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All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDinthis 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 GRANTOF PATENTRIGHTS.This application is subject to withdrawal from issue attheinitiative
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* Certified copies not received:
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INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oathor declarationis deficient.

5. [] 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) J hereto or 2) (1) to Paper No./Mail Date.

(b) C1 including changes required by the attached Examiners Amendment / Commentorin the Office action of
Paper No/Mail Date.

Identifying indicia such as the application number(see 37 CFR 1.84{c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATIONabout the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's commentregarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 
 

Attachment(s)
1. CJ Notice of References Cited (PTO-892) 5. C0 Notice of Informal Patent Application (PTO-152)
2. ( Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),

Paper No./Mail Date_ st.
3.BIInformation Disclosure Statements (PTO-1449 or PTO/SB/08), 7. 1) Examiner's Amendment/Comment

Paper No./Mail Date
4. Examiners Comment Regarding Requirementfor Deposit 8. L] Examiner's Statement of Reasons for Allowance

of Biological Material
9.() Other.

Roy K Potter
Primary Examiner
Art Unit: 2822

U.S. Patent and Trademark Office

PTOL-37 (Rev. 7-05) Notice of Allowabitity Part of Paper No./Mail Date 20060625
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 Docket No.: 71971-012 PATENTTape

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Mizuki SEGAWA,etal. : 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

AMENDMENT

Mail Stop Amendment
Honorable Commissionerfor Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:

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

amendments and remarksfor the reasons set forth below.

WDC99 1239964-1.071971.0012
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10/995,283 1) ’

AMENDMENT TO CLAIMS

Listing of Claims

Claims 1 — 38 (Cancelled)

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

[[an]] a trench isolation insulatingareasurrounding an active area of a semiconductor
 

substrate;

a gate insulating film formed overthe active area;

a gate electrode formed over the gate insulating film;

first L-shaped sidewalls formed overthe side surfaces ofthe 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 overthe side surfaces of the interconnection.

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

first L-shaped sidewalls are madeofa silicon nitride film.

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

comprisingfirst protection oxide films formed between the gate electrode andthe first L-shaped

sidewalls.

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

comprising a secondsilicide layer formed onthe gate electrode.
2

WDC99 1239964-1.071971.0012
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10/995,283 " ,

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,

whereinthefirst silicide layers are formed on the source/drain regions.

44, (Cancelled)

45. (Currently amended) The semiconductor device of Claim [[44]] 39, the second

L-shaped sidewalls are made ofa silicon nitride film.

46.|(Currently amended) The semiconductor device of Claim [[44]] 39, 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]] 39, further

comprising a third silicide layer formed on the interconnection.

48. (Cancelled)

49, (Currently amended) The semiconductor device of Claim [[48]] 39, the trench

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

“WDC99 1239964-1.071971.0012
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10/995,283 " '

50. (Currently amended) The semiconductor device of Claim [[48]] 39, wherein a

lower portion of the interconnection provided on the upper surface ofthe trench isolationis

located higher than the surface of the active area.

51. (Currently amended) The semiconductor device of Claim [[44]] 39, wherein the

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

52. (Currently amended) The semiconductor device of Claim [[51}] 39, wherein the

gate electrode and the interconnection hasatleast a polysilicon film.

53. (New) The semiconductor device of Claim [[39]] 41, 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, whereinthe first and second L-

shaped sidewalls are made of the same insulating film.

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

film is a CVD oxidefilm.

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 oxidefilm.

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

oxide films are L-shapedfilms.

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 formedso asto be located apart from thetrench isolations.

WDC99 1239964-1.071971.0012
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10/995,283 r '

REMARKS

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

claims 54-60 have been addedto furtherclarify 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 amendmentis 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 oftime fees, to Deposit Account 500417 and please credit any excessfees to

such deposit account.
Respectfully submitted,

McDERMOTT WILL & EMERY LLP

 
600 13" Street, N.W.
Washington, DC 20005-3096 as our copfespondence address.
Phone: 202.756.8000 MEF:MaM

Facsimile: 202.756.8087

Date: May 31, 20061

WDC99 1239964-1.071971.0012
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") no PTO/SB/30 (09-04)
{ 4 Approved for use through 07/31/2006. OMB 0651-0031U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection ofinformation unlessit contains a valid OMB control number.

Request 10/995,283

. for . November 24, 2004
Continued Examinatio Mizuki SEGAWA.et al

  
    

 

 

 
  
 

 
  
 
   

 

 Addressto:
Mail Stop RCE
Commissionerfor Patents
P.O. Box 1450
Alexandria, VA 22313-1450

  
  
 

 POTTER,Roy K.

  

  
  
  

  
   
  
  
  
  

  
  

  
  

  
 

 

 
 

 This is a Request for Continued Examinati
Requestfor Continued Education (RCE) practice under 37 CFR 1.114 does notapply to anyutility or plant applicationfiled prior to June8,
1995,or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.

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

 
a. | Previously submittedIf a final Office action is outstanding, any amendmentsfiled after the final Office action may be

considered as a submission evenif this box is not checked. :

i oO Consider the argumentsin the AppealBrief or Reply Brief previously filed on
 i. LJ Other

b. J] Enclosed

i. 4 Amendment/Reply iii. & Information Disclosure Statement (IDS)
i. (1 Affidavit(syDeclaration(s) iv. C1 Other

2.|Miscellaneous

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

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

a & The Director is hereby authorized to chargethe following fees, or credit any overpayments,to
, Deposit Account No. 500417. | have enclosed a duplicate copy of this sheet.

i. BX} RCEfee required under 37 CFR 1.17(e) $790

i. [[] Extension oftime fee (37 CFR 1.136 and 1.17)

ii, (] Other

b.[_] Checkinthe amount of $ enclosed

 

 

c. | Paymentby credit card (Form PTO-2038 enclosed)
WARNING: Information on this form may becomepublic. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.
  

 
 

  

te

the United States Postal Service with sufficient postage asfirst class mail in an envelope
and

 
 
 
 

Signature 

Name(PrintType)  

 
 

 

 
   
  

 I herebycertify that this correspondence is being geposited wi
addressed to: Mail Stop RCE, Commissionerfor Patents, P. J. Box 1450, Alexandria, VA 22313-1450 orfacsimile transmitted to the U.S. Patent
Trademark Office on the date shown below. : f WDEE

Signature a
b BHT Date|790.88 DR

This collection of information is required by 37 CFR 1.114. Theinformation is required to obtain or retain a benefit by the public whichis to file (and by the USPTO
to process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
induding gathering, preparing, and submitting the completed application form ta the USPTO.Timewill vary depending upontheindividual case. Any comments
on the amauntoftime you require to complete this form and/or suggestionsfor reducing this burden, should be sentto the ChiefInformation Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TOTHIS
ADDRESS. SENDTO: Mail Stop RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ff you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Docket No.: 071971-0042 \ 
IN THE UNITED STATES PATENT A EMARKOFFICE

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,RoyK.
 

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

Mail Stop RCE
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

Transmitted herewith is an Amendmentin the dove-identified application.
No additional fee is required.
Applicantis entitled to small entity status under 37 CFR 1.27
Also attached:

The fee has been calculated as shownbelow:
“| NO. OF HIGHEST EXTRA RATE FEE

CLAIMS PREVIOUSLY CLAIMS
PAID FOR

Multiple dependent claims newly presented $0.00

 
  

     
 

 

 
  

Total Claimsi
sd

Independent Claims

  
 
 

 
 
 

$790.00

Total of Above Calculations $790.00

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

Xx The Commissioneris hereby authorized to charge paymentof any fees associated with this communication orcredit
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 submisg

P y Vy,

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:MaM

Facsimile: 202.756.8087

Date: May 31, 2006

WDC99 1240005-1.071971.0012
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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.: 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 referenceslisted 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 Statementis being filed within three monthsof the U.S.

filing date OR before the mailing date of a first Office Action on the merits. Nocertification or

fee is required.

Each non-English language reference wasfirst cited in a corresponding foreign

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

WDC99 1239948-1.071971.0012
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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 oftime fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:MaM

Facsimile: 202.756.8087

Date: May31, 2006

WDC99 1239948-1.071971.0012
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Respectfully submitted,

 
 

 

f
McDERMOTT WILL & EMERY LLP

Michael E. Foger y
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"SHEET 1 OF 1
SERIAL NO,

10/995,283

 
 

 

  

 
 

ATTY, DOCKET NOT
071971-0012

INFORMATION DISCLOSURE

CITATION IN AN

APPLICATION
 
 
 
 
 

 
APPLICANT

Mizuki SEGAWA,et al.
FILING DATE

November24, 2004|2822    
 

(PTO-1449)
 
  
 

 
 
 

EXAMINER'S CITE Document Number Publication Date Nameof Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS Number-Kind Codezar known) MM-DD-YYYY Document Relevant Passagesor RelevantFigures Appear

 

 
 
 

Zz

 
  
 

FOREIGN PATENT DOCUMENTS
Publication Date Nameof Patentee or

MM-DD-YYYY Applicant of Cited Document

  
 

  

  
 

  
 

Pages, Columns,Lines
Where Relevant
Figures Appear

XAMINER'S
INITIALS

Foreign Patent Document
Country Codes—-Number4 -Kind

Codes (if known)

JP 06-21208 01/28/1994 Sony Corp.
JP 07-142726 06/02/1995 Oki Electric Ind. Co. Ltd.
JP 06-196495 07/15/1994 Matsushita Electric Ind. Co.

Ltd.
JP 06-177237 06/24/1994 SGS Thomson Microelectron

Inc.
JP 07-153939 06/16/1995 Oki Electric Ind. Co. Ltd.

OTHERART(Including Author, Title, Date, Pertinent Pages, Etc.)
Include nameof the authar (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.  

 

zZz EXAMINER'S

INITIALS CITE

 
EXAMINER DATE CONSIDERED

*EXAMINER:Initial if reference considered, whetherornotcitation is in conformance with MPEP 609. Drawline throughcitation if not in conformance and not considered.
Include copyof this form with next communication to applicant.
1 Applicant's unique citation designation number(optional). 2 Applicantis to place a check mark here if English language Translation is attached.
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+

; Searching PAJ 1/1 n—>

PATENT ABSTRACTS OF JAPAN

(11)Publication number: 06-021208

(43)Date of publication of application : 28.01.1994
  

(51)Int.Cl. HOIL 21/76

(71)Applicant : SONY CORP

   

(21)Application number : 04-078348

 
 

(22)Date offiling : 28.02.1992 (72)Inventor : TOKUNAGA KAZUHIKO
SSnn ene ——— eT

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

(57)Abstract: Eihyesay
PURPOSE:To provide a semiconductor device wherein a defect is not

caused near a recessed part and a trouble that a leakage current
becomes large or thelike is not caused when a heat treatmentis

executed after various kinds of substrate treatments (ion implantation EY
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 materialis a
buried in a recessed part 2 on a substrate 1 and buried parts 3, 3a, 3b PETRI,
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
methodis provided with a process wherein-a substrate treatmentis
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 treatmentis
executed and the recessed part is buried.

vegetb bare
WB. . D> ow a) a 

 

 

 

fibro.
SEEES eR,

 

LEGAL STATUS /
[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
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(54) MANUFACTUREOF FIELD EFFECT TRANSISTOR

(57)Abstract:
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 and30b are formedin source and drain regions. Then only side walls
27a and 27b are removedbyetching leaving the L-shapedside 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
layerinsulating film is formed and heat treatment is performed for
smoothingit 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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MATS BL,

Ch) 7— bBoL VA - Ke LAUT
ASVEROA FMRLALeo hELATBE
SMCSLARA LABAhoVRAD
RUEHE,

[eR4) BTEC L D DA OABierAeRLe
IL T— b BROY— A - FL RETE No
QVMINHs HARARECHHCTA IL LERIRML TS
FARA 1, 2 RISEROBR bho LY TP Asn
ROBTHE,

(ERAS) ACSRORMARIS. Figd> dliRic
YY aURMB, VU EER, 2BRO
PMEEY YU 2BYLIRO 4 BAB 7S mL AHR
ESORRAL, 23S RRROBAhoyL
AF OBRGEDE,

[38FAOBEAa PBLRA)
[0001]

(SeLORE] ASBAAS, AER RR
7 DBGUEAEICROL . RIC, MOSFET#ATSC
MOSFl 2D, EELCHE ONS¥RVMOSFE
T ORLEREICBITSb OCHA,
[0002]

(EXOT) UE, HORAOTALAIER, Liv
ELBIC, MOSFE TAHHMEANSIC LEA, =
DA— bRDSE< RO, Ee AF yeRBA
BILD, Y-A> FLA PUROARE (xj) he
CA PAEBR SK RO TE CWS,

[0003] 2MhS5ic, P-EMH < ee, MOS



 
       

      
           
         

            
      

  

 

         

   

    

 
    

                 

          
    

  
    

      
       
        

   
 

              
        

            

       

                    
              

          
            
                 

         
              
       

   
       

     

  

    

      
         

        
          

          

            
     

       
     

        
 

                  
        

 

 

      

 

       

 

           

              
  

   

          

            

            
    

    

       

       
   

   

      

   

      
        
      

        
           

 

   
               

    

             

          
      

      
          

 
      

          

 
    

 

      
      

   
     

      
            

     

      
     

Page 42 of 262

3

FETOtYULAS OL HAO j ORS RSF

OD, YrrA+ FLY YOL— bRIDBATA. Licds
2, F-hRBHS27 OLYiRRMOMOSFETC

th YrA+ FL4 yo: bias, MOSFET®@

ARCALCLLB << 720, MOSFET ORE

BAAD, Y-A+ FL PUROACERT LOEFY
OPO& 723,

[0004] @>ahiMica LC YA - RET YRU

F—beBOBAney U4 MEL. 2 EETF

FOROU4 PRAATELTUS, BASttam

OEROUUYHL FREEATSMOSFE TORT
IMEICHS,

(1) #0. 3 (a) lcaESIC, PH100Si

AK 1 LO—MBIC. ROR U YAIZ74 CLR aR

BUY EHD) bey FY APRONAEA

TT. N@aD (UL>S) FAL. Nota2 &

TERT S. KIC, BROLOCOSHICLO, F4-—"

KRALIR SIRS, R97 BYERSCRIL
L. S i Bik 1 imc7— bEeR LY Ob

tLROSA ADRSSICL Ow
RYU Y + tyFVETSAA ie7 b HS DS —

=UARTTI.

[0005] @#OR UV TeBICLY, Poh (PF

val) MOSFE THakmeRES b 6 OR

WV. SEICLDD (Lightly Dope) ® U&
ERS) n- BTEPAVUYERAS, IES

KLE—-30~5O0kKeVCI~4X103ionsY
om? 44VEARICEDIEATSILEC. Ncoh (N

FAV) MOSFE THHOAn” B7 TRS,
[O006) Kit, SMIMECVD UbeetAe

fe) RHIC EO, YU aUBHLU <itRoy, ULES

BBYVILEMWIRARL. Bott tereFL
FICE YO, B38 (b) CARTHO, FbBS

BACH4 KOsAS IERS. wuC, EEL

FIDL ARBRE YA RICKEO, Pe hMOSFET, Ne

hMOSFETHMe44fl. Neh, Pe hflcs
AAAYEARICE YD. YOK - BLT URI LE RAR

pO & MITSIAATAR OD (n* HH) RUKR OLS

ARO’ (p* ) SEATS,

[O007] Ric, M3 (c) MART ESICL 8B00~

100 OCORLMAITU, YrA> FL VERIO

FHOMELET27k, FRLASBIR 1 OO Ree

S RVC, 600~1000 COMMAC. 2 pea

PPARMeL, BIS Cd) atk otc, Bee

AeBIRO SbeS OBER YU aT, RU
YrAs FL4 ViRRI OS aLL OMcy

U4 MERA, BOBAHICRRSSB)4
RRA 1 1 2K AIS,

[0008] -MTROMcd, FYE=T7kLR
TRARAK OIBGAR &AVC. ARBUSRLS 1 2 ABER
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MictvFYPRATSCOLITED, M3 (e) cH
HO, PUGH FELAT SOMOS FETORT
Be

[oo0o9g)

[FRFADRARLED EPA] LaL7eas6. LEX
SIEROYUL FELATSMOS FET ORGS

FiBL. SPORMULICPE, BEFaROD
hb, EDY—A+ FLY UiUMOIBIBOHARA

(xj) DYES ROL LUSH KELABORm LHS
& OPO< 720. BEAU — 2 BHEDMBATS LUD
FREED dh > fe,

[0010) ER. YRR-+ PLA URRRUSb
MELOCU DH PRE, ARICMASHEL XBL

BARA, AFAMPRL OREO L RISFRAF
VIAYEASD bBMEARWLVW BMSHore, Ere.

YrR+ Pe VPM ATER L ERIC, SUH Rib
FoCWSEO, LUD FLEREORORSDR
BEASROEB(becKo CHEFL BREE
PBACL MOS h¥yYAS ORMEDEPT
BLV\ SABore,

[0011] ERK, v—R- KU UMARTAL
Bll, FH RD ACLAIBR ETIOA TEAR

FToOCWSRML, EOYA KU A-IBSOe ROR
BECRKSNPICRCWO, SLRORE
kote hoaROARS, Y-A+ RL
4 PRICE LL. 7 bhBOV+ RL AR
Ronia7roERINL, EteRee
ROR » bey U PHPEDKILEA CHL RASH
2Te.

[0012] Er. YOA- FULRL oObe

LeLUGH FETS ERIC, $4 BOAEe

EYUTHT PEELAW AS, DPDA EVA

MBL U + PERUBA CALA, COBORR&

VIVIDEEC, COBISBE+ORE LENTIC,

P—bBLY—-A+ FLA PRAeh ASAL-
V5 FERALAS37,

(0013) AA. LARACRRRTSLHI,
DAESEE U — 2 BHROSEOMAR72 <
L. Eh, SRA+pLReLL & tow

vbr TARECH SKDICLEGU OL AB

BEATSBAR hIVAsOREAHT
Sr &eXAWLTA,

[0014)

[FRSASOOSE] AEA. bE ROARS
MTSRO, PUGH PREATS ERE ho
“VAS ORGEAIRICBUYT,

(A) HEAERLOT o> 4 SHIThE
RTALTEL. KP b+} BROMBICH I OLBFE
DA-NRUEOHOHESR 2ZDG4 FY Amy

RATS2ZBYH FUSERSLBL, yor
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/ FLY VROTEbECeRY

4 KIRATERTSLL, BABKOAe

VAIILLTYOR: FEA ViRSITIRHEROTe

aR (n- ) BeeS LBL. WZ Roe

—WVORB2ZDNtA RV Ae—ea y FLY OREL, Bie

B1lOLAAA RoaAPRLICRRARCL YOR: KB

Lo TRCMEAOTBEER (nt ) Bee

SlTBL. ARB ILOLBA Foamreste FUT

BRAEL. 7— b BeyAZULCAROBT a

VEAGKITEO. LDDA ORMIR (n> ) Bee

RTS LBL, SRORBMRBIRATER L. TARR

PADIIHEL, YA Kt VeEHUB AEPore

HORMAT > LBL, obRRLAe

LA VRESUT ASNECASRE

FA7PeESTBESMCHMT EGICLELOCHS,

(0015) (B) PS4BRLOT IT 4 TRC

— heaSTRL, RP— } BOMMCEO

BWA FU ALERTSLBEL YA KET

PRRURAC7LICRD ORR

RHRSLBL. ART RDaCeAZICLTO

YrA> Pe ViRRITERWERORBERR (Cn)

MZXTSLBL, ART KaeFUT

BREL. YrA> FUT VARICESORaR

(n* ) BeIRTSLL. S— bh BeeAZIZL

(4)

10

20

CAPOBETaEARIC LY. LDDA ORB .

mith (n-) Betolet. ROSReeR

VIR L. TAA TRIROWL LE, ymA- Kety
FEBS EIBCHETSic)ORMET I TLL POR

BHPCR LVA+ FEARALUT AaLew

WEA FRE aLSY bheEALHESIACHTE

DITLEBMCHS,
[0016] (C) SARKEOT IT 4 TRIS

— hBHRATRSTSLR L, RS +} SHOMMICH 1

DLEFO A—-VRUEOLICHENSB20

AKVA-VERTS 2BPOALAERSOL

Hk, Y-A- FUTRRRORS bER

BLASROUT KSSLL, AL 2B

RUATILEVAZICLTVA REA LSC

HAOSUBILK (n- ) BLATTSLBE. Ae 2

Bt FOUA-AOB 2DYA PVANeyFUT

BRAL. ANRC 1 OLA4 FY ay2PRRLICIRGB

TC. YOR: BLA UICEAOFBERK (Cn.

+) BAARSLBL, AER LOLARoa

NROF— BRTATICCKBAOae

PEAKICE DO. LDDAORBmEK (n7 ) BEAR

TSE, SHROBRGRRLIGRL. BOBRIMRIR

OMICEL, VOA+ Re VUIBPEIETSRD

ORULIBETD TRL ObRL YR RE

AYRRAARU TAPEEOS A FREa

PRE DATRESMAICHMTE DIZ LEMCHS,
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{0017]

(EFA) ARSBRALC CoE, EOE SIC. Hee

ARV ATILOOMNC. YOA+ FLY VieiiesUt

4A FIESA, L226 DFMOALEBUBIRA DPR < Ze

TWHAED. hI YVAS ORSRABEK Bat

SILER. BHU —7BROWALMACS S,

[0018] FR. Y-A- F4 UREET

PETARIZ, EOWROL UTA MbaHo TWISO

CC, BREMHRORBSSiTic, HIBCL UGH RE

RUSEREICACARSIL LBCE, +477RULES

PHBEL < REICRZMTSL EBCKS, Blt, YR

+ REA aRAUARFOY AZ IDRIS EO

HOS YFIALERWOC, YUH MERUORB

(Z35VYC, (RIBPCL UO P(EReiDaa
AULLBCEA,

[o019)kX, ko Rawle, v-As KEY

FERRARA APEA FORRBREE E+E LL OL

D> %FETE)ISRAHEF SALUD ZeRRBACHA&

TWHied, PAMAEMOSFETICBVYCH, +3572

FVRARASMSr LO}RRB72MO S FE

TRATES Blo, LUSH MERROPRYME

RTI, PURSOBERAAA LC
Bied, VU GA PACHmesMchicze 5 Zev

Ab-ABRAMDESI, Dov te FEU
O-PSEDRIBICR, AiDESO
Heh < REACE SA,

[0020] Fk, Yuta RibRIC. RVR
&. LDD (n7 ) BRRORHOL AVIEARTIOT

WAND, COA AVYVIEADFAMMOTECHESNSeR

FROFRYE=EE RROT SD ESIC LTH. VU

4 FERROPAIRDUERTSOeHD HE

BCX, +aeRt— i vo PHASELEO

FA CRBCXS,

[0021])

(ZeHiPl] LAF. AFARPCVCMsBAL

7D ORAM CRPATSO, G1 RHO 1 OSB

APRhoVAS OMELRMEEM (40

1) . B2ntOBRSRE bYVar ORMELE
mH (tO2) Ch,

[0022] (1) EP. 1 (a) ATED. p
BoMAM (100) MOrVayBR21 tic, LO

COSHICLY RTTRHAMATERMTSOITaL

KRE(LAR2 22400 0ASZ.

(2) Ric, 1 (b) ARTES, PBZ Fo

4 BULACH— BL 2 3% 100 APRREHERK

OH. Kil, WUECV DREAMY, Sho’ aR

23000 APBEIZARTS. Kil, ROA hY VERT
ERYPY TRMEAUYC, SRO VU aDbresS

F— PHB? ABORTS. MIC, YU aE
RM25a, SAS mTARRMe Sb, 800
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CHEORED KFBLA?CHULDRSeae
De

[0023] kit, LPCVD#H2MvYC, Smize V

aLSR264500~100 OARRHRTSA, ik

KK. LPCVDEPAAVIAHECVDREMWT, VY

Ya>BYWRe 2000~300 CAREERS, kk
UYC. BOSE (BA) 4 avery FLYTREY,

YU BYBYWROASwyFYI LL, FbBR 4

ECL U AYBYRDSREY RUA27a, 2
7 OeHERTS,

[0024] (3) Riz, M1 (c) RTL,
azyvbhtyFvTRSSWURHE AYmyFUTK

UNC?— b HE 2 4 (UBEROS U a ELAR 2 6

eoFUSREL LHOVA FUa2-—eStok
Y4FYA—-V31a, 31b, 27a, 27b¥KRR
L. DevAricCt, FVEMAIAYD Oy77

BO DRSAYU, PU A DIPERBR 25a le
gkU ALARM 2 5 b LORIMERmy FLTRK
TH. RK, YU ALeHBRM 25a LBa

-)RRM 2 5 b LOBBY. Ar+He WARE
DAABBAPCTI AVRUaePickota

vyFUTRATA.

[0025] Rut, Wigmice U aLRRSARICA
SWVC, SMIFAVARY SULTREAT,
MALSSAB (Ti, Co, W, Ni, Mo) BR#20

O~S OO AREERS. ic. 2BER
HEAVYCO, SREY U ALAR bRASb2 4

LE, YA: KARLRSSBLERH
25 all, ACBAMICEMRASRS U7 RR BZ

ET i Sig M6 00 AfBSART >. Ze. 1 BBE

A ORL, 6 O0O~7 0 OCHIECN: WA
SARC 3 O MRT OD.

[0026) Kuve, FYt=7* (NHz3 OH) Lif
Beis (H2 O2) L7K (H2O) DIRARAAY>
CT. BRRCLY UGH FEMOTiNEGVA FOA—-VER
UF4) KRYEORBUET i ET i Nexy Fy
TRETS, Kil, 2A OGMBMBULES 700~

9O OCHRECN: HASHMAPC3 OMT. (be
TGCST i Sic 28a, 28b, 29e%
RTH.

[0027] Kit, YOR: KU DRERe
(P) &, AmerHAE4AOk eV. K-RBIX1

O14~1xk1045ions/cm? L, MHBHANS

(3~51035) ions/cm? LOBExR
CC YU tT KRESSaeRHAIL AEA

L. BOPn- HH 30a, 30aA,
[0028] (4) hic, Bl (d) RPL, Y

YoIVBYMEROFA FOAa-—27a, 270%, Ris
te treaty FS VYPRERACS yy FLYIREDS, K
i. LEGA FOsa—r31a, B1bRVAZIEL
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TT. TROslPicaRE 110K e Vy

KF-AR38~5X10%ions/cm? OREC,
AORn* HBS 2a, 32OYV—-A-KE-HY
PURERSRMD4T Ay. BIZITA s O14 AVIEA
eT4S.

[0029] (5) kic. L@t7 koa—131a,
Blbxe, M2 (a) ORTL II, RUSEory
FUAREAWCL y FUITRETA RVC Yuya
AERCSRAL Y aIRIREO DY aDBEA
%. FEEAO ORY De ROYRROoy
FUTRAETS. RVC, Ry hay UTA
LDD# (n- ® 33a, 33020RTAZLDOOR
i (P) ARE (45° BE) SORE aLTEA
BichY, 2~4K10%i ons/cm? BRO kK
AH, AHORA—- 30k ce VOBECT AVIRA
Do RK, SOOCTHECN, (RINH;3) FARA
APC 3 OPMRWUBSTT, CUT NESE

RUSGRALY YU aLIRABESBETS (EGRZEL) ,
[0030) (6) whic, M2 (b) RFEL

PCVDEEAUYC, SHC) aLRHI 3 450

O ARECRTS, kit, LPCVDEeHUC, BH
ICY Y aLBR 3 5&5 00 AREHRTS, Hic,
RECVDIESAVYCSHIY UALBYR I 6 LL
i) (B, P) &&teo U aLRRS 7 EMC
FETS. Ric, PpleStey V =a BAR72
IFSRMLY—A> KL VRORMIEET
DROOT=—-VETS,
[0031] (7) Ric, M2 (c) ARTES, UB

BOK bY VRREL DY FUTRHEAUYC, yoR-
KL 2iit|SUI— }24Loe

PRKS BERTS, KIC, ASV SULTS

TC. 28hSU4tnRYLORECHRANESRE
JERR L, ROK RY Vike eeFUTEI EO,
AFNBR 9 EATS,

[0032] Rit, ABHOR 2 SiKPlicovCHE
VYCREATS, M4 tLRRH OS 2 SMARTBI
RE bYVAYORALEMAMCHS, “OF 2M

SERPS, FARMERRoase 1Be,
1 OAH] L ROY —A + RL UPRAR OE
JICLEBDNCHA,

[0033] (1) EP. 4 (a) RTEp
Bompic (100) Mo: ayHik4a1 ke, Lo
COSI LO RTSHARARTSHIT T4
PRIA 2% 400 O ARERRS, KIC. RS
EREERSPCO BLE A 3e100A

RAREST 3S. RIC, WECVDESAUYC, See
YaTike 30 00 APEWRETS, KIL, ROR b
Y Vekiti cyFYTRAEAYC, SRD aLAR
DSRS— bw4HS, Ki, ya

HTSVER 4S al BRAS YU ARR5 bic,
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8 0 OCHREDEED 5-7BLSSUPCBMLIRSTE
PTS, Rie, L PCV DiEMHSVULURECV DEE
FAC, YY a LVBHReE 2500~4000AREH
MTS. RVC, RtetyayFYTHREW,
YY ALYRYHROAEEYFLY L, Oh Beh4
BRCY4 Koat—-l-46a, 46 beHRS,
[0034) (2) Rue, Ma (b) ORFEDK,

Y4FUA—-1 46a, 46bFVAIL, Dey
hivFvFBSSWRItyrFYTRE
VVC— b BRE 4 4RIREDAD YS U =URYEAREey &
“PRBS, WKVYC, FMEMHAIAYD O-Sy 7 7 —K
7 SBUAREUYC. YU aUPRP5 a LE
aa3ARR 4 5 bb LOBMLReroSLORE
Qo Kil, YU a LYERRM 45 a LBBB VU aL
PERM 4 5 b LO BABEAT +H. WARAOW
AFABRPCAI ACRE UmarFikotryst
VORETS,

[0035] Kic, Mgmice U aLBREAKS
SBC, SMCSIASASULTREC,
BRLee (Ti, Co, W, Ni, Mo%) #20
O~5S OO AREHARTS., Kil, 2PSE

GeV, F— bea A LLL YOR: RED
MceRSoL) a AEBRMAS bil, sewee
MASBOU+Y PB PIZIET i Sis Me600A
BERTS, 7245. 1 RAOS, 6 0
O~7 OOCHECNe FHAFMRAPC3 O PETS.
[0036] KC, FYt=7% (NH3 OH) £38

Bebose7k (Hz O2) &£7k (H20) OARSAV
TCT. BIRGYUTH FEOTINEDY PO4—LLER
U74FRREORRUET i ET iNemy FL
TRESS, Kil, 2ZRBWA OMA700~
900 CHECN, WARARP TC 3 OMMTTV, 1b
BRmMICRERY UT FRR, DEOTIS is M47
a, 47b, 48 XHRRTS,

[003 7) Kit, YOA- FU RRORel
(P) &. meeAOk eV. F-28111

OM~1K104% ions/cm? L, HHH ANS
(3~5*1015) ions/cm? LOW-E

CC. YUGS PRES) aURIte

AL, HAOn- HHAUBA9a, 49d eRe
B.

[0038] (3) Ri, M4 (c) RFE,
YVUALEMUROUT FUt—l46a, 46%, &
IMEAyFUAREACRY FLORETS,
Ble. 2 Ua VthimLeeRLU aTROS
U a BRSASHERAD OR77S BE

AAWCL yo FY TRESS, KIC. MMKLE 6 0
keV, F-*AHR3~5 X10ions/cm? O&
FC, HAORVntHGSOa, SObMY—R-
Bef -RURETERTSioo41 ay. HAM, Ast
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DAAVMIEAZTSA,

[0039] (4) Rue, M4 (d) FES IZ,
Wey hee U PRO L DDE (n- B) 51
a, SIbABRTSEOORHM (CP) EKA (4
5° #28) BOB+UTEARICED, 2~4x10
ions/cm? SEOk—AB IKK3
Ok e VOREFCTIAVIEAT SA, KRiZ, 8 0 O CHEE
CN2 (RINH3 ) AARGRSP SC 3 ORRA
RBA, LU) RRMRUSHS)=
BeerS (KRAL) .

[0040] (5) €m@is, 1 SHPIOM2 (b)
BRUM2 (c) ORTTREML, BARR bo

APF EERTISE MOLI, B2RHPNBVCH,
B 1 OFACALEY FO a-LeRai,
LDDiBDY—A + FLY YARRAOS, LU
A FRORREOY UU KERFORAOPEV n> Hee
M49a, 49bn1 OZMHL ACCHS, Oh
4 4 eVAZICL CARBO? CL HEOB nt
HBS Oa, SOLSHRL, EOK. KBAR
Ba +UTEARRSAVY CT. LDDS (n> B®) 514,
Sl bewRTS LSC Ler LDACHS,

[0041] Kic, RRAOS 3 RMGlicCRSA
UYCRTS, EIS ARSHHOS 3SHAT
Rb GY VAS ORUETRMNCHS.
(1) EP. BS (a) ARPES. pHOMAN
(100) MO) ayRiR6 1 tz, LOCOS#HIc

LO RFAAMARATRITSE HILT 4 —y KES
2%400 0 ARBIRITS, Kil, MNSBE7 FS
BLS?C7— bBYDG 3210 0 ARBRE
So Kit, WBUEC VDIEEAVC, SBD aLRe
3 OO OAPRRIGRTS, KIC, BOR bY Y BL
DY FVIBE, SHAS aires
— be6 4 BRATSA,

(0042) Kit, YU aLIEPEBRM 65a, BEB
YU aYIRRM6 Sb ECL 8 0 OCHEOIBED FS
1 BULACBMLIRSIRI4, wkic, LPCVD
eAC, SMCaLHIRE 6 +5 00~10

O OARRBRTS, KIL, LPCVDEMHAUIEE
JECVDIETAWT, YU a LYAMLIRe 2000~30
OOARETHRTS. Kurt, BUCE (GRATE tov
ByFVvTEEAVWYC, BileStev U = UBS
TOARLYFLIL, ObBBEKoa
V67Ta, CTHOeHRTA,

[0043] (2) Ric. M5 (b) RTE SIZ,
LHOUVT KOALeSte 2 Bt POAT 1

a, T1b, 67a, B7bEVAZICLE Yayh
Sy FY TikiSIRE Amy FUERAV
TT. FbHG 4 EELOo U ayBLES 6 eo
VIUVIRET SG, RWC, REEMA O ONS ar
— FF? yRYRREAC, YU aEEG Sak



 

 

           

       

      

        

     

           

    

    

      

    

  

             

              

          

     

         

       

       

  

 

     

     

      

                

         

           

      

             

         

    

           

    
        

       

      

        

    

      

      

             

       

              

 

 
      

 
       

     

     

       

  

          

           

              

    

         

           

 
                 
         

             

         

           

    

         

    

 
      

               

              
             

          

         

          

         

    

     

      

       

            

              

    

    

     

   

         

     

        

  

         

       
   

      

        

      

     
              

         

             

Page 46 of 262

11

Siehec \ aLARG 5 b LORIBAT y FY7
ES, KIC, VUaR6 5 a tbSS
3BER6 Sb LOS ARLIA. Art+He WAH
OHABBRPCTI ACKHZ V—aV TIC LoOT
tyFVTRETS.

[0044] KC, BRILY a BRERUC
StuyG, SHICPI AVA Y PY VTE.
RGaB (Ti, Co, W, Ni, Mo) fe 20
O~5 0 O APSES. KIC. 2RE
JRE YC, SHU aUbohE 4
EE. YOR: KL VARL RSS BUTS
65 alk, ACRGHMICRRASROUT NB BIZ
MT iS ic Be 6 0 OARRIGRT4. 75. 1 RS
8 eesSMALE, 6 5 OTCRECN, HARE
C3 OFMHTD. :

[0045] mut, 7Y“t=7%K (NH3 OH) 218
Melbokse2k (He Oo) &* (H20) MIRAFv»
Ct. RIBCLU GH KEOTINEGT Boakk
U2 4b SBIRELOABUET i ET iNetFY
TWMETS, Ric, ZEA OMAMLHES 70 0~
90 OCHEN2: AREATC 3 OFMITVY. {EE
SAHICEIEZET i Sig PM68a, 68b, 69RHM
TA.

(0046) kit, YO A+ FLARSE
(P) &, suger4 Oke VV. FOARIXI

014~1x10%ions/cm? £, HRBHENS
(3~5x1015) ions/cm? £OfKW k-AK

GC, LUG BES aLRICae
AL, BQOE n- MRE 7 Oa, 70b ead
Be

[0047] (3) Rit, M5 (ce) eRTLIK, Y
) aLRMD ORSH1T KDE vr6 7a, GTbE
RSME AyFvTIREVCE yy FvRET
A WIZ, LHe koa71a, TlbeEVAZ
IDL, Ha RamPICHR110k e
V. KO4E3~5X108i ons/cm? DAFT
Heont HBT 2a, T2bDY—-A+ FUT
VEEREIERTSwot tr. PAIEA s D4 AVE
AEF.

[0048] (4) RUC, MS (d) eRTLIK.
hy he + UTSOLDDI (n7 fe) 73
a, T3bEKRTSLOOARMI (P) EKA (4
5° FEED) PomtTEATRIC EY, 2~4x10
Bions/cm2 SEO K-72Dr3
Oke VORIECHAYVEATS, KVYC, 800TH
HCN, (QINH;) 72SCS OBA
NBR, CUT KRRERUS) ayfs
(WEESFETS (AAREL) 2
[0049] (5) £n&idt, 81 SHPIOM2 (b)

ROUM2 (c) ORTLESHL, BRE hoy

Page 46 of 262

(7)

20

seBE7—-142726
12

RHRERTS, LOKDIC. BIORHablit, LBO
A KO gVERY 2BRoane
DEAEBIG LI b OCHS. 31 ORM & OV
ih, Ry heey U PSAL DDB (n~ fe) 7
3a, 73 be0KRTSLRTHS.
[0050] t#bb, LEWKoa-v7 1a, 7

1 bAPRLTORIRC. EPL JUNO? OFAYEAIC
EO, B@O8n* WAT 2a, 7 2b eARL,
Bic, LBA Roam 7 1a, 71 beRLTEKE
C, KBARDT AYERSAlec. LDDAS (a7
fB) 73a, T3bke, Shem E AtFy
SFTALDCRTS,
(0051) 735, EiGHBIITIsVYCi, nFety

MOSFETICOUYCHA LEZ, pF xt/-MOSF
E TOGIZ ORISHACH SLILMBIECHE
V\, Ei, ABALICEPICRE SNS EOTHI
2. AERA OARS ICESVCHE4 OBEASAIRET bh D
~AEABAOMEDSUTSOOTIR.
[0052]
[S8HAOSE) CLE, SACRA LEE DIC, ARSRRAIC
Ate,

(1) HRT RoambH. YAS FB
Let ARRAS UY MEE, LithEDRBEE

30

40

50

PURE SDUE< RoTWSRD, hI VY VRE ORF >
JVBEKSES LLI< . ERI 7BOWA
PMCH 4S.

(0053) (2) YoA> Ft iOMRUE eH
PETSAN, EOPMOC UTA MEETTOTWSD
CG, EREORBSSic, BCU tT Pik.
RUISEREICECAMSL LSC, +R7ERULE
PEL < EIRS ILDCES.

(3) YA: Kea ypcaAOTAI
(LPREk RHO y TvBRWOT. YY +4 Fiéb
RISORMABICHUT, (IRECL OT KIER
ICE CLARSL EBCES, |

[0054] (4) ko BwMicit, Y-A- FUTY
FERRFA4 AIA KW AGOATRS &+S LAL
ArtBHOEEF Stkev)£5CAST
WAieb, BMUZMO SFETICBUYC Hh. +R
xPVASI. LAaéb MBAZEMO S FET
DIRTAB L RS.

(5S) YUMbfmkoveyaRTIZRRIL. vU +H
Kii2>ORTEAILCW Sib. YY tA ER
BeeASMAAHABS
th, Dov Utes FESRORMEREE
IRENAA 2 vy WBSABE < REICRHRCE
Bo

[0055] (6) “UH? RibBIC. BVERR
&. LDD (n- ) BUROROOAAYEARIOT
WANT, EDA AVIEAOPF MMOTEHELeeR



  
  

       
   

    

  
               

        
           

       
      

               
         

      

                 
    

        

     
   

 
                        

             
                    

                

    
                     

     
               
                      

        
        

                     
          

            

          
        

     
                      

                      
                                       

         

             
       

                    
            

                         
      

       
                  
                   

Page 47 of 262

13

FROZE=—/FLBCEGILCb. VU

4 FERRARAOFAMIREDUETTAD SHS Ok

BCR, +aORA— Sy TEALUT PEER O

YPCHELCS 4,

(O056) HA, Flo, MRAIRUSICkt, £

FCRICMAT. LEH ROalk Be FUTit

LOVH FU S—/HEDIESLOEBELRBWER OY, BA

MAF— bROM OX eC 720, AEDS

ZOSWMOSFE THREWHRTS I EBCK

4 £ie, LDD (n7 ) BRROA +vRA, va

JRA LILY U aPCEAAIc

EleaAGRIC LOOCWS RYH, VAT RRILIR

PORROYY 2YHR-~O) yo DAUCL SREDO
AIEEEPolk C% Be

[OO057] Bic, FAC, PRA Vic Lindt, best
ICMAT. Hn ORBORRBRRE. 7— b Ete

LAHAT Vy PEUMHALEI EO, OY BA RYae

ITED PUA YU — 7 BHORESBSLSI LAST

feChS, Hk. WiC. MRA kKHy-Aa- Fk

L4 -iRROn” Bint BRULDD (n- ) Beye

FRUIT, (RAMLSU ty RemL

StimU3BRRERUS) aleeRY

BADOOBLEL UY RRBsRICO

TWOied, POMC LoCHOPMMOH

FROME LARUECHES VY UTT AIRORMEDT

TES THEO, SPRLt8 oy DRAOTGAR
CXS,

10058] Bic. Bic, BRASLO, BHR

feFREOD) mH YU ae a

PMRROFMMEStL U aR4Ic

LEED, VIDA FRORAM, COE

DRTAKAMA! LY YA RRORTRAEDS+33 & Ze

S Ek, BMRRRORMROICL PCVDEADSH

BVAAFRAT CVDERICLSYY aLSibRsSesen

TCW4OC. RGROF7(LEMeeLOL
TNz.. O2. V2y hOg HADLCTOBBRMICH L
TRECHS, HOV ey bhOg HARBRICTSIL

(THO, No RUBBLE Y (RibSABIEASTREC RS,

LOOS59] RK, YU G4 KRRMAT i NibANo

Page47 of 262

(8)

20

- 26, 35, 66

30

SBF 7—-142726
14

WOKO, AYA REAR LEEH T i NOSE

{ESIEO, AP AMRL OSCBUC, +4978
AR vy Pavey bdMsoIS, Bll, Boars

7 hAATEREOH FH 4 oe Pick ObAY Se? hAE

BBO BREINERHS TBETOE HBS = Lave

#5. CICHFEULTH, FMBHEIODASTS

YI?yOBE LV

[infai7a]

(E41) RRA1 ORMTEAR hSL

VA ORETRNHM (491) CHA,

[B42] ASBRAOR 1 OSARIEHR ha
VAR ORETRH (€02) CHS,
(13) PROVU PH EeATSMOSFET@

HeTRECHS,
[E14] ABFA2OSMeatRR ho

VAFORELEMAMCHS,

(BIS) ABHOR 3 ORMeRTeROT

VAS ORELEMHNCHS,
(4-5-3058)
21,41, 61

22, 42, 62

23, 43, 63

24, 44, 64

2 Y aLRK

7 4—)- KBYEARA

2 HALAB
F— )ee

YY ayShe
27a, 27b, 46a, 46b, 67a,
YH ROA

28a, 28b, 29, 47a, 47b,

a, 68b, 69 TiSizsk

30a, 30b, 49a, 49b, 70a,

HAOn- eS

3la, 31b, 7la,
vale

32a, 32b, 50a, 50b, 72a, 72b
PBEDRV nt wR

33a, 33b, 51a,

LDD*§ (n7 #&)
34, 36, 37

38 AvEAbRR

39 AFVER

67b

48, 68

70b

71b LE4 FOa—

S1lb, 73a, 73b

YU ayRR



    

  

 

 

 
 

       
 

  

  
 

     
    

Page 48 of 262

" ”

0 o

(10) ‘SBAIZ7—142726

 
 

Fay br—Logex

(51) Int. C1. § RRELS FrARES FI FRGIAT
HOLL 27/092 :

Page 48 of 262



         
         

   

           
     

             

  

         

    

       

   

       

    

       

        

  

     
         

         
     

Page 49 of 262

This Page is Inserted by IFW Indexing and Scanning
Operations andis not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this documentare accurate representationsof the original
documents submitted by the applicant.

Defects in the images include butare not limited to the items checked:

L) BLACK BORDERS

A IMAGECUTOFF AT TOP, BOTTOM ORSIDES
FADED TEXT OR DRAWING

CL] BLURRED OR ILLEGIBLE TEXT OR DRAWING

L) SKEWED/SLANTED IMAGES

CL) COLOR OR BLACK AND WHITE PHOTOGRAPHS

L] GRAY SCALE DOCUMENTS

A LINES OR MARKS ON ORIGINAL DOCUMENT
L] REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

CL) OTHER:

IMAGES ARE BEST AVAILABLE COPY.

As rescanning these documentswill not correct the image
problems checked,please do not report these problemsto
the IFW ImageProblem Mailbox.

Page 49 of 262



  

  

   

    

     
       

  
  
  

 

   
     

      
    

 

   
 

 

    
 

  
  

    

 

        
 

 
          

            
 

         
             

          
             

              
            

              
         

           
            

           
           

 
     
        

         
      
  

      
  

 

 

      

Page 50 of 262

» 4 .

Searching PAJ 1/2 ~—y

PATENT ABSTRACTS OF JAPAN

(11)Publication number: 06-196495

(43)Date of publication of application : 15.07.1994
 
(51)Int.cl. HOIL 21/336

HO1L 29/784
HOIL 27/092

 

(21)Applicationnumber : 05-275187 (71)Applicant : MATSUSHITA ELECTRIC IND CO LTD
(22)Dateoffiling : 04.11.1993 (72)Inventor : HIROKI AKIRA

KURIMOTO KAZUMI

ODANAKA SHINJI
   

(30)Priority

Priority number : 04294819=Priority date :04.11.1992 Priority country : JP
04294820 04.11.1992

JP

  

(54) SEMICONDUCTORDEVICE, COMPLEMENTARY SEMICONDUCTORDEVICE, AND MANUFACTURE
THEREOF

(57)Abstract:

PURPOSE:To provide a semiconductor device which is excellent in
resistance to a short channel effect and high in operational speed and
reliability.

CONSTITUTION: The junction depth D1 of a high concentration
source.drain diffusion layer 3 under an L-shapedside wall 6 is set
smaller than the junction depth D2 of the high concentration
source.drain diffusion layer 3 outside the L-shaped side wall 6, and the
Junction depth D3 of a low concentration diffusion layer 4 is set equal to
or smaller than the junction depth D1 of the high concentration
source.drain diffusion layer 3 under an L-shaped side wall 6. Therefore, a 
  

potential is more effectively restrained from expanding from a ow
source.drain diffusion layer toward a channel than that in a conventional m
overlapped LDD structure, so that a problem or a reduction in Vt SD
peculiar to a MOSFETis effectively prevented when a device is 4

microminiaturized to a size of the order of half—micron or below. 2
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(54) MOSFET CONSTITUTION BODY PROVIDED WITH FLAT 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
layer and an insulation area on a substrate.

CONSTITUTION:A gate oxidizedfilm 12, a polysilicon layer 14 and a
silicon nitride layer 16 are formed on the substrate 10. Then, a
photoresist layer is formed and patterned. Thesilicon nitride layer 16,
thepolysilicon layer 14 and a gate oxide layer 12 are etched, an opening
20 is formed and the substrate 10 is exposed. Then, photoresistis
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 onthe silicon nitride layer 16 and inside the opening 20,
the flattened insulation layer is etched back and thesilicon nitride 16 is
exposed. In this case, the upper surface of the insulation layer is turned
to the same surface shape as the upper surface of the polysilicon layer
14. Then, the silicon nitride layer 16 is removed and theflat silicide layer
28 is formed on thepolysilicon layer 14.

 LEGAL STATUS

 

 

 
  

[Date of request for examination] 26.05.2000 oh
[Date of sending the examiner’s decision of rejection] 01.06.2004 >
[Kind of final disposal of application other than the <=
examiner's decision of rejection or application >
converted registration] SB
[Date of final disposal for application] ee
[Patent number] 3640974 m
[Date of registration] 28.01.2005 QO

[Number of appeal against examiner's decision of 2004-17963 o
rejection] <
[Date of requesting appeal against examiner's decision 31.08.2004
of rejection]

http://www 19.ipdi.ncipi.gojp/PA1 /result/detail/main/wAAAXsaqBcDA406177237P3.htm 2006/03/23

Page 73 of 262



     
    

     

      

     

Page 74 of 262

° , t

: Searching PAJ . 2/2 ~A—Y

[Date of extinction of right]

Copyright (C); 1998,2003 Japan Patent Office

http://www19.ipdi.ncipi.go.jp/PA1/result/detail/main/wAAAXsaqBcDA406177237P3.htm 2006/03/23

Page 74 of 262



   

              

      
     

 

  

 

  

   

       
    

     

   
    

 
 

   
    

   

         

  

    
     

  

    
      
 

 
   

  

         

  
  

            

  
      

 
       

               
  

     
        

         
       

 
  

Page 75 of 262

(is) BABESCJ PD a2) 2s Be Be BF ZS SB CAD (LL)SAS

ABAA6 — 177237
(43)23FHH  5Fa 6 4E(1994) 6 A248 

GDIntc* aeBas TAEEBES Fl PeasPt
HO1L 21/76 L 9169—4M

29/784

T377—4M HO1L 29/ 78 301 R

SAR AAR PKAOWLTS 6 A)  

DHSS 5BAS — 126607 C7IDHBAA 591236448
: TZAY—-LA-SAVY VAZFaULLF

(22) HRB SPAR 5 42(1993) 5 28H : be=F7R, AY aI—HVAFYF
SGS—-THOMSON MICROEL

GIRHEERES 889822 ECTRONICS, INCORPORA
(32)328 19924% 5 A298 TED

(33)545 AE CUS) TAVASRH, FFA 75006,
A-AURY, BVA bPRVAFR FFD
47 1310

2)25Y7 S5ITVb
FXUASRB, F442 76201,
FYEY, PURbYSF 2195

CORBA HEL ME —8B (118)

 
GH) (RWOLM)] FaintAtSMOS FE THe .

RS 
 

(57) [2%] (E5IE4)

(885) BeeTSORMeRe. Am "4
KOR& AigtSAERAOFORGSeeHEHE
TS.

(3k) BieECBLIAEL. EOLICBEY
I UBETERRT GS, RUCK hEYALBEIERLEO
ASB VEFS, BEY VayBLaBeereFLT

L CHROBERM SCS SIRS, RVC,
AREYVAABREL, BIASRRUPOAOM

BEB CHM SNRBBO—MEBULTSS, ALLY

Ava? ABOTE&BUaL
FAD ACHRS. RBeyFy7 UCHBEY
SYVeRnat, COMPAREOLREDSSEO
LABEL R-BKERS, KC. BEY aLBee
BL. RUCBBLICE UO RB ABSA
Do

410 
2? 26

Page 75 of 262



   

  

   

   
  
    

    
     

   
    

   
 

 
      

    

  
       

  
 

   

      
  

     
      

             

   

 
     

  

  
    

                
  

   

   
             

        
    

                   

 

   

 
       

     
      

 

     
 

    

   

     

  
      

       

       

 

 
      

     
 

 
        

            

 
 

       

     

 

 

              
   

    
       

 
          

      
 

   

     
 

          
       

 

     
     

 
     

         
     

     
    

 
          

          

 
       

           
  

Page 76 of 262

(ASSFS82R COGRBB)

GRA 1) JSRASRRIOFPRAHAS
FRITH T,

TOREETAL.

AlECAARO—BRS BEM AALS 7-HCACSBh L

CHD AWA L.

BICHA O AATECO—BRRUCBs ON OBEIB

2 CORTESBSO—BBEBEL,

BURCEA OPACERRFRR L

RITEMARTETEOaaSLPHZeUY OR
TERTS.

LREAT yp SRATS I LERMLTSAR,

(PR 2) FRI LICbUYC, ACRee
DAF VTM, Bic,

AVECLICKLETEREL
BUEL7— KBbeLIOR DU aLBIRR,

Bias YY aLBECbY aDBAIL,

AECbY YU AUER AE YA ABETBZ LH
(O2NB—HEL,.

WEY VAPBERYL aTBL oO RL
etyFY UCHREROHARMStoe
TERR LL

BBC hi RA BABRRT SZ,

LRAT LARATSILARMLTSAR,

(aPRIAS] HAAVice. Ble,
BLORNCATac(ty Y al—BBL AECL a

ROBOFNICTAETSRY YY aYyBOBBLE

BRETSAF Vy SRALTEO, BETSARU Vay

BOLAMAARAULAT » SHRP ICBILANSIOIL
RRLTAP.

CFRIA 4] BRL 1 cdotYC, BEDEREA
MTAATF rT, Bie,

BuaCLY YU AYBLRURECHOANICAP LYALS
ABZTERL,

BEA RCaeroABS ye Fe Ny? UCHRY

Vatat, toOWBSIARACY ALHIR

BOLRMASARR YU >) aLBObstLeR
HS,

ERBAT yp PRATS IL ERE TABIB,

CHU S)|RGR 2icduyc, Hic,

HCY UO RABATSACEEE UY ALBe
BRATS,

LRAT vp ASRATSIO LEBEL TSAK,

(3H 6) FRAalc, Biz,
BNECA RLAYWS AR ATR LERICENEES
,

LRAT YL PSRATAI LEAL T+ SHR,

CAR 7) RRA Licweyvc, Fiz,

BMEOBINCREH SIERRAS Rey heTEATS,

LRAT VASRATSILARERLTSHK,

Page 76 of 262

(2)

10

20

30

40

50

REG —-—177237
2

(RAS) PRASic, Hic,

BURCAARO—BBARMET 3 BINT ARCA OACBEM Se
BRO-BMervFUuITS,

LRAT YD SRATALLERMRL TAA,
(HH 9)|FARA SicgsuytT, Bic,

ASAZR UH Rg CREASA — YELLAm

YIUCBEUAEAZRET SB |

LRAT yD SHATS AOL ERR L TSAR,
(FRA 1 0) SRAREROSaeReeae

BHBCBYT,

FEARECSSRK LC

RDSLICEbY Y ABET

RiECE(bY YU AYRBLICH AE YARRAS Lt
ICSF HEL,

ARCEILY UY aLBRUSERBEyF UY LUCaH
IR O—-BBeRedSBA HAR L.

AllagaR RLA RABEL,

AITECHB LY & 72RRORTECBA O AOIEEICIBCHEM
SIEBOBSBYE L,Y

AaCBHbY Y aLBERURN ACRZTERL.
WSCAOLRAEROLim+BKC

HOSE DICAER AeyFoe DL CRTC(EY
AVeBWAET,

ABCBLY U aLBEREL,

RacyPERpeEcARS UO RTEA.

HRBAT YDARATSI LRIHKETAH,
(32211) RAI OlBIYT, Biz,

BYLOAC ALEbSY aDRUEPITTED
SBO-BABRAT SO,

LitAT yp PRALTHY, COBACRET4B
DBBOLRMAABHLAT »THE PICBUbLaRATE
BRRETSAR,

(S812) FRI OlcbVYT, BK,

AWaca KL YA RBS PRATS ATICSCRAAIC
DERARO-BetyFUITA!,

LRAT VL ASRATSILE RRLTSHR,

[FoR 1 3) FRI Qicdsvct, Arse2
000ALYFYYENSXLERRL TSHR,
(R14) BRI OlcdsvYC, ATERAz

PYAYHFIACH). HOANEBA RYSUS Ars,

FERADPE, BULSNGTLeRML TSH,
(ARH 1 5) PROlewUYT, Bic,

PEOBICBH STCBRAS Boh hETEATSA,

LAT ySRAGS IOI LERELTARR,

(PRIA 1 6) FPROlBUT, BEARER
E258LIAR LRU SVU aLBEALTUS
LLERRLETSAE,

(38R5R17) FRA GicivyYc, pieYU LS Ua

E2901 5S OOADBARALTWA LEBEL ST
BE,



     

 

         
   

 
            

      

 

              
       

     

  

 

       

       

             
   

            
       

    

          
        

 

 
                

     

  
 

       
 

 

    

       

            
          

    

     
      

   

     

     

    
    

      
     

   
   

             
     

        

       

 

 

   

   
         

                
         

   

  

       

    

        
      

         
               

 
    

     

     

     
    

     

         
     

        
       

       
    

 
    

   

     

   
     

     

           

       
    

      

    

         

     
           

   

        

  

           

     

                  
    

             

           

Page 77 of 262

(RAI 8) FR OltYC, ANECBHbL YU a

V-RUWS OOADRSEALTHSZILERRLTS

Fi

R19) FRA OlcHUYC. BILATICROA

OMRIBECIBCORSOSOIORHEASIOO. 6 =

JAOYOWMCHSLLERRL TSAR,

(RA 2 0) FPR OlCIsUYT, BILRORAA
OMEITIG2 TC OEEOM@ HIOPREDSHIO. 7

JFJUYOWCHS _LERRLTSHAK,

(ZRH 21) FRA OlcweYC, AEH 1

000 ADBSICAHLANSZIERRIRL IT SHH,

(FR 2 2) SRAo>—BBa>b Ae SAARI
BWYT,

HR,

RECAROBO_HMCLCENBBLCB
) ECARMSRAOR OeATOBE
peta,

AACE HH S27BRO_LRMO—PBBL AECRA  AOD{RIEE

(C72 TCOBHERAOL Db 72 SREBER,

 

BITECEA FORRESER,

FITaCSSSPEPEAR(AORTREIMO_LOWires Y
t4 FRB.

RATALEERMRLTAAR,
(FRI 2 3) FRA 2 2icsuYc, AEC

BACYAYHPALATSILL RRGRLTStata,
[eR 24) FR 2 Qicdsv YC. AIEEEAB

2. Bic, ABRRAO-MBOLEMLATS IO

LXETAHA,

(HOH 25) FRR] 2icdseec, AECSEAR
ASF— RYEWEOLICR LERU LSU aLBea
PToILTRHRLTABM,

(FPR 26) FRA 2 QicduvC, Bic. ATACAR(E
PURO MANCHLE LATELEIRANC PEA Lie K-28 bas

Bit SWTWSA - LERALTARA,

[RIA 2 7) FRIAS 2Qic4svrC. aTECBYLAAAS

4110 0 OAMBSRATSxALERRLTAR
[38H] OF4AN %e BAA)

[ooo1]

[e358|OFS] ARERA, RRS. ASRS
RUEDUBRUNTTS bOCho. ICHAT

ih. HERR LATSMOSFE E THARARUtORM

WATEICBAT SZ HOCH,

[0002]

[HERO] MEROME= z hid, PPSORES

RATSONUMEL SSF »y PHPOEY OBB

KAFTS, ~OF vy SMB. FIATee—Bb—4

fk (MOS) RANKAS }RSEOT IF 47

7S. BIAITEIMO SABO V—ARUFKLSY

PRE4 RFBOT Sy PRONARE

RROSTAMARROTE LO BESNS, Tit

Page 77 of 262

10

20

30

40

50

SRIE6-177237
4

& ORTMAARROSREL, LI LIX, EORise
HaITAt LTHONG bY VY SF 4 OSERTE
SU LMBBV, He OHERUBKOKEAAOHEE

FELTSRAOR bY YS SIT7 4 ORB, BEB

DRIARG—-VRAGRTSEA, VeAORECA

BAA — LY Se EMEICBES AtHSZLL CHS, F414 vies
PHA PAYRbY VAST ACRUYCRADA MRS

ihfEoT. HRELYALAISYRUaAYSF AE

PFUYbTSAROOT OE AlsHBRRLOT
WS,

[000 3) BIBAMBCERIL (VSLI) bx

(riteb she, VaAORMCIIhLOSB< OfBaietmx

V4. USO, VARLICE OBS
DAT 2SSRBEHRMTS, Hot, KRU YSIS

7 FICE SAS RETEODAREIL, SEORARU
ZNSOREICBIYTOR KLE LA LOPBILO ED

(2. LAS ODAZREBICHVYTkOeDD

L726, BIESNS bRIS 7 4 BNHEIGHTOBS
% FBR < 72tCEERAIDSARBEITUS,

[0004] RhUYIFIT74 ODREZMES RAZR

OPAAANSI LICMAT. FySe
ti. IC, ASNSRREETSO, UV-B

PieDREMNIHRLE OMBSSBASRW FT

YF 4 TPERCI26BROS.ZB

MARRY. FAM, LORBHROALVUT UT

(HEATS LOOAY IVICASBR & SEIT,

ateBEL < ROCCERSRETA, XE BERUEOhoey
VICARBIC430 VC OSTREAMLV VEA2D
WS

[0005] AMOK < HAANTVSDHT, OB

BPLOCOSE UCHENSY) aLORARRILETTC

64, “MLOCOS Farah, SHRILOY

BLAnS MMAR Avsoho FERRERPA

BECRIVEERATECook, LOCOST4—W

PRU. Gn, REKEIBBESSOTREADERS
i. Fav) FRYERECRBAKAOFRO

FerRIVEREACT SI LEWAWE DITCHREI

WRENN}, LALA, LOCOS 74—/) FRYE

BROOOSHEHIL, SRGMOH LT ha

YF? 4 MMOd SHENKERESRA, IO
PMH? h RSS 7 4 BSHARRI, 2 aLOe

RIOTSRSOROIC, YY aYSBTSATORRR

£9, SREY Y aiaLOARSA

HDOEbDLROEALLEOPRCHS, CORR. TROL

OCOS7 4-7) FRHDRORMLT 7 F 4 THRIRMOR

MbCi 0, BBHDRORAOMMINLT 2 FT 4 THR

RAOLAIHELCWS, DORAS745, ER

ITHETAD BUDS4> KRYLIAOURRBICHSYYTBER

ERTSLLEVBLL, tOL Li, BaABery

FYLIFSGARUEARORRMHICHVYCHIL RS

 



  

  
  

 

           
       

     

 

    

      
           

  
     

    

 
         

     

 
      

      
 

 

     
   

      
      

  
              

  

   
   

   

  

  
 

         
       

               
    

      

   
   

      
              

                 

        
   

         
   
   

     
      

          

   
       

     
      

   

     
     

            
   
           

    

 
     

   
   

     

      

           
       

           
      

      

            
       

     
           

                 
                    

             
     

              
             

              
               
               

     
      

             

Page 78 of 262

BOATERSATWS, Bi eT i guy by yss

FAIS4FORRES. VERO RT

FIA EOMAZASLLMAFECHS,
[0006]

(BFADAERL ESLSRR) Hoc, RHO

EGFSZL IAM. BETST IF 4 TANGERRO

Rt RAMI R-MKORM >AbasAcie

CUtORGEFTEAHETA LL CHA,
[0007) ARMWOR|IOANLT4SZLIAR, EER

CMBR THAOSHERICM LCHATSO LORE

SHASRALIERTSPEEHHET SOL CHS,

[000 8) FRAOMICHOBMELTSE NAM

REHIORA L L CRORES YU aetSeAR

AKATERTOBESESOE CHS,
[O00 9] BRHHORICHIMDBMETSZ EDA,

FEF >LNT2:EHARACECFATSSRE

FURIESAREEA LL CHS,
[0010]

(REBLARTSEOOFE) ABA, RRL
BSRSI LICL}, ARERAAO:
BEE OBUCRGE & 11 G MBASAICHRIATE OL

BaytChS, BBsATHO LCR LRRoO—

PRAM SUS, BiknMRO—MSROAICS
WUD yFYIRRTS, POAOHMEICI2CORE

BOMBS, MO AICRRTETSRWice
BETS, ThA OANICIELESART.

PRYC, SAHLFAREERONBB ODLicSeba
U4 FESRS,

[0011]

(SEH) LAFICRRHADSABAS PRUti, 4B

FANE &BUSTADOBEPLEOTALA

ACE, AAAI, MROCYCHER

SAVCWSSEBREEHTCBE LCTST EDS

FIRE bOCd 0, AAA OMBZREAESTS DIC

De & BioBBRAT vy WiC OWCRAM

(4)

10

20

30

4. i, PNOMMIRREPicbSRREBO— —

BORBMDeRLEbLOCH SA, “HOOMILE
Rab OIC7FOCHS<BHP LTRLTHS

EITHERTDNk CHS,

[0012] Miteerqrsat, -VayrEBR1IOOL

(SREBETERSCA REDSANTWS, VV ay

FAR 1 ODLIC7— bBLS 1 2eNKTS, Fh

BUbDROLIORY SU aLBLASTS Ry

Uae 1 4is, BRAC, BAPAC BHR

BRK FY YVASOD—BEITS, HMAC

th. RYU YY a1 41315 OOAMDBAZALT

WS, RUYU ayB14Db-MS OOADERSICE

(EY UY AYR 1 6 SIRTS. KIC, Bbyyavk

ina RELA BBRLesaHELCHO. 6

40

SeRS26—-177237
6

TOROFHRTS, BIbYY aLYRH1 6, RY ya

VIB 14RUS'— BM1 2aFUSUCH

207K L. BAO ACL Y aLRBS 1 OeBES

4, 4DBORRRUSE vy FVTIEROSPOER

IES CUITMRDINSA, ERTL CHSD, ASEHA
tt, H—eELCMOS7WutArz, YAY oaebYst

“FE TCMOSPULA, RUEDEDR-F. N

FerRIVRUEP Fe YRILMOS RUB i CMOSE

WMEALTDEOORTYC b IBATBEDOC

HS. _MLIBREHCAL thHEO7T IF47H
ti, BRYCE) Yo 7 RACRIRORDICE

WULES SieVBAITIERISREBHS, ABH

th, TOLD REDORCTHECh 0 HOE

LDREOMORANC BRSHSBIMRCHSL
SANS,

[0013] M246MsoL, MoaAcbcH

ODMryFYTREANUS, FRB, FOR
NAACAe(EALTH2000AMSty FLYTREES

NS KRREYALB1 SERETS, XCRLEF¥

VRIVA bY TEAR YY aSRASLC, BE
Aly YaR—/- PRESHN eAbS LIC k YO BSH

STRESSES EDBAHECHS, TOFeVRIA

hy WHEAISL, BONORICA ROEPee

A. CAUDAL LUTHERS, BiROmyFL

FP OHEACTERE1SBAR 1 O ACWOMEBIC4 Ale

ATE LEI LOTHEDHAMBENS, LOW LH,

LITRUb bYFORRBOA +VIEAISt LCOREE

PIEAIT EO BRTSIL MATHECH SA,

[0014) BAAORWANEY ) = Yai 1 OA
BHbic ko CHULA2 ZERITS, (OBLoe

Ald, GRA, 3 ODRIOE9 OO COMECHTbi
4. PObIs, BO 2 ONDMIBEICBO CRU YY ay

H140—-RECBHLSHS, ERTMKALL CHA

OB. YU 3AYERR1 ORUPAO 2 ONOMEIIO TR

YvayroORebit, BbaLRl Oar IFAT

AIDISPHERBRBORMOLICVAZL UCASSKE
CHRIS,

[0015]

(2) Bibavid, PUY Y aLB1lADbk

HOBBYLEPikTS 7 DORE? TL LUCHAS.

RbAd7oR, BS BERRY LU ali 1 4 eS
SHEEIMO, 7280. G27 AYOChoi

MLHBL. HO. 7i FarChS, “OSM
matt, WHA, M4000ATHS, YIU aLRR

ERY LV AYBLALOMCEOS VItHs Ce
{LAF vy SOMMEPlo& ees— FE 7 ARR

Bo LOA— FEZ EPAROLo ceBEMO

FaRE Str, TOLLyy ay}BOR

(CLoCHRISBREBUY StAORAZ4
2 JOYOREHoreTANCESOeBBLCHEE 50 VERBhOYPR AOU —7 OREMSEZ DH

Page 78 of 262



  

   

 

 

                
           

                  
       

  

             
             

      

  

 
   

     
     

                
            

      

        
     

      
          

                  
                           
                  

                              
       

                
                   

           
    

          
       

        

         
                 
        

    
           

       
               

        
        

         
          

   
           

  
           

     
   

      
      

       

  

   

   
   

      
  

   

  
  

 

 

   
 

    

Page 79 of 262

LICHTSA,

[0016] M38eB8R6toe, Bb>-VYaym26h

BORD 2 ONCRE 2 4kA, HR 2 4

th, RAMI, AIREA RYaVHoA (SOG) OF

9 7TFEYLASCho, TAOLORE? 4D L*e
SOGELTHERT4.

(0017) M44BRt4L, SOGRZYFHRY
LTS O GRU 2 6 ETERL, HEo CEMUAIFIER Y

YarfQel4&cm—-MkChS, MONICSOGLBRR

TH ILICEY HEM ODHRANBORY SY a

YH IADRCHEERSBHIEAHSA KR
VWYC. SEY YU 3B 1 6OSRREL, BORVT Var

B14, BER? 2O-MRUSOGZ6DLGE

HEY UH R28 RIRTS. VU GH PB? Sie

DKSRCHS, (Mie OIE, FRNCHHEDS

RY YU aAYRRUS OGHESESANICMMRDA

CHE, KRUYC, RULY VayB14RUS Uo ER

2 8 eTERODRICE> TANI(blBote FY 7
LU— hBwxRtS,

(0018) 7—bBMeextSABEsKEM
ISHESESDRI. TERRLHe LSE LVAe

HHL CWS, LMOPaIvVAM, HHL 7 0VYOSHE

RAKADITALTHOS, Bib? 245062
CLEATSIERRAAREERSm Lik,

FRAYOSTEHEF LLU BT } EOD-S 4
HETSACREBOE) RESP

B (OLORFMRRMI —RBIRT TYRU

a-7 U RPARRASAES,

[0019] L@Lwdss, M5eBmrar, Kx
PHEMEERTSOE DAAECHS, HIROBHLEA

AORN. SHERI L LTTSAS ARMicdic 9

BLY UV AY ERRATA, RFSNSZKERYY aL

MECOR LYA MS (BER) Mevar eee

Do RRENSASBEYY AYOMDOFUMCTRET

SRY YY ayHO—-BOMEET DX LDSBRECH A,
PAI, RU YY ayfB14205bO500 ARK
L. 7— MEME1 2OEMICHBTSRV SU ay

RS 3 0 DIRSATSMAIASO LASHGET

HS. —H. PRETASHEY YU 3LROFICHES -

FCTORY VY AYLERETSZIEDABECHS, FR
{CHK 2 2eTRTSRRO, Bic. B20

AOMEECID> CIMETSRY YY aL3 OMe

(Ed 1]

 

  
NN SSN ANNAN

LEELAPSOSOSSY
 
  
 

qj

Page 79 of 262

(5)

10

20

30

40

RRPE6-177237
8

GUESS, FRY 32>O—SSRKANTOAD

C. BWSR YY aL 3 OMERA DBIELT
WK 3 2aSA.

[90020] L9KEROHEMICHWYORY YY ay
wRSUSI LI WAI EORYU LU al
30827 CAA—/N—MERETSAIER FA Veo

3aOPEREILSLUMBASZS ILA. rMret
1h, COKE EMISOFAAARESBM
(CSTE3 BEAR 2 2 RUS OG 26xATA RLY

FILLotRBEnNCTWSPoCHS, Bice, KOKX

72 SHERORAUCBRES BRU SV ait, BLSUC
SOGTHROFMHES RMLALA, M25 00 AMR

VLU AYORDBESS LOMMMZAIARL

LUr, tPyrare LURY YU AYE38 0eVss

MERATP Vr-yarv (RAD) (HiB*+5242
EMBAGETHS LVI LE CHA,

[0021] Lik, RADRAMSORICON

SEAMICRRAA L728, ASEAAIK, “HOAAPIITOARE

SAMORE DOC<, ARAORGREE SABES
BOER LICHA DEGASARECHS KX LISDCH
Do

(Edi>fi478]

[EG1] ASBRAO—SERBESTOSEA
eRISTSICKSRSRLS,
[B62] ABFA—SohalBESVOHRRS

eROETSRCBNSRRER LEee,
[E43] Age O—SeKEpIlCBSYCHSRS
eReSRCSRSL7H,
(44) ARRO—HPCBCSERE

&RETSBICSRRAR LL 7cTS,
(5) ABA OBOSHCOe
BeisSRCBUSRSRL
(FSORLA

10 YY aLeR

12 7— BEDE

14 RUSyayp

16 Bibyvy aye
20 BAN

22 BYLAREK

24 (ie

26 SOG

(2)

 



  

   

 
  

 

  

Page 80 of 262

(6) jeHHE6-177237

  

    

(1 3] (4)

29 Poca28
. a 4S CE) Rt

18 “EERE ey” "® 1a 10 12
4 Si iS 4 3 ~12 D 12 / 22

2

(215)

20 28
apapyaaa32

4 SSNaSs x
n

Page 80 of 262



         
         

   

           
     

             

   

        

    

       

   

       

    

       

        

  

     
         

         
     

Page 81 of 262

This Page is Inserted by IFW Indexing and Scanning
Operationsandis 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 includebutare not limited to the items checked:

| (J) BLACK BORDERS

CAMAGE CUT OFF AT TOP, BOTTOM OR SIDES

Lvanen TEXT OR DRAWING
BLURRED OR ILLEGIBLE TEXT OR DRAWING

LL) SKEWED/SLANTED IMAGES

LJ COLOR OR BLACK AND WHITE PHOTOGRAPHS

LL) GRAY SCALE DOCUMENTS

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

LL) OTHER:

IMAGESARE BEST AVAILABLE COPY.

As rescanning these documentswill not correct the image
problems checked, please do not report these problemsto
the IFW Image Problem Mailbox.

Page 81 of 262



  
 

    

     
        

               

    
  

     
     

      
     

      
 

         
       

        
     

         
        

        
        

         
        

          
           

         
             

         
        

         
         

       
     

  
     
       

 

        
      

   
      

  

   
      

  

      
   

     

Page 82 of 262

Searching PAJ

PATENT ABSTRACTS OF JAPAN

(11)Publication number: 07-153939

GBDate ¢offpublication¢ofFapplication:16.06.1995
(51)Int.Cl. HOIL 29/78

HOIL 21/336

(21)Application number : 05-297844 (71)ApplicantOKI ELECTRIC IND CO LTD
(22)Date offiling : 29.11.1993 (72)Inventor : WAKAMATSU HIDETOSHI
(64) SEMICONDUCTOR ELEMENT AND MANUFACTURE THEREOF
(57)Abstract:

PURPOSE:Toinhibit 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 xKxXKXKKM
containing a surface—active agent. The ions of impurities 85 4
(As, P, etc.) are implanted under oblique ion implanting ;
conditions in the large inclination of approximately 45°
in the does of approximately 2 * 1013ions/cm2 for
forming the N layers 5a, 5b of an LDD type source-drain
layers for inhibiting a hot carrier effect. Accordingly, the
N layers 5a, 5b are formedin a shape that the N layers
5a, 5b are overlapped under the gate electrode 4.
Junction depth is shallowed sufficiently in an ion
implanting dose for forming source—drain, and the dose is
controlled within a range that driving force is not
lowered, thus suppressing a sufficient short channel
effect in a fine MOSFET.
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This Page is Inserted by IFW Indexing and Scanning
Operations andis not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representationsof the original
documents submitted by the applicant.

Defects in the imagesinclude but are not limited to the items checked:

L) BLACK BORDERS

IMAGECUT OFF AT TOP, BOTTOM ORSIDES

sven TEXT OR DRAWING
C) BLURRED OR ILLEGIBLE TEXT OR DRAWING

CL) SKEWED/SLANTED IMAGES

CL} COLOR OR BLACK AND WHITE PHOTOGRAPHS

C) GRAY SCALE DOCUMENTS

Aunts OR MARKS ON ORIGINAL DOCUMENT
a REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

C) 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 OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

 
NOTICE OF ALLOWANCEANDFEE(S) DUE

McDermott Will & Emery LLP POTTER, ROY KARL
600 13th SweetNW,

Washington, DC 20005-3096 782?
DATE MAILED: 03/10/2006

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

10/995,283 11/24/2004 71971-012 5361
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

Mizuki Segawa

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

NOnonprovisional $1400 $300 $1700 06/12/2006

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

PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT A GRANTOF 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 MPEP1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTSA CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVENIF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I, Review the SMALL ENTITYstatus shown above.

If the SMALL ENTITYis shown as YES,verify your current
SMALLENTITYstatus:

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

B.If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATIONFEE(if required)
and twice the amount of the ISSUE FEE shown above,or

If the SMALL ENTITYis shown as NO:

A. Pay TOTAL FEE(S) DUE shownabove, or

B.If applicant claimed SMALL ENTITYstatus before, or is now
claiming SMALL ENTITYstatus, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATIONFEE(if required) and 1/2
the ISSUE FEE shown above.

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

_ completed and retumed. If you are charging the fee(s) to your deposit account, séction "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees. 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 sendthis form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissionerfor Patents

‘ P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885aS

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

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block 1 for any change ofaddress) Note: A Certificate OF mailin: can only be used for domestic mai ings oF the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.

 

7590 03/10/2006
. Certificate of Mailing or Transmission

McDermott Will & Emery LLP Ihereb certify that thisFeels) Transmittal is being depositedwith the Unitedtates Postal Service with sufficient postage for first class mail in an envelo
600 13th Street, N.W. addressed to the Mail Sto ISSUEFE address above, or bein facsimile
Washington, DC 20005-3096 transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor’s name)

(Signature)

(Date)

10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

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

NOnonprovisional $1400 $300 $1700 06/12/2006

POTTER, ROY KARL 2822 257-288000

 
 
 
 

  

  2. Forprinting on the patentfront page,list

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

(2) the nameofa single firm (having as amembera 2.
registered attorney or agent) and the namesofup to
2 registered patent attorneys or agents. Ifnonameis 3
listed, no namewill be printed.

1. Ch
CFR

C) Change ofcorrespondence address (or Change ofCorrespondence
Address form PTO/SB/122)attached.

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

aecorrespondence addressorindication of "Fee Address" (37

  

3. ASSIGNEE NAME ANDRESIDENCEDATATO BE PRINTED ON THE PATENT (printor type)

PLEASE NOTE:Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the documenthas been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOTa substitute for filing an assignment.

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : O individuat O Corporation orother private group entity OC) Government 

4a. The following fee(s) are enclosed: 4b. PaymentofFee(s):
C) Issue Fee CU A check in the amountofthe fee(s) is enclosed.
C) Publication Fee (No small entity discount permitted) O Paymentby credit card. Form PTO-2038is attached.
C) Advance Order - # of Copies C) The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to

OT Deposit Account Number (enclose an extra copy of this form). 

5. Change in Entity Status (from status indicated above)
Oa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ob. Applicantis no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

The Director of the USPTOis requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.NOTE:TheIssue Fee and Publication Fee (if required) will not be accepted from anyoneotherthan the applicant; a registered attomeyor agent; or the assignee or otherparty in
interest as shown by the records of the United States Patent and Trademark Office.

 

 

Authorized Signature __. . ee . . Date

Typed or printed name , Registration No. 

This collection of information is required by 37 CFR_1.311. The informationis required to obtain or retain a benefit by the public whichis to file (and by the USPTOto processan application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, an
submitting the completed application form to the USPTO. Timewill vary depending upon the individual case. Any comments on the amountoftime you require to completethis form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department ofCommerce, P.O.Box 1450, Alexan d avi iniaG2313-1 50. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450,exandra, Virginia - .

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

P.O. Bax 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO.

 
10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361

McDermott Will & Emery LLP POTTER, ROY KARL
00 13th Steet, N.W,

Washington, DC 20005-3096 7822
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 Adjustmentwill be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustmentis 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) WEBsite (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. Questionsrelating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 01/06) Approved for use through 04/30/2007.
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Application No. Applicant(s)

 10/995,283 SEGAWAETAL.
Notice ofAllowability Examiner Art Unit

RoyK. Potter 2822

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDin this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communicationwill be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANTOF PATENTRIGHTS.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. KX] This communication is responsive to Applicant's response of 12/21/05.

2. [X] Theallowedclaim(s)is/are 39-52.

3. EX) Acknowledgmentis made ofa claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a) All b)()Some* c)()None_ of the:

1. C1 Certified copies of the priority documents have been received.

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

3. C0 Copies of the certified copies of the priority documents have beenreceivedin this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROMTHE “MAILING DATE”of this communication tofile a reply complying with the requirements
noted below. Failure to timely complywill result in ABANDONMENTofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [J A SUBSTITUTE OATH OR DECLARATION mustbe submitted. Note the attached EXAMINER'S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. (.] CORRECTED DRAWINGS( as “replacement sheets”) must be submitted.
(a) (0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948)attached

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

(b) C0 including changes required by the attached Examiner's Amendment / Commentorin the Office action of
Paper No./Mail Date_ st.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawingsin 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. LJ DEPOSIT OF and/or INFORMATIONaboutthe deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 

 

Attachment(s)
1.0 Notice of References Cited (PTO-892) 5. DI Notice of Informal Patent Application (PTO-152)

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

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

4. Examiner's Comment Regarding Requirement for Deposit 8. 1 Examiner's Statement of Regspns for Allowance
of Biological Material

9. 1 Other .

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./Mail Date 20060306
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. ey wt SHEET ae OF JI

{ INFORMATION DISCLOSURE aDockET NO. SERIALNO.
‘ I ION IN AN ° ,\ CITATIO
i APPLICATION

APPLICANT

Mizuki SEGAWA,etal.

PTO-1449 FILING DATE( ) November24, 2004|2812
U.S. PATENT DOCUMENTS

EXAMINER'S CITE Occument Number Publication Date Name of Patentee or Applicant of Cited Pages. Columns. Lines, Where
INITIALS NO. Number-Kind Codea izanm=n) MM-DD-YYYY Document Relevant Passages or RelevantFigures Appear

|ytSC«dTSTRearesorieee[BarteretalTTC“‘“CSSCOC*C#*”
|ZALST804201YPoweansesTCKenneyeta
PS
PS
PS
PS
PS
pS
pS
Po
PS
pS
pS
PSFOREIGN PATENT DOCUMENTS i

EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Transiation |
INITIALS CITE Country Codes-Number «-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant i

NO. Codes (if known) Figures Appear Yes No }

erars208Re|aaron[~wororotane

pt
po
PF
po i q

1 c fagr hte ets SotromPagenae a ul 
    
  

——_————es

i MOLETTERS). fia firie mines sogrannste! ¢ med ii
t CHE . €ic.), Gate, pege(s), volume-issuc number(s) nubtsher, i u

NO. || - -: ..
| | |

2 DATE CONSIDERED_£=KAe___|_# pile  

*EXAMINERUhitalif reference considered, whetheror not citation is in conformance with MPEP 609. Oraw line throughcitation if not in conformance and not considered.
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UNITED STATES PATENT AND TRADEMARK OFFICE 
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSPO.Box 14!

Alexandria, Virginia 22313-1450OV
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FILING DATE
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SERIAL NUMBER 11/24/2004 GROUP ART UNIT DOCKET NO.

10/995,283 2822 71971-012
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APPLICANTS

Mizuki Segawa, Osaka, JAPAN;
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Takashi Uehara, Osaka, JAPAN;
Kyoji Yamashita, Osaka, JAPAN;
Takaaki Ukeda, Osaka, JAPAN;
Masatoshi Arai, Osaka, JAPAN;
Takayuki Yamada, Osaka, JAPAN;
Michikazu Matsumoto, Osaka, JAPAN;
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This application is a DIV of 10/454,682 06/05/2003 PAT 6,967,409
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gy
Docket No.: 71971-012 PATENT 

ES PATENT AND TRADEMARK OFFICEIN THE UNITED

In re Application of : Customer Number: 20277

Mizuki SEGAWA,etal. : 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 UNDER37 C.F.R. § 1.11

Mail Stop Amendment
Honorable Commissionerfor Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:

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

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

of the pending rejections for the reasonsset forth below.
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Py

10/995,283

REMARKS

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

rejections must be withdrawn becausethecited 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 claimspriority to USP No. 6,281,562 (application Ser.

No. 08/685,726), which has a filing date of July 24, 1996. Chang hasan 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 doesnotconstitute valid prior art relative to the instant

applicaton. Asa result, the pending rejection must be withdraw.

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

all claimsare 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 Examineris requestedto 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 extensionof time fees, to Deposit Account 500417 andplease credit any excess fees to

such deposit account.

Respectfully submitted,

McDERMOTYWILL & EMERY LLP 

 
 

marly

Registratipti Ng. 36,139

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

Date: December 21, 2005
WDC99 1173131-1.071971.0012
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UNITED STATES PATENT AND TRADEMARK OFFICE Sa -UNITED STATES DEPARTMENT OF COMME
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 1450

Alexandris, Virginia 22313-1450WWw.USpto.gov

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

 
10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361

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

DATE MAILED:10/05/2005

Pleasefind below and/orattached an Office communication concerningthis application or proceeding.

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)

10/995,283 SEGAWAETAL.

Office Action Summary Examiner Art Unit

Roy K.Potter 2822 po
-- The MAILING DATE ofthis communication appears on the cover sheet with the correspondence address--

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVERIS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timelyfiled

after SIX (6) MONTHSfrom the mailing date of this communication.
If NO periodfor reply is specified above, the maximum statutory period will apply andwill expire SIX (6) MONTHSfrom 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).
Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s)filed on
- 2a)L] This action is FINAL. 2b)IX] This action is non-final.

3)C Sincethis application is in condition for allowance exceptfor formal matters, prosecution as to the merits is
closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

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

4a) Of the above claim(s) is/are withdrawn from consideration.

5)L] Claim(s) is/are allowed.
6)X] Claim(s) 39 and 43is/are rejected.

)

)

7)X] Claim(s) 40-42 and 44-52 is/are objected to.
)8)L] Claim(s) are subjectto restriction and/or election requirement.

Application Papers

9)C] Thespecification is objected to by the Examiner.
10)L The drawing(s) filed on is/are: a)(_] accepted or b)(] objected to by the Examiner.

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

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

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

Priority under 35 U.S.C. § 119

12)7 Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)DJAll b)L) Some * c)] Noneof:

1.1] Certified copies of the priority documents have been received.

2.1] Certified copies of the priority documents have been received in Application No.
3.1. Copiesofthe certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action foralist of the certified copies not received.

Attachment(s)

1) hd Notice of References Cited (PTO-892) 4) Oo Interview Summary (PTO-413)
2) _] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ____.
3) DX] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) (] Notice of informal Patent Application (PTO-152)

Paper No(s)/Mail Date . 6) CF other:

 
U.S. Patent and Trademark Office J

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 Page 2
Art Unit: 2822

DETAILED ACTION

Claims 39 — 52 are pending. Theseclaimsare directed to a semiconductor

device

Claim Rejections - 35 USC § 102

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

form the basis for the rejections underthis section madein this Office action:

A personshall be entitled to a patent unless —

(b) the invention was patented or describedin a printed publication in this or a foreign country or in public
use or on sale in this country, more than one yearprior 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

Changet al.. |

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

polysilicon FET gate electrode structures. As shownin Figure 7, a gate insulating film
14 is formed over an active area. A gate electrode 16 is formed overthe gate insulating

film. L-shaped sidewalls 24 are formed overthe 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 anyintervening 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.

Theprior art does not disclose a secondsilicide layer on the gate oxide.

Conclusion

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to Roy K. Potter whose telephone numberis 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 obtainedfrom 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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 APPLICANT
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(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 elec-
trode (18). Thesilicon nitride layer is etched in a plasma
etch system using CF,, Oo, and argon gases.In other
applications of the present invention, the etch method is
used to remove an ONOdielectric stack and to remove

a silicon nitride etch stop layer selectively to both active
regions andisolation regions to form contacts or local
interconnects across these regions.
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Description

Fie'd of the Invention

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

Background of the Invention

Silicon nitride is used in semiconductor devicesfor

a variety of reasons, including use as etch stop layers,
masking layers, sidewall spacers, gate dielectrics, and
the like. Becausesilicon nitride is used so heavily in the
manufacture of semiconductor devices, a variety of etch
chemistries are necessary in order to removethe silicon
nitride from selective areas of the device. in removing
silicon nitride, it is often necessary to etch the silicon
nitride away without damaging oretching 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 ary etch which is used to
etch silicon nitride selectively to silicon dioxide uses SF¢.
As another example, a chemistry of CHF3 and Ovis 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 etchsilicon 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 advancein thefield of semiconduc-

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

Ber 
 

A Daceraton of tee Drawings

Fics. 1-2 are cross-secuuriai ilustrations ot a por-
tion of a semiconductordevice wherein sidewall spacers
are formed in accordance witn the present invention.

FiGs. 4-6 are cross-sectional!illustrations of a por-
tion of a semiconductor device wherein the present
invention is used for the manufacture of a device which

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

FiGs. 7-9 are cross-sectional 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
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system ard is anisotrcpic in nature. The selectivity and
anisotrepic nature of the etchis achieved through the use
of CF, and O2 gases with the add'tion of ar inert gas,
such as argon. While CF, Oz ard argon may be known
individually for use in etching materials in semiconductor
manutacturing, 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 coutd
the gases in combination be used to etchsilicon 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 etchedis located. As an example,
a magnetron etcher, such as Applied Materials’
AMTSOO0, is a suitable etch system for practicing the
present invention. Specific process parameters may vary
depending on the type of plasmaetch 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
chamberis held to between 50-300 mTorr, while the RF

poweris held between 100-300 Watts. A CF, gasis intro-
duced into the etch chamberat a rate of 2-8 standard

cubic centimeters per minute (sccm). Theflow 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 exarnple, 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 PECVDsilicon nitride film selec-
tively tc polysiicon ranaes from 2.3:1 te 1777, with 24 cut
Ot 28 COMDINANSAS Guinevinu @ LOcriviTy Greater than
ni¢ Gt

Within the above process palamieier ranges, the
mechanism for etching silicon nitride in accordance with
the invention involves both a chemical aspect and a
physica! bombardment er sputtering component, as
opposed to being purely chemical mechanism. Thus, the
etch may be classified as a reactive ion etch (RIE). The
physical etch mechanism can be attributed to the facts
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 chamberis relatively high (about
200 Volts).

While various combinations within the process
parameter ranges provided above can successtully be
used to etchsilicon nitride selectively to both silicon diox-
ide and silicon, more preferred proccess parameter
ranges are asfollows: etch chamber pressure of 150-300
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mtorr; RF Power between 100-300 Watts; CF, flow rate

of 2-8 sccm; Od flows of 20-35 sccm, ard inert (argon)
ficw rate of 40-140 sccm. Sevectivity of silicon n'tride to
oxide within the preferred process parameterrangesis
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; RF power equal to
200 Watts; CF, flow rate equal to 3 sccm; Opflow 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 washeld to 30 gauss; however,
it iS anticipated that an increase or decrease in the mag-
netic field 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 dueto a lower concentration of pol-
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 oxygenflow rate is increased within the
range specified above (without varying any other proc-
ess parameters). Varying only the RF Powerwithin 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. !tncreasing the CF, flow rate without var-
ying other process parameters tends to decrease the

selectivity to both oxide and polysilicon. Increasing thewiesssoro
 fiow rata of arcon im Cerressos 644 esisct

pom ovine aang Peroles. wy1OOn! AGwavee u lod tate oF macresse
is jess drastic than the trend cbhserved with the Cr, low

taie. Finally, increasing the pressure through the range
specified above tendsto increase the selectivity of etch-
ing silicon nitride to both oxide and polysilicon. How
selectivities are aflectea 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
whentheflow rate of O2is at least three , and preferably
at least four, times as great as the flow rate of CF4, and
whenthe inert (argon) gasflow rate is at least fifteen,
and proferably 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.
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These applications, and advantages, of the present
inventicn will be more c'early understocd from the fo‘low-
ing detailed description taken in conjunction with the
accompanying drawings. FIGs. 1-9 illustrate three exam-
pies of applications for use of the present invention in
semiconductor marufacturing; however, other applica-
tions no doubt exist. it is important to point out that the
itlustrations may not necessarily be drawn to scale and
that there may be other embodiments of the presenti
invention which are not specifically illustrated. Through-
out the various views, like reference numerals are used

to designate identical or corresponding parts.

FIGs. 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 formedbydif-
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
thicknessof 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 19 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 maskinglayerina self-aliqned silicide process.
Silicide is often formed on polysilicon members and
doped regions toimprovethe conductivity between these
members and other conductive members within the

“ Seirraha Sicide arocess

3 protject inose regions of the
device which are netic be silicided, aii witerein tne sil-

icidation process can occur without a separate lithogra-
phystep(ie. the silicidation is self-aligned).

To achieve the sel/-aligned silicidation process in
device 10 in accordance with the presentinvention, a
resist mask 22, for example a photoresist mask, is
formed over ihe device asillustrated 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 accordancewith theinvention. 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 wereprotected by resist mask 22 remain
intact. Notice that as a result of the etch, gate oxide layer

Mevire coon se contasis

involves using @ mask t
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1Gis not attacxed, since the etch chemistry used to etch

siicon nitride in accordance with the present inventicn is
se.ective to siicon dioxide.It is desirable to not remove

gate oxide layer 16 in order to avoid damagingthe under-
lying substrate when removingthesilicon nitride layer by
a plasmaetch, even though the oxide layer may subse-
quently be removed.

In prior art methods which have attempted to
achieve similar results, aproblem knownassilicon pitting
has arisen. Silicon pitting results from attempting to etch
a silicon nitride layer selectively to a thin silicon dioxide
layer. Prior art chemistries havethe ability to etch silicon
nitride selectively to silicon dioxide. An example is the
use of SFg. But many of these chemistries are not selec-
tive to silicon, such that if the underlying silicon dioxide

layer may be damagedor mayinclude defects, 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 overcomesthe
problem ofsilicon and polysilicon pitting because evenif
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 andsilicon
suchthat 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, asillustrated in FIG. 3. The exposed por-
tions of doped regions 14, and any exposed polysilicon,
undergo a conventionalsilicidation 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-FE Pen br wee mR mt Ne Cee reBrews CreaFe Trae eee mas NUS 

iealoe ciicida regions 2C formaa willis Dud: uoped
regions 714 ariu pouiysilicon gate electrode 18 in accord.
ancewith this embodiment of the present invention.

Another embodiment of the present invention
invoives the use of ONO (oxide-nitride-oxide) dictectric
stacks in a sem:conductor device. ONO stacks are

sometimes used as gate dielectrics between a floating
gate and a control gate of a nonvolatite memory device.
An example of this application is illustrated in FiGs. 4-6,
whichillustrate 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. Asillustrated in

FIG. 4, a thin gate oxide layer 50 (about 85A) is grown
over both the memory and logic portions of the substrate.
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Then, a polysticon floating gate elecircde is farmed over
the gate oxide layer within mernory portion 46. Next, an
ONO dielectric stack having a bottom silicon dioxide
layer 54, a silicon nitride layer S6, ard a top s'licon diox-
ide layer 58 is formed. Bottom silicon dioxide layer 54 is
thermally grown by oxidation of silicon and/or polysilicon
toa thickness of about 220A over polysilicon fleating gate
electrode 52. Due to the presenceof gate oxide layer SO
elsewhere in device 40, additional oxidation of these

areas will be muchless; 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 acrossthe entire device,as illus-
trated in FIG. 4. Topsilicon dioxide layer 58 is formed by
oxidizing the silicon nitride layer ta 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 usedin 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 of the ONO
(or ON)stack in the logic portion are removed by etching.
Aproblem in removing the ONO (or ON)is the possibility
of damaging the underlying substrate. For instance, in
reference to FIG. 4, in removingsilicon nitride layer 56
over logic portion 44, one could use a dry etch whichis
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 damageor 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
simuttaneousiv removed over fogic portion 44; however
TUS TON We eae ty cunse Ueeo OF GAMANeS to tne cub.

eSvite tne scieciivity fo silicon since the Cich isa
dry ctch. A known method iv uvercome this proplem 1s
to form a thicker sacrificial oxide layer (e.g. 400A) in the
logic portion of the device than in the memory device so
thatintemoving the ONO (or ON)in the togic areas using
a plasma etcn selective to silicon, there is a much
reduced chance of punching throughthe thicker sacrifi-
cial oxide layer and damaging the silicon. Instead, the
plasma etch is terminated about halfway through the
sacrificial oxide layer, anc a wet eich is used to etch the
remaining half of the sacrificia! oxide layer without dam-
aging thesilicon. 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 prcbiem involves

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

2%
vont

Sats &a
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Wh the present invention, the add'tional steps dis-
cussed above are not necessary. As ilustrated in FIG. 4,
a thin gate oxide layer 50 of uniform thickness can be
formed over both Iegic and memory perticns of the
device. In accordance with the present invention, top
ox:de layer 58 and silicon nitride layer S6 are removed
from unmasked portions of the device 40 overlogic 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) sothat the etch will
remove the layer. However, the etch is selective enough
so thatsilicon nitride layer 56 can be removed selectively
to gate oxide layer 50, asillustrated in FIG. 5. Further-
more, since the etch is also selective to silicon, there is

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

FIG.6 illustrates how processing of device 40 may
proceed atter 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 byfirst
stripping gate oxide layer 50 from abovelogic portion 44
using a conventional wet etch, and growing a new gate
oxide layer 62. A secondpolysilicon layer is then depos-
ited and patterned to form a gate electrade 64 within logic
portion 44 anda controlgate electrode 66 overlyingfloat-
ing gate electrode 52 within memory portion 46. The
ONOdielectric stack separatesfloating gate electrode
52 from control gate electrode for enhanced chargestor-
age capability.

Another application in which the present invention is
useful is in the formation of local interconnects in semi-
conductor devices. FiGs. 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. Asillustrated in FIG. 7, device 70 includes a

semiconductor substrate 72 having an active recion 74
ANG an ORTON recion 7H. isolaton reqon 76 1 profer-
ably a trench isolation region formed of silicon diovide in
accordance witn conventional trench tsolation methods,
althoughit may instead be formed as a conventional field

oxide. Active region 74 includes an N-well 78 having a
P+ doped region 60 fo: med inerein. Aiternatively, an N+
doped region maybe formed in a P-well in active region
74. Doped region 80 mayalso include a silicide region
82, for example, a titanium silicide layer, over the doped
region.

Formed averisolation region 76 is a polysilicon line
84. Elsewherein 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
ihe device, in which case the polysilicon line may be
routed acrossisolation regions. Often,it is desirable to
electrically connect the routed polysilicon line to a portion
of the active region. One method of achieving this con-
nection is through use of a local interconnect. A known
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method for forming a !ecal interconnect in this situation
invo-ves depositingadielectric !ayer, such as PSG (phos-
pho-silicate glass) cr BPSG (bcron-doped phospho-sili-
cate glass), over the device ard etchirg a hole in the
dielectric layer which exposes both the polysilicon line
ard portionsof the active region to be connected. A prob-
lem in accomplishingthis etchis thatit is difficult to etch
PSG or BPSGselectively to underlying isolation region
76 since both may be comprisedof silicon dioxide. As a
result, in removing the dielectric layer,it is likely that iso-
lation region 76 wou'd be overetched or recessed,
thereby causing leakage problemsin any devices formed
within the active region.

The present invention overcomes such leakage
problems by employing an etch whichis 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 overisolation 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. Alayerof silicon nitride is then depos-
ited over device 70, including over active region 74, iso-
lation region 76, and polysilicon line 84. In a preterred
embodimentof 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 oversil-
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 $0 such that an opening 94 in the resist mask
defines the appropriate area where a local interconnect
is tobe formed. Once a patterned resist maskis 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 methodsin the industry to
etch silicon dioxide or similar materia! selectively to sili-aan pitta « iaew 7p :
CoM MeoE + san QRS. ana  Svamnls me Oo Steinar. 5

a@rgocn. Asa result of this eich sieleatie aye SD wiinin
opening 94 is removed, however, silicon nitride layer 63
remains intact within opening 94. At this point, exposed
portions ofsilicon nitride layer 88 within epening 94 are
etched by the inventive etch process described aboveto
expose doped region 80 and polysilicon tine 84 (or sili-
cide regions 82 if present), asillustrated in FIG. 8. The
silicon nitride layer is etched in accordance with the
present invention in an anisotropic manner and suchthat
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
etchis anisotropic, residual sidewall spacers 96 ofsilicon
nitride may be formed adjacent to sides of polysilicon line
&4 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
eitherthe 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.
Oncethe active region and polysilicon memberoverlying
the isolation region are exposed, asillustrated in FIG. 8,
a glue layer 97 if formed along the sidewalls and bottom
of opening 94. Glue layer97, 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 of 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 of titanium 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 maierial could instead be
used to simply make a contact to the active region. For
example, opening 94 may be patterned only overactive
region 74 and a portion of isolation region 76, without
encompassing another conductive member, such as
polysilicon line 84.

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

ing silicon nitride using CF,, Oz, and an inert gas, such
as argon, etchessilicon nitride anisotropically, while at
the same time etches selectively to underlying silicon
dioxide and silicon materials. As previously described,
such an etching method is useful in a variety of applica-
tions in manufacturing semiconductordevices,including
forming silicon nitride sidewall spacers overlying a thin
oxide layer, removing an ONOdielectric stack over a thin
oxide to avoid damageto the underlying substrate, and

forming a loca} interconnect or a contact between ¢an> rasion ard conc: ro mambcroy.
actve racion ar & SCOnNaucnve 7 oe   
beettrees aece eatroyry fencer VWabiaitay one oFmoce trae eoocifiinAe ~~ 1 

Anolications have been iustratec and described herain,
It 1S 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 tne many applications of using the present inven-
tion, a further advantageis 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 metnod in
accordance with the present inventioninto a manuiac-

turing process has an advantage of eliminating many
existing process steps which are othenvise required to
overcomeproblemsthat prior art methods have relating
to poor selectivity and the isotropic nature of these mein-
ods whenetchingsilicon nitride.

Thus,it is apparent that there has been providedin
accordance with the invention a method for etching sili-
connitride that fully meets the need and advantagesset
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forth above. Although the invention has been described
and illustrated with reference to speci#ic embodiments
thereof,it is nat intended that the invention belimited 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 inventionis suitable for etching
any type of silicon nitride material, including silicon
nitride layers which are deposited using standard chem-
ical vapor deposition (CVD) or plasma-enhanced cnem-
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 notlimited to, single crystal silicon, polysil-
icon, amorphoussilicon, 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
argonis a preferred inert gas for use in accordance with
the present invention that other inert gases such asnitro-
gen, helium, xenon,or the like may be suitable alterna-
tive. Therefore it is intended that this invention

encompassall such variations and modifications asfall
with the scope of the appended claims.

Claims

1. 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, amorphoussilicon, 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
pertormed using a plasma etch system and using a
an ae na “~~ ~ taninert ~~wes, GEG TI se Ges ETB ants oes

Hriconichig.

tor device, comprising the stepsof:
providing a semiconductor substrate com-

prised of silicon:
forming a polysilicon member over the semi-

conductorsubstrate, the polysilicon member having
a sidewall:

forming a fayerof silicon nitride over the sem-
iconducter substrate and the polysilicon member
such that the layerof silicon nitride is present along
the sidewall of the polysilicon member; and

anisotropically etching the layer of silicon
nitride without etching the semiconductor substrate
io form a sidewall spacer adjacentine sidewall of the
polysilicon member;

wherein the step of anisotropically etching is
performed using a plasma etch system and a CF,
gas, an O2 gas,andaninert gas.

2, Armethodoaft etching siliconnitricio in a so
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The method of claim 2 further comprising the step
of forming an ox'de layer over the semicorductor
substrate, and wherein the slep of forming a polysil-
icon member comprises forming a polysilicon mem-
ber on the oxide layer, wherein the step of forming a
layer of silicon nitride comprises forming a layer of
silicon nitride on the oxide layer, and wherein the
step of anisotropically etching comprises anisotrop-
ically etching the layerof silicon nitride selectively to
the oxide layer.

Amethod of etchingsilicon 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
anda 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 maskto cre-
ate a masked portion and an unmasked portion of
the dielectric stack; and

removing the dielectric stack in
unmaskedportion 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 CF, gas, an O2 gas, and an inert gas.

the

The method of claim 4 further comprising the step
of forming a gate oxide layer over the semiconductor
substrate, and wherein the step of forming a dielec-
tric stack comprises forming the silicon nitride tayer
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.

 + substr having
an active region and an isolation region abutting the
active region;

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

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

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

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

wherein the step of anisotropically etching
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comprises plasmaetchingthelayerof silicon nitride
using a CF, gas, an O2 gas, ard an inert gas.

The method of claims 1, 2, 4, or 6 wherein the step
of 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 plasmais generated in the etch chamber.

The method of 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
of anisotropically etching is performedwith a resist
mask in place.
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(54) Methodfor etching silicon nitride
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anisotropically etched selectively to both silicon dioxide,
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example, silicon substrate (12) and polysilicon gate
electrode (18). The silicon nitride layer is etched in a
plasma etch system using CF4, Oo, and argon gases.In
other applications of the present invention, the etch
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SEMICONDUCTOR DEVICE AND

METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device

5 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

10 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

15 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

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

eccurs 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.

25 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,

5 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

10 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

15 _ layer 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

20 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

25 polysilicon electrode working as a gate electrode, a reference
numeral: 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

5 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

10 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,

15 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 14 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

20 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

25 connection hole and the isolation is designated as an alignment
margin)-

i
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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

5 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

10 Ja, that is, O.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

15 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 um.

Accordingly, as the gate length and the connection hole

diameter are more refined, the proportion of the alignment

20 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

25 procedures adopted in such a case will now be described by

exemplifying an n-channel MOSFET referring to Figures 18(a)4

-4-
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through 18(c).

First, as is shown in Figure 18(a), after forming an
isolation 2b having the trench structure ina Silicon substrate

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

5 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

10 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

15 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

20 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

25 film 12 and within the connection hole 14. The polysilicon
film is tthen 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

5 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

10 etching of the insulating film 12, although the high-

concentration source/drain region g 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

15 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

20 the impurity in the high-concentration source/drain region 8 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

25 . 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

5 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
10 interconnection buried in the connection hole and the gate

electrode.

As described above, it is necessary to provide the

connection hole 14 with margins for preventing the interference

with other elements around the connection hole, which’ has

15 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 manufactured, 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

20 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

25 107a, and electrode sidewalls 108a on both side surfaces of the

gate electrode 107a are formed. Also in the active area, a
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low-concentration source/drain region 106a and aé high-
concentration source/drain region 106b 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

5 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

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

interconnection 107b is provided with interconnection sidewalls

10 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 109b and a source/drain electrode

109c each made of silicide are respectively formed.

15 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

20 111 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

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

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

5 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
10 region 115.

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 £ilm 117 is
‘exposed. Through this procedure, a trench isolation 105a made

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

the isolation region Reiso.

Next, as is shown in 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

20 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,

25 thereby selectively removing the polysilicon film 107 and the

gate oxide film 103. Thus, a gate electrode 107a of the MOSFET
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in the transistor region Refet and a gate interconnection 107b

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

5 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

10 108 is anisotropically dry-etched, thereby forming electrode

Sidewalls 108a and interconnection sidewalls 108b 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

15 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 high-

concentration source/drain region 106b. Then, after a Ti film
20 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 @irectly in contact

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

gate interconnection 109b and a source/drain electrode 109c

25 made of silicide are formed.

The.procedures to be conducted thereafter are omitted, but’
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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 lll, and the metallic

5 interconnection 112 is connected with the  source/drain

electrode 109c through the contact member 113 including a.wW

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

10 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

15 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 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 108b. At this point, over-etch is required. Through

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

some depth.

25 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 21l(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

5 region 106b. 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

10 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 21(b), in the case

where the Ti film or the like is deposited on the high-
15 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

20 | Source/drain electrode 109c made of silicide and the channel

stop region 115.

SUMMARY OF THE INVENTION

The object of the present invention is improving the

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

25 because the edge of the isolation is trenched in etching for
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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

5 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

10 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

15 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

20 -all 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

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

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

5 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

10 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.

15 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
20 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

25 is low in the active area.

The isolation is preferably a trench isolation made of an+
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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

5 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
10 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

15 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
20 ‘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

25 provide the separate holes with alignment margins from the
boundary. between the active area and the isolation.
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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

5 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

10 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

15 Scarcely generated in patterning the interconnection members,
and an upper interconnection is prevented from being
disconnected and increasing in its resistance. |

The semiconductor device can further comprise a gate
protection film formed on the gate electrode, and at least a

20 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

25 formation of the holes. However, the gate electrode is
protected by the gate protection film, and hence, electrical
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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

5 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,

10 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 thisinvention in which

15 a semiconductor element is disposed in each of pliural 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

20 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

25 the trench isolation can prevent the impurity ions from being
implanted below the edge of the isolation. Furthermore, also
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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
5 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

10 preferably made of an insulating material.

Also in the second semiconductordevice, 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

15 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

20 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.

25 The first method of manufacturing a semiconductor device

in which a semiconductor element is disposed in each of plural

-~18-
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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
5 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

10 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

15 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

20 provided for preventing the exposing area of the masking member
from including a portion above the isolation when mask shift is

causedin 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

25 surface of the isolation is etched to be lower than the surface.

of the active area, the depth of the holes formed in the
4
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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

5 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

10 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 / ER1) s b+ Dx (2 / 10)

wherein “a” indicates a thickness of the insulating film, “b”

15 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-

20 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

25 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.

5 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 stepof
forming a gate electrode by patterning the conducive film, and

10 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

15 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:
20 OE x a x (ER3 / ER1) <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”
25 indicates an over-etch ratio of the insulating film.

When this method is adopted, while the area of the active
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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. |

5 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.

10 Alternatively, in the fourth step, the masking member can

be 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.

15 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

20 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

25 underlying insulating film on a semiconductor substrate; -a

second step of depositing an etching ‘stopper film on the
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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;

5. 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

10 etching, at least the etching stopper film and the underlying

insulating film, so as to exposea ‘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

15 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

20 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

25 formed between the semiconductor substrate in the transistor

region and the trench isolation after completing the fifth
* i
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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

5 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

10 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
15 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

20 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

25 depositing a first conductive film to be formed into a gate
electrode on the gate insulating film; a third step of forming
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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

5 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

10 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

15 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 astep sidewall on side

surfaces of the gate electrode and the step portion,

respectively; and an eighth step of introducing an impurity
20 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

25 device can be attained. In addition, in the patterning process
for the gate electrode, the top surface of the substrate is
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10

15

20

completely flat, and hence, the patterning accuracy for the

gate electrode can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures l(a) through 1(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 53

* 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
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10

15

20

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 10(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 1l(a) through 11(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 13(e) are sectional views for

showing manufacturing procedures for the semiconductor device

of Embodiment 8;

Figures 14(a) through 14(e) are sectional views for

showing manufacturing Procedures for a semiconductor device of

Embodiment 9;

Figures 15(a) through 15(f) are sectional views for

showing manufacturing procedures for a semiconductor device of
Embodiment 10;

Figures 16(a) through 16(e) are sectional views for

showing manufacturingprocedures for a semiconductor device of

Embodiment 11;

Figure 17 is a sectional view of a conventional
i
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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

5 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

10 showing manufacturing procedures for the conventional

semiconductor device of Figure 19; and

Figures 21(a) and 21(b) are partial sectional views for

showing problems, in a conventional semiconductor device having

a trench isolation, occurring in an impurity ion injection

15 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 l(a) through 1(d) and 2(a) through 2(e).

20 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. |

25 In this embodiment, the isolation is formed as a trench
i
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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

5 interlayer insulating film.i

First, as is shown in Figure l(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

10 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 ©

15 silicon oxide film 2x.

Next, as is shown in Figure l(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

20 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 1(d), dry etching with high

etch selectivity is conducted so as to etch the silicon

25 substrate 1 alone by a thickness of 0.2 wpm. Thus, a step

. portion :which is higher in a stepwise manner than the top

-29-.

Page 170 of 262



             

          

          

         

            

          

          

           

           

           

         

        

           

          

             

          

           

            

          

            

         

            

          

          

            

       

Page 171 of 262

surface of the silicon substrate 1 by 0.2 um 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

5 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

10 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

15 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.

20 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

25 gate electrode 4a as a mask, n-type impurity ions are injected

at a high concentration, thereby forming high-concentrationi?

~ 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

5 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

10 a pattern for forming a connection 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

15 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

20 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

25 step portion has a height of 0.2 um, 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

5 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.

10 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

15 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
20 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

25 corresponding to the sidewall ofthe 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

5 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

10 insulating film 12; “ER2" denotes the etching rate of the

isolation 2b; ‘°D" denotes the depthof an impurity diffused

layer in the active area; and “OE” denotes the over-etch ratio

of the insulating film 12 in the formation of the connection

hole 14.

15 OE x a x (ER2 / ER1) 2b+Dx (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

20 is shown in Figure 18(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

25 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 ym as

5 compared with the conventional distance La of 1.2 pum (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

10 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

15 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.

20 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 film is deposited on the entire top surface and is

25 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

5 sidewalls has a width of, for example, approximately O.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 forma low-concentration source/drain region 6. After

forming the electrode sidewalls 7a, an n-type impurity with a

10 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

15 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

20 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 polysiliconfilm can be
advantageously decreased, and disconnection of the local

25 interconnection 13 and resistance increase thereof can also be

prevented.
i
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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 Le

is 1.0 pm, namely, the sum of the diameter of the connection

5 hole, 0.5 pm, the width of the electrode sidewall 7a, 0.1 pm,

the alignment margin from the polysilicon electrode 4a, 0.3 ym,

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).

10 (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

15 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),

20 after an isolation 2b with a top surface higher ina 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

25 polysilicon electrode 4a, a low-concentration source/drain

region 6, a high-concentration source/drain region 8, a
i
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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 um is formed on the

5 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-

10 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.

15 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
20 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

25 such a case. Alternatively, even if a recess is formed, the

problems. 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

5 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, O.1 pm, the alignment margin from the polysilicon electrode

10 4a, 0.3 pm, and the width of the step sidewall 7c, 0.1 wpm.

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

15 S(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.

20 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

25 on the side surface of the step portion of the isolation 2b, a

gate oxide film 3, a polysilicon electrode 4a servingas a gate

~ 38 -
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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

5 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 um is formed on the
entire top surface.

Next, as is shown in Figure 5(b), a resist film 25c¢ for

10 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

15 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

20 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

25 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

5 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

10 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.

15 In this embodiment, the interconnection on the isolation

2b is made 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)

20 Embodiment S 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

25 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 um is deposited on the entire top

5 surface, and a silicon oxide film 15x for gate protection with

a thickness of approximately 0.15 wm 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

10 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

15 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-

20 concentration source/drain region 6, a high-concentration

source/drain region 8, a polysilicon interconnection 4b and an

interconnection protection film 15b on the isolation 2b,

interconnection sidewalls 7b on both side surfaces of the
polysilicon interconnection 4b and the interconnection

25 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

5 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

10 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

15 the dry etching of the insulating film 12. However, the

connection hole 14 never reaches the polysilicon electrode4a.

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

20 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

25 than its thickness of 0.15 pm in order to form the connection

hole 14:

~ 42—-
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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

5 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

10 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 —

15 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

20 insulating film 12 in the formation of the connection hole 14:

OE x a x (ER3 / ER1) < cc’ ... (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

25 is 0.7 pm, namely, the sum of the diameter of the connection

hole, 0.5 pm, the width of the electrode sidewall Ja, O.1 po,
7
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and the width of the step sidewall 7c, 0.1 pm. | Thus, the

distance Ld can be decreased by 0.5 pm as compared with the

conventional distance of 1.2 pm.

(Embodiment 6)

5 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

10 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

15 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
20 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

25 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 um

is formed on the entire top surface.

5 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

10 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.

15 . 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

20 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
25 is prevented from increasing as far as the dimensions and the

like of: the respective components are determined so as to

~45—-
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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.

5 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, O.5 pm, the width of the

10 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

15 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

20 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

25 area. This will be described in more detail in Embodiment 7

below.

-~ 46 -
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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

5 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

10 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

15 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

20 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(da)

and 2(a) through 2(c), a layered film 10 including a silicon

25 /oxide film 10a with athickness of approximately 70 nm and a

silicon nitride film 10b with a thickness of approximately 80
1

-~47-
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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 nm is deposited thereon.

Next, a resist film 25a having a pattern for forming a contact

5 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

10 serving as the active area of a transistor and the isolation

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.

15 -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

20 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

25 as the active area through the W plug 22 and the plug

underlying film 23 filled in the contact hole20.

~ 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 11 instead of the comparatively thin insulating

film 12 of Embodiment 2. In these manufacturing procedures, a

5 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 10(a) through 10(c) are sectional views for

showing procedures for forming a layered film 10 and an

10 interlayer insulating film 11 instead of the comparatively thin

insulating film 12 of Embodiment 4. In the procedure shown in

Figure’ 10(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,

15 the same procedures as those shown in Figures 8(b) and 8(c) are

conducted.

Figures ll(a) through 1l(c) are sectional views for

showing procedures for forming a layered film 10 and an

interlayer insulating film 11 instead of the comparatively thin

20 insulating film 12 of Embodiment 5. In the procedure shown in
Figure 1l(a), a gate protection silicon oxide film 15a is

formed on a gate electrode 4a, andthe layered film 10 and the

interlayer insulating film 11 are formed thereon. Then, a

resist film 25d having its exposing area stretching over the

25 isolation, the active area and the gate electrode 4a is formed

on the interlayer insulating film 1l. Thereafter, the same

—~ 49 —
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procedures as those shown in Figures 8(b) and 8(c) are

conducted.

In each of the procedures shown in Figures 8(b), 9(b),

10(b) and 11(b), the silicon nitride film 10b having high

5 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

10 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 10a below is high. Furthermore, since the

silicon oxide film 10a has a thickness of approximately 70 nm,

15 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

20 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

25 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,

5 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.

10 (Embodiment 8)

Embodiment 8 will now be described referring to Figures 12

and 13(a) through 13(e). Figure 12 is a sectional view showing

the structure of a semiconductor device of this embodiment, and

Figures 13(a) through 13(e) are sectional views for showing

15 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

20 vicinity of the surface of the silicon substrate l 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, anda step

portion with a predetermined level difference is formed between

25 the isolation 2b and the transistor region Refet. This

isolation 2b is formed by filling a trench formed in the

-51-
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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.

5 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

10 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

15 titanium silicide (TiSi,) are formed on the gate electrode 4a,

the gate interconnection 4b and the high-concentration
source/drain region 8, respectively.

_This embodiment is characterized by a step sidewall 7c

formed on the side surface of the step portion of the isolation

20 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 isolation 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.

5 Now, the manufacturing procedures for realizing the

structure shown in Figure 12 will be described referring to

Figures 13(a) through 13(e). |

First, as is shown in Figure 13(a), a silicon oxide film

52 and a silicon nitride film 53 are deposited on a silicon

10 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

15 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

20 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

25 injected, thereby forming a channel stop region 60.

Next, as is shown in Figure 13(b), after removing the

_53-

Page 194 of 262



           

             

           

           

             

            

            

         

          

            

 

            

          

            

    

           

          

            

            

          

             

        

          

           

        

            

         

Page 195 of 262

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

5 the trench 51 to the top surface of the silicon nitride film

53. Then, the silicon oxide film is removed by the CMP 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

10 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.

1S 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

20 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

25 set at approximately 50 through 100 nm in consideration of the.

amount af over-etch in a procedure for forming sidewalls

~ 54 -
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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

5 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

10 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 13(d), by using the gate

15 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

20 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

25 the silicon substrate 1 in the transistor region Refet and the

isolation 2b. After forming these sidewalls, impurity ions are

- 55 —-
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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.

5 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 1l is

deposited and a contact hole is formed, and then the contact

10 hole is filled with a metal, and a first layer metallic

interconnection 12 is “€ormed. 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

15 Jaand 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

20 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

25 electrode sidewalls 7a on the side surfaces of the gate

electrode 4a in order to provide the transistor with the LDD

—~ 56-
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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

5 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

10 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
15 110 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 nn.

20 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(»d), resulting

in causing the aforementioned problems. In contrast, in the

state of this embodiment shown in Figure 13(d), the isolation

25 2b has the step portion whose surface is higher than the

surface.of the silicon substrate in the transistor region
5

-57-
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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

5 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-

concentrationsource/drain region 8 and the channel stop region

60 can be made substantially constant, thereby preventing the

10 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

15 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

20 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

25 thickness of the silicon oxide film used as the isolation 2b is

decreased, such as a procedure for removing the silicon oxide

- 58 -
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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

5 silicon nitride film 53 deposited in the procedure shown in

Figure 13(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

10 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

15 structure in which the upper gate electrode 9a ‘and the

source/drain electrode 9c are simultaneously silicified in a

self-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

20 electrode and a source/drain electrode alone is silicified

afterward.

(Embodiment 9)

Embodiment 9 will now be described referring to Figures

14(a) through 14(e). This embodiment is different from

25 Embodiment 8 in that a gate oxide film and a polysilicon film

serving as a gate electrode are deposited before forming a
i

- §9 -
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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.

5 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

10 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

15 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.

20 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

25 the polysilicon film 4. The silicon oxide film 2 is removed by

the CMP 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

5 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. |

Next, as is shown in Figure 14(b), a conductive film 18

serving as a gate interconnection layer (which can be made of

10 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

15 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

20 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.

25 The level difference is approximately 50 through 100 nm in

consideration of the amount of over-etch in the subsequent

-~61-—
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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

5 in the subsequent procedure for forming the sidewalls.

Then, as is shown in Figure 14(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

10 entire top surface of the substrate.

Next, as is shown in Figure 14(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

15 gate interconnection 4b and the like. At the same time, a step

sidewall7c 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

20 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 14(e), a source/drain

electrode 9c is formed out of silicide only on the high-

25 concentration source/drain region 8.

Although the procedures thereafter are not shown in the
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drawing, an interlayer insulating film 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

5 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

10 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.

15 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 in this embodiment. Therefore, the same

20 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

25 surface of the substrate without being affected by the step

portion at the edge of the isolation 2b in this embodiment.

-~ 63 -
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Therefore, a refined pattern can be advantageously stably

formed.

(Embodiment 10)

Embodiment 10 will now be described referring to Figures

5 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

10 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
15 the substrate by the CVD method. At this point, the thickness

ofa 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

20 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

25 masks 33b and a step polysilicon mask 33c on side surfaces of

the gate. electrode 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

5 polysilicon masks 33a, 33b and 33c as masks, wet etching using

heated phosphoric acid (H,PO,) 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

10 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 32c each having an L-shape remain on

the sides of the gate electrode 4a, the gate interconnection 4b

15 and the step portion, respectively.

Then, as is shown in Figure 15(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,

20 - 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 33care removed by dry or wet etching.

25 . Next, as is shown in Figure 15(f), exposed portions of the

protection oxide film 31 on the substrate are removed by using

-65-
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a HF type etching solution. Then, a titanium film is deposited

and a first RTA treatment is conducted, thereby forming a

silicide layer of a TiSi, film through the reaction between

titanium and silicon. The titanium film is then removed, and

5 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

10 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

15 sidewall 32c are formedon 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.

20 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 L-shaped 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

~ 66-
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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

5 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

10 conductive material such as a polysilicon film. Figure 16(a)

through 16(e) are sectional views for showing manufacturing

procedures for a semiconductor device including conductive

sidewalls.

Before attaining the state shown in Figure 16(a), a trench

15 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

20 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 15b, respectively. At this point, a polysilicon film

to be used as the gate electrode 4a and the_ gate

25 interconnection 4b has a thickness of 330 nm, and the minimum

line width is 0.35 pm. The protection oxide film 31 has a

-67-
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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
5 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

10 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.

15 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 Tisi,
20 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

25 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

5 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

10 immediately after forming the sidewalls 34a, 34b and 34c of the

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

15 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

the electrode sidewall 34a, the high-concentration source/drain

20 region 8 and the step sidewall 34c. Accordingly, the level

difference between the transistor region Refet and 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

25 the formation of the source/drain electrode 9d of silicide on

the high-concentration source/drain region 8, also the step
i
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sidewall 34c is silicifiea 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

5 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

10 in this embodiment, it is very easy to form a contact member to

be connected with an upper first layer interconnection. Asa

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

15 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

20 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.

25 The sidewalls are made of a polysilicon film in this

‘embodiment, and the polysilicon film can be replaced with an

-70-
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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...

5 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

10 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°

15 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.

-71-
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10

15

20

25

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 ina
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 / ER1) ¢ b+Dx (2 / 10)

-72-
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10

15

20

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

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 l,

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 including3t

~73-
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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.

5 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

10 a side surface of the step portion,

wherein at leasta 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

15 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,

20 wherein dimensions and materials of respective components

are determined so as to satisfy the following inequality:

OE x a x (ER3 / ER1L) < c

wherein “a” indicates a thickness of the insulating film, “c

indicates a thickness of the gate protection film, “ER1"

25 indicates an etching rate of the insulating film in forming the

holes, “ER3" indicates an etching rate of the gate protection

-~74-
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10

15

20

25

film in forming the holes, and “OE” 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,
+
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10

15

20

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

electrode, and ‘

the step sidewall is formed simultaneously with the

electrode sidewalls.

17. The ‘semiconductor 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

-~76-
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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

5 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

10 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,

15 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

20 Claim 18,

wherein, the fifth step is performed so as to satisfy the

following inequality: .

OE x a x (ER2 / ER1) < b +Dx (2 / 10)

wherein “a” indicates a thickness of the insulating film, “b”

25 indicates a level difference between the surface of the active

area and the top surface of the isolation, "ER1" indicates an

-7F7-
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10

15

20

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

~78-
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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

5 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

10 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.

15 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

20 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: | :

25 OE x a x (ER3 / ER1) <c

wherein fa" indicates a thickness of the insulating film, “c
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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.

5 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

10 protection film even when the mask shift is caused in the

photolithography. .

27. The method of manufacturing a semiconductor device of

Claim 25,

wherein, in the fourth step, the masking member is formed
15 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,

20 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

25 is formed as the insulating film, and

in the sixth step, first layer metallic interconnections

+~80O-
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are formedas the interconnection members.

30. The method of manufacturing a semiconductor device of

Claim 29,

wherein, in the third step, after an underlying film made

5 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

10 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;

15 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
20 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

- 81 -
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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;

5 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,

10 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
15 Claim 3l,

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

20 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.

25 34. The method of manufacturing a semiconductor device of

Claim 31,

~ 82 -
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10

15 .

20

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
3
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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

5 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;

10 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,

15 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

20 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

25 more is exposed in the sixth step.

37., The method of manufacturing a semiconductor device of
1
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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

5 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,

10 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

15 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.

~85-
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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

5 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

10 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

15 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

20 increase of a junction leakage current in the semiconductor

device.

~ 86 -
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Docket No.

COMBINED DECLARATION/POWER: OF ATTORNEY
FOR PATENT APPLICATION

As a below namedinventor, I hereby declare that:

Myresidence, 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 nameis listed below)
or an original, first and joint inventor (if plural namesare 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 - as

Application Serial No.

I hereby state that I have reviewed and understand the contents of the aboveidentified
specification, including the claims, as amended by any amendmentreferred 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, § 1.56(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

7~192181 JAPAN 27/07/1995 _X Yes __ No
(Number) (Country) (Day/Month/Year Filed)

7-330112 JAPAN 19/12/1995 X Yes _ No
(Number) . (Country) (Day/Month/Year Filed)

Yes __ No
(Number) (Country) === (Day/Month/YearFiled)

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 telephonecalls:to:

Kenneth L. Cage, Esquire
McDERMOTT, 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. e

I hereby declare thatall statements made herein of my own knowledgeare true and
that all statements made on information and belief are believed to be true; and further that
these statements were made with the knowledgethat 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 Tn igufec degaum Date July 22, 1996
Residence* Osaka, Japan Citizenship Japan
Post Office Address 7-11-64, Nagao—motomachi, Hirakata—shi, Osaka 573-01, Japan
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Full name of second inventor Isao9 MIYANAGA

Inventor's signature Pawn ~ Igy nae Date July ‘22, 1996
Residence* Osaka, Japan Citizenship Japan
Post Office Address 996-3, Kido—-cho, Kawachinagano-shi, Osaka 576, Japan
 

Full name of third inventor Toshiki YABU

Inventor's Signature “Tos. ake abun Date July ?2, 1996
Residence* | Osaka, Japan Citizenship Japan
Post Office Address 4-14-1, Nagaodai, Hirakata-shi, Osaka 573-01, Japan
 

Full name of fourth inventor Takashi NAKABAYASHI

Inventor's signature Saks sh. ; bh by Layeaks > Date July 22, 1396
Residence* Osaka, Japan Citizenship Japan
Post Office Address 3-13-—1-—306, Oogaichi-cho, Hirakata—shi, Osaka 573, Japan
 

Full name offifth inventor Takashi UEHARA

Inventor's signature wA haobes Ugh ray Date July 22, 1996
Residence* Osaka, Japan Citizenship Japan—__saka,Sapam
Post Office Address 6—Nishi 1-1506, Sotoshima-cho, Moriguchi-shi, Osaka 570, Japan
 

Full name of sixth inventor Kyoji YAMASHITA

Inventor's signature 4. Yur . Date July 22, 1996°
Residence* Osaka, Japan Citizenship Japan
Post Office Address 1—4-40-554, Nonaka—minami, Yodogawa—ku, Osaka—shi, Osaka 532,
Japan 

Full name of seventh inventor Takaaki UKEDA

Inventor's signature { Vahonaet “ifsAa Date July 22, 1°96
Residence* Osaka, Japan - Citizenship Japan___Saka,Japan
Post Office Address 6-—2-205, Myokenzaka, Katano-shi, Osaka 576, Japan
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Full name of eighth inventor Masatoshi ARAI

Inventor's signature Monte Arai Date July 22, 1996
Residence* Osaka, Japan Citizenship Japan
Post Office Address 1—4—40-741, Nonaka-—minami, Yodogawa—ku, Osaka-shi, Osaka 532,
Japan

Full name of ninth inventor Takayuki YAMADA

Inventor's signature Ladasypesh Goarmadle. Date July 22, 1996Residence* Osaka, Jap Citizenship Japan
Post Office Address 4-2-6, Yamashiro-—cho, Yao-shi, Osaka 581, Japan

Full name of tenth inventor Michikazu MATSUMOTO

Inventor's signature Miukita fu /lalpomeler Date July 22, 1°96
Residence* Osaka, Japan Citizenship Japan
Post Office Address 5-—26—6, Fujita—cho, Moriguchi-shi, Osaka 570, Japan

* City and State, or City and Country for foreign inventors
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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 SEGAWAetal. : 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

SUPPLEMENTAL POWEROFATTORNEY AND CUSTOMER NUMBER 

Mail Stop OIPE
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Hereisalisting of ten registered attorneys to be madeofrecord 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).

Please recognize our Customer No. 20277 as our correspondenceaddress.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

Hy6.6 4
- C Michael E. Fogarty

Registration No. 36,139

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:ete

Facsimile: 202.756.8087

Date: November24, 2004
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PATENT APPLICATION SERIAL NO. 

U.S. DEPARTMENT OF COMMERCE

PATENT AND TRADEMARK OFFICE

FEE RECORD SHEET

11/29/2004 HHARZI’ 00000018 500417=10290063
O1 FC:1001 790.00 DA

” PTO-1556

(5/87)

“U.S. Government Prineng Office: 2002 — 489-287/80035
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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 SEGAWAetal. : Confirmation Number: Notyet 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 ofthis paper.-
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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 ] — 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 overthe active area;

a gate electrode formed overthe gate insulating film;

first L-shaped sidewalls formed overthe side surfaces of the gate electrode; andfirst

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 madeof a silicon nitride film.

41. (New) The semiconductor device of Claim 39, further comprisingfirst protection

oxide films formed betweenthe gate electrode andthe 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 bothsides 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 overthe isolation insulating area; and

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

-2-
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45. (New) The semiconductor device of Claim 44, the second L-shaped sidewalls are

madeof 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-shapedsidewalls.

47. (New) The semiconductor device of Claim 44, further comprising a third silicide

layer formedon 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 ofthe active area.

50. (New) The semiconductor device of Claim 48, wherein a lower portion of the

interconnection provided on the uppersurfaceof the trench isolation is located higher than the

surface of the active area.

S51. (New) The semiconductor device of Claim 44, wherein the interconnectionis

composed of the same material as the gate electrode.

52. (New) The semiconductor device of Claim 51, wherein the gate electrode and the

interconnection hasat least a polysilicon film.
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REMARKS

Please cancel claims | — 38 without prejudice or disclaimer. New claims 39 — 52 have

been added.

No new matter has been introduced. Entry of this amendmentis respectfully solicited.

Respectfully submitted,

McDE OTT WILL & EMERY5,~

Michael 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 MEF-:ete

Facsimile: 202.756.8087

Date: November24, 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 SEGAWAetal. : 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

INFORMATION DISCLOSURE STATEMENT

Mail Stop NEW APPLICATIONS
Commissionerfor 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 TrademarkOffice 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 madeofrecord therein and appear

among the "References Cited" on any patentto issue therefrom.

This Information Disclosure Statement is being filed within three monthsof 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, whichis 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,

oarWILL & EMERY LLPY

7 AYE Se/ ichaefE. Fogarty 4 ¢ 7
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 MEF:ete

Facsimile: 202.756.8087

Date: November24, 2004
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INFORMATION DISCLOSURE ATTY. DOCKETNO. SERIALNO. cation i71971-012 Divisional of Application No.

CITATION IN AN 10/484682
APPLICATION

APPLICANT

Mizuki SEGAWA,etal.

_ FILING DATE GROUP(PTO-1449) November24, 2004 Not yet assigned
U.S. PATENT DOCUMENTS

EXAMINER'S Document Number Publication Date Nameof Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS Number-Kind Code2 @ now MNM-DD-YYYY Document Relevant Passagesor Relevant

Figures Appear

4,578,128
§,177,028
5,196,910
5,286,674
5,319,235
5,393,708
5,397,910
5,401,673

03/1986
01/1993
03/1993
02/1994
06/1994
02/1995
03/1995
03/1995
05/1995
07/1995
03/1996
05/1996
10/1996
07/1898
09/1998
02/2000
06/2000

Moriuchiet al.
Roth et al.

Kihara etal.

Urayama

5,433,794
§,497,016
5,521,422

Fazanetal.

Mandetmanetal.
Hamamotoetal.

5,777,370 Omid-Zohooret al.
5,804,862
6,022,781
6,077,344

6,278,138 B1
6,281,562

Noble,Jr.
Shoupet al.

08/2001 Suzuki

08/2001 Segawaetal.
FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Date Nameof Patentee or Pages, Columns,Lines Transtation
Country Codea-Number«-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant

Codes(if known) Figures Appear No
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 4-68564 03/1992
JP 4-306922 10/1992

EPA 0 513 639 11/1992
JP 6-45432 02/1994
JP 6163843 06/1994
JP 7-273330 10/1995

JP 09162392A 06/1997

OTHER ART(Including Author, Title, Date, Pertinent Pages, Etc.)

Include nameofthe author(in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, po

z

nnan
 

journal, serial, symposium,catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
published.z9 

EXAMINER DATE CONSIDERED

“EXAMINER: Initial if reference considered, whether or notcitation is in conformance with MPEP 609. Drawline throughcitation if not in conformance and not considered.
Include copyof 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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