT W LL & E RY LLP
0.

6 * 3 #%,g 97,
/ icha . Fogarty

_ Registration No. 36,139

600 13"‘ Street, N.W. Please recognize our Customer No. 202 77
Washington, DC 20005-3096 as our correspondence address.
Phone: 202.756.8000 MEF:ete

Facsimile: 202.756.8087

Date: November 24, 2004
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SHEET 1 OF_1

INFORMATION DISCLOSURE ;;3;vi%ggxerNo. g§R_1z~_L~<>|.fA l_ fa N9
CITATIONINAN ‘ ,,',‘,’,',§'jf2§2° ""'°“' “ °'

APPLICATION
APPLICANT

Mizuki SEGAWA, et al.

_ FILING DATE GROUP
(PTO 1449) November 24, 2004 Not yet assigned

U.S. PATENT DOCUMENTS

EXAM|NER'S Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS N,_,mbe,_Ki,,d code, «WW MM—DD~YYYY Document Relevant Passages or Relevant

Figures Appear

4,578,128
5,177,028
5,196,910
5,286,674
5,319,235
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5,397,910
5,401,673

03/1986

“/1993 

020000
00/0000
000000 jam
00/0000 jam
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07/0000
jaj

00/0000 T
002000
002000
002000

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Date Name of Patentee or Pages. Columns, Lines Translation
coum,-y c,,,ge,_N,,m;,er . _K;,,¢ MM_DD_yyyy Applicant of Cited Document Where Relevant

Codes (if known) Figures Appear "0
JP 59181062A 10/1984

JP 62-85461 04/1987
EP 0234988-A1 04/1987
EPA 0 243 988 11/1987
JP 03079033 A 04/1991

JP 4-48647 02/1992
JP 4-6856-1 03/1992
JP 4305922 10/1992

EPA 0 513 639 11/1992
JP 645432 0Z1994
JP 64638413 06/1994
JP 7-273330 10/1995

JP 09162392 A 06/1997

OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate). title of the item (book, magazine,
journal, serial, symposium, catalog, etc.). date, page(s). vo|ume—issue number(s), publisher, city and/or country where
published.

5,433,794
5,497,016
5,521,422

5,777,370
5,804,862
6,022,781
6,077,344

6,278,138 B1
6,281,562

2

U)U)(/1In
EXAMINE R‘S

IN ITIALS
z.0

EXAM|NER‘S
INITIALS

z.0

EXAMINER DATE CONSIDERED

'EXAMlNER: Initial if reference considered, whether or not citation is in confonnance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this fonn with next communication to applicant.
1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here it English language Translation is attached.


